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Earliest Discoveries

icans have traveled through the Sonoran

Desert to visit or live on the shores of the
northern Gulf of California (Sea of Cortez). Here
they found a stunning diversity and abundance of
shellfish and finfish, easily harvested during the
twice-daily low tides, and sea turtles that could be
captured in shallow waters. They also found fresh
water in the Colorado, Sonoyta, and Concepcién
rivers and in the pozos (springs) that welled up
through fissures in the soil, fed by groundwater
originating as far away as modern-day Arizona
(Figure 29.1). Along the coast of the Gran Desierto
many of these pozos are surrounded by vast beds
of crystallized salt, a commodity that further en-
hanced the value of visits to the upper gulf (Figure
29.2). Ancient shell middens at least two thou-

P robably; for over 10,000 years Native Amer-

sand to six thousand years old, and perhaps much

older (Brusca 2004a; Ritter 1985, 1998), inform us
that native people exploited coastal shellfish (mol-
lIuscs and crustaceans) in the northern Gulf of
California for food and jewelry, some of which was
traded far and wide, reaching northern Arizona
and California.! To these early collectors of the
upper gulf’s rich invertebrate biodiversity, the
region must have been important beyond imagi-
nation. There was reliable freshwater and a pre-
dictable and inexhaustible food supply (and shells
and salt for trading). And because of the high sea-
sonal turnover of coastal life in the subtropiéél
upper gulf, the seafood varied through the year
(Brusca 1980b, 2002a, 2002b, 2004b; Brusca et al.
2001; Chapters 14 and 15, this volume).

Belief in a sea passage through North America,
connecting the Atlantic and Pacific oceans (the
fabled “Strait of Anian”), brought the first Euro-
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peans, led by Hernan Cortés, to the Gulf of Cali-
fornia. Cortés made five explorations of the Pacific

~ coast between 1527 and 1539, including a failed

attempt to colonize Baja California in 1535 (Bowen
2000; Brusca 2004b). Cortés never saw the north-
ernmost gulf, but assigned to his deputy, Fran-
cisco de Ulloa, the sailing expedition that reached
the upper gulf in 1539. Thus Ulloa and his men were
probably the first Europeans to set eyes on this re-
gion. Ulloa was, also the first European to prove
that the Baja Cglifornia peninsula was not an is-
Jand. Father Eusebio Francisco Kino (1645-1711)
saw the upper gulf when he visited El Pinacate on
his first trip in 1698, and again in 1706. On his sec-
ond expedition to the Pinacate, from the top of
the Sierra Pinacate, Kino saw the mouth of the
Colorado River, and Baja was once again declared
a peninsula, not an island. Just before his death,
Kino drew a fairly accurate map of the Sea of
Cortez, clearly indicating the Baja peninsula.”

Before the twentieth century, few European
or U.S. explorers or naturalists spent time in the
Gulf of California. One hundred and thirty-seven
years after Kino’s death Frederick Reigen, a Belgian
citizen who lived in Mazatldn from 1848 to. 1850,
took up collecting molluscs in the gulf. Reigen
amassed one of the largest collections of seashells
of all time—14 tons of shells! The Reigen collec-
tion found its way to Liverpool, and from there it
was partly dispersed. Much of it was published on
by Philip Carpenter (Carpenter 1857; see Hendrickx
& Toledano-Granados 1994).

Another early collector of marine invertebrates
in the region was John Xantus (de Vesey), a con-
troversial Hungarian hired by the U.S. Coast Sur-
vey as a tidal observer stationed at the tip of Baja
California (April 1859 to mid-1861). Most of Xan-
tus’s collections are now at the Smithsonian Insti-
tution (e.g., Jordan & Gilbert 1882). From 1888 to
1894 the French chemical engineer Leon Diguet




studied natural history while employed by the
famous Boleo Mine in Santa Rosalia. Diguet made
many collections, most of which ended up at the
Museum d’Histoire Naturelle in Paris. Ten marine
invertebrates from the gulf have been named in
Diguet’s honor (six crustaceans, three molluscs,
and one polychaete). Many conspicuous land
plants also bear his name, such as the giant barrel
cactus of Isla Catalina (Ferocactus diguetii) and
the bushy ocotillo of the southern gulf coast (Fou-
quieria diguetii).

During the following three decades a few
ichthyologists made collections of fishes at some
readily accessible sites, notably Guaymas and
Mazatldn, which were reported on mainly by David
Starr Jordan and colleagues (e.g., Evermann &
Jenkins 1891; Jordan 189s; see Chapter 26, this vol-
ume). Oceanographic data were recorded and some

“ marine invertebrates were trawled by the U.S. Fish

Commission steamer Albatross in the late 1880s
and early 1890s, and again in 1911, and most of
these specimens are also at the Smithsonian Insti-
tution (e.g., Gilbert 1892). Aside from a brief foray
in 1889, the Albatross did not work in the north-
ern gulf. However, from the Albatross expedition
came the original description of a legendary fish,
the totoaba (Totoaba macdonaldi), described by
C. H. Gilbert, the ship’s chief naturalist. The chief
invertebrate biologist on the Albatross expeditions
was the malacologist Paul Bartsch.

Daniel Trembly MacDougal (first ditector of
Tucson’s Desert Botanical Laborafory, later of the
Carnegie Institution of Washington, D.C.) and his
party explored the Pinacate area in 1907, but only
one member of the group reached the gulf coast,
the “official geographer” Godfrey Sykes (Horna-
day 1908). In 190910 Carl Lumholtz explored the
Pinacate and the entire upper gulf coast of Sonora

Golfo de Santa Clara, finding it littered with giant
branches and trunks of cottonwood and willow

from the once great Colorado River riparian
forests. Lumbholtz’s travel log notes that “the
upper part of the Gulf abounds in fish” (1912:258),
which he and his party, on occasion, took in great

(Lumholtz 1912). Lumholtz not only spent time~ numbers by tossing sticks of dynamite into the

on the shores of the upper gulf; he visited the
coastal pozos and salinas, writing, “Judging from
the extraordinary springs I encountered on the
shore of the salt deposit, Salina Grande, near the
coast, there must be a large sheet of fresh water
underneath most of that western coastal desert”
(Lumholtz 1912:ix). The “sheet of water” Lumholtz
referred to is a shallow water table that probably
originates in what is now Pinacate Biosphere
Reserve and Cabeza Prieta National Wildlife Refuge
(Brusca 2004b; Ezcurra et al. 1988). Lumholtz even-
tually arrived on the beach at what is today El

water from the shoreline!

Lumbholtz spent considerable time with the
O’odham people and talked with leaders of their
salt expeditions, a trek that used to take them from
as far away as the Gila River in Arizona to the
pozos, salirfas, and shores of the upper gulf. Lum-
holtz met “El Doctor Pancho,” one of the Sand
Papago (Arenefios), who was then living in the
O’odham settlement at Quitobaquito. The Hia
C’ed O’odham (Sand Papagos) are said to have
been a hardy lot, living a nomadic lifestyle in the
Gran Desierto. However, the fact that they had a
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Figure 29.1. Coastal pozos
in the Gran Desierto,
south of El Golfo de Santq
Clara. (Photo by R. C,
Brusca)

Figure 29.2. Coastal
salinas in the Gran
Desierto, south of El Golfo
de Santa Clara. (Photo
by R. C. Brusca)
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reliable supply of fresh water from the scattered
but known pozos and tinajas, as well as access to
the rich biodiversity of the upper gulf (including
an abundance of shellfish), suggests to me that
their life might not have been so difﬁcuﬁt. In addi-
tion to fish and crustaceans, they are known to
have taken sea lions and at least some sea turtles
along the coast, as well as foraging on small game
and insects and on many coastal andinland plants
of the region (Chapter 15, this volume), including
the fabled “sandfood,” or “root of the sands”
(Pholisma sonorae).

Another of the earliest oceanographic expe-

ditions to the Sea of Cortez was William Beebe’s,

1936 expedition under the auspices of the New York
Zoological Society—the “Zaca,” or “Templeton
Crocker;,” expedition (Zaca was the ship, Temple-
ton Crocker its owner). The Zaca expedition was,
as typical of Beebe’s expeditions, weak on science
and heavy on Beebe’s own brand of machismo.
Beebe’s narrative of the journey (The Zaca Venture,
1938) makes better reading for testosterone-laden
sport fishermen than for those with a sincere
interest in natural history. Nevertheless, the expe-
dition produced a large number of invertebrate

specimens that provided a source of taxonomic:

research material for several subsequent decades
(by such great invertebrate zoologists as Jocelyn
Crane, Steve Glassell, Fenner Chace, Aaron Tread-
well, Elisabeth Deichmann, Fred Ziesenhenne,
and Martin Burkenroad). Unlike most expeditions,
Beebe made the decision to concentrate collecting
efforts at just three localities: Bahia Inez, Cabo San
Lucas and the adjoining Arena and Gorda banks,
and Clarion Island. Thus the Zaca never reached
the northern gulf. However, Beebe culled some
cogent information about the Sea of Cortez in 1936.
His interviews with Mexican fishermen indicated
that upward of 20 million tuna and skipjack were
being caught annually along the coast of north-
western Mexico, with no apparent diminution in
their numbers over the years—testimony to the
highly productive waters of the region. Beebe also
encountered Japanese fishing boats in the gulf,
probably some of the first Japanese penetrations
into this sea, establishing a pattern that has per-
sisted, episodically, ever since. Although Beebe
was well aware of the beauty and diversity of life
in the Sea of Cortez, he had an exploitative view
of nature, and some of the most descriptive pas-
sages in his account describe shooting sharks and
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manta rays (with rifles and pistols) from the deck
of the Zaca for “sport.” The last line of his book
reads, “At my next formal dinner, when the guests
are absorbed in the delicacy of their green turtle
soup, [ will rejoice in the memory of the brooding
turtles of Clarion Island”

John Steinbeck and Ed Ricketts Visit the
Sea of Cortez

In 1940, four years after the Zaca expedition, mod-
ern marine biology in the Gulf of California had
its birth with the remarkable pioneering expedi-
tion of Ed Ricketts and John Steinbeck aboard the
Western Flyer, a purse seiner out of Monterey,
California (Figure 29.3).3 The biology (and phi-
losophy) of that amazing voyage is chronicled in
their 1941 book, Sea of Cortez: A Leisurely Journal
of Travel and Research (also see Astro & Hayashi
1971; Beegel et al. 1997; Brusca 1993, 2004a; Hedg-
peth 1978). It was this expedition that first docu-
mented, in an organized way, the seashore life of
the gulf. Using funds from Steinbeck’s successful
writing career, the two men chartered the Western
Flyer for a six-week expedition to the gulf.* The
Ricketts-Steinbeck expedition just reached the
upper gulf, its northernmost collecting sites being
the Midriff Islands (Puerto Refugio, Isla Angel de
la Guarda, and Red Bluff Point, Isla Tiburén). Their
landmark voyage had a profound impact, bring-
ing the Sea of Cortez into the consciousness of
both the American public and the scientific world.
The expedition visited 24 sites and collected over
400 species of marine invertebrates (Table 29.1),
93 of which have found their way to the Smith-
sonian Institution and are today available in the
collections of the National Museum of Natural
History. For more than thirty years, their expedi-
tion report was the only place anyone could turn
for a synoptic view of invertebrate life in the Sea
of Cortez (Brusca 2004a).”

Since Steinbeck and Ricketts

Expeditions from Scripps Institution of Oceanog-
raphy, the University of California at Los Angeles,
Stanford University, the California Academy of
Sciences (actually beginning as early as 1888), and
the University of Southern California’s Allan Han-
cock Foundation in the 1940s and 1950s ushered
in an era of organized research effort in the gulf
The expeditions and taxonomic publications of o
the once glorious but now defunct Allan Hancock




Foundation stand above all others in document-
ing the biodiversity of the gulf (Brusca 1980a).

Figure 29.3. Ed Ricketts,
circa 1938. (Photo courtesy

Between 1942 and 1983 the Hancock Foundation
publications on Pacific marine life produced an
astonishing 22,469 pages of primarily invertebrate
taxonomic text that stands as a watershed in
marine biodiversity research (University of South-
ern California 1985).

Between 1958 and 1972 the Belvedere Sci-
entific Fund of San Prancisco also sponsored sev-
eral investigations and publications on the Sea of
Cortez. It was through the personal interest of
Kenneth Bechtel (sponsor of the fund) and Lewis
Wayne Walker (of the Arizona-Sonora Desert
Museum) that the Isla Rasa Reserve was estab-
lished in the gulf, and the Desert Museum con-
tinued funding the reserve (and Bernardo Villa’s
research) well into the 1970s. From 1960 to 1969
the San Diego Museum of Natural History oper-
ated the Vermilion Sea Field Station at Bahia de
los Angeles, and in 1962 it undertook a major expe-
dition in the gulf (funded, again, by the Belvedere
Fund).

Despite all this previous work, when I arrived
in the gulf in 1969, the only synoptic compilation
of information on marine invertebrates was the
Ricketts and Steinbeck volume (1941), and there

were no keys to assist one in identifying the in-
vertebrates of the region. I realized this after I
began a two-year residence in Mexico working for
the University of Arizona’s Marine Biology Pro-
gram. I quickly discovered that if I wanted stu-
dents to know what they were looking at in gulf
tidepools, I would have to write the keys myself.
Thus it came to be that, in 1969, I gave up my
lifestyle of chasing waves and Grateful Dead con-
certs in California and moved to Puerto Pefiasco
to live on the shores of the Sea of Cortez for two
years. There I designed and built a small marine
lab for the University of Arizona, made countless

TABLE 29.1. Numbers of (named) invertebrate species/subspecies treated in the three synoptic compilations of

Gulf of California invertebrates.

STEINBECK & Brusca HEeNDRICKX

Puyrum RICKETTS 1941 19808 ET AL. 200§
Porifera 4 22 86
Cnidaria 10 54 253
Ctenophora o 2 4
Platyhelminthes (Turbellaria) 5 14 22
Nemertea 1 10 17
Sipuncula 6 9 11
Echiura 2 3 4
Annelida 48 137 718
Arthropoda: Crustacea 143 279 1,051
Arthropoda: Pycnogonida o 9 15
Mollusca 113 262 2,193
Ectoprocta (Bryozoa) 14 110 169
Brachiopoda # 3 5
Echinodermata 61 60 262
Chaetognatha o 20
Hemichordata (enteropneusts) 3
Chordata, Urochordata (tunicates, appendicularians) 10 10 37
Chordata, Cephalochordata (lancelets) 1 o 1

ToTaL 430 987 4,871
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field trips throughout the gulf, and shipped speci-
mens of invertebrates to specialists around the
world. Out of that emerged the first edition of
Common Intertidal Invertebrates of the Gulf of Cal-
ifornia (Brusca 1973; 2d ed. 1980b). Much of those
two years was spent exploring the shores of the
gulf with J. Laurens Barnard, a good friend and
colleague who was on loan from the Smithsonian
Institution to the University of Afizona (Brusca
1993).

Since 1973, knowledge of the upper gulf and
its biodiversity has increased substantially through
research by scientists at the University of Arizona,
Centro de Investigacién Cientifica y de Educacién
Superior de Ensenada (CICESE), Universidad
de Sonora (UNISON), Instituto Tecnolégico y de
Estudios Superiores de Monterrey (ITESM)--Cam-
pus Guaymas, Universidad Auténoma de Baja
California Sur (UABCS), Centro de Investiga-
ciones Biolégicas del Noroeste (CIBNOR), Cen-
tro de Investigacién en Alimentacién y Desarrollo
(CIAD), and the Facultad de Ciencias of the Uni-
versidad Nacional Auténoma de México (UNAM)
as well as its Instituto de Ciencias del Mar y Lim-
nologia (ICML-UNAM) Mazatlin field station
and Instituto de Biologia (IB-UNAM). This body
of work has resulted in many publications describ-
ing the flora, fauna, and environment of the
region, much of it catalogued in Brusca et al.
2001, Brusca et al. 2004, Hendrickx et al. 2005,
Schwartzlose et al. 1992, and Thomson et al. 2000.
Today 5,970 species of animals (macrofauna) are
known from the Sea of Cortez, 2,261 of them from
the northern gulf. However, compared with knowl-

_ edge about much of the world’s coastline, explo-

ration and documentation of the biodiversity of
the Sea of Cortez, especially the northern gulf, is
still in its early stages, and I estimate that more
than half the gulf’s invertebrate fauna remains
undescribed, while the natural history of almost
all species is still unknown.

The Northern Gulf of California:
A Unique Oceanographic Region

The Sea of Cortez exists today because 5-10 mil-
lion years ago a 1,800-km-long continental sliver
attached itself to the eastern margin of the great
Pacific Plate and peeled away from mainland
Mexico to begin a slow journey northwestward.
Today the southern half of this sliver comprises
the Baja California peninsula, one of the most
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remote peninsulas in the world and exceeded in
length only by the Malay and Kamchatka penin-
sulas. The gulf itself covers 258,593 km? (99,843
mi?), has a coastline of 3,260 km, and spans over
nine degrees of latitude, traversing the Tropic of
Cancer in its southern reaches. The northern guif,
that area from (and including) the Midriff Islands
to the delta of the Colorado River, covers about
60,000 km? (24,000 mi?) of ocean surface and is a
unique body of water in many ways. It lies in the
driest part of the Sonoran Desert. The estimated
mean evaporation rate for the northern gulf is
1.1 m/yr, while precipitation is only 4-8 cm/yr
(Alvarez-Borrego 1983; Lavin et al. 1998). Because
evaporation far exceeds freshwater input, the en-
tire gulf is regarded as an “evaporation basin,” and
most of this deficit occurs in its northern part
(Bray & Robles 1991). Lavin et al. (1998) regard the
entire upper gulf (that region with a depth less
than 100 m) as a “negative estuary” (a semi-
enclosed embayment with little or no freshwater
input and with decreasing salinities from the
uppermost region toward the mouth). Salinities
also bave increased here in response to a dramatic
reduction of freshwater (river) discharge over the
past 70 years, the increase of saline agricultural
drainage, and probably global warming (enhanc-
ing evaporation). Summer surface salinities reach
40 ppt in the various coastal esteros and inner
areas of the Colorado River delta, whereas over
deeper water in the northern gulf surface salinities
are 35.3 to 37.2 ppt. The year-round salinity pump
at the head of the gulf generates a pressure gradi-
ent that results in gravity currents that drive dense
saline surface waters to the bottom—to depths of
30 m in the summer and 200 m in the winter (i.e.,
into the Wagner Basin, and out of the northern
gulf by way of the Salsipuedes Basin and Chan-
nel). In the central and southern gulf, salinities
are closer to typical oceanic waters (35.0 to 35.8
ppt) (on the oceanography of the central and
southern gulf, see Alvarez-Borrego 1983; Bray &
Robles 1991; Brusca 2004a).

The northern gulf is further distinguished by
having some of the greatest tides in the world. The
annual tidal range (amplitude) at San Felipe and
Puerto Pefiasco is about 7 m, and on the Colorado
River delta at the head of the gulf it is nearly 10 m.
Much of the low delta islands of Montague and
Pelicano (= Isla Gore) is under water during high
spring tides. In fact, most of the northern gulf itself




(north of the Midriff Islands) is shallow, largely
less than 100 m in depth, with the deepest areas
reaching about 230 m in the small Wagner Basin
and in the larger Dolphin Basin above Isla Angel
de la Guarda and extending into the deeper Salsi-
puedes Basin that separates the island from the
peninsula (Alvarez-Borrego 1983; Brusca 2004a;
Maluf 1983). Circulation in the upper Gulf of Cali-
fornia has not been well studied, but limited evi-
dence suggests it is primarily clockwise in the
winter (October to April) and primarily counter-
clockwise in the summer (May to September).

Another important distinguishing feature of
the northern gulf is its strong biseasonal hydro-
graphic regime. Coastal seawater temperatures
throughout the northern gulf are low in the win-
ter, dropping to 8-12°C (equivalent to southern
California’s warm-temperate shores), but rising
to 30°C or more in the summer (Brusca 1980b,
2004a; Brusca et al. 2005). Because of its cold win-
ter water temperatures and associated temperate
fauna, the northern gulf should be classified as a
subtropical region, like the Gulf of Mexico coastal
region in the United States.

Still another distinguishing feature of the
northern gulf is its exceptionally high rates of pri-
mary productivity, comparable to those of the Bay
of Bengal or the great upwelling areas off the west
coasts of Baja California, Peru, and North Africa
(Alvarez-Borrego 1983). High nutrient levels, shal-
Iow waters, abundant solar radiation, and strong
tidal mixing combine to make the northern gulf
one of the most productive marine regions in the
world. Primary productivity in the northern gulf
is two to three times greater than that of the
open Atlantic or open Pacific at similar latitudes
(Zeitzschel 1969). Nutrient levels and standing
crops of both phytoplankton and zooplankton in
the northern gulf are high year round and show
little seasonality, although in recent years impor-
tant sources of nutrients have probably been agri-
cultural drainage and the release of ancient nutri-
ents trapped in Colorado River sediments that are
now eroding. Bray and Robles (1991) suggest that
influx of cold deep water into the southern gulf
brings nutrients into the Sea of Cortez and elevates
productivity where it upwells, but it is not clear to
what extent these nutrients reach the northern
gulf. Large fishes, sea turtles, and at least twelve
species of whales and dolphins, including the
critically endangered vaquita porpoise, exploit

the productive northern gulf waters. Suspension-
feeding clams, crustaceans, and polychaete worms
also occur in great abundance throughout this
region.

Older estimates of oxygen concentrations in
the northern gulf tended to be high, decreasing
from about saturation values at the surface (5-6
ml/l) to about 1 ml/l at 300-500 m depth in the
Dolphin Basin. However, almost no contemporary
data exist for bottom conditions in this region.
Although strong tidal currents in the northern
gulf keep the water column well mixed, it seems
almost certain that bottom areas chronically dis-
turbed by the numerous shrimp trawlers (and ac-
cumulation of their discarded bycatch on the sea
floor) experience hypoxia (less than 0.2 ml/l dis-
solved oxygen) or even anoxia (Pérez-Mellado &
Findley 1985).

Invertebrate Biodiversity
Origins and Maintenance of Faunal Diversity

The flora and fauna that inhabit the northern gulf
arrived there from diverse sources: tropical Cen-
tral America, the Caribbean Sea (before the final
closure of the Panama seaway about 3.2 million
years ago), the temperate shores of California
(during the 15—20 glacial periods that pushed cold
waters south and into the gulf over the past two
million years), and even across the vast stretch of
the Pacific Ocean from the tropical West Pacific
(Briggs 1974; Brusca 1980b, 2002b, 2004a; Brusca &
Wallerstein 1979; Castro-Aguirre & Torres-Orozco
1993; Duque-Caro 1990; Rosenblatt 1967; Rosen-
blatt & Waples 1986; Thomson et al. 1979, 2000;
Walker 1960). These various biotic sources have en-
riched the diversity of the gulf over the past three
million years. During past glacial events, temper-
ate “California species” were able to extend their
ranges into the gulf as cold isotherms pushed below
the tip of the Baja California peninsula, trapping
these species in the northern gulf during subse-
quent warm interglacials. Most of these cold-water
species disappeared from the gulf during the warm
periods, such 4s seen today, but some were adapt-
able enough to survive as isolated populations in
the uppermost gulf. Many of these now comprise
the California—northern gulf disjunct temperate
fauna, which includes species such as the long-
fingered shrimp (Betaeus longidactylus) and the
purse crab (Randallia ornata). Still others appear
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to have undergone speciation events and probably
now represent California/gulf sister-species pairs,
although phylogenetic studies on invertebrates
have not yet investigated this probability.

Invertebrate community composition at any
given locality in the upper gulf comprises a rea-
sonably predictable mix of species, combined
with a much larger suite of “unpredictable” species;
the unpredictability being driven by complex net-
works of interacting physical and biological factors.
However, relative species diversity is predictable
and largely a function of habitat and substrate type.
Benthic (bottom-dwelling) invertebrate species
diversity (i.e., species richness) is highest on rocky
bottoms, relatively stable shores, and intertidal or
shallow bottoms composed of softer sedimentary
rocks such as sandstones or eroded volcanic tuffs
and rhyolites. Benthic invertebrate diversity is low-
est on beaches composed of smooth hard rocks
such as granites and basalts and on unstable
beaches of sand or cobble, the latter perhaps hav-
ing the lowest (benthic) diversity of any coastal
habitat. Areas that have a variety of substrate
types harbor more species than do more homo-
geneous ones. Esteros (moderately hypersaline
coastal lagoons, or “negative estuaries”) are notably
diverse areas, and these habitats provide impor-
tant nursery and feeding grounds for the young
of many coastal fish and shellfish species, includ-
ing the majority of Mexico’s commercial finfish
and shrimp species (Glenn et al. 2005). There have
been no comprehensive surveys of any esteros, or
other wetlands, in the Gulf of California. Analysis
of the Macrofauna Golfo Project database pro-
duced a list of 212 species of invertebrates from the
mangrove lagoons of Baja California Sur (Whit-
more et al. 2005). The islands of the gulf also har-
bor an extraordinarily high species diversity, and
these areas serve as important refugia for species
that have been extirpated on the mainland coast.
In addition, these islands commonly harbor a fauna
more typical of coastal communities hundreds of
kilometers to the south.

Species diversity and composition are heavily
influenced by seasonal oceanographic conditions
in the northern gulf, where marked seasonal
changes occur. The climate of the surrounding
Sonoran Desert has a strong bearing on this shal-
low region, and as noted earlier, it experiences
extreme seasonal variations in seawater tempera-
tures. As a result, the northern gulf is essentially a
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warm-temperate marine environment during the
winter but a tropical marine environment during
the summer. The distinct seasonal species turnover
in invertebrates and algae is striking, as tropical
species disappear during the cold winters (e.g.,
Gnathophyllum panamense, Ocypode occidentalis,
Pentaceraster cumingi, Nidorellia armata) and tem-
perate species vanish during the warm summers
(e.g., Pachygrapsus crassipes, Aplysia californica,
Betaeus longidactylus). The central gulf shows far
less seasonality in water temperatures, and the
southern gulf shows almost no seasonality.

An Extraordinary Diversity

The accumulation of species diversity since the
Sea of Cortez opened has produced one of the
most biologically rich marine regions on earth,
The benthic habitats and the pelagic waters of
the gulf are famous for supporting high numbers
of species and large population sizes among all
marine taxa: invertebrates, fishes, marine mam-
mals, sea turtles, and marine birds. At least 40
percent of Mexico’s fisheries production comes
from the gulf and 15 percent from the northern
gulf alone (Brusca & Bryner 2004; Brusca et al.
2001; Cudney-Bueno 2000). In the northern gulf,
remarkably high biodiversity occurs on the very
limited intertidal beachrock (“coquina”) forma-
tions that occur at just four sites: Puerto Pefiasco
and Punta Borrascosa in Sonora, and San Felipe
and Coloradito in Baja.California. These small,
rare, eroding beachrock habitats harbor dispro-
portionately high species diversity, giving them
high priority for protection (Figure 29.4). High
diversity is also found at Isla San Jorge and Rocas
Consag, both of which serve as refugia and recruit-
ment sources for the mainland shores. And excep-
tionally high biodiversity, including rich pelagic
diversity (and abundance) driven by year-round
upwelling, distinguishes the Midriff Islands. The
offshore benthic region of the northern gulf for-

* merly maintained a high species diversity and bio-

mass. However, in subtidal areas that are suscepti-
ble to heavy bottom trawling (i.e., shallower than
100 m) much diversity has been lost over the past
50 years due to excessive disturbance (see below).
Nevertheless, we have almost no empirical data
on community composition and food web struc-
ture for the northern gulf’s offshore benthic or
pelagic habitats. One of the most pressing research
needs is to achieve an understanding of benthic




community structure in this region and a sense of
how profound the effects of bottom trawling have
actually been on this system.

Marine macrofaunal diversity in the Gulf of
California is exceptionally high, comprising 5,965
named species: 4,852 invertebrates and 1,113 verte-
brates (891 fishes; 222 nonfish vertebrates) (Brusca
2004a; Brusca et al. 2005; Hendrickx et al. 2005).¢
Owing to the presence of many undescribed inver-
tebrate species, including ‘many members of the
planktonic and offshore communities, this total
is estimated to be about half the actual animal
diversity of the gulf (Table 29.2). Overall faunal
diversity decreases gradually from the south to
the north. In the northern gulf, in addition to the
four beachrock formations noted above, Puerto
Refugio (at the northern end of Isla Angel de la
Guarda) and the isolated Rocas Consag have long
been recognized as “biodiversity hot spots.”

Forty-seven percent of the gulf’s macroinver-
tebrate species occur in the northern gulf (2,261
species), and 1,045 (18 percent of the gulf species)
are known from the Reserva de la Biosfera Alto
Golfo de California y Delta del Rio Colorado (Table
29.3). In the northern gulf, molluscs (1,000 species),
arthropods (509 species), and annelids (poly-
chaetes) (287 species) are the most diverse phyla.
Within the Mollusca the gastropods and bivalves
stand out with 656 and 285 species, respectively.
Among the Arthropoda the brachyuran crabs and
amphipods are most diverse with 167 and 126
species, respectively. Of the invertebrate species
known from the northern gulf, 128 (5.7 percent)
are unique to this area (endemic).’” :

Examination of Table 29.3 reveals further
interesting patterns of invertebrate biodiversity in
the northern gulf. Even though no coral reefs occur
in this region (indeed, the only true coral reef in
the gulf is at Bahia Pulmo, near La Paz; Brusca &
Thomson 1977), 17 species of corals occur in the
northern gulf, making the coral diversity richer
than that of sea anemones (12 species). Notably

rich diversity also occurs among the gastropods-

(657 species), bivalves (285 species), polychaetes
(285 species), true (brachyuran) crabs (167 species),
echinoderms (138 species), ectoprocts (119 species),
gammaridean amphipods (85 species), hydroids
(60 species), isopods (41 species), tidepool (cari-

dean) shrimps (40 species), chitons (38 species),’

hyperiidean amphipods (31 species), and porcelain
crabs (29 species). Also notable is a single species

of marine earthworm (Annelida: Oligochaeta),
Bacescuella parvithecata, which occurs rarely in
the northern (and central) gulf. The 5 species of
sea fans reported from the region are only a small
percentage of the actual gorgonian diversity, and
I have recorded at least 10 undescribed species
from the northern gulf. Similarly, only a single
species of jellyfish has been reported from the
northern gulf, although I have recorded at least
a half-dozen others in these waters. And the ¢
species of tunicates reported from the northern
gulf probably represent only 10 percent of the ac-
tual diversity of this region.

Among the 128 species of invertebrates
endemic to the northern gulf are two elegant and
giant aphroditid polychaetes (Aphrodita mexicana,
A. sonorae), sometimes called “sea mice,” both of
which are now greatly reduced in numbers and
threatened because of excessive bottom (shrimp)
trawling (Figure 29.5). The beautiful coral Astran-
gia sanfelipensis, today known only from the San
Felipe and Coloradito “coquina réefs,” is also threat-
ened by habitat destruction at those two upper
gulf sites. In addition, seven species of pea crabs
(Pinnotheridae) are endemic to the northern Gulf,
as are two goneplacid crabs.(Glyptoplax consagae,
Speocarcinus spinicarpus), the cone snail Conus
angulatus (previously considered a synonym of C.
regularis), the scallop Leptopecten palmeri, the car-
pet anemone Palythoa ignota, the aggressive samu-
rai hydroid Samuraia tabularosa (so far known
only from a single site, Punta Pelicano, near Puerto
Pefiasco), and 11 species of sea slugs (Gastropoda:
Nudibranchiata) including the beautiful giant black
slug Aplysia vaccaria. Among the caridean shrimps
are three species of the uncommon genus Ambi-
dexter that are endemic to the northern gulf (in
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Figure 29.4. Beachrock
(“coquina”) littoral habi-
tat, one of the rarest
habitats in the Sea of
Cortez. Only four such
coastal formations are
krown from the gulf, two
in Sonora (Puerto Pefiasco,
Punta Borrascosa) and
two in Baja California
(San Felipe, Coloradito).
The Puerto Pefiasco and
San Felipe sites have been
largely destroyed bio-
logically, though they
remain recoverable.
(Photo by R. C. Brusca)
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TABLE 29.2. Known and predicted species diversity in major
invertebrate groups in the entire Gulf of California.

No. or No. or
SPEGIES SPECIES
RECORDED  PREDICTED TO
PryLum FrROM GULF  OcCUR IN GULF
Porifera 86 860
Cnidaria 253 526
Hydrozoa 146 292
¢ Anthozoa 102 204
S¢yphozoa ’ 5 30
Ctenophora Co4 20
Platyhelminthes 22 1o
Nemertea 17 ‘ 30
Sipuncula 11 ) 22
Echiura 4 7
Annelida - 717 820
Oligochaeta 1 3
Polychaeta 715§ 816
Pogonophora 1 1
Arthropoda 1,044 1,522
Pycnogonida 5 45
Cirripedia 45 47
Copepoda ? 2§
Ostracoda ? 2§
Stomatopoda 28 33
Mysida ' 3 10
Amphipoda 232 464
Isopoda 81 110
Tanaidacea 2. 20
Cumacea 8 20
Euphausiacea 14 20
Dendrobranchiata 26 42
Stenopodidea 2 4
Caridea 130 145
Astacidea B I
Thalassinidea 19 24
Palinura 8 9
Anomura 129 192
Brachyura 301 336
Mollusca 2,196 2,590
Monoplacophora 1 2
Polyplacophora 57 62
Gastropoda 1,532 1,630
Bivalvia 566 848
Scaphopoda 20 25
Cephalopoda 20 23
Bryozoa (Ectoprocta) 169 338
Brachiopoda 5 7
Echinodermata 263 300
Chaetognatha 20 25
Hemichordata 2 5
Chordata 39 292
Ascidia 17 250
Appendicularia 21 40
Cephalochordata 1 2
TOTAL 4,852 7,474

Note: Phylum names and species numbers are in boldface.
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fact, these are the only members of this genus in
the entire Sea of Cortez). A group of intertidal
isopods also occurs as endemics in the northern
gulf (e.g., Synidotea francesae, Erichsonella cortezi,
Colidotea findleyi, Mesanthura nubifera, Colanthura
bruscai, Probopyrus pandalicola, and Schizobopyrina
striata). One of the many unsolved mysteries in
the Sea of Cortez is the appearance of the Atlantic
barnacle, Balanus subalbidus, in Laguna Salada
during flood years. This barnacle has not been re-
ported from anywhere in the Gulf of California
or Pacific Ocean, yet in years when floodwaters

‘from the Colorado delta and upper gulf invade

the laguna, live B. subalbidus are found attached
to the branches of dead (flooded) terrestrial trees
and shrubs (Van Syoc 1992). Dead specimens are
easily collected when the lakebed is dry.

Destruction of Biodiversity in
the Northern Gulf

Before the 1960s, pressure on the northern gulf’s
environment was minimal, and anyone visiting
the region would have witnessed a seemingly end-
less bounty of sea life, probably not differing sub-
stantially from the diversity encountered by indige-
nous people over past millennia. A walk in the
intertidal zone during low tide revealed dozens

. of species of large-bodied invertebrates, especially

echinoderms and moltuscs. Common under most
large rocks and boulders were large seastars (Ore-
aster occidentalis, Nidorellia armata, Astropecten
armatus, Pharia pyramidata, Linckia columbiae,
Heliaster kubiniji, Astrometis sertulifera, Luidia
columbia and L. phragma), spectacular huge
brittlestars (Ophioderma teres and O. panamense,
Ophiocoma aethiops and O. alexandri), and large
urchins (Eucidaris thouarsii, Centrostephanus coro-
natus, Arbacia incisa, Lytechinus pictus, Echinometra
vanbrunti). Also common were large cucumbers,
such as Brandtothuria arenicola and B. impatiens,
Fossothuria rigida, and Isostichopus fuscus. Large
molluscs that were equally common included many
spectacular murexes, cones, olives, and cowries
(e.g., Haustellum elenesis, Hexaplex nigritus, Hexa-
plex princeps, Phyllonotus erythrostomus, many
species of Conus). There are no longer any sites
on the northern gulf mainland where these large
invertebrates exist in abundance in the intertidal
zone. In fact, these spectacular large-bodied inver-
tebrates have become rare or extirpated altogether
from most of the mainland northern gulf’s inter-




tidal regions. The chocolate sea cucumber (Isosti-
chopus fuscus) is now reduced to so few sites,
because of overfishing, that it is federally listed in
Mexico as a threatened species. Before the 1970s,
sorting through a shrimp trawl was also an extra-
ordinary experience, and in those days the by-
catch provided a living library of the animal king-
dom—a veritable textbook of invertebrate
zoology. This too is no longer the case.

Beginning in the 1950s three factors began to
have synergistic, negative impacts on the bio-
diversity of the northern (indeed, the entire) gulf.
First was the establishment of Mexico’s national
fisheries program, which led to an overgrowth of
fishing efforts and subsidized the exploitation of
marine resources. Second was the realization that
tourism held the potential to generate enormous
income, which led to national and regional poli-
cies and practices that set a path toward wholesale
destruction of coastal resources. And third has been
the disruption of all the rivers that once flowed
into the gulf, including all the once-perennial
rivers of Sonora—among them the mighty Col-
orado River. Exacerbating these issues has been
an explosive and unchecked population growth
in the southwestern United States and northwest-
ern Mexico.® These environmental challenges are
reviewed in some detail in Brusca 2004a, Brusca
& Bryner 2004, Brusca et al. 2001, and Brusca et
al. 2005.

Fisheries

Today every fishery in the gulf is probably over-
fished (Brusca 2004a; Brusca et al. 2001; Brusca et
al. 2005; Greenberg and Vélez-Ibanez 1993; Musick
et al. 2000; Sala et al. 2002; Sala et al. in press). In
the northern gulf large serranids (groupers, cabril-
las) and sciaenids (corvinas, chanos), some of
which are endemic or nearly endemic to the gulf,
are especially at risk. These species are sensitive
to overharvesting because of their late maturity
and formation of localized spawning aggregations.
In addition, most sciaenids in the northern gulf
require estuarine habitats once provided by the
Colorado River delta for spawning and nursery
grounds. The American Fisheries Society lists
the gulf, especially its northern part, as one of
five geographic “hot spots” in North America,
where numerous fish species are at risk. Com-
mercially valuable invertebrate species are facing
the same fates, as population sizes of black murex

(Muricanthus nigritus), pink-mouth murex (Hexa-
plex erythrostomus), chocolate sea cucumber (Para-
stichopus fuscus), shrimps (Penaeus spp.), octo-
puses, and others have plummeted over the past
decade.’

Industrial shrimp fishing exacts a harsh toll
on the northern gulf’s benthic environment (Fig-
ure 29.6). The ocean bottom in this region is esti-
mated to be dragged by shrimp nets as frequently
as four times per year (Brusca et al. 2001; Garcfa-
Caudillo 1999; Pérez-Mellado & Findley 198s).
Shrimp nets are indiseriminant killers, raking the
sea floor like vacuum cleaners, trapping and killing
everything in their path (Dayton et al. 2002; Engel
& Kvitek 1998; Watling & Norse 1998). This high
rate of bottom trawling has seriously damaged
these fragile benthic habitats, and the nets cap-
ture an average of 10~30 kg bycatch per kilogram
shrimp (depending on the time of year) in the
northern gulf (Brusca 2004a; Brusca et al. 2005).
The number of commercial shrimp trawlers in
the gulf grew from 700 in 1970 to a high of 1,700
in 1989 and then decreased to 1,200 in 1999 (J. M.
Garcia-Caudillo & S. Carroll, personal communi-
cation 2001), despite warnings as early as the
1970s of a possible crisis resulting from over-
exploitation (e.g.,.Snyder-Conn & Brusca 1977).
As of 2002, hundreds of shrimp boats were still
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Figure 29.5. Shrimp boats
in Puerto Pefiasco, Sonora.
(Photo by R. C. Brusca)
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Figure 29.6. Shrimp
fishing bycatch being sent
to a rendering plant for
conversion into fertilizer
and stock feed. (Photo by
R. C. Brusca)
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working within the Alto Golfo Biosphere Reserve,
and perhaps 1,000 small-scale fishers were using
gill nets in the northern gulf. Catch per unit of
effort has been declining for decades, but govern-
ment subsidies continue to artificially sustain the
overcapacity of the industrial fishing fleet. With-
out government subsidies the current level of
commercial trawling would not be economically
feasible. In fact, the economics of commercial
shrimping shifted so much at the beginning of
the twenty-first century that the number of bot-
tom trawlers working out of the three main
fishing ports in the northern gulf fell to just 130
boats (115 in Puerto Pefiasco, 15 in San Felipe, and
none in El Golfo de Santa Clara). Limited scientific
and anecdotal information suggests that sweep-
ing changes in benthic/demersal community
structure have taken place over the past 50 years as
aresult of this disturbance, including an accelerat-
ing decrease in the diversity and biomass of the
bycatch, possibly heralding a regional benthic/de-
mersal ecosystem collapse (Brusca 2004a; Brusca
et al. 2005). In the late 1960s, sorting through the
bycatch of a shrimp trawl produced hundreds
of species of invertebrates, in most known phyla.
Today these same bottom trawl nets (in the north-
ern gulf) capture primarily scavenging species
(e.g., portunid crabs, skates, rays), and the diver-
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sity of the past is gone. The destruction of the
benthic ecosystem has disrupted the food web-of
the entire northern gulf, probably altering the
pool of available prey for the endangered vaquita.
Gill nets kill vaquita directly, at an estimated rate of

30 to 80 annually (D’Agrosa et al. 1995; Vidal 1995;
. see Navarro, this volume).

Commercial fishing boats using gill nets and
long-lines overexploit offshore waters, and small

‘boat ( ‘panga) fishers often take shrimp and finfish

from estuaries and other coastal lagoons before
they have reached reproductive maturity. Narco-
traffickers using the Sea of Cortez to transport
drugs from Mexico to the United States present a
new and growing threat to biodiversity. They aban-
don or trade their pangas (skiffs) in the upper gulf
in such high numbers that the local fishers have
greatly increased their boat presence, and impact,
in the region.

Tourism

In areas of heavy and increasing tourism in the
northern gulf, such as Puerto Pefiasco and San
Felipe, littoral biodiversity is but a shadow of what
it was just 20 years ago. Part of the tourism-driven
loss comes from the hand collecting of animals
by visitors and the trampling underfoot of fragile
habitats exposed at low tide. But also important is
the collection of large molluscs and echinoderms
by residents for sale to tourists as curios or to
local restaurants, where they are served in seafood
cocktails (e.g., large bivalve and gastropod mol-
luscs, octopuses). Today in the northern gulf these
large-bodied species are found almost exclusively
on island refugia or highly inaccessible stretches
of the mainland coast, although many still occur
in reduced numbers subtidally.

Increasing losses of coastal habitats due to
encroaching housing and resort developments,
poorly designed marinas, and aquaculture instal-
lations lacking environmental controls are threat-
ening the rich estero habitats of the northern gulf
that serve as critical spawning and nursery grounds
for shrimp and other invertebrate and fish species
(Glenn et al. 2005).19 Loss of these wetlands also
reduces important stopover sites for migratory
birds. Mexico’s planned “Nautical Ladder” (Es-
calera Nautica) proposes 23 marinas around both
sides of the Baja California peninsula and south
on the mainland all the way to Teacapan (Sinaloa).
The marinas themselves will cause permanent




Joss of wetlands, and building the infrastructure
required to connect them with roads and services
will certainly also be damaging.

Rivers That Are No More

All the rivers that once reached the Gulf of Cali-
fornia have been drastically altered or destroyed
by overdraft and diversion, and none of the rivers
of Sonora now reach the sea (i.e., Rios Colorado,
Sonoyta, Concepcién, Magdalena-Asuncién, San
Ignacio, Sonora, Yaqui, Mayo, and Fuerte). His-
torically, the Colorado River carried an estimated
16.7 million acre-feet (maf) of water to the delta
annually (Carriquiry & Sdnchez 1999). In the nine-
teenth century, especially from 1850 to 1880, river-
boats steamed from the Sea of Cortez up the lower
Colorado/Gila River system into Arizona. Until
completion of Hoover (Boulder) Dam in 1935,
creating Lake Mead, freshwater from the Colorado
River flowed into the northern gulf throughout
the year, with great seasonal floods resulting from
spring snow-pack melt in the Rocky Mountains.
By the time Glen Canyon Dam was completed in
1962, input of Colorado River water to the delta
and northern gulf had ceased. For 20 years after
completion of Glen Canyon Dam, as Lake Powell
filled, virtually no water from the river reached
the sea. In 1968, flow readings at the southern-
most measuring station on the river were discon-
tinued, since there was nothing left to measure.
Today 20 dams (58 if the Colorado River’s tribu-
taries are included) and thousands of kilometers
of canals, levees, and dikes have converted the
Colorado River into a highly controlled plumbing
system in which every drop of water is carefully
counted, managed, and fought over. The original
water allocations, set in the 1920s, were based on
Colorado River data from an unusually wet period,
and the allocation assumed an average river flow
of about 22 maf/year.‘ Thus 17.5 maf/year of legal
entitlements exist to the river’s water. But the river’s
average flow over the last 500 years has actually
been about 14 maffyear: there are more legal claims
to the water than are possible to meet (Brusca &
Bryner 2004; Brusca et al. 2001)! It is no wonder
that today little water reaches the delta. In addition,
most of the delta’s wetlands have been converted
into farmland. What was once 2 million acres of
wetlands has been reduced to about 150,000 acres.
Owing to the greatly reduced freshwater flow, the
powerful tides of this region now overwhelm the

river channel. During spring tides, seawater creates
an estuarine basin for 50—60 km upriver, averaging
2-8 kim wide and 16 km wide at the mouth, This
marine intrusion has killed most of the freshwater
flora and fauna that used to live along the lower-
most river corridor (e.g., Felger 2000).

Native ecosystems on the delta of the Col-
orado River have been under siege for many
decades from urban and agricultural expansion
and upstream water management decisions in the
United States and Mexico. Many good reviews of
this subject exist (e.g., Brusca & Bryner 2004;
Brusca et al. 2001; Brusca et al. 2005; Glenn et al.
1996,1999). Although the lower delta is part of the
Alto Golfo Biosphere Reserve (Diario Oficial 1993;
Morales-Abril 1994), the ecological future of the
region remains critically threatened. The small re-
maining wetlands on the delta provide important
habitat for shorebirds and migratory waterfowl
and support the largest remaining populations of
at least two endangered species, the desert pup-
fish and Yuma clapper rail (Glenn et al. 200s; see
Hinojosa-Huerta et al., this volume). The indige-
nous Cucapd people still use the riparian zone of
the delta for subsistence (see Williams, this vol-
ume). Since Lake Powell filled in 1981, occasional
flood flows have again been reaching the delta,
which has led to regeneration of some of the river
floodplain. In addition, two important anthro-
pogenic wetlands now exist on the delta, the
4,400-ha Ciénega de Santa Clara and the 15,000~
20,000-ha Rio Hardy wetland, which together
contain most of the nonmarine aquatic habitat
on the delta (Figure 29.7). In their natural state
they were supported by the Colorado River flow,
but they are now sustained by the disposal of
brackish agricultural drainage water into the
lower delta (plus.occasional flood flows). There is
no guarantee that these wetlands will continue to
receive the secondary runoff water that now sus-
tains them. And given climate predictions and
possible reduction in Colorado River flows over
coming decades, the threat to these critical habi-
tats will only increase. As of 2004, there existed
no published studies of the water quality or in-
vertebrate fauna of these wetlands.

‘Before construction of Hoover Dam the an-
nual sediment discharge from the Colorado River
into the gulf was enormous, estimated to have
ranged from 45 to 455 million metric tons/year.
Accumulated river sediments on the delta are
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Figure 29.7. The Ciénega
de Santa Clara, on the
Colorado delta. (Photo
by R. C. Brusca)
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thousands of feet thick. The entire northern gulf
is considered the Colorado River Sedimentary
Province. The name of the river itself, Colorado, is
Spanish for a red or ruddy color. However, the re-
duction of freshwater input and sediment dis-
charge since 1935 has modified the hydrography
of the Colorado River delta/northern gulf system,
initiating a regime of deltaic erosion. New deltaic
deposition no longer takes place, and the entire
delta is now exposed to the hydrodynamic forces
of tides, currents, and storms, promoting resus-
pension, erosion of ancient river sediments, and
the gradual export of sediments to the west and
eventually out of the northern gulf. These changes
are altering the littoral wetlands and biological
equilibrium of the region. They are also destroy-
ing habitat for an estimated 340 species of marine
invertebrates that inhabit the sand/mud benthic
ecosystem of the delta region.

It is likely that the reduction of freshwater
input into the northern gulf, in combination with
other anthropogenic factors, has driven some
species to (or nearly to) extinction. However, we
have so few historical or baseline data for marine
organisms of this region that extinctions (or local
extirpations) would go unnoticed for commercially
unimportant or otherwise little-known species.
There has never been a comprehensive dedicated
survey of the marine fauna of the northern gulf
and Colorado River delta ecosystem.

The delta clam, Mulinia coloradoensis, was
once one of the most abundant animals of the up-
permost gulf. Windrows of its shells line the
beaches of the delta and western shores of the
northern gulf. This species was thought to be ex-
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tinct until its recent rediscovery in small numbers
near the mouth of the river (Kowalewski et al.
2000; Rodriguez et al. 2001). It has been specu-
lated that the near demise of this clam is the re-
sult of decreased benthic productivity resulting
from upstream diversion of the Colorado River’s
flow. However, there is no indication that nutrient
levels (and hence productivity) have decreased
significantly in the northern gulf, and nutrients
that have been lost by depletion of riverine input
may have been regained in the form of agricul-
tural runoff and delta erosion (releasing ancient
trapped nutrients). Hence the near extinction of
this species may be linked to another, as yet un-
known, factor related to reduction of freshwater
input to the delta.

Freshwater input from the Colorado River is
also important to the life history of commercial
shrimps of the region. Commercial shrimp catches
have been falling since the 1960s, owing to a com-
bination of overfishing and loss of habitat for
young. It has been estimated that an influx of just
250,000 acre-feet/year of Colorado River water
would double shrimp production in the northern
gulf (Galindo-Bect et al. 2000). The young of
these shrimp use the shallow wetlands and esteros
of the region, including the tidelands of the delta,
as a nursery, migrating into these areas before
their offshore planktonic larval phase. When the
shrimp reach a juvenile or subadult stage, they
migrate offshore once again. In combination with
historical overfishing and capture of juveniles in
shrimp nets, reduction of brackish estuarine
habitat has likely driven the giant northern gulf
endemic totoaba to near extinction as well. Con-
tinued absence of freshwater input could also se-
riously affect the endemic Palmer’s saltgrass (Dis-
tichlis palmeri), which appears to need periodic
freshwater flooding to germinate (Felger 2000).
In addition, aquatic birds rely heavily on the gulf’s
coastal lagoons and wetlands, all of which are on
the great western flyway (Glenn et al. 2005; see
also Hinojosa-Huerte et al., this volume).

Rescuing Biodiversity

Since the mid-1980s a growing conservation move-
ment has emerged in northwestern Mexico, led by
such organizations as the Arizona-Soriora Desert
Museum, the Sonoran Institute, CoBi (Comuni-
dad y Biodiversidad), Conservation International,
Proesteros, Pronatura, Sierra Madre, World Wild-




life Fund, CEDO (Centro Intercultural de Estudios
de Desiertos y Océanos), and many smaller grass-
roots organizations often associated with local
communities and ejidos. These organizations are
beginning to have a powerful influence on con-
servation in the northern gulf. Their participa-
tion was critical to the setting aside of the Reserva
de la Biosfera Alto Golfo de California y Delta del
Rio Colorado; to the establishment of conserva-
tion priorities for the gulf and its islands; to the
development, with artisanal fishers and indige-
nous people (e.g., Seris, Cucapis), of sustainable
fisheries; and to the improvement, with state and
federal governmental agencies, of protection of
the marine and coastal environment. Over the
past decade, as a result of the efforts of these
groups, fisheries laws are tightening up, gillnet-
ting is on the verge of becoming illegal, bottom
trawling is becoming better regulated (soon to be
banned, we hope), and high-visibility species such
as totoaba and vaquita are attracting the attention
of conservationists all over North America. Much
of this conservation work is described in Brusca
2004a, Brusca & Bryner 2004, Brusca et al. 2001,
and Brusca et al. 2005. New laws prohibit the use
of gillnets with mesh sizes greater than six inches
and the “destruction of the marine floor” (e.g.,
shrimp trawling) in all protected areas in the gulf,
including the Alto Golfo Biosphere Reserve. These
laws could go a long way toward reducing the
incidental take of vaquita and sea turtles and pro-
tecting the sea floor, but it will be up to the federal
government (PROFEPA, the enforcement arm of
SEMARNAT) to enforce these laws (and fishets
are protesting them). As for the Colorado River
delta, however, it is unlikely that its ecological and
water issues will be resolved until the debate
reaches the U.S. and Mexican State Departments
and executive offices. There are also many funda-
mental questions that remain unanswered regard-
ing the upper gulf’s ecosystems: What is the na-

ture of the benthic/water column food web of the -

upper gulf, and how does energy flow through
the system? How has this system been impacted
by bottom (shrimp) trawlers over the past few
decades? Where do the migratory waterfowl enter
this food web and what do they feed on? Where
are the key commercial and sport fish spawning
and nursery grounds? How are commercial species
such as shrimp affected by freshwater input (e.g.,
from the Colorado River)? How important are

annual freshwater pulses from the Colorado River
to the marine ecosystems?

Despite the considerable damage that has al-
ready been inflicted on northern gulf environ-
ments, and the many lingering threats, there is
cause for optimism. If the conservation move-
ment in the Sea of Cortez continues with its pres-
ent momentum, new areas will be protected and
all protections will be better enforced. Most urgent
is to ban all bottom trawling in the northern gulf,
to protect the four “coquina reefs” in the upper
gulf, to improve enforcement of existing laws in
protected areas, to increase public education, and
to better understand the marine ecosystems of
the upper gulf. Fortunately, one still can find is-
land and coastal refugia, areas not easily accessible
by road or large fishing boats, which serve as im-
portant shelters for species extirpated elsewhere
in the northern gulf. Current discussions on a
biodiversity action and sustainable management
plan for the gulf, spearheaded by regional non-
governmental conservation organizations as well as
several government agencies, are focusing on pro-
tection of the island refugia, but mainland coastal
habitats need to be on their agenda as well.
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Notes

1. Ancient peoples who exploited the northern
gulf’s rich coastal biodiversity left behind huge piles of
shells, or middens. Some of these shell middens are
more than a mile across, and some have depths of more
than one meter. Estero Morua, near the town of Puerto
Pefiasco, is encircled by ten discrete shell middens cover-
ing about 50 percent of its shoreline, each containing
tens of thousands of mollusc shells (comprising more
than 30 species) and pottery from at least four distinct
cultures. I have radiocarbon-dated (*C) two food shells
(Cardita affinis and Hexaplex erythrostomus) from two
fire sites (ash layers) at,Estero Morua at calibrated ages
(Stuiver & Reimer 1993) of 1969 YrBP (radiocarbon age
2010 * 55) and 2024 YrBP (radiocarbon age 2075 % 40)
(radiocarbon dates determined by the University of
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Arizona/National Science Foundation Accelerator Mass
Spectrometry Laboratory). The only remains from crab
dining at Estero Morua are the large claws of the blue
crab (Callinectes bellicosus); no remains of carapaces or
walking legs have been found. In the past, Estero Morua
received freshwater from the Sonoyta River, which used
to empty into the Gulf of California via the eastern arm
of the estero (at least during flood years), although this
river has not reached the gulf with any regularity at least
since the turn of the last century (a good turn-of-the-
century map of the river can be found in Hornaday
1908). See Gifford 1946 and Foster 1975 for additional
information on the middens of this estero.

2. The earliest map to show Baja California as a
peninsula might have been the “chart series” of Battista
Agnese (1538-48), probably capitalizing on Ulloa’s 1539
discovery. It was also correctly depicted on Sebastian
Cabot’s 1544 map and of course the superlative maps of
Mercator (1569) and Ortelius (1570: Theatrum Orbis
Terrarum). However, the majority of the European maps
produced before the early seventeenth century still de-
picted Baja California as an island, and it was the work
of Padre Eusebio Kino that finally laid the issue to rest
for European cartography.

3. Members of the expedition were Ed Ricketts,
John Steinbeck, Carol Henning (the first of Steinbeck’s
three wives), Hall (“Tex”) Travis (engineer), Anthony
Berry (captain), Sparky Enea (Berry’s brother-in-law),
and Tiny Colleto (crewman). Spencer Tracy was sup-
posed to go on the trip but got tied up on a motion pic-
ture. Steinbeck paid Berry $2,500 for the six-week charter
of the Western Flyer. At least five species of invertebrates
from the Sea of Cortez have been named in honor of
Ed Ricketts: Mysidium rickettsi (a mysid), Longiprosta-
tum rickettsi (a flatworm), Isometridium rickettsi (a sea
anemone), Palythoa rickettsi (a zoanthid), Adesia rickettsi
(a sea slug).

4. The northern gulf region extends from the
marine-influenced Colorado River delta south to (and
including) the Midriff Islands (las Islas del Cinturén),
the largest being Islas Tibur6n and Angel de la Guarda,
and to Bahia San Francisquito (Baja California) and
Bahia Kino {Sonora). Within the northern gulf is the
Reserva de la Biosfera Alto Golfo de California y Delta
del Rio Colorado, extending from the delta to a line
running from Punta Pelicano (= Roca del Toro; the
southern margin of Bahfa Cholla and the larger Bahia
Adair), Sonora, across the gulf to Punta El Machorro
(= Punta San Felipe), at San Felipe.

5. Steinbeck grew up in the Salinas Valley of Cali-
fornia and early on developed a strong fascination with
the sea. In his youth he took a few classes at Stanford
University, including a surnmer marine biology course
at Hopkins Marine Station, in Monterey, California, in
1923. In part, it was his love of the sea that drove him to
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move to Pacific Grove (near Monterey) in 1929, the year
his first book was published (Cup of Gold), thus setting

‘the stage for his inevitable meeting with maverick ma-

rine biologist Ed Ricketts. Cannery Row (1945) was
written after Steinbeck had moved to New York, shaken
by the death of his long-time friend. The book was an
exercise in grieving Ed’s death and finding peace after
the turbulent years Steinbeck had endured. “Doc,” in
Cannery Row, is Steinbeck’s idealized image of Ed and
the vehicle through which Steinbeck expresses his own
(and presumably Ed’s) philosophy of life, which cele-

. brates the wisdom of experiencing life without precon-

ception and the joy of savoring each moment as it
occurs. As a natural followup to Cannery Row, Steinbeck
went full circle with East of Eden (1952), also written in
New York, which celebrates his own life growing up
in the Salinas Valley, his family, and the fundamental
human power to choose between good and evil, ex-
pressed also through the observation of tidepools in The
Log from the Sea of Cortez.

6. Marine macrofauna is defined here as those ani-
mals 0.5 mm or larger in size, or easily visible to the
naked eye (this excludes copepods and ostracods but in-
cludes all other nonmicroscopic animal species).

7. Overall invertebrate endemicity in the gulf is
16% (767 species). At the phylum level, the highest en-
demism occurs in Brachiopoda (80%), Ctenophora
(50%), Platyhelminthes (41%), Echiura (25%), and
Mollusca (21%). At lower taxonomic levels, highest en-
demism occurs among Anthozoa (34%), Polypla-
cophora (26%), Gastropoda (26%), and Cumacea
(25%). However, these figures should be viewed with
caution because many taxa are very pootly studied in
the gulf and the tropical eastern Pacific in general (e.g.,
Brachiopoda, Cnidaria, Ctenophora, Platyhelminthes,
Echiura, Cumacea, Tanaidacea, micromolluscs, Uro-
chordata, Hemichordata).

8. Approximately 23 million people live in the
lower Colorado River basin today, a population that is
largely dependent on water from the Colorado River.
By 2020 it is estimated that more than 38 million peo-
ple will be living in this region. The population of the
Sonoran Desert itself now exceeds 7 million and has
experienced a sevenfold increase in the past 50 years, with
a doubling between 1970 and 1990. This is the fastest
growth and most massive land conversion in North
America’s history. Hermosillo (the capital of Sonora)
grew by 116% during this period. There are no signs that
this growth is tapering off.

9. Even marine algae are overharvested in north-
western Mexico (mainly along the Baja peninsula), a
region that provides 10% of the world production of
agarophytes. The most important commercial species
is the red alga Gelidium robustum, harvested since 1945
but never regulated.




10. Much of the coastline of Sinaloa and southern
Sonora has been carved up into aquaculture farms.
Most of these are shrimp farms, and 95% (64 million
pounds in 2000) of this farm-raised shrimp makes its
way to the United States. About 50% of the world’s
aquaculture facilities are in developing nations, and
they are essentially “slash-and-burn” in their approach:
bulldozers tear out mangrove forests and other coastal
habitats and replace them with fish or shrimp ponds.
In concept, these coastal ponds are cheap and easy to

construct; a pipe at one end of the pond pulls clean
ocean water in, and a pipe at the other end spits water
out, laden with shrimp (or fish) wastes, excess food, anti-
biotics, disease organisms, and parasites. Therein lies
the next insult—not only is coastal habitat destroyed
by the bulldozers, but the coastal waters themselves are
polluted with the outfall. Inland, closed, nonpolluting
systems are possible, but they are more expensive to
build and operate.
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Great Natural Reserves of the Sonoran Desert

Richard Stephen Felger and Bill Broyles, editors
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