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Abstract

Historical documents and classic works together with recent specialized literature have described Harmful
Algal Blooms (HABs) in the Gulf of California. This is a review of HABs impact (qualitative and quantitative)
during the last decades in the Gulf of California on wild (mammals, birds, fishes, and invertebrates) and
cultured animals (shrimps and fishes). Microalgal species responsible of noxious effects are Noctiluca
scintillans, Cochlodinium polykrikoides, Gymnodinium catenatum, Prorocentrum minimum, Akashiwo

sanguinea, Chattonella subsalsa Ch. marina, Chattonella sp., Heterocapsa sp., Dinophysis sp., Fibrocapsa
japonica, Heterosigma akashiwo, Thalassiosira sp., Chaetoceros spp., Pseudo-nitzschia australis, P.
fraudulenta, Pseudo-nitzschia sp., Trichodesmium erythraeum and Schizotrix calcicola. Emphasis is given
to the necessity to continue with interdisciplinary studies in oceanography, ecology, toxicology and toxinology
interrelated with biomedical sciences such as physiology, pathology, epidemiology and animal health.
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Introduction

The Gulf of California is in the Pacific Ocean, and is also
known as the “Sea of Cortéz” and the “Vermilion Sea”, it is 1400 km
long and its width in the inner region is of 150"200 km  (Lavín and
Marinone, 2003; Nix, 2007). It is a narrow, marginal deep cold sea
(Nix, 2007; Lluch-Cota, 2008). It is characterized as a semi-closed
sea and an evaporation basin (Espinosa-Carreón and Valdes-
Olguín, 2007). Situated between 20o and 32o North latitude and

105.5o and 114.5o West longitude in the Oriental Pacific it is orientated
in Northwest (NW) – Southeast (SE) address. The Gulf of California
is situated between the Baja California Peninsula (West), and the
Sonora and Sinaloa coasts (East); the Northern border is limited by
the Colorado river base level and the Southern border is delimited
by an imaginary line from the tip of the California Peninsula to Cabo
Corrientes, Jalisco, Mexico (Espinosa-Carreón and Valdéz-Olguín,
2007).
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The Gulf of California is a highly productive sea rich in
nutrients upwelled from deep waters to the surface where plankton
is abundant and serves as food for diverse fish populations, which
also serve as food for other species (SEMARNAT, 2006a, b;
Lluch-Cota, 2008). The different physiographic and climatic
conditions determine a great diversity of marine and coastal
ecosystems which include almost 350,000 Ha of mangroves,
600,000 Ha of coastal lagoons, great extension of beaches, a
great variety of marine sediments (e.g. sandy, rocky), and 900
islands resulting in a region with a high biodiversity and a great
number of endemic species. 40 mammal species, 655 plant species
(28 of them endemic), 115 reptile species (42% endemic),
approximately 154 terrestrial bird species, and 56 marine bird
species inhabit these islands (18 species are reproducing in
islands, 26 are migratory species, and 10 are resident species)
(SEMARNAT, 2006a, b)

The marine fauna of the Gulf of California include 383
endemic species with 164 aquatic bird species, 5 turtle species, 32
mammal species including 38% of cetaceans known in the world as
the marine vaquita (Phocoena sinus) which is an endemic species
from the Gulf of California, between 860 and 900 fish species
(Thomson et al., 2000) (90 of them are considered endemic including
Totoaba macdonaldi) (Castro-Aguirre et al., 1995). Half of the
world fish families as well as more than 4800 invertebrate species in
the Gulf of California (SEMARNAT, 2006a, b). The natural richness
from this region is basic for social and economic activities. The main
economic activities that have been developed are fishing, tourism,
and aquaculture. This eco-region has the greatest fish production
in Mexico (50% of the total weight of the national capture); where
shrimp, sardine, mackerel, tuna, giant squid, bivalve mollusks
consisting of more than 70 commercial species are captured
(SEMARNAT, 2006a, b; DOF, 2006; Lluch-Cota et al., 2007; Lluch-

Table - 1: World examples of HABs impacts on wild and culture animals

Microalgae

(toxins Marine animals impacted References

associated)

Alexandrium spp. Humpback whales (Megaptera novaengeliae; Magellanic Geraci et al., 1989; Vinuesa, 1993; Vinuesa and Labal,
(PSP-toxins) flightless steamer ducks (Tachyeres pteneres), King 1993; Hernández et al., 1998; Costas and López-

cormorants (Phalacrocorax albiventer), Magellanic penguins Rodas, 1998;   Gochfeld et al., 1998;  Reyero et al.,
(Spheniscus magellanicus); North Atlantic right whales 1999; Durbin et al., 2002; Doucette et al. 2006; Bricelj
(Eubalaena gracialis); monk seals (Monachus monachus) herring gulls (Larus spp.); bivalve molluscs and

Shumway, 1998.

Pseudo-nitzschia Brown pelicans (Pelecanus occidentalis); Brandt’s Work et al., 1993; Scholin et al., 2000; Gulland et al.,
spp. (ASP-Toxins) cormorants (Phalacrocorax penicillatus); California sea 2002; Silvagni et al., 2005; Kreuder et al., 2005;

lions (Zalophus californianus); sea otters Brodie et al, 2006; Goldstein et al., 2008.
(Enhydra lutris nereis).

Karenia brevis Manatees (Trichechus manatus latirostris); double-crested O’shea et al., 1991; Bossart et al., 1998; Landsberg
(NSP-toxins) cormorants (Palacrocorax auritus); fishes; bottlenose dolphin et al., 1998; Kreuder et al., 2002; Magaña et al.,

(Tursiops truncatus); marine resources. 2003 ; Fire et al., 2007, 2008; Landsberg et al., 2009.

Prorocentrum Reef fishes, sea turtle Landsberg 1995; Landsberg et al., 1999
spp. (DSP-toxins)

Cochlodinium Finfish, salmon (culture) Yuki and Yoshimatsu, 1989; Kim et al., 1999;
spp. (ROS) Whyte et al., 2001

Chattonella spp. Finfish, bluefin tuna (Thunnus maccoyi), yellowtail Tanaka et al., 1992; Ishimatsu et al., 1996;
(ROS, PbTxs) Hallegraeff et al., 1998

Heterosigma Rainbow trout (Oncorhynchus mykiss) Yang et al., 1995
spp. (ROS) Finfish Bruslé, 1995

Cochlodinium Coral reef, reef fishes Guzmán et al., 1990
catenatum and
Alexandrium

monilata

Miscellaneous Marine mammals, mollusk bivalves, marine birds Flewelling et al., 2005;  Irwin, 2005; Van Dolah, 2000;
Van Dolah et al., 2003; Landsberg, 1996, 1997, 2002;
Shumway 1990, 1993; Cadée 1999;
Shumway et al., 2003
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Cota, 2008). The most important aquaculture activity in the Gulf of
California is the culture of shrimp (contributing 90% of the total
national production) and in a lower proportion marine mollusk and
fish culture (Páez-Osuna et al., 2002; Páez-Osuna, 2005; Alonso-
Rodríguez and Páez-Osuna, 2003; SEMARNAT, 2006a, b; DOF,
2006).

The Gulf of California was declared Patrimony of Humanity
since July 2005 by the UNESCO and the region has important
cultural richness manifested in various native towns (original
inhabitants from Gulf of California), such as Jiakim-Yaquis, Cuapaá-
Cucapás, Comca’ac-Seris, Yoreme-Mayos and Wixarika-Huicholes
among others (SEMARNAT, 2006a,b; Luque-Agraz and Robles-
Torres, 2006). An estimated 9 millions people inhabit the Gulf of
California coasts (WWF,http://www.worldwildlife.org/what/
wherewework/gulfofca/; SECTUR, 2008), while approximately 5
millions tourists visit each year (SEMARNAT, 2006a, b; SECTUR,
2008).

There is world-wide consensus on the increase of Harmful
Algal Blooms (HABs) events and their impact in public and animal
health in several productive activities such as aquaculture, fishing,
and tourism (WHO, 1984; Anderson, 1994; Zingone and
Enevoldsen, 2000; Smayda, 2002; Hallegraeff, 2002; Hallegraeff
et al., 2003; FAO, 2005). In some regions the nutrient imbalance in
different marine ecosystems has caused eutrophication and has
been correlated to an increase of HABs (Heisler et al., 2008).
Mexican coasts have presented HABs (Cortés-Altamirano et al.,
1996; Cortés-Altamirano, 1998;  Ochoa et al., 1998, 2002, 2003;
Sierra-Beltrán et al., 1998; Licea et al., 2006; Hernández-Becerril
et al., 2007; Cortés-Altamirano and Sierra-Beltrán, 2008; Gárate-
Lizárraga et al., 2008). Some have caused serious public health
and animal health problems in wild and cultured animals. A
bibliographic review resulted in 175 HABs events along the Mexican
Pacific coasts (Gárate-Lizárraga et al., 2008).

The HABs impact on the health of wild and cultured
organisms has been described recently (corals, mollusks,
crustaceans, fishes, sea turtles, birds, and marine mammals) (Table 1).

Historical documents and classic works (Allen, 1941;
Graham, 1943; Osorio-Tafall, 1942a, b; 1943) together with recent
specialized literature have described HABs in the Gulf of California
(e.g. Ochoa et al., 1997, 2003; Cortés-Altamirano, 1998; Gárate-
Lizárraga et al, 2001, 2008; Alonso-Rodríguez and Páez-Osuna,
2001, 2003; Alonso-Rodríguez et al., 2004a, 2008). Basically these
publications have described the responsible microalgal species.
Here is a review of HABs impact on wild (mammals, birds, fishes,
and invertebrates) and cultured animals (shrimps and fishes) during
the last decades in the Gulf of California is presented.

Materials and Methods

A bibliographic review was completed of recent specialized
literature (from 1980 to 2009) on HABs impact on wild and cultured
animals in Gulf of California.

Results and Discussion

From 1981 to 2009, different mortalities of organisms have
been described in the Gulf of California (Nishikawa et al., 1982,
1984; Villavicencio and Guzmán-Poo, 1989; Delgado-Estrella et
al., 1994), although only recently they have been attributed to
HABs. In the Table 2 and figures 1 and 2 are the principal microalgal
species involved in such events and the organisms affected.

The principal affected groups have been fish, followed by
crustaceans, birds, and mammals (figures 3 and 4). Nevertheless,
the impact on mollusks (bivalves and cephalopods) has also been
severe; in 2003 HAB at Kun Kaak Bay, Sonora, the bivalve mollusk
fisheries collapsed along 94 km2 of the coast (Cortés-Altamirano et
al., 2006).

One example of HAB that impacted the coastal fauna is the
case of Pseudo-nitzschia fraudulena, P. pseudodelicatissima and
P. pungens and other diatoms observed in Bahía de La Paz in
2006. Baja California Sur government authorities estimated that
650 fisheries families living in Bahía de La Paz were affected, as a
consequence the government distributed unusual economical
support to the affected fisherman with a total amount of $50,000
dollars; they also distributed 1,230 pantries ($20,000 dollars). The
region was declared in an emergency condition, and Federal
Dependences such as SEDESOL, SAGARPA and others, through
“temporary jobs” programs provided additional resources to affected
fishermen (Guluarte-Castro and Bañuelos, 2007).

Recently massive mortalities of marine organisms were
documented along the Pacific coast of the Baja California peninsula
(Nishikawa et al., 1983, 1984; Mendoza-Salgado et al., 2003;
Orellana-Cepeda et al., 2004, 2007; Gárate-Lizárraga et al., 2007,
2008). Such as the event that occurred at Magdalena Bay, B.C.S.
(probably a HAB) where there was a mortality of approximately
64,172 animals including 37 wild animal species: 24 fish species
(65%), 10 bird species (27%), 2 species of marine mammals (5%),
and one (3%) marine turtle, Lepidochelys olivacea (Mendoza-
Salgado et al., 2003).

A proliferation of the dinoflagellate Ceratium divaricatum in
spring of 2007 along the northeast coast of Ensenada, Baja
California, caused anoxic conditions which produced an ecological
catastrophe in benthic organisms: fauna was carried to the beach
where dead vertebrate (fishes) and invertebrate (lobsters, starfishes,
and crabs) where observed. The lobster population was the most
affected, with a dead biomass above 5 tons causing considerable
economical loss to the fisheries sector (Orellana-Cepeda et al.,
2007).

In the region from Punta Abreojos to La Bocana, B.C.S.
there was a HAB caused by the dinoflagellate Akashiwo sanguinea
between August and September in 2007. Approximately 100
thousand dead lobsters (Panulirus interruptus, 45 tons) were found
along the coast, most of them were ovigerous females. It is possible
that this lost could impact the lobster fishery in the future. Also a high
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mortality of abalone occurred (a calculated 2.5 tons of Haliotis spp.),
as well as cultured oyster (Crassostrea spp.), and diverse species
of snails and fishes (Gómez-Tagle, 2007; Gárate-Lizárraga et al.,
2007, 2008). This event resulted in an economic loss calculated at
$1,784,616 dollars.

Based on these results we conclude that HABs and their
marine toxins are causing an important impact on health of wild and
cultured organisms in the Gulf of California, as well as the economy
of dependent communities. For this reason noxious microalgae
should be monitored in zones where their presence has been
recurrent (e.g. Bahía de Mazatlán, Sin., Bahía Concepción, B. C.

Núñez-Vázquez et al.

S., Bahía de Guaymas , Son.) including areas where these events
are starting to be detected (e.g. Bahía de La Paz, B.C.S., Matanchén,
Bahía de Banderas, Nayarit, and Bahía Kun Kaak, Son.). It is also
important to consider areas of possible future impacts where the
economical loss could be considerable (fisheries, aquiculture and
recent touristic development zones). HABs produced by new species
and their toxins are enlarging the toxin spectrum to be analyzed.

There are other HABs impacts that are difficult to see and
that may be affecting other marine organism populations, such as
lethal and sublethal effects in fish embryos, larvae and juveniles
(Riley et al., 1989; Edmunds et al., 1999; Kimm-Brinson and

21 3 4
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7

10 11

5

12

8

Fig. 1: Microphotography of microalgae responsible of HABs impacts on wild and culture animals in the Gulf of California. Optical Light Microscopy. 1)
Akashiwo sanguinea,  2) Cochlodinium polykrikoides, 3) Noctiluca scintillans, 4) Gymnodinium catenatum, 5) Ceratium. balechii, 6) Ceratium furca, 7)
Dinophysis caudata 8) Pseudo-nitzschia fraudulenta, 9) Chattonella marina, 10) Fibrocapsa japonica, 11) Chattonella ovata, and 12) Trichodesmium
erythraeum
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Fig. 3: Localization of affected species by HABs in the Gulf of California

Impact of HABs (animal health) in the Gulf of California

Ramsdell, 2001; Lefebvre et al., 2004; Escoffier et al., 2007; Ajuzie,
2008) through the toxin action produced by benthic microalgae
(e.g. ciguatoxins, palytoxins, DSP-toxins and cyanotoxins). Likewise
chronic and subchronic exposures to these toxins have not been
evaluated (e.g. Landsberg, 1995,1996,1997,2002; Landsberg et
al., 1999), nor the synergic effects from HABs together with other
xenobiotics, such as heavy metals (e.g. García-Hernández et al.,
2005; Souid-Mensi et al., 2008;  García-Hernández, 2008).

Fig. 2: Microphotography of microalgae responsible of HABs impacts on wild and culture animals in the Gulf of California. Scanning Electron Microscopy.
1) Gymnodinium catenatum; 2) Prorocentum lima; 3) Prorocentrum minimum; 4) Pseudo-nitzschia spp.; 5) Chaetoceros  spp.; 6) Thalassiosira sp.; 7)
Chaetoceros spp.; 8, 9) Details of spines of diatoms Chaetoceros spp., fish mortality (asphyxia) occurred from obstruction of gills

1 2 3

4 5 6

7 8 9

Fig. 4: Affected species mainly by HABs in the Gulf of California. A) P.
vannamei; B) H.  passer; C) Sardinops  sp.; D) Lutjanus spp.; E)
Sphoeroides spp.; F) G. immer; G) P. occidentalis; H) Z. californianus; I)
B. physalus; J) D. capensis, and D. delphis
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An interdisciplinary approach including oceanography,
ecology, toxicology and toxinology, together with the interrelation of
biomedical sciences such as physiology, pathology, epidemiology,
and animal health can lead to a better understanding of the causes
and effects of different HAB events in the Gulf of California. Studies
of oceanographic dynamics, species involved, toxins and their effects,
different aquatic models including their physiological responses
(biochemical and immune), clinical and epidemiologic findings and
possible treatments for affected animals should be continued or
initiated. The information generated would contribute to better
understanding and prediction of HAB events and allow the
development of different mitigation methods according to the species
and area affected.
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