©2011 Triveni Enterprises

Vikas Nagar, Lucknow, INDIA
editor@jeb.co.in

Full paper available on: www.jeb.co.in

J. Environ. Biol.
32,413423(2011)
ISSN: 0254-8704
CODEN: JEBIDP

Impact of harmful algal blooms on wild and cultured

animals in the Gulf of California

Author Details

Erick J. Nuiiez-Vazquez
(Corresponding author)

Investigacion para la Conservacion y el Desarrollo, A.C. INCODE) LaPaz B.C.S. 23080, Mexico
e-mail: enunez04@cibnor.mx, erick@incodeac.org

Ismael Garate-Lizarraga

Departamento de Plancton y Ecologia Marina. Centro Interdisciplinario de Ciencias Marinas
(CICIMAR-IPN), Apdo. Postal 592. La Paz, B.C.S. 23000. Mexico

Christine J. Band-Schmidt

Departamento de Plancton y Ecologia Marina. Centro Interdisciplinario de Ciencias Marinas
(CICIMAR-IPN), Apdo. Postal 592. La Paz, B.C.S. 23000. Mexico

A. Cordero-Tapia

Investigacion para la Conservacion y el Desarrollo, A.C. (INCODE) La Paz B.C.S. 23080. México

David J. Lopez-Cortes

Centro de Investigaciones Bioldgicas del Noroeste S.C. (CIBNOR)Apdo. Postal. 128. La Paz, B.
C.S. 23000, Mexico

Francisco E. Hernandez Sandoval

Departamento de Plancton y Ecologia Marina. Centro Interdisciplinario de Ciencias Marinas
(CICIMAR-IPN), Apdo. Postal 592. La Paz, B.C.S. 23000. Mexico

Alejandra Heredia-Tapia

Departamento de Plancton y Ecologia Marina. Centro Interdisciplinario de Ciencias Marinas
(CICIMAR-IPN), Apdo. Postal 592. La Paz, B.C.S. 23000. Mexico

Jose J. Bustillos-Guzman

Centro de Investigaciones Bioldgicas del Noroeste S.C. (CIBNOR) Apdo. Postal. 128. La Paz, B.
C.S. 23000, Mexico

Publication Data

Paperreceived:
26 September 2009

Revised received:
27 July 2009

Accepted:
23 September2010

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Historical documents and classic works together with recent specialized literature have described Harmful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 Californiais 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 (Lavin 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-Carredn and Valdes-
Olguin, 2007). Situated between 20° and 32° North latitude and

105.5°and 114.5° 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 Northem 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-Carredn and Valdéz-Olguin,
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, 20063, b)

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

Nurez-Vazquez et al.

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, 20063, 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, 20063, b; DOF, 2006; Lluch-Cota et al., 2007; Lluch-

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; Hernandez et al., 1998; Costas and Lopez-

Pseudo-nitzschia
spp. (ASP-Toxins)

Karenia brevis
(NSP-toxins)

Prorocentrum
spp. (DSP-toxins)

Cochlodinium
spp. (ROS)

Chattonella spp.
(ROS, PbTxs)

Heterosigma
spp. (ROS)

Cochlodinium
catenatumand
Alexandrium
monilata

Miscellaneous

cormorants (Phalacrocorax albiventer), Magellanic penguins
(Spheniscus magellanicus); North Atlantic right whales
(Eubalaena gracialis); monk seals (Monachus monachus)

Brown pelicans (Pelecanus occidentalis); Brandt's
cormorants (Phalacrocorax penicillatus); California sea
lions (Zalophus californianus); sea otters

(Enhydra lutris nereis).

Manatees (Trichechus manatus latirostris); double-crested
cormorants (Palacrocorax auritus); fishes; bottlenose dolphin
(Tursiops truncatus); marine resources.

Reeffishes, seaturtle

Finfish, salmon (culture)

Finfish, bluefin tuna (Thunnus maccoyi), yellowtail
Rainbow trout (Oncorhynchus mykiss)

Finfish

Coral reef, reef fishes

Marine mammals, mollusk bivalves, marine birds

Rodas, 1998; Gochfeld et al., 1998; Reyero etal.,
1999; Durbin et al., 2002; Doucette et al. 2006; Bricelj
herring gulls (Larus spp.); bivalve molluscs and
Shumway, 1998.

Work et al., 1993; Scholin et al., 2000; Gulland et al.,
2002; Silvagni et al., 2005; Kreuder et al., 2005;
Brodie et al, 2006; Goldstein et al., 2008.

O’shea et al., 1991; Bossart et al., 1998; Landsberg
et al., 1998; Kreuder et al., 2002; Magafia et al.,
2003 ; Fire etal., 2007, 2008; Landsberg et al., 2009.

Landsberg 1995; Landsberg et al., 1999

Yuki and Yoshimatsu, 1989; Kim et al., 1999;
Whyte et al., 2001

Tanaka et al., 1992; Ishimatsu et al., 1996;
Hallegraeffetal., 1998

Yang etal., 1995
Bruslé, 1995

Guzman et al., 1990

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 (Paez-Osuna et al., 2002; Paez-Osuna, 2005; Alonso-
Rodriguez and Paez-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, Cuapaa-
Cucapas, 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
healthin several productive activities such as aquaculture, fishing,
and tourism (WHO, 1984; Anderson, 1994; Zingone and
Enevoldsen, 2000; Smayda, 2002; Hallegraeff, 2002; Hallegraeff
etal., 2003; FAQ, 2005). In some regions the nutrientimbalance 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-Beltran et al., 1998; Licea et al., 2006; Hernandez-Becerril
et al., 2007; Cortés-Altamirano and Sierra-Beltran, 2008; Garate-
Lizarraga 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 (Garate-Lizarraga 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; Gérate-
Lizarraga et al, 2001, 2008; Alonso-Rodriguez and Paez-Osuna,
2001, 2003; Alonso-Rodriguez et al., 2004a, 2008). Basically these
publications have described the responsible microalgal species.
Here is a review of HABsimpact on wild (mammals, birds, fishes,
andinvertebrates) and cultured animals (shrimps and fishes) during
the last decades in the Gulf of Califomia is presented.

Materials and Methods

Abibliographic review was completed of recent specialized
literature (from 1980 to 2009) on HABs impact on wild and cultured
animals in Gulf of California.
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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 Guzman-Poo, 1989; Delgado-Estrella et
al., 1994), although only recently they have been attributed to
HABSs. 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 km?of the coast (Cortés-Altamirano et
al., 2006).

One example of HAB that impacted the coastal faunaiis the
case of Pseudo-nitzschia fraudulena, P. pseudodelicatissima and
P. pungens and other diatoms observed in Bahia de La Paz in
2006. Baja California Sur government authorities estimated that
650 fisheries families living in Bahia 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 Bafiuelos, 2007).

Recently massive mortalities of marine organisms were
documented along the Pacific coast of the Baja Califormnia peninsula
(Nishikawa et al., 1983, 1984; Mendoza-Salgado et al., 2003;
Orellana-Cepeda et al., 2004, 2007; Garate-Lizarraga 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 divaricatumin
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. Itis possible
that this lost could impact the lobster fishery in the future. Also a high
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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

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 (Gdmez-Tagle, 2007; Garate-Lizarraga 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 importantimpact 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. Bahia de Mazatlan, Sin., Bahia Concepcion, B. C.

Journal of Environmental Biology oJuly 20110

S., Bahia de Guaymas, Son.) including areas where these events
are starting to be detected (e.g. Bahia de La Paz, B.C.S., Matanchén,
Bahia de Banderas, Nayarit, and Bahia Kun Kaak, Son.). ltis 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
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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) Thalassiosirasp.; 7)
Chaetoceros spp.; 8, 9) Details of spines of diatoms Chaetoceros spp., fish mortality (asphyxia) occurred from obstruction of gills

115° 11°
| | l |

107°
|

I

Fig. 3: Localization of affected species by HABs in the Gulf of California

p @ C

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; )
B. physalus; J) D. capensis, and D. delphis

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. Garcia-Hernandez et al.,
2005; Souid-Mensi et al., 2008; Garcia-Hernandez, 2008).
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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 Califomia. 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.

Acknowledgments

Thanks to O. Armendariz Ruiz (CIBNOR) in the preparation
of the map, A. Cruz-Villacorta (CIBNOR) for SEM analysis, and
Ph.D. D. W. Johnson for improving the English text. This work was
supported by several institutional projects SIP 20100192
(CICIMAR), PC3.2 (CIBNOR), CONACyT projects (SNI12008-
90102-Q, SEP2007-84064, 61126) and FASOL A. C.-Global
Greengrants Fund (INCODE).

References

Ajuzie, C.C.: Toxic Prorocentrum lima induces abnormal behavior in juvenile
sea bass. J. Appl. Phycol., 20, 19-27 (2008).

Allen, W.E.: Twenty years’ statistical studies of marine plankton dinoflagellates
of Southern California. Am. Midl. Nat., 26, 603-635 (1941).

Alonso-Rodriguez, A. and F. Paez-Osuna: La presencia del fitoplancton en
los estanques de cultivo de camarén: Composicion, abundancia y
variacion. In: Camaronicultura y medio ambiente (Ed.: F. Paez-
Osuna). ICMYL-UNAM, EI Colegio de Sinaloa, Programa Universitario
de Alimentos, Sinaloa, México. pp. 136-155 (2001).

Alonso-Rodriguez, R. and F. Paez-Osuna: Nutrients, phytoplankton and
harmful algal blooms in shrimp ponds: A review with special reference
to the situation in the Gulf of California. Aquacul., 219, 317-336 (2003).

Alonso-Rodriguez, R., F. Paez-Osuna and |. Garate-Lizarraga: El fitoplancton
en la camaronicultura y larvicultura: Importancia de un buen manejo.
Inst. Cienc. Mar y Limnol.-UNAM/CESASIN. México. p. 147 (2004a).

Alonso-Rodriguez, R., |. Gérate-Lizarraga, B. Luckas, K. Reinhardt and J.
Bustillos-Guzman : Mortalidad de larvas de camaron en cultivo en
Sinaloa, México, asociado a mareas rojas de Gymnodinium
catenatum. In: XlII Reunién Nacional de la Sociedad Mexicana de
Planctologia. Nuevo Vallarta, Jalisco. México. pp: 54-55 (2004b).

Alonso-Rodriguez, R. F., D. U. Hernandez-Becerril and |. Garate-Lizarraga:
Catélogo de Microalgas de las lagunas costeras de Sinaloa. Serie
Lagunas Costeras de Sinaloa (Eds.: F. Paez-Osuna). Inst. Cienc.
Mar y Limnol.-UNAM/CESASIN/EI Colegio de Sinaloa, SEMARNAP/
CONACYT. México (2008).

Anderson, D.M.: Red tides. Scientific American., 271, 52-58 (1994).

Barraza-Guardado, R., R. Cortés-Altamirano and A. Sierra-Beltran: Marine
die-offs from Chattonella marina and Ch. cf. ovata in Kun Kaak Bay,
Sonora in the Gulf of California. Harmful Algae News, 25, 78 (2004).

Bossart, G.D., D.G. Baden, R. Ewing, B. Roberts and S. Wright:
Brevetoxicosis in manatees (Trichechus manatus latirostris) from
the 1996 epizootic: Gross, histologic and immunohistologic features.
Toxicol. Pathol., 26, 276-282 (1998).

Bravo-Sierra, E.: Fitoflagelados potencialmente toxicos y nocivos de las
costas del Pacifico Mexicano. Rev. Biol. Trop., 52, 5-16 (2006).

Journal of Environmental Biology oJuly 20110

Nurez-Vazquez et al.

Bricelj, V.M. and S.E. Shumway: Paralytic shellfish toxins in bivalve
molluscs: Occurrence, transfer kinetics and biotransformation.
Reviews Fish. Science, 6, 315-383 (1998).

Brodie, E.C., F.M. Gulland, D.J. Greig, M. Hunter, J. Jaakola, J. Leger,
T.A. Leighfield and F.M. Van Dolah: Domoic acid causes reproductive
failure in California sea lions (Zalophus californianus). Marine Mammal
Science, 22, 700-707 (2006).

Brusle, J: The Impact of harmful algal blooms on finfish, mortality, pathology
and toxicology. IFREMER Reperes Ocean., 10, 1-75 (1995).
Cadée, G. C: Mass mortalities and mass extinction. Lethania, 32, 318-320

(1999).

Castro-Aguirre, J.L., E.F. Balart and J. Arvizu-Martinez: Contribucién al
conocimiento del origen y distribucién de la ictiofauna del Golfo de
California, México. Hidrobiolégica 5 (1-2), 57-78 (1995).

Cortés-Altamirano, R. and H. C. Agraz: Presencia de Prorocentrum minimum
(Pav.) Schiller en estanques de cultivo de camarén. Ciencias del
Mar-UAS, 13, 11-16 (1994).

Cortés-Altamirano, R., D.U. Hernandez-Becerril and R. Luna-Soria: Red
tide in Mexico: A review. In: Harmful and toxic algal blooms (Eds: T.
Yasumoto et al.). IOC-UNESCO. pp. 101-104 (1996).

Cortés-Altamirano, R., A.F. Manrique and R. Luna-Soria: Harmful
phytoplankton blooms in shrimp farms from Sinaloa, Mexico. In: VIII
International Conference on Harmful Algae. Vigo, Spain. Abstract
book. Xunta Galicia and I0C-UNESCO. p. 56 (1997).

Cortés-Altamirano, R: Mareas rojas. AGT Editores. México (1998).

Cortés-Altamirano, R. and S. Licea-Duran: Florecimientos de microalgas
nocivas en estanques para cultivo semi-intensivo de camaroén en
México. Rev. Latinoam. Microbiol., 41, 157-166 (1999).

Cortés-Altamirano, R., A. Sierra-Beltran and R. Barraza-Guardado:
Mortandad de peces debido a microalgas nocivas y toxicas: Cinco
casos de marea roja en la costa continental del Golfo de California
(2003-2004). In: Memorias de la 1a Conferencia de Pesquerias
Costeras en América Latina y el Caribe. Evaluando, Manejando y
Balanceando Acciones (Eds.: S. Salas et al.). Mérida, Yucatan,
México. pp. 79-90 (2006).

Cortés-Altamirano, R., R. Alonso-Rodriguez and A. Sierra-Beltran: Fish
mortality associated with Chattonella marina and C. cf. ovata
(Raphidophyceae) blooms in Sinaloa (Mexico). Harmful Algae News,
31, 7-8 (2006).

Cortés-Altamirano, R. and A.P. Sierra-Beltran: Biotoxins from freshwater
and marine harmful algal blooms occurring in Mexico. Toxin Reviews,
27, 27-77 (2008).

Costas, E. and V. Lépez-Rodas: Paralytic phycotoxins in monk seal mass
mortality. Vet. Record. 142, 643-644 (1998).

Cortés-Lara, M.C., M.C. Gémez-Villareal and R. Cortés-Altamirano:
Mortandad de peces debido a Cochlodinium catenatum (Okamura,
1916) en Bahia de Banderas, Jalisco Nayarit. /n: VIII Cong. Asoc.
Inv. Mar de Cortés. I Symp. Int. Mar de Cortés. Ensenada, B.C.,
México. p. 60 (2001).

Cortés-Lara, M.C. Informe del fenémeno de marea roja del 2002. Bahia de
Banderas, Jalisco-Nayarit, octubre-noviembre de 2001. Rev. Bioméd.,
13, 73-75 (2002a).

Cortés-Lara, M.C.: Primer registro de una marea roja del 2002. Bahia de
Banderas, Jalisco-Nayarit (enero del 2002). Rev. Bioméd., 13, 229-230
(2002b).

Cortés-Lara, M.C.: First record of Fibrocapsa cf. japonica in Matanchen
Bay, Nayarit., Mexican Pacific Coast. Harmful Algae News, 24, 1-4 (2003).

Cortés-Lara, M.C., R. Cortés-Altamirano and A. Sierra-Beltran: Presencia
de Cochlodinium catenatum (Gymnodinales: Gymnodinaceae) en
mareas rojas de Bahia Banderas en el Pacifico Mexicano. Rev. Biol.
Trop., 52, 35-50 (2004).

Delgado-Estrella, A., J. G. Ortega-Ortiz and A. Sanchez-Rios: Varamientos
de mamiferos marinos durante la primavera-otofio y su relacién con
la actividad humana en el norte del Golfo de California. Ann. Inst.
Biol. UNAM. Ser. Zool., 64,, 287-295 (1994).



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

DOF: Carta Nacional Pesquera. Secretaria de Agricultura, Ganaderia,
Desarrollo Rural, Pesca y Alimentacion. Diario Oficial. México.
Viernes 25 de agosto de 2006 (2006).

Doucetee, G.J., A.D. Cembella, J.L. Martin, J. Michaud, T.V.N. Cole and
R.M. Rolland: Paralytic shellfish poisoning (PSP) toxins in North
Atlantic right whales Eubalaena glacialis and their zooplankton prey
the Bay of Fundy, Canada. Mar. Ecol. Prog. Ser., 306, 303-313
(2006).

Durbin, E., G. Teegarden, R. Campbell, A. Cembella, M.F. Baumgartner
and B.R. Mate: North Atlantic right whales, Eubalaena gracialis,
exposed to paralytic shellfish poisoning (PSP) toxins via zooplankton
vector, Calanus finmarchicus. Harmful Algae, 1, 243-251 (2002).

Edmunds, J.S.G., R.A. McCarthy and J.S. Ramsdell: Ciguatoxin educes
larval survivability in finfish. Toxicon., 37, 1827-1831 (1999).

Flewelling, L.J., J.P. Naar, J.P. Abbott, D.G. Baden, N.B. Barros, G.D.
Bossart, M. Bottein, Y.D. Hammond, D.G. Haubold, E.M. Heil, C.A.
Henry, M.S. Jacocks, H.M. Leighfield, T.A. Pierce, R.H. Pitchford,
T.D. Rommel, S.A. Scott, P.S. Steidinger, K.A. Truby, E.W. Van
Dolah, F.M. and J.H. Landsberg: Red tides and marine mammal
mortalities. Nature 435, 755-756 (2005).

Escoffier, N., J. Gaudin, K. Mezhoud, H. Huet, S. Chateau-Joubert, J.
Turquet, P. Crespeu and M. Edery: Toxicity to medaka fish embryo
development of okadaic acid and crude extracts of Prorocentrum
species. Toxicon, 49,, 1187-1191 (2007).

Espinosa-Carreén, T.L. and J.E. Valdéz-Olguin: Variabilidad interanual
de clorofila en el Golfo de California. Ecologia Aplicada, 6, 83-92
(2007).

FAO: Marine Biotoxins. FAO Food and Nutrition Paper 80. Food and
Agriculture Organization of the United Nations. Roma, Italia (2005).

Fire, E.S., D. Fauquier, L.J. Flewelling, M. Henry, J. Naar, R. Pierce and
R.S. Wells: Brevetoxin exposure in bottlenose dolphins (Tursiops
truncatus) asscociated with Karenia brevis blooms in Sarasota Bay,
Florida. Mar. Biol., 152, 827-834 (2007).

Fire, E.S., L.J. Flewelling, Z. Wang, J. Naar, M. Henry and R.S. Wells:
Florida red tide and brevetoxins: Association and exposure in live
resident bottlenose dolphins (Tursiops truncatus) in the eastern Gulf
of Mexico, U. S. A. Mar. Mammal Sci., 24, 831-844 (2008).

Garcia-Hernandez, J., L. Garcia-Rico, M.E. Jara-Marini, R. Barraza-
Guardado and W.A. Hudson: Concentrations of heavy metals in
sediment and organisms during a harmful algal bloom (HAB) at Kun
Kaak Bay, Sonora, Mexico. Marine Pollution Bulletin, 50, 733-739
(2005).

Garcia-Hernandez, J.: Acid-enhanced harmful algal blooms (HABS). In:
Marine pollution: New Research (Ed.: N.T. Hofer). Nova Publishers.
pp. 9-13 (2008).

Garate-Lizarraga, |.: Andlisis de una marea roja causada por Noctiluca
scintillans (McCartney) Ehr. en Bahia Concepcion, Baja California
Sur, en febrero de 1989. Rev. Inv. Cient., 2, 35-43 (1991).

Garate-Lizarraga, |., J. Bustillos-Guzman, L.M. Morquecho and C. Lechuga-
Devéze: First outbreack of Cochlodinium polykrikoides in the Gulf of
California. Harmful Algae News, 21, 7 (2000).

Garate-Lizarraga, I., M.L. Hernandez-Orozco, C. Band-Schmidt and G.
Serrano-Casillas: Red tides along the coasts of Baja California Sur,
Mexico (1984-2001). Ocednides, 16, 127-134 (2001).

Garate-Lizarraga, 1., D.J. Lépez-Cortés, J. Bustillos-Guzman and F.E.
Hernandez-Sandoval: Blooms of Cochlodinium polykrikoides
Margalef in the Gulf of California, Mexico. Rev. Biol. Trop., 52, 51-58
(2004).

Garate-Lizarraga, |., C.J. Band-Schmidt, J. Bustillos-Guzméan and D.J.
Lopez-Cortés: Bloom of Pseudo-nitzschia fraudulenta in Bahia de
La Paz, Gulf of California (June-July 2006) Harmful Algae News, 32,
6-7 (2007).

Gérate-Lizarraga, |., C.J. Band-Schmidt, G. Verdugo-Diaz, M.S. Mufietén-
Goémez and F.E. Félix-Pico: Dinoflagelados (Dinophyceae) del
sistema lagunar Magdalena-Almejas. In: Estudios Ecoldgicos en
Bahia Magdalena (Eds.: R. Funes-Rodriguez et al.). CICIMAR-IPN,
FORMAR-Gob. de B.C.S., México. pp. 145-174 (2007).

421

Garate-Lizarraga, |. B. Pérez-Cruz, J. Diaz-Ortiz and C. Band-Schmidt:
Microalgas y biotoxinas marinas en las costas mexicanas.
Conversus, 9, 22-26 (2008).

Geraci, J.R., D.M. Anderson, R.J. Tiemperi, D. Aubin, G.A. J. St. Early,
J.H. Prescott and C.A. Mayo: Humpback whales (Megaptera
novaengeliae) fatally poisoned by dinoflagellate toxin. Can. J. Fish.
Aqua. Sci., 46, 1895-1898 (1989).

Gochfeld, M. and J. Burger: Apparent paralytic shellfish poisoning in captive
herring gulls fed commercial scallops. Toxicon., 36, 411-415 (1998).

Goldstein, T., J.A.K. Mazet, T.S. Zabka, G. Langlois, K.M. Colegrove, M.
Silver, S. Bargu, F. Van Dolah, T. Leighfield, P.A. Conrad, J. Barakos,
D.C. Williams, S. Dennison, M. Haulena and F.M.D. Gulland: Novel
simptomatology and changing epidemiology of domoic acid toxicosis
in California sea lions (Zalophus californianus): An increasing risk to
marine mammal health. Proc. R. Soc. B., 275, 267-276 (2008).

Graham, H.W.: Gymnodinium catenatum, a new dinoflagellate from the
Gulf of California. Trans. Am. Microsc. Soc., 62, 259-261 (1943).

Gomez-Tagle, A.: Informe de evaluacion correspondiente al mes de agosto
del 2007. Componentes Inocuidad y Sanidad Acuicola. Comité de
Sanidad Acuicola de B.C.S., Baja California Sur. p. 7 (2007).

Guardado-Barraza, R., R. Cortés-Altamirano and A. Sierra-Beltran: Marine
die-offs from Chattonella marina and Ch. cf. ovata in Kun Kaak Bay,
Sonora in the Gulf of California. Harmful Algae News, 25, 7-8 (2004).

Gulland, F.M.D., M. Haulena, D. Fauquier, G. Langlois, M.E. Lander, T.
Zabka and R. Duerr: Domoic acid toxicity in California sea lions
(Zalophus californianus): Clinical signs, treatment and survival.
Veterinary Record, 150, 475-480 (2002).

Guluarte-Castro, A. L. and M.A. Bafiuelos: Florecimiento de Algas Nocivas
(Marea roja en la Bahia de La Paz, Baja California Sur). Red Sanitaria,
3, 1-4 (2007).

Guzman, H.M., J. Cortés, P.W. Glynn and R.H. Richmond: Coral mortality
associated with dinoflagellate blooms in the eastern Pacific (Costa
Rica and Panama). Mar. Ecol. Prog. Ser., 60, 299-303 (1990).

Hallegraeff, G.M., B.L. Munday, D.G. Baden and P.L. Whitney: Chattonella
marina raphidophyte bloom associated with mortality of cultured
bluefin tuna (Thunnus maccoyii) in South Australia. In: Harmful algae
(Eds.: B. Reguera, J. Blanco, M.L. Fernandez and T. Wyatt). Xunta
Galicia and I0C-UNESCO. Paris. pp. 93-96 (1998).

Hallegraeff, G.M.: Aquaculturist's guide to harmful Australian microalgae.
Hobart, Tasmania, Australia. School of Plan Science, University of
Tasmania (2002).

Hallegraeff, G.M., D.M. Anderson, A.D. Cembella and H.O. Enevoldsen: Manual
on harmful marine microalgae. /OC-UNESCO. Paris, France (2003).

Heisler, J., P.M. Gilbert, J.M. Burkholder, D.M. Anderson, W. Cochlan,
W.C. Dennison, A. Dortch, C.J. Gobler, C.A. Heil, E. Humphies, A.
Lewitus, R. Magnien, H.G. Marshall, K. Sellner, D.A. Stockwell,
D.K. Stoecker and M. Suddleson: Eutrophication and harmful algal
blooms: A scientific consensus. Harmful Algae, 8, 3-13 (2008).

Hernandez, M., I. Robinson, A. Aguilar, L.M. Gonzalez, L.F. Lépez-Jurado,
M.l. Reyero, E. Cacho, J. Franco, V. Lépez-Rodas and E. Costas:
Did algal toxins cause monk seal mortality? Nature, 393, 28-29
(1998).

Hernandez-Becerril, D.U., R. Alonso-Rodriguez, C. Alvarez-Géngora, S.A.
Baron-Campis, G. Ceballos-Corona, J. Herrera-Silveira, M.E. Meave
del Castillo, N. Juarez-Ruiz, F. Merino-Virgilio, A. Morales-Blake,
J.L. Ochoa, E. Orellana-Cepeda, C. Ramirez-Camarena and S.
Rodriguez-Raciel: Toxic and harmful marine phytoplankton and
microalgae (HABs) in Mexican coasts. J. Environ. Sci. Hith. Part A,
42, 1349-1363 (2007).

Irwin, L.J.: Marine toxins: Adverse health effects and biomonitoring with
resident coastal dolphins. Aquatic Mammals, 31, 195-225 (2005).

Ishimatsu, A., T. Oda, M. Yoshida and M. Osaki: Oxygen radicals are
probably involved? in the mortality of yellowtail by Chattonella
marina. Fish. Sci., 62, 836-837 (1996).

Kim., C.S., S.G. Lee, C.K. Lee, H.G. Kim and J. Jung: Reactive oxygen
species as causative agents in the ichthyotoxicity of the red tide
dinoflagellate Cochlodinium polykrikoides. J. Plankton Res., 21,
2105-2115 (1999).

Journal of Environmental Biology oJuly 20110



422

Kimm-Brinson, K.L. and J.S. Ramsdell: The red tide toxin, brevetoxin,
induces embryo toxicity and developmental abnormalities. Environ.
Health Perspectives, 109, 377-381 (2001).

Kreuder, C., J.A. Mazet, G.D. Bossart, T.E. Carpenter, M. Holyoak, M.S.
Elie and S. Wright: Clinicophathologic features of suspected
brevetoxicosis in double-crested cormorants (Palacrocorax auritus)
along the Florida Gulf Coast. J. Zoo. Wild. Med., 33, 8-15 (2002).

Kreuder, C., M.A. Miller, L.J. Lowenstine, T.A. Conrad, T.E. Carpenter,
D.A. Jessup and J.A.K. Mazet: Evaluation of cardiac lesions and
risk factors associated with myocarditis and dilated cardiomyopathy
in southern sea otters (Enhydra lutris nereis). Am. J. Veterinary
Res., 66, 289-299 (2005).

Landsberg, J.H.: Tropical reef-fish disease out-breaks and mass mortalities
in Florida, USA: what is the role of dietary biological toxins? Disease
of Aquatic Organisms, 22, 83-100 (1995).

Landsberg, J.H.: Neoplasia and biotoxins in bivalves: is there a connection?
J. Shellfish Res., 15, 205-233 (1996).

Landsberg, J.H.: The role of harmful algal blooms in shellfish disease. J.
Shellfish Res., 16, 350 (1997).

Landsberg, J.H. and K.A. Steidinger: A historical review of Gymnodinium
breve red tides implicated in mass mortalities of the manatee
(Trichechus manatus latirostris) in Florida, USA. In: Harmful Algae
(Eds.: B. Reguera et al.). Xunta Galicia and Intergovernmental
Oceanographic Comission, UNESCO. Paris. pp. 97-100 (1998).

Landsberg, J.H., G.H. Balazs, K.A. Steidinger, D.G. Baden, T.M. Work and
D.J. Russell: The Potential Role of Natural Tumor Promoters in
Marine Turtle Fibropapillomatosis. J. Aquat. Ani. Hith., 11, 199-210
(1999).

Landsberg, J.H.: The effects of harmful algal blooms on aquatic organisms.
Rev. Fish. Sci., 10, 113-390 (2002).

Landsberg, J.H., L.J. Flewelling and J. Naar: Karenia brevis red tides,
brevetoxins in the food web, and impacts on natural resources:
Decadal advancements. Harmful Algae, 8, 598-607 (2009).

Lavin, M.F. and S.G. Marinone: An Overview of the physical oceanography
of the Gulf of California. In: Nonlinear Processes in Geophysical
Fluid Dynamics (Eds.: O.U. Velasco-Fuentes et al.). Kluwer
Academic Publishers, Printed in the Netherlands. pp. 173-204 (2003).

Lefebvre, KA., V.L. Trainer and N.L. Scholz: Morphological abnormalities
and sensorimotor deficits larval fish exposed to dissolved saxitoxin.
Aquatic Toxicol., 66, 159-170 (2004).

Licea, S., M.E. Zamudio, R. Luna and J. Soto: Free-living dinoflagellates
in the southern Gulf of Mexico: Report of data (1979-2002).
Phycological Res., 52, 419-428 (2006).

Lluch-Cota, S.E., E.A. Aragon-Noriega, F. Arreguin-Sanchez, D. Aurioles-
Gamboa, J. Bautista-Romero, R. Brusca, R. Cervantes-Duarte, R.
Cortés-Altamirano, P. Del-Monte-Luna, A. Esquivel-Herrera, G.
Fernandez, M.E. Hendrickx, S. Hérnandez-Vazquez, H. Herrera-
Cervantes, M. Kahru, M. Lavin, D. Lluch-Belda, D.B. Lluch-Cota, J.
Lopez-Martinez, S.G. Marinone, M.O. Nevarez-Martinez, S. Ortega-
Garcia, E. Palacios-Castro, A. Pares-Sierra, G. Ponce-Diaz, M.
Ramirez-Rodriguez, C.A. Salinas-Zavala, R.A. Schwartzlose and
A. Sierra-Beltran: The gulf of california: Review of ecosystem status
and sustainability challenges. Progress Oceanography, 73, 1-26
(2007).

Lluch-Cota, S.E.: Gulf of California. Pp:193-199. (http://www.pices.int/
publications/special_publications/NPESR/2005/
File_11_pp_193_200.pdf) (2008).

Luque-Agraz, D. and A. Robles-Torres: Naturalezas, saberes y territorios
Comcacc (Seri). Diversidad Cultural y Sustentabilidad Ambiental.
Planeacion Territorial. SEMARNAT, INE, CIAD, México (2006).

Lopez-Cortés, D.J., J. Bustillos-Guzman and |. Garate-Lizarraga: Unusual
Mortality of Krill (Crustacea: Euphausiacea) in Bahia de La Paz, Gulf
of California. Pacific Sci., 60, 235-242 (2006).

Magafia, H.A., C. Contreras and T.A. Villarreal: A historical assessment of
Karenia brevis in the western Gulf of Mexico. Harmful Algae, 2,
163-171 (2003).

Journal of Environmental Biology oJuly 20110

Nurez-Vazquez et al.

Martinez-Lépez, A., C. Band-Schmidt, D. Escobedo-Urias and A.E. Ulloa-
Pérez: Bloom of Chattonella subsalsa in an impacted coastal lagoon
in the Gulf of California. Harmful Algae News, 31, 4 (2006).

Mendoza-Salgado, R., E.S. Amador-Silva, C.H. Léchuga-Devéze and J.
Arvizu-Martinez: Muerte Masiva de Fauna Marina en bahia
Magdalena, B.C.S., México. Revista Biologia, 17, 64-68 (2003).

Millan-Nifiez, E: Marea roja en Bahia de los Angeles. Cienc. Mar, 14, 51-55
(1988).

Nishikawa, K., J.C. Chavez and C.R. de Alba: Mortandad de peces y
aves marinas en el Océano Pacifico Nororiental Mexicano durante
el verano de 1981. Cienc. Mar., 3, 109-117 (1982).

Nishikawa, K., E. Millan, R. Mendoza, A. Jorajuria and E. Amador: Registro
de la mortandad del colimbo, zambullidor mofiudo (Podiceps
nigricollis), en Baja California durante el primer semestre de 1983.
Cienc. Mar., 10, 77-87 (1984).

Nix, R.K.: The Gulf of California. A Physical, Geological and Biological
Study. http:www.utdallas.edu/~rnix/MAT-SE_Units/gulf_cal.pdf.
(2007)

Nufiez-Vazquez, E.J., A. Heredia-Tapia, J.C. Pérez-Urbiola, R. Alonso-
Rodriguez, J. Arellano-Blanco, A. Cordero-Tapia, J. Pérez-Linares
and J.L. Ochoa: Evaluation of dinoflagellate toxicity implicated in
recent HAB events in the Gulf of California, Mexico. In: Proceedings
of HABTech 2003 Workshop. A workshop on technologies for
monitoring of harmful algal blooms and marine biotoxins. (Eds.: P.
Holland et al.). Nelson, New Zealand Cawthron Report No. 906.
p. 90 (2004).

Ochoa, J.L., A. Sierra-Beltran, A. Cruz-Villacorta and E. Nufiez-Vazquez:
Domoic acid in Mexico. Procedings of the fifth Canadain Workshop
on harmful marine algae. St. Jhon’s, Newfounland, Canada (Ed.:
R.W. Penney). Department of Fisheries and Oceans. Can. Tech.
Rep. Fish. Aqua. Sci., 2138, 82-90 (1996).

Ochoa, J.L., A. Sanchez-Paz, A. Cruz-Villacorta, E.J. Nunez-Vazquez
and A. Sierra-Beltran: Toxic events in the North Pacific Coastline in
Mexico during 1992-1995: Origin and impact. Hydrobiologia, 352,
195-200 (1997).

Ochoa, J.L., A. Sierra-Beltran, G. Alonso-Colmenares, H. Barrada-Sanchez,
A. Cruz-Villacorta, E. Nufiez-Vazquez and A. Sanchez-Paz: Biotoxins
in the Pacific Coast of Mexico. In: Mycotoxins and Phycotoxins-
Developments in Chemistry, Toxicology and Food Safety (Eds.: M.
Miraglia et al.). International Union Purity Analytical Chemistry
(IUPAC). IX IUPAC International Symposium on Mycotoxins and
Phycotoxins. Rome ltaly. Alaken, Inc. Fort Collins Co. U.S. pp.
441-448 (1998).

Ochoa, J.L.: Mareas rojas. Proliferaciones Micro-algales Nocivas y
Biotoxinas Marinas en México: Impacto en Salud Publica, Pesquerias,
Acuacultura y Medio Ambiente. Gob. Edo. B.C.S., SEP, CIBNOR.
(2003).

Ochoa, J.L., D.U. Hernandez-Becerril, S.E. Lluch-Cota, B.O. Arredondo-
Vega, E. Nufez-Vazquez, A. Heredia-Tapia, J. Pérez-Linares and
R. Alonso-Rodriguez: Marine Biotoxins and harmful algal blooms in
Mexico’s Pacific littoral. /n: Harmful algal blooms in the PICES region
of the North Pacific (Eds.: M.F.J.R. Taylor and V.L. Trainer). Tenth
Annual Meeting North Pacific Marine Science Organization (PICES).
Victoria, B. C. Canada. PICES Scientific Report No. 23. pp. 119-128
(2002).

Orellana-Cepeda, E., C. Granados-Machuca and J. Serrano-Esquer:
Ceratium furca: One Possible Cause of Mass Mortality of Cultured
Blue-Fin Tuna at Baja California, Mexico. In: Harmful Algae (Eds.: K.
Steidinger et al.). Florida Fish and Wildlife Conservation Commission,
Florida Institute of Oceanography, and Intergovernmental
Oceanographic Commission of UNESCO. St. Petersburgo, Florida,
USA. pp. 514-516 (2004).

Orellana-Cepeda, E., R. Canino-Herrera, E. Santamaria del Angel, C.
Granados-Machuca, M. Valdez and L.A. Morales-Zamorano:
Florecimiento de Ceratium divaricatum frente a la costa Noroeste de
Ensenada, Baja California, durante la primavera de 2007. Reslimenes



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

del Il Taller sobre Florecimientos Algales Nocivos, Ensenada, B.C.
CICESE, CET-MAR, México. p. 12 (2007).

O’shea, T.J., G.B. Rathbun, R.K. Bonde, C.D. Buergelt and D.K. Odell: An
epizootic of Florida manatees associated with a dinoflagellate bloom.
Marine Mammal Sci., 7, 165-179 (1991).

Osorio-Tafall, B.F.: EI Mar de Cortés y la productividad fitoplanctonica de
sus aguas. Ann. Esc. Nac. Cien. Biol., 3, 73-118 (1943a).

Osorio-Tafall, B.F.: Notas sobre algunos dinoflagelados planctonicos marinos
de México, con descripcion de nuevas especies. Ann. Esc. Nac.
Cien. Biol., 2, 435-447 (1942).

Osorio-Tafall, B.F.: Algunos datos sobre zoologia econdémica del Mar de
Cortés. Rev. Soc. Mex. Hist. Nat., 4, 191-210 (1943b).

Paez-Osuna, F., A. Gracia, F. Flores-Verdugo, L.P. Lyle-Fritch, R. Alonso-
Rodriguez, A. Roque and A.C. Ruiz-Fernandez: Shrimp aquaculture
development and the environment in the Gulf of California ecorregion.
Mar. Pollut. Bull., 46, 806-815 (2002).

Paez-Osuna, F.: Retos y perspectivas de la camaronicultura en la zona
costera. Rev. Latinoam. de Recursos Naturales, 1, 21-31 (2005).

PROFEPA: Mortandad de peces en las localidades de El Conejo y Cabo
Pulmo, Baja California Sur. Procuraduria Federal de Proteccion al
Ambiente. La Paz, B. C. S., México. p. 4 (1999).

Reyero, M., E. Cacho, A. Martinez, J. Vazquez, A. Marina, S. Fraga and
J.M. Franco: Evidence of saxitoxin derivatives as causative agents
in the 1997 mass mortality of monk seals in the Cape Blanc Peninsula.
Natural Toxins, 7, 311-315 (1999).

Riley, C.M., S.A. Holt, J. Holt, E.J. Buskey and C.R. Amold: Mortality of
larval red drum (Sciaenops ocellatus) associated with a Ptychodiscus
brevis red tide. Contrib. Mar. Sci., 31, 137-146 (1989).

SECTUR: Agenda 21 para el Turismo Mexicano. Un marco de accion para
el desarrollo sustentable de la actividad turistica. Secretaria de
Turismo. 2a. edicién. México (2008).

SEMARNAP-PROFEPA: Mortandad de mamiferos marinos cuyos cadaveres
arribaron a las costas de Sinaloa. Informe Técnico. México. p. 34
(1997).

SEMARNAT: Ordenamiento Ecolégico Marino, Golfo de California. Secretaria
de Medio Ambiente y Recursos Naturales. México. p. 20 (2006a).

SEMARNAT: Programa de Ordenamiento Ecolégico Marino del Golfo de
California. Secretaria de Medio Ambiente y Recursos Naturales,
Decreto Publicado en el Diario Oficial de la Federacion el 29 de
Noviembre de 2006, México. p. 138 (2006b).

Scholin, C.A., F. Gulland, G.J. Doucette, S. Benson, M. Busman, F.P.
Chéavez, J. Cordado, R. Delong, A. De Vogelaere, J. Harvey, M.
Haulena, K. Lefebvre, T. Lipscomb, S. Loscutoff, L. Lowenstine, R.
Marin, Ill, P.E. Miller, W.A. McLellan, P.D.R. Moeller, C.L. Powell,
T. Rowles, P. Silvagni, M. Silver, T. Spraker, V. Trainer and F.M.
Van Dolah: Mortality of sea lions along the central California coast
linked to a toxic diatom bloom. Nature, 403, 80-84 (2000).

Shumway, S.E.: A review of the effects of algal blooms on shellfish and
aquaculture. J. World Aquaculture Soc., 21, 65-104 (1990).

Shumway, S.E. and A.D. Cembella: The impact of toxic algae on scallop
culture and fisheries. Rev. Fish. Sci., 1, 121-150 (1993).

Shumway, S.E., S.M. Allen and P. Dee Boersma: Marine birds and harmful
algal blooms: Sporadic victims or under-reported events? Harmful
Algae, 2, 1-17 (2003).

Sierra-Beltran, A., M. Palafox-Uribe, J. Grajales-Montiel, A. Cruz-Villacorta
and J.L. Ochoa: Sea bird mortality at Cabo San Lucas, Mexico:
Evidence that toxic Pseudonitzschia sp. is spreading. Toxicon., 35,
447-453 (1997).

Sierra-Beltran, A., A. Cruz, E. Nufiez-Vazquez, L.M. Del Villar, J. Cerecero
and J.L. Ochoa: An Overview of the Marine Food Poisoning in
Mexico. Toxicon., 36, 1493-1502 (1998).

423

Sierra-Beltran, A., J.L. Ochoa, S.E. Lluch-Cota, A. Cruz-Villacorta, R.
Rosiles, M. Lépez-Valenzuela, L.M. Del Villar-Ponce and J. Cerecero-
Gutiérrez: Pseudo-nitzschia australis (Frenguelli), responsable de la
mortandad de aves y mamiferos marinos en el Alto Golfo de California,
México. In: VIII Cong. Latinoam. en Cienc. del Mar (Eds.: A.E.
Tresierra-Aguilar and E. Culquichicon-Malpica). Trujillo, Perd. pp.
886-887 (1999).

Sierra-Beltran, A., R. Cortés-Altamirano, J.P. Gallo-Reynoso, S. Licea and
J. Egido-Villareal: Is Pseudo-nitzschia pseudodelicatissima toxin
the principal cause of sardines, dolphins, sea lions and pelicans
mortality in 2004 in Mexico. Harmful Algae News, 29, 6-8 (2005).

Silvagni, P.A., L.J. Lowenstine, T. Spraker, T. Lipscomb and E. Gulland:
Pathology of domoic acid toxicity in California sea lions (Zalophus
californianus). Veterinary Phatology, 42, 184-191 (2005).

Smayda, T.: Adaptative Ecology, growth strategies and the global bloom
expansion of dinoflagellates. J. Oceanography, 58, 281-294 (2002).

Souid-Mensi, G., S. Moukha, K. Maaroufi and E.E. Crepyy: Combined
cytotoxicity and genotoxicity of a marine toxin and seafood
contaminant metal ions (chromium and cadmium). Environ. Toxicol.
23, 1-8 (2008).

Tanaka, K., S. Yoshimatsu and M. Shimada: Generation superoxide anions
by Chattonella antiqua: Possible causes for fish death by ‘Red
Tide'. Experientia, 48, 888-890 (1992).

Thomson, D.A., L.T. Findley and A.N. Kerstitch: Reef fishes of the sea of
cortez. The rocky-shore fishes of the Gulf of California. Rev. Ed. The
University Texas Press, Austin. p. 353 (2000).

Van Dolah, F.M.: Marine algal toxins: Origins, health effects, and their
increased occurrence. Environ. Hith. Perspectives, 108, 131-141
(2000).

Van Dolah, F.M., G.J. Doucette, F.M. Gulland, T.L. Rowles and G.D.
Bossart: Impacts of algal toxins on marine mammals. In: Toxicology
of marine mammals (Eds.: J.G. Vos et. al.). Taylor & Francis Group,
London and New Cork. pp. 247-269 (2003).

Villavicencio, C.J. and J.R. Guzman-Poo: Mortandad de Vinciguerria lucetia
(Garman, 1899) (Pisces: Teleostei: Gonostomatidae) en la Bahia de
La Paz, B.C.S., México. Inv. Mar. CICIMAR, 4, 123-124 (1989).

Vinuesa, J.H.: Marea roja y mortalidad masiva en el Canal Beagle, (Tierra
del Fuego, Argentina). V Congreso Latinoamericano de Ciencias del
Mar. Universidad Auténoma de Baja California Sur, La Paz, Baja
California Sur. México (1993).

Vinuesa, J.H. and M.L. Labal: Marea roja y mortalidad masiva en el Canal
Beagle. Naturalia Patagénica, 1, 167-171 (1993).

Whyte, J.N.C.I., N. Haigh, N.G. Ginther and L.J. Keedy: First record of
blooms of Cochlodinium sp. (Gymnodiniales, Dinophyceae) causing
mortality to aquaculture salmon on the west coast of Canada.
Phycologia, 40, 298-304 (2001).

WHO: Aquatic (Marine and Freshwater) biotoxins. World Health Organization.
Genova (1984).

Work, T.M., B. Barr, A.M. Beale, L. Fritz, M.A. Quilliam and J.L. Wright:
Epidemiology of domoic acid poisoning in brown pelicans (Pelecanus
occidentalis) and brandt's cormorants (Phalacrocorax penicillatus)
in California. J. Zoo. Wildl. Med., 24, 54-62 (1993).

Yang, C.Z., L.J. Albright and A.N. Yousif: Oxygen-radical-mediated effects
of the toxic phytoplankter Heterosigma carterae on juvenile rainbow
trout Oncorhynchus mykiss. Dis. Aqua. Org., 23, 101-108 (1995).

Yuki, K. and S. Yoshimatsu: Two fish-killing species of Cochlodinium from
Harima Nada, Seto Inland Sea, Japan. In: Red tides. Biology,
Environmental Science and Toxicology (Eds.: T. Okaichi et al.).
Elsevier, New York, U.S. pp. 371-374 (1989).

Zingone, A. and H.O. Enevoldsen: The diversity of harmful algal blooms:
a challenge for science and management. Ocean and Coastal
Management, 43, 725-748 (2000).

Journal of Environmental Biology oJuly 20110



