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The use of pigment “fingerprints” in the study of harmful algal blooms
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Abstract: Along the Mexican coast, harmful algae blooms (HAB) have become more frequent, and therefore,
there is an urgent need to establish monitoring programs to avoid the undesired consequences of HAB in human
and natural ecosystems. In this work, we analyzed the pigment signatures and the species composition from phy-
toplankton samples to evaluate the utility of the specific pigment “fingerprints” in HAB monitoring programs.
Vertical profiles from a coastal lagoon and temporal samples of a red tide occurring in a shrimp-culture pond
and in a coastal zone were taken into consideration. Between 76% and 84% of dinoflagellate and diatom cell
density was explained by their specific signature variation, in both vertical and temporal samples. Only the vari-
ation of zeaxanthin and the cyanobacteria Anabaena sp. showed a poor relationship, probably from difficulties
in counting other cyanobacteria present in the samples examined with the microscopic method. These results
suggest that inclusion of pigment analysis in the study and monitoring programs dealing with harmful algae

would be very useful.
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Although the use of pigments in studies of
distribution and abundance of phytoplankton
in the oceans was suggested in the 1960s
(Jeffrey 1961, 1968), its use was seriously lim-
ited because thin layer chromatography lacked
instrumentation to get a better performance of
the process. New developments in HPLC tech-
niques permitted good separation and quantifi-
cation of most of the algal pigments (Mantoura
and Llewellyn 1983). At present, improve-
ments in HPLC methods have allowed the sep-
aration of a wide array of pigment, including
both polar chlorophyll (chl), c-type pigments
(chl ¢, chlc,, chl ¢c;) and non-polar (chl a and
b plus its DV forms, non-polar chl c), as well
as carotenoids in a single run (Goericke and
Repeta 1993, Vidussi et al. 1996, Zapata et al.
1998). Among the estimated phytoplankton
species, about 7% (300 species) are known to

produce red tides and of those, only 2% are
actually harmful or toxic (Smayda 1997).
Dinoflagellates, diatoms, prymnesio-
phytes, and more recently, raphydophytes
species are the main contributors to this list,
and each of them has particular pigment “fin-
gerprints” that, at the level group, can be iden-
tified (reviewed in Jeffrey and Vesk 1997).
Further, HPLC methods with mathematical
tools (Mackey et al. 1996) for interpreting data,
have provided invaluable information about the
variability of phytoplankton populations under
changeable hydrographic conditions (Barlow et
al. 1993, Claustre et al. 1994, Bustillos-
Guzmén et al. 1995), and have permitted iden-
tification of “uncommon” phytoplanktonic
groups (Bustillos-Guzman et al. 2001).
Pigment signatures in the study of HABs
have been very limited, particularly in
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monitoring programs (Yacobi et al. 1996,
Gérate-Lizérraga et al. 2000, Ldopez-Cortés et al.
2003). Along the Mexican Pacific coast, dinofla-
gellates are the main group responsible for red
tides (Cortés-Altamirano et al. 1996, Garate-
Lizéarraga et al. 2001a). Other groups, such as
diatoms, particularly the Pseudo-nitzschia com-
plex (a DSP-producer), prymnesophytes, and
chlorophytes also form blooms, but with less
frequency (Herndndez-Becerril 1998, Garate-
Lizéarraga et al. 2001a). All of the above-men-
tioned bloom-forming species, have pigment
signatures (Table 1) that could be useful in track-
ing and following them as they occur in nature.

We illustrate the use of pigment signatures to fol-
low the spatial and temporal distribution of
potential HAB species and how these signatures
could be related to the variation of cell density.
MATERIALS AND METHODS
Field Sampling

Case 1: vertical distribution

To obtain samples for pigment analysis of
the phytoplankton community from Bahia

TABLE 1
Red tide species recorded in the Mexican Pacific coast and its pigment fingerprint. Numbers in parenthesis
are the sources. 1. Graham 1943; 2. Cortés-Altamirano and Alonso-Rodriguez 1997; 3. Garate-Lizarraga et al. 2002 a;
4. Blasco 1977; 5. Cortés-Altamirano 1984; 6. Cortés-Altamirano et al. 1997; 7. Garate-Lizarraga et al. 2001 a;
8. Gérate-Lizarraga et al. 2002 b; 9. Kiefer and Lasker 1975; 10. Millan-NUfiez 1988; 11. Heredia-Tapia et al. 2000.
12. Cortés-Altamirano et al. 1993; 13. Zapata et al. 1998; 14. Bustillos-Guzman et al. unpublished data;
15. Jeffrey and Vesk 1997

Red tide species in
the Mexican Pacific

Locality

Gymnodinium catenatum*

Bahia de Mazatlan, Bahia Kino,

Pigment fingerprint

Peridinin (13, 14)

and Bahia Concepcioén (1, 2, 3)

Lingulodinium polyedricum

Mesodinium rubrum

West coast of Baja California (4)

Bahia de Mazatlan, Bahia Banderas,

Peridinin

Alloxanthin**** (14)

and Bahia de La Paz (3,5, 6, 7, 8)

Akashiwo sanguinea
(=Gymnodinium sanguineum)

Ceratium furca
Cylindrotheca closterium
Gonyaulax polygramma
Prorocentrum mexicanun
Prorocentrum lima™

*

Scrippsiella trochoidea™

Bahia Concepcién, Bahia de Mazatlan,
and West coast of Baja California (2, 7, 9)

West coast of Baja California (7)
Bahia de La Paz (7)

Bahia de La Paz (7, 10)

Bahia de La Paz (7)

Bahia de La Paz (11)

Bahia de La Paz, Baja California, and

Peridinin (15)

Peridinin (15)
Fucoxanthin (15)
Peridinin (15)
Peridinin (15)
Peridinin (13, 15)

Peridinin (14)

West coast of Baja California (7)

Pyrodinium bahamense var. compresa*

Oaxaca coast (12)

Peridinin (15)

* PSP producer; ** domoic acid producer; *** ichtiotoxic; **** species with endosimbiont with pigments typical of
chrysophytes, prymnesiophytes, chryptomonads, or chlorophytes.
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Concepcion, water was collected at 0, 8, 10,
20, 21, 22, 24, and 25 m depth with a van
Dorn bottle. This bay is one of the largest on
the west coast of the Gulf of California (locat-
ed between the 26°33" and 26°53’ N and
111°42’ and 112°56 W) with low human
impact and well-known occurrences of HABS
(Lechuga-Deveze and Morquecho-Escamilla
1998, Bustillos-Guzman et al. 2000, Garate-
Lizarraga et al. 2001b).

Case 2a: temporal variation

An intense-brown bloom was observed in
a shrimp-culture pond located in Bahia de La
Paz, Gulf of California (24°10” N and 110°18’
W). From this pond, daily surface samples
were taken for taxonomic identification, cell-
counting, and pigment analysis. Sampling
started on August 21" and stopped on
September 15™ 1998 when the causative organ-
ism of this bloom was scarce. The pond was fer-
tilized, as part of the shrimp-culture cycle, every
week with phosphates and nitrates during the
sampling period, to stimulate algal productivity.

Case 2b: temporal variation

On September 15 2000, several small
red tide areas were found in La Ensenada de La
Paz. Cochlodinium polykrikoides Margalef
was the responsible dinoflagellate (Garate-
Lizarraga et al. 2000). From September 15t to
29 (until the algal bloom was no longer visi-
ble), samples were taken from the middle of
the algal bloom. Number of daily samples var-
ied, since conditions, mainly wind and tidal
dynamics, and dinoflagellate migration behav-
ior (Park et al. 2001), avoided the location of
the red tide spots.

Laboratory Analysis
Pigment analysis
All water samples were ice cooled and

kept in the dark for transportation to the labo-
ratory (maximum of 1.5 hours). Water was

GF/F filtered and the filters were extracted
with 2 ml of 100% acetone in an ice bath, hand
ground with a glass rod, and stored overnight
at -40°C to fully extract. Extract was recovered
after centrifugation (3 000 g for 5 min). The
extract (200 pl) was mixed with 100 pl 0.5 N
ammonium acetate and injected through a 100-
pl loop into an HPLC system (Hewlett Packard
series 1100) with a photodiode array detector
(1.2 nm optical resolution). Pigments were
separated and quantified by isocratic HPLC in
a reverse-phase, as described in Vidussi et al.
(1996). Mobile phase consisted of MeOH: 0.5
N aqueous ammonium acetate, 70:30% v/v
(solvent A), and MeOH (solvent B), with a gra-
dient (minute; percent of solvent A- percent of
solvent B): 0;75-25, 1;50-50, 15;0-100, and
19;75-25. Quantification was based on the
absorbance at 440 nm and the factor response
(peak area / pigment concentration) value for
each pigment, as described in Mantoura and
Repeta (1997). Identification of the pigment
marker for each group (Table 1) considered
retention time, spectral characteristics, and
chromatography with certified commercial
standards (International Agency for 4C deter-
minations, Denmark). Samples for identifica-
tion and cell-counting were fixed and preserved
with lugol. Samples were analyzed in 5-ml set-
tling chambers and observed with a phase con-
trast inverted microscope (Hasle 1978).

RESULTS
Vertical variation

Fig. 1 shows a representative chro-
matogram for each example from this work. In
Bahia Concepcion, surface pigments were
chlorophyll a, zeaxanthin, fucoxanthin,
chlorophylli ¢, ,, and minor quantities of fucox-
anthin-like carotenoids and {-carotene (Fig.
1A). Below 20 m, a new series of pigments
(peaks 11 to 16 and 20, Fig. 1B), characteris-
tics of anoxygenic phototrophic bacteria
(Bustillos-Guzman et al. 2000) were present,
together with peridinin and fucoxanthin. This
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Fig. 1. Typical chromatogram from surface samples (A)
and bottom samples (B). Peak identification: 1. chloro-
phyll ¢,-c,; 2. peridinin; 3. fucoxanthin; 4. diadinoxanthin;
5. zeaxanthin; 6. chlorophyll b; 7. chlorophyll a allomer; 8.
chlorophyll a; 9. chlorophyll a epimer; 10. B-carotene; 11
to 16 unknown bacterio-chlorophyll pigments; 17. pheo-
phytin a; 18. fucoxantin-like pigment; 19 and 20. unknown
carotenoids; 21. unknown bacterio-carotenoid.

vertical distribution of pigments shows that
there exists a pigment subsurface maximum
concentration between 20 and 25 m (Fig. 2).
Maximum values are for peridinin and fucox-
anthin (Fig. 2A, B). Above this maximum,
zeaxanthin is the main pigment (Fig. 2C).
Maximal values of peridinin and fucoxanthin
were related to the dinoflagellates,
Heterocapsa niei Morril et Loeblich (>130 000
cells/l) and Prorocentrum dentatum Stein
(>6 000 cells/l) and the diatom Nitzschia

longissima Smith (>3 000 cells/I). Cell density
of dinoflagellates and diatoms was clearly
related to their pigment signature variations
(Fig. 3A, B). In the upper layer (<20 m), the
chain forming cyanobacteria Anabaena sp.
was conspicuous, however, no significant rela-
tionship with zeaxanthin was found (Fig. 3C).

Temporal variation

Pigments composition shows that phyto-
plankton in these samples had peridinin, diadi-
noxanthin, and chlorophylls a and c, (Fig. 4).
This pigment profile corresponds to the typical
pigments of dinoflagellates (Johansen et al.
1974, Jeffrey et al. 1975). The dinoflagellate
responsible for this bloom was Scrippsiella sp.
Small amounts of fucoxanthin and chlorophyll
b were present because of benthic diatoms
(Amphora spp.) and the prasinophyte
Nephroselmis sp.

Temporal pigment variation shows that
peridinin fluctuates between 8 and 50 pg peri-
dinin/l before and after the peak concentration
(109 pg peridinin/l), on September 3" (Fig.
5A). The higher concentration of fucoxanthin
and chlorophyll b did not coincide with the
peak peridinin concentration and was
relatively low, compared with peridinin
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Fig. 2. Vertical distribution of peridinin and dinoflagellates (A), fucoxanthin and diatoms (B), and zeaxanthin and Anabaena
sp. (C) at Bahia Concepcion. Dots, cell density. Line, pigment concentration.
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Fig. 4. Typical chromatogram from the Scripsiella sp.
bloom in the shrimp-culture pond localized in Bahia de La
Paz from August 21™ to September 15" 1998. Peak identi-
fication as in Fig. 1.

concentrations. Density of Scrippsiella sp. and
peridinin were closely related (Fig. 5B).

C. polykrikoides blooms also showed typ-
ical pigment composition of dinoflagellates. In
addition, small amounts of fucoxanthin and
chlorophyll b indicated the presence of tycho-
planktonic diatoms and small flagellates (Fig.
6). As stated earlier, small areas of C.
polykrikoides were easily dispersed, so the
number of daily samples was variable.
Peridinin concentration reached values as high
as 32 pg/l in one spot on September 20" (Fig.
7A). Cell density was also high on this date
and reached more than 7 x 108 cells/I. Both C.
polykrikoides density and peridinin changes
were related (Fig. 7B).

DISCUSSION

Our results clearly show that pigment sig-
natures varied with cell density of the phyto-
plankton group that contains the marker and
supports this approach to monitoring HAB.
However, although significant, the relation-
ships were not perfect and 76 to 84% of the
variability in cell-density was explained by the
variations of the pigments. Conversely, the
relationship between zeaxanthin concentration
and Anabaena sp. in the vertical pigment pro-
file in Bahia Concepcion was not significant.
Variations in cell pigment content in phyto-
plankton depend on factors, such as light
(Falkowski and LaRoche 1991, Johansen and
Sakshaug 1993) and nutrient and species
composition (Bustillos-Guzméan and Diogene
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Fig. 6. Typical chromatogram from the C. polykrikoides
bloom in the shallow lagoon, La Ensenada de La Paz. Peak
identification as shown in Fig. 1.

1998, Tang 1996). Natural samples, include a
mix of populations in different physiological
stages, and hence, pigment content. These
variables reasonably explain less-than-perfect
correlations of pigments and cell density. The

poor relationship between Anabaena sp. cell
density and zeaxanthin could be explained
because cyanobacteria identification is diffi-
cult. Some do not form chains and are very
small. It is possible that other cyanobacterial
species were present in the Bahia Concepcion
samples, but the above-mentioned difficulties
make clear identification unlikely. Therefore,
by not considering these species, the lower
accuracy of zeaxanthin for biomass estimates
must be considered for non-dominant
cyanobacteria.

Pigment utility in phytoplankton studies
has been widely demonstrated and generated
new knowledge in marine ecology (reviewed
by Jeffrey et al. 1997). However, their use in
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polykrikoides bloom in the shallow lagoon, La Ensenada de La Paz (A) and the relationship between peridinin and C.
polykrikoides cell density (B). The relationship is significant (p> .001). Equation is the best-fitting line.

monitoring programs (Yacobi et al. 1996), par-
ticularly in HAB events in México has been
very limited. As far as we know, monitoring of
HAB by using pigments, has been limited to
Bahia Concepcion, and the Gulf of California
(Gérate-Lizarraga et al. 2001b, L6pez-Cortés
et al. 2003), although other programs, where
traditional methods are used, are active
(Cortés-Altamirano et al. 1996). In this bay,
Garate-Lizarraga et al. (2002a) have been able
to track important densities of Gymnodinium
catenatum and Alexandrium affine at the base
of the nutricline by using the peridinin record.

G. catenatum has been identified as the
causative vector of human deaths in the
Mazatlan area (Mee et al. 1986). Thus, even
under conditions in which the HAB species
would not have a “visible” signal, the monitor-
ing of the pigment marker is useful. The need
to include this approach in monitoring pro-
grams is highly encouraging from these
results. As an example, a high temporal and
spatial sample stations zone can be monitored
firstly to track HAB pigment signatures. When
concentrations of pigment markers of HAB
species are recorded, efforts to address this
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zone for taxonomic and toxin analysis can be
undertaken. The pigment signature approach to
studying HAB presents advantages because it
requires a short time for sample analysis (20-
25 minutes) and can be used to study HABs
that require considerable time and effort to
identify particular species, especially when its
taxonomical characteristics are difficult to dis-
cern under light microscopy. Further, in the
pigment signature approach, the highest levels
of technical skills are not needed, as is the case
of taxonomic studies.
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RESUMEN

A lo largo de las costas mexicanas, los florecimien-
tos algales nocivos (FAN) se han vuelto cada vez mas fre-
cuentes y por lo tanto, existe una necesidad urgente de
establecer programas de monitoreo para evitar las conse-
cuencias no deseadas por su desarrollo, sobre |os ecosis-
temas naturalesy el ser humano. En este trabajo, nosotros
analizamos las huellas pigmentarias y la composicion de
especies de diversas muestras de fitoplancton para eval uar
la utilidad que pueden representar estos pigmentos espe-
cificos 0 “huellas pigmentarias” en programas de monito-
reo de florecimientos algales nocivos. Los perfiles
verticales de muestras de fitoplancton de una laguna cos-
tera'y muestras de mareas rojas que ocurrieron en un es-
tanque de cultivo de camarén y en una laguna costera,
fueron considerados en este estudio. Tanto en muestras
verticales como en temporales, entre el 76% y 84% de la
densidad celular de dinoflagelados 'y diatomeas fueron ex-
plicados por la variacion de su huella especifica, mientras
gue la variacion de zeaxantinay la densidad de la ciano-
bacteria Anabaena sp. mostré una relacion pobre, la cual
fue debida probablemente a la dificultad en el conteo que
presenta este grupo a ser analizadas mediante un

microscopico invertido. Estos resultados sugieren que la
inclusion del andlisis de las huellas pigmentarias en los
programas del estudio y monitoreo de las algas nocivas
seriade gran utilidad.
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