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Península Valdés (PV) in Argentina is an important calving ground for the southern right whale Eubalaena
australis. However, a high mortality of calves has been observed in the last years, which could be associated
with phycotoxin exposure. During a sampling program conducted late in the calving seasons of 2004, 2005 and
2010, potentially toxic species of the genus Pseudo-nitzschia were observed to be an important component of the
phytoplankton community and theywere also found in fecal samples of two livewhales and three strandedwhales.
In line with this, in the present study Pseudo-nitzschia australis, Pseudo-nitzschia fraudulenta, Pseudo-nitzschia
pungens and the complex Pseudo-nitzschia pseudodelicatissimawere identified in fecal samples and phytoplankton
samples by light and electron microscopy. Although no toxin analysis was carried out in the present study, our
findings suggest that E. australis could be exposed to domoic acid in their calving ground.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Some diatom species of the genus Pseudo-nitzschia produce domoic
acid (DA), a neurotoxin that causes Amnesic Shellfish Poisoning (ASP).
DA can be transferred along the marine food web to marine mammals
via organisms that feed on the toxin-producer Pseudo-nitzschia. DA
has therefore been associated with several mortality events among
large marine mammals, including dolphins, sea lions and whales
(Lefebvre et al., 1999; Gulland et al., 2002; De la Riva et al., 2009).

Península Valdés (PV) is an important calving ground for the south-
ern right whale (Eubalaena australis) population in the south-western
Atlantic Ocean. In recent years (2007–2011) an increase in the number
of calves that were found dead on the shores of PV was recorded
(Rowntree et al., 2013). At least four hypotheses were proposed to ex-
plain the possible causes of death, namely: a) decrease in food abun-
dance, b) exposure to biotoxins produced during harmful algal
blooms, c) infectious diseases, and d) effects derived from kelp gull ha-
rassment (Rowntree et al., 2013). E. australis is typically found in Nuevo
Gulf (NG) and San José Gulf (SJG), two surrounding gulfs in PV, from
(CENPAT), Consejo Nacional de
vard Brown 2915, U9120ACD

Agostino).
May to December, evidencing peak numbers during August–September
(Crespo et al., 2014). During their stay in PV adults and juveniles begin
to feed sporadically in late September–early October, when denser zoo-
plankton patches follow the spring phytoplankton blooms (Payne,
1995; Sironi, 2004; Hoffmeyer et al., 2010).

The following potentially toxic Pseudo-nitzschia species have been re-
ported to be present inNGand SJG: P. australis, Pseudo-nitzschia calliantha,
Pseudo-nitzschia delicatissima, P. fraudulenta, Pseudo-nitzschia multiseries
and P. pungens (Sastre et al., 2001; Cadaillón, 2012). The presence of DA
was detected for thefirst time in phytoplankton samples of NG inOctober
2005 in a concentration of 0.66 μg/100mL during a spring phytoplankton
bloom dominated by P. pungens and P. fraudulenta (Sastre et al., 2007).
More recently, Cadaillón (2012) determined the presence of DA in phyto-
plankton and zooplankton in a study carried out in both NG and SJG. In
this study, DA concentrations were observed to range from 0.75 to
40.96 μg DA g−1 in phytoplankton samples and from 0.43 to
25.75 μg DA g−1 in zooplankton samples from NG, whereas they were
found to range from below the detection limit to 4.88 μg DA g−1 in phy-
toplankton samples and from 2.55 to 42.78 μg DA g−1 in zooplankton
samples fromSJG. This suggests the role of zooplankton as a potential vec-
tor for DA and the possible toxin transfer to higher levels of the foodweb,
thus being a potential risk for E. australis as well as for other animals that
usually forage on zooplankton.
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Previous research conducted in the northern hemisphere detected
DA and frustule fragments of Pseudo-nitzschia spp. in fecal samples of
stranded and live individuals of the North Atlantic right whales
(Eubalaena glacialis) that had been feeding in their feeding grounds in
spring and summer (Leandro et al., 2010). DA levels in zooplankton
samples (mostly copepods) collected during their study ranged from
0.02 to 0.17 μg DA g−1. In parallel, the presence of remains of the cope-
pod Calanus finmarchicus in all whale feces led to the conclusion that E.
glacialis was exposed to DA by ingestion of contaminated copepods
(Leandro et al., 2010). Similarly, trace levels of saxitoxin and DA were
detected in samples of feces, urine and tissues collected from dead
individuals of E. australis in PV (Uhart et al., 2009; Rowntree et al.,
2013). On account of the fact that the presence of toxic algae in fecal
samples from these whales is an issue that remains unexplored to
date, the purpose of the present study was to examine fecal samples
from E. australis collected from their calving ground in PV in order to
trace the presence of Pseudo-nitzschia species. Phytoplankton samples
from the same area were also analyzed to compare their composition
with fecal content.
2. Material and methods

2.1. Sampling of fecal and phytoplankton samples

Two fecal samples from live whales were collected from an area
close to Puerto Pirámides (NG) (Fig. 1) using a 300 μm mesh net at-
tached to a stick by personnel working for commercial whale-watching
boats in the spring of 2004 and 2005. Sampleswere preserved in 70% al-
cohol. Each of these fecal samples, which were compact material that
floated together after defecation, belonged to one whale. Whale feces
from three stranded individuals from SJG beaches were collected by
members of the Southern Right Whale Health Monitoring Program
(SRWHMP) during the spring of 2010 (Fig. 1). These samples were di-
rectly collected from the intestine from each individual during necrop-
sy. Samples were preserved in neutralized formalin 5%.
Fig. 1. Península Valdés, Argentina. Collection sites of
Phytoplankton samples were collected in the frame of the Harmful
AlgaeMonitoring Program(Ministry of Fisheries—Chubut Province, Ar-
gentina) on similar dates from sites close to those where whales' feces
had been collected (Fig. 1, Table 1). Samples were collected with a
Van Dorn bottle and fixed with Lugol solution for quantitative analysis.
Additional samples were collected using a 25 μm mesh and they were
fixed with formaldehyde 4% for qualitative analysis.

2.2. Laboratory procedures and analyses

Whale feceswere examined by scanning electronmicroscope (SEM)
(Jeol JSM-6460 LV) for Pseudo-nitzschia spp. identification following
Leandro et al. (2010) with slight modifications. One mL of each fecal
sample was pipetted onto 3 μm pore, 47 mm diameter polycarbonate
filter and rinsed under low vacuumwith 10 mL of distilled water. Sam-
ples were subsequently dehydrated with 4 mL of a series of acetone
(10% to 80%) followed by 8 mL of 100% acetone. Filters were air-dried
for ~5 min and finally placed onto double-sided tape glued on glass
slides. Samples were sputter-coated with gold before examination.

Phytoplankton was quantified with an inverted microscope follow-
ing Lund et al. (1958). Cleaning of Pseudo-nitzschia spp. frustules was
performed according to the method of Hasle and Fryxell (1970).
Naphrax mounted slides were observed with an optical microscope
equipped with phase contrast and selected samples were observed by
SEM (Jeol JSM-6360 LV) for species identification.

3. Results and discussion

Frustule fragments of Pseudo-nitzschia spp. were found in all the
fecal samples analyzed (Table 1). Similarly, the genus Pseudo-nitzschia
was detected in all the phytoplankton samples analyzed except in
those collected from Pardelas Beach (NG) on 24 October 2004. At least
four taxa were identified in the fecal samples and phytoplankton sam-
ples analyzed, namely P. australis, P. fraudulenta, P. pungens and the
complex P. pseudodelicatissima (Fig. 2). The first three species are
worldwide known as DA producers (Lelong et al., 2012) and are also
whale fecal (•) and phytoplankton samples (◊).



Table 1
Pseudo-nitzschia spp. present in Eubalaena australis fecal samples of live and stranded whales in Nuevo Gulf (NG) and San José Gulf (SJG) respectively, and their density in phytoplankton
samples collected in the area where fecal samples were found.

Sample Sample collection date Sample location Lat. (°S) Long (°W) Pseudo-nitzschia spp. Abundance (cell L−1)

Live whale feces (n-i) October 2004 Puerto Pirámides (NG) 42°36.2′ 64°19.9′ P. pungens n-c
Phytoplankton 10/24/2004 Pardelas Beach (NG) 42°37.4′ 64°16.0′ n-d n-d
Phytoplankton 9/13/2005 Pardelas Beach (NG) 42°37.4′ 64°16.0′ complex P. pseudodelicatissima 2200
Live whale feces (n-i) 09/26/2005 Puerto Pirámides (NG) 42°36.2′ 64°19.9′ P. pungens n-c
Phytoplankton 09/09/2010 Larralde Beach (SJG) 42°24.2′ 64°18.9′ P. pungens

complex P. pseudodelicatissima
30,240
26,880

Stranded whale feces (adult female) 09/14/2010 Villarino Beach (SJG) 42°25.0′ 64°18.0′ P. pungens n-c
Phytoplankton 10/14/2010 Riacho San José (SJG) 42°24.1′ 64°36.5′ P. pungens

complex P. pseudodelicatissima
P. fraudulenta

8400
16,800
183,120

Stranded whale feces (juvenile female) 10/27/2010 Riacho San José (SJG) 42°23.2′ 64°36.0′ complex P. pseudodelicatissima; P. pungens n-c
Stranded whale feces (adult female) 11/09/2010 Campamento 39 (SJG) 42°22.4′ 64°6.0′ complex P. pseudodelicatissima; P. australis n-c
Phytoplankton 11/11/2010 Larralde Beach (SJG) 42°24.2′ 64°18.9′ P. fraudulenta

complex P. pseudodelicatissima
1,001,280
1,162,560

Phytoplankton 11/11/2010 Bengoa Beach (SJG) 42°15.4′ 64°6.2′ P. fraudulenta
complex P. pseudodelicatissima

1,327,200
275,520

NG: Nuevo Gulf; SJG: San José Gulf; n-c: not counted; n-d: undetected; n-i: unidentified developmental stage and sex.
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associated with toxic events in Argentinean waters (Negri et al., 2004;
Sastre et al., 2007). On the other hand, both toxic and non-toxic species
are included in the complex P. pseudodelicatissima, which contains sev-
eral cryptic and pseudocryptic species that can only be identified by
means of molecular tools (e.g. Lelong et al., 2012). Interestingly, other
toxic (i.e. P. turgidula) and non-toxic Pseudo-nitzschia species (e.g. P.
lineola, P. turgiduloides, P. subcurvata) that are commonly found in Ar-
gentinean shelf waters (Almandoz et al., 2007) were not identified in
the samples collected from PV.

Pseudo-nitzschia spp. were, in general, abundant in phytoplankton
samples with densities ranging from 2200 cells L−1 in Pardelas Beach,
NG, tobloomvalues ranging from1.6×106 cells L−1 to2.2×106 cells L−1
Fig. 2. Frustule fragments of Pseudo-nitzschia spp. observed in fecal samples of Eubalaena aust
(SEM). P. pungens (A and B), P. australis (C) and the complex P. pseudodelicatissima (D).
1 in Bengoa and Larralde Beach, SJG, respectively, on November 11,
2010 (Table 1). These cell maximum densities were represented by
P. fraudulenta, a species associated with DA production in PV area
(Sastre et al., 2007), and to an unidentified species of the complex
P. pseudodelicatissima. In spite of this, no cases of DA poisoning
events resulting in wildlife mortality in PV have been documented to
date.

Although various Pseudo-nitzschia species were found in the phyto-
plankton as well as in the fecal samples examined, co-occurrence of
the same species in both kinds of samples was not always detected
(Table 1). For example, while P. fraudulenta and an unidentified species
of the complex P. pseudodelicatissimawere themost abundant species in
ralis collected in their calving ground of Península Valdés. Scanning electron microscopy
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the phytoplankton samples collected from SJG, P. fraudulenta was not
found in any of the samples of stranded animals in SJG during the spring
of 2010 (Table 1). Likewise, whereas P. australis was detected in fecal
material from the stranded whale in Campamento 39 (SJG), it was not
found in the phytoplankton samples collected two days later in the
same area. This could be associated with differences in the phytoplank-
ton sampling dates on account of the fact that the changes in phyto-
plankton composition are, in fact, fast and they can be detected from
one week to another in PV area (Cadaillón, 2012).

Apart from diatom frustules, remains of copepods and other
microcrustaceans were also found in all the fecal samples analyzed. Co-
pepod remains were the most abundant in all whale feces with a clear
dominance of copepodites' 5 (C5) mandibles of Calanus australis
(D'Agostino et al., 2013), a common copepod in both NG and SJG. In
line with this, previous research has revealed that C. australis is the
most abundant copepod species along the southern coasts of Argentina
and is extensively distributed in the inner andmiddle southern Patago-
nian shelf waters (Ramírez and Sabatini, 2000).

This studydemonstrated for thefirst time thepresence of potentially
toxic Pseudo-nitzschia species in fecal samples from live and stranded in-
dividuals of E. australis that visited the calving ground of PV. This find-
ing, together with the presence of microcrustacean remains (mainly
C5 C. australis mandibles) observed in whale feces, indicates that C.
australis may behave as vector of potentially toxic Pseudo-nitzschia
spp. to whales when they feed on zooplankton patches in PV during
spring. Copepods break diatom cells before their ingestion (Michels
and Schnack-Schiel, 2005). Therefore, the presence of Pseudo-nitzschia
frustule fragments instead of whole cells (as observed in phytoplankton
samples) in all the fecal samples analyzed suggests that they derive
from copepod gut contents.

Although our results are insufficient to assess if whales were ex-
posed to DA or if toxin accumulation was the probable cause of death
in stranded whales, it can be concluded that the presence of Pseudo-
nitzschia spp. frustules in the fecal material analyzed as well as the oc-
currence of blooms of toxigenic species are both clear indicators that
these animals could have been exposed to DAwhile they fed in the calv-
ing ground of PV.

Finally, it is also worthy of note that chronic exposure to DA gives
rise to several types of diseases and pathologies in marine mammals
(Brodie et al., 2006; Goldstein et al., 2009; Zabka et al., 2009). Thus, tak-
ing into account that exposure to phycotoxins is suggested as one of the
hypotheses to explainmortality events among southern right whales in
PV (Rowntree et al., 2013), and that it has also been reported to be one
of the possible causes of reproductive failure in E. glacialis (Reeves et al.,
2001; Durbin et al., 2002; Doucette et al., 2006; Leandro et al., 2010),
further studies are clearly necessary to assess if southern right whales
are indeed exposed to DA by means of toxin analyses of tissues, feces
and plankton along time. These analyses will help assess the long-
term exposure to this neurotoxin, which will, in turn, greatly increase
our knowledge of the health of E. australis population in their calving
ground.
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