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ABSTRACT. Plankton samples collected from Bahia de La Paz, Baja California Sur, Mexico in June 2008
revealed infection of copepods by Blastodinium spp. Of eight copepod genera encountered in the samples,
only one (Paracalanus) was parasitized by Blastodinium. Infection prevalence was low, 0.6 % to 2.0 %, with
all parasitized individuals being females tentatively identified as Paracalanus parvus. All but one infected
host examined during the study was parasitized by Blastodinium crassum, the sole exception being a
Paracalanus cf. parvus infected by Blastodinium contortum. A phylogeny constructed using a dataset of ~1.3
Kb sequences of the small subunit ribosomal DNA gene of B. contortum and B. crassum from Bahia de La
Paz and 36 other dinoflagellate sequences available in GenBank, including all available for Blastodinium,
placed Blastodinium as a monophyletic clade deep within the Dinokaryota. Sequence divergence among B.
contortum ex Paracalanus cf. parvus from Bahia de La Paz, B. contortum ex P. parvus from the
Mediterranean Sea, B. contortum ex Clausocalanus arcuicornis, B. crassum ex P. cf. parvus from Bahia de
La Paz, and B. navicula ex Corycaeus giesbrechti supported separation of the three parasites as distinct
species.
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Prevalecenciay filogenia de dinoflagelados parasitos (género Blastodinium) que
infectan copépodos en el Golfo de California

RESUMEN. Muestras de plancton recolectadas en junio de 2008 en la Bahia de La Paz, México, revelaron
la infeccién de copépodos por Blastodinium spp. De ocho géneros de copépodos encontrados, solo
Paracalanus estuvo parasitado por Blastodinium. El porcentaje de prevalecencia de infeccion fue bajo, de
0.6 % a 2.0 %. Todos los ejemplares parasitados fueron hembras, identificadas tentativamente como
Paracalanus parvus. Los hospederos analizados durante este estudio, a excepcion de uno, estuvieron
parasitados por Blastodinium crassum, siendo la Unica excepcién Paracalanus cf. parvus, el cual fue
infectado por Blastodinium contortum. Se construyd la filogenia usando la base de datos de secuencias
~1.3 Kb de pequefias subunidades de DNA ribosomal de los genes de B. contortum y B. crassum de La
Bahia de La Paz, ademas de otras 36 secuencias disponibles en GenBank, incluyendo todo lo disponible de
Blastodinium y colocando a Blastodinium como un grupo dentro de los Dinokaryota. La divergencia de las
secuencias entre B. contortum ex Paracalanus cf. parvus de Bahia de La Paz, B. contortum ex P. parvus del
Mar Mediterraneo, B. contortum ex Clausocalanus arcuicornis, B. crassum ex P. cf. parvus de Bahia de La
Paz, y B. navicula ex Corycaeus giesbrechti respalda la separacion de los tres parasitos como especies
diferentes.
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INTRODUCTION

The dinoflagellate genus Blastodinium
contains 12 species and one subspecies, all of
which inhabit the digestive tract of copepods
(Shields, 1994). Blastodinium has long been
assigned to the Blastodiniphyceae, a class ol
extracellular parasites whose members pos-
sess a dinokaryon only during part of their
complex life cycles and reproduce by palispo-
rogenesis or palintomy (Cachon & Cachon,
1987). The bi-flagellated dinospores of Blasto-
dinium were originally reported to be athecate,
gymnodinoid cells (Chatton, 1906; 1920;
1952). Recently, however, Skovgaard et al.
(2007) demonstrated that the dinospores of
Blastodinium contortum and B. navicula have
thecal plates arranged in a Kofoidian series,
with plate tabulation of the two Blastodinium
species being characteristic of the Peridiniph-
ycidae. He also used phylogenetic analysis of
small subunit ribosomal gene sequences to
place Blastodinium spp. as late-branching
members of the Dinokaryota, thus drawing into
question the validity of the class Blastodiniph-
yceae and the order Blastodiniales.

All but one species of Blastodinium, B.
hyalinum, have plastids (Chatton, 1920) and
appear to have a mixotrophic life-style, gaining
part of their nutrition by photosynthesis and
part by uptake of organic compounds from host
digestive fluids (Pasternak et al., 1984). How
these parasites gain entry into the host di-
gestive system is uncertain, but infection is
thought to occur through ingestion of dinospo-
res (Chatton, 1920). Once inside the host, the
parasite grows to produce a large (up to 700
pm long) trophont that divides to form a trop-
hocyte and a gonocyte. The gonocyte under-
goes rapid sequential divisions to produce
non-flagellated spores, while the trophocyte
continues to grow and divide, producing suc-
cessive generations of gonocytes. Spores exit
the host via the anus (Chatton, 1920), develop
flagella, and swim away as dinospores, presu-
mably in search of another host. Little is known
about the biology of Blastodinium dinospores,
although attempts to maintain them in culture
as phototrophs have been unsuccessful
(Skovgaard, 2005). Likewise, attempts to in-
fect naive hosts using dinospores have failed
(Skovgaard, 2005).

Infection by Blastodinium is not typically
lethal, but does have a negative effect on host
fitness. Reproductive castration of female co-
pepods resulting from poor development or
lack of gonads and oviducts has been reported
by several investigators (Chatton, 1920;
Jepps, 1937; Sewell, 1951), but does not ap-
pear to be a consistent feature of Blastodinium
infections (lanora et al., 1990). In the absence
of food, infected hosts show reduced survival
relative to uninfected copepods (Pasternak et
al., 1984; Skovgaard, 2005), indicating some
energetic costs due to parasitism, whether that
be due to uptake of nutrients by the para- site,
or inefficient digestion due to blockage of the
host digestive tract (Shields, 1994). In rare
instances, infection by Blastodinium may re-
sult in hemorrhoidal protrusion of the host in-
testine and gut (Skovgaard, 2004), a condition
that results in death of the copepod.

While too few accounts are available to
assess the biogeography of individual Blasto-
dinium species, the genus appears to have a
cosmopolitan distribution, with reports from
the North Sea, the Skagerrak, the English
Channel, the Mediterranean Sea, the Arabian
Sea, Mutsu Bay, Japan, the Southeast Pacific
Ocean, and the Weddell Sea (Apstein, 1911;
Chatton, 1920; Lebour, 1925; Kofoid, 1931;
Sewell, 1951; Vane, 1952; Pasternak et al.,
1984; @resland, 1991; Skovgaard, 2005).
Infection prevalence for several Blastodinum
species shows clear seasonal cycles with lo-
west occurrence in cooler months (Chatton,
1920; lanora et al., 1990; Skovgaard & Saiz,
2006). Prevalence tends to be low even during
warm months, typically having maximum va-
lues under 10%. Epizootic outbreaks with 20%
- 60% of host showing Blastodinium infections,
however, have been reported for some cope-
pod species (Chatton, 1920, Cattley, 1948;
Vane, 1952). Such outbreaks have the poten-
tial to influence host populations by reducing
recruitment.

Here, we provide the first record of Blas-
todinium living in copepods of Gulf of Califor-
nia and report parasite prevalence for samples
collected in Bahia de La Paz, México. We also
use small subunit ribosomal DNA gene se-
quences of B. contortum and B. crassum in-
fecting Paracalanus cf. parvus of the Gulf of
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California to develop a phylogeny placing
Blastodinium as a monophyletic clade within
the Dinokaryota. We use “cf.” after the cope-
pod genus to indicate tentative species identi-
fication.

MATERIALS AND METHODS

Stations and sampling protocol. Co-
pepods were collected at three stations near
La Paz, Baja California Sur, México during Ju-
ne 2008 (Fig. 1). Bahia de La Paz is the largest
coastal water body on the peninsular side of
the Gulf of California (Sea of Cortez). It has
constant exchange of water with the Gulf of
California via a northern and a southern mouth
(Gomez-Valdés et al., 2003). The main nort-
hern mouth is wide and deep (up to 300 m),
while the southern mouth is straight and sha-
llow and associated with a shallow basin about
10 m in depth and a coastal lagoon, the Ense-
nada de La Paz, connected to Bahia de La Paz
by a narrow inlet (1.2 km wide and 4 km long)
having an average depth of 7 m. Station 1 (Sta
1) was located in the inlet at 24.16° N; 110.33°
W, while station 2 (Sta 2: 24.21 N; 110.31 W)
and station 3 (Sta 3: 24.23N; 110.34 W longitu-
de) were located in the shallow basin of the
southern most region of the Bahia de La Paz.
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Figure 1. Location of stations sampled on June 9 - 11,
2008.

Near surface plankton tows were collec-
ted using a 50 cm diameter, 160 pm-mesh net.
A portion of each net tow was immediately pre-
served with non-acid Lugol's solution (final
concentration 0.04% iodine and 0.06 % potas-
sium iodide), with the remainder placed in a
cooler for transportation to the lab. Preserved

samples were stored at 4 °C, except during
transport.

Parasite prevalence and morphology.
Lugol's preserved samples were used to enu-
merate copepods and to estimate the preva-
lence of Blastodinium spp. Prior to analysis,
samples were destained for > 1 hour by adding
5% sodium thiosulfate until the solution was no
longer amber in color. Destained samples we-
re placed in 55-mm diameter plastic Petri dis-
hes and examined at 100 - 200 X magnifica-
tion using an Olympus 1X51 inverted microsco-
pe equipped with epifluorescence capabilities
(WB cube for chlorophyll excitation). A Zeiss
Axiocam interfaced with a PC running Axiovi-
sion software was used for image capture and
morphological measurements. The first 500
copepods encountered for each sample were
identified to genus and scored as infected or
not infected. Copepods found to be infected by
Blastodinium spp. were tentatively identified to
species by consulting Razouls et al.
(2005-2008). Blastodinium species were iden-
tified using the primary literature, in particular
Chatton (1920).

For examination of parasite cytology, in-
fected copepods and parasites dissected from
the host intestine were destained as above,
thoroughly washed with distilled water, and
then placed in Bouin’s solution (Coats & Hein-
bokel, 1984) for > 4 days. Specimens were
then processed by the quantitative protargol
staining method of Montagnes & Lynn (1993),
examined using a Zeiss Axioscope, and pho-
tographed using Zeiss Axiovision as above.
Data are reported in the text as mean + stan-
dard error of the mean (SE).

DNA extraction, amplification, and se-
quencing. Unfixed material was examined
within 6 hours using a Leica stereomicroscope
to identify and isolate copepods infected by
Blastodinium spp. Infected hosts were exami-
ned and photographed using a Zeiss Axiocam
and Nikon CoolPix 5000 digital camera. Each
specimen was then washed 6 times in 0.45 um
fitered seawater and placed into a sterile
1.5-ml microfuge tube containing 40 L of non-
acid Lugol's solution. In some instances,
infected copepods were dissected to remove
the parasite, which was then washed and fixed

69



70

COATS et al.

as above. Fixed specimens were stored at 4
°C, except during transport.

Specimens in microfuge tubes were was-
hed 3 times with sterile distilled water (dH,0),
placed into 50 pL dH,0 for individual parasites
or 100 pL of dH,0 for whole copepods, and so-
nicated using a probe tipped sonicator (Heat
Systems Ultrasonic, Inc. sonicator Model W-
225R, Plain view, NY) set to a power level of 3
and a 30% duty cycle. The sonicator probe was
immersed in the sample and three to five
pulses of sonication were used over ~5 se-
conds. Between each sample, the probe was
washed with 10% bleach solution, rinsed with
dH,0, and wiped dry with a Kimwipe. Dummy
samples without specimens were sonicated as
above and used as negative controls.

To develop a Blastodinium specific ampli-
fication primer, ribosomal DNA regions were
amplified from a few sonicated samples using
Dino06F (Handy et al., 2008), a dinoflagellate
specific primer, in combination with the gene-
ral reverse primer 25R1 (Yamaguchi & Horigu-
chi, 2005). Polymerase chain reactions
(PCRs) were run in 20-puL volumes, containing
500 mg/mL BSA (Sigma A2053), 50 mM Tris
HCI (pH 8.3), 3 mM MgCl, 0.12 units of Prome-
ga Go-Tag DNA polymerase and 8 uL, 4 L, or
2 uL of sample. Products from these reactions
were precipitated using PEG (20% wi/v pol-
yethylene glycol, mw 8000 in 2.5 M NacCl solu-
tion), washed with 70% ethanol, briefly air
dried, resuspended in 10 pL of dH,O, and se-
guenced with the primers Dino06F, 25R1, and
25F (Yamaguchi & Horiguchi, 2005) using Big
Dye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystem, Foster City,
California) and an ABI 3730 sequencer. Data
were edited to remove low quality bases, as-
sembled using the program Sequencher 4.8
(Genecodes, Ann Arbor), and verified as Blas-
todinium by comparison with the GenBank da-
tabase using BLAST (Altschulet et al., 1990).
Ribosomal DNA sequences available in Gen-
Bank for Blastodinium and representative di-
noflagellates were aligned using MacClade
(Maddison & Maddison, 2002). This alignment
was used to design a Blastodinium specific pri-
mer (BlastR) targeting the small subunit ribo-
somal DNA (SSU rDNA) gene. The nucleotide

sequence for the amplification specific primer
BlastR was AAACTGCCCTTGTTCCATTG.

For all subsequent analyses, sonicated
samples were amplified using the Blastodi-
nium specific primer (BlastR) in combination
with the general eukaryotic primer EukA (Med-
lin et al., 1988). Resulting amplicons were se-
quenced using the primers EukA (Medlin et al.,
1988), SR4, SR5, SR8, SR9 (Yamaguchi &
Horiguchi, 2005), and EukB (Medlin et al.,
1988) for complete double stranded coverage
and compared to the GenBank database as
above.

Phylogenetic analyses. Sequences
available in GenBank for 36 dinoflagellates,
plus a closely related alveolate as an outgroup
(Perkinsus sp.), and two Blastodinium se-
quences from our samples were aligned using
Muscle (Edgar, 2004), followed by hand edi-
ting using MacClade 4.08 (Maddison & Maddi-
son, 2002); see Fig. 9 for names of species
and GenBank accession numbers. The data-
set contained ~1.3 Kb of sequence (partial
18S or SSU rDNA gene) for each entry.

Phylogenetic analyses were run using
GARLI v. 0.951 (Zwickl, 2006) for maximum li-
kelihood (ML), with PAUP* version 4bl0
(Swofford, 2003) then used to visualize the
trees. For the ML analyses, MrModeltest v. 2
(Nylander, 2004) was used to identify the
GTR+I+G as the best-fit model. GARLI was run
using the best-fit model and a random-starting
tree. Runs were repeated using the previous
ML tree until the maximum-likelihood value
stabilized. Branch support was then assessed
with 100 non-parametric bootstrap replicates
using parameters from the best-fit model.

RESULTS

Parasite prevalence and morphology.
In vivo examination of bulk net-tow samples
collected June 9-11, 2008 revealed a single
Paracalanus cf. parvus infected by Blastodi-
nium contortum (Figs. 2 & 3) and numerous
Paracalanus cf. parvus infected by Blastodi-
nium crassum (Figs. 4 & 5).

Analysis of preserved samples showed
Paracalanus to be the dominant copepod ge-
nus in most net tows (Table 1), forming 58% +
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Figures 2-7. Blastodinium spp. infecting Paracalanus cf. parvus. Fig. 2. Host infected by Blastodinium contortum. Fig. 3.
The same specimen as Fig. 2 viewed with epifluorescence microscopy to show chlorophyll autofluorescence of the para-
site. Fig. 4. Host infected by Blastodinium crassum. Fig. 5. Blastodinium crassum removed from the host by dissection.
Circular profiles within the parasite are daughter cells resulting from sporogenesis. Fig. 6. Protargol-stained host infected
by Blastodinium crassum showing a single generation of spores surrounding the trophocyte (T) except at the hilum (H).
Fig. 7. Protargol-stained Blastodinium crassum removed from the host. Note the rows of thin spines on cell surface
(arrows). Scale bar = 200 pm in Figs. 2-4, 100 um in Figs. 5-7, and 50 um in Fig. 8.

9.3% of the community on average (Fig. 8).
Acartia was the next most common genus,
averaging 32% + 10.7% of the community and
forming a major fraction (60%) of the assem-
blage collected in the inlet connecting Bahia
de La Paz to the Ensenada de La Paz (Sta 1).
Five other genera and an unidentified member
of the Family Pontellidae were also recorded,
but formed a minor proportion of the copepod
community (Table 1).

B. crassum occurred at low prevalence in
Paracalanus from all samples, ranging from
0.6% to 2.0% and averaging 1.3 % + 0.3%

(n =5). Infection prevalence showed no a clear
pattern relative to station location or sampling
data. All Paracalanus infected by B. crassum
were females tentatively identified as
P. parvus. Other copepod genera present in
the samples were not infected.

The single specimen of B. contortum en-
countered in vivo (Figs. 2 & 3) had a sigmoid
shape with a spiral twist to the body, was ye-
llow-green, showed strong chlorophyll fluores-
cence, measured 357 um in length x 100 pum
maximum width, and appeared to have multi-
ple generations of spores. Specimens of B.
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Table 1. Number of individuals recorded for copepod taxa in samples of 500 specimens per date and station. Also indi-
cated are percent of Paracalanus infected by Blastodinium crassum.

9-June-08 10-June-08 11-June-08

Copepod taxa Stal Sta 2 Sta 2 Sta 2 Sta3

Paracalanus 147 332 217 344 404
% infected 2.0 1.8 0.9 0.6 1.2
Acartia® 302 136 264 63 34
Centropages1 0 0 1 2 2
Corycaeus1 8 11 3 19 21
Euterpina1 15 4 4 48 6
Oithona® 28 15 2 21 30
Pontellidae® 0 2 0 0 0
Temora® 0 0 9 3 3

INo infected individuals.

crassum were broadly spindle-shaped, with a
more pointed posterior end, as was particu-
larly evident in parasites removed from the
host by dissection (Fig. 5). B. crassum alsa
showed yellow-green pigmentation (Fig. 4),
had strong chlorophyll fluorescence, and pos-
sessed a single generation of spores. After
destaining Lugol's preserved samples, B.
crassum appeared brownish-green in color
and exhibited slight chlorophyll fluorescence
for several weeks when held at 4 "C in the
dark. Specimens in the 2-cell stage measured
167 um -194 pum in length by 43 pm - 70 pm in

ot |

40 -

Percent

20 4

0 T T T [ T T r r
Paracalanus Oithona Corycaeus Centropages
Acartia Euterpina Temora Pontellidae

Figure 8. Proportional occurrence of copepods in sam-
ples collected June 9 - 11, 2008. Percents are means for
five samples. Error bars indicating standard error of the
mean.

maximum width (n = 2), while those with spo-
res ranged from 229 um - 358 um by 86 pm -
138 um (mean 317 um = 17 um by 113 um + 6
pm; n = 8). A hilum (region where spores do
not encase the trophocyte) and a line of small
spines spiraling over the cell surface (Figs. 6 &
7) were evident in protargol-stained speci-
mens. The latter feature was not obvious when
specimens were examined at intermediate
magnification in vivo or following fixation, but
was clearly evident in protargol-stained speci-
mens.

Molecular analyses. SSU rDNA sequen-
ces obtained for Blastodinium species isolated
from Bahia de La Paz were nested deep within
the Dinokaryota and formed a monophyletic,
albeit unsupported, clade with other Blastodi-
nium sequences and an uncultured eukaryote
sequence available in GenBank. The B. con-
tortum sequence of Paracalanus cf. parvus
from Bahia de La Paz clustered with B. contor-
tum ex Clausocalanus arcuicornis and B. con-
tortum ex P. parvus, both from the Mediterra-
nean Sea. Divergence across the three B.
contortum sequences was 0.07%, with the se-
guence for B. contortum ex P. cf. parvus from
Bahia de La Paz being identical to that of B.
contortum ex Clausocalanus arcuicornis.
Blastodinium crassum ex P. cf. parvus from
Bahia de La Paz grouped with uncultured eu-
karyote sequence SCM16C36 AY664982
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from the Sargasso Sea, forming a clade sister
to the three B. contortum sequences. Sequen-
ce divergence between B. crassum ex P. cf.
parvus and the uncultured eukaryote was only
0.34%. B. navicula ex Corycaeus giesbrechti
branched basally in the Blastodinium clade.
The sequence for B. crassum ex P. cf. parvus
differed from the three B. contortum sequen-
ces by 5.43% to 5.51 % and from that of B. na-
vicula ex Corycaeus giesbrechti by 4.86%.

DISCUSSION

Eleven of the 13 morphotypes of Blasto-
dinium were formally characterized by Chatton
in a series of papers culminating in his 1920
monograph (Chatton 1906, 1908, 1911, 1912,
1920). In those works, Chatton progressively
refined description of the species and their dis-
tinguishing characteristics, sometimes leaving
margin of uncertainty about particular taxa.
That uncertainty lead Sewell (1951) to suggest
synonymy of B. inornatum with B. crassum, as
he was unable to see the primary character
used by Chatton to separate the two taxa, na-
mely the presence of a spiraled row of spines
over the surface of B. crassum, a feature lac-
king in B. inornatum. Sewell (1951) may not
have detected the spines, as he worked exclu-
sively with specimens that had been preser-
ved for many years. We too were unable to see
spines in living or fixed specimens examined
at low to intermediate magnification, even
when the parasite was removed from the host
by dissection. The spines, however, were
clearly visible in protargol-stained specimens
and were distributed over the surface of the
cell as described by Chatton (1920). Other
features of our specimens, including size, sha-
pe, pigmentation, and presence of only one
generation of spores were consistent with
Chatton’s descriptions of B. crassum (1908,
1920).

Sewell (1951) also believed that Chatton
had mistakenly included multiple species un-
der the name Blastodinium contortum and
described two new species, B. apsteini and B.
chattoni. Both of those species represented
forms considered by Chatton (1920) under the
name B. contortum hyalinum (Chatton, 1920),
a subspecies now given species status as B.
hyalinum (Shields, 1994). B. hyalinum, unlike

B. contortum, lacks pigmentation, a trait that is
very difficult to assess after years of preserva-
tion as in the material studied by Sewell. We
have assigned our specimen to B. contortum
because it conformed to the description given
by Chatton, including the S-shaped profile,
spirally twisted body, and yellow-green pig-
mentation. It also lacked the pronounced ven-
tral protuberance characteristic of B. apsteini,
as well as the untwisted body form of B. chatto-
ni (Sewell, 1951). Further, the SSU rDNA gene
sequence for our B. contortum was identical to
that of B. contortum ex Clausocalanus arcui-
cornis (GenBank Assession DQ317537) and
99.9 % similar to that of B. contortum ex Para-
calanus parvus (GenBank  Assession
DQ317536).

Approximately 50 species of copepods
are known to host Blastodiniuim, the vast ma-
jority of which were recorded from warm wa-
ters of the Mediterranean Sea, 27 species, and
the Arabian Sea, 26 species (Chatton, 1906,
1908, 1912, 1920, 1929; Sewell, 1951; lanora
et al., 1987, 1990; Skovgaard & Saiz, 2004;
2006; Skovgaard, 2005; Skovgaard et al.,
2007). Only six host species are known for the
northeast Atlantic Ocean (Apstein, 1911; Le-
bour, 1925; Jepps 1937; Cattley, 1948), two for
the Pacific Ocean (Kofoid, 1931; Pasternak et
al., 1984; Horiguchiet al., 2006), and one for the
Antarctic (@resland, 1991). The skewed
distribution in host records clearly reflects une-
ven geographic sampling effort, but may also
be influenced by differences in physiological
tolerance of Blastodinium species that specia-
lize on different host taxa. For example, Blas-
todinium hyalinum is the only species reported
from colder waters of the northeast Atlantic
and the North Sea, even though host taxa in-
fected by other Blastodinium species inhabit
those regions (Chatton, 1929). By contrast, 11
forms of Blastodinium (10 species and 1 sub-
species) have been reported from the Medite-
rranean Sea (Chatton 1906, 1908, 1912,
1920, 1929; lanora et al., 1987, 1990; Skov-
gaard & Saiz; 2004, 2006; Skovgaard, 2005;
Skovgaard et al., 2007) and 10 species from
the Arabian Sea (Sewell, 1951).

Infection of copepods by Blastodinium
has previously been reported for the Pacific
Ocean on three occasions. Kofoid (1931) and
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0.03 substitutions per site

Gymnodinium catenatum AF022183

Gymnodinium fuscum AF022194
Gyrodinium impudicum AF022197
|_ Peridinium sp. AF022202
Pentapharsodinium tyrrhenicum AF022201

L—Ceratium tenue AF022192

Gonyaulax polyedra EF492507
Ceratocorys horrida AF022154
Blastodinium contortum ex Clausocalanus arcuicornis DQ317537
L‘ Blastodinium contortum ex Paracalanus cf. parvus FJ228701
Blastodinium contortum ex Paracalanus parvus DQ317536
100 Blastodinium crassum ex Paracalanus cf. parvus FJ228702
Uncultured eukaryote clone SCM16C36 AY664982
Blastodinium navicula ex Corycaeus giesbrechti DQ317538
Pfiesteria piscicida DQ991382

99 Polarella glacialis AF099183
EESymbfodmium sp. AB016594
Gyrodinium instriatum AY421786

Amoebophyra sp. ex Gonyaulax polygramma AY775285

Figure 9. Maximum likelihood tree for 38 taxa of dinoflagellates, including two Blastodinium sequences from Bahia de
La Paz. Perkinsus sp. served as the outgroup. Numbers at nodes are bootstrap values from 100 non-parametric repli-

cates.

Horiguchi et al. (2006) found B. crassum in Pa-
racalanus parvus collected in Japanese wa-
ters, while Pasternak et al. (1984) studied in-
fection of Eucalanus subtenuis by an unidenti-
fied species of Blastodinium in the southeast
Pacific. Our account thus represents the first
record of Blastodinium in copepods of the Gulf
of California and the first record of B. contor-
tum from the Pacific Ocean. Given the appa-
rent high diversity of Blastodinium species in
subtropical waters, we expect further study of
Bahia de La Paz would reveal additional host

and parasite taxa. That only Paracalanus cf.
parvus showed infection in our samples is not
surprising, as most other copepod taxa formed
a minor component of the community. Acartia,
however, was as abundant as Paracalanus in
two of our samples, but did not show infection.
Interestingly, infection of Acartia by Blastodi-
nium has only been observed on one occasion
(Chatton, 1929), and in that case the host was
Acartia clausi. The Acartia in our samples we-
re mostly of the “tonsa-type” and may not have
been suitable hosts.
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Skovgaard et al. (2007) used phylogentic
analysis of the SSU rDNA gene to place Blas-
todinium within the Dinokaryota, well removed
from the group | and Il alveolates that include
parasitic dinoflagellates with which the genus
had been previously associated. Our tree also
placed Blastodinium within the Dinokaryota,
but unlike Skovgaard’s anlaysis showed the
genus as a monophyletic group, with Blastodi-
nium contortum, Blastodinium crassum, and
Blastodinium navicula sorting on separate
branches. That topology, along with the high
sequence divergence across Blastodinium
morphotypes (< 95.1 % similarity) and low se-
guence divergence within morphotype (> 99.9
% similarity for B. contortum from two different
host species and two geographic locations),
supports separation of B. contortum, B. cras-
sum, and B. navicula at the species level. The
large number of base differences among the
three parasite morphotypes also suggests that
Blastodinium is likely a more diverse genus
than currently recognized.
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