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a b s t r a c t

The association of the geoduck Panopea abbreviata and the green alga Coccomyxa parasitica is described.
The identity of the green alga was confirmed by molecular studies; the alga was found within the hemo-
cytes that infiltrate the connective tissue of the geoduck siphons. Cytological characteristics of hemocytes
were not altered by algal infection; very often the algae were seen enveloped by a digestive vacuole
within the hemocyte cytoplasm, evidencing diverse degrees of resorption. Connective cells of siphons
were rarely infected by C. parasitica. The mean prevalence of C. parasitica was higher (82%) in San Matías
Gulf (42�000S, 65�050W) than in San José Gulf (45%) (40�320S, 64�020W); except for spring, when the two
locations showed no differences in prevalences (80%). Independently of location, season and host size,
infected geoducks showed lower condition index values than uninfected ones. Regarding other bivalve
species, only one specimen of the razor clam Ensis macha was found infected, and none of the oysters
Ostrea puelchana and Pododesmus rudis and scallop Aequipecten tehuelchus was parasitized by the green
alga.

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

The geoduck Panopea abbreviata (Valenciennes, 1839) (Hiatelli-
dae) is endemic from the Southwestern Atlantic, occurring be-
tween 23�S and 48�S (Scarabino, 1977). This species is a large
and long-lived bivalve which is found deeply buried, up to 70 cm
in soft muddy sediments; only the tips of the siphons remain ex-
posed above the sediment surface (Morsan and Ciocco, 2004). Nev-
ertheless, this species represents a valuable potential fishery
resource; the exploitation of their Atlantic populations started only
in the recent years (Ciocco, 2000).

During a survey of the health status of P. abbreviata in Northern
Patagonian gulfs (Argentina), some geoducks showed the tips of si-
phons to be green colored, resembling infections by the intracellular
green algae of the genus Coccomyxa (Chlorococcales: Coccomyxa-
ceae) described by Rodríguez et al. (2008) in Mytilus edulis.

The genus Coccomyxa includes both free-living marine and
freshwater planktonic species (Guiry et al., 2005), epiphytic (Lam-
enti et al., 2000), symbiotic with lichens (Lohtander et al., 2003)
and protozoans (Hoshina and Imamura, 2008), and parasitic in
starfish (Mortensen and Rosenvinge, 1933), scallops (Naidu and
South, 1970; Stevenson and South, 1974), and mussels (Boraso
de Zaixso and Zaixso, 1979; Bala, 1995; Gray et al., 1999). C. parasi-

tica was first described by Stevenson and South (1974), infecting
the giant scallop Placopecten magellanicus (Pectinidae) from New-
foundland, Canada. It was also reported in M. edulis chilensis from
Patagonia, Argentina (Boraso de Zaixso and Zaixso, 1979; Bala,
1995) and from Malvinas (Falkland) Islands (Gray et al., 1999).
However, the identification of the alga in the last mentioned stud-
ies was only supported by morphological features. Rodríguez et al.
(2008) confirmed the presence of C. parasitica infecting M. edulis
chilensis in the North Sea and Malvinas (Falkland) Islands, based
on data from molecular studies, histopathology, ultrastructure,
and pigments of the green alga.

In the present study, the presence of C. parasitica in P. abbreviata
from Northern Patagonian gulfs is reported for the first time, and
the alga was characterized based on both morphological and
molecular data (small subunit ribosomal RNA (SSU rRNA) sequenc-
ing). Furthermore, the seasonal and geographical variations of
prevalence and the effects of the green alga on the condition index
of geoducks were studied.

2. Materials and methods

2.1. Sample collection and processing

During 2007, 60 geoducks (P. abbreviata) were seasonally
collected at 15 m depth at Puerto Lobos (42�000S, 65�050W), San
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Matías Gulf (n = 240), and approximately 50 geoducks at Punta
Conos (40�320S, 64�020W), San José Gulf (n = 210) (Fig. 1). Each
sampling season was carried out in January, April, July and October
for both locations. Additionally, during 2006 and 2007, 682 oysters
[Ostrea puelchana d’Orbigny, 1842 (Ostreidae)], 133 jingle-shell
oysters [Pododesmus rudis Broderip, 1834 (Anomiidae)] were col-
lected at Puerto Lobos and Playa Fracasso (42�250S, 64�070W),
480 razor clams [Ensis macha (Molina, 1782) (Solenidae)] at Playa
Fracasso and 180 scallops [Aequipecten tehuelchus (d’Orbigny,
1846) (Pectinidae)] at Punta Conos (Fig. 1). The bivalves were
transported to the laboratory and maintained in aquaria with aer-
ated seawater at 13 �C for 24 h until processing.

Maximum shell length of each specimen was measured; shell
and flesh were weighed separately to calculate the condition index
(wet flesh weight to shell weight ratio). Soft parts of all bivalves
were macroscopically examined for signs of algal infection, as the
extent of green color, presumed to indicate algal colonization or
infection. Infection intensity, based on the extension of the green
area on the siphons, was graded as: uninfected: absence of green
coloration; slightly infected: green color confined up to 1 cm from
the tip of the siphons; moderately infected: green color reaching
up to 3 cm from the tip of the siphon; heavily infected: a dark
green color exceeding the 3 cm from the tip of the siphons.

2.2. Histological processing

Small pieces of siphonal tissues showing green coloration as
well as pieces of nondiscolored siphonal tips (5 � 10 mm) were ob-
tained, and one oblique transverse 5 mm thick section of 180 geo-
ducks, containing gill, digestive gland, mantle, nephridia and gonad
was excised. The siphonal tissues and the oblique transverse sec-
tions were fixed in Davidson’s fixative (Shaw and Battle, 1957),
dehydrated in an ethanol series and embedded in Paraplast� and
Historesin� Leica. Histological sections (5 lm thick) were stained

either with Harris or Mayer’s hematoxylin and eosin, and observed
under a light microscope.

2.3. Transmission electron microscopy

Small pieces of siphonal tissues showing green coloration
(5 � 10 mm) were fixed in cold 2.5% glutaraldehyde with 4% for-
malin (from paraformaldehyde) in 0.2 M cacodylate buffer at pH
7.2 for 1 h. After rinsing in cacodylate buffer, samples were post-
fixed in 1% osmium tetroxide in the same buffer at 4 �C, rinsed in
0.2 M cacodylate buffer, dehydrated in an ascending ethanol series
(70–100%), and transferred to Spurr’s resin via propylene oxide.
Infiltration was performed in Spurr’s resin. Ultrathin sections were
double stained with uranyl acetate and lead citrate, and examined
either in a Jeol 1200 EX II and a Philips EM301 transmission elec-
tron microscopes (TEM).

2.4. DNA extraction and SSU rRNA sequencing

Pieces of tissues from two geoducks showing green coloration
were cut off and preserved in ethanol 96% until molecular analysis
was performed. A green supernatant obtained after grinding tis-
sues with a spatula was pipetted in an Eppendorf microtube and
centrifuged (5000 rpm, 5 min) using a table-top minicentrifuge. A
greenish pellet mixed with tissue debris was collected. The super-
natant was centrifuged again (12,000 rpm, 10 min) and a second
dark green pellet was obtained. Both pellets were rinsed in
100 ll of N-cetyl N,N,N,-trimethylammonium bromide (CTAB)

Fig. 1. Collection sites. References: N = Puerto Lobos, d = Punta Conos, j = Playa
Fracasso.

Fig. 2. Panopea abbreviata. Dissected clam (a) and detail of siphons (b) showing a
moderate intensity of infection (arrow head).
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