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ABSTRACT  Withering syndrome (W5} has been associated with catastrophic declines in hlack abalone populations in southern and
central California. In an effort to identify the eticlogical agent of WS and 1o characterize the progression of this disease, we initiated
a transmission study in which abalone from Ano Nuevo Island, a location free of WS, shared aguana with animals from Vandenberg
Airforce Base, a location where W5 is epizootic. The mean incubation period of WS (time o develop ovent signs of the disease) was
245 days with a mean time to death afier developmemt of clinical signs of 42 davs, Median time to death was 41 wk in the
experimentally exposed Ano Muevo lslamd abalone and 16 wk in the positive control Vandenberg abalone. Cumulative monality was
significantly different between the negative control (unexposed) Ano Nuevo Island abalone (25% mortality) and hoth the exposed Ano
MNuevo Island abalone (85% morality; # = 0.0001) and the positive control Vandenberg abalone ( 100% mortality; # = (0L0001) In
addition, significant differences in prevalences of a recently described Ricketsiales-like procarvote (RLP), “Candidatis Xenohaliotis
californiensis,” were observed between negative control animals (no RLPs) and those with WS (both the experimentally exposed Ano
Muevo Islamd and Vandenberg abalone were infected with RLPs; P < 0.001). All abalone infected with the ELP had signs of WS,
including decreased comdition indices, foot muscle atrophy, and digestive gland degeneration (P < 0.05), No correlation between
intensity of RLP infection and degree of WS was observed (P = (L05), suggesting a complex relationship between the RLP and clinical
disease in black abalone. Despite this, these data in conjunction with a lack of observation of any other significant pathogens in the
ahalone provides evidence that the RLP infecting abalone ("Candidarus Xenohaliotis californiensis™) is the etiological agent of W5,

KEY WoHRDS:

INTRODUCTION

Withering syndrome (WS5) has been associated with cata-
strophic declines in black abalone populations in southern and
central California (Haaker et al. 1992; Steinbeck et al. 1992, Fried-
man and Haaker unpublished data). Initial studies identified a pre-
viously undescribed coccidian parasite, Margolisiella ( = Psendok-
lpssia) halions (Friedman 1991 Friedman et al. 1995, Desser &
Bower 19973, in black abalone with WS that was subsequently
fetermined to be nonpathogenic as evidenced by field and labo-
mtory studies (Friedman et al. 1993, 1997). VanBlaricom et al.
1993) documented WS on San Nicolas Island in Aprl of 1992,
These rescarchers a observed Rickettsiales-like procaryote (RLP)
hat was recently described as a new taxon and has been given the
wovisional status of “Candidarus Xenohaliotis californiensis™
Friedman et al. 2000). Two of six abalone with clinical WS har-
wred RLPs, whereas apparently healthy animals were devoid of
he RLP. The authors indicated that Rickettsiales-like bacteria
vere commonly observed in marine inveriebrates and that the
athogenicity of these organisms was unknown, Gardner et al.
1995) also observed RLPs in association with WS in black aba-
ane from San Nicolas and San Clemente Islands in southern Cali-
ormia. Healthy abalone from Ano Nuevo Island in central Cali-
omia were not infected with RLPs, suggesting an association
etween the RLP and WS, Friedman et al. (1997) examined the
ssociation between the RLP, degeneration of the digestive gland,
nd mortality in a laboratory study. No clear associations between
tensity of RLP infection and either condition of the digestive
land or time to mortality were observed. Recently, Moore et al.
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{2000) observed a significant relationship between the intensity of
RLP infection and degree of WS in cultured red abalone. These
conflicting data indicate further examination of the role of the RLP
in WS is warranted. This study was designed to examine the trans-
missibility of W5 and to determine the relationship between RLP
infection and WS in black abalone,

MATERIALS AND METHODS

Amnimals

Healthy black abalone were collected on March 28, 1995 from
Ano Nuevo Island, where W5 had never been observed. Black
abalone with W5 were collected from Vandenberg Airforce Base
(Vandenberg) and Cayucos on April 24, 1995, Abalone were trans-
ported to the Pathology Quarantine Facility at the Bodega Marine
Laboratory, where they were placed in an 88-L aquaria and re-
ceived ambient (8-10°C), flow-through. full-strength seawater.
Macrocystis pyrifera was collected from Bodega Bay and was
surface sterilized by soaking in a tamed iodine solution (Prepo-
dyne: Westagro, Kansas City, MO for 15 min followed by a
freshwater rinse. Animals were fed M. pyrifera twice per week. All
abalone were tagged and the following data were collected: maxi-
mum length, foot length and twotal volume (TV), and total weight
(TW). Animals were bled from the pallial sinus with a tuberculin
syringe and a 26-gauge, 0.5-inch needle and the density, cell-type,
and condition of circulating hemocytes was determined using a
hemocytometer. Visual condition of the abalone was assessed ac-
cording to the following scale: (3): healthy abalone with a foot and
viscera that fills the entire shell volume: (2): visible mantle retrac-
tion and moderate atrophy of the foot muscle; and (1) sevens
atrophy of the ool muscle,
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