
triplet capable of adiiiixi~lg with ground state, as 
observed for , should[Fe111(C5Mes)z].+[TCNEJ. 

suttice. 
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3 1. Elimination of "pseudo-sixfold" symmetsy may sta- 
b ~ l mthe triplet ground state. 
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Virus-Like Particles and a Spider Mite Intimately 
Associated with a New Disease of Barley 

The malting barley-producing regions in Montana and Canada are threatened with a 
new vinis-like barley disease that appears to be etiologically novel. Ultrathin sections 
of diseased tissue contained enveloped, filamentous virus-like particles that measured 
64 nanometers by 126 t o  4000 nanometers. These lengths are unique for plant viruses. 
Unexpectedly, the spider mite, Petrobia latens, which has never been reported t o  be a 
vector of a pathogen, was found to transmit the causal agent from diseased plants t o  
healthy barley, while noninfective mites failed to d o  so unless they were allowed prior 
access to diseased tissue. 

I	N 1982, A DISEASE OF HARLEY (Hor-
deum 1~u4gare L.) was discovered in one 
barley field in the malting barley-pro- 

ducing area of north central Montana. In 
1983 and 1984, the disease was also present 
in other barley fields as distant as 24 km. In 
1985, and again in 1986 and 1987, the 
disease reached epidemic levels in that area 
and was also identified in five other contigu- 
ous counties. Malting barley producers re- 
ported that the disease was causing yield 
losses and preventing them from meeting 
malting standards. 

When ultrathin sections and crude ex-
tracts of diseased leaves ( I )  were examined 
(Zeiss EM 10 CA electron microscope), 
long filaments about 64  nm in diameter (2) 
were found that met one size criterion for 
virus particles (3, 4). Many of the particles 
had extraordinary lengths, with some over 
4000 nm in ultrathin sections. Such lengths 
for intact virus particles have not previously 
been reported for plant viruses but have 
been documented for viruses in animals (5 )  
and insects (6). Inasmuch as these virus-like 
particles (VLI's) appeared only in diseased 
tissue and morphologically resembled some 
virus particles, we hypothesized that they 
were the causal agent of the disease and 
conducted tests to determine their possible 
modes of transmission. 

The barley seed we collected in 1983 from 

l>cl?artmcntof Plant l'athology, Montana State Umver 
sity, Ro~crnan, MI' 59717. 

diseased field plants were sown in the green- 
house and produced no diseased plants (7). 
Healthy barley seedlings did not become 
diseased in the greenhouse after mechanical 
inoculation of triturated diseased leaves (7). 
In another greenhouse test, healthy barley 
seedlings grown in field soil from a diseased 
site failed to develop disease symptoms (7). 
From 1983 through 1985, we conducted 
extensive transmission tests with aphid, leaf- 
hopper, and thrips species (many of which 
are known to transmit plant viruses) (8 )  
collected from fields of diseased barley. 
Again, there was no transmission when 
these species were separately allowed to feed 
on healthy indicator test seedlings in the 
greenhouse (7). 

However, by 1986, infestations of the 
brown wheat mite, Petrobia latens Muller 
(Acari: Tetranychidae), were observed to 
occur on seedlings in fields of barley with 
subsequent development of the disease. Al- 
though brown wheat mite infestations ap- 
pear sporadically in cereal crops throughout 
the world ( 9 ) ,  the mite has never been 
associated with the transmission of a plant 
pathogen. To test the hypothesis that I-'. 
latens was a vector for the causal agent of 
this disease, we collected immature and 
adult stages of the mites (10, I I )  from fields 
of diseased Klages barley in June 1986 by 
tapping infested leaves, which caused the 
mites to fall onto a sheet of white paper 
(12). We then allowed the mite population 
to feed on caged healthy barley seedlings ti,r 
2 months in the greenhouse (13). Plants 

were observed for symptoms, and ultrathin 
sections of leaf samples were examined to 
confirm the presence or absence of the 
VLPs. 

In JLUI~ 1987, we collected mites from the 
same site of diseased Klages barley and 
obtained another set of mites from a contig- 
uous field of Lew spring wheat, which had 
only a trace of the disease. These two popu- 
lations of mites and their progeny were 
maintained separately in two cages on barley 
seedlings. Four consecutive sets of seedlings 
were exposed to those mites in the cages 
every 3 weeks. Each set contained 16 Dick- 
too barley seedlings, which were initially 
exposed to the mites at the one-leaf stage 
(four plants per 15-cm-diameter pot). Ap- 
proximately 400 mites were placed in each 
of the cages in the beginning of the experi- 
ments. At the end of each cycle, mites were 
aspirated or gently tapped from the infested 
seedlings and placed onto the new set of 
seedlings (14). We then funligated these 
plants for 2 hours with Vapona (dichlorvos) 
pesticide before transplanting each plant 
into pots 20 cm in diameter; the plants were 
grown and observed in the greenhouse for 
at least eight more weeks under a 16-hour- 
per-day photoperiod at temperatures be- 
tween 20" and 27°C. All plants were assayed 
for the presence or absence of the VLPs by 
the leaf extract procedure. 

At the end of the fourth cycle, we re-
moved 44 mites from the population that 
originated from the wheat site and divided 
them into two groups. In parallel transmis- 
sion tests, one group of the mites was placed 
on detached diseased leaves and the other 

Sequential sets 

Fig. 1. Effects of  exposing healthy barley seed- 
lings t o  mites that originated from fields of  wheat 
(Wt) o r  barley (By). Mites derived from healthy- 
appearing wheat produced only one symptomatic 
~ l a ~ l tit1 the first set o f  pla~its, whereas nlites 
derived from a field of  diseased barley were 
associated with symptomatic plants in every set of  
plants exposed t o  the mites ( I~~~tc l i ed ,  nonsymp-
tocnatic; horim~ltal  lines, symptomatic). Only dis- 
cdsed tissue contained the associated VLPs (18). 
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access to four consecutive sets of test seed- introduced immediatelv u w n  hatching to Table 1. The response of healthy barley seedlings 
that were exposed to mites collected in 1986. 

Mite number* 
Cultivar 

250 100 50 

Keamey 9/26t 8/15 316 
Tennessee 8/26 119 015 

winter 
Total 17/52 9/24 311 1 

'Approximate number of mites that were initially inuo- 
duced. tThe numerator is the number of sympto- 
matic plants, and the denominator is the total number of 
plants. 

group was placed on detached healthy leaves 
for 13 days. We then placed one set of eight 
healthy barley seedlings in each cage for 1 
week and then added another set of healthy 
seedlings to each cage for an additional 3 
weeks, thus allowing one set of seedlings a 
4-week inoculation access period and the 
other set of healthy seedlings a 3-week in- 
oculation period. We fumigated the test 
plants to kill any remaining mites, then 
transplanted and grew them in the green- 
house. 

Diapausal eggs of P. latens (15) were 
gathered from two sites (one in Canada and 
one in Montana) that previously had dis- 
eased barley during the 1986 growing sea- 
son. To induce hatching, the eggs were kept 
moist with distilled water for at least 4 days, 
with initial larval emergence at day 6. The 
mites collected in Canada were fed on de- 
tached healthy barley leaves for about 6 
days; the mites from Montana were immedi- 
ately allowed to feed on healthy test seed- 
lings. Both mite populations were allowed 
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Fig. 2. Effects of exposing healthy barley seed- 
lings to mites that were initially hatched from 
diapausal eggs (the progeny were derived from 
active eggs). The diapausal eggs from diseased 
sites in Canada (Can) and Montana (Mt) pro- 
duced mites that caused symptoms (horizontal 
lines) in plants and the occurrence of the unique 
VLPs within the tissue. Nonsymptomatic plants 
(hatched) had mite feeding damage but never 
expressed disease symptoms typical of the disease 
or revealed the presence of VLPs. 

lings. About 60 mites were placed into each 
cage containing the first set of test plants 
(16). Plants were assayed for the presence of 
VLPs in crude leaf extracts or ultrathin 
sections (1 ). 

Diagnostic symptoms of the disease de- 
veloped on 33% (29 in 87 plants) (Table 1) 
and 63% (40 in 64 plants) (Fig. 1) of the 
test plants that had been exposed to mites 
and their progeny collected from diseased 
barley in 1986 and 1987, respectively. In 
contrast, those barley seedlings that had 
been exposed to the mite population that 
originated from wheat in 1987 were nearly 
free of the disease (Fig. 1). 

The 16 indicator test plants that we ex- 
posed to mites that had fed on detached 
healthy leaves produced no diagnostic symp- 
toms, whereas 94% (15 in 16 plants) of the 
plants exposed to the mites that had fed on 
detached diseased leaves produced symp- 
toms of the disease. VLPs were only seen in 
diseased leaves. 

A high incidence of symptomatic plants 
occurred in all sets of test plants that had 
been exposed to the two mite populations 
derived from diapausal eggs (Fig. 2). Be- 
cause the first generation of these mites was 

, L " 
only healthy plant tissue and was therefore 
without a source of the assumed pathogenic 
agent, we surmised that the original inocu- 
lum came from the diapausal eggs. This is 
evidence for transovarial passage of the caus- 
al agent, and thus the diapausal egg may 
serve as an overwintering host for the agent. 

The VLPs were always located intracellu- 
larly and accumulated predominately in the 
mesophyll cells, although VLPs were also 
seen in xylem, phloem, and epidermal cells 
of leaf tissue. In addition, VLPs were found 
in root, sheath, and awn tissue in affected 
plants. 

The gross morphology of the VLPs (Fig. 
3) resembled that of viruses in the Rhabdo- 
viridae and Baculoviridae (2) in that all are 
tubular-like and usually enveloped with a 
membrane. However, these viruses are 
shorter and some have cross-striations. Sev- 
eral different unclassified viruses infecting 
mammals (5) and insects (6) consist of long, 
tubular-like particles that may or may not be 
enclosed by a membrane. 

Because viruses that most resemble these 
unusual VLPs in barley belong to the animal 
kingdom, perhaps the VLPs originated 
from the vector responsible in spreading the 

Fig. 3. Transmission electron micrographs depicting VLPs in the cytoplasm (Cy) of diseased barley leaf 
in mesophyll cells. (A) A cluster of long flexuous VLPs (Ch, chloroplast; M, mitochondrion; Vac, 
vacuole). (B) Cross sections of the VLPs revealing a loose membrane (Mb), apparent projections (P), 
and an outer band (OB) enclosing an inner circular ring (ICR) of material. (C) A longitudinal view of a 
magnified VLP. 
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assumed causal agelit to  the plants. There- 
fore, the brown wheat mite may play the 
role as both a vector and a host for the 
Vl,I's. Indeed, electron microscopy of  ul- 
trathin sections of infective mites i~idicatcs 
the presence of morphologically similar 
VLPs in the gut (17). 

l'etwbia latens is a dry-wcatl~er pest and is 
usually a threat only when a crop is under 
drought stress (11). Coincidentally, from 
1983 througl~ 1986, north central Mo~itana 
experienced the most damaging drought 
conditions since the 1930s. Also, barley 
acreage has i~icrcascd considerably during 
the 1980s, thereby creating an abundant 
supply of host p1:uit-s for both the causal 
agent anci its vector. Changes in climate and 
vegetation most likely contributed to  the 
epidemic levels of the disease. 
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Macroevolutionary Interpretations of Symmetry and 
Synchroneity in the Fossil Record 

Quantitative analyses of global diversity in the marine fossil record over Phanerozoic 
time reveal an historically ordered pattern of sequential dominance and increasing 
diversity. Explanatory models applied to this empirical pattern lead to irreconcilable 
differences of interpretation. The issue may be resolved by determining the expected 
distributions and limits of temporal covariation anlong clades generated by a random 
branching process. Results also challenge the claim that asymnletries in intra-clade 
diversity variation provide a directional arrow for the history of life. 

TI1E LAST DE(:AIIE, T H E  ISSUE O F  

whether the global pattern of total di- 
versity change of the marine fossil re- 

cord over Phancrozoic time has been steady 
st-ate (equilibrium) or  directional has been 
decided in hvor  of  directional increase with 
time (1).Within this overall trend, a series 
of stirdics (2)has recogni~cd three groups of 
twa, o r  so-called evolutionary faunas, that 
vanT in diversity more or  less synchronously 
through time and whose dominance, once 
relincluishcd, is not regained: "Each of the 
three major faunas sterns to  have its own 
characteristic diversity so that its expansion 
or contraction appears as being intimately 
associated with a particular phase in the 
history of total marine divcrsity" ( 3 ) .In a 
related analysis of within-cladc diversity, 
C;ould et  al. (4) proposed a measure of 
temporal directionality based on  the asym- 
metry of clade shape and concluded that 
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directionality was dominant in the early 
Phanerozoic. They stated their intention "to 
replace the grand, but vague and noisome 
notion of progress with a question. . . 
imbued with the twin virtrres of  definition 
and testability: if you were handed a chart of 
clade diversity diagrams with unlabeled axes, 
would you know whether you were holding 
the chart upside down or  right side up?" 

A current dilemma in analyzing both 
cladc symmetry and diversity, admitted to  
by Goirld t.ta!. (4),ind the tbcirs of a current 
controversy (5) involving the interpretation 
of pattcrnswithin the data compiled by 
Scpkoski (3) ,is that thc tasonomic frame- 
work on which these data sets arc bnscd is 
largely paraphyletic. For evolutionar! analy-
ses, parapliylctic groupings arc considered 
to be inralid in that they d o  not contain ,111 
descendants. Rather, they rcprcscnt a por- 
tion of a monopl~yletic group hased on an 
arbitrarily chosen feature. Patterns in pard- 
phylctic groups consequently will vary de- 
pending on the criterion used to form thcrn. 
l'ropcrly defined evolutionary clades are 
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