
Table 1. Results of mixing carotene-deficient 
mutants of Crypthecodinium cohnii. 

Colonies Yellow 
Plates (No.) colo- 

Mixing scored nies as 
(No.) Yel- % of 

White low total 

pig-1 X self 24 0 2216 0 
pig-3 X self 25 0 1747 0 
pig-4 X self 25 0 1949 0 
pig-5 X self 24 0 984 0 
pig-13 X self 23 0 3618 0 
MassX* 24 96 1590 5.69 
pig-i X pig-3 19 0 1338 0 
pig-1 X pig-4 29 0 2616 0 
pig-i X pig-S 26 0 1150 0 
pig-i X pig-13 21 211t 1744 10.8* 
pig-3 X pig-4 25 71 1137 5.80 
pig-3 X pig-5 23 63 1384 4.36 
pig-3 X pig-13 23 0 3670 0 
pig-4 X pig-5 22 150 951 13.6 
pig-4 X pig-13 26 107 1204 8.16 
pig-5 X pig-13 23 15 1537 0.966 

* Mixture of all of the above mutants. t Only 
cream-colored recombinants were obtained. 

apiculata von Stosch isogamous cell 
fusion and meiotic division of the 

zygote, and our observations on fusing 
cells of C. cohnii are consistent with 
the presumption that recombination is 
associated with cell fusion. 

In a medium (9) containing low 
concentrations of nitrogen and phospho- 
rus we inoculated equal numbers of 
the mutant clones pairwise. As controls 
we grew each one of the mutants sep- 
arately, and we also mixed all of the 
clones in the same flask under the low 

nitrogen and phosphorus conditions. 
After incubation, cells were counted, 
diluted, and plated on a solid medium 

(11). Colored and albino colonies were 
counted. Table 1 shows the results of 

mixing our pigment-deficient mutant 
clones along with the two types of con- 
trols. No yellow colonies were observed 
in any of the five albino clones grown 
separately. It is very improbable that 
the high number of yellow and cream- 
colored colonies (713 pigmented col- 
onies out of a total number of 18,321 
colonies) can be due to reversion in 
view of the total absence of yellow 
colonies in the 10,514 colonies which 
we counted to look for revertants. 
Therefore we feel justified in using 
genetic recombination to explain our 
results. The numbers of yellow colonies 
observed in the mixings of two differ- 
ent mutants or in the mixing of all 
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pig-4 X pig-5, pig-4 X pig-13, and pig-5 
X pig-13, all produced recombinant 

yellow-colored colonies with a fre- 
quency of 0.966 to 13.6 percent of the 
viable colonies. The experimental pro- 
cedure allows all of the mixed cells to 
form colonies; thus the numbers pre- 
sented express a minimum figure for 
genetic recombination frequencies. The 
relatively high frequency of recombi- 
nant progeny found in some of the 
mixtures would suggest recombination 
by independent assortment if these are 
nuclear mutations. Recombinant phe- 
notypes are obtained with pig-3 X pig-4, 
pig-3 X pig-5, and pig-4 X pig-5; this 
indicates that mating types (+ or - 

types) do not exist in C. cohnii. Of the 
four pairwise mixings with pig-1, three 
of the mixings gave no wild-type re- 
combinant colonies and the mixing of 
pig-1 X pig-13 gave 10.8 percent cream- 
colored colonies. Pig-3 X pig-13 did not 
yield recomibnant colonies. At this 
time we have no explanation for these 
last results. 
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Pulmonary Platelet Aggregates 
Associated with Sudden Death in Man 

Abstract. Six human cases of unexpected sudden death were found to have 
many platelet aggregates in the small arterial vessels of the lungs. Postmortem 
examination revealed no other significant findings. 
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Silver et al. (1) reported that small 
intravenous injections of arachidonic 
acid in rabbits caused accumulation of 
platelet aggregates in pulmonary blood 
vessels and sudden death. Their experi- 
ment appears to constitute a pathoge- 
netic model for the unreported human 
entity which we now describe (2). 
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The subject cases (five women and 
one man), ranging from 17 to 40 years 
of age, were apparently in good health 
until immediately before death (3). In 
three instances, the terminal episode was 
observed and featured severe respiratory 
difficulty, lasting from less than a minute 
to about 30 minutes. The remaining in- 
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Fig. 1. Photomicrographs of lung sections from case No. 1 showing platelet aggregates within blood vessel lumens. (A) Loose, 
unordered aggregate. (B) More compact aggregate with peripheral vesiculation. (C) Compact aggregate with peripheral vesiculation 
and subjacent condensation of platelets. (Hematoxylin and eosin; X 330.) 

dividuals were found dead, two in bed 
and one in the bathtub. 

In all cases, the principal postmor- 
tem finding was the microscopic pres- 
ence of platelet aggregates in small 
pulmonary arteries and arterioles (Fig. 
1) (4, 5). The extent of this process is 
shown in Table 1. The aggregates varied 
from about 10 to 500 /jm in greatest 
cross-sectional dimension with a large 
proportion in the range of 50 to 150 
,/m. Most of the aggregates completely 
occluded blood vessels. Those which did 
not occlude tended to lie free within 
lumens (Fig. 1C), suggesting that they 
were emboli on their way to impaction 
in smaller vessels (Fig. 1B). Although 
these aggregates may well have formed 
in the systemic venous circulation, the 
absence of associated fibrin argues 
against their origin from ordinary pe- 
ripheral venous thrombi. The character 
of the aggregates ranged from a loose, 
unordered arrangement (Fig. 1A) as 
pictured by Silver et al. (1) through in- 

creasing degrees of compactness and 
peripheral vesiculation (Fig. 1, B and 
C), changes which also may be induced 
with arachidonic acid (6). We interpret 
the peripheral vesicles as degranulated 
platelets, similar to those found on the 
outside of thrombotic and hemostatic 
platelet aggregates (7) and indicative of 
the platelet release reaction (8). 

Controls for these observations were 
approximately 2000 unselected, concur- 
rently autopsied cases reviewed by one 
of us (H.P.). The great majority of these 
cases showed no platelet aggregates; a 
few showed an occasional aggregate, 
and none had numerous platelet ag- 
gregates as described here. 

Platelet aggregates in the pulmonary 
microvasculature of man have been 

noted before, but in wholly different 
clinicopathologic settings of two gen- 
eral kinds. First, aggregated platelets 
may be associated with the fibrin micro- 
emboli found in patients suffering from 
burns, trauma, or amniotic fluid embo- 
lism (9). Second, patients infused 
with large quantities of banked blood, 
either as transfusions or as priming 
blood for an extracorporeal oxygena- 
tor, may exhibit platelet microemboli 
thought to originate as aggregates in 
the banked blood (10). 

Pulmonary accumulation of platelet 
aggregates has been induced experi- 
mentally with many agents, including 
adenosine diphosphate (11, 12), col- 
lagen (13), protamine sulfate (14), New- 
castle disease virus (15), foreign serum 
(16), and bacterial lipopolysaccharide 
(17). However, these experiments each 
differ from our human cases and from 
the model of Silver et al. (1) in one or 
more of the following ways: (i) no evi- 
dence for platelet degranulation or re- 
lease reaction (11), (ii) nonlethality of 
the process (13-15), or (iii) aggregates 
demonstrable also in the extrapulmonary 
circulation (12, 15-17). 

Table 1. Abundance of platelet aggregates in 
histologic sections of lung. Entire sections 
were counted microscopically and areas were 
determined by planimetry. 

Aggregates per 
Sections square centimeter 

Sections Case examined of section 

Range Mean 

No. 1 4 130 to 475 290 
No. 2 4 6to 46 20 
No. 3 5 15 to 51 33 
No. 4 5 13 to 235 93 
No. 5 8 9 to 214 47 
No. 6 10 22 to 265 155 
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We attribute death in these cases to 
pulmonary microembolism because the 
extent of vascular blockage was similar 
to that found in lethal experimental 
microembolism by fibrin clots (18). But 
the mechanisms of microembolic death 
are complex and still unsettled. Thus, 
in addition to direct vascular blockage, 
microembolism, even with inert mate- 
rials, induces secondary vasoconstriction 
of other pulmonary vessels, further ob- 
structing pulmonary blood flow (19). 
Moreover, such a vasoconstrictive re- 
sponse may be greatly augmented by the 
presence within emboli of platelets, re- 
leasing vasoactive 5-hydroxytryptamine 
(20) and prostaglandin F2e (14, 21). 

The morphologic evidence of platelet 
degranulation in our cases suggests a 
mechanism of aggregation involving the 

platelet release reaction (8). Platelet 
aggregation of this type may be 
mediated by prostaglandin endoperox- 
ides (PGG2 and PGH2), which are 
thought to be intermediates in the bio- 
synthesis of prostaglandins E2 and F2o 
from endogenous platelet arachidonic 
acid (22). Although the clinical and 
pathological features of the cases re- 
ported here fail to disclose any means 
by which platelet prostaglandin synthesis 
might have been so stimulated, we ex- 
pect that our findings will point the 
way to identification of additional cases 
and the possibility of uncovering etio- 
logic agents. 

HUBERT PIRKLE 
Department of Pathology, 
College of Medicine, 
University of California, Irvine 92664 

PER CARSTENS 

Department of Pathology, School of 
Medicine, University of Louisville, 
Louisville, Kentucky 40201 
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Rapid Asymptotic Species Accumulation in Phytophagous 
Insect Communities: The Pests of Cacao 

Abstract. The number of cacao insect pests is described by a species-area curve. 
Either annual cacao productivity or area in cultivation of the crop predicts the 
number of associated insect pest species, when the world's cacao-producing regions 
are compared. Analysis of covariance does not discriminate different species-area 
regressions for native as opposed to nonnative cacao-producing regions; the num- 
bers of insect pest species per unit area of cacao in regions of long-standing cul- 
tivation do not exceed the numbers in regions of recent introduction. This demon- 
strates that the number of cacao insect pest species rises rapidly to an asymptote 
set by the area in cultivation in each region. 
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Species interactions are the focus of 
community biology. Considerations of 
matter and energy circulation, produc- 
tivity, and stability depend on the shape 
and time course of the species accrual 
curve. Communities accrue species by 
colonization, speciation, and extinction; 
the net number of species at any time 
is the difference between cumulative 
addition and extinction. There is a spec- 
trum of possible time courses for species 
accumulation. At one extreme, com- 
munities could grow nonasymptotically; 
the net number of species in the com- 
munity could increase at a significant 
rate through evolutionary or geologic 
periods. The other extreme is asympto- 
tic growth in ecological time. Theories 
based on nonasymptotic assumptions ex- 
plain species richness differences as a 
result of age differences among com- 
munities (1). Asymptotic theories hold 
variation in species richness to result 
from differences in the relatively age- 
independent structural properties of the 
environment (2, 3). Evidence that non- 
asymptotic species accumulation actual- 
ly occurs is poor (4) whereas there is no 
question that species richness in some 
communities equilibrates rapidly (4, 5). 

But communities may accumulate 
species in different fashions. For ex- 
ample, bird species interact differently 
than plant or insect species. This led 
Whittaker (6) to predict that insect 
and plant communities do not become 
saturated with species, even though 
bird communities do (3, 7). Independent 
reasoning has led Janzen (8) to predict 
species saturation of phytophagous in- 
sect communities, but only after peri- 
ods of evolutionary time. The prob- 
lem, then, is to discover how rapidly 
species assemblages actually equilibrate 
and whether there is a great variation in 
time to equilibration (that is, do some 
communities become saturated rapidly 
while others require long evolutionary 
or geologic periods?). 

Species saturation is usually verified 
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with reference to the geographic area 
supporting the species assemblage; I 
show it here for phytophagous insects 
with reference to the geographic range 
of the host plant species. Cacao, Theo- 
broma cacao, is a sterculiaceous un- 
derstory tree native to central and 
tropical South America (9). It has been 
introduced throughout the tropics dur- 
ing the last 300 years, and cocoa is 
made from the fruit. Using data from 
Entwistle (10), I have determined the 
number of insect pest species reported 
from each region of cacao cultivation. 
These pests are strikingly autochtho- 
nous. Fewer than 15 percent of the 
1905 presently reported species are 
known from more than one cocoa- 
producing area, and fewer than 1.5 
percent are reported as "widespread," 
"very widespread," or "general." This 
means that insect pests have been rapid- 
ly and independently recruited from the 
the fauna of each cacao introduction 
region. Saturation has followed this 
rapid accumulation of pest species, as 
shown by a species-area relation (Fig. 
1). The species-area relation is S = 
kAz, where S is the number of species, 
A the area of the region considered, k 
a constant for the biota in question, 
and z the ratio of log species change to 
log area change (11). In this case, the 
relation shows that an upper limit is 
set on the number of associated insect 
species by the area of cacao cultivation 
in each region. Annual cocoa produc- 
tivity is highly correlated with area in 
cacao cultivation [data from (12)] on 
a per region basis (13). If cocoa pro- 
ductivity is used as an index of area, 
ten more regions can be considered; 
these regions list no data on area in 
cacao cultivation but do list cocoa pro- 
ductivity. Figure 2 demonstrates that 
the statistical significance of the species- 
area relation is preserved when all re- 
gions are considered for which there is 
even indirect information on cacao 
area and insect species. 
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