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Five traps, each of which was baited 
with an evaporator (9) that released 
cis-7-dodecenyl acetate (10) at a differ- 
ent rate, were simultaneously placed in 
a field supporting a mixed population 
of both species. On each of 30 consecu- 
tive mornings, the moths caught in the 
traps were identified, sexed, and 
counted, and each trap was randomly 
moved to a new position. The 
number of T. ni males caught per 
trap increased with each increase 
in the rate of evaporation of cis- 
7-dodecenyl acetate (Fig. 1). On the 
other hand, A. californica males were 
caught only in the traps that released 
this compound at those low evaporation 
rates which were largely unattractive 
to T. ni males. These data indicate that 
the release of the same sex pheromone 
by females at different rates is a prob- 
able mechanism of reproductive isola- 
tion between these two species. 

Only over a very narrow range of 
evaporation rates of cis-7-dodecenyl 
acetate will T. ni males enter traps 
baited with this chemical (11). Few 
males are captured in traps releasing 
the pheromone at rates tenfold above 
or below the optimum. We believe that 
the optimum release rate may be that 
which causes the pheromone concentra- 
tion near the entrance of the trap to 
be similar to the concentration found in 
the immediate vicinity of a free-living, 
pheromone-releasing female. We further 
propose that a male encountering this 
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and engages in a short-range "search- 
ing" behavior, causing it to enter the 
trap. If these hypotheses are correct, 
then T. ni males responding to the low 
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leased from A. californica females 
would not reach their critical concen- 
tration and thus would neither terminate 
their long-distance orientation behavior 
nor enter traps. On the other hand, 
A. californica males approaching a 
receptive T. ni female would pre- 
sumably reach this concentration, and 
thus terminate their long-distance orien- 
tation behavior, at some point down- 
wind from the female. 
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No. of males 
captured per trap* 

T. ni A. cali- 
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captured per trap* 

T. ni A. cali- 
fornica 

T. ni 1861 1 
A. californica 37 79 
* Based on 30 trapping nights. 
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tured in the traps baited with females 
of A. californica. Also, at certain inter- 
mediate evaporation rates of cis-7- 
dodecenyl acetate, males of both species 
were captured. However, previous 
laboratory research (8) has shown that 
an additional mechanism can operate 
at very close range, causing the female 
to reject copulation attempts made by 
males of the wrong species. 
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Leaching: Use of a Thermophilic and 

Chemoautotrophic Microbe 

Abstract. A chemoautotrophic, thermophilic, and acidophilic microorganism 
capable of oxidizing reduced sulfur and iron compounds and leaching concen- 
trates of molybdenite and chalcopyrite at 60?C has been characterized by trans- 
mission and scanning electron microscopy. This constitutes the first direct observa- 
tions of microorganisms on ore fines. 
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Field studies indicate that tempera- 
tures within low-grade copper ore 
dumps may reach 80?C (1). These 
elevated temperatures undoubtedly in- 
hibit the leaching activity of strains of 
sulfur- and iron-oxidizing bacteria 
whose optimum temperature range is 
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25? to 45?C (2, 3). Thermophilic or- 
ganisms have not previously been con- 
sidered in leaching activities. We there- 
fore report the characterization of a 
chemoautotrophic, thermophilic, and 
acidophilic microorganism, possibly 
related to Sulfolobus (4), with the capa- 
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bility of oxidizing reduced sulfur and 
iron compounds between 45? and 70?C. 
The information presented here indi- 
cates that this organism may be useful 
as a biological leaching agent in regions 
of high temperature within dumps. 

The organism was isolated by J. A. 
Brierley (5) from an acid, hot spring 
in Yellowstone National Park and re- 
cently has been described in more de- 
tail (6). Morphologically, the isolate is 
pleomorphic, varying in diameter from 
1.0 to 1.5 ,tm. A rigid cell wall struc- 
ture, typical of most bacteria, is not 
present. A membrane surrounds the cell; 
an amorphous layer is evident outside 
the membrane. The isolate possesses a 
dense, intracellular body of unknown 
composition and function '(Fig. 1) (7). 

The chemoautotrophic isolate grows 
aerobically. The source of energy can 
be either elemental sulfur or ferrous 
iron in a basal salt medium (3) contain- 
ing 0.02 percent yeast extract. After 2 
weeks of incubation at 60?C, the inoc- 
ulated medium, containing elemental 
sulfur, was turbid and the total acidity 
had increased by 0.54 meq. Incubation 
of the isolate for 2 weeks in a basal salt 
medium containing 2.0 mg of ferrous 
iron per milliliter of solution resulted 
in the oxidation of 1.9 mg of the ion 
per milliliter of the solution and micro- 
scopically visible growth. Growth also 
occurs on either sulfur or iron in the 
absence of yeast extract; however, the 
growth is much slower. 

Leaching studies showed that 98.5 
percent molybdenite (MoS2) with a 
particle size of 12 to 62 /am is also 
oxidized by the thermophilic isolate at 
600C. Molybdenum is solubilized at a 
rate of 6.6 mg liter-' day-' over a 
30-day period for a yield of 3.3 percent 
in 100 ml of the inoculated acid medi- 
um, pH 2.5 (3) when shake flask ex- 
tractions are used. When 0.02 percent 
yeast extract is added to the medium, 
the rate of dissolution is increased to 
16.6 mg liter-' day-' (yield after 30 
days, 8.3 percent); the addition of both 
0.02 percent yeast extract and 1 per- 
cent ferrous sulfate increases the rate 
of dissolution to 26.5 mg liter-l day-l 
(yield after 30 days, 13.3 percent). In 
all cases the solubilization of molybden- 
um in uninoculated controls proceeded 
at a rate of 0.2 mg liter-' day-' over 
a 30-day period for a yield of 0.1 per- 
cent (8). Microscopic observation of in- 
oculated flasks, containing 800 parts per 
million (ppm) of solubilized molyb- 
denum, after 30 days of incubation, re- 
vealed the presence of a dense popula- 
tion of the organism; continuation of 
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Fig. 1 (left). Transmission electron mi- 
crograph of a thin section of the chemo- 
autotrophic isolate showing the intracel- 
lular body (IB). Fig. 2 (below). 
Scanning electron micrographs of the 
isolate on molybdenite fines: (A) local- 
ized segregation of isolate clusters; (B) 
magnified view of a single cluster in (A). 

the leaching for another 30 days yielded 
further solubilization of the molyb- 
denum, but at a decreased rate. A mano- 
metric measurement of respiration indi- 
cated that sulfur oxidation is not in- 
hibited for 1 hour by the addition of 
2000 ppm of molybdenum (9); how- 
ever, growth of the isolate on sulfur is 
slowed by the addition of 1000 ppm of 
molybdenum (10). The tolerance to high 
concentrations of soluble molybdenum 
is unique to this organism-other in- 
vestigators have reported a maximum 
tolerance of chemoautotrophic bacteria 
to molybdenum of about 5 to 90 ppm 
(11). Thus, where molybdenum is pres- 
ent, the use of other chemoautotrophic 
bacteria is necessarily limited. 

Although there have been several at- 
tempts to investigate the disposition and 
distribution of bacteria on ore fines by 
replication electron microscopy (12), 
direct observations have not been made. 
Figure 2 illustrates several examples of 
direct observations of the thermophilic 
isolate on molybdenite fines in which 
the scanning electron microscope was 
used in the secondary emission mode 
(13). In Fig. 2A it may be observed 
that morphologically the isolate con- 
sists of clustered (colony) structures, 
each with an overall shape compatible 
with that shown in Fig. 1. Several ob- 
servations of individual isolate clusters 
similar to that shown in Fig. 2B were 
made at various imaging angles in 

order to study the isolate-mineral inter- 
face. Apparently the isolate in many 
cases attaches to the mineral surface. In 
addition, nondispersive x-ray analysis of 
isolated organisms showed them to con- 
tain trace amounts of copper, detect- 
able above the background in character- 
istic x-ray maps. 

Preliminary evidence indicates that 
the isolate also oxidizes a chalcopyrite 
concentrate under the same conditions 
that it leaches a molybdenite concen- 
trate. The copper is solubilized at a rate 
of 10 to 16 mg liter-' day- from a 
chalcopyrite concentrate (27.6 percent 
copper; particle size; 74 to 105 tAm) 
over a 30-day period in an inoculated 
acid medium, pH 2.5 (3). The solubili- 
zation of copper in uninoculated flasks 
occurs at a rate of 1 to 1.8 mg liter-' 
day-' over a 30-day period. 

These properties, coupled with the 
isolate's ability to tolerate high concen- 
trations of molybdenum, indicate that 
it may be a useful agent for leaching in 
dump regions where temperatures ex- 
ceed the optimum (25? to 45?C) for 
most chemoautotrophic microorganisms. 
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Although the short-term (acute) ef- 
fects of marihuana have been deter- 
mined, the long-term effects of mari- 
huana have not been well defined (1). 
For example, the issue of whether mari- 
huana tolerance develops in man has 
not been settled experimentally, and 
some discrepancy still exists regarding 
the effects of repeated marihuana ad- 
ministrations in nonhuman species. In 
those animal experiments where the ef- 
fects of marihuana on unlearned be- 
havior or on learned shock-avoidance 
behavior have been studied, no con- 
sensus as to the occurrence of mari- 
huana tolerance has been reached (2, 
3). 

In contrast, the development of a 
marked tolerance to the effects of mari- 
huana on simple behavioral tasks main- 
tained by appetitive rewards has been 

consistently demonstrated in a wide 

range of animal species (2, 4, 5). Most 
of these behavioral tasks have involved 
situations of the "go, no-go" type 
in which delivery of reward is made 

dependent on the repeated occurrence, 
as compared to the nonoccurrence, of 
a simple learned response. We now re- 

port a lack of tolerance in the chim- 

panzee to the behavioral effects of A9- 

trans-tetrahydrocannabinol (A9THC), 
the major active constituent of mari- 
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huana tolerance has been reached (2, 
3). 

In contrast, the development of a 
marked tolerance to the effects of mari- 
huana on simple behavioral tasks main- 
tained by appetitive rewards has been 

consistently demonstrated in a wide 

range of animal species (2, 4, 5). Most 
of these behavioral tasks have involved 
situations of the "go, no-go" type 
in which delivery of reward is made 

dependent on the repeated occurrence, 
as compared to the nonoccurrence, of 
a simple learned response. We now re- 

port a lack of tolerance in the chim- 

panzee to the behavioral effects of A9- 

trans-tetrahydrocannabinol (A9THC), 
the major active constituent of mari- 
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huana, on a conditional discrimination 
task which makes reward dependent on 
correct choice responses. 

The effects of repeated A9THC ad- 
ministrations on short-term memory 
have not been studied in animals or 
man. We chose the delayed matching 
to sample task for our chimpanzee ex- 

periments since this task has proved 
useful for the study of conceptual 
processes and short-term memory in 
nonhuman primates, as well as for the 

study of short-term effects of psycho- 
tropic drugs (6). In addition, both the 

delayed matching to sample perform- 
ance of nonhuman primates and hu- 
man short-term memory have been 
shown to be impaired by AS9THC (7, 
8). 

Each of the three male and two 
female adult chimpanzees had exten- 
sive behavioral and A'THC histories 
(5, 8-10) but had not been given drugs 
for approximately 3 weeks prior to the 

experiments reported below. The indoor 
area of the chimpanzee's living cage 
was modified to hold a stimulus- 

response panel containing three hori- 

zontally aligned choice-response keys 
and a sample response key located 
above the middle choice key. A de- 

layed matching-to-sample trial was ini- 
tiated by illuminating the sample re- 
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layed matching-to-sample trial was ini- 
tiated by illuminating the sample re- 

sponse key with one of three white 
geometric forms (A, X, or -) or one 
of three colors (green, red, or blue). 
The chimpanzee was required to make 
ten consecutive responses to the sample 
key after which the sample stimulus 
was turned off and a 20-second delay 
period was initiated. After the delay 
period, each of the three choice keys 
was simultaneously illuminated with a 
different choice stimulus. Although the 
positions of the choice stimuli were de- 
termined randomly, the choice stimuli 
for a given trial were from the same 
stimulus dimension as the sample 
stimulus for that trial. A response to 
the choice stimulus, which was the 
same as the previously presented sam- 
ple stimulus, produced a reward consist- 
ing of a 1-g banana pellet (Ciba) and 
terminated the trial. A response to either 
of the two incorrect choice stimuli 
simply terminated the trial. Successive 
trials were separated by 15 seconds. 
Each daily experimental session con- 
sisted of 100 trials or 85 minutes, 
whichever came first. 

After the behavior of individual 
chimpanzees appeared stable over seven 
consecutive sessions, the chimpanzees 
were given six control sessions in which 
the drug was not given, 21 consecutive 
A9THC sessions at 1.0 mg/kg, and 21 

recovery sessions in which no drug was 
given. Finally, 42 consecutive A9THC 
sessions at 4.0 mg/kg were followed by 
33 recovery sessions during which no 
drug was given. The A?THC (11) was 

orally administered 2.5 hours before 
each drug session in a vehicle con- 

sisting of water, corn syrup, and orange 
extract. The drug vehicle alone was 
administered 2.5 hours before each ses- 
sion in which no drug was given. 

Since no systematic differences were 
obtained between color and form stim- 
uli, the percentage of correct matching 
responses was plotted as an average for 
color and form trials (Fig. 1). Sepa- 
rate t-tests indicated that the initial 
A9THC doses of 1.0 mg/kg and 4.0 

mg/kg produced significant (P < .01) 
decreases in matching accuracy as com- 

pared to the immediately preceding 
sessions without the drug. The magni- 
tudes of these performance decrements 
were apparently not dose related. More 

importantly, no significant decrease in 
the drug effect on matching accuracy 
was observed during either long-term 
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drug regimen. Recovery after the drug 
was more rapid after termination of 
the 1.0 mg/kg dose. In fact, a signifi- 
cant (P < .05) decrease in matching 
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Lack of Tolerance to A9-Tetrahydrocannabinol in Chimpanzees 

Abstract. Five chimpanzees were given A9-tetrahydrocannabinol (A9THC): 1.0 
milligram per kilogram of body weight for 21 days and 4.0 milligrams per kilo- 
gram of body weight for 42 days.. Although accuracy and speed of performance 
on a delayed matching-to-sample task were significantly affected by both doses, 
tolerance to A9THC did not develop. No long-term behavioral effects of A9THC 
were observed after termination of the drug regimens. 
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