of those in the isolated group would
show comparatively little added devel-
opment.

If the median of the groups is used as
the dividing line for low- and high-rank-
ing brain weights, the isolation-enrich-
ment differences would be most apparent
between the low-ranking brain weights
from each group. This is so because al-
though all animals in the enriched group,
both low-ranking and high-ranking in
terms of the genetic brain weight com-
ponent, would show an upward shift as a
result of their experience, the low-rank-
ing animals in the isolated group would
be more likely to be those which had re-
ceived little or no benefit from the limit-
ed stimulation they had received. Those
isolated animals that would have ranked
low on the basis of the genetic com-
ponent alone but had shown some addi-
tional environment-dependent devel-
opment would be likely to move above
the median displacing somewhat higher-
ranking animals that had exhibited little
response to the limited stimulation.

Two predictions can be made on the
basis of this model. (i) The amount of in-
tragroup variance among the isolated an-
imals will exceed that among the en-
riched. Such a prediction results from
the presence of a genetically determined
developmental ceiling against which the
enriched animals will be pushed, com-
bined with the increased probability that
enrichment will lift all animals from the
base line. This comparison was per-
formed by computing the coefficient of
variation for each of the enriched and
isolated groups. In eight of the nine stud-
ies the variance of each isolated group
exceeded that of its enriched counter-
part, and in the remaining study (group
80) they were equal.

The second prediction is based on the
assumption that the two groups fall on
opposite sides of the midpoint of the
asymptotic curve. (ii) Since there exists
both an effective ceiling to development
and a base line from which such devel-
opment commences, the variance distri-
bution on either side of the median
should be opposite for the two environ-
mental groups. Within the enriched
groups, the variance between the brain
weights lying below the group median
should exceed the variance of those
above; the opposite should be the case
for the isolated groups. This prediction
was tested by using a Fisher exact prob-
ability test (P < .05).

We conclude that the data support the
hypothesis that sensory stimuli act by in-
ducing environment-dependent neural
development in accordance with the
model (Fig. 2). The nature of this stimu-
lation has been the subject of a previous
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paper (4) wherein we argued that the bas-
ic mechanism is that of nonspecific acti-
vation of the cortex during arousal. In
this regard, the rank-ordering effect de-
creased after 60 days of differential rear-
ing. This may be explained if progressive
habituation of the sensitization derived
from arousal-inducing aspects of the en-
vironment occurs in the enriched ani-
mals, while spontaneous recovery of
habituated sensitization occurs in the
isolates as a result of the absence of such
arousal-inducing (sensitizing) stimuli (7).
The net effect of these alterations in the
arousal threshold would be that the
arousal potential of both types of living
environment would become more similar
to their respective inhabitants with in-
creasing duration of exposure.

There remains, however, an additional
consideration. While, in accordance with
our prediction of sensitization during iso-
lation, there was an inverse relationship
between the magnitude of the rank-or-
dering effect and the duration of isola-
tion, an overall enrichment-isolation dif-
ference was present at both 90 and 120
days (4.5 percent, P < .01, and 6.8 per-
cent, P < .001, respectively). In groups
90 and 120, the forebrains of the enriched
animals were consistently heavier than
those of the isolates for all brain-weight
ranks. Other reports have also indicated
that, under some conditions, enrich-
ment-isolation differences in cortex
weight have been observed beyond 80
days of differential rearing (6, 8). Thus, it
appears likely that sensitization of the
isolated animals does not fully com-
pensate for the reduced stimulus levels,
and that development stabilizes at a sub-
optimal level.

Finally, we suggest that environmental
enrichment has been greatly over-
emphasized as the causative agent for
enrichment-isolation brain changes. The
degree of sensory deprivation suffered
by the isolated animals is likely to be the
critical factor, since the stringency of
this condition determines the proportion
of subjects retarded in their environ-
ment-dependent neural development.
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Disruption of Sex Pheromone Communication in a Nematode

Abstract. Males of Nippostrongylus brasiliensis, an intestinal parasite of rodents,
were maintained in an environment permeated with pheromone produced by females
of the species. After the males were removed from that environment, their sub-
sequent ability to orient to a gradient of the pheromone emanating from living fe-
males was greatly reduced for periods up to 2 hours. This phenomenon might serve
as the basis for a new, selective antihelminthic technique in which the premating
communication between males and females is disrupted.

The first report concerning the use of
chemical signals in premating communi-
cation between the sexes of a nematode
was published in 1964 (/). Since that
time, it has rapidly become apparent that
sex pheromones are the primary commu-
nicative signals that bring together the
sexes of many plant-parasitic, free-liv-
ing, and animal-parasitic nematode spe-
cies. We propose that a necessity for dis-
tance communication by pheromones
prior to mating may constitute a ‘‘weak

link’” in the life cycle of certain pestif-
erous species, wherein man might ma-
nipulate the chemical signals to his ad-
vantage and to the disadvantage of the
nematodes.

Entomologists have recognized for
some time that pheromone communica-
tion is an essential component of the pre-
mating behavior of a number of pest in-
sect species and are now advancing rap-
idly toward environmentally safe insect-
control strategies based on manipulation
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of the pests’ communication systems (2).
One of the most promising of such strate-
gies being developed by entomologists,
called ‘‘disruption of pheromone com-
munication’’ involves the permeation of
the pests’ environment with a synthetic
pheromone that is identical to the phero-
mone released by the living insects prior
to mating (3). With the synthetic phero-
mone odor being everywhere in the envi-
ronment, the sex that normally responds
to the pheromone is rendered incapable
of locating the pheromone-releasing sex.
Considerable experimental evidence in-
dicates that sensory adaptation and ha-
bituation of the insects to the omnipres-
ent pheromone are major factors causing
this communication disruption (2, 4). We
now report that the disruption concept
might be useful in pest-control systems
directed against certain nematode spe-
cies, including nematodes that are para-
sites of mammals. We have maintained
males of Nippostrongylus brasiliensis,
an intestinal parasite of rodents, in an en-
vironment permeated with female phero-
mone and have found that the males’
subsequent ability to orient to a gradient
of pheromone emanating from living fe-
males was greatly reduced for periods of
at least 2 hours.

Nippostrongylus  brasiliensis ~ was
maintained by subcutaneous inoculation
of white mice (5). Young adult nema-
todes were collected for experimentation
at 5 days after infection, because phero-
mone production by females and phero-
mone responsiveness by males are maxi-
mal at that age (6). Standard female
pheromone solutions were obtained on
each day of experimentation by main-
taining known numbers of females in 2
ml of Tyrode’s solution (7) for 2 hours,
after which the females were removed.
Groups of 50 males were then placed in
the solution for varying intervals of ex-

posure, after which they were removed .

and placed singly in bioassay chambers
to determine their responsiveness to
pheromone gradients emanating from
living females.

In each bioassay chamber (8), 35 fe-
males were confined, starting 6 hours
prior to the assay, by a filter paper bar-
rier at one end of a rectangular trough
filled with 5 ml of Tyrode’s solution. A
single male nematode was placed in the
center of the remainder of the chamber
and his distance of travel either toward
or away from the female pheromone
source was recorded after an additional 2
hours.

Responses of males that had been ex-
posed for 4 hours to various female
pheromone concentrations, ranging from
10 to 300 female-hour equivalents, in-
dicate varying degrees of inhibition of
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Fig. 1. Mean distance Lo r_
traveled toward a 35-fe-

male pheromone source
by males of Nippostron-
gylus brasiliensis after
they had been exposed
for various intervals in
Tyrode’s solution con-
taining various concen-
trations of the phero-
mone. Pheromone con- 02
centrations during prior
exposure are stated as
female hours per milli- Ny

08 =

Distance traveled (cm)

1 L 1 " 1 L L

liter of solution. For ex- 0 10
ample, a concentration

Concentration (female hour equivalents)

100 300 0 30 60 120 240 360
Time before exposure (min)

of 100 was prepared by allowing 100 females to condition 2 ml for 2 hours. Vertical lines indicate
the magnitude of the standard error for the mean movement of control (unexposed) males toward
the female pheromone source. Each point represents the mean for 40 separate assays. (A) Males
exposed for 4 hours to various concentrations of pheromone. A significant (P < .05) regression of
distance traveled by the males (Y) as a function of the log of pheromone concentration of the prior
exposure (X), was obtained, with the regression equation being ¥ = —0.39X + 1.00. (B) Males
that had been exposed for various time intervals to a concentration of 100 female hours per
milliliter. A significant regression of distance traveled by the males (Y) as a function of the log of
prior exposure time in minutes (X) was obtained, with the regression equation being

Y =-0.29x + 0.82.

subsequent male responsiveness, with
essentially no males responding to the
pheromone gradient when they had been
exposed to the highest concentration
(Fig. 1A) (9). In a related experiment,
with males that had been exposed to a
single concentration (100 female-hour
equivalents) for varying time periods
ranging from 30 to 360 minutes, a similar
inhibition of male responsiveness oc-
curred when they were subsequently ex-
posed to the female pheromone gradient
(Fig. 1B). Finally, males were allowed
various time intervals of ‘‘recovery’’ in
clean Tyrode’s solution between their
exposure to 100 female-hour equivalents
for 4 hours and their exposure to the
pheromone gradient. Even with a 2-hour
recovery period, the males only traveled
a mean distance of 0.20 cm (% 0.12,
standard error) toward the pheromone
source, as compared with0.75 cm (£ 0.24,
S.E.) for nematodes that had not received
any exposure prior to treatment.

The results of these experiments
clearly show that prior exposure in vitro
of male N. brasiliensis to female phero-
mone inhibits their subsequent ability to
orient to pheromone gradients and move
toward females for periods up to 2 hours
after the prior exposure. Considering
that prior exposure to the nematode
pheromones causes such a strong inhibi-
tion of male responsiveness, it seems
reasonable that a continuous exposure
would create at least as strong an inhibi-
tion while at the same time creating
““confusion’’ in the communication sys-
tem by destroying the coherent gradients
or other characteristics of the phero-
mone message that normally guides
males to individual pheromone-releasing
females. Therefore, we propose that the
permeation of the normal environment of

certain nematode species with their syn-
thetic pheromones, perhaps through the
application or ingestion of slow-release
pheromone formulations, might offer
considerable potential as a selective anti-
helminthic technique.
L. W. BoNE
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