sive colonies, because the targets were
completely covered by bees within a few
seconds of being presented. Since the
bees remained on the targets (biting and
stinging), other bees could not reach the
surface with their stings.

Correlations between measures of all
traits are presented in Table [. Among
the significant correlations, times to re-
act were negatively correlated with num-
bers of bees and stings and positively
correlated with each other, as would be
expected. Bee counts and stings were
positively correlated. A few correlations
were not significant in one population,
but significant for the other. The most
notable differences were nonsignificant
correlations in the European population
between time to react to pheromone and
either time to react to target or total
number of stings, and between number
of bees in pre, 30-second, and 60-second
pictures and the total number of stings.
These correlations were significant for
the Africanized population. This differ-
ence reflects a greater proportion of Afri-
canized bees participating in colony de-
fense, as compared with European bees.

Other differences apparent in the re-
sponses showed by the two populations
were not quantified in the test. The most
obvious of these was the propensity for
the Africanized bees to come out of the
colony and flty. There were many more
bees in the air and harassing the experi-
menters during tests of these colonics
than during tests of the European colo-
nies. In addition, Africanized bees at the
entrance frequently attacked other bees
—a behavior not exhibited by the Euro-
pean bees.

The number of stings in a leather ball
was measured on colonies of bees in
Brazil under temperature conditions (24°
to 32°C) similar to those of our study
(12). With adjustments for different tar-
get sizes, Africanized bees in northern
and southern Brazil stung at ratcs of 0.32
and 0.26 stings per square centimeter iri
30 seconds, respectively, whereas the
Venezuelan population we studied aver-
aged 0.85 stings per square centimeter in
30 seconds. This refutes the idea that the
migrating bees have become milder
through hybridization with ‘‘native”
bees.

The measures of defensive behavior
made during our studies indicate that the
Africanized bee as it currently exists in
Venezuela is significantly different from
its European counterpart in the United
States. The Africanized bees respond to
colony disturbance more quickly, in
greater numbers, and with more stinging.
The impact of such a bee on the U.S.

beekeeping industry and agriculture
would be considerable. Public response
to the possibility of severe stinging and
death would cause many beckeepers to
give up beekeeping or reduce their colo-
ny holdings. The resulting reduction in
honey production, and the loss of the
major inscct pollinator of many crops,
would constitute a major expense for
American agriculture.
ANITA M. COLLINS
THOMAS E. RINDERER
JouN R. HarsO
ALAN B. BOoLTEN*
United States Department of
Agriculture, Agricultural Research
Service, Bee Breeding and Stock
Center Laboratory,
Baton Rouge, Louisiana 70808
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Occlusal Variation Related to Soft Diet

in a Nonhuman Primate

Abstract. Among 43 squirrel monkeys (Saimiri sciureus) raised either on naturally
tough or on artificially soft foods, there are significant differences in occlusal
Jeatures. Animals raised on sdft foods show more rotated and displaced teeth,
crowded premolars, and absolutely and relatively narrower dental arches. Dietary
consistency may be a determinant of occlusal health.

The dental profession lacks consensus
on reasons for the high prevalence of
malocclusion in Western society (/). The
condition is usually considered genetic
(2, 3). Among suggested environmental
correlates, an infrequently acknowl-
edged idea is that forceful chewing stim-

ulates jaw growth—ensuring large arch
space in relation to tooth size, thus pre-
venting crowding—and guides proper
eruption of permanent teeth and coordi-
nated oral-facial growth. Studies of non-
Western peoples (4) support this expla-
nation: a sudden increase in occlusal

Table 1. Arch measurements of squirrel monkeys raised on natural hard diets (N = 24} and
those raised on soft diets (N = 19). Values represent the mean =+ standard deviation. Variance

was homogeneous for all variables.

Measurement (mm)

Variable
Hard diet Soft diet
Maxillary length to M! 17.27  + 0.83 17.49 = 0.62
Maxillary length ta C! 9.76% + 0,77 9.00 = 0.76
Maxillary breadth at M! 18.33* = 0.83 17.57 = 0.75
Maxillary breadth at P? 17.12% * 0.89 15.54 =+ 0.65
Mandibular length to M, 15.85 =+ 0.87 15.51 = 0.69
Mandibular breadth at M, 14.38% =+ 0.65 13.56 = 0.58
Palate height 3.99% =+ (.38 3.44 +0.28
Maxillary (M"Y breadth/length ratio 1.056* = 0.037 1.005 = 0.045
Mandibular breadth/length ratio 0.908* x 0.034 0.875 + 0.028

*Mean significantly larger at P — .01.
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variation has been repeatedly observed
in societies that become industrialized
and diets shift to refined food. Some
experiments on rats have shown similar
results (5, 6), but rats are not appropriate
models for occlusion in humans (7).
Among primates the squirrel monkey
(Saimiri sciureus) is an excellent human
analog for masticatory studies. We re-
port results of a study of growth and
occlusal consequences of a soft diet in
squirrel monkeys.

The animals were from two groups;
one (N = 22) was raised in the wild on
the raw and usually tough natural food-
stuffs (8) before capture, and the other
(N = 17) was raised in the laboratory on
a soft artificial diet that contained 0.25
percent cholesterol (9). We added to
each group two experimental animals
raised under closely observed laboratory
conditions on hard or on water-softened
biscuits. Dental stone casts were made
of adult animals and were sent to one of
us (R.M.B.), who kept the records and
documentation and provided the casts
to the other (R.S.C.). The subjects
thus were scored and sorted double-
blind; occlusal variations from anatomi-
cally defined norms (/, 10, 1I) were
observed under an illuminating magnifier
{12). A resulting contingency assortment
showed that 19 animals raised on hard
diets had no observable occlusal devi-
ations and three had noticeable devi-
ations from normal; four animals raised
on soft diets had no occlusal deviations,
but 14 did. These figures represent a
statistically significant association be-
tween occlusal abnormalities and main-
tenance during growth on a soft diet (/3).
Deviations were analogous to common
human malocclusions—mesially narrow
and disproportionately long maxillary
arches leading to upper incisor overjet
forward over the lower incisors impacted
malerupted premolars and second mo-
lars, malaligned crowded premolar rows,
and crowded and rotated incisors. The
tooth displacement count (I, /1) was
significantly greater in animals on soft
diets (Fig. 1), although the count did not
approach the average of 5.1 for urban-
ized humans (/).

There are consistent metrical differ-
ences between the two experimental
groups (Table 1). Medio-lateral arch
breadths are significantly larger in ani-
mals on hard diets. Maxillary and man-
dibular arch lengths (from medial inter-
incisal point to behind the first molars),
on the other hand, are relatively unaf-
fected by diet. This finding is consistent
with similar experiments on rats (5, 6).
Maxillary arch length to the canine
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Fig. 1. The mean values and 95 percent confi-
dence intervals for tooth displacement scores
of 70 wild squirrel monkeys, 23 raised on hard
diets, and 19 raised from immaturity on artifi-
cial soft diets.

tooth, which actually measures anterior
arch breadth or squareness, does vary
with diet. Palate height (perpendicular to
M! occlusal surfaces) is greater in the
group on hard dicts. Breadth to length
ratios eliminate sex dimorphic effects on
the data; maxillary and mandibular rela-
tive breadth ratios are much greater in
the animals on hard diets. The multivari-
ate metrical pattern indicates pro-
nounced differences (14).

Craniofacial growth coordination and
morphological integration (measured by
correlation) are known to break down in
samples of humans with malocclusion
(15); this is often attributed to so-called
racial mixture. Bivariate correlations
among metrical attributes are consistent-
ly lower in our soft-diet group, averaging
.48; in contrast, the average for the wild
monkeys was .68 (/6). The most signifi-
cant differences are in the two measure-
ments of maxillary breadth in compari-
son to palate height: corrclations are
positive in the group on hard diets and
negative in the soft-diet group (/7).
Again, multivariate tests confirm the sig-
nificant pattern of differences (/8).

Our results indicate a relation between
dietary consistency (hence chewing
forces) and occlusal development in
these monkeys. The relation of mastica-
tory demand to processed foods pro-
vides a consistent model for predicting
the inevitable transition from predomi-
nantly good to bad human occlusion
within one generation’s time, as experi-
cnced by many socicties (4) when the
diets shift to soft, processed foods. This
experiment involved a natural, noninva-
sive mechanism relevant to humans; oth-
er primate experimentation has involved
radical methods such as cutting muscles,
blocking nasal passages, or inserting oral
implants (19), disruptions not generaliz-
able to the average person.

Interproximal attrition and loss of
arch space were negligible in our ani-
mals; periodontal disease, carious de-
struction, and tooth loss were present in
both samples and actually greater in the

group raised on hard diets. Therefore,
these two frequently mentioned factors
do not explain the observed differences.
We conclude that chewing stress is an
epidemiological factor with possible pre-
ventive implications for occlusal dis-
orders.

ROBERT S. CORRUCCINI
Department of Anthropology,
Southern Illinois University,
Carbondale 62901

ROBERT M. BEECHER

Department of Anatomy,
Wright State University School
of Medicine, Dayton, Ohio 45435
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Associative Learning in Egglaying Site
Selection by Apple Maggot Flies

Abstract. Evidence is presented demonstrating that associative learning during
oviposition in Crataegus or apple hosts can significantly influence the propensity of
apple maggot flies to accept or reject these hosts in future encounters. The data
suggest that within resource patches of a given host type there may be an
enhancement of foraging efficiency.

Insects of several orders undergo
adaptive changes in behavior as a result
of experience (that is, learning in its
broadest sense) (/). For example, previ-
ous experience plays an important role in
oviposition site preference pattern of
certain hymenopterous parasitoids (2).
The female, after having found and para-

sitized a few individuals of a given host
type, learns to associate particular physi-
cal or chemical cues with that type,
measurably increasing subsequent pref-
erence for it. Until now, the only strong
evidence for associative learning in ovi-
position site selection in nonparasitoid
insects is in Drosophila (3). Studies on

Table 1. Acceptance of fruit for oviposition by R. pomonella. Flies tested in the laboratory were
mature but had not been previously exposed to fruit. Flies tested in the field experiment were in
an apple orchard that was at least 1 km from other fruit hosts of R. pomonella.

Fruit Percent;ige
Test type type N accepting P*
fruit
Laboratory experiments

Two-choice C. mollis 48 94
Apple S6 46 = .001

One-choice C. mollis 50 90
Apple 50 36 = .001

Field experiment

One-choice C. mollis 50 0

Apple 50 62 = .001

Table 2. Acceptance of a fifth fruit for oviposition by trained (+) and untrained (—) flies. A fly
was considered trained if it attempted oviposition in each of the first four fruits offered, and
untrained if it did not attempt oviposition in at least one of the first four fruits offered.

First four

. . Percentage
fruits trf‘lny d Fg&ggﬁ“ N accepting P*
offered tne fifth fruit
Experiment 1
Apple + C. mollis 29 52
C. mollis + C. mollis 47 91 = .001
C. mollis - C. mollis 29 83 = .025
Experiment 2
C. mollis + Apple 49 20
Apple + Apple 26 92 = .001
Apple - Apple 49 49 = .01
Experiment 3%
Apple +i C. viridis 15 6
C. viridis + C. viridis 17 94 = ,001

TAll flies had trained on C. viridis and

*P values refer to comparisons with first item in each experiment. ( 1
$Nine of 24 flies

rejected apple when offered it as a fifth fruit 3 days prior to training under this protocol.
failed to train on apple; 7 of 24 failed to train on C. viridis.
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butterflies (4) have been suggestive but
inconclusive. In this report on oviposi-
tion of the apple maggot fly, Rhagoletis
pomonella, into host Crataegus and ap-
ple fruit, we present data showing asso-
ciative learning in egglaying site selec-
tion in a herbivorous insect.

Flies used in laboratory assays
emerged from puparia formed by larvae
that infested apples collected from Or-
chard Hill trees in Amherst. At the time
these assays were begun, the flies were
mature but had not been previously ex-
posed to fruit (hence, ‘‘naive’’). In the
two-choice test, a randomly selected fly
was caged with one apple and one Cra-
taegus mollis fruit for as long as fruit
visits continued. Each fly was removed 5
minutes after the last fruit visit. In other
laboratory tests, each randomly selected
fly was offered a single fruit and permit-
ted to remain there until it either accept-
ed the fruit (attempted oviposition) or
rejected it (left without attempting ovipo-
sition). If the fly neither accepted nor
rejected the fruit within 10 minutes,
these data were excluded from the analy-
sis.

Each fly assayed in field tests had just
finished ovipositing in a Red Delicious
apple on an Orchard Hill tree and was
offered, under the same protocol as in
laboratory tests, a single fruit for accep-
tance or rejection.

In the two-choice test in the laboratory
(Table 1) flies demonstrated a significant
ovipositional preference for C. mollis
over apple (5). Similarly, in a one-choice
test in the laboratory (Table 1) flies ex-
hibited a significantly greater propensity
to attempt egglaying in C. mollis than in
apple. In contrast, in a one-choice test in
nature (in which we offered fruits from
the same batches and on the same days
as offered in the laboratory), not one of
50 flies observed on apple trees attempt-
ed oviposition in C. mollis (Table 1) (6).

There are at least two possible expla-
nations for the difference between these
laboratory and field results. (i) The ovi-
positing flies on apple trees were individ-
uals that had a propensity—either genet-
ic or based on larval induction—to ovi-
posit in apples or (ii) the ovipositing flies
on apple trees had learned to accept
apples and reject other potential hosts
such as C. mollis. We believe the former
explanation to be unlikely on the basis
that (i) the flies observed in the labora-
tory originated as larvae the previous
year from the same trees on which the
flies observed in the field were found
ovipositing; (ii) in laboratory assays,
fewer than 3 percent of naive R. pomo-
nella flies from different wild populations
originating as larvae from apple exhibit-
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