Reports

Computerized Pattern Recognition: A New Technique for the
Analysis of Chemical Communication

Abstract. Computerized pattérn recognition techniques can be applied to the study
of complex chemical communication systems. Analysis of high resolution gas
chromatographic concentration patterns of the major volatile components of the
scent marks of a South American primate, Saguinus fuscicollis, demonstrates that
the concentration patterns can be used to predict the gender and subspecies of

unknown donors.

Chemical signals are important in
transmitting information among conspe-
cifics in many species of mammals (/, 2).
For example, work with several rodent
species has established the presence of
signals that alter behavior and endocrin-
ological states of recipients (2). Chemical
communication in primates, although
perhaps of even greater complexity, ap-
pears to serve similar functions. Re-
sponses to conspecific messages are
variable and depend on a large number of

contextual factors such as sociosexual
status, experience, and other sensory
cues perceived by the recipient (3). In
addition, chemical analyses indicate that
these signals are part of highly complex
mixtures. The isolation and identifica-
tion of the biologically relevant portions
of these mixtures have been difficult
“@).

We have applied pattern recognition
techniques to the analysis of the chemi-
cal signals utilized by primates, and now

report that the identity of gender and
subspecies in the tamarin monkey, Sa-
guinus fuscicollis, can be directly corre-
lated with specific concentration pat-
terns of the major volatile constituents of
the scent mark. This South American
primate possesses specialized circum-
genital-suprapubic scent glands that pro-
duce both sebaceous and apocrine secre-
tions. This material, together with urine
and possibly genital discharge, is depos-
ited in the environment as scent marks.
Behavioral studies have demonstrated
that test animals can discriminate be-
tween material from males and females,
from two different subspecies, and from
individuals of differing reproductive con-
dition or social status (3, 6).

Chemical analysis of the scent mark
has established the presence of 16 major
volatile components, including 15 esters
of n-butyric acid and squalene (7) (Fig.
1). The esters are of four types: saturated
butyrates, monounsaturated cis-buty-
rates of two types (A and B) dependent
on the location of the olefinic linkage,
and cis, cis-diunsaturated butyrates (8).
In addition to these esters and squalene,
the scent material contains other highly
volatile compounds that include short-
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Fig. 1 (left). Identification of the major volatile components of the scent marks of S. fuscicollis.

Peak
Fig. 2 (right). Concentrations of individual

butyrates and squalene for males and females of two S. fuscicollis subspecies relative to total concentration.
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chain organic acids, alcohols, aldehydes,
alkanes, and esters (9).

No qualitative differences were appar-
ent in the chemical composition of scent-
mark volatiles between males and fe-
males, or between the three subspecies
(S. fuscicollis fuscicollis, S. fuscicollis
illigeri, and S. fuscicollis nigrifrons)
maintained in our colony. It therefore
appeared likely that quantitative differ-
ences in the components result in con-
centration profiles that identify gender
and subspecies. In order to investigate
this hypothesis, we monitored the con-
centrations of the esters and of squalene
in the scent marks of males and females
of two subspecies (S. f. fuscicollis and S.
f. illigeri) by quantitative gas chromatog-
raphy over a 6-year period. A data base
of information concerning the relative
concentrations of the butyrates and
squalene for individuals of four donor
types was compiled (Fig. 2) and used in
pattern recognition analyses.

The technique of pattern recognition,
which has been used to analyze gas
chromatographic data (10, 11I), starts
with a set of measurements (descriptors)
that classifies an object into its proper
category. The object or pattern is repre-
sented as a point in n-dimensional space,
where the axes of this space are defined
by the set of descriptors used to charac-
terize the object. For a binary classifica-
tion problem (in the ideal case), one
group will cluster in one region of this n-
dimensional space, and the second group
will cluster in another region. For this
study, scent-mark material was collected
from 23 male and 25 female S. fuscicollis
donors (12). Of these 48 individuals, nine
were S. f. fuscicollis, 14 were S. f. illi-
geri, one was S. f. nigrifrons, and 24
were hybrids (mainly between S. f. fusci-
collis and S. f. illigeri). An average of
18 £ 4 (standard deviation) scent collec-
tions, each including two to three scent
marks, were analyzed for each individual
(13).

High-resolution capillary gas chroma-
tography with an SF96 coated, open-
tubular glass column was used to analyze
scent-mark material. Integration of peak
areas and calculation of relative reten-
tion times was done with a Perkin-Elmer
PEP-II computer interfaced to the gas
chromatograph. Concentrations of the
butyrate esters and squalene were nor-
malized and expressed as percent of total
to indicate relative concentrations (/4).
Individual means and standard errors
were then calculated for each animal.

Of the 48 donors, 40 comprised a train-
ing set from which measurements were
taken in order to generate classification
schemes (discriminants). Measurements
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Fig. 3. A principal component representation
of the pattern space defined by peaks A, D, F,
G, H, K, and N (in Fig. 1). The cumulative
variance accounted for by the first two princi-
pal components is 88 percent. The squares
represent S. f. fuscicollis and the triangles are
S. f. illigeri individuals.

obtained from the remaining eight ani-
mals (prediction set) were used to test
the validity of the classification schemes.
Members of the prediction set were cho-
sen by random lot. The data were auto-
scaled (standardized) and examined by
linear discriminant analysis (//) and the
SIMCA pattern recognition method (/5).
A discriminant that correctly classified
38 members of the training set was devel-
oped from compounds B and C. This
discriminant was tested on the prediction
set and gave 100 percent correct classifi-
cation. In the SIMCA study, a principal
component model for each class was
developed from compounds B, C, and H.
Only four animals in the training set were
misclassified, and all of the members of
the prediction set were correctly classi-
fied.

Pattern recognition analysis of the
scent prints for subspecies information
was also successful. Because the number
of animals available for this study was
smaller than for the gender analysis (nine
S. f. fuscicollis and 14 S. f. illigeri do-
nors), a prediction set was not used. A
principal component analysis (/6) was
performed on all 13 descriptors and a
decision function was developed from the
first principal component that misclassi-
fied only one animal. In the SIMCA study
a one principal-component model for each
class was developed from compounds A,
D, F, G, H, K, and N that misclassified
only one animal. The best two-dimension-
al display of the n-dimensional space
where n = 13 (the number of peaks) and
each point represents one animal is shown
(Fig. 3). The two subspecies were well
separated in this two-dimensional princi-
pal-component space.

These results demonstrate that infor-
mation derived solely from the butyrate
and squalene composition of the scent
marks could categorize the donor as to
gender and subspecies. This implies a

direct relationship between the concen-
tration of these compounds and the iden-
tity of gender and subspecies.

We have tested the discriminatory re-
sponses of subject animals to fractions of
natural scent marks from males and fe-
males that contained only the major vol-
atiles (butyrates and squalene). This ma-
terial was obtained by preparative gas
chromatographic fractionation. When
the eluate was collected in two fractions,
one containing the butyrates and squa-
lene, the other the more highly volatile
components, test animals did not differ-
entiate male from female with either
fraction. They did, however, exhibit a
good, although not statistically signifi-
cant, trend to investigate preferentially
male scent marks in both fractions.
However, when the entire eluate was
collected in one fraction, a statistically
significant preference for male over fe-
male material was obtained (o = 0.016,
Walsh test).

These results indicate that the buty-
rates and squalene alone do not contain
sufficient information for gender dis-
crimination. A number of additional
components (presumably of higher vola-
tility) in conjunction with the butyrates
and squalene appear to be necessary to
elicit the complete discriminative re-
sponse. Our application of this novel
technique to the problem of deciphering
the chemosensory code of a primate sug-
gests that computerized pattern recogni-
tion will be important in the evaluation of
the informational content of highly com-
plex chemical communication systems.
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Flight of Winter Moths Near 0°C

Abstract. Some noctuid winter moths fly at near 0°C by maintaining an elevated
(30° to 35°C) thoracic muscle temperature. Geometrid winter moths sustain them-
selves in free flight at subzero muscle temperatures. However, the temperature
characteristics of citrate synthase and pyruvate kinase from both of these different
kinds of moths and from a sphinx moth that flies with a muscle temperature of 40°C
are nearly identical. Furthermore, mass-specific rates of energy expenditure of both
kinds of winter moths are also similar at given thoracic temperature (near 0°C). The
geometrids that are able to fly with a thoracic temperature near 0°C do so largely
because of unusually low wing-loading, which permits a low energetic cost of flight.

Most moths that have been investigat-
ed are highly endothermic during flight
(1, 2), and some species maintain a tho-
racic temperature (Typ) near 45°C (3), up
to 35°C above ambient temperature (7).
The endothermic moths shiver (4) before
flight until the power output of the mus-
cles is sufficient for takeoff (5). The
lower the T4, the more energy the moths
must expend for any given preflight
warm-up or the more heat they must
retain in their flight muscles to continue
flight, or both (6). We investigated the
question of why certain noctuid and geo-
metrid moths are able to fly in the winter
at zero or even subzero temperatures.

In one group of winter moths, the
Cuculiinae  (Noctuidae), the adults
emerge-in the fall (7) and fly throughout
the winter when T, approaches 0°C.
Some of these moths (Eupsilia morri-
soni, E. tristigmata, E. sidus, and E.
vinulenta) were captured with sugar bait
(8) in Maine and Vermont in February,
and they warmed up by shivering in the
laboratory at T, as low as —3°C. They
continued to shiver until Ty, exceeded
30°C (9), their minimum Ty, for sus-
tained flight. Thoracic temperatures
were maintained between 30° and 39°C
during continuous free flight at T, from
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3°to 21°C (Fig. 1). Prolonged shivering at
low T4 (10), a 1.0-mm-thick layer of
insulating pile on the thorax, and greatly
reduced heat flow from the thoracic mus-
cles to the abdomen (/1) allow these
moths to resist the cold.

A second group of winter moths (Geo-
metridae) also emerge in the fall. We
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examined two species, Operophtera bru-
ceata Hulst. and Alsophila pometaria
Harris that fly in late November (in
northeastern United States) until the first
heavy snowfalls stop their activity. In
these moths the females are wingless,
and the males (which do not feed) fly
both at night and in the daytime. We
found O. bruceata flying in the field in
daytime at T4 as low as —3°C.

The winter geometrids are small moths
(usually <10 mg) and they are uninsulat-
ed. They were at no time observed to
either shiver or bask. Thoracic tempera-
tures of flying moths were within one
Celsius degree of T, (Fig. 1). What al-
lowed these insects to fly with a muscle
temperature below the freezing point of
water? Did they have specialized en-
zyme systems that operate at subzero
temperatures? Many insects survive
such temperatures by becoming inactive
and adapting biochemically (/2). But to
our knowledge no insect has been shown
to operate its wings in flight while its
thoracic muscles are cooled to 0°C or
lower.

We analyzed (/3) the catalytic efficien-
cy of citrate synthase (E.C. 4.1.3.7) in
noctuid and geometrid winter moths
over temperature (Fig. 2). Overall activi-
ties of the enzyme per gram of thorax fell
into a common range (50 to 100 units,
measured at 15°C), even though the noc-
tuids flew with a Ty, near 35°C, while the
geometrids flew with a Ty, as low as
—3°C. Similarly, the thermal response of
the enzyme in a sphinx moth, Manduca
sexta, which normally flies with a Ty
near 40°C (6), also fell into the same
range. These results contrast with the
available data in other ectotherms,
which show a pronounced increase in
enzyme activity associated with decreas-
ing temperature (14).

Enzyme activities in all moth species
that we examined revealed identical be-
haviors over a range of temperatures,
surprisingly independent of the Ty, nec-
essary for flight. All data points fall on
lines with slopes that are not significant-
ly different from each other, giving the
four moths enzymes with equal energies
(E,) and enthalpies (AHY) (15) of activa-
tion over the entire temperature range
(E, = 10,140 cal mol™!; standard devi-

Fig. 1. Thoracic muscle temperatures of Eup-
silia spp. (A) and Operophtera bruceata (@)
in free flight, as a function of ambient tem-
perature. Dashed line indicates the isother-
mal. Note that O. bruceata flies with thoracic
temperature close to ambient temperature
down to —3°C. The thoracic temperatures
indicated also reflect the range of ambient
temperature over which the moths were able
to remain in continuous free flight.
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