clonidine was demonstrated in relatively
small brainstem fragments suggests that
the two sites are anatomically close to
each other and may even be in the same
cell. Whether such an ‘‘opioidergic’’
pathway is limited to the SHR or has im-
plications for the development of hyper-
tension in general is still unclear. Find-
ings of a close correlation between the
level of blood pressure and pain thresh-
old in various forms of hypertension (/9)
suggest a link between some endogenous
opiates and the hypertensive process.
GEORGE KuNos
CsABA FARSANG
MARIA DoLORES RAMIREZ-GONZALES
Department of Pharmacology and
Therapeutics, McGill University,
Montreal, Quebec, Canada H3G 1Y6
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Thermoregulatory Significance of Thoracic Lobes in the

Evolution of Insect Wings

Abstract. The evolution of broadly attached thoracic lobes could have increased
the body temperature excess of ancient wingless insects by 55 percent over that of
lobeless forms. The subsequent expansion of these thoracic lobes for behavioral
thermoregulation could have provided the morphological stage required for the evo-

lution of functional wings.

Many entomologists have speculated
on the structural origin of insect wings,
the possible selective pressures which
produced them, and their sequential
modification in the development of
flight. Although most entomologists ad-
here to the ‘‘paranotal lobe’* theory (1),
which postulates that insect ‘‘pro-
wings’® were derived from nonar-
ticulated lateral extensions of the tho-
racic terga (2, 3), reinterpretation of the
juvenile wings of Paleozoic nymphs (3)
suggests that their nymphal pro-wings
were articulated structures which sec-
ondarily lost their movability by fusion
with the tergum, and thus became evolu-
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Fig. 1. Young nymph of the Paleozoic terres-
trial palacodictyopteran, Rochdalia parkeri,
illustrating “‘articulated’’ thoracic lobes ().
Original reconstruction [After R. J. Wooten
(24); from Journal of Morphology, repro-
duced with permission from the Wistar Insti-
tute].
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tionarily convergent with ‘‘paranota’’
(Fig. 1).

A second major controversy has cen-
tered around the possible functions of
these small, lobelike pro-wings, whether
articulated or not, which likely served as
the intermediate stage in the evolution
of truly functional wings. These broadly
attached pro-wings (hereafter termed
“*thoracic lobes’’) may have functioned
originally to cover the spiracular open-
ings or gills in amphibious ancestors (3),
to protect and conceal insects from pred-
ators (4), to facilitate passive aerial dis-
persal by small insects (5), or to aid in
sexual displays (6).

However, my experiments suggest
that a more probable reason for the con-
tinued expansion of these small thoracic
lobes to a critical size required for effi-
cient gliding or flapping flight may have
been their prior adaptation for behavior-
al thermoregulation, Because the activi-
ty of most insects is highly dependent on
body temperature and the thermal condi-
tions of their microhabitat (7-/1), any
thoracic structure that permitted the leg
muscles of ancestral pterygotes (I2) to
heat rapidly and attain a higher equilibri-
um temperature would enhance locomo-
tor efficiency, a condition crucial to in-
sect survival and reproductive success
(13).

Colias eurytheme butterflies were cho-
sen to test this thermoregulatory hypoth-
esis because their wings could be phys-
ically altered to approximate those of the
ancestral pterygotes (I4) and because
their body length is near that of winged
Protorthoptera (Paraplecoptera) with
Thysanura-like immatures (/5). In addi-
tion, preliminary temperature mapping
of butterfly wings and analyses of energy
exchange between wings and thorax in
these butterflies showed that only the
basal third of the wings were of ther-
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moregulatory significance (I3, 16, 17).
The basal areas of Colias wings are ap-
proximately equivalent in size to the tho-
racic lobes of Paleozoic insects thought
to be ancestral to modern winged forms
3.

Freshly killed butterflies were cooled
to 10°C and suspended by a 0.30-mm hy-
podermic thermocouple inserted ven-
trally into the mesothoracic muscles.
The butterflies were positioned with
wings perpendicular to incident radiation
from a 150-W Duro-Lite lamp and re-
ceived approximately 60 mW cm™2, an ir-
radiance well within the normal range re-
ceived by a horizontal surface during a
typical summer day in the temperate
zone.

Fine pins impaling Colias wing frag-
ments equivalent in size to ancestral tho-
racic lobes, were held by two aluminum
clips mounted on a balsa platform. The
clips holding the pins with wing frag-
ments could be rotated away from the
suspended body without disturbing the
position of the insect body or the experi-
mental conditions. Air stagnation in the
room was prevented during the heating
and cooling experiments by circulating
air at approximately 10 cm sec™!, a wind
velocity that produces minimal forced
convective heat loss (9). Relative humid-
ity remained near 50 percent and am-
bient air temperature was 22.5° = 0.5°C.
Thoracic temperature (to = 0.1°C) mea-
sured by the hypodermic probe was reg-
istered on the biological scale of a Bailey
Bat-8 amplifying thermometer and mon-
itored by a Bausch & Lomb VOM-5
chart recorder (I8).

A representative experimental series
shown in Fig. 2 illustrates the thermo-
regulatory effect of black thoracic lobes
constructed from the basal portions of
Colias wings 5 mm in length by 3 mm in
width. When the lobes are pressed to the
thorax of a Colias eurytheme body 15
mm in length, a difference between body
temperature and ambient temperature
(AT) of 20.8°C is attained in a horizontal
position, whereas a AT of 17.8°C is
achieved in a vertically oriented posi-
tion. However, the same body reaches a
AT of only 13.4°C without the thoracic
lobes. Subsequent heating experiments
on the same individual under identical
experimental conditions show that AT
values were reproducible to within = 3
percent of the original values (/9). Thus,
butterflies with 5 by 3 mm thoracic lobes
attain a AT nearly 55 percent higher than
butterflies without lobes.

The available fossil evidence indicates
that all Paleozoic pterygotes had very
broadly attached, dark, or obliquely
striped wings with the darkest portion
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%Thoracic fobes, horizontal position
‘;': KNo thoracic lobes, horizontal position\

%Thoracic iobes, vertical position

Excess thoracic temperature (°C)

| 1 1 J | 1 |
1 2 3 4 8 6 7
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Fig. 2. Comparison of excess thoracic temper-
ature (AT) using a Colias eurytheme body 15
mm in length. In a horizontal basking posi-
tion, the body supplied with thoracic lobes (5
by 3 mm) constructed from Colias wings
achieves a AT 55 percent greater than the
same body without lobes.

lying adjacent to the thorax (3). The ex-
perimental data with broadly attached
thoracic lobes shows that thoracic pro-
wings would have conferred a similar
thermoregulatory advantage on a diur-
nally active, terrestrial, ancestral ptery-
gote. Low metabolic rates of heat pro-
duction in contemporary apterygotes
(20) suggest that the physiological and
locomotor activities of the ancestral
forms also were determined largely by
ambient thermal conditions. Thus, a be-
havioral thermoregulatory strategy such
as basking was likely the only reliable
method of elevating thoracic temper-
ature during cool thermal periods. Bask-
ing is an energetically inexpensive means
of thermoregulation that permits effi-
cient and rapid locomotion in many
contemporary insects without the physi-
ological burden required by endothermy
(13, 17). Because the muscles concerned
with locomotion in the ancestral insects
were located in the thorax, it is this re-
gion that would have benefited directly
from the enlargement of any structure
that could be used for thermoregulation.
However, the abdominal plates present
on many forms of Paleozoic nymphs and
adults could have further increased the
thermoregulatory capabilities of these
ancestral pterygotes.

The ability to thermoregulate efficient-
ly under conditions of low ambient tem-
perature or low radiant energy (21)
would have had many advantages (22).
Any broadly attached thoracic structure
would have increased an insect’s charac-
teristic dimension or effective diameter,
its thoracic mass and heat capacity, and
the thoracic surface area capable of ab-
sorbing radiant energy. By remaining
close to the basking substrate, ancient
insects could have trapped pockets of
warming air beneath their thoracic lobes
while simultaneously disrupting the air-
flow across the thorax and thereby re-
ducing convective heat loss (23). The re-
sulting increase in AT would have been

incurred at no additional metabolic cost
to the insect. Greater activity would
have permitted longer foraging periods
under thermally cool conditions, quicker
escape from predators, and increased
competitive ability for mates. Greater in-
dividual activity also would have trans-
lated into greater dispersal opportunities
for the species. Given certain environ-
mental conditions and basking behav-
iors, the conclusion is that these broadly
attached thoracic lobes would have
aided in heating the thoracic muscles of
ancestral pterygotes.

The selective advantage for thermo-
regulation does not exclude other possi-
ble functions previously mentioned which
may have evolved concurrently with the
selective process of expanding small tho-
racic lobes for thermoregulation. As tho-
racic lobes became progressively larger
for thermoregulatory purposes, a phys-
ical size limit was reached whereby no
greater heating advantage could be ob-
tained by any further increase in lobe
length. This size limit is approximately
10 mm in wing length for a butterfly 15
mm in body length (/6, /7). Wings of
greater size confer little additional ther-
moregulatory advantage. However, tho-
racic lobes of this length in ancestral
pterygotes could have been used in con-
junction with the long anal cerci and
caudal filament to perform gliding ma-
neuvers from the tall vegetation of the
Devonian, and would have set the mor-
phological stage necessary for the evolu-
tion of truly functional wings.

MATTHEW M. DouGLAS*
Biological Science Center,
Boston University,
Boston, Massachusetts 02215
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Ape Language

Scarcely a decade has elapsed since
we were told by the Gardners (/) and
Premack (2) about the ape’s remarkable
capacity to learn and use a human lan-
guage. Now Terrace and his co-workers
), as well as others ), tell us to be
skeptical of those claims. This is sur-
prising, for the main questions about how
far the naturally languageless ape can
learn a human language and use it in a
human way have not changed in the last
decade, and they still remain to be an-
swered. Fundamentally, these questions
concern what the ape can do and would
choose to do with a human language in
comparison to what the human child can
and does.

Appropriate ape-child comparisons
cannot be made by studying the ape
alone; parallel studies of the human child
are also needed. It is not sufficient to
compare the observed characteristics of
ape language with certain presumed
characteristics (5) of child language. We
need firm answers to several questions.
If the ape’s “‘talk” is cued by the human
interlocutor (prompting) and is overin-
terpreted by enthusiastic observers (the
experimenter bias), resulting in a mas-
sive ‘‘Clever Hans effect,” then what is
the role of these factors in the assess-
ment of the child’s language compe-
tence?

If effective verbal communication de-
pends not only on words but also on con-

patches of terrestrial vegetation dominated by
the Psilophyta [B. M. Mamajev, in Proceedings
of the 13th International Congress of Entomolo-
gy (Moscow. 1968) (Nauka, Leningrad, 1971),
vol. 1, p. 269] Kukalovd-Peck (3) suggests that
these ancestral insects inhabited moist niches
and were semiaquatic. By the Middle and Upper
Devonian, the amphibiotic ancestral pterygota
had cursorial legs and long anal cerci and a me-
dial caudal filament. When these amphibiotic in-
sects began climbing vegetation to feed, mate,
and disperse, their pro-wings were directed lat-
ero-horizontally [the most efficient position for
thermoregulation by baskers (7, 17)}, and these
forms—like modern Apterygota (for example,
Thysanura)—had an incomplete development
without a metamorphic instar (3).

23. Wind velocity can be greatly reduced within the
relatively stagnant boundary layer of air that en-
velops large objects. A dorsally ventrally flat-
tened ancestral pterygote with lateral thoracic
extensions would have experienced minimal
form drag within the boundary layer in addition
to being protected from forced convective heat
loss [G. S. Campbell, An Introduction to Envi-
ronmental Biophysics (Springer-Verlag, New
York, 1977), pp. 2 and 73].
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text and situational expectations, then
are not all effective human interchanges
riddled with the ‘*Clever Hans effect’’? If
the ape mannerlessly interrupts her in-
terlocutor, what does a child do under
similar circumstances? What does a
child who says ‘““Mommy gone to work,”’
actually “‘intend”’ by this utterance?
Would a human child brought up in a lan-
guageless environment easily learn to
talk when exposed to the normal human
environment? (The Indian wolf-children
did not.) Does a deaf girl, trained in sign
language, ‘‘talk’’ to her dolls while play-
ing? What is the language competence of
an autistic child who shuns human con-
tacts but is forcibly taught a language for
a couple of hours each day? Without an-
swers to these questions, any con-
clusions about the significance of ape
language would appear to be premature.

Clearly, an ape’s level of verbal com-
munication will not match that of a child,
but might the difference between an
adult’s language and that of the child be
of the same order as the difference be-
tween the child’s and the ape’s? To an-
swer this question, we need to know a lot
more about the language competence of
the ape and of the child under com-
parable conditions. The question is an-
swerable but not yet answered.

DALBIR BINDRA

Department of Psychology, McGill
University, Montreal, Quebec H3A 1Bl
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The semantic and syntactic analyses
carried out by Terrace et al. (I) provid-
ing evidence of structurally constrained
regularities in the signed utterances of a
chimpanzee are important because they
support and extend earlier work (2-4).
However, their evidence of nonhuman
discourse patterns in apes is in-
conclusive and reveals how critical
well-controlled environments may be to
the acquisition and expression of lan-
guage in these animals. Moreover, their
use of information on the gorilla Koko
for comparative purposes is selective
and, in some instances, inaccurate and
misleading. .

Terrace et al. present data showing
that Nim’s mean length of utterance
(MLU) failed to increase over a 19-
month period (from 26 to 45 months of
age), but do not mention my data (2) in-
dicating an increase of 33 percent in the
gorilla Koko’s MLU over a similar 12-
month period (from 29 to 41 months).
Figures included from my publication
are reported incorrectly: Terrace et al.
(I, p. 891) report ‘‘the acquisition of
more than 400 signs by . . . Koko.”” The
figure I gave was 100 (2). They also cite
(I, p. 895) the same article as reporting
that 95 percent of Koko’s two-sign com-
binations were interpretable into cate-
gories similar to those used to describe
two-word utterances of children. The ac-
tual figure was 75 percent (2).

Terrace et al. describe (I, p. 899) the
television program in the NOVA series
entitled ‘‘the First Signs of Washoe’’ as
“‘the best [example] of . . . Koko’s sign-
ing.”’ That program showed 50 seconds
of film of Koko taken in 1974 by
NOVA’s camera crew during which she
emitted three signed utterances. They
state that ‘‘all of Koko’s signs {in the
film] were signed by the teacher immedi-
ately before . . . Koko signed.”” This is
not true. Furthermore, no request was
made to see our videotaped samples of
Koko’s signing.

Not included in Terrace et al.’s dis-
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