
duced by training is due, at least in part, 
to an increased number of sarcolemmal 
Ca2+ binding sites (6). These two inde- 
pendent findings are mutually consist- 
ent. 

Sarcolemmal fatty acid composition 
was determined by gas-liquid chroma- 
tography (13). As shown in Table 1, the 
concentration of linoleic acid (18:2) and 
the saturation percentage were signifi- 
cantly higher in exercised rats (P < .05). 
Phospholipid acyl chain length and de- 
gree of saturation also have a prominent 
effect on the physical properties of the 
lipid bilayer. For example, increasing 
saturation of natural fatty acids de- 
creases membrane fluidity (I). 

It is clear that exercise can induce 
substantial alterations in the lipid com- 
position of the plasma membrane. Be- 
cause these compositional changes are 
likely to affect sarcolemmal control of E- 
C coupling, they may be related to the 
physiological adaptation that the heart 
undergoes in response to a stressor. 
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Selective Herbivory in Tassel-Eared Squirrels: Role of 
Monoterpenes in Ponderosa Pines Chosen as Feeding Trees 

Abstract. Ponderosa pine twigs collected from trees used by tassel-eared squirrels 
as sources of cortical tissue for food contained smaller amounts of monoterpenes 
than twigs from similar trees not used by the squirrels as food sources. Of the 18 
monoterpenes isolated from the twig samples, a-pinene was the best single predictor 
offood source trees. In experiments with captive tassel-eared squirrels, consumption 
of a preferred food was inversely correlated with the concentration of a-pinene 
added to the food. 

During winter, tassel-eared squirrels 
(Sciurus aberti) feed predominantly on 
the cortical tissue of small twigs of cer- 
tain ponderosa pine (Pinus ponderosa 
Laws) trees ( I ) .  Such trees are easily 
distinguished by their defoliated appear- 
ance and the accumulation of needle 
clusters beneath them (Fig. 1). To obtain 
cortical tissue, the squirrels remove ter- 
minal twigs in the upper portions of the 
tree from larger branches by biting 

through the stem several centimeters 
from the terminal needle cluster (Fig. 2 ) .  
The needle cluster is clipped from the 
end of the twig and drops to the ground. 
The rough outer bark is then removed 
with the teeth while the twig is rotated 
with the forepaws to expose the phloem 
and also the cambium and some current 
year's xylem. 

Trees on which the squirrels feed 
(feeding trees) are usually cone-bearing 

Table 1. Major monoterpenes analyzed from cortical tissues of ponderosa pine twigs. 

Monoterpene 

a-Pinene 
p-Pinene 
3-Carene 
Myrcene 
Limonene 
p-Phellandrene 
Terpinolene 

Total 

Feeding trees Nonfeeding trees 

Percent Range Percent Range 

26.0 6.0-59.1 
14.6 4.7-31.8 
31.9 16.5-59.0 
5.9 2.1-11.5 

10.6 1.3-24.8 
4.5 0.9-27.0 
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Fig. 1. Ponderosa pine tree (center) that has 
been heavily used as a feeding tree by tassel- 
eared squirrels. The trees on either side of the 
feeding tree do not show signs of defoliation. 

trees between 28.0 and 76.0 cm in diame- 
ter (2). Within this size range, much 
variability exists as to which trees are 
chosen by squirrels for twig feeding. In 
the Enchanted Mesa area (Boulder 
County, Colorado), trees of virtually the 
same height, diameter, and age (deter- 
mined by increment boring), and grow- 
ing in the same locality, showed marked 
differences in defoliation; for example, 
of two trees that were less than 1 m apart 
at the base, with upper branches in- 
terdigitating, one was heavily defoliat- 

ed and had been a feeding tree for 10 
years (from 1969 to 1979), whereas the 
other showed almost no sign of twig 
clipping. Some trees had only a few 
needle clusters beneath them or small 
debarked twigs still attached in their 
crowns, suggesting that these trees might 
have been sampled by squirrels for palat- 
ability and subsequently rejected. 

Captive tassel-eared squirrels could 
distinguish (in the laboratory) between 
twigs collected from known feeding trees 
and those from trees not used as food 
sources (3). Preferences resulting from 
the influence of factors such as social 
facilitation, location and orientation of 
trees, and other nongustatorial cues 
were thus eliminated (4). These findings 
support our contention that the squirrels' 
initial selection of feeding trees was 
based on factors associated with pine 
twig palatability. 

Monoterpenes (C10H16), a major class 
of secondary compounds present in pon- 
derosa pine and other conifers, have 
deterrent or even toxic effects on a num- 
ber of species (5). We therefore exam- 
ined the monoterpene content of ponder- 
osa pine twigs from trees on which the 
squirrels feed and those on which they 
do not feed. 

Ponderosa pine twigs were collected 
on Enchanted Mesa from 16 feeding 
trees and 16 nonfeeding trees. All twigs 
were cut from laterals and tips of upper 
branches to simulate the locations of 
browsing by tassel-eared squirrels. Col- 
lections were made from 1977 to 1979 
during the months of December, April, 

Fig. 2. A tassel-eared squirrel feeding on a ponderosa pine twig. (A and B) The squirrel gnaws 
through the base of the twig. (C) The terminal needle cluster is removed. (D) The squirrel eats 
the cortical tissue from the twig after removing the bark. 

Table 2. Discriminant function analysis of the 
most abundant monoterpenes found in pon- 
derosa pine twigs collected from feeding and 
nonfeeding trees. 

Standardized discriminant 
function coefficients Mono- 

terpene December Combined 
data data 

a-Pinene 0.4604 0.2491 
p-Pinene 0.21 12 0.1113 
3-Carene -0.0437 0.0642 
Limonene 0.0918 0.0007 

August, and October. A total of 74 
paired samples, each containing at least 
ten twigs (from different branches) was 
analyzed. The outer bark of each twig 
was removed with a scalpel and the 
exposed phloem, cambium, and current 
year's xylem were scraped off for pro- 
cessing. Monoterpenes were separated 
by a small-scale procedure combining 
steam distillation and extraction (6). 

Eighteen monoterpenes were isolated 
from the cortical oleoresin of the ponder- 
osa pine twigs. Of the 16 that were 
identified, a-pinene, P-pinene, fcarene, 
myrcene, limonene, P-phellandrene, and 
terpinolene constituted about 97 percent 
of the total (Table 1). In results that were 
consistent with those on ponderosa pine 
xylem oleoresin (7), there were no sig- 
nificant seasonal differences in percent 
composition of cortical oleoresin mono- 
terpenes in the trees tested. 

The total monoterpene content was 
greater in nonfeeding trees than in feed- 
ing trees. The mean monoterpene con- 
tent was'28 1.50 + 15 1.65 (standard devi- 
ation) for feeding trees and 557.69 +: 
310.43 for nonfeeding trees. These val- 
ues represent the amount of monoter- 
pene relative to 10 percent of a known 
internal standard (6). The difference in 
total monoterpene content was signifi- 
cant [t(l5) = 3.22; P < .01, one-tailed 
test]. A discriminant function analysis 
(8) was performed on these data in order 
to ascertain which monoterpene contrib- 
uted most heavily in differentiating feed- 
ing trees from nonfeeding trees (Table 2). 
A one-variate model with a-pinene as the 
predictor for feeding and nonfeeding 
trees best fits the data; feeding trees 
have a lower average proportion of this 
monoterpene than nonfeeding trees. 

If monoterpene levels function as re- 
pellents to squirrels, preferences for 
ponderosa pine twigs with lower concen- 
trations of these compounds would be 
expected. In choice tests with captive 
squirrels, in which twigs from feeding 
and nonfeeding trees of known monoter- 
pene content were used, the squirrels 
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preferred the twigs that were lower in 
monoterpene concentration (4). 

The extent to which a-pinene influ- 
ences the choice of food by tassel-eared 
squirrels was investigated in another se- 
ries of tests irl which subjects were al- 
lovved to choose between plain mash 
(made from ground sunflower seeds and 
laboratory food) and mash laced with 
varying amounts of a-pinene (9). Repeat- 
edmeasures analysis of variance indicat- 
ed that the a-pinene content affected 
food consumption [F(2, 14) = 3.72; 
P := .025, one-tailed test]; as the amount 
of a-pinene increased from 0.1 to 0.3 to 
0.5 ml per 100 g of mash, the proportion 
of food consumed decreased from 0.45 to 
0.41 to 0.24, respectively. The drop in 
co~lsumption at 0.5 ml per 100 g was 
significant (Scheffe test; P < .05, one- 
tailed test) and showed that higher con- 
centrations of a-pinene caused tassel- 
eared squirrels to reduce their intake of a 
preferred foodstuff. 

Thus the amount of a-pinene is impor- 
tant in choosing which ponderosa pine 
trees are to be used as food sources by 
tassel-eared sauirrels. Other factors that 
may affect twig preferences are nutri- 
tional quality of the cortical tissue and 
possible synergisms between nutrients 
and combinations of secondary com- 
pounds (mono- and sesquiterpenes). 
Contextual factors such as the visual 
appearance of the trees, presence of con- 
specifics, and pheromonal cues may also 
act as determinants in feeding tree selec- 
tion if the chemistry of the tree is accept- 
able. 
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Spatial Knowledge and Geometric Representation in a 
Child Blind from Birth 

Abstract. A series of experiments demonstrated that a congenitally blind 21/2-year- 
old child-as well as sighted but blindfolded children and adults-can determine the 
appropriate path between two objects after traveling to each of those objects from a 
third object. This task requires that the child detect the distances and the angular 
relationship of the familiar paths and that she derive therefrom the angle of the new 
path. Our research indicates that the locomotion of the young blind child is guided by 
knowledge of the Euclidean properties of a spatial layout and by principles for 
making inferences based on those properties. 

We have had the opportunity to study 
the spatially guided locomotion of one 
2%-year-old blind child in several ex- 
perimental settings. After the child had 
been taken along several paths connect- 
ing four objects in a small room, she was 
able to move directly between the ob- 
jects along paths she had never taken. 

Fig. 1. Room layout 
for spatial inference 
experiment. The 
room measured 2.44 
m by 3.05 m. Dashed 
lines, trained routes; 
solid lines, test 
routes. Landmarks: 
M, mother; P, pil- 
lows; T, table; B, bas- 
ket. 

Sighted adults and 3-year-old children, 
all blindfolded, performed with similar 
accuracy. These observations demon- 
strate that the locomotion of children, 
with or without visual experience, is 
guided by metric knowledge of space. 
This knowledge makes possible the deri- 
vation of further spatial information. 

These observations were undertaken 
to address a classical issue in psycholo- 
gy, the development of human knowl- 
edge of space. Descartes (1) suggested 
that the geometric principles underlying 
spatial knowledge are innate and accessi- 
ble to any perceptual mode. He offered 
the example of a blind man exploring 
objects with a stick. For the man to 
discover the shapes and arrangement of 
those objects, he must refer each tactual 
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