
which, rats learn to direct their behavior 
toward the environment. The particular 
response observed during tail-pinch may 
be determined by factors similar to those 
for brain stimulation. With both proce- 
dures, oral responsiveness increases in a 
way that is modified by experience with 
particular objects in the environment. 

The finding that a relatively non- 
specific stimulus can induce rats to learn 
a new habit in order to obtain an appro- 
priate goal object for consummatory be- 
havior has implications not only for inter- 
preting behavior elicited by electrical 
brain stimulation but also for elucidating 
the conditions necessary for all learning. 
Indeed, several theorists have suggested 
that arousal may be a sufficient condition 
for learning (15). Thus, a general activa- 
tion of some nonspecific arousal system 
within the brain would increase an orga- 
nism's responsiveness to environmental 
stimuli and facilitate appropriate re- 
sponses. The relative importance of spe- 
cies-typical response constraints and the 
role of specific neuronal circuitry are 
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The study of territoriality-herein de- 
fined as the maintenance of an area 
"within which the resident controls or re- 
stricts use of one or more environmental 
resources" (1)--has been characterized 
by a lack of tests of theoretical predic- 
tions (2). In this study we have applied a 
model to the energetic economics of feed- 
ing (nonbreeding) territoriality in a nec- 
tar-eating passerine bird, endemic to the 
Hawaiian Islands. The model predicts 
the conditions that determine the pres- 
ence or absence of feeding territoriality 
in this species. 

Ecologists (2, 3) have suggested some 
of the factors that should determine 
whether feeding territoriality in birds, in- 
volving costly defense and chasing, is 
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economically feasible. Assuming that en- 
ergy is potentially limiting, only under 
certain circumstances will the benefit of 
territoriality exceed the cost and will the 
establishment of a territory be favored. 
Conversely, if energy is not limiting, ter- 
ritorial behavior confers no energetic ad- 
vantage and should cease to exist. Vari- 
ous studies (4) of flower-feeding hum- 
mingbirds suggested the overriding 
importance of high energy content of the 
resource (floral nectar) in territorial es- 
tablishment. Likewise the number of in- 
florescences available seems (5) to deter- 
mine territoriality in an African sunbird, 
as territories always included approxi- 
mately the same number of flowers. 
Such environmental parameters as dis- 
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persion of food sources and number of 
competitors have little effect on the esti- 
mated energetic cost of territorial behav- 
ior in a Hawaiian honeycreeper (6). How- 
ever, our present study shows that the 
number of inflorescences and the intruder 
pressure together determine the energetic 
yield of the territory to its owner, and 
therefore can be used to predict accurately 
the presence or absence of territoriality 
even though these parameters have little 
effect on territorial cost. Although one pio- 
neering study (5) has quantitatively pre- 
dicted and partially documented changes 
in territorial behavior based on econom- 
ics, to our knowledge a thoroughly quan- 
tified test of this idea has yet to be accom- 
plished. 

Under conditions of potential food lim- 
itation, an animal should be able to raise 
the level of food availability in its forag- 
ing area by preventing other individuals 
from using its food supply. This pre- 
vention involves cost, including energy 
spent advertising or chasing (or both). If 
the added cost of living territorially 
equals or exceeds the resultant increase 
in energy availability, territorial behav- 
ior should not occur. The minimum ener- 
getic productivity (calories produced on 
a territory over 24 hours) required to fa- 
vor territorial behavior should be predict- 
able on the basis of (i) energetic yield to a 
nonterritorial individual, (ii) increase in 
yield to a territorial individual, and (iii) 
added cost of being territorial. This can 
be expressed in the following terms 

E + T < aP + bP 
That is, in order for territoriality to oc- 
cur, E (basic cost of living) plus T (added 
cost of being territorial) must be less 
than the yield to the individual if non- 
territorial (fraction a of productivity P) 
plus the extra yield gained by the individ- 
ual if territorial (fraction b of productiv- 
ity P). The value of the term bP will de- 
pend on the efficiency e of the territorial 
owner at restricting use of P, and there- 
fore bP can be expressed as: 

e (1 -a)P 

where e is the fraction of intruders ex- 
cluded by the owner. 

As P becomes large, e can become 
gradually smaller, and the total energy 
costs of the territory owner will still be 
met. Eventually P may reach a value that 
satisfies the energy requirements of the 
owner, even given zero efficiency at ex- 
cluding intruders. At very high values of 
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Threshold Model of Feeding Territoriality and Test 

with a Hawaiian Honeycreeper 

Abstract. A model is proposed predicting that in nectarivorous birds territorial be- 
havior will occur above a lower threshold of nectar productivity in a foraging area 
and disappear above an upper threshold. These thresholds are determined by the dai- 
ly costs of living of territorial and of nonterritorial individuals and by the pressure of 
competing birds for the resource. Decline of efficiency of territorial exclusiveness is 
predicted as productivity increases from the lower to the upper threshold. Hawaiian 
honeycreepers (Vestiaria coccinea) supported the model. 
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That is, the yield to the nonterritorial in- 
dividual must be less than basic energy 
requirements if territoriality is to occur. 

Combining the conditions for territo- 
riality, one expects to see the behavior 
when 

E+T E 
<P <-- 

a + e(1 - a) a 

The model's predictions are illustrated in 

Fig. 1. If e varies, as suggested above, 
the model predicts a more complex rela- 
tion between productivity and behavior 
(seen in the lower parts of Fig. 1, A and 
B). Intensely territorial means high e, 
moderate means lower e, and non- 
territorial means e = 0. 

The assumptions on which this model 
is based are as follows. Nectar is the de- 
fended resource; increase in e requires 
an increase in T; the function of feeding 
(nonbreeding) territoriality is to increase 
the availability of food; territoriality oc- 
curs when food is potentially limiting; 
counterselection pressures, such as risks 
of injury or predation, act against feed- 

ing territoriality; the birds do not need 
extra calories for growth (6, 7) or repro- 
duction (7, 8) at this time of year; and 
nectar is approximately 100 percent as- 
similable (9). 

We applied this model to the iiwi, a 

species of Hawaiian honeycreeper, Ves- 
tiaria coccinea (Aves: Drepanididae) 
that is specialized to take nectar as an en- 

ergy source (6, 7, 10-12) and, in summer 
months, feeds primarily on the red-flow- 
ered tree Metrosideros collina (Myr- 
taceae). We studied the behavior and ter- 
ritorial characteristics of V. coccinea in 
the summers of 1974 and 1975 by select- 

ing three nonterritorial and seven territo- 
rial individuals. Our observations were 
made at elevations between 1380 and 
1850 m on the southwestern slopes of the 
volcano Mauna Loa. The study sites and 

subjects have been described (6, 11, 13, 
14). By precise time budget measure- 
ments and estimation of associated ener- 

getics (6, 11) for eight of these ten birds 
we estimated that the cost of basic living 
(nonterritorial cost, E) in this species av- 

erages 13.4 kcal per 24 hours and that the 
cost of being territorial is a mean of 2.3 
kcal per 24 hours above basic living cost. 

The benefit variables to be measured 
for the model were nectar productivity 
and the percentage yield of nectar to non- 
territorial individuals. Productivity was 
determined according to described meth- 
ods (12-14). The rate of nectar flow in 
trees on three iiwi territories was surpris- 
ingly consistent (mean = 0.259 + 0.010 
kcal per 24 hours per inflorescence; three 
trees and 18 inflorescences) and was as- 
sumed to be constant for all foraging 

640 

areas. Individual feeding areas were 
mapped, and the number of inflorescences 
(hereafter called flowers) in each forag- 
ing area was counted with binoculars. 
The nectar taken by other honeycreepers 
on foraging areas of nonterritorial birds 
was assumed to be directly related to the 
number of intrusions and to the nectar 
production on the foraging area. Intrud- 
ers remained on foraging areas a mean of 
3.5 + 0.5 minutes (95 percent con- 
fidence interval) and visited a mean of 
12 + 4 flowers per minute. The number 
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Fig. 1. (A) Behavior categories model. (Top) 
Model predicts on and off behavior of territo- 
riality as a function of the productivity P of a 
bird's foraging area; Ter, territorial behavior 
present; Non, territorial behavior absent; L, 
the lower threshold for territoriality which is 
equal to (E + T)/[a + e(l - a)]; U, the upper 
threshold which equals E/a. Behaviors fall 
into two categories only, "territorial" or 
"nonterritorial." For V. coccinea, L is pre- 
dicted to be 15.7 kcal per 24 hours or 60 
flowers; U is 53.6 kcal per 24 hours or 207 
flowers. (Bottom) The model predicts that, if 
the effort invested in territorial exclusiveness 
decreases as P increases from L to U, birds 
will be more effective at excluding intruders 
just above the lower threshold (that is, in- 
tensely territorial) than near the upper thresh- 
old (moderately territorial); three categories 
of behavior are therefore indicated on the 
ordinate. (B) Cost model. (Top) Model pre- 
dicts that the cost of living will be higher 
during territorial behavior (L < P < U) than 
during nonterritorial behavior (P < L, 
P > U). (Middle) Model predicts that the cost 
of living will increase suddenly at the lower 
threshold and decline to the nonterritorial lev- 
el at the upper threshold. (Bottom) Variation 
on prediction above, allowing for variability 
of behavior at the lower threshold. 

of intruders on the foraging area of one 
of the nonterritorial birds was counted, 
and thief-minutes per day was calculated 
and multiplied by the nectar production 
of 12 flowers in kilocalories per minute to 
give the number of kilocalories lost to 
thieves per day. This technique some- 
what underestimates energy lost to 
thieves because it does not account ei- 
ther for thieving of accumulated nectar 
stores by avian intruders or for loss to in- 
sects. We found that intruders accounted 
for 75 percent of the nectar produced on 
the foraging area of the nonterritorial 
bird. 

Two intensely territorial individuals 
were able to exclude 92 and 100 percent 
of the intruders on their territories, but 
we observed other territorial individuals 
to be less efficient. 

We now have all the values required 
for application of the model to V. coc- 
cinea: E = 13.4 kcal per 24 hours; 
T = 2.3 kcal per 24 hours; a = 0.25; and 
emax = 1.0, e variable. 

The realistic form of the cost model 
that V. coccinea should follow is shown 
in the lower part of Fig. lB. We mea- 
sured e in only two of the eight individ- 
uals for which we had cost values, and 
decided that we could apply another 
measure of intensity and effectiveness of 
territoriality, the intensity of advertise- 
ment, which we had already measured 
for another study (6). Because of the 
large proportion of time devoted to ad- 
vertisement and because it is an action in- 
volving flight, advertisement is the main 
cost of territoriality in V. coccinea, being 
a mean of 18 percent of the cost of territo- 
rial living, while chasing was only 1 per- 
cent (6). Assuming that more effort in- 
vested in advertising results in more ef- 
fective territoriality, then this effort 
should be an indirect measure of e. This 
was the measure we used in categorizing 
the five territorial individuals-analyzed 
previously (6) for territorial living cost- 
into intensely or moderately territorial: 
The advertisement costs of two of the 
five individuals were at or above 18 per- 
cent of living costs, and those of the oth- 
er three were all 14 percent or less. 

Iiwis were not territorial at either low 
or high flower abundances, but they 
were territorial at intermediate flower 
abundances (Fig. 2). In 1975, flower den- 
sities were two to eight times higher than 
in 1974 and none of the several Vestiaria 
seen was territorial; thus, the effect was 
more dramatic than is suggested by our 
sample of two birds (P = 250 and 500) 
for which we obtained cost measure- 
ments. The results therefore generally 
support the model's predictions of pres- 
ence or absence of territorial behavior. 
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The main discrepancy was one 1974 indi- 
vidual that was territorial at a P value 
above the upper threshold. That year the 
flowering of Metrosideros was poor and 
patchy, with occasional heavily flower- 
ing trees. This bird occupied such a tree; 
its territoriality may have been a re- 
sponse to the general paucity and unpre- 
dictability of the nectar resource that 
year. Even in 1974 individuals with forag- 
ing areas below the lower threshold were 
rare because they quickly abandon such 
an area. Our one individual supple- 
mented its diet by foraging extensively 
for insects. Nine of ten individuals (Fig. 
2A) supported the model's prediction of 
territorial behavior, an agreement signifi- 
cant at the .02 level (binomial probability 
of nine agreements out of ten possible). 

The intensity of territorial behavior 
(Fig. 2A) supported the predictions (Fig. 
1A) fairly well. However, the birds may 
have responded to intruder pressure by 
varying advertisement intensity. Less ad- 
vertisement is required to be highly effec- 
tive when intruder pressure is low. Thus, 
energy invested in advertisement is not a 
good measure of e because of variable in- 
truder pressure, and e should be mea- 
sured directly as percentage of intruders 
that are effectively excluded. We have 
these values for two of the birds in Fig. 
2B and for the two birds for which we did 
not measure cost. These four values sug- 
gested a negative relationship with P 
(r = -.44), but more data are necessary 
to establish this with certainty. 

That more energy is put into territorial- 
ity toward the lower threshold than at 
the upper threshold is supported by the 
fact that the shape of the cost curve (Fig. 
2B) agreed well with the model's predic- 
tion (Fig. 1B). Ambivalent behavior oc- 
curred at both lower and upper thresh- 
olds. The individual with 80 flowers had 
a large territory and was sequentially vis- 
iting the trees on its area; it was not ad- 
vertising intensely, the primary form of 
territorial defense (6). However, intruder 
pressure was low at this site; and e, had 
it been measured, would have been high. 
At the upper threshold, one of the birds 
was not territorial, since it excluded 
none of the many intruders on its forag- 
ing area. However, it occasionally would 
fly aggressively toward an intruder and 
supplant the intruder at its flower, but 
subsequently would ignore it. 

In order for feeding territoriality to be 
a viable strategy, the behavior must 
'make the resource involved more avail- 
able than it would be without the behav- 
ior. From our data it seems that the re- 
source must be considerably more pro- 
ductive (80 to 120 flowers) than predicted 
(60 flowers) in order for full territoriality 
5 NOVEMBER 1976 

Fig. 2. Shaded area indicates 
the P values in number of 
flowers on foraging area at 
which foraging V. coccinea 
should exhibit territoriality 
according to the models in Fig. 
1. (A) Behaviors falling into 
three categories (see Fig. 1A) 
of ten V. coccinea. (B) Living 
costs estimated by time-energy 
budget techniques for eight 
V. coccinea, as a function of 
the number of flowers on their 
foraging areas. Curve is fit by 
eye; the peak is the mean x 
and y values for three individ- 
uals, with P between 115 and 
128 flowers. 
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to occur. That the minimum number of 
flowers required for establishment and 
maintenance of territories by V. coc- 
cinea is relatively constant and higher 
than the predicted threshold is supported 
by other observations (15). In one study 
site that had about five resident V. coc- 
cinea, two territories had 140 and 121 
flowers; we returned 9 days later and 
found that the territory that had 121 flow- 
ers now had only 83, and the bird had 
abandoned it. Thus, we believe that a 
minimum of about 120 flowers is a neces- 
sary requirement for the establishment 
of a territory, double the predicted value 
for the lower threshold. The predicted 
value is insensitive to changes in T: as- 
signing T the maximal value measured in 
any individual [4.8 kcal per 24 hours (6)] 
merely increases the lower threshold to 
70 flowers. This suggests that the birds 
are defending an excess of.about 16 kcal 
per 24 hours. A small part of this excess 
is harvested by insects (14). Also, some 
of the excess may be an artifact of under- 
estimating a; however, observations of 
unexploited nectar on one of the terri- 
tories suggested that a majority of excess 
is real. We feel that the energy surpluses 
are essential hedges against periods of 
energy demand. Our measurements were 
conducted during days of mild weather; 
lower temperatures and rain occur fre- 
quently at these elevations, causing both 
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dition, the richness of the territory, un- 
less territory dimensions change over 
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cline of flowering. Others (2, 3) have sug- 
gested that a guaranteed food supply 
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Nectar availability above the upper 
threshold must occur fairly commonly in 
the honeycreeper-Metrosideros commu- 
nity. This is suggested by the fact that 
feeding territoriality has not been report- 
ed in V. coccinea in spite of interest (7, 
8, 10, 16). Our own studies in general 
spanned three summers, in which only 
one summer was poor enough in bloom 
to provide the conditions necessary for 
observing territoriality [see (13)]. This in- 
frequency of territoriality may differ 
from territorial behavior of hum- 
mingbirds (Trochilidae), a notoriously ag- 
gressive and territorial nonpasserine 
group. Sunbirds (Nectariniidae) may be- 
have more like honeycreepers, since 
they seem to vary in the extent of their 
aggressive behavior and become non- 
territorial when food supplies are very 
abundant (5). Our model provides a 
means by which degrees of territorial 
flexibility and their adaptive signifi- 
cances can be studied and compared be- 
tween different taxonomic groups and in 
different geographical areas. These com- 
parisons should help in identifying and 
evaluating selection pressures that act to 
mold territorial and foraging behavior. 
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Average Proteins and the Genetic Code Average Proteins and the Genetic Code 

Jukes, Holmquist, and Moise (I) create 
a new "average protein" which is dif- 
ferent from that computed by Dayhoff 
(2), especially in proline and cysteine 
frequencies. Their sample description 
does not permit us to understand the 
reason for the differences. I suspect 
the sample change explains the contra- 
dictory conclusions found by King and 
Jukes in 1969 (3). They then showed 
serine, leucine, histidine, cysteine, and 
proline with "near expected frequen- 
cies," and this helped them to deduce 
that proteins reflect the structure of the 

genetic code. This time the same five 
amino acids are "significantly lower" 
than code levels (1). Furthermore, no 
proof is given for their statement that 

"Clearly, natural selection counteracts 
the genetic code to neutralize the charge 
on proteins," although on this and other 
points allusion is made to a "statistical 
analysis" and "significant" differences. 
Jukes et al. propose that "evolutionary 
selection maintains charge neutrality"; 
this predicts correlation between the 
amounts of basic and acidic amino acids 
to maintain neutrality in proteins. I have 

computed the linear correlation coeffi- 
cient between frequencies of the two 
kinds of amino acids in each protein, 
taking as sample 53 fully determined 

proteins of length greater than 50 res- 
idues (one protein per family) from 
Atlas of Protein Sequence and Structure 
(2). The result, r = -.07, disagrees with 
the proposition of Jukes et al. 

The biological interpretation given to 
their "statistical analysis" is question- 
able. Jukes et al. apparently explain 
all differences between observed and 
code frequencies for amino acids by se- 
lection of side chain properties. They 
ignore at least two biological possi- 
bilities: first, the probability of mutation 
may not be the same for all codons. 
Second, there may be selection at anoth- 
er level; for example, on the secondary 
structure of the messenger RNA, or on 
differences between the efficiency of the 
61 codon-tRNA-enzyme systems. Such 
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differences could be due to 
centration of tRNA (transfe 
enzymes and the translation 
codon. 

That Jukes et al. assign a 
ary role to some of the an 
unwarranted. In a study c 
among amino acids, I have 
replacements of lysine to a 
the converse (4), which does 
the "evolutionary intruder' 
(1). Also, the idea that argi 
the code because it had moi 
ornithine's tRNA than did 
self seems physicochemic; 
vated. And, if alanine's rel 
frequency is due to the fact I 
side chain makes it useful as 
proteins, why does glycine, 
chain has a molecular volum 
one-tenth that of alanine (5), 
er frequency than alanine? 

Finally, the model propos 
bining "selective and neutr 
to give a picture of dynamic 
in protein evolution" is o 
model becomes clearer by si 
authors mean, as suggestl 
valine-isoleucine example. 
amino acids in the expe 
"pool" replace each other 
action of natural selection. 
differences between amino 
tution rates (2, 4, 6) will rc 
pothesis. Of course, the f; 
quencies of valine and ise 
approximately the same in 

protein and in the code is 
demonstration that mutatic 
them should be "neutral." 

More data are needed for 

ing between all the influenc< 
the present amino acid coi 
proteins, particularly betw 
spective influences of the tr; 
paratus characteristics and c 
lection. 
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Published compilations of amino acid 
composition are summarized in Table 1. 
The values found by Reeck and Fisher (1), 
Smith (2), and also Dayhoffet al. (3), sub- 

the cell con- stantiate our own findings. Reeck and 
-r RNA) and Fisher and Smith, as well as we (4), find 
rate of each lower values for Cys (5) and Pro than 

does Dayhoff. Gautier's statement that 
in evolution- we "create a new 'average protein' " is 
nino acids is without basis. We did not accept Day- 
)f mutations hoffs compilation in its totality because 
found more it included short peptides, as well as 

irginine than analyses that were incomplete with re- 
s not support spect to Asn, Asp, Gln, and Glu. 
' 

hypothesis King and Jukes (6) used the genetic 
nine entered code to calculate expected amino acid 
re affinity for frequencies, assuming that each of the 
ornithine it- four nucleotides was used in proportion 
ally unmoti- to its frequency as inferred from protein 
latively high data. Jukes et al. (4) compared observed 
that its small values with the amino acid frequencies in 
a "filler" in the genetic code table. The observed 
whose side values of Ser, Leu, His, Cys, and Pro 

le only about (Table 1) are lower than the expected 
have a low- values in column (a) of Table 1. When 

expected amino acid composition is cal- 
sed for com- culated from the nucleotide base ratios 
al mutations inferred from the data in Table 1, the 
equilibrium finding of King and Jukes (6) is con- 

bscure. The firmed. 
upposing the Our statistical analysis is published (7) 
ed by their as was an examination of the basic and 

that the acidic amino acids in proteins (8). Electri- 
ected range cal charge neutrality in proteins refers to 
without any the fact that some proteins are acidic, 
But then the others basic, others neutral, and in such 
acid substi- proportions as to maintain an organismal 

-ject the hy- pH near 7. Correlations between acidic 
act that fre- and basic amino acids in individual pro- 
oleucine are teins are thus not necessarily expected. 
the average This is in accord with Gautier's low cor- 

in no way a relation coefficient. 
)ns between Side-chain properties have a profound 

effect on selection (for example, sickle- 
discriminat- cell hemoglobin). No evidence supports 

es leading to Gautier's unreferenced speculation that 

mposition of different codons fix mutations at differ- 
teen the re- ent rates. The third codon position in 
anslation ap- partial sequences of hemoglobin messen- 
)f natural se- ger RNA (mRNA) sustains five times 

more fixations than the first two positions 
C. GAUTIER (9). This speaks against strong selection 

at the mRNA level. All amino acids have 
Lyon 1, evolutionary roles. 

Of the possible 380 directed amino 

SCIENCE, VOL. 194 

Published compilations of amino acid 
composition are summarized in Table 1. 
The values found by Reeck and Fisher (1), 
Smith (2), and also Dayhoffet al. (3), sub- 

the cell con- stantiate our own findings. Reeck and 
-r RNA) and Fisher and Smith, as well as we (4), find 
rate of each lower values for Cys (5) and Pro than 

does Dayhoff. Gautier's statement that 
in evolution- we "create a new 'average protein' " is 
nino acids is without basis. We did not accept Day- 
)f mutations hoffs compilation in its totality because 
found more it included short peptides, as well as 

irginine than analyses that were incomplete with re- 
s not support spect to Asn, Asp, Gln, and Glu. 
' 

hypothesis King and Jukes (6) used the genetic 
nine entered code to calculate expected amino acid 
re affinity for frequencies, assuming that each of the 
ornithine it- four nucleotides was used in proportion 
ally unmoti- to its frequency as inferred from protein 
latively high data. Jukes et al. (4) compared observed 
that its small values with the amino acid frequencies in 
a "filler" in the genetic code table. The observed 
whose side values of Ser, Leu, His, Cys, and Pro 

le only about (Table 1) are lower than the expected 
have a low- values in column (a) of Table 1. When 

expected amino acid composition is cal- 
sed for com- culated from the nucleotide base ratios 
al mutations inferred from the data in Table 1, the 
equilibrium finding of King and Jukes (6) is con- 

bscure. The firmed. 
upposing the Our statistical analysis is published (7) 
ed by their as was an examination of the basic and 

that the acidic amino acids in proteins (8). Electri- 
ected range cal charge neutrality in proteins refers to 
without any the fact that some proteins are acidic, 
But then the others basic, others neutral, and in such 
acid substi- proportions as to maintain an organismal 

-ject the hy- pH near 7. Correlations between acidic 
act that fre- and basic amino acids in individual pro- 
oleucine are teins are thus not necessarily expected. 
the average This is in accord with Gautier's low cor- 

in no way a relation coefficient. 
)ns between Side-chain properties have a profound 

effect on selection (for example, sickle- 
discriminat- cell hemoglobin). No evidence supports 

es leading to Gautier's unreferenced speculation that 

mposition of different codons fix mutations at differ- 
teen the re- ent rates. The third codon position in 
anslation ap- partial sequences of hemoglobin messen- 
)f natural se- ger RNA (mRNA) sustains five times 

more fixations than the first two positions 
C. GAUTIER (9). This speaks against strong selection 

at the mRNA level. All amino acids have 
Lyon 1, evolutionary roles. 

Of the possible 380 directed amino 

SCIENCE, VOL. 194 


	Cit r230_c353: 
	Cit r229_c351: 
	Cit r230_c352: 
	Cit r235_c360: 


