
in favor of the proximal orientation. 
The energy difference required to 
explain the observed difference in 
binding affinity can be calculated from 
the Boltzmann distribution law (13). 
At 37?C a 4 to 1 preponderance of the 

proximal 3' iodine orientation, cor- 

responding to the relative ratios of free 
to bound T3 and T4 in purified TBG 

solution, would be maintained by an 

energy difference of 854 calories. Using 
molecular orbital theory, Camerman 
and Camerman calculated a much 
higher energy difference (132 kcal), but 

they considered this likely to be an 
overestimation (2). The lower energy 
difference, which is consistent with 
the present hypothesis, would seem 
more likely for the coordination of the 
3' iodine with the 7r electron system 
of the phenylalanine ring, which is the 

probable basis for the predominance 
of the proximal 3' iodine orientation 

(14). Kier and Hoyland (15), also using 
molecular orbital theory, calculated 

only a small energy difference that they 
consider to be insignificant. It is hoped 
that a more direct estimate of the 

energy difference between distal and 

proximal 3' iodine orientation will be 
available shortly from nuclear magnetic 
resonance spectroscopy. 
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13. According to the Boltzmann distribution law 
the molar ratio of the two conformations of 
triiodothyronine will be 

N(d)_()-(>]/ 
N(p) 

where d and p refer to the distal and proxi- 
mal orientations of the 3' iodine, N is the 
molar concentration of each such conforma- 
tion, E is the total molecular energy of each 
conformation in calories, R is the gas constant 
(1.9869 cal per degree C per mole), and T is 
the absolute temperature. 

13. According to the Boltzmann distribution law 
the molar ratio of the two conformations of 
triiodothyronine will be 

N(d)_()-(>]/ 
N(p) 

where d and p refer to the distal and proxi- 
mal orientations of the 3' iodine, N is the 
molar concentration of each such conforma- 
tion, E is the total molecular energy of each 
conformation in calories, R is the gas constant 
(1.9869 cal per degree C per mole), and T is 
the absolute temperature. 

The species-specific calling songs of 
male crickets and katydids (Orthoptera: 
Gryllidae and Tettigoniidae) have been 
used in studies of systematics (1), com- 
munication (2), biophysics (3), and neu- 
rophysiology (4). Such sounds are 
made by the scraper of one fore wing 
stroking the file of the other. Most 

species use only one type of wing- 
movement cycle during calling, and 
hence produce only a single "phona- 
tome," that is, a single major acoustical 
unit corresponding to a. cycle of wing 
movement (5). Their songs, then, are 

sequences of a single phonatome. On 
the other hand, some species use two or 
more stroking techniques during calling, 
and hence their songs include sequences 
of two or more phonatomes. 

Although earlier workers have used 

photography to determine the relation 
between wing movements and the 
sounds produced during calling, in each 
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case the sounds investigated suggested 
repetitions of a single phonatome, and 
a single type of wing-movement cycle 
was indeed found (6, 7). This report 
describes the relation between wing 
movements and sounds in Uhler's katy- 
did, the only insect known to produce 
four phonatomes (8). 

These katydids produce sequences of 
each of their four phonatomes in a 

stereotyped pattern lasting 8 seconds or 
longer. In the species studied here the 

calling song (Fig. 1A) begins with a 

sequence of 50 to 80 phonatomes of 
one type (hereafter designated type I). 
Immediately following is a sequence of 
7 to 12 type II phonatomes and a se- 

quence of 4 to 7 type III phonatomes. 
After a brief pause the katydid produces 
another sequence of 4 to 7 type III 

phonatomes. It may produce additional 

sequences of 4 to 7 type III phona- 
tomes, but eventually it interposes one 
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Usual Approxi- Approxi- Amplitude 
Phona- number mate mate repe- of wi 
tome of phona- duration tition rate sound of wing Special features 
type tomes in at 25?C at25C intenit opening 

sequence (msec) (sec) ) 

I 50-80 70 14 0-20 50 Intensity increases 
during sequence; 
short pause during 
closing 

II 7 12 110 9 22---26 100 Long pause during 
closing; nearly 
silent close-open 

III 4-7-- 45 23 28-0 100--65 Intensity decreases 
during sequence; 
wing-opening ampli- 
tude decreases 
during sequence 

IV 3-14 20 2 18-22 20 Wing movements 
slight 

*Based on decibel readings from a tape recorder volume-unit meter (indicates the intensity of the 
volume cf the signal during the tape recording); agrees with subjective impression of intensity 
Frequencies above 20 khz were excluded by the microphone. t More than one sequence of 4 to 7 

type III phonatomes may be produced without intervening sounds. 
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Wing Movements of Calling Katydids: Fiddling Finesse 

Abstract. Stridulating Uhler's katydids produce the most complex song known 
for insects. Series of four types of sounds are made in stereotyped sequence. 
Sound-synchronized high-speed photography reveals that each type of sound is 
produced by a distinctively different wing-movement cycle. The most complex of 
these cycles includes a two-step closure and a nearly silent close-open movement. 
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or more sequences of 3 to 14 type IV 

phonatomes. The katydid pauses before 

beginning a new bout of calling with 50 
to 80 type I phonatomes. In the se- 

quences of type I phonatomes the in- 

tensity gradually increases, and in the 

sequences of type III phonatomes the 

intensity rapidly decreases (9). 
By a previously described technique 

of high-speed sound-synchronized pho- 
tography (7), we filmed five calling 
males at 1000 to 2000 frames per sec- 
ond. We simultaneously tape-recorded 
the calls. Frame-by-frame measurement 
of wing position and filmed oscilloscopic 
trace revealed that the four phonatomes 
were produced by the wing-stroking 
movements illustrated in Fig. 1, B-E, 
and described below and in Table 1. 

The type I phonatome (Fig. I, B and 
C; two individuals filmed; n = 23 wing- 
movement cycles analyzed) is produced 
by a rapid opening of the fore wings 
followed by a slow closing. The closing 
usually has a hesitation near the end 
that produces a break in the sound 
longer than that occurring at either 
reversal of the direction of wing move- 
ment. The slow increase in intensity dur- 
ing a sequence of type I phonatomes is 

apparently produced by increased force 
of contact and not by change in the 

amplitude of wing movement. 
During the type II phonatome (Fig. 

1, C and D; three individuals; n = 18) 
the wings are opened more widely and 
closed more completely than in the type 
I phonatomes. The closing movements 
are faster, and the pause between the 
first and second portions of closing lasts 

longer than the closing movements 
themselves. The sound produced by the 
second portion of closing begins abrupt- 
ly, suggesting release of energy mechani- 

cally stored during the pause. Opening 
immediately follows the second portion 
of closing and produces a burst of 
sound similar to that of the correspond- 
ing movement in type I phonatomes. 
After this acoustically effective opening, 

A 50-80 I's 7-12 II's 4-7 I's 

^ 3rL- 

the wings partially close and then open 
more fully. This close-open movement 
is nearly silent. 

The type III phonatome (Fig. 1, C 
and D; four individuals; n = 22) in- 
volves a rapid closing followed by a 

rapid opening. The extent of opening 
decreases during a sequence, yet the 
duration of closing increases. These 
two changes have the effect of main- 
taining a fairly constant period for suc- 
cessive type III phonatomes except for 
the terminal lone or two. 

The type IV phonatome (Fig. I E; one 
individual; n = 5) is a two-pulse, tick- 
like sound made by scarcely perceptible 
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Fig. 1. Calling song and corresponding 
wing movements of Uhler's katydid. (A) 
Usual pattern of phonatome production 
during calling song (see text). The vertical 
dimension indicates intensity. Horizontal 
lines just above the time scale indicate 
sources of details B-E. (B-E) Wing 
movements (dots) and corresponding 
oscillograms. Wing movement is shown by 
the extent of wing separation measured 
during every fifth frame of film (on the 
vertical scale at the left O, fully open; C, 
fully closed). Roman numerals above 
each graph indicate the type of phonatome 
being produced. Each wing-movement 
graph is from a different film, and only 
(B) and (D) are of the same individual. 
The amplitudes of the various oscillo- 
grams are not to the same scale. Fre- 
quencies below 10 khz [below 20 khz for 
(E)1 were filtered out before the oscillo- 
graph was made. In (E) the camera noise 
is still conspicuous. (B) Graph of 6/2 
type I phonatomes; the briefest spikes 
probably correspond to the striking of 
individual file teeth. (C) (Graph continues 
from one line to the next) Graph of 7 
type I phonatomes (final 5 foretelling 
transition to type II), 7 type IT phona- 
tomes, and 6 type IlI phonatomes (X's 
indicate frames for which the extent of 
closure could not be measured). (D) 
Graph of 3 type II, and 7 type III 
phonatomes. (E) Graph of 1 type IV 
phonatome. 
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wing movements. From our film we 
could not positively associate a partic- 
ular wing movement with either of the 
two pulses. Twenty independent analyses 
of the five filmed type IV phonatomes 
showed these apparent movements dur- 
ing the first pulse: opening, n = 7; clos- 
ing, n = 1; no movement, n = 12. Cor- 
responding figures for apparent move- 
ments during the second pulse were as 
follows: opening, n = 2; closing, n = 
14; no movement, n = 4. The first pulse 
is probably produced by an opening 
movement and the second by a closing. 

The transitions from type I to type II 
and from type II to type III phonatomes 
are distinctive. Tihe sequence of type I 
phonatomes ends with several that are 
variable (Fig. 1C; two films; two in- 
dividuals). The amplitude of wing 
movement is greater (suggesting type 
II), the period becomes shorter (sug- 
gesting type III), and sometimes open- 
ing or a portion of closing is silent. 
Sometimes a group of such erratic type 
I phonatomes is followed by !a short 
sequence of regular ones, that gives way 
again to erratic type I and then to 
type II phonatomes. Perhaps the 
katydid successfully shifts to type II 
phonatomes after an initial failure. The 
transition from type II to type III 
phonatomes is sudden (Fig. 1, C and 
D; four films; four individuals). The 
final type II phonatome has a slightly 
prolonged hold during closing, and the 
initial type III phonatome has a closing 
sound that begins gradually (as in type 
II phonatomes). 

The complexity of wing movements 
in this species far exceeds any previous- 
ly described. Those working with simple 
movements in one- or two-phonatome 
species (2-4) should note the chal- 
lenges that remain. Systematists should 
note that wing-movement cycles provide 
an important new clue to homology and 
analogy among signals (10). Those 
taxonomists who have assumed that the 
distinctive features of the calling song 
can be deduced from features of the 
stridulatory apparatus (11) should note 
that four phonatomes come from a 
single apparatus and that the variety 
of distinctive calling songs one such 
apparatus might produce by changes in 
the sequence and timing of the four 

phonatomes would easily exceed the 
number of species of katydids. 

The structure of the stridulatory file 
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The structure of the stridulatory file 
of Uhler's katydid merits comment. For 
instance, one might expect that the file 
would show some specialization facilita- 
ting the two-step closures of type I 
and type II phonatomes. In fact, certain 
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species of Phaneropterinae (the sub- 
family including Uhler's katydid) have 
the most complex files known: some 
files have sharp bends, and others have 
sudden transitions in the structure and 
spacing of the teeth (12). However, the 
file of Uhler's katydid is remarkably 
ordinary-a row of nearly uniform 
teeth gently curving at either end (see 
cover). The calling songs of phanerop- 
terines with complex files are unknown. 

THOMAS J. WALKER, DONALD DEW 

Department of Entomology and 
Nematology and Communication 
Sciences Laboratory, Department of 
Speech, University of 
Florida, Gainesville 32601 
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sudden transitions in the structure and 
spacing of the teeth (12). However, the 
file of Uhler's katydid is remarkably 
ordinary-a row of nearly uniform 
teeth gently curving at either end (see 
cover). The calling songs of phanerop- 
terines with complex files are unknown. 
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transferase (2), an allele that produces 
about half the activity of the wild type 
allele, made it necessary to supplement 
quantitative enzyme data with appro- 
priate family studies or electrophoresis 
or both techniques (3) in order to estab- 
lish transferase genotypes. The results 
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Galactokinase: Evidence for a New Racial Polymorphism 

Abstract. Activities of galactokinase and galactose-l-phosphate uridyltransferase 
in red cells were assayed in a mixed racial population of 645 pregnant women. 
The distribution of individual transferase activities for black subjects was the 
same as that for whites. In contrast, the distributions of individual galactokinase 
activities differed significantly in blacks and whites, the mean for the black popu- 
lation being 30 percent lower than the mean for the white population. The same 

racial difference was found when red cell galactokinase activity was examined 

in males and in newborns. Because low-, intermediate-, and high-galactokinase 
activities appear to segregate within several black families, this observed difference 

suggests a new, racially determined enzyme polymorphism. 
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