
ing high isophane numbers, reflecting 
boreal climates with severe winter cold; 
and those of smaller body size are 
from stations with low isophane num- 
bers, reflecting mild or austral climates, 
occasionally with severe summer heat. 
A similar relationship between body 
size and climate is found in many 
native species of birds. 

South of latitude 28?N in North 
America, other selective factors tend 
to override the effects of selection for 
body size as described by Bergmann's 
ecogeographic rule. Although mean 
body weight in the sample from Oaxaca 
City does not fall far from an ex- 
pected position along the regression 
line based on data from samples taken 
in the United States and Canada, birds 
from Mexico City are surprisingly light 
in weight and those from Progreso, 
Texas, are unexpectedly heavy. That 
these differences reflect real variation 
in body size and not merely nongenetic 
variation in level of fat deposition is 
indicated not only by examination of 
the fat condition of the specimens but 
also by data on the length of the 
tarsus, which in house sparrows is 
closely correlated with body weight. 

Current taxonomic practice gives 
formal nomenclatural recognition, at 
the subspecific level, to morphologi- 
cally definable geographic segments of 
species populations. And it is obvious 
that the levels of differentiation 
achieved by the introduced house spar- 
row in the Hawaiian Islands and in a 
number of areas in North America are 
fully equivalent to those shown by 
many polytypic native species. Al- 
though application of subspecific tri- 
nomials to certain New World popu- 
lations of sparrows would be fully 
warranted, we are not convinced that 
nomenclatural stasis is desirable for a 
patently dynamic system. Nomencla- 
tural considerations aside, the evolu- 
tionary implications of our findings are 
apparent. Current estimates of the 
minimum time normally required for 
the evolution of races in birds range 
upward from about 4000 years (14), 
and nowhere is there a suggestion that 
such conspicuous and consistent pat- 
terns of adaptive evolutionary response 
to environments as we have found in 
New World house sparrows are to be 
expected within a period covering not 
more than 111 generations. Actually, 
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until 1933 (15), and they were not 
present in Death Valley before 1914, 
or in Vancouver before 1900. Our 
findings are consistent with recent evi- 
dence of evolutionary changes in some 
other groups of animals, including 
mammals and insects (16), within his- 
torical times. Clearly, our thinking 
must not exclude the possibility of ani- 
mals attaining to extremely rapid rates 
of evolution at the racial level. 

RICHARD F. JOHNSTON 

Museum of Natural History, 
University of Kansas, Lawrence 

ROBERT K. SELANDER 

Department of Zoology, 
University of Texas, A ustin 
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In a previous report, Jensen and 
Kirkham (1) observed that diffusion 
of O8-labeled oxygen through cores of 
moist soil increased as growing corn 
roots penetrated the cores. The in- 
creased diffusion could not be ac- 
counted for by changes in soil porosity, 
and Jensen and Kirkham assumed that 
the oxygen was moving through the in- 
tercellular spaces of the root for at 
least part of its path. However, when 
a nonporous layer (for example, paraf- 
fin, 6 mm thick) was placed below 
the soil core, transport of oxygen was 
barely detectable when corn roots 
pierced the layer. Results obtained by 
Ebert and Howard (2) suggested that 
tissue near the root tip may offer more 
resistance to the diffusion of oxygen 
than tissue farther back. 

We repeated the wax layer experi- 
ment of Jensen and Kirkham with 

In a previous report, Jensen and 
Kirkham (1) observed that diffusion 
of O8-labeled oxygen through cores of 
moist soil increased as growing corn 
roots penetrated the cores. The in- 
creased diffusion could not be ac- 
counted for by changes in soil porosity, 
and Jensen and Kirkham assumed that 
the oxygen was moving through the in- 
tercellular spaces of the root for at 
least part of its path. However, when 
a nonporous layer (for example, paraf- 
fin, 6 mm thick) was placed below 
the soil core, transport of oxygen was 
barely detectable when corn roots 
pierced the layer. Results obtained by 
Ebert and Howard (2) suggested that 
tissue near the root tip may offer more 
resistance to the diffusion of oxygen 
than tissue farther back. 

We repeated the wax layer experi- 
ment of Jensen and Kirkham with 

Blair, Contrib. Lab. Vert. BIol. 25, 1 (1944); 
, ibid. 36, 1 (1947); F. B. Sumner, 

Bibliog. Genetica 9, 1 (1932); J. Huxley, 
Evolution: The Modern Synthesis (Harper, 
New York, 1943), p. 433. 

8. Reflection was measured with a Bausch and 
Lomb Spectronic 20 colorimeter equipped 
with a color analyzer reflectance attachment. 
Readings were taken at 30-m/, intervals and 
a magnesium carbonate block was used as a 
standard of 100-percent reflectance. See R. K. 
Selander, R. F. Johnston, T. H. Hamilton, 
Condor, in press, for further explanation. 

9. C. L. Gloger, Das Abdndern der Vogel durch 
Einfluss des Klimas (Breslau, 1833); C. 
Bergmann, Gott. Stud. 1, 595 (1847); B. 
Rensch, Arch. Naturgesch. N.F. 7, 364 
(1938); --, ibid. 8, 89 (1939); E. Mayr, 
Evolution 10, 105 (1956); T. H. Hamilton, 
ibid. 15, 180 (1961). 

10. D. Summers-Smith, The House Sparrow 
(Collins, London, 1963), p. 182. 

11. J. Davis, Condor 56, 142 (1954). 
12. R. K. Selander and R. F. Johnston, un- 

published. 
13. A. D. Hopkins, U.S. Dept. Agr. Misc. Publ. 

280 (1938). 
14. R. E. Moreau, Ibis (ser. 12) 6, 229 (1930); 

E. Mayr, Animal Species and Evolution 
(Harvard Univ. Press, Cambridge, Mass., 
1963), p. 579. 

15. H. 0. Wagner, Z. Tierpsychol. 16, 584 (1959). 
16. E. H. Ashton and S. Zuckerman, Proc. Roy. 

Soc. London, Ser. B 137, 212 (1950); E. C. 
Zimmerman, Evolution 13, 137 (1960); E. 0. 
Wilson and W. L. Brown, Jr., ibid. 12, 211 
(1958); R. M. Lockley, Nature 145, 767 
(1940); J. N. Kennedy, Bull. Brit. Ornithol. 
Club 33, 33 (1913); F. C. Evans and H. G. 
Vevers, J. Animal Ecol. 7, 290 (1938); Th. 
Dobzhansky, Evolution 12, 385 (1958); -- 
ibid. 17, 333 (1963); E. B. Ford, Cold 
Spring Harbor Symp. Quant. Biol. 20, 230 
(1955); P. M. Sheppard, Advan. Genet. 10, 
165 (1961); H. B. D. Kettlewell, Heredity 
10, 287 (1956). 

17. Supported by NSF grants GB 240 and 
GB 1739. 

27 January 1964 I 

Blair, Contrib. Lab. Vert. BIol. 25, 1 (1944); 
, ibid. 36, 1 (1947); F. B. Sumner, 

Bibliog. Genetica 9, 1 (1932); J. Huxley, 
Evolution: The Modern Synthesis (Harper, 
New York, 1943), p. 433. 

8. Reflection was measured with a Bausch and 
Lomb Spectronic 20 colorimeter equipped 
with a color analyzer reflectance attachment. 
Readings were taken at 30-m/, intervals and 
a magnesium carbonate block was used as a 
standard of 100-percent reflectance. See R. K. 
Selander, R. F. Johnston, T. H. Hamilton, 
Condor, in press, for further explanation. 

9. C. L. Gloger, Das Abdndern der Vogel durch 
Einfluss des Klimas (Breslau, 1833); C. 
Bergmann, Gott. Stud. 1, 595 (1847); B. 
Rensch, Arch. Naturgesch. N.F. 7, 364 
(1938); --, ibid. 8, 89 (1939); E. Mayr, 
Evolution 10, 105 (1956); T. H. Hamilton, 
ibid. 15, 180 (1961). 

10. D. Summers-Smith, The House Sparrow 
(Collins, London, 1963), p. 182. 

11. J. Davis, Condor 56, 142 (1954). 
12. R. K. Selander and R. F. Johnston, un- 

published. 
13. A. D. Hopkins, U.S. Dept. Agr. Misc. Publ. 

280 (1938). 
14. R. E. Moreau, Ibis (ser. 12) 6, 229 (1930); 

E. Mayr, Animal Species and Evolution 
(Harvard Univ. Press, Cambridge, Mass., 
1963), p. 579. 

15. H. 0. Wagner, Z. Tierpsychol. 16, 584 (1959). 
16. E. H. Ashton and S. Zuckerman, Proc. Roy. 

Soc. London, Ser. B 137, 212 (1950); E. C. 
Zimmerman, Evolution 13, 137 (1960); E. 0. 
Wilson and W. L. Brown, Jr., ibid. 12, 211 
(1958); R. M. Lockley, Nature 145, 767 
(1940); J. N. Kennedy, Bull. Brit. Ornithol. 
Club 33, 33 (1913); F. C. Evans and H. G. 
Vevers, J. Animal Ecol. 7, 290 (1938); Th. 
Dobzhansky, Evolution 12, 385 (1958); -- 
ibid. 17, 333 (1963); E. B. Ford, Cold 
Spring Harbor Symp. Quant. Biol. 20, 230 
(1955); P. M. Sheppard, Advan. Genet. 10, 
165 (1961); H. B. D. Kettlewell, Heredity 
10, 287 (1956). 

17. Supported by NSF grants GB 240 and 
GB 1739. 

27 January 1964 I 

modifications intended to test the effect 
of proximity of the root tips. Our 
experimental container was similar to 
that used previously (Fig. 1). The 
lower wax membrane was near the 
root tips; however, we increased the 
length of the soil column to 17.8 cm 
and added a 1.4-cm gap, 5.6 cm from 
the top of the column, which contained 
a second wax membrane. Roots grow- 
ing through the upper membrane con- 
tinued downward for 12.2 cm before 
reaching the lower membrane. Growth 
generally ceased when the root tips 
were 1 to 2 cm below the lower mem- 
brane. In this way, the mean distance 
of the membrane from the root tips 
that had penetrated it was greater for 
the upper membrane than for the lower. 
In addition, the upper membrane was 
nearer the foliage than the lower one. 

The soil in the container was Yolo 
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Abstract. Oxygen, labeled with oxygen-18, is transported across wax mem- 
branes penetrated by growing corn roots. The rate of transport is a linear function 
of the number of penetrating roots. Other factors also influence the rate of 
transport. 
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silt loam, which had been airdried, pul- 
verized to pass a 2-mm screen, and 
then moistened again before it was 
packed into the container. Eighteen 
germinated corn seeds (Zea mays var. 
Golden Bantam) were planted 1.6 cm 
deep in the upper soil column. The 
height of the plants at the end of an 
experiment was about 15 cm. 

The procedure for obtaining the 
air samples as the roots penetrated the 
upper membrane was as follows. Air 
with its oxygen slightly enriched in 
oxygen-18 (0.8 atom of 0"1 for every 
100 atoms of 016) was passed con- 
tinuously (at 5 ml/min) into the con- 
tainer at A and exhausted at B (Fig. 
1). Unenriched air (0.2 atom 018 per 
100 atoms 016) was passed in at C 
(at 2 ml/min), under the wax mem- 
brane, and exhausted at D. Air samples 
for mass spectrometric analysis were 
taken daily from the air streams en- 
tering C and leaving D and from the 
port G (otherwise closed) just above 
the wax membrane. The rate of oxygen 

Fig. 1. Experimental container for the de- 
termination of oxygen transport across 
wax membranes through which corn roots 
are growing. 
1 MAY 1964 

entry p10 at C was also measured pre- 
cisely and the number of roots R 
piercing the membrane noted. The 
downward component, p, of oxygen 
transport across the membrane was cal- 
culated by using Eq. 2 of Jensen and 
Kirkham: 

p- - ao 

a2 - al 

where ao, ai, and a2 are the ratios of 
018 to O16 in the air entering at C, 
in the air leaving at D, and in the air 
just above the membrane (at port 
G), respectively. The units of p and 
plo are given at normal temperature and 
pressure, in microliters per minute. 

When several roots had penetrated 
the upper membrane and a few had 
reached the lower membrane, port B 
was connected to port C with tubing 
so that the enriched air passed beneath 
the upper membrane before being ex- 
hausted at D. The unenriched air was 
now passed in at E and exhausted at F. 
Measurements of oxygen transport 
across the lower membrane during root 
penetration were then made in the 
same way as for the upper membrane. 

For the first experiment the mem- 
branes were prepared from Bareco 
wax, a microcrystalline wax slightly 
harder than paraffin. The upper mem- 
brane was 1.49 ? 0.01 mm thick. 
Most of the roots were unable to pene- 
trate these membranes; therefore, for 
the remaining experiments, membranes 
were prepared by stretching cheese- 
cloth on a frame, dipping in melted 
paraffin, and slowly rotating at a slight 
angle to horizontal while cooling. 
Roots readily penetrated these mem- 
branes. Membrane thicknesses for the 
second experiment were 0.40 ? 0.02 
mm for the upper and 0.31 ? 0.03 
mm for the lower membrane. For the 
third experiment, the values were 0.37 

- 0.02 mm for the upper and 0.38 
- 0.01 mm for the lower. 

The results in Fig. 2 demonstrate 
that oxygen can be transported and 
released by corn roots. The rates are 
relatively high compared with those 
observed by Jensen and Kirkhan (1); 
however, this may result from our use 
of thin wax membranes which re- 
duce the diffusion path length of the 
oxygen. The points for only two mem- 
branes deviate significantly from a 
single regression line B (p = -4.2 + 
3.4R). These are for an upper mem- 
brane, line A (p = 0.8 + 9.9R), and 
for a lower membrane, line C (p = 
-1.7 + 1.3R). 

4 8 12 1C 
R (Number of Roots) 

Fig. 2. Downward component, p, of 
oxygen transport across wax membranes 
penetrated by growing corn roots, R. 
Squares, first experiment; circles, second 
experiment; triangles, third experiment; 
solid symbols, upper membranes; open 
symbols, lower membranes. 

We compared the rates of transport 
across the upper and lower mem- 
branes by calculating the mean rates 
per root, using the regression lines A, 
B, and C. The mean rate for the upper 
membranes was 2.8 d/l/min per root 
greater than for the lower membranes. 
However, an analysis of variance did 
not show this difference to be signif- 
icant (20 percent level) because of 
the large variation between the three 
experiments. Significance might result 
with further replications, but the varia- 
tion shows that other important factors 
are present. The good fit to linear re- 
gression lines in Fig. 2 indicates that 
these factors affect all roots through 
the same membrane equally. 

Such a pervasive factor might be the 
soil moisture content or the com- 
position of the air around the roots. 
The concentration of oxygen below 
the membranes did not vary from that 
of the atmosphere but was not mea- 
sured above the membranes. Carbon 
dioxide or traces of nitrous oxide 
(from soil denitrification) may have 
affected the roots. Rate of root growth 
may also be a factor; root growth was 
slower in the first experiment than 
in the second and third experiments. 
A related factor is the root respiration 
rate; Eq. 2 of Jensen and Kirkham 
does not correct for respiratory loss 
of oxygen within the root. Only by 
further experimentation will the perti- 
nent factors be identified. 

Oxygen transport and release may 
be of considerable importance to root 
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and soil aeration. For example, oxygen 
release from roots may be a factor 
in sustaining the "rhizosphere effect," 
the abundant microbial activity often 
observed on the surface of plant roots 
in soil. 

CREIGHTON R. JENSEN 
J. LETEY 

L. H. STOLZY 
Department of Soils and Plant 
Nutrition, University of California, 
Riverside 
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Hemoglobins A and F: Formation 

in Thalassemia and Other 

Hemolytic Anemias 

Abstract. Rates of synthesis of hemo- 
globin A by erythroid cells from thal- 
assemic subjects are markedly de- 
creased. Formation of hemoglobin F, 
however, proceeds at similar rates in 
cells from subjects with thalassemia 
and other types of hemolytic anemias. 
A mechanism is suggested regarding 
the altered patterns of hemoglobin syn- 
thesis under conditions of erythropoi- 
etic stimulation in subjects with and 
without thalassemia. 

The thalassemia syndromes include 
a group of inherited diseases which 
are characterized by a marked de- 
crease in the concentration of hemo- 
globin A and, in many instances, an 
increase in the concentration of hemo- 
globin F. Various theories have been 
advanced to explain the mechanism of 
this disorder. Recently, hypotheses 
which presume a primary defect in the 
rates of synthesis of the globins (1-4) 
have been emphasized. Itano (1) and 
Ingram and Stretton (2) postulated that 
the defect in hemoglobin A synthesis 
in thalassemia is associated with the 
formation of a structurally abnormal 
hemoglobin which is made at a rate 
slower than normal. However, analysis 
of the amino acid content of indi- 
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hemoglobin which is made at a rate 
slower than normal. However, analysis 
of the amino acid content of indi- 
vidual tryptic peptides of hemoglobin 
from the thalassemias have as yet re- 
vealed no structural abnormalities (5). 
An alternative proposal (1, 2) is that 
the defect in thalassemia involves the 
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genetic regulatory system resulting in 
an altered rate of synthesis of structur- 
ally normal hemoglobin A. 

Ribosomes characterized by sedimen- 
tation coefficients greater than 100S 
(polyribosomes) are the site of protein 
synthesis in erythroid cells of both thal- 
assemic and nonthalassemic subjects 
(4). However, polyribosomes in cells 
from thalassemic patients have a sig- 
nificantly lower capacity to incorporate 
leucine than polyribosomes in cells 
from nonthalassemic persons (4). Leu- 
cine is in all peptide chains of hemo- 
globins A and F. Isoleucine, which is 
in hemoglobin F but not in hemo- 
globin A, is incorporated by polyribo- 
somes in cells of thalassemic and non- 
thalassemic patients in at least compar- 
able amounts. These initial observa- 
tions suggested that in thalassemia the 
defect in protein synthesis involves a 
selective impairment in the capacity of 
polyribosomes to form hemoglobin A. 
In populations of erythroid cells syn- 
thesizing hemoglobin A and hemoglo- 
bin F, this hypothesis could be tested 
further by determining the rate of for- 
mation of these proteins. 

Blood was obtained from patients 
with thalassemia major, sickle cell ane- 
mia, and hemolytic anemias without 
primary abnormalities in hemoglobins. 
Cells were separated from the blood, 
suspended in a modified Krebs-Ringer 
bicarbonate medium (6) that contained 
C4-leucine (17.1 Atc/jtmole) and C'4- 
valine (20.3 ,uc/pmole), and incubated 
at 37?C. At intervals up to 80 minutes, 
portions of the cell suspension were 
removed to determine the amount of 
radioactivity incorporated into acid-in- 
soluble material (7). At 80 minutes 
the cells were recovered from the cell 
suspension by centrifugation and then 
lysed by a short exposure to a hypo- 
tonic solution (7). The hemolysate was 
made free of ribosomes by centrifuga- 
tion at 200,000g for 2 hours. Hemo- 
globin concentrations were determined 
and ribosomes were analyzed (4). 
Hemoglobin fractions were separated 
from ribosome-free hemolysates by 
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tic anemia (Table 1). In all subjects 
studied, however, the concentrations of 
hemoglobin were similar, and the per- 
centage of hemoglobin F was above 
normal (Table 1). The normal con- 
centration of hemoglobin F is below 
2 percent. 

The rate of incorporation of amino 
acid into hemoglobin A by cells from 
thalassemic subjects was strikingly low- 
er than that by cells from subjects 
with the other types of hemolytic ane- 
mia (Table 1). By contrast, the in- 
corporation into the fraction containing 
hemoglobin F was not markedly dif- 
ferent in cells from the thalassemic 
compared with the nonthalassemic sub- 
jects. In no experiment did the incor- 
portation of radioactive amino acid into 
nonheme protein exceed 6 percent of 
the total amino acid incorporated. The 
decreased rate of amino acid incorpora- 
tion into hemoglobin A cannot be at- 
tributed to a failure of saturation of 
the ribosomes in thalassemic cells. In 
all instances examined, the radioactiv- 
ity associated with ribosomes reached 
a plateau value within 5 minutes. The 
incorporation of the C4-amino acids in- 
to the supernatant protein continued to 
increase at a linear rate during the 80- 
minute period of incubation. In three 
patients with thalassemia (Table 1, tha- 
lassemia subjects 1, 3, and 4) the rela- 
tive concentration of hemoglobin F to 
hemoglobin A was smaller than the 
ratio of amino acid incorporated into 
these fractions, respectively. A possible 
explanation for this finding is that prior 
to these studies these patients were regu- 
larly transfused. The other patient with 
thalassemia (Table 1, thalassemic sub- 
ject 2) had never been transfused. In 
this case, the relative concentration of 
hemoglobins F to A was higher than 
the ratio of their rates of synthesis. 
This could be due to a lower rate of 
turnover of hemoglobin F in vivo, as 
suggested by Gabuzda et al. (10). 

The present results indicate a selec- 
tive decrease in the capacity of ribo- 
somes of erythroid cells of thalassemic 
subjects to synthesize hemoglobin A, 
which is composed of two alpha- and 
two beta-peptide chains. The rate of 
amino acid incorporation into hemoglo- 
bin F, composed of two alpha- and 2 
gamma-peptide chains, was similar in 
cells of both thalassemic and nonthal- 
assemic subjects. Therefore the primary 
defect in these subjects with thalasse- 
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