wet earwax cannot be phenotypically
distinguished from the heterozygous
type. Dry cerumen occurs with low fre-
quency in Caucasians and Negroes
whereas it is preponderant in Mongol-
oids.

We have examined the cerumen from
432 Indians of the Mississippi Choctaw
tribe. Our sample was drawn from pa-
tients, outpatients, and ward visitors at
the Public Health Service hospital in
Philadelphia, Mississippi, as well as
from Indians seen in their homes, at
field clinics, and at the annual Choctaw
Indian fair. They were randomly select-
ed from all age groups; individuals with
ear infections were excluded.

Bilateral otoscopic examination was
performed. Wet cerumen was light tan
to dark brown in color, thick, and al-
ways sticky. The dry type was flaky or
granulated, ranged in color from black
through tan to light grey, and did not
adhere to the instruments or the fingers.
Stickiness was the ultimate criterion in
cases of doubt on inspection, requiring
curettage and extraction of cerumen.

Ninety individuals had dry cerumen,
333 had wet cerumen, and 9 could not
be classified. This represents a pheno-
type frequency of 21 percent dry and
79 percent wet, excluding indetermi-
nates. Gene frequencies were calculated
by the Hardy-Weinberg law. The esti-
mated gene frequency for the recessive
dry allele (g) is 0.46, and the overall
genotype frequencies are 0.212 homo-
zygous dry, 0.291 homozygous wet,
and 0.497 heterozygous wet.

Petrakis et al. (2) found an overall
incidence of 51.3 percent of dry ceru-
men in a miscellaneous group of 482
Indians, predominantly Sioux and Nav-
aho. They found that the greater the
proven admixture of Caucasian with In-
dian, the lower the frequency of dry
earwax. They suggested that Caucasian
admixture was the major cause of the
lower frequency of dry cerumen among
American Indians as compared to their
presumably Mongolian ancestors, who
have frequencies of dry cerumen as
high as 90 percent or greater (/).

The frequencies of dry cerumen
(ranging from 3 to 8 percent) among
Mayan Indian groups in southern Mex-
ico (3) are extremely low in comparison
to those for North American Indians,
in spite of almost complete isolation of
the Mayans from their Spanish con-
querors. The frequency of only 21 per-
cent of dry cerumen among Choctaw
Indians is intermediate between that of
the Mayan and western North Ameri-
can Indians. The Choctaws claim to be
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full-blooded and have distinctly Indian
physiognomy. Hospital patients were
routinely typed as blood group O, al-
though the exact frequency of ABO
blood groups has not been determined.
With this evidence of decreasing fre-
quency of dry cerumen with increasing
distance from the Bering Strait, the
possibilities of early genetic drift, or
mixture with prehistoric non-Mongoloid
immigrants, deserve further considera-
tion as additional explanations for vari-
ation in cerumen types. It would be
interesting to compare the frequency of
cerumen types among Mississippi Choc-
taws with that of Oklahoma Choctaws,
who were removed from Mississippi by
treaty in 1830.

LAWRENCE M. MARTIN

JonN F. JACKSON

Department of Preventive Medicine,
University of Mississippi School of
Medicine, Jackson 39216
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Microtubules in Spermatozoa of
Childia (Turbellaria, Acoela)
Revealed by Negative Staining

Abstract. Many intact axial units,
with attached basal plates, are found
in spermatozoa of Childia groenlandica
negatively stained with phosphotungstic
acid. Electron micrographs show a total
of nine doublet microtubules, confirm-
ing observations on sectioned material,
where nine peripheral doublets, but no
single central ones, occurred. Living
spermatozoa move by waves progress-
ing along a double undulating mem-
brane.

It has been thought that nonmotile
or sensory flagella and cilia are charac-
terized by the presence, in their axial
units, of nine doublet microtubules and
by the absence of the two central micro-
tubules. Conversely, motile and non-
sensory flagella and cilia have the usual
9 -+ 2 arrangement (I) or the so-called
9 + 1 arrangement found in several
platyhelminth spermatozoa (2). The
spermatozoa of the acoel turbellarian
Childia groenlandica are an exception,
however. They are motile (3), but both
sectioned material and negatively stained

preparations reveal the presence of only
nine peripheral doublets, with no evi-
dence whatsoever of the central two.
(This will be referred to hereafter as
the 9 + O pattern.)

For electron microscopy, entire ani-
mals were fixed in 6 percent glutaralde-
hyde in cacodylate buffer for 2 hours,
treated with 1 percent osmium tetrox-
ide, embedded in Araldite, and sections
were stained with uranyl acetate. Thin
sections were examined with the Philips
100 or Zeiss electron microscopes.
Negatively stained material was pre-
pared by cutting up the intact animals
with fine needles, and digesting them
in 1 percent phosphotungstic acid
(PTA) (4); the digests were then trans-
ferred to 200-mesh copper grids coated
with Formvar and carbon, and ex-
amined with the Zeiss electron micro-
scope.

During spermiogenesis in Childia,
two free flagella are given off by the
young spermatid. As seen in sections,
these have a 9 + 0 pattern of doublet
microtubules (Fig. 1), but are quite
motile in the living condition. By a
complex series of events (5), these free
flagella are then incorporated into a
cytoplasmic sheath which appears
rather suddenly and which undergoes
further changes to become the two un-
dulating membranes of the mature
spermatozoon’s tail (3). Movement of
the spermatozoon occurs by waves
which arise independently. These pass

‘along the edges of the undulating mem-

branes, from the tip of the tail toward
the head; the motion is similar to that
of trypanosomes.

In thin sections (Fig. 1), the two
axial units (each about 0.18 p in diam-
eter) of the incorporated flagella are
completely surrounded by the cyto-
plasm of the undulating membranes,
and lack the two central microtubules.
In contrast, the cilia on the body sur-
face have the usual 9 + 2 pattern.

Many intact axial units (nine dou-
blets with at least the basal plate of the
basal body still attached) were found in
negatively stained preparations (Fig. 2).
No cases have been observed where
more than nine doublets were present.
The very few cases where less than
nine could be counted presumably
would be a consequence of the break-
ing away of one or more of the tubules.
The fact that no more of the basal
body was present in any of the ob-
served axial units than is shown in Fig.
2 may indicate that an inherent weak-
ness in the organelle causes the basal
plate to split away from the remainder
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Fig. 1 (left). Transverse section of spermatozoa in testis of Childia groenlandica,
through tail region. Paired axial units of three spermatozoa are labeled (I and 2; I*
and 2% I* and 2%, respectively), each with nine peripheral doublet microtubules but
no central ones. DB, dense bodies; M, mitochondria; RB, refractile body (x 15,000).
Fig. 2 (right). Isolated negatively stained intact axial unit from tail of Childia sperm,
with attached basal plate. Nine doublet microtubules are present; arrow indicates region
showing periodicity. BP, basal plate; DT, doublet microtubules (X 50.000).

of the structure, or this may be an un-
usually flat, but entire, basal body. Evi-
dence from sectioned material favors
the second interpretation, but the ques-
tion is not yet definitely settled.

The structure of the microtubules
has well-defined periodicity (Fig. 2)
with a repeating period for the stria-
tions of approximately 150 A; the di-
ameter of each doublet is about 400 A.
In micrographs made at greater mag-
nifications, longitudinal protofibrils can
be seen in the walls of the microtubules.
Studies with higher-resolution micros-
copy will be necessary to establish the
number and morphology of these fila-
ments and the precise dimensions of
the subunits.

Isolated microtubule doublets were
often very sharply bent. This suggests
that the microtubules, rather than being
solid rods, have an outer wall differing
greatly in density from the interior (6).
The brittle quality of the outer walls,
under the preparatory conditions em-
ployed, is also indicated. Similar sharp
bends occur in microtubules of other
platyhelminth spermatozoa (7).

"~ In contrast to the findings of Pease
(6), we observed no cases where micro-
tubules were joined together at their
distal ends by the amorphous cloud of
material which he illustrated. Indeed,
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there was a definite tendency in our
preparations for the doublet micro-
tubules to separate from one another
at their distal ends. The macerating ac-
tion of PTA on spermatozoa of Childia
appears to begin at the distal ends of
the axial units, and to progress proxi-
mally quite rapidly.

We have found that the 9 4+ O pat-
tern of microtubules occurs in sperma-
tozoa of the acoel Polychoerus carmel-
ensis which, under certain specific cir-
cumstances (8), are motile (3). There
are only two other reports of such a
9 + 0 configuration in motile male ga-
metes, that of Desportes (9) for the
eugregarine Stylocephalus, and possibly
that of Afzelius (10), for Myzostomum.
The motility of male gametes of Stylo-
cephalus was established by Léger (11).
The acoels Childia and Polychoerus are
also the first cases known to us where
spermatozoa of platyhelminths have a
9 + 0 pattern. Several workers have
described a configuration in turbellar-
ian, trematode, and cestode sperma-
tozoa (2), in which the central portion
of the axial unit is occupied by a single
electron-dense core unit, frequently
connected to the nine peripheral dou-
blets by amorphous strands to give a
wagon-wheel effect. A system of cyto-
plasmic microtubules (/2) just under

the plasma membranes of the cells
also occurred frequently in those sper-
matozoa. We found no evidence of
such cytoplasmic microtubules in sec-
tioned Childia, although at certain
stages in spermiogenesis there may be
a manchette of microtubules temporar-
ily ensheathing the nucleus.

Grimstone and Klug (/3) found in-
tact axial units in the negatively stained
flagella of Trichonympha and other
flagellates, but they published no illus-
trations of the basal body. Anderson et
al. (14) also isolated intact axial com-
plexes of microtubules from cilia and
Burton has an illustration (2, Fig. 21)
of the entire complement of micro-
tubules at one level of the spermatozoon
of the lung fluke.

Silveira and Porter, Hendelberg, and
Tulloch and Hershenov (2) have all
suggested that the so-called 9 + 1 pat-
tern may be the normal one for sper-
matozoa of Platyhelminthes. Our re-
sults contradict this generalization, and
in addition provide a case where sper-
matozoa and cilia of the same animal
have 2 9 + 0 and a 9 + 2 pattern, re-
spectively, both being motile.

DoNALD P. COSTELLO

CATHERINE HENLEY

CHARLES R. AuLT

Department of Zoology, University of
North Carolina, Chapel Hill 27514
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