transported in segregated rate classes,
each with a distinctive composition, sup-
ports the structural hypothesis of axonal
transport. Furthermore, these observa-
tions are part of a growing body of data
that indicate that the biologically rele-
vant units of axonal transport are likely
to be cytological structures and not indi-
vidual protein molecules.

MicHAEL TYTELL
Department of Anatomy,
Bowmah Gray School of Medicine,
Winston-Salem, North Carolina 27103

MARK M. Brack
Department of Anatomy,
Temple University Medical Center,
Philadelphia, Pennsylvania 19104

Jubpy A. GARNER
Department of Microbiology,
School of Medicine,
Case Western Reserve University,
Cleveland, Ohio 44106

RayMmonD J. LASEK

Department of Anatomy,
School of Medicine,
Case Western Reserve University

References and Notes

. P.N. Hoffman and R. J. Lasek, J. Cell Biol. 66,
351 (1975).

. M. M. Black and R. J. Lasek, Brain Res. 171,

401 (1979).

., J. Cell Biol. 86, 616 (1980).

. G. C. Stone, D. L. Wilson, M. E, Hall, Brain

Res. 144, 287 (1978).

. D. L. Wilson and G. C. Stone, Annu. Rev.

Biophys. Bioeng. 8, 27 (1979).

. M. B. Willard, W. M. Cowan, P. R. Vagelos,

Proc, Natl. Acad. Sci. U.S.A. 71, 2183 (1974).

. M. B. Willard and K. L. Hulebak, Brain Res.

136, 289 (1977).

. T. Lorenz and M. Willard, Proc. Natl. Acad.

Sci, U.S.A. 75, 505 (1978).

. M. M. Black and R. J. Lasek, J. Neurobiol. 9,
433 (1978).

. U. K. Laemmli, Nature (London) 277, 680
(1970); P. H. O'Farrell, J. Biol. Chem. 250, 4007
(1975).

. W. M. Bonner and R. A. Laskey, Eur. J.
Biochem. 46, 83 (1974); R. A. Laskey and A. D.
Mills, ibid. 56, 335 (1975).

12. M. Tytell, unpublished data. Analyses of the
intermediate components (M. Tytell and R. J.
Lasek, in preparation) support the structural
hypothesis.

13, Similar observations have been made in hypo-
glossal axons (M. M. Black, unpublished data).
The interpretations of the gels in Figs. 2 and 3
are based on analyses of many such gels. Varia-
tions from one gel to another were compensated
for by relating the positions of radioactive bands
and spots to the positions of molecular weight
standards and the major proteins of the axon
revealed by Coomassie blue staining of each gel.

14. S. Ochs, in Third International Congress on
Muscle Diseuse, W. G. Bradley, D. Gardner-
Medwin, J. N. Walton, Eds. (Excerpta Medica,
Amsterdam, 1975), vol. 360, p. 189.

15. G. W. Gross, Adv. Neurol. 12, 283 (1975).

16. B. Droz, in The Nervous System, vol. 1, Basic
Neurosciences, D. B. Tower, Ed. (Raven, New
York, 1975), p. 111; R. Hammerschalg, G. C
Stone, F. A. Bolen, Trans. Am. Soc. Neuro-
chem. 12, 144 (1981).

17. G. Bennett, L. Di Giamberardino, H. L.
Koenig, B. Droz, Brain Res. 60, 129 (1973); L.
Di Giamberardino, G. Bennett, H. L. Koenig,
B. Droz, ibid., p. 147; B. Droz, H. L. Koenig,
L. Di Giamberardino, ibid., p. 93; M. Willard,
M. Wiseman, J. Levine. P. Skene, J. Cell Biol.
81, 581 (1979).

18. J. Zelend, A. Lubidska, E. Butmann, Z. Zell-
Jorsch, Mikrosk. Anar. 91, 200 (1968).

19. S. Tsukita and H. Ishikawa, J. Cell Biol. 84, 513
(1980).

20. E. Holtzman, Philos. Trans. R. Soc. London

Ser. B 261, 407 (1971); J. H. LaVail and M. M.

W0 M N B N =

S

SCIENCE, VOL. 214, 9 OCTOBER 1981

LaVail, J. Comp. Neurol. 157, 303 (1974); M.
M. LaVail and J. H. LaVail, Brain Res. 85, 273
(1975); R. S. Smith, J. Neurocytol. 7, 611 (1978).

21. The data in (/, 3) indicate that there is little
turnover of axonal proteins as they are trans-
ported.

22, L. Lubifiska, Prog. Brain Res. 13, 1 (1964); E.
W. Taylor, Neurosci. Res. Program Bull. 19,

<136 (1981).

23. This polypeptide is probably identical to the
polypeptide called fodrin by J. Levine and M.
Willard [Soc. Neurosci. Abstr. 5, 61 (1979); J.
Cell Biol. 87, 206a (1980)].

24, S.T.Brady and R. J. Lasek, Cell 23, 515 (1981).

25. M. H. Ellisman and K. R. Porter, J. Cell Biol.
87, 464 (1980).

26. Because SCb contains about five times more
radioactivity than SCa in retinal ganglion cell
axons, some of the more intensely labeled SCb
polypeptides can still be detected in those axons
after the wave of labeled SCa polypeptides has
entered (3).

27. J. A. Garner and R. J. Lasek, J. Cell Biol. 88,
172 (1981).

28. M. Tytell, unpublished observation.

29. J. A. Garner, thesis, Case Western Reserve
University (1978).

30. The poor resolution of FC proteins is probably
due to the fact that most of them are glycosylat-
ed. Glycoproteins are known to bind SDS anom-
alously [R. Pitt-Rivers annd F. S. A. Impiombato,
Biochem. J. 109, 825 (1968); K. Weber and M.
Osborn, in The Proteins, H. Neurath and R. L.
Hill, Eds. (Academic Press, New York, 1975),
vol. 1, p. 179].

31. We acknowledge the excellent technical contri-
butions of S. Ricketts and D. Filsinger and thank
S. T. Brady, M. J. Katz, and 1. G. McQuarrie
for their helpful comments. This work was sup-
ported by NIH grants NS 14900-02 and NS
13658-03 awarded to R.J.L. and NIH postdoc-
toral fellowship NS 05892-02 awarded to M.T.

30 June 1980; revised 4 May 1981

/Changes in Sediment Storage in the Coon Creek Basin,

Driftless Area, Wisconsin, 1853 to 1975

Abstract. For any time period, total basin sediment vield can be used to make
reliable estimates of upland erosion rates only when no significant change in
sediment storage is in progress. In the case of Coon Creek, almost 50 percent of
human-induced sediment has historically gone into floodplain storage and less than
7 percent has left the basin. However, some of the stored sediment is becoming
mobile, and the present yield per unit area may actually be increasing downstream
with the augmentation coming from the storage loss.

Sediment yield is much less sensitive
than change of sediment storage as an
indicator of environmental change in
some highly impacted stream basins (/).
Because of these storage changes, there
may be a poor correlation between mate-
rial supplied to the stream by upland
erosion and sediment yield at the lower
end of the basin. These findings rein-
force conclusions drawn from earlier re-
search in the southeastern United States
).

A sediment budget was constructed
for Coon Creek, a drainage basin of 360
km® in the Driftless Area of southwest-
ern Wisconsin for two periods: 1853 to
1938 and 1938 to 1975 (Fig. 1). Investiga-
tors measired the storage of modern
sediment (since 1853) during the period
1974 through 1979, using techniques de-
scribed in (3). Most storage is along
streams, with alluvial deposits in the
main valley accounting for about 75 per-
cent of all measured sediment in the
basin.

The sediment yield of Coon Creek
since the beginning of agricultural activi-
ty was estimated on the basis of reser-
voir sedimentation rates from the near-
by, physically and agriculturally similar
Beaver Creek Basin. The reservoir on
Beaver Creek was built in 1867, and total
sediment accumulation was measured in
1939 (4) and in 1976-1977. The accumu-
lation for both time periods was adjusted
by means of the Brune trap efficiency
curve () to estimate sediment inflow.

Total sheet and rill erosion since 1853
was estimated by applying the universal
soil loss equation (6, 7) at different dates
and integrating the rates. Upland gully
erosion was estimated by subtracting,
during the period of peak erosion and
sedimentation, the sum of the rates of
upland sheet and rill erosion and the
measured tributary erosion (3) from the
sum of the rates of storage gain and
sediment yield. This estimate is a mini-
mal value: gully erosion was probably a
greater proportion of the total erosion
than indicated in Fig. '1. The overall
average depth of erosion for 1853 to 1975
is 13.2 cm and compares well with 9.3 cm
from an earlier estimate (8), which was
based on soil-profile truncations and on
consideration of sheet erosion on open
pasture and cultivated land. Had wood-
land and gully erosion been included, the
two estimates would have been closer.

Colluvium is the residual after the sum
of storage gain and sediment yield is
subtracted from total erosion. It is the
least reliably quantified component of
the sediment budget.

The most significant pattern to emerge
from this sediment budget is that sedi-
ment yield has been small compared with
either erosion or change in sediment
storage. In view of the fact that so much
emphasis has been placed on sediment
yield as an indicator of erosional pro-
cesses (2), it is instructive to realize that
in this area sediment yield was only
about 6 percent of all upland erosion
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estimated to have occurred between
1853 and 1938 and only 11 percent of the
net sediment accretion in stream valleys.

In order to estimate short-term sedi-
mentation rates, differential rates of sedi-
ment accretion were estimated by recon-
structing stream and valley deposition
rates at several sites in the main valley
(as, for example, that illustrated in Fig.
2). A composite of these estimates shows
that accretion increased from negligible
rates at the time of European settlement
to a peak of over 3000 X 10® g km™ of
drainage area per year in the 1930’s.
These peak estimates were substantiated
by sediment deposition rates measured

1853-1938

27
Sediment yield to
Mississippi River

in several small reservoirs and debris
dams (9). Floodplains at that time were
aggrading at a rate of about 15 cm year.
At the same time, sediment yield was
only about 160 x 10° g km™ vear,
about 5 percent of the storage gain.

Soil conservation measures of the
1930’s and thereafter severely curtailed
upland erosion (7). Net storage rates for
the present cannot yet be measured to
adequate precision, but analysis of ten
subbasins indicated that, for the period
from 1962 to 1975, sediment delivered
from the upland to stream channels and
floodplains was only about 55 x 10° g

km™ year™' (7), and this places an upper
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Fig. 1. Sediment budgets for Coon Creek, Wisconsin, 1853 to 1938 and 1938 to 1975. The basin
is about 25 km southeast of La Crosse, Wisconsin, and hds an area of 360 km?. Numbers are
annual averages for the periods in 10> m® year™'. Bold numbers are medsured; other numbers
are estimated. The upper main valley, which was a sink for sediment in the earlier period, has
become a partial source of sediment in the later period.
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Fig. 2. A cross-sectional pro-
file in the lower main valley
of Coon Creek showing suc-
ceeding, higher floodplain
levels dated from 1853 to
1976; MSL, mean sea level.
Such accretion accounts for
most storage in the Coon
Creek Basin.

limit on the net gain in alluvial storage.
At the same time, considerable stream-
channel and bank erosion is occurring
with net loss of alluvium at many sur-
veyed valley cross sections. Present sed-
iment yield has not been measured from
the Coon Creek Basin, but yields from
comparable basins in the region range
from 50 to 200 X 10° g km™ year™!. If
this range is applicable to Coon Creek,
sediment is now more likely to leave
than to enter valley bottom storage, and
there appears to be net loss of storage.
Thus, in the short term, sediment yields
may be deceptive indicators of upland
erosional processes.

Limited evidence indicates that sedi-
ment yields from large basins (> 300
km?) in the Driftless Area have changed
relatively little over the past 50 years
(10). At the same time, there has been a
significant decrease in the rates of up-
land erosion and valley accretion. This
finding suggests that the correlation be-
tween upland erosion and sediment yield
is poor in highly disturbed basins where
relatively large changes of storage are
occurring. The present widely held con-
cept is that sediment yield per unit area
decreases with basin size (/1), whereas
the data from Coon Creek suggest that
sediment yield per unit area may begin to
increase with basin size in this and, by
inference, in other agriculturally dis-
turbed basins in humid regions. The data
also strongly suggest that yield per unit
area at a point in the system can change
with time as a result of changes in sedi-
ment storage. If these inferences are
correct, present concepts of the relation
of drainage area to sediment yields will
need to be rethought and further investi-
gation is necessary.

Changes of sediment storage have
qualitative as well as quantitative signifi-
cance. Many agricultural and industrial
chemicals, such as pesticides and poly-
chlorinated biphenyls, adsorb on soil
particles, and stream sediment measure-
ments have been an important technique
in monitoring the movement of these
pollutants (/2). Losses from or gains to
storage would give deceptive measures
of environmental impact from a given
land or waste treatment. For example, a
recently applied pollutant may disappear
into storage, giving anomalously low
concentrations farther downstream.
Moreover, storage of long-lived chemi-
cals attached to sediment particles may
pose a long-term pollution problem.
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Merkel Cell Receptors: Structure and Transducer Function

Abstract.” An electron microscopic and electrophysiological investigation was
made of Merkel cell-neurite complexes in the sinus hair follicles of the cat. These
mechanoreceptors respond with very precise phase locking to high-frequency
vibratory stimuli as well as to static hair displacements. The mechanoelectric
transduction process is faster than that known for any other somatic mechanorecep-
tor. These data show that the nerve endings themselves and not the Merkel cells are
the mechanoelectric transducer elements in these receptors.

The structure and function of Merkel
cells (MC’s), which occur in association
with a distinct type of mechanoreceptor
in vertebrate skin, have been debated
ever since Merkel first described the

cells in 1875 (/). In mammals MC’s are '

most abundant in the epidermal touch
corpuscles and in the external root
sheath of sinus hairs (vibrissae) (2—). In
both places MC’s are contacted by nerve
endings to form slowly adapting mecha-
noreceptors. These complexes have sim-
ilar response properties in all mammalian
species so far investigated (5). However,
it is not known whether MC’s are the
mechanosensitive transducer elements
of the receptor (6). On the basis of ultra-
structural evidence, it was suggested
that MC’s could be secondary sensory
cells (3, 4). Since the cytoplasm of MC’s
is rich in dense-core granules, it was
assumed that mechanical deformation of
the MC’s would cause the generation of
a receptor potential, which would be

transmitted to the nerve endings through -

the release of a chemical transmitter
from the dense-core granules at special-
ized zones of contact between the MC’s
and the nerve endings. However, since
the nerve endings morphologically re-
semble those in other types of mechano-
receptors, a second possibility is that the
mechanoelectric transduction process
may take place at the nerve endings and
not at the MC’s (3).
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Electrophysiological  investigations
have supported both these hypotheses.
In newborn kittens afferent responses
were recorded from touch corpuscles
before the MC’s had differentiated (7),
and it was concluded that the nerve
endings were the mechanoelectric trans-
ducer elements. In contrast, Horch et al.
(8), who studied the discharge and excit-
ability characteristics of afferent re-
sponses elicited from touch corpuscles,
concluded that the action potentials were
generated through a synaptic mecha-
nism. They considered the MC’s to be

the receptor elements, and this interpre- -

tation is now generally accepted, even
though it conflicts with several other
findings. For instance, MC’s survive de-
nervation unaltered for several months
(9), which is unusual for secondary sen-
sory cells (10). Identification of a trans-
mitter substance in the dense-core gran-
ules has long been unsuccessful, and the
supposed synaptic transmission has not
been blocked (¢4, 6, 11). Recently, how-
ever, a ‘‘Met-enkephalin-like”” sub-
stance was demonstrated histochemical-
ly in MC’s (12), and this finding, together
with an ultrastructural verification of
“‘synapses’’ between MC’s and nerve
endings, suggested anew that MC’s func-
tion as receptor cells (/13). We obtained
new evidence against this concept by
performing an electron microscopic and
electrophysiological reinvestigation of

the mechanoreceptors in the sinus hair
follicle of the cat.

A cat was perfused with 2.5 percent
phosphate-buffered glutaraldehyde and
several sinus hair follicles were re-
moved, embedded in Araldite, and cut
transversally or longitudinally in serial
semithin or ultrathin sections. Examina-
tion with an electron microscope con-
firmed previous observations concerning
the ultrastructure of MC-neurite com-
plexes (2, 3, I4), but in our view the
morphological details suggest that their
function is quite different from that of
sensory cells. The MC’s are situated in a
regular manner in the external root
sheath and are far more numerous—
about 3000 were counted even in small
sinus hair follicles—than has been sug-
gested. Only 50 to 70 percent of them
contact a nerve terminal, which then
always lies on that side of the MC which
is directed toward the follicle’s orifice. If
the MC’s have .a receptor function, not
so many would lack a nerve contact.

The distribution of dense-core gran-
ules in the cytoplasm of MC’s is always
alike, whether a nerve contact exists or
not. The dense-core granules are most
numerous in that part of the MC’s which
might also be contacted by the nerve
endings; usually they are concentrated in
the peripheral cytoplasm and often out-
side the zone of contact with the nerve
terminal (Fig. 1A). Thus the distribution
of dense-core granules in the MC’s ap-
pears to be independent of the presence
of a nerve ending and inappropriate for
the disposition and release of a transmit-
ter substance. Such release is supposed
to take place at ‘‘synapse-like’” mem-
brane contacts between MC’s and nerve
endings (3, 4, 6, 13). These specialized
zones are situated mostly at the periph-
ery of the disklike nerve terminals, but
can be found with (Fig. 1B) and without
(Fig. 1C) dense-core granules at the pre-
sumptive presynaptic side. Thus a spe-
cific affinity between the zones of con-
tact and dense-core granules is not ap-
parent, Also, for the operation of a syn-
aptic mechanism in a receptor that can
sustain a 1200-Hz discharge, many more
dense-core granules would have to accu-
mulate at the supposed transmitter re-
lease sites than are generally visible.

The synapse-like structures may, in
fact, be desmosome-like attachment
points between MC’s and nerve endings.
[The historical interpretation is under-
standable in view of the difficulty in
distinguishing between true synaptic and
merely adhesive cell contacts (/5).] The
MC’s thus may function not as sensory
cells but as abutments for the deforma-
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