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sizes that we cannot consider the ab- 
solute values of sea level trends of our 
eastern coast to be typical of global 
changes in sea level. Although we do 
not have immediately available an 
adequate continuity of data to compare 
trends to 1960 for the Pacific and At- 
lantic coasts, we can anticipate that 
equivalent trends exist in view of the 
climatological causes. 
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specimen of Bison latif rons ( Harlan) 
did not come from Big Bone Lick, 
as many writers have reported, but was 
found at a nearby locality "in the bed 
of a creek falling into the Ohio R;ver, 
a dozen or more miles north of Big- 
bone-lick Kentucky$' (5). Apparently it 
was derived from Pleistocene deposits 
in the vicinity of Woolper Creek, Boone 
County, Kentucky. No identifiable re- 
mains of B. Iatifrons have been found 
at Big Bone LickS and most specimens 
from there that have been attributed 
to this species appear to be Bison 
czntiq7wus. 

Since the time of JeffersonS the larg- 
est collection made at Big Bone Lick 
was that of N S. Shaler in 1868 for 
the Museum of Comparative Zoology 
at Harvard College. Shaler tried to de- 
termine a stratigraphic succession at 
the site and at one place he thought he 
had unraveled it, but no description by 
him has been found. In any event it 
appears that his excavations reached a 
depth oJE only 8 ft (21/2 m). In study- 
ing the bison in Shaler?s collection 
Allen (6) found that most bones were 
of the modern species, Bison bison. 
Hay (7) aptly summarized the work 
that had been done at Big Bone Lick 
when he reported: 'iNotwithstanding 
the amount done at Big Bone LickS the 
geology of the locality and especially 
of the bone-bearing levels is not well 
known. Most persons who have labored 
there were interested almost wholly in 
getting as many bones as possible and 
then in getting away." 

Since 1934 we have spent several 
brief periods there assessing the site. 
The lack of stratigraphic control at 
such an important collecting locality 
prompted us to collect fossils and study 
the stratigraphy of the area. We spent 6 
weeks at Big Bone Lick in July and 
August I962 (8),, and it is anticipated 
that field studies of the site will be 
completed by the fall of 1966. In addi- 
tion to investigating the stratigraphy 
and paleoecology of the site, and col- 
lecting stratigraphi c ally locate d top o- 
types of species described from there 
we hope to determine the horizons 
from which specimens in the older col- 
lections were recovered. 

The history of the Big Bone Lick 
deposits, before modiEcation by human 
activities during the past two centuries, 
corresponds to that of the nearby Ohio 
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Big Bone Lickn a swampy area sur- 
rounding salt and sulfur springs, is lo- 
cated at the conRuence of Big Bone 
Creek and Gum Branch in Boone 
County, Kentucky, about 20 miles 
(32 km) southtest of Cincinnatif Ohio 
and 2 miles (3.2 km) east of the Ohio 
River. This famous locality, the frst 
widely known collecting area for ver-- 
tebrate fossils in America, is now in 
part Big Bone Lick State Park. The 
first white man to have visited Big 
Bone Lick appears to have been Major 
Charles LeMoyne de LongueuilS who 
was in command of French and Indian 
troops from Canada. In 1739, Lon- 
gueuil found many big bones and 
teeth at the edge of a marshy area, 
and made a small collection of the 
fossils. These specimens were later sent 
to France for preservation and study. 
During the ensuing two centuries sev- 
eral large and many small collections 
of late Pleistocene to modern bones 
have been made here. 

Osborn (1), Jillson (2) and Simpson 
(3) have recounted the history of early 
collecting at Big Bone Lick. Although 
thousands of bones were collected in 
the early days, few found before 1807 
have survived. In that year President 
Thomas JeSerson sent a collecting ex- 
pedition to Big Bone Lick at his own 
expense. William Clark, the leader,, had 
had experience in fossil collecting on 
the Lewis and Clark Expedition to the 
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West. In September and October 1807, 
Clark, with the aid of ten assistants, 
made a large collection which was 
shipped to President Jefferson. For 
several months after its arrival in 
Washington the collection was "spread 
in a large room7 in the White House5 
where it was examined by Caspar Wis- 
tar, probably the foremost American 
anatomist of that time (4). The collec- 
tion was divided into three parts: one 
for the American Philosophical Society 
in Philadelphian one for the Museum 
dffistoire Naturelle de France in 
Paris, and a smaller one for the Presi- 
dents personal collection. 

The Clark-Jefferson bone collection 
and a few exceptionally good speci- 
mens collected and preserved by others 
during the early years of the l9th cen- 
tury, have provided the basis for most 
studies of the Big Bone Lick fauna. 
Seventeen species of large mammals of 
Pleistocene and Recent age have been 
recovered there. Type specimens of 
three important species of Pleistocene 
mammals, Bootherium bombifrons 
(Harlan) h Bison antiquus Leidy, and 
Cervskes scattt (Lydekker), were found 
at Big Bone Lick? and the type speci- 
mens of two other species, Mylodon 
harlani Owen and Tapirus haysii Leidyf 
may have come from there, although 
data on their original localities are con- 
flicting. 

It should be noted that the type 
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Wisconsin f Tazewell?) to Recent were recovered in 1962 f rom f our digerent 
faunctl zones in two terrace fills. 
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site, the bone-bearing deposits are en- 
tirely related to events during and sub- 
sequent to the Wisconsin glacial age. 

Remnants of a terrace along the 
walls of Big Bone Valley adjacent to 
the site, are composed of lacustrine 
clayey silt, deposited at the time of 
the Tazewell advance of the ice sheet 
of Wisconsin age. They represent back- 
water alluviation in Big Bone Valley 
which culminated about 18,500 years 
ago when the nearby Ohio was choked 
by a valley train of glacial outwash. 
After alluviation in Tazewell time, in- 
tervals of erosion and of alluviation 
produced two lower terraces of post- 
Tazewell age (Fig 1), now represented 
by low remnants above the level of the 
modern floodplain of the creek. These 
lower terraces, 10 and 22 ft ( 3 and 
62/3 m) above the creek level, are sub- 
ject to inundation [the 1 0-ft (3 m) 
terrace was flooded briefly during July 
1962]. Precise dating of the two ter- 
races of post-Tazewell age awaits fur- 
ther field study and carbon-14 analyses 
of wood recovered from them. 

At the base of a natural exposure 
cut by Big Bone Creek into the higher 
terrace of post-Tazewell age, a compact, 
calcareous, "blue" clayey silt cut by 
iron-stained fractures is exposed for 
3 to 5 ft ( 1 to 11/2 m) above the 
creek bed. A Tazewell age has been 
tentatively assigned to this layer in the 
belief that it represents uneroded la- 
custrine backwater alluvium deposited 
during development of the oldest ter- 
race, of Tazewell age. Unconformably 
above the "blue" clayey silt is an iron- 
stained, calcareous, gravelly, sandy silt, 
1 to 3 ft (1/3 to 1 m) thick, which is 
cverlain by 15 ft (41/2 m) of sandy, 
clayey silt in which a very youthful soil 
profile has developed. 

On the youngest and lowest terrace 
(see Fig. 1) are the salt springs, now 
much smaller than they were even in 
the historic past. Excavations in this 
terrace revealed 10 to 12 ft (3 to 32/3 m) 
of sandy and clayey silt, calcareous at 
depth, overlying a layer of black, hum- 
ic, gravelly silt which in turn overlies 
a "blue' clayey silt, presumably the 
same as that tentatively assigned a 
Tazewell age elsewhere. Although 
weathering has leached the surficial 
material to a depth of 2 ft (2/3 m), no 
zonal soil profile is apparent. 

Collections of vertebrate remains 
were made in 1962 during excavations 
in the terraces of post-Tazewell age 
(University of Nebraska State Mu- 
seum Collecting - Localities KEN-1 and 
KEN-2). Some 2000 specimens were 

1168 

-AS 

;taininR t ( 9't )7 ' F *s\1 

[Zone C * Fossil Bonesl Dark greenish gray bones; 
to bluish gray clay 

Fig. 1. Diagrammatic cross section showing the main bone-bearing zones below the 
10-ft (3 m) and 22-ft (62/3 m) terraces at the University of Nebraska collecting localities 
KEN-1 and KEN-2, Big Bone Lick, Kentucky. 

recovered and have been prepared, 
numbered, and identified. 

Locality KEN-1, in the lower terrace 
of post-Tazewell age, is directly north 
of Big Bone Creek and east of the 
mouth of Gum Branch. From the ter- 
race surface, 10 ft (3 m) above the 
level of Big Bone Creek, approximately 
7 ft (2 m) of barren surficial material 
was removed by bulldozing an area 130 
by 80 ft (40 by 24 m). This area was 
surveyed and laid off into a grid of 10- 
ft (3-m) squares. Excavation was begun 
in one square at a time, but as work 
progressed, several squares were exca- 
vated simultaneously. Faces of excava- 
tions were kept smooth and were 
photographed, sketched, and sampled. 
Bones, sediment samples, and plant re- 
mains were located by grid square 
number, position in square, and depth 
below ground surface. Character of the 
alluvium was recorded. 

Bones at Locality KEN-1 come 
from three faunal zones below the ter- 
race surface (Fig. 1). 

Zone A, 7.#0 to 8.5 ft (2.1 to 2.6 m) 
(buff-brown, mottled silt). Bones re- 
covered represent: Canis sp., Bison 
bison, Bos taurus, Sus scrofa, Odocoi- 
leus virginianus, and Equus caballus. 
Associated with these modern native 
and domesticated animal bones were 
crockery, bricks, worked building 
stones, wood, seeds, and an occasional 
reworked bone of an extinct animal. 
This zone appears to have been dis- 
turbed since the coming of the white 
man and is possibly the site of earlier 
excavations made by those searching 
for bones. 

Zone B, 8.5 to 11 + ft (2.6 to 31/2 m) 
(dark gray to dark brown humic silt 
and sand). Bones recovered represent: 
Bison bison, Bison sp., Ovibos sp., 

Cervus cf. canadensis, and Odocoileus 
sp. Bones of proboscidealls Bison cf. 
an tiqu us, and Equ us cf. complicatus 
were found in the basal part of this 
zone where it overlies a blue-gray silt. 
The bones appear to have been de- 
rived from the underlying clayey silt 
and reworked by stream action. Abund- 
ant bones of Bison bison at this level 
are associated with wood, roots, nuts, 
leaves, broken shells of large mollusks, 
and pieces of flint. 

Zone C, 10 to 15+ ft (3 to 41/2 m) 
(blue-gray silt). Bones recovered repre- 
sent: Mylodon sp., Mammut amer- 
icanus, Bison antiquus, Cervalces scot- 
ti, Rangifer sp., and Equus cf. compli- 
catus. Only a few squares were exca- 
vated in this zone. The contact be- 
tween Zones B and C is irregular. 
The dark greenish-gray to bluish-gray 
clay (Tazewell?) under Zone C contains 
occasional bones and extends from 
11+ to 29+ ft (31/2 to 9 m) below the 
terrace surface. 

Locality KEN-2 is in the higher ter- 
race of post-Tazewell age, the surface 
of which is approximately 22 ft (62/3 
m) above the normal water level of Big 
Bone Creek, just southeast of the 
mouth of Gum Branch. The face of the 
exposure was cleared of vegetation for 
80 ft (24 m) along the creek, and 
stakes were placed at 10-ft (3 m) inter- 
vals for horizontal control. Specimens 
were related to a profile with water 
level of the creek as the base and a 
bench mark [altitude 481.3 ft (144.3 m)] 
on the terrace surface as the top. The 
bones appear to occur in a single zone 
ranging from 16.6 to 12.5 ft (5 to 
3.8 m) below the terrace surface. The 
bone-bearing layer is an iron-stained; 
calcareous, gravelly, sandy silt, 1 to 3 
ft (1/3 to 1 m) thick, which uncon- 
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formably overlies a "blue" clayey silt. 
Test excavations in the bone-bearing 
horizon yielded a number of specimens 
which were rather uniformly distributed 
along the 80-ft (24 m) profile. The 
faunal assemblage included the follow- 
ing: Mammut americanus, Mammuthus 
sp., Bison antiquus, Odocoileus sp., and 
Equus cf. complicatus. Their position 
in the deposits under the high terrace 
of post-Tazewell age and the lack of 
evidence of reworking or mixing with 
modern faunas indicates that the fos- 
sils at this site may be of approximately 
the same age as Zone C, or the clay 
layer immediately below it, at KEN-1. 

No bones or teeth of small verte- 
brates were found during the prelimi- 
nary excavations in 1962, although test 
screening was done. 

In addition to the major excavations 
at Big Bone Lick in 1962, 15 test 
holes were drilled with a power auger 
furnished by the Commonwealth of 
Kentucky, and samples were taken for 
analysis and examination for micro- 
fauna and microflora. Wood was col- 
lected for carbon-14 analysis. A topo- 
graphic map with a l-ft (1/3 m) con- 
tour interval and a scale of 1 inch 
(21/2 cm) to 100 ft (30 m) was made 
of the area. Test holes were plotted 
on this map. Temporary bench marks; 
were established at the collecting lo- 
calities. Excavations and fossil locali- 
ties were recorded so that data will 
be readily available for future 
reference. 

Present investigations indicate three 
terrace levels at Big Bone Lick above 
the present floodplain of the creekS the 
highest being of Tazewell age and the 
two lower terraces of post-Tazewell age. 
Distinct bone-bearing alluvial deposits 
appear to be related to the terrace se- 
quence. lFuture investigations may re- 
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veal relationships of the alluvial de- 
posits to each other and to the fauna; 
age determinations will be based on 
carbon-14 dating of woody material 
that accompanies the bones. The se- 
quence of terraces appears to be similar 
to that of the adjacent Ohio Valley, 
indicating that the history of the site is 
a part of the regional sequence of 
events (9). 
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veal relationships of the alluvial de- 
posits to each other and to the fauna; 
age determinations will be based on 
carbon-14 dating of woody material 
that accompanies the bones. The se- 
quence of terraces appears to be similar 
to that of the adjacent Ohio Valley, 
indicating that the history of the site is 
a part of the regional sequence of 
events (9). 
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because it is larger (up to 200 jh long) 
and develops more bending waves per 
flagellum than the invertebrate sperm 
flagella we have also examined. Jahn, 
Harmon, and Landman (2) have re- 
cently described the quite different 
movements of the transverse flagellum 
of Ceratium. 

Ceratium divaricatum (?) was col- 
lected in plankton samples from New- 
port Bay, California, near the Werck- 
hoff Marine Laboratory. Specimens 
were pholtographed within a few hours 
of collection, in sea water on a micro- 
scope slide under a standard cover 
glass, at a temperature of about 19°C. 
Illumination for multiple-ash photog- 
raphy was provided by a General Elec- 
tric FT-230 flash tube operated at ap- 
proximately 10 watt-seconds per flash, 
as described in a previous paper (3). An 
initial magnification of 50X on Wodak 
Tri-X film was used for most of the 
photographs. 

Two multipie-ash, darkfield photo- 
micrographs of the posterior flagellum 
of a specimen of Ceratium are shown 
in lFig. 1. The cell is stationary and 
the flagellum is bending in a plane 
approximately parallel to the surface of 
the slide. The beat frequency of this 
specimen was determined by strobo- 
scopic observations and photographs at 
several flash rates to be 30 per second. 
Other specimens had similar beat fre- 
quencies. Most specimens showed bend- 
ing waves with wavelengths similar to 
those of the specimen in lFig. 1, but 
often the amplitude of the waves was 
less and decreased towards the tip of 
the flagellum. 

In lFig. 2, A and B, a wave pattern 
traced from another photograph taken 
at slightly higher magnification is com- 
pared with a sine wave of equal ampli- 
tude and wavelength. Although the pat- 
terns are very similar, the resolution in 
the photographs of this large flagellum 
is sufflcient to show that the flagellar 
waveform does not correspond exactly 
to a sine wave. This can be seen clearly 
* P * ,* . . . r slne waves ot proper cllmenslons are 
drawn on paper and compared directly 
with the images of the flagellar wave- 
forms projected by a photographic en- 
larger. A more objective comparison 
was made by measuring the ratio be- 
tween the chord length -a (Fig. 2A) 
at half-amplitude and the half-wave- 
length b-b on a series of photographs 
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ical value of 0.667 for a sine wave. 
The standard deviation of the measure- 
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Photomicrographs of sea urchin 
spermatozoa obtained by Gray (1) in- 
dicated that the bending waves which 
pass along the flagella and cause pro- 
pulsion of the spermatozoa have the 
form of sine waves. This conclusion 
has been the starting point for many 
theoretical discussions of the movement 
of this type of flagellum. We have re- 
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cently obtained photographs of the 
bending waves of flagella of a variety 
of protozoa and marine invertebrate 
spermatozoa which, typically, show a 
diFerent type of wave form. In this 
report we discuss only the posterior 
(longitudinal ) flagellum of the manne 
dinoflagellate Ceratium which is partic- 
ularly suitable for precise photography 
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Bending Waves of the Posterior lBlagellum of Ceratium 

Abstract. Flagellar bending waves, as shown by multiple-Qash photomicro- 
graphs of the posterior flagellum of Ceratium, are not sine waves. The bent 
regions are circular arcs; these regions are separated by short segments without 
bending. 
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