treated females 15 minutes after applica-
tion.

Our results indicate that exposure to
male urine may produce measurable en-
docrine and neurohormonal changes in
LHRH and NE and that these changes
are measurable in posterior, but not an-
terior, olfactory bulb tissue. These
changes implicate olfactory bulb LHRH
and NE as possible mediators for LH
secretion and may offer support for a
possible role of the vomeronasal system
in the activation of female reproduction
in this species.
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Age Determination for the Shanidar 3 Neanderthal

Abstract. Close agreement between the age at death estimated by macroscopic

and microscopic methods was obtained for the Shanidar 3 Neanderthal.

This

suggests the possibility of obtaining age at death estimates by microscopic methods
in other fossil hominids where the skeletal remains are highly fragmentary and

macroscopic methods are not applicable.

Age assessment for fossil hominids
has relied primarily on macroscopic indi-
cators. These include morphological
changes of the pubic symphysis and sa-
croiliac joints, cranial suture closure, the
degree of dental occlusal attrition, proxi-
mal femoral trabecular bone loss, and a
variety of osteoarthritic changes (/).
These indicators have been shown to
provide ages of death from recent skele-
tal samples that are reliable primarily for

individuals under 40 years of age. The
age at death determinations for the fos-
sils are based on the assumption that the
rates of skeletal growth and degeneration
among Pleistocene human populations
were similar to those of preindustrial
modern populations, although some pro-
cesses, such as dental attrition, may
have occurred at a faster rate.

Analysis of the degree of remodeling
of cortical bone and the development of
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secondary osteons in a small core of
bone from the femoral midshaft diaphy-
sis (2) may provide accurate age at death
estimates, especially for individuals over
40 years of age, for which traditional
macroscopic techniques are imprecise.
In order to investigate the applicability
of this technique to Pleistocene fossil
hominids, we estimated the age at death
for the Shanidar 3 Neanderthal by both
macroscopic and microscopic tech-
niques. The Shanidar 3 Neanderthal,
from the upper Mousterian levels of
Shanidar Cave in northern Iraq, has a
geological age of at least 45,000 to 50,000
years (3) and is morphologically similar
to the other Neanderthals from the Near
East and Europe (4).

The Shanidar 3 partial skeleton retains
portions of the left pubic symphysis and
auricular surface, both of which exhibit
the characteristic age-related changes of
recent humans (5, 6). The pubic symphy-
sis exhibits stage S for both the first and
third components of the McKern and
Stewart system (5) (the second compo-
nent is indeterminate), suggesting an age

Table 1. Quantification of secondary osteons
in a femoral bone fragment from Shanidar 3.
Values represent mean calculations from four
adjacent periosteal fields.

Microstructure feature Value
Secondary osteon lamellae

area 0.287 mm?
Haversian canal area 0.046 mm?
Secondary osteon lamellae

and Haversian canal area 0.333 mm?
Secondary osteons 19.0 mm
Haversian canal and

primary osteons 20.25 mm™
Secondary osteon perimeter 0.394 mm
Haversian canal perimeter 0.127 mm

at death of at least 38 years. The mor-
phology of the auricular surface suggests
an age of at least 40 years, probably
between 40 and 50 years, according to
the scale of Kobayashi (6). These age
estimates are supported by the presence
of relatively advanced osteophytosis on
the lower thoracic and upper lumbar
vertebrae and the occurrence of arthritic
exostoses at the costovertebral, cubital,
talocrural, and subtalar articulations.

Fig. 1. Photomicro-
graph of the femoral
midshaft section from
Shanidar 3. Second-
ary osteons are appar-
ent throughout the
section in spite of ex-
tensive postmortem
mineral replacement
(x173).

The preserved teeth suggest a more ad-
vanced age, since the crowns of the teeth
were largely or completely removed by
occlusal attrition. These data together
suggest an age at death of at least 40
years of age.

Extensive postmortem changes in the
Shanidar 3 femoral fragment made it
fracture easily when sectioning was at-
tempted without embedding. A two-
stage embedding process was thus em-
ployed to obtain a sufficiently thin sec-
tion of bone for microscopic examination
of the secondary osteons. The sample
was immersed in 10 percent polyvinyl
acetate for 60 minutes and then air dried
for 48 hours. A 250-wm thin section,
dehydrated successively for 20 minutes
each in solutions of 50, 65, 85 and 100
percent ethanol, was immersed in pro-
pylene oxide for 1 hour, then in a diluted
mixture of epoxy embedding medium,
and finally in the embedding medium
alone. An 80-um thin section was cut
and examined with a phase-contrast mi-
croscope with a 10 by 10 um eyepiece
grid. On the basis of stereological princi-
ples of morphometry (7), seven variables
were quantified (Table 1).

The secondary osteons are well pre-
served in the femoral section of Shanidar
3 (Fig. 1) in spite of extensive postmor-
tem replacement of the organic and miin-
eral phase of the bone. The cracking that
is apparent in the interstitial lamellae and
to a lesser extent in the osteon lamellae
is due to postmortem changes. The re-
sults obtained from the stereological
quantification of the secondary osteons
(Table 1) are consistent with those ob-
tained from forensic skeletons (8), ca-
davers (9), and archeological skeletons
(10).

Our estimation of the age at death of
the Shanidar 3 Neanderthal is 42 * 8.2
years. For this estimate we used the
regression equation for age y =
8.387 + 100.133x, where x.is the osteon
lamellae plus Haversian canal area (2).
This equation is sfandardized from
known ages at death of U.S. whites. Our
estimated age at death (42 years) agrees
well with the estimated age derived by
the macroscopic method (40 to 50 years).
The absolute accuracy of these age-esti-
mating techniques cannot be determined
in extinct Neanderthal populations.
However, where the fossil material is
sufficient to allow the application of both
techniques, a basic agreement in the age
assignments improves the confidence of
a reasonably accurate age at death.

It is often the case in fossil finds that
the features on the skeleton required for
macroscopic age determination are lack-
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ing, whereas fragments of long-bone
midshafts are often recovered, thus mak-
ing the microscopic technique the only
reliable aging technique. Since the
amount of material needed for analysis
by the microscopic technique is small
(0.4-cm section), it may be applied to
highly fragmentary and poorly preserved
fossil finds.
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Terminal Cretaceous Extinctions and the Arctic Spillover Model

Gartner and McGuirk (/) have out-
lined an Arctic spillover model to ac-
count for the observed abrupt marine
and terrestrial extinctions at the Cre-
taceous-Paleocene boundary. Although
they devote nearly all of their attention
to discussion of climatic effects that
might ensue subsequent to the hypotheti-
cal spillover event, we would like to redi-
rect attention toward the Arctic Ocean,
even though Watts ef al. (2) have con-
cluded that the sedimentary section that
forms the basis for the model is slumped
allochthonous sediment.

In chronological order, Gartner and
McGuirk’s model requires first, a Late
Cretaceous cessation of exchange of ma-
rine water between the Arctic Ocean and
the world ocean. Although available data
(3) support a closed connection between
the North Atlantic and the Arctic Ocean
throughout the Cretaceous, paleoconti-
nental maps @) and paleoceanic recon-
structions (5) depict a wider connection
than exists at present between the North
Pacific and Arctic oceans during Late
Cretaceous time. Patton and Tailleur 6)
presented evidence that the compres-
sional tectonics between North America
and Eurasia occurred sometime between
the middle Late Cretaceous and middle
Tertiary but were most probably related
to opening of the North Atlantic. Pitman
and Talwani (7) stated, on the basis of
tectonic studies, that the size of the gap
between Alaska and Siberia was signifi-
cant prior to 60 to 63 million years ago.

Second, the model requires that nor-
mal marine organisms within the pre-iso-
lated Arctic Ocean be ecologically re-
placed by species tolerant of fresh or
brackish conditions during the isolation
period. Although no deep-sea core from
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the Arctic Ocean has yet recovered a
continuous sequence across the bound-
ary, two cores that bracket the Cre-
taceous-Paleocene boundary have been
recovered from the central Arctic
Ocean. Core 437 contains a flora that
correlates with the Late Cretaceous Lyr-
amula furcula silicoflagellate zone, and

core 422 bears the Early Paleocene (Dan-

ian) Corbisema hastata silicoﬂagéllate
zone which has been correlated with the
Cruciplacolithus tenuis coccolith zone.
All silicoflagellates are marine. In an
earlier exchange (8), Gartner and
Keany erroneously cited the reported
presence (9) of the Late Cretaceous si-
licoflagellate species Vallacerta siderea
at DSDP Site 275 to represent abnormal
salinity. Their error was admitted by per-
sonal communication on 1 May 1979. In
support of their model, Gartner and
McGuirk cite Tourtelot and Rye’s (10)
mollusk isotope data which refer to Cam-
panian and early Maestrichtian mollusks
whose most northerly sites are at lati-
tudes 70°; they also conclude that if the
isotopic data reflect dilution, the salinity
difference was not substantial.

Third, the model requires a trigger
mechanism of rifting between Greenland
and Norway that is simultaneous with
the extinction event. The extinction
event has been placed at the base of or
just below anomaly 29 (//). Talwani and
Eldholm (3), in a study of the evolution
of the Norwegian-Greenland Sea, place
the initiation of rifting between anomaly
24 and anomaly 25 time: anomaly 24 is
present whereas anomaly 25 is missing.
Hence, opening of the Norwegian-
Greenland Sea postdated the extinction
event by millions of years. If causes and
effects are not nearly simultaneous, logic

requires that the cause precede the ef-
fect.

Finally, the proposed model based on
the present volume of the Arctic Ocean
utilizes a volume calculation of total wa-
ter available for the spillover event. The
Eurasian Basin, which approximates
one-half the present Arctic Ocean (7),
originated well after the extinction
event. Vogt et al. (I3) place the time of
initial rifting of the Lomonosov Ridge
from Eurasia at anomaly 24 time, nearly
10 million years after the extinction
event. Further, the Canada Basin, during
Late Cretaceous time, was only 1500 m
deep (J4) as compared to its present
depth of 3800 m. Consequently, since
volume is a function of both area and
depth, the model’s estimate of water
available to blanket the world ocean with
a layer of low salinity water is inac-
curate.

To summarize, the hypothetical solu-
tion to the problem of the massive termi-
nal Mesozoic extinction event is not
useful because it does not account for
the boundary limits imposed by available
data.
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University of Wisconsin, Madison 53706
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Clark and Kitchell (/) do not take into
account that the conclusion of Watts et
al. (2) is based on cores not from Ekofisk
but from the nearby Abuskjel structure
and that. Perch-Nielsen et al. (3) were
unable to demonstrate the presence of
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