
to those obtained throughout the range 4 
to 60 minutes. The fit of the data to the 
model at 16 minutes is clearly poor; it im- 
proves at shorter periods than 16 minutes 
but deteriorates at longer periods. Over the 
Coastal Plain, the vertical field amplitudes 
predicted by the model are too large. 
Moreover, the model does not predict an 
appreciable reversal in the real part of the 
vertical field at periods of 10 minutes and 
longer despite the generously high con- 
ductivities ascribed to the Allegheny Basin 
(12). We find that the observed attenuation 
of the vertical fields east of the Blue Ridge 
requires very high conductivity in the 
middle to lower crust beneath the Coastal 
Plain, but this by itself has the unwanted 
effect on model results of producing large 
vertical fields, of the wrong sign, west of 
the Blue Ridge. The observed fields can 
best be matched by continuing this lower 
crustal zone, with even higher con- 
ductivities, westward under the Appala- 
chians and continental craton. 

A two-dimensional conductivity struc- 
ture which provides a reasonable fit to the 
data at all periods used is shown in Fig. 2C. 
This model is not unique, but every model 
tried that comes close to fitting the data 
predicts comparable conductivities at sim- 
ilar depths. We could not adequately fit the 
data with models in which the highly con- 
ducting zone was confined to the upper 
mantle. Besides, high conductivity in the 
upper mantle is usually associated with 
high heat flow, high seismic wave attenua- 
tion, and low Pn seismic wave velocities, 
which are not observed in the region. The 
proposed conductivity structure-a highly 
conducting lower crust with a definite lat- 
eral variation of conductivity in the vicin- 

ity of the Appalachians-is not inconsis- 
tent with other geophysical results from 
this region and elsewhere. High-con- 
ductivity lower crustal layers have often 
been invoked in other areas of the world in 
the interpretation of geomagnetic varia- 
tion (9, 13) and magnetotelluric (14) data. 
The proposed lateral change in con- 
ductivity beneath the Blue Ridge coincides 
with the boundary beneath the eastern and 
central provinces of the eastern United 
States defined on the basis of seismic heat 
flow and gravity data (15). To the east of 
this boundary the heat flow and Bouguer 
gravity are higher and the crust is thinner 
than to the west. Similar lateral variations 
in conductivity have been reported beneath 
recent orogenic belts such as the Andes (7) 
and the Rockies (16) and beneath ancient 
orogenic zones such as the Canadian Ap- 
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suit, like our own, is more difficult to ex- 
plain geochemically or geophysically. 

How can the conductivity of crystalline 
rock at a depth of 15 km be two to three 
orders of magnitude greater than that at 
the earth's surface? One explanation is that 
the rocks of the lower crust in the region 
are unusually water-rich. An amphibolitic 
lower crust has already been proposed for 
the study region (17) on the basis of gravity 
and seismic refraction data, and it is gener- 
ally recognized (18) that such hydrated 
lower crustal rocks could have anoma- 
lously high conductivities. It is possible 
that during subduction at some continental 
margins segments of oceanic crust become 
trapped at shallow depths and retain their 
water-rich character over long periods of 
time. This would support the idea of Law 
and Riddihough (19) that conductivity 
anomalies found today in areas of no obvi- 
ous tectonism may mark very ancient 
zones of orogeny and subduction. 
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in the surface temperature. This conclusion 
is based solely on the globally averaged an- 
nual atmospheric calculations of Rasool 
and Schneider (3). I have investigated the 

possibility that aerosols over the polar re- 

gions are directly responsible for the recent 
ice and snow increase by calculating, ex- 
plicitly for summer conditions, the ex- 

pected temperature change due to aerosols 
over both 85?N and 85?S latitude. 

The physical conditions at both polar re- 

gions in summer differ from each other 
and from the average annual global condi- 
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Aerosols and Polar Temperature Changes 

Abstract. Calculations indicate that aerosols are not directly responsible for the 

present increase in ice abundance in the Northern Hemisphere. Indeed it appears that 
aerosols cause heating of the atmosphere near the poles. The present background aerosol 

density at 850S latitude causes a temperature increase of - 0.20K, while that at 85?N 
causes an increase of - 0.05?K. 
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Fig. 1. Calculated asymptotic steady-state tem- 
perature as a function of pressure in summer (a) 
at 850N, with aerosol particles in the lowest 0.75 
km of the atmosphere having ov = 0.05 and 3.0 
km-', and (b) at 85?S, with aerosol particles in 
the lowest 0.75 km of the atmosphere having 
av = 0.05 and 1.0 km-'. The mean inversion 
measured in December is also shown. 

tions in a great many respects, as shown in 
Table 1. Specifically, near the poles the ze- 
nith angle is larger, and the Rayleigh scat- 
tering, surface relative humidity, and sur- 
face albedo are larger than the global aver- 
ages. Also, the southern region has a larger 
surface albedo, elevation, and summer in- 
coming solar radiation flux than the north- 
ern region (4). 

To define the optical properties of the 
aerosol particles, I used the approach and 
parameters of Rasool and Schneider (3) 
for their mean global calculations. This 
has been discussed in detail elsewhere (5), 
and the magnitudes of the parameters are 
given there. The ratio of the extinction 
coefficients for visible and infrared radi- 
ation is taken to be 0.108, independent of 
particle number density. The mean visible 
refractive index is 1.5 - 0. i (characteristic 
of Sahara dust) (2). 

The physical distribution of CO2, H2O, 
and 03 and the physical and optical prop- 
erties of the water cloud (see Table 2) at 
85?N are obtained from experiment 5 of 
(6). The same parameters (corrected for 
differences in elevation) are, with the ex- 
ception of the mean absolute surface hu- 
midity, the shortwave albedo, and the 
cloud cover, used for 85?S. The humidity 
was determined from mean January rela- 
tive humidity data collected by Dalrymple 
(7). The cloud cover was obtained from the 
averages of observations at three stations 
(South Pole, Pionerskaya, and Byrd) dur- 
ing January 1957 and five stations (Vostok, 
Komsomolskaya, South Pole, Pioner- 
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skaya, and Byrd) during January 1958 

(7). To obtain the shortwave surface al- 

bedo, the average of midsummer (1957- 
1958) observations was determined from 
measurements made on 73 cloudless and 
27 overcast days by Hoinkes (8) within 1 
km of the South Pole (see Table 2). 

All of these factors have been included 
in a radiative-convective atmospheric 
model to calculate the role of atmospheric 
aerosol particles at 850N and 85?S. The 
calculation involves forward time in- 

tegration of the imbalance between solar 
and terrestrial radiation fluxes calculated 
at nine different points along the vertical 
direction, with an appropriate tempera- 
ture change at each time interval, until 
an asymptotic approach to a steady- 
state temperature profile is obtained 

(< 0.0060K change in 24 hours). 
The principal results are shown in Figs. 

1 and 2. Figure la shows the calculated 

asymptotic steady-state temperature pro- 
file in the presence of aerosol particles near 
the surface with visible extinction coeffi- 
cients, av, of 0.05 and 3.0 km-', at 85?N. 
Similar curves are shown in Fig. lb for 
av = 0.05 and 1.0 km-' at 85?S. Figure 2 
shows the asymptotic steady-state surface 

temperature at 85? N and 85? S in summer 

(around July and January) as a function of 
increasing aerosol av (that is, increasing 
particle number density). It is evident that 
the effect of an increase in the number 

density of aerosol particles is to mono- 
tonically increase the temperature of the 

259 230 

258 229 

Z u0 
Ln 257 LO 228 X ( 05 

256 227 
Y 

255 226 

254 225 

253 224 
0 

/ 
/ II 

/I 

/85?S latitude 

- 
/ /85 ?N latitude- 

II 
I 

11I~ 

3.0 1.0 2.0 

cv (km-1) 

Fig. 2. Calculated values of the mean surface 
temperature (Ts) in summer at 85?N (July) and 
85?S (December) as a function of increasing av 
for aerosol particles located in the lowest 0.75 
km of the atmosphere. 

polar atmosphere. This result should be 

compared with the work of Schneider (9), 
which illustrates that increased cloud cover 
will decrease the global average temper- 
ature but increase the temperature at the 

poles. 
The temperature changes are roughly in- 

dependent of height in the north polar at- 
mosphere. The vertical temperature distri- 
bution for av = 0.05 km-' is consistent 
with the average measured temperature 
distribution given in a table of supplemen- 
tal atmospheres of the U.S. Standard At- 

mosphere, 1962 (10). The temperature 
changes are larger near the surface in the 
south polar region. The temperature in- 
version for av = 0.05 km-l is consistent 
with predictions by Hobbs et al. (11), and 
the mean calculated inversion agrees with 

Table 1. Physical conditions at the polar regions in summer compared to annual global average con- 
ditions. Abbreviation: ppmv, parts per million by volume. 

800-900N 800-90?S Global 
Property (July) (January) average 

Time average mean zenith angle, cos 0 0.318 (14) 0.318 (14) 0.475 

Rayleigh scattering 0.08 (6) 0.08 (6) 0.05 (6) 
Relative humidity at surface (%) 77 (6) 78 (7) 75 (3) 
Shortwave albedo 0.6 (15) 0.89 (7) 0.13 (15) 
Surface pressure (mbar) 1000 680 (7) 1000 
Mean elevation of surface (m) 137 (15) 2270 (15) 250 

Solar radiation at top of atmosphere 1.93 (7) 2.07 (7) 2.00 (15) 
(cal cm-2 min -') 

CO2 concentration (ppmv) 320 (3) 320 (3) 320 (3) 
Length of daytime (hours) 24 24 12 

Table 2. Water cloud properties. 

Shortwave 850N 85?S 

Height in Cloud Height in Cloud 
Reflectivity Absorptivity atmosphere cover atmosphere cover 

(mbar) (%) (mbar) (%) 

0.21 0.005 336 20.5 340.5 34.2 
0.48 0.020 664 9.2 452 9.9 
0.69 0.035 811-925 37.5 552-630 1.0 
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the value measured in December by Dal- 
rymple (7). The calculated average daily 
total radiation (o- = 0.05 km-') reaching 
the surface at 85?S is - 0.62 cal cm-2 
min-', compared with a measured value in 
January over the South Pole of 0.64 cal 
cm-2 min-' (7). Also, the calculated solar 
heating rate of the aerosol particles at 630 
and 674 mbar is - 0.960K per 24-hour day, 
compared with the value of 0.5?K per 12- 
hour day that has been quoted by Hobbs et 
al. (11). 

For an assumed present background 
aerosol av of - 0.065 to 0.1 km-' (12), the 
surface temperature change at 85?N due to 
these aerosol particles (+0.05?K) is within 
measured temperature uncertainties. At 
85?S the comparable value is slightly under 
+0.2?K, and averaged over the year this 
difference would also probably be unde- 
tectable. 

There is a striking difference between 
the effect of aerosols over 85?N and that of 
aerosols over 85?S. In the north polar re- 
gion, a tenfold increase in the background 
aerosol density would yield a surface tem- 
perature rise of - 0.5?K. In the south a 
similar increase in particle density would 
give a rise of - 5.25?K. Additional calcu- 
lations have been made to determine the 
reason for this high sensitivity at 85?S. It 
appears that the relative importance of the 
factors is as follows: thinness of atmo- 
sphere > increased surface albedo >>in- 
creased solar radiation. Of course the at- 
mospheric system is highly nonlinear and 
all variations must be considered jointly to 
obtain the high temperature sensitivity re- 
ported here. 

I conclude that aerosol particles over the 
polar regions have not been responsible for 
the ice mass increase in the Arctic, since 
they always have a heating effect. Of 
course, aerosol-induced changes in the gen- 
eral circulation have not been considered 
here. 

Fletcher (13) has indicated that the 
Southern Hemisphere is the controlling 
factor in determining the vigor of the glo- 
bal atmospheric circulation. In December 
both the potential energy and the poleward 
gradients are equal between the hemi- 
spheres, while in June the kinetic energy of 
the circulation in the south is 3.5 times that 
in the north. Therefore, an increase of the 
particle content of south polar atmo- 
sphere may have a considerable effect on 
the air circulation. It may well be that a de- 
crease in the poleward advection (which is 
not included in these calculations) is re- 
sponsible for the reduction in the observed 

the value measured in December by Dal- 
rymple (7). The calculated average daily 
total radiation (o- = 0.05 km-') reaching 
the surface at 85?S is - 0.62 cal cm-2 
min-', compared with a measured value in 
January over the South Pole of 0.64 cal 
cm-2 min-' (7). Also, the calculated solar 
heating rate of the aerosol particles at 630 
and 674 mbar is - 0.960K per 24-hour day, 
compared with the value of 0.5?K per 12- 
hour day that has been quoted by Hobbs et 
al. (11). 

For an assumed present background 
aerosol av of - 0.065 to 0.1 km-' (12), the 
surface temperature change at 85?N due to 
these aerosol particles (+0.05?K) is within 
measured temperature uncertainties. At 
85?S the comparable value is slightly under 
+0.2?K, and averaged over the year this 
difference would also probably be unde- 
tectable. 

There is a striking difference between 
the effect of aerosols over 85?N and that of 
aerosols over 85?S. In the north polar re- 
gion, a tenfold increase in the background 
aerosol density would yield a surface tem- 
perature rise of - 0.5?K. In the south a 
similar increase in particle density would 
give a rise of - 5.25?K. Additional calcu- 
lations have been made to determine the 
reason for this high sensitivity at 85?S. It 
appears that the relative importance of the 
factors is as follows: thinness of atmo- 
sphere > increased surface albedo >>in- 
creased solar radiation. Of course the at- 
mospheric system is highly nonlinear and 
all variations must be considered jointly to 
obtain the high temperature sensitivity re- 
ported here. 

I conclude that aerosol particles over the 
polar regions have not been responsible for 
the ice mass increase in the Arctic, since 
they always have a heating effect. Of 
course, aerosol-induced changes in the gen- 
eral circulation have not been considered 
here. 

Fletcher (13) has indicated that the 
Southern Hemisphere is the controlling 
factor in determining the vigor of the glo- 
bal atmospheric circulation. In December 
both the potential energy and the poleward 
gradients are equal between the hemi- 
spheres, while in June the kinetic energy of 
the circulation in the south is 3.5 times that 
in the north. Therefore, an increase of the 
particle content of south polar atmo- 
sphere may have a considerable effect on 
the air circulation. It may well be that a de- 
crease in the poleward advection (which is 
not included in these calculations) is re- 
sponsible for the reduction in the observed 
polar temperatures. 
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among the most primitive living Bilateria. 

Many theories on the origin and evolu- 
tion of the Metazoa consider the Turbel- 
laria to be the most primitive of all Bila- 
teria (1). The finding in recent years, how- 
ever, that all Platyhelminthes, including 
the Turbellaria, have biflagellate, or occa- 
sionally aflagellate, spermatids and sper- 
matozoa (2), has been a serious obstacle 
to the acceptance of these theories. Since 
the occurrence in most metazoan phyla of 
uniflagellate sperm indicates that the 
primitive spermatozoan type was uniflag- 
ellate (3), the turbellarians, with their bi- 
flagellate spermatozoa, seem to be well 
removed from the metazoan ancestor. We 
have found, however, that the spermatozoa 
of Nemertoderma, a primitive marine tur- 
bellarian (4, 5), are uniflagellate and suffi- 
ciently similar to the hypothetical primi- 
tive spermatozoon to establish the Turbel- 
laria again near the base of the phyloge- 
netic tree of the Bilateria. 

Specimens of an undescribed species of 
Nemertoderma [Nemertoderma sp. A (6)] 
from the shallow subtidal off Bogue Bank, 
N.C., were fixed in phosphate-buffered 2.5 
percent glutaraldehyde plus 2 percent tan- 
nic acid, postfixed in phosphate-buffered 2 
percent OSO4, and embedded in a mixture 
of Epon and Araldite. Thin sections from 
the embedment blocks were stained with 
uranyl acetate and lead citrate and exam- 
ined with a Zeiss electron microscope. 

The spermatozoa in Nemertoderma sp. 
A are grouped in bundles in the testis. In 
transverse sections of these bundles (Figs. 
1 to 3), the spermatozoa can be seen to 
have three easily distinguished regions: a 
head, with the nucleus; a middle piece, with 
what are presumed to be mitochondrial de- 
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rivatives partially enwrapping the single 
flagellar axoneme; and a tail, with the con- 
tinuation of the flagellar axoneme. The 
spermatozoa are uniflagellate and the ax- 
oneme of the flagellum has a regular 9 + 2 
pattern of microtubules. No centriole, in 
the sense of a 9 + 0 triplet microtubule 
structure, is to be seen in the mature 
sperm. Instead, the 9 + 2 axoneme inserts 
directly into a small fossa in the posterior 
end of the nucleus, and the central pair of 
singlets is continuous all the way into the 
base of this fossa. The only character that 
differentiates this basal part from the rest 
of the axoneme is the presence of a set of 
0.3- Am-long peripheral dense fibers con- 
tiguous with the outer edge of each doublet 
(Figs. 2 and 4). 

The axoneme is the only organelle to be 
seen through most of the sperm tail; it is 
not present, however, in the extreme tail 
tip where instead numerous loosely packed 
singlet microtubules are seen (Fig. 3). 

The nucleus of the mature spermato- 
zoon is a highly condensed structure ap- 
proximately 6.5 im long and 0.25 um 
wide, with a deep longitudinal spiral 
groove (Fig. 1). At its tip is a simple ves- 
icle, 0.3 Aum long, evidently an acrosome. 
Such an organelle has not been identified 
in any other turbellarian spermatozoa (7). 

The middle piece of the spermatozoon 
(Figs. 2 and 4) is as long as the nucleus (6.5 
srm). Its cytoplasm is homogeneous and 

finely granular. A row of six to eight dense 
crescent-shaped bodies embedded in this 
cytoplasm, each with one, two, or occa- 
sionally three vesicular structures, are pre- 
sumably mitochondrial derivatives. 

According to Franz6n (3), who has con- 
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Uniflagellate Spermatozoa in Nemertoderma (Turbellaria) 
and Their Phylogenetic Significance 

Abstract. An ultrastructural study of Nemertoderma (Turbellaria, Nemertoderma- 
tida) has revealed that its spermatozoa have only a single flagellum. This is the first uni- 

flagellate spermatozoon known in the Turbellaria; it is indicative of the primitiveness of 
Nemertoderma and is evidence in support of the view that the Turbellaria as a whole are 
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