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Fig. 3. Relative heating, 4 ~ o, plotted
as a function of aerosol optical depth with
the same distribotions of aerosol as in
Fig. 1. The values w.= 0.9, w8, = 0.1,
remm 20, and .= 0.20 were chosen so
that A — o = O,

bedo, in order for added acrosol to
result in heating, the critical absorption-
to-backscatter ratio for the aerosol is
least when the aerosol is distributed
ahove the cloud. Greater absorption
relative 1o backscatter by the aerosol is
necessary if the distribution is either
mixed with or below preexisting atmo-
spheric scatterers. In particular, at the
annual global average albedo of 0.29,
the critical ratio is 0.9 when the aerosol
s distributed above the cloud, 1.3
when mixed with the cloud, and 3.2
when between the cloud and the sur-
face.

In a second set of calculations, the
results of which are plotted in Fig. 2,
we set the atmospheric optical depth,
7., at 2.0 {a value which, together with
ro=0.12, gives the global average al-
bedo of 0.29) and vary the surface
reflectivity, In this case also the distri-
bution D-3 gives critical ratios that are
intermediate between the D-1 and D-2
distributions, with the lowest values
of absorption relative to backscatter
required for heating to cccur when the
acrosel is distributed above the cloud.
Convergence of the critical ratio occurs
at high surface reflectivities,

Equation 1, applicable to the D-i
distribution, indicates that the criticat
point of transition from heating to
cooling resulting from added aerosol
is independent of its optical depth. Our
calculations for the other distributions
indicate that this is also frue within the
Hmits of error of the convergence
criteria in the range of aerosol optical
depth Investigated, 0.1 to 2.0.

Finally, to further illustrate the effect
of aerosol distribution on heating, we
choose a set of values for o,, B, r.

plot 4 — «; as a function of the aero-
sol optical depth, »,, in Fig. 3 from
which it is clear that the serosol leads
to net heating when distributed above
the preexisting atmospheric scatterers
but to net cooling when distributed be-
low ther,

As with the calculations of Chyiek and
Coakley (4), the validity of the re-
sults reported here are limited by the
approximations inherent in the radiative
calculations. In particular, it is limited
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to the global average situation since
solar zenith angle dependency has not
been taken into account. Also in our
caleulations we have assumed a diffuse
thin atmospheric cloud rather than a
system  composed partially of thick
clond and partially clear atmosphere.
These limitations do not detract from
the general conclusion that the effect
of added aerosol on radiative bafance
is dependent not only on its intrinsic
optical properties but also on its dis-

LA
ey
tribution within the atmospheric sys-
tems and the precxisting atmospheric
and surface reflectivities.
Bryan C. WeARE
Ricuard L. TEMEIN
FrED M. SNELL
Department of Biophysical Sciences,
State University of New York at
Ruffalo, Buffale 14226
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Environmental and Evolutionary Stability in Bivalve Mollusks

Abstract. There is no relationship between environmental stability {as indicated
by infaunal (stable) versus epifaunal {unstable) habits] and the generic duration
of extinct marine bivalve mollusks when the effects of cosmopolitanism {(which
is assoclaied with long generic durations} and other paleontological “noise” are
excluded. This is contrary 1o the “depauperate gene pool” hypothesis of extinctions.

The nature is the relationship be-
tween environmental stability and ev-
olutionary stability has been the object
of much recent concern (f-3). Does
an unstable environment produce fre-
quent extinctions and rapid taxonomic
change? Or does it provide continuous
selection for genetic diversity so that
taxa are better able {o survive eventual
major changes of the environment? The
tatter is predicted by the “depauperate
gene pool” hypothesis of extinctions
(4).

Neontologic evidence is contradictory
{7} and cannot previde the necessary
time perspective. Paleontology does, but
the definition and recognition of un-
stable ancient environments is a fun-
damental problem. Bretsky (5) assumed
that benthic environments became more
stable as water depth (approximated by
distance from the ancient shore) in-

creased. From an inferred evolutionary
sequence of communities, he concluded
that environmental instability favored
evolutionary and {axcnomic  stability,
but this result has been questioned
(1, 6.

I consider here an alternative mea-
sure of environmental stability: infau-
nal versus epifaunal habit. Epifaunal
organisms live on the surface of the
substratum and are subject to the full
range of environmental fluctuations.
Infaunal animals live within the sedi-
ment and are insulated from short-term
changes of the environment (7). Al-
though genetic variability is not in
general related to environmental sta-
bility (1), reduced genetic variability
is indicated in the relatively uniform
“underground” environments occupied
by fossorial rodents and infaunal bi-
valve mollnsks (3, 8). If infauna are
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Aerosol and Climate: Some Further Considerations

Abstract. Approximate nuwmerical radiative calculations show that whether
added aerosol causes heating or cooling of the earth-atmosphere system is a furc-
tion not only of its intrinsic absorption-backscatter characteristics but also of its
particular location in the atmosphere with respect to the average cloud as well as
of both the cloud reflectivity and the underlying suriace reflectivity.

The climatic effect of changes in af-
mospheric aerosols, natural or anthro-
pogenic, has been the subject of con-
siderable study and discussion (I, 2}).
The principal questions are: Does added
aerosol lead to a net heating or cool-
ing of the carth-atmosphere system? Is
this a property of the aerosol alone,
or is the effect also dependent on the
manner of distribution of the aerosol
or upon preexisting atmospheric and
surface conditions, or both (33? Very
recently Chylek and Coakley {(#) have
derived an expression indicating that
added acrosol may heat or cool the
carth-atmosphere system, depending on
intrinsic properties of the agrosol char-
acterized by w,, the single scatiering
coefficient, and f,, the backscatter co-
efficient, and upon the preexisting earth-
atmosphere albedo, A. Relative heat-
ing is given by A — R, where R’ is
the albedo of the earth-atmosphere-
aerosol system, and the critical transi-
tion poinf is where A — R’ = 0, where-
upon

l—wy  (1=A)
wafla 24

(1)

It is our purpose in this report to
point out that conclusions based on
the criteria of Eq. 1 may be misleading
since its derivation is restricted to the
situation or condition in which the
added aerosol is distributed as a layer
above the preexisting earth-atmosphere
system. Certainly, with the exception
of albeds from volcanic eruptions,
aboveground nuclear explosions, o
supersonic transport exhausts, most
aerosol, natural or anthropogenic, is
expected to be distributed at low alti-
tudes ¢5) and below the usual clouds.
Although no closed analytic expression
apparently exists, we will show by nu-
merical calculations that the critical
transition value for (1 — o) /o, 8,1 is
strongly governed by the particular
location of aecrosol in the atmosphere
with respect to the average cloud and
that it is also a function of both the
cloud reflectivity and the earth surface
reflectivity.

We employ a vertically stratified
model earth-atmosphere-azerosol system
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with a prescribed surface reflectivity, r..
The aerosol and average atmospheric
{cloud) transmissivities and reflectivities,
ty, b, v, and r,, respectively, are com-
puted separately with the use of the
modified two-stream Gaussian quadra-
ture approximation of the radiative
transfer equation (6) with separate
specification of w, and B,, and «, and
8. for aerosol and cloud, respectively.
Congidering mulfiple transmission and
reflection for the stratified layers and
surface, the earth-atmosphere albedo
{without aerosol) is given by
1.°7x

A=rot I )
whereas the albedo of the combined
system with aerosol above the cloud is
given by

- Tt A (L — rers )]
fae T (= rors ) (1 — rare) — rabefe®
(1
and the albedo of the combined system
with aerosol between the atmospheric
(cloud)} layer and surface is identical
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himospheric-surface afbedo, A

to Fq. 3 if the subscripts a and ¢ are
interchanged. Three distributions of aer-
osol may now be considered: D-l,
aerosol above the cloud, giving albedo
a,.; -2, aerosol imposed between the
cloud and surface, giving albedo ag,;
and D-3, aerosol and atmosphertic prop-
erties well mixed as represented by the
arithmetic mean (7), the albedo de-
noted by ag

In the first set of calculations, the
resuits of which are shown in Fig. 1,
we set w, = 0.999 and S, = 0.065 for
the atmosphere (cloud) {8) and
F, == (.12 fapproximately the annual
global average as given by Sellers (2)].
Then with .8, = 0.1 for the aerosol,
we choose values for (1 — o,) /v,
and adjust the optical thickness of the
atmospheric cloud to give an A and o
within ® 0.000%. As may be seen, the
three aerosol distributions give quite
different resulits. The D-1 curve, repre-
senting the distribution of aerosol as-
sumed by Chylek and Coakley (4), is
indistinguishable from that generated by
Eq. 1. However, the D-2 curve, repre-
senting aerosol imposed between atmo-
spheric  scatterers and the surface,
indicates that the critical value is a
constant with the value 3.2. The “weli-
mixed” distribution, curve D-3, is inter-
mediate between the D-1 and D-2
curves. The curves indicate that at any
given preexisting earth-atmosphere al-
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Fig. 1 (left). Values of (1 — w.}/ e, at the transition point of heating-cooling plotted
as a function of albedo with three distributions of aerosol, D-1, above the cloud; D-2,
between the cloud and the surface; and D-3, “well mixed.” the surface reflectivity
was fixed at 0.12, and the cloud optical depth varied. Heating would occur above the

line in each case.

Fig. 2 (right). Valoes of (I — w.)/w.f. at the transition point

of heating-cooling plotted as a function of surface reflectivity with the same distributions
of acrosol as in Fig. 1. The cloud optical depth was fixed at 2.0, Heating would occur

ahove the line in each case.
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sufficiently insutated with respect to
epifauna, the depauperate gene pool
hvpothesis predicts that infauna shonld
he evolutionarily less stable than epi-
fauna.

in rerms of geologic time, the rodent
“experiment” has just begun (9) and ifs
record is poorly preserved. In contrast,
the bivalve mollusks are an ancient
group (/03 with commonly fossilized
infaunal and epifaunal representatives
which can be reliably distinguished (1 f).
in this report, six superfamilies of
suspension feeders and one order of
deposit feeders are analyzed {12}, The
menn generic durations  of epifaunal
and infaunal groups are tested for
significant differences [90 percent con-
fidence ({2-16)]

Extant genera are excluded, They
may reduce mean geperic duration be-
cause they represent incomplete ex-
periments (17}, or they may have
longer ranges than extinet taxa because
the real “last occurrence” is known
(18). Analysis of extinct genera con-
firms the dominance of the latter effect;
all mean durations are less than with
extant genera mciuded. The maximum
reduction (10 miilion years) occurs in
the Ostreacea and Lucinacea.

Cosmopolitan  genera  are  omitted
because they have greater durations
than noencosmopolitans. Bretsky (/93
found this in Paleozoic bivalves, and
my results agree, In each group, the
mean generic duration is significantly
{90 percent) greater in cosmopolitan
genera (20). However, both studies arc
subject to reservations because their
data came exclusively from the Treatise
(I14): (i) A genus inhabiting first one
hemisphere and then the other could
be called cosmopolitan. A long-lasting
genus would have a greater chance of
attaining such nonsynchronous cosmo-
politanism. (i) The complete duration
is more likely to be known for cosmo-
politans beeause they are more Hkely
to be discovered than endemics. (iii}
Broadly defined genera have greater
geographic  and  chronostratigraphic
ranges than finely divided genera (21},

The reality of the relationship be-
tween geographic distribution and du-
ration of taxa is indicated by other
studies (22, 23). The detailed work
of Rohr and Boucot (16) and Boucot
(24} on Silurian and Devenian brachi-
opods is particularly important because
it eliminates objections (i) and {ii),
while minimizing (iij. There is a sub-
stantial biological basis for the observed
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Table 1. Brurations of genera of bivalves {733} Ostreacesa, Pterisces, Pectinacea, Hippuritacea,
Veneracea, Lucinacea, Nuculowda, Extant and cosmopoliian genera were not included in the
number of genera used. Abbreviation: S0, standard deviation.

Number of genera

Mean duration

Group X + SD.
P Total Extant ggﬁg?{ Elsed {million years}
Epifaunal
Suspension feeders
Ostreacea 42 8 i0 30 311 £ 2716
Pieriacea 86 7 id 68 314 =300
Pectinaces 101 15 23 66 386+ 440
Hippuritacea HO5 1] ] 105 15.8 & 146
Frfoaenal
Suspension feeders
Veneracea 98 37 2 1 3122220
Lucinacen RY 45 1] 44 2.6 £ 230
Deposit feeders
Nuculoida 63 17 16 41 56,1+ 394
relationship: (i) large populations The infaunal Nuculoida exceeded all

evolve more slowly than small ones
(16, 23-25); (it} cosmopolitans can
survive local changes causing extine-
tions of endemics (26); and (in) taxa
may become cosmopolitan  through
eurytopy (/9. 26), although this is not
always the case (27). Such taxa would
be well cquipped to survive environ-
mental changes.

Vermei} (273 found that the gastro-
pods of stable environments are largely
cosmopolitan, and inferred a cauasal
relationship. [If so, cosmopolitanism
may be a route by which inhabitants
of stable environments achieve greater
generic longevity., However, in the bi-
valves considered here, cosmopolitans
arec common only among the epifauna
and the infaunal Nuculoida (Table 1).
Cosmopolitanism in nuculoids may be
due fargely to broadly defined genera.
Their shells have a large proportion of
biodegradable organic matrix aad are
usually preserved as maolds, which fail
to reveal taxonomically critical internal
structures. In addition, the optimum

habitat of the Nuoculoida is in fine-
grained clastic  sedimemts, and the

sparse, poarly preserved faunas of such
sediments have been refatively neglected
by paleontologists. In any case. the ip-
faunal habit (environmentat stability}
is not linked with cosmopolitanism in
fossit bivalves; the greater generic lon-
gevity of cosmaopolitans s a separatc
effect. In accord with this conclusion,
Fackson (268) reports that recent bi-
valves from unstable, nearshore envi-
ronments have wider geographic dis-
tributions than those from stable, deep-
er-waler environments.

Table 1 shows only two significant
differences in mean generic durations.

other groups, while the epifaunal Hip-
puritacea (rudists} were lower than
ali others. The rapid evolution of the
riedists has been ascribed to intense
competition for solid substrata in their
reef habitat (28). The effect of finely
divided genera may also be involved;
because of their unique form and
massive, well-preserved shells, the ru-
dists have probably attracted more study
than most bivalves (29).

Nuculoids may have greater generic
durations than suspension feeders be-
cause they exploit a relatively stable
food source (30). However, the sub-
stantial resistance to starvation of sus-
pension feeders {34} and the apparent
superabundance of their food (28)
weaken this argument. The long dura-
tions of many muculoids may be due
to broadiy defined genera.

If stability of the physical environ-
ment were an important determinant
of evolutionary  stability, its  effects
should be more apparent: the generic
durations of the infaunal Veneracea
and Lucinacea should differ signifi-
cantly from those of the Ostreacea
and Pteriacea, for all four are Jocalized
in “unstabie” nearshore eavironments
(32). In any case, the inverse relation-
ship between environmental and evolu-
tionary stability predicted by the de-
pauperate gene pool hypothesis of ex-
tinctions is nof found. A growing body
of evidence indicates either that this
hypothesis is invalid or that the catchall
parameter of environmental stability
is too generalized to be considered a
practical control of evolutionary rates.

CHARLES W. THAYER
Department of Geology, University of
Pennsyvivania, Philadelphia 19174
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Blood Velocity Measurements in Human Retinal Vessels

Abstract, Laser Doppler velocinmetry way wsed (o mieasire the velociiy of blood

in huivon retinal vessels, The inean flow veloritios obiained were IO centimeoters

pev second inog retingd vein amd 20 pentimelers per second Bioa refinal aftery.
Seartered light from a weak heliim-neon laser beam locused on the vessel was
deiveted by o photomualtiplior. and the emporal coreelation of the inrensity fe-
tuaiions was measured with o photon cotniing atfocoreelaor, Antocorrelrion
functions for blood flowing throush oloss capitlaries were nused for calibration,

The feasibibty of wsing laser Doppler
velocimetry to measure blood How ve.
foctty In retinal vessels of rabbits was
previously  demonstrated (7). §t was
specufated then that such measurements
could be performed in humans if the
recording time zould be short enough
to minimize the effects of slow eye
drifts and Jf the retinal wradiance
could be decreaszed t0 permissible levels.
These requirements have now  been
satisfied, and we qeport here in vivo
meazurements of the tow velocity of
blood in human retinal vessels,

Luser Doppler velocimetry is a con-
ventional technique for measaring the
velovity of particles suspended in g fluid
(1), 1t s hased on the Doppler effect.

The faser light scattered from a moving
particle 11 shifted in frequeacy by an
araount § according to the Doppler re-
Lation

I ........ (!/’2;1‘) (K hi}v

wheee B and B are the wave vectors
af the incident faser bram and the scat-
tered heam. respectively, and ¥ is the
velocity of the particle. The magnitude
of the frequence shift can be measured
by optical  heterodymag. With  this
methad, the tight scattered from the
moving particles is combined at the sur-
face of a photodetector with o local
oscitlator or reference beam which i,
in generad, a4 portion of the faser beam
metially focident on the scattering re-
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