
velocities of water in northern Chesa- 
peake Bay estuary (16), but flocculation 
is still an important depositional mecha- 
nism which agglomerates individual 
clay- and silt-sized mineral grains to pel- 
leted sediments in situ (29). 

These findings fill a gap in an area 
where very little is known about either 
the arrangements of grains in agglomer- 
ated sediments or the environmental sig- 
nificance of these features (38). Although 
this information will be useful in the 
modeling of sediment transport process- 
es in estuaries, it will be of little use in 
the study of fine-grained sedimentary 
rocks because the effects of compaction 
and postdepositional diagenetic changes 
make it almost impossible to recognize 
the original texture in ancient sediments. 
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Paleoclimatic investigations in marine 
sediments are based primarily on the fos- 
sil record of holoplanktic microorga- 
nisms: Foraminifera, Radiolaria, cal- 
careous nannofossils, diatoms, and sili- 
coflagellates. Established techniques 
rely heavily on interpretation of oscilla- 
tions of cold- and warm-water assem- 
blages. In this report, we present evi- 
dence for an inverse relationship be- 
tween temperature and maximum size in 
another group of minute shelled orga- 
nisms, larval bivalves, which may pro- 
vide an additional interpretive tool in pa- 
leoclimatic studies. 

The larvae of marine benthic in- 
vertebrates are an important constituent 
of both the coastal and the oceanic 
plankton. Such meroplanktic stages of- 
ten serve as a means of long-range dis- 
persal and population recruitment for or- 
ganisms of otherwise low migratory ca- 
pability (1). Of all pelagic larval forms, 
members of the class Bivalvia are by far 
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the most dominant, comprising more 
than 57 percent of the total invertebrate 
meroplankton in certain marine waters 
(2). In addition, the calcareous skeletons 
of these mollusks render such organisms 
useful in paleontological studies (3). Dur- 
ing the past decade, various workers 
have alluded to the usefulness of such 
larval shells in paleoecological studies 
for defining population dispersal patterns 
(1, 3), in biostratigraphic studies for eval- 
uating the potential of certain benthic 
species as index fossils (1), and in sys- 
tematic studies for assessing evolution- 
ary relationships (3). Here we discuss an 
additional paleontological application 
by illustrating how changes in the dimen- 
sions of shell features associated with 
larval metamorphosis may reflect 
changes in the ambient temperature of 
marine environments. 

In mollusks, the term metamorphosis 
has often been used to describe the im- 
mediate changes that occur when the lar- 
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Fig. 1. Maximum shell length of larval Mya -a 
arenaria as a function of culture or environ- 400 
mental water temperature. Environmental 
temperature ranges represent reported values 
for those periods of time when mature larval A 360 
specimens were sampled and measured. Let- 
ters designate studies from which shell length ^ -b 

and temperature data were obtained. Au- - 320 

thors, localities, and additional pertinent in- - -d 
c 

formation are as follows. (a) Stafford (9) and E 
Davidson (17); St. Andrews, Canada. Tem- E 280 
perature range represents average surface wa- 
ter values for July and August, 1924 to 1931, 2 
as reported by Davidson (17) for waters adja- 240 
cent to St. Andrews (station 6). (b) Savage 
and Goldberg (7); Hampton Beach, New 
Hampshire. Temperature range represents 200 o 14 8 22 
surface water extremes of weekly measure- Temperature (?C) 
ments made during August 1975 off Isles of 
Shoals, New Hampshire (18). (c) Savage and Goldberg (7); laboratory culture. (d) J0rgensen 
(10) and Thorson (2); Oresund, Denmark. Temperature range is that reported by Thorson (2) for 
surface waters of the sound during August. (e) Sullivan (6); Malpeque Bay, Canada. Temper- 
ature range is that reported by Sullivan (6) for July and August. (f) Loosanoff and Davis (8); 
laboratory culture. 

va exchanges a pelagic existence for a 
benthic or sessile mode of life. In bi- 
valves, the term has been refined to sig- 
nify the morphological changes that oc- 
cur between the first secretion of the 
byssus and the appearance of the dis- 
soconch shell (4). The ability of bivalve 
larvae to delay the process of metamor- 
phosis has been well documented, and 
numerous experiments have been con- 
ducted in an attempt to define factors in- 
fluencing the duration of this delay. Of 
all factors studied, temperature has re- 
ceived the most attention. Its effect ap- 
pears to dominate that of other variables, 
and a highly significant negative correla- 
tion has been found between the temper- 
ature of larval cultures and the duration 
of the delay (4). At uniform temper- 
atures, nonlethal variations in oxygen 
saturation, as well as the quality or quan- 
tity of food, appear to play a relatively 
minor role in the delay of metamor- 
phosis. While there is some indication 
that salinity may be of some importance 
in influencing the delay, its effect has not 
been well defined and further experi- 
ments are needed, especially with regard 
to possible synergistic effects of temper- 
ature and salinity (4). 

The effect of temperature on larval 
size at metamorphosis has been dis- 
cussed by several authors. For the few 
species that have been examined in de- 
tail, strong negative correlations have 
been found between temperature and 
maximum larval shell size (4, 5). A com- 
pilation of data from detailed laboratory 
and field studies (5-10) of the soft-shell 
clam, Mya arenaria, provides a case in 
point (Fig. 1). The maximum reported 
size at metamorphosis of M. arenaria 
cultured at 19? to 24?C was 228 ,m (8), 
while a maximum of 310 gm was found 
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at lower culture temperatures fluctuating 
between 16? and 19?C (7). A similar rela- 
tionship between temperature and maxi- 
mum size at metamorphosis of M. arena- 
ria is apparent through examination of 
data from plankton studies conducted in 
various areas along the eastern and west- 
ern Atlantic coasts. Sullivan (6), who 
worked with M. arenaria from Canadian 
waters, reported that larvae were "ob- 
served to settle at 235 x 250 gm in Mal- 
peque as compared with 315 x 415 ,Am 
at St. Andrews" and attributed the dif- 
ference to the much warmer (although 
unreported) summer temperatures at 

Fig. 2. Scanning elestron micrograph of the 
umbonal region of Striarca haddonfieldensis 
from the Severn [formerly Monmouth (19)] 
Formation (Maestrichtian) near Brightseat, 
Maryland. Note the distinct prodissoconch- 
dissoconch boundary (PD) (x 170). 

Malpeque. Similarly, Savage and Gold- 
berg (7) summarized morphometric find- 
ings of several authors that showed a 
negative correlation between temper- 
ature and size of M. arenaria at meta- 
morphosis. 

Several species of Mytilidae have also 
been examined in detail, and the results 
indicate a negative correlation between 
temperature and mean maximum size at 
metamorphosis similar to that found for 
M. arenaria. In laboratory studies of the 
larvae of two tropical mussels, Perna 
perna and Perna (= Mytilus) viridis, the 
maximum size attained during periods of 
delayed metamorphosis occurred at tem- 
peratures below those yielding the high- 
est growth rates (5, 11). In these studies 
it was suggested that at higher temper- 
atures, feeding stages are passed more 
rapidly and the velum is resorbed faster, 
both factors resulting in smaller maxi- 
mum sizes at metamorphosis. In detailed 
studies of laboratory-reared Mytilus 
edulis, the maximum shell length of lar- 
vae was found to be a function of both 
the rate of growth during the delay of 
metamorphosis and the time available 
for growth (4). The positive correlation 
between maximum size and duration of 
the delay of metamorphosis of this spe- 
cies is highly significant. At high temper- 
atures, the high rate of growth is appar- 
ently insufficient to compensate for the 
short time available for feeding, and this 
results in a smaller maximum size at 
higher temperatures (4, 12). 

To the extent that initiation of deposi- 
tion of the dissoconch shell marks the 
end of metamorphosis, the prodisso- 
conch-dissoconch boundary provides an 
easily discerned morphological feature 
for distinguishing true juveniles from lar- 
val forms or metamorphosing post- 
larvae. Although no data are available on 
relationships between prodissoconch- 
dissoconch boundaries per se and am- 
bient temperatures, the morphometry of 
this boundary, when defined for large 
numbers of juveniles within a popu- 
lation, should provide an accurate esti- 
mate of the maximum larval size at meta- 
morphosis. It follows from the dis- 
cussion in the preceding paragraphs that 
variations in the maximum size of the 
prodissoconch, as delimited by this 
boundary, should be largely a function of 
environmental temperature (13). The 
empirical observations reviewed above 
indicate that while such factors as indi- 
vidual genetic differences, food availabil- 
ity, and salinity contribute to the varia- 
tion in larval size at metamorphosis, they 
do not mask the temperature effect. 

Within the past few years, several 
workers have commented on the pres- 
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ence of larval and early postlarval bi- 
valves in ancient sediments and have 
discussed methods of species-level iden- 
tification (3, 14). Original aragonitic 
structures have been found to be ex- 
tremely well preserved in some deposits 
as old as the Late Cretaceous (3). Prodis- 
soconch-dissoconch boundaries of speci- 
mens from such sediments are readily 
distinguished (Fig. 2) and, when coupled 
with size distribution data for larval 
specimens, can be used in defining maxi- 
mum sizes at metamorphosis. This ap- 
proach should permit the reconstruction 
of both relative and absolute tempera- 
tures. 

1) Relative temperatures. Detailed ex- 
amination of changes in prodissoconch 
dimensions in a species through time at a 
single locality, or in a series of localities 
along a single horizon, should provide an 
indication of temporal or spatial temper- 
ature gradients for any interval con- 
taining adequately preserved faunas. 
Such paleotemperature gradient recon- 
structions should serve as an indepen- 
dent test of data derived from other mi- 
croorganisms or stable isotope analyses. 

2) Absolute temperatures. The long 
geologic duration of most bivalve species 
(15) suggests that absolute paleotem- 
perature estimates might be achieved for 
Holocene, Pleistocene, and Pliocene en- 
vironments by using regressions of pro- 
dissoconch length on temperature for a 
variety of extant species. However, as 
with other quantitative paleoclimatic 
techniques (16), the assumption of evolu- 
tionary stasis within species with regard 
to physiological processes may not be 
entirely warranted, and should be used 
with caution. 

RICHARD A. LUTZ 
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Department of Geology and 
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New Haven, Connecticut 06520 
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45,X women. 

In most mammals the XY and XX sex 
chromosome complements determine 
male and female sex, respectively. A ge- 
netic determinant on the Y is responsible 
for differentiation of the indifferent em- 
bryonic gonad into testis, which other- 
wise becomes ovary. The testis, in turn, 
produces substances that suppress 
Miillerian and promote Wolffian ductal 
development and masculinize the indif- 
ferent external genital structures. In the 
absence of a testis, Miillerian ducts dif- 
ferentiate, Wolffian ducts fail to dif- 
ferentiate, and the external genitalia are 
not masculinized. 

It is well known that sex-chromosome 
imbalance can interfere with normal sex- 
ual development. In fact, the delineation 
of the various clinical syndromes which 
result from human sex-chromosome im- 
balance has played a pivotal role in clari- 
fying normal mechanisms of sexual dif- 
ferentiation. Less widely recognized but 
no less interesting, and potentially more 
informative, are single genes that also 
are capable of disturbing these mecha- 
nisms (1, chaps. 5, 6, and 8). 

By 1971 (2), indirect evidence had ac- 
cumulated pointing to the presence of a 
human gene in this class, one that was 
capable of preventing differentiation of 
the testis in individuals with the chromo- 
some complement 46,XY (and thus, sec- 
ondarily, of male external genitalia, as 
was mentioned above). The phenotype 
predictable for the 46,XY individual car- 
rying such a gene would have just been 
that of the female. This prediction has 
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been correct, except that the gonad of 
46,XY females thought to carry the gene 
has been not the functional ovary pre- 
dicted for phenotypic females; instead, it 
has been the so-called streak gonad, a 
structure devoid of germ cells and in- 
distinguishable from the structure found 
in adult 45,X females, who have Tur- 
ner's syndrome (1, pp. 259-293). (Occa- 
sionally the streak in XY gonadal dys- 
genesis is replaced by a neoplasm such 
as gonadoblastoma or dysgerminoma.) 
The clinical syndrome-streak gonads in 
a 46,XY female-is best termed XY go- 
nadal dysgenesis, replacing the earlier 
"pure gonadal dysgenesis" which refers 
to several entities [see (2) for the argu- 
ment]. Normal female internal and ex- 
ternal genitalia are found in both XY go- 
nadal dysgenesis and 45,X gonadal dys- 
genesis (Turner's syndrome). The major 
clinical difference between these two 
conditions is a normal height in XY go- 
nadal dysgenesis and shortness in Tur- 
ner's syndrome. In addition, in XY go- 
nadal dysgenesis certain other anatomi- 
cal defects characteristic of Turner's 
syndrome besides short stature usually 
are absent. 

The foregoing comparison makes it 
easy to understand why the presence of 
an undetected monosomic cellular com- 
ponent (45,X) has always loomed high as 
a possible explanation for the gonadal 
streaks found in 46,XY females. But we 
and our colleagues have been impressed 
by the occasional familial clustering of 
46,XY individuals with gonadal streaks 
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ian involution, as a result of which they have "streak gonads" similar to those of 
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