
truly marine angiosperms such as Zos- 
tera or Thalassia. Aldehyde production 
from bacteria is too limited to be of 
consequence in sediments rich in or- 
ganic matter. 

A freshwater sediment from an inlet 
near the northeastern shore of Barro 
Colorado Island, Gatun Lake, Panama, 
was also examined. This sediment is 
rich in partially degraded organic ma- 
terial derived from a low-lying tropical 
rain forest inundated during the forma- 
tion of Gatun Lake, in the development 
of the Panama Canal. Oxidation with 
alkaline nitrobenzene yielded chiefly 
vanillin and syringaldehyde-a result 
consistent with the source material, 
mainly residue of deciduous forest 
trees. 

Postglacial peat from Montclair bog, 
North Quincy, Mass., was examined. 
The contribution of coniferous wood to 
this temperate, freshwater deposit is 
reflected in the relatively high yield of 
vanillin. The correspondence between 
the aldehydes generated from peat speci- 
mens and the parent plant was clearly 
demonstrated in earlier studies with 
peat and soil (2, 13). 

On oxidative degradation of non- 
marine ancient carbonaceous sediments, 
small yields of p-hydroxybenzaldehyde 
and vanillin were obtained from Mes- 
ozoic and younger specimens. Syringal- 
dehyde was not detected. Lignin rem- 
nants may be the progenitors of the 

aldehydes from these older sediments 
as well. In sediments, where conditions 
are anaerobic and anoxic, lignin per- 
sists. Lignin is rapidly degraded only 
under aerobic conditions, or when oxy- 
gen can be transferred or dehydrogen- 
ation can take place (11). 

Although older sediments are mark- 
edly different in many respects, their 
aldehyde yields are quite similar, and 
of the same order of magnitude as 
those of recent marine sediments. 

A sample of Chattanooga shale (Up- 
per Devonian) from northwest Georgia 
yielded p-hydroxybenzaldehyde and va- 
nillin in amounts like those from Mes- 
ozoic sediments. This is not surprising, 
since the Chattanooga shale is rich in 
humic material (16). The specimen ex- 
amined may have been rich in woody 
matter, having been collected near the 

probable shoreline of the Chattanooga 
Sea during its period of greatest extent. 

Investigation of several Precambrian 

truly marine angiosperms such as Zos- 
tera or Thalassia. Aldehyde production 
from bacteria is too limited to be of 
consequence in sediments rich in or- 
ganic matter. 

A freshwater sediment from an inlet 
near the northeastern shore of Barro 
Colorado Island, Gatun Lake, Panama, 
was also examined. This sediment is 
rich in partially degraded organic ma- 
terial derived from a low-lying tropical 
rain forest inundated during the forma- 
tion of Gatun Lake, in the development 
of the Panama Canal. Oxidation with 
alkaline nitrobenzene yielded chiefly 
vanillin and syringaldehyde-a result 
consistent with the source material, 
mainly residue of deciduous forest 
trees. 

Postglacial peat from Montclair bog, 
North Quincy, Mass., was examined. 
The contribution of coniferous wood to 
this temperate, freshwater deposit is 
reflected in the relatively high yield of 
vanillin. The correspondence between 
the aldehydes generated from peat speci- 
mens and the parent plant was clearly 
demonstrated in earlier studies with 
peat and soil (2, 13). 

On oxidative degradation of non- 
marine ancient carbonaceous sediments, 
small yields of p-hydroxybenzaldehyde 
and vanillin were obtained from Mes- 
ozoic and younger specimens. Syringal- 
dehyde was not detected. Lignin rem- 
nants may be the progenitors of the 

aldehydes from these older sediments 
as well. In sediments, where conditions 
are anaerobic and anoxic, lignin per- 
sists. Lignin is rapidly degraded only 
under aerobic conditions, or when oxy- 
gen can be transferred or dehydrogen- 
ation can take place (11). 

Although older sediments are mark- 
edly different in many respects, their 
aldehyde yields are quite similar, and 
of the same order of magnitude as 
those of recent marine sediments. 

A sample of Chattanooga shale (Up- 
per Devonian) from northwest Georgia 
yielded p-hydroxybenzaldehyde and va- 
nillin in amounts like those from Mes- 
ozoic sediments. This is not surprising, 
since the Chattanooga shale is rich in 
humic material (16). The specimen ex- 
amined may have been rich in woody 
matter, having been collected near the 

probable shoreline of the Chattanooga 
Sea during its period of greatest extent. 

Investigation of several Precambrian 

samples did not afford equivocal re- 
sults. No aldehydes were detected from 
a Middle Precambrian anthraxolite, an 

anomalous, anthracite-like carbonaceous 
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substance containing about 95 percent 
carbon and less than 0.1 percent extrac- 
tives. Michigamme coal, also of Middle 
Precambrian age, however, gave ap- 
proximately 0.01 mg of vanillin per 
gram of sample. Confirmation by other 
means is needed because the vanillin 
yield from our controls approaches this 
amount. 

Paleobotanical evidence suggests that 
the capacity of plants to synthesize lig- 
nin did not evolve until late Silurian 
and early Devonian time. However, 
analysis of crude oil 1 billion years old 
from Precambrian Nonesuch Shale (Up- 
per Michigan) gave 0.07 mg of p-hy- 
droxybenzaldehyde and 0.14 mg of va- 
nillin per gram of sample. This might 
be due to contamination, however, since 
the precise history of the specimen is 
not known. 

Thus, it seems that phenolic alde- 
hydes can be generated from plant ma- 
terials of greatly differing ages. The 
phenolic aldehydes can be separated 
and identified; their ratios appear to 
be related to the chemical structure 
of the lignin in the initial plant. The 
phenolic aldehydes from the sediments 
analyzed in this study may be a geo- 
chemical index of the contribution of 
lignin to the organic sediments. 
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Tabls 1. Mean early deaths per pregnancy in female mice mated with males treated with trimethylphosphate (TMP). 

Week of TMP (mg/kg TMP (mg/kg TMP (mg/kg 
mating after Control itraperitoneally) Control intraperitoneally) Control by gavage) 

drug 
administration 200 1000 500 850 1250 1500 2000 500 1000 

Early deaths per pregnancy (mean) 
1 0.33 0.08 1.25 0.57 0.00 0.30 1.00 0.56 1.89 0.00 0.90 4.00 
2 .05 .65 1.82 .53 .60 .75 1.80 2.13 3.70 .23 4.08 0.00* 
3 .47 .47 0.69 .20 .67 .43 0.55 0.75 1.29 .21 0.77 .56 
4 .68 .55 .17 .45 .29 .50 .11 .30 0.00 .18 .24 .36 
5 .47 .00 .33 .40 .30 .08 .33 .50 .25* .10 .25 .00 
6 .67 .20 .22 .62 .30 .27 .20 .15 .13 .13 .12 .12 
7 .25 .58 .32 .21 .29 .50 .23 .25 .40* .40 .06 .40 
8 .39 1.10 .43 .25 .25 .70 .14 .36 .29 .07 .21 .13 

Males mated (No.) 
10 7 9 10 5 5 5 5 5 7 10 10t 

Females pregnant per week (mean) 
18 13 18 19 10 10 10 10 7 13 15 16 

* Six or fewer females pregnant. t One male died in 2nd week. 

(6); unlike other alkylphosphates, TMP 
also alkylates glutathione in vitro (7). 
Litter sizes of the F1 progeny of un- 
treated females mated with males given 
TMP orally or parenterally are reduced 
(6), presumably by induction of domi- 
nant lethal mutations. Mutagenicity of 
TMP in mammals is also suggested by 
the fact that it can serve as an alkyl- 
ating agent and by the fact that it in- 
duces reverse mutations in Neurospora 
(8). For these reasons, it was considered 
important to determine the mutagen- 
icity of TMP in mammals directly by 
the dominant lethal assay (9). Domi- 
nant lethal mutants are convenient in- 
dicators of major genetic damage and 
have been used for measuring effects of 
x-rays and chemical mutagens in mam- 
mals; the genetic basis for dominant 
lethality is the induction of structural 
and numerical chromosomal aberra- 
tions, such as translocations and aneu- 
ploidies, leading sequentially to loss of 
nonviable zygotes before implantation, 
early fetal deaths, and sterility and 
semisterility in F1 progeny (9). 

Trimethylphosphate, freshly prepared 
in distilled water, was administered to 
male Swiss (ICR/Ha) mice 56 days old, 
in 0.1-ml volumes by single intraperi- 
toneal injection, in dosages ranging from 
200 to 2000 mg/kg, or by gavage daily 
for 5 days, in individual doses of 500 
or 1000 mg/kg, equivalent to total 
doses of 2500 or 5000 mg/kg. After 
treatment, each test and concurrent 
control male was caged for 1 week 
with three virgin female Swiss mice. 
Females were replaced weekly and con- 
secutively for a total of 8 weeks, repre- 
senting the duration of the spermato- 
genic cycle. Females were autopsied 13 
days after the midweek of their caging 
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and presumed mating; these untimed 
pregnancies thus ranged from 9 to 15 
days. Each female was scored for preg- 
nancy, and for numbers of total 
implants, as represented by living 
implants, early fetal deaths, and oc- 
casional late fetal deaths; corpora lutea 
were not counted. The percentage of 

pregnancies and mean numbers of total 

implants, including living fetuses and 
early fetal deaths, were determined 
weekly for each group. Analysis of vari- 

Fig. 1. Numbers of total implants and 
early fetal deaths in females mated over 
an 8-week period following treatment of 
males with trimethylphosphate by gavage 
on five successive days. Numbers of total 
implants and early fetal deaths are mean 
values per pregnant female. Time refers 
to weeks of mating after termination of 
treatment of males. (- ) Control; (----) 
500 mg of TMP per kilogram daily; 
(-- e* - ) 1000 mg of TMP per 
kilogram daily. 

U) 

E 
._ 

0 
F- 

0 
z 

a) 

E 

.C (U 

t Sn tu 

( - XU 
E h- Q 
? o E 

?*- ._ 

50 .. 

40 - \ 

30- - 

20 - // A 
/' \ \ /\ 

IrI 

"' 4 
S O 

X Z 3 
a) 

T0 C 
: ( 2 

-o E- 
w 

- 

\ \ 

, \ 
I . 

- \ \ 
' . - _ , _ 

I I I ! l I I I 
I 2 .3 4 5 6 7 8 

Time (weeks) 

Table 2. Analysis of variance; I, intraperitoneally; G, gavage. 

Within subclass 
Time Dosage R 

Wi 
meatn square F values (degrees of freedom) Time Dosage mean square 

(weeks) (mg/kg) oute (degrees of 
freedom) Dose Week Interaction 

Total implants per pregnancy 
1-3 200, 1000 I 4.69(137) 5.33*(2) 1.96(2) 1.06(4) 
4-8 200, 1000 I 5.10(227) 2.06(2) 1.38(4) 0.49(8) 
1-3 500-2000 I 4.22(182) 0.29(5) 4.79*(2) 1.25(10) 
4-8 500-2000 I 4.21(302) .19(5) 2.30(4) 1.82t(20) 
1-3 500, 1000 G 5.64(95) 12.96*(2) 1.69(2) 0.24(4) 
4-8 500, 1000 G 3.91(198) 0.22(2) 1.29(4) 3.01*(8) 

Early deaths per pregnancy F 
1-3 200, 1000 I 0.91(137) 14.65*(2) 0.73(2) 3.401(4) 
4-8 200, 1000 I 0.74(227) 2.83(2) .64(4) 2.45t(8) 
1-3 500-2000 I 1.02(182) 7.86*(5) 5.64(2) 1.19(10) 
4-8 500-2000 I 0.51(302) 1.01(5) 0.07(4) 0.85(20) 
1-3 500, 1000 G 1.19(95) 13.32*(2) 7.03*(2) 14.03*(4) 
4-8 500, 1000 G 0.35(198) 0.03(2) 0.07(4) 0.87(8) 

* Significant at P - .01. f Data transformed by Freeman-Tukey Poisson transformation before 
analysis. $ Significant al It P=.05. 
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Fig. 2. Dose-response relationship for 
numbers of early fetal deaths per preg- 
nancy in females mated in the 2nd week 
after treatment of males with trimethyl- 
phosphate. Numbers of early deaths are 
mean values per pregnant female. Mean 
(-) and 95 percent confidence interval 
(---) for linear response of four highest 
doses of five dosages administered by 
single intraperitoneal injection. Superim- 
posed points from other experiments show- 
ing general agreement. D Single intraperi- 
toneal injection at two dosages. * Gavage 
on five successive days at 500 mg/kg each 
(cumulative dose of 2500 mg/kg). 

ance of dose as a function of weeks af- 
ter TMP administration was performed 
with matrix inversion techniques. 

Trimethylphosphate generally was not 
toxic at the doses tested. One male that 
received five oral doses of 1000 mg/kg 
did die (Table 1). Pregnancy rates in 
females mated with test and control 
males did not differ consistently; how- 
ever, the incidence of pregnancy was 
generally reduced at the highest total 
dosages. Weekly means of total implants 
per pregnant control ranged from 10.5 
to 12.6. After injection of 200 and 
1000 mg/kg, reduction in numbers of 
total implants during the first 3 weeks 
of mating was significant and related 
to dosage (Table 2); however, when 
TMP was injected over a wider range 
of dosages, 500 to 2000 mg/kg, no 
distinct reductions related to dosage 
were observed, although lower num- 
bers of total implants were apparent in 
the 2nd week. After gavage with higher 
total doses, reduction in numbers of 
implants in the first 3 weeks of mating 
was significant and related to dosage 
(Fig. 1, Table 2); at the highest dosage, 
implants were also reduced at the 5th 
week. This is also apparent from the al- 
ternate criterion of proportion of fe- 
males with reduced numbers of total 
implants (Fig. 1). At the higher total 
oral doses, losses before implantation 
were consistent and related to dosage in 
the first 3 weeks of mating (Fig. 1). 
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Mean numbers of early fetal deaths 
per pregnant control ranged from 0 to 
0.68 with a mean of 0.33 (Table 1). 
A highly significant increase in early 
deaths occurred during the first 3 weeks 
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ministered irrespective of route (Fig. 2). 
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of mice to TMP than suggested by 
previous data (6); in both studies, how- 
ever, TMP appeared equally active 
after oral or parenteral administration. 

Evaluation of potential human ge- 
netic hazards due to TMP requires 
data, presently generally unavailable, 
on precise conditions of its industrial 
use, including concentration in fuels. 
Additional information is also required 
on the concentration of unreacted TMP, 
and of any biologically active pyrolysis 
products, in automobile exhaust. 
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Aerial Vision: Unique Adaptation in an Intertidal Fish 

Abstract. Mnierpes macrocephalus, a clinid fish of rocky shores of the eastern 
tropical Pacific, makes frequent terrestrial sojourns. The normal fish eye is myopic 
in air because of curvature of the cornea. This is overcome in Mnierpes by the 
presence of two flattened corneal surfaces. 
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In aquatic vision, fishes rely solely 
on the movement of the round crystal- 
line lens for visual accommodation. 
The cornea does not function in image 
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formation because its refractive index 
is the same as that of water. In air, 
fish vision becomes myopic because the 
refractive power of the curved cornea 

SCIENCE, VOL. 168 

formation because its refractive index 
is the same as that of water. In air, 
fish vision becomes myopic because the 
refractive power of the curved cornea 

SCIENCE, VOL. 168 

//* 

^ 

// 

* -/ 

/// 

a * ,, 

.1- I . _ _2 I I f 

//* 

^ 

// 

* -/ 

/// 

a * ,, 

.1- I . _ _2 I I f 


