
ponent 5 exhibits significant inhibitory ac- 
tivity at dosages of 60 to 250 ug per kilo- 
gram of body weight against the P-388 leu- 
kemia in mice (3). 

The tumor inhibitory principles of Cro- 
ton oil were divided into two active frac- 
tions on solvent partition between 10 per- 
cent aqueous methanol and Skellysolve B. 
Column chromatography of the residue 
from the aqueous methanol solution over 
SilicAR CC-7 deactivated by water and 
subsequent TLC and high-pressure liquid 
chromatography were guided in a manner 
analogous to that described for E. esula. 
This procedure led to the isolation of 
an active principle as a resinous material 
(4) (0.048 percent of the weight of Croton 
oil) with specific optical rotation at 270 for 
the sodium D line ([a]i) + 39? (c, 0.78, 
dioxane); HRMS showed the molecular 
ion at m/e 600.3550 (calculated, 600.3662). 
Comparison of the [a]D, ultraviolet, in- 
frared, NMR, and mass spectra with those 
described for phorbol 12-tiglate 13-deca- 
noate (10) indicated that the active con- 
stituent was 5. 

A series of commercially available (8) 
Croton oil principles (6 to 9) were assayed 
against P-388 lymphocytic leukemia in or- 
der to determine the potential significance 
of the ester side chains and of other struc- 
tural features of compounds similar to 
phorbol. When these materials were as- 
sayed in parallel with 5, only phorbol 12- 
tiglate 13-decanoate showed antileukemic 
activity over the dose ranges tested. 

Also, in pursuing the antileukemic prin- 
ciples of several plants of the family 
Thymelaeaceae, we have isolated several 
diterpenoid esters that have considerable 
chemical similarity to the newly character- 
ized principles of the Euphorbiaceae (11). 
In view of our earlier findings (11, 12), it 
will be of interest to determine the signifi- 
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cance of various structural features for the 
antileukemic activity of the diterpenoid es- 
ters. Such studies may clarify also the 
paradoxical similarity in structure between 
the cocarcinogenic and antileukemic prin- 
ciples of the Euphorbiaceae and the 
Thymelaeaceae. 
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In the representations of the visual field 
in almost all of the cortical visual areas 
and in the subcortical visual structures in 
primates, a very large proportion of each 
visuotopic map is devoted to the represen- 
tation of the small central part of the visual 
field in which primates see with high acuity 
(1). Described in this report is the single 
known exception to this rule, the medial vi- 
sual area, which is located on the medial 
wall of occipital-parietal cortex. A much 
greater proportion of the medial area is de- 
voted to the representation of the relatively 
more peripheral parts of the visual field 
than in any other visuotopically organized 
cortical area or in any subcortical visual 
structure, including the lateral geniculate 
nucleus, inferior pulvinar, or superior col- 
liculus, that has been mapped in any pri- 
mate. Each of these representations of the 
visual field is likely to perform its own set 
of functions in the analysis and integration 

In the representations of the visual field 
in almost all of the cortical visual areas 
and in the subcortical visual structures in 
primates, a very large proportion of each 
visuotopic map is devoted to the represen- 
tation of the small central part of the visual 
field in which primates see with high acuity 
(1). Described in this report is the single 
known exception to this rule, the medial vi- 
sual area, which is located on the medial 
wall of occipital-parietal cortex. A much 
greater proportion of the medial area is de- 
voted to the representation of the relatively 
more peripheral parts of the visual field 
than in any other visuotopically organized 
cortical area or in any subcortical visual 
structure, including the lateral geniculate 
nucleus, inferior pulvinar, or superior col- 
liculus, that has been mapped in any pri- 
mate. Each of these representations of the 
visual field is likely to perform its own set 
of functions in the analysis and integration 

(IH, s, H-5), 5.84 (1H, dd, J = 11, 4 hertz, H-8), 
5.09 (2H, AB q, H,-20), 4.22 (1 H, s, H-3), 3.87 (IH, 
br s, H-l), 3.76 (IH, d, J = 4 hertz, H-7), 2.5 (6H, 
m, two of B2X portion of A,B2X, m- and p-ben- 
zoate protons), 1.96 (4H, two of A, portion of 
A,B,X, o-benzoate protons); mass spectrum m/e 
556 (M+), 538, 434, 416, 312, 294. 

6. K. Zechmeister, F. Brandl, W. Hoppe, E. Hecker, 
H. J. Opferkuch, W. Adolf, Tetrahedron Lett. 
(1970), p. 4075. 

7. In (6), the signals at r 5.68 and 6.21 in the NMR 
spectrum of ingenol were assigned as either H-3 or 
H-5. Spin decoupling [T. H. Siddall and W. E. 
Stewart, Prog. Nucl. Magn. Reson. Spectrosc. 5, 
33 (1969); L. M. Jackman and S. Sternhell, Appli- 
cations of Nuclear Magnetic Resonance Spectros- 
copy in Organic Chemistry (Pergamon, New 
York, ed. 2, 1969), p. 368] and internuclear double 
resonance [W. von Phillipsborn, Angew. Chem. 
Int. Ed. Engl. 10, 472 (1971)] experiments in this 
laboratory allowed assignment of the former sig- 
nal as H-3 and the latter as H-5. 

8. Croton oil and the irritant and cocarcinogenic ac- 
tive principles of the oil were purchased from Con- 
solidated Midland Corporation, Chemical Divi- 
sion, Brewster, New York. 

9. E. Hecker and R. Schmidt, Prog. Chem. Org. Nat. 
Prod. 31, 377 (1974). 

10. E. Hecker and E. Clarke, Z. Krebsforsch. 67, 192 
(1965). 

11. S. M. Kupchan, J. G. Sweeny, R. L. Baxter, T. 
Murae, V. A. Zimmerly, B. R. Sickles, J. Am. 
Chem. Soc. 97, 672 (1975); S. M. Kupchan and R. 
L. Baxter, Science 187, 652 (1975). 

12. S. M. Kupchan, Fed. Proc. Fed. Am. Soc. Exp. 
Biol. 33, 2288 (1974); Recent Adv. Phvtochem. 9, 
167(1975). 

13. This report is part 112 in the series entitled "Tu- 
mor Inhibitors"; part 111 is by S. M. Kupchan, C. 
W. Sigel, M. J. Matz, C. J. Gilmore, and R. F. 
Bryan [J. Am. Chem. Soc., in press]. Supported by 
grant CA-11718 and contract NOI-CM-12099 
from the National Cancer Institute and grant CI- 
102J from the American Cancer Society. A.R.B. 
was an NIH postdoctoral fellow, 1972 through 
1975. We thank B. R. Sickles for technical 
assistance. 

20 October 1975 

(IH, s, H-5), 5.84 (1H, dd, J = 11, 4 hertz, H-8), 
5.09 (2H, AB q, H,-20), 4.22 (1 H, s, H-3), 3.87 (IH, 
br s, H-l), 3.76 (IH, d, J = 4 hertz, H-7), 2.5 (6H, 
m, two of B2X portion of A,B2X, m- and p-ben- 
zoate protons), 1.96 (4H, two of A, portion of 
A,B,X, o-benzoate protons); mass spectrum m/e 
556 (M+), 538, 434, 416, 312, 294. 

6. K. Zechmeister, F. Brandl, W. Hoppe, E. Hecker, 
H. J. Opferkuch, W. Adolf, Tetrahedron Lett. 
(1970), p. 4075. 

7. In (6), the signals at r 5.68 and 6.21 in the NMR 
spectrum of ingenol were assigned as either H-3 or 
H-5. Spin decoupling [T. H. Siddall and W. E. 
Stewart, Prog. Nucl. Magn. Reson. Spectrosc. 5, 
33 (1969); L. M. Jackman and S. Sternhell, Appli- 
cations of Nuclear Magnetic Resonance Spectros- 
copy in Organic Chemistry (Pergamon, New 
York, ed. 2, 1969), p. 368] and internuclear double 
resonance [W. von Phillipsborn, Angew. Chem. 
Int. Ed. Engl. 10, 472 (1971)] experiments in this 
laboratory allowed assignment of the former sig- 
nal as H-3 and the latter as H-5. 

8. Croton oil and the irritant and cocarcinogenic ac- 
tive principles of the oil were purchased from Con- 
solidated Midland Corporation, Chemical Divi- 
sion, Brewster, New York. 

9. E. Hecker and R. Schmidt, Prog. Chem. Org. Nat. 
Prod. 31, 377 (1974). 

10. E. Hecker and E. Clarke, Z. Krebsforsch. 67, 192 
(1965). 

11. S. M. Kupchan, J. G. Sweeny, R. L. Baxter, T. 
Murae, V. A. Zimmerly, B. R. Sickles, J. Am. 
Chem. Soc. 97, 672 (1975); S. M. Kupchan and R. 
L. Baxter, Science 187, 652 (1975). 

12. S. M. Kupchan, Fed. Proc. Fed. Am. Soc. Exp. 
Biol. 33, 2288 (1974); Recent Adv. Phvtochem. 9, 
167(1975). 

13. This report is part 112 in the series entitled "Tu- 
mor Inhibitors"; part 111 is by S. M. Kupchan, C. 
W. Sigel, M. J. Matz, C. J. Gilmore, and R. F. 
Bryan [J. Am. Chem. Soc., in press]. Supported by 
grant CA-11718 and contract NOI-CM-12099 
from the National Cancer Institute and grant CI- 
102J from the American Cancer Society. A.R.B. 
was an NIH postdoctoral fellow, 1972 through 
1975. We thank B. R. Sickles for technical 
assistance. 

20 October 1975 

of visual information, and in whatever 
functions that are performed by the medial 
area there appears to be a considerably 
greater emphasis on input from the more 

peripheral parts of the visual field. 
This study is part of a series of investiga- 

tions in which we have sought to identify 
and determine the organization of the ma- 
jor functional units, the neural representa- 
tions of the visual field, in the visual system 
of primates. In most of these investiga- 
tions, we have explored the cerebral cortex 
because this structure contains the great 
bulk of the neurons involved in the pro- 
cessing of visual information. The owl 
monkey (Aotus trivirgatus) was chosen as 
our experimental animal because the cere- 
bral cortex is relatively less convoluted in 
this species than in most other simian pri- 
mates, thus facilitating our task of map- 
ping the representations of the visual field 
in the cortex. In this part of the total 
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Occipital-Parietal Cortex in the Owl Monkey 
Abstract. The medial visual area is located on the medial wall of occipital-parietal 

cortex. A much largerproportion of this area is devoted to the representation of the more 
peripheral parts of the visual field than in any other cortical area or subcortical visual 
structure that has been mapped previously in any species of primate. 
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project, the visuotopic organization of the 
medial occipital-parietal cortex was ex- 
plored with electrophysiological mapping 
techniques in five owl monkeys (2). The 
monkeys were anesthetized with urethan 
and prepared for recording. Tungsten and 
platinum-iridium microelectrodes were 
used to record from small clusters of neu- 
rons or occasionally from single neurons in 
tangential penetrations parallel to the me- 
dial surface of occipital-parietal cortex. 
Receptive fields were plotted by moving 
circular spots or rectangular slits and bars 
on the surface of a translucent plastic 
hemisphere centered in front of the con- 
tralateral eye. The position of the optic 
disk was projected onto the plastic hemi- 
sphere with the method of Fernald and 
Chase (3). The ipsilateral eye usually was 
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covered with an opaque shield. Electrode 
tracks and recording sites were recon- 
structed from histological sections and 
photographs of the intact brain. 

Figure 1 illustrates the data from our 
most complete mapping of the medial 
area; data obtained in the other four ex- 
periments revealed the same pattern of vis- 
uotopic organization. Tangential pene- 
trations I through 4 ran parallel to the me- 
dial surface of occipital-parietal cortex at a 
distance of approximately 1 mm from the 
medial surface. In previously published ex- 
periments, we found that the receptive 
fields recorded adjacent to the medial area 
in the second visual area (V II) were lo- 
cated in the lower quadrant near the hori- 
zontal meridian about 500 to 600 from the 
center (4). Thus, as is shown in Fig. 1, and 
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N 

Medial view 
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also in Fig. 2, which illustrates the organi- 
zation of the other cortical visual areas 
that have been mapped in the owl monkey, 
the border between the medial area and the 
second visual area corresponds to a periph- 
eral portion of the horizontal meridian. In 
other experiments in the dorsomedial area, 
we found that receptive fields recorded 
near its common border with the medial 
area began near the vertical meridi- 
an in the lower quadrant and proceeded in 
a broad loop in the periphery toward the 
horizontal meridian (5). Thus, as is shown 
in Figs. 1 and 2, the common border be- 
tween the dorsomedial and the medial 
areas corresponds to part of the lower field 
vertical meridian and the peripheral por- 
tions of the lower visual quadrant. Dor- 
sally, the medial area is adjoined by poste- 

Fig. 1. Microelectrode recording penetrations and receptive field data for the medial visual area in owl monkey 72-455. The diagram on the lower left is a 
view of the posterior half of the medial wall of cerebral cortex of the left hemisphere with the brainstem and cerebellum removed. Anterior is up and dor- 
sal is to the left in this diagram. Microelectrode penetrations are numbered, and recording sites are indicated by short bars denoted by letters. The corre- 
sponding receptive fields are shown in the perimeter chart on the right. In the upper left is an expanded map of the visuotopic organization of the medial area. The circles indicate the representation of the vertical meridian (midline) of the visual field; the squares indicate the horizontal meridian of the con- tralateral half of the visual field; the triangles indicate the temporal periphery of the contralateral hemifield. VI is the first visual area; VII is the second visual area; DM is the dorsomedial visual area. OD indicates the projection of the optic disk or blind spot. 
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rior parietal cortex, where we have 
mapped receptive fields so large that it is 
not clear whether any visuotopic organiza- 
tion exists in this region. Posterior parietal 
cortex corresponds in location to area 7, 
which in alert macaque monkeys has been 
found to contain many neurons which are 
activated when the monkey directs his gaze 
toward wanted objects within his reach or 
when the monkey visually tracks such ob- 
jects (6). Anteriorly, the medial area is ad- 
joined by parietal cortex on the medial 
wall which did not respond to visual stimu- 
lation in our experiments. 

The detailed visuotopic organization of 
the medial area is illustrated in the ex- 
panded map in the upper left corner of Fig. 
1. The medial area is not a simple topo- 
logical or first-order transformation of the 
contralateral half of the visual field; in- 
stead, as in the second visual area, the dor- 
somedial area, and the dorsolateral cres- 
cent, the medial area is a second-or- 
der transformation in which adjacent 
points in the contralateral half of the visual 
field are not always represented in adjacent 
points in the cortical map (7). In the me- 

dial area, points just above the representa- 
tion of the horizontal meridian more than 
50? from the center are adjacent to points 
in the second visual area rather than points 
just below the horizontal meridian in the 
medial area. However, while the medial 
area may be classified as a second-order 
transformation of the contralateral hemi- 
field, the disruption of the topological rela- 
tionship between different parts of the 
hemifield is much less extensive in the me- 
dial area than in the second visual area, the 
dorsomedial area, or the dorsolateral cres- 
cent. 

Although the response properties of neu- 
rons in the medial area were not studied in 
detail, we did notice that the neurons usu- 
ally responded as well to circular spots as 
to rectangular stimuli and that the orienta- 
tion of the rectangular stimuli was not crit- 
ical. 

Approximately 96 percent of the medial 
visual area is devoted to the representation 
of the parts of the visual field more than 
10? from the center, and possibly corre- 
lated with this are the results of a recent 
autoradiographic study of the projections 

of the first visual area in the squirrel mon- 
key by Martinez-Millan and Hollander 
(8). These authors found that the portion 
of the first visual area that is located on the 
lateral surface of the occipital lobe, and 
which corresponds to the representation of 
the central part of the visual field, projects 
to two cortical loci which they termed 
"provisional area 18" and "cortex near the 
superior temporal sulcus." These results 
agree very closely with earlier studies done 
in the squirrel monkey by Spatz, Tigges, 
and Tigges (9), and it is very likely that 
these two cortical projections are to the 
second visual area and the middle tempor- 
al area. However, when Martinez-Millan 
and Hollander studied the projections 
of the portions of the first visual area 
that are located on the medial wall of the 
hemisphere and in the calcarine sulcus 
where the more peripheral parts of the vi- 
sual field are represented, they found that 
in addition to the two previously men- 
tioned loci there was a third locus in the 
parieto-occipital sulcus on the medial wall. 
This third projection, which arises only 
from the more peripheral parts of the first 

Fig. 2. Representations of the visual field in the cerebral cortex of the owl monkey. (A) A dorsolateral view of the posterior two-thirds of the left cere- 
bral hemisphere. (B) A ventromedial view of the posterior two-thirds of the left cerebral hemisphere in which the brainstem and cerebellum have been 
removed to expose the ventral surface of the occipital and temporal lobes. DL (dorsolateral crescent), DI (dorsointermediate area), DM (dorsomedial 
area), and M (medial area) comprise the third tier of cortical visual areas; V I constitutes the first tier and V II the second. DI's borders have been defi- 
nitely established, but DI has not yet been mapped in detail. MT (middle temporal area) is a fourth tier cortical visual area. Meridians are not necessarily 
continuous between adjacent cortical visual areas; such discontinuities occur at "incongruent borders" between areas (5). The rows of V's indicate the 
anterior border of visually responsive cortex. In the cortex marked Visual there exist additional representations of the visual field that have not yet 
been mapped in detail. PP is posterior parietal cortex; STS is the superior temporal sulcus; SS is the sylvian sulcus; and CS is the calcarine sulcus. Other 
conventions and abbreviations are the same as in Fig. 1. 
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visual area, corresponds very closely in lo- 
cation to the medial area in the owl mon- 
key. Our interpretation of Martinez-Mil- 
lan and Hollander's results is that there 
may exist a projection from the peripheral 
parts of the first visual area to the medial 
area and that this projection may be re- 
lated to the relatively large representation 
of the more peripheral portions of the visu- 
al field in the medial area (10). In addition, 
there exist other probable projections to 
the medial area from the middle temporal 
area and the dorsomedial area. Spatz and 
Tigges (11) found in marmosets that the 
middle temporal area projects to a zone on 
the medial wall of occipital-parietal cortex 
(their focus 6), which corresponds very 
closely in location to the medial area, and 
Wagor et al. (I1) found in the owl monkey 
that the dorsomedial area projects to the 
medial area. 

Adjoining the anterior border of the sec- 
ond visual area are four visual areas: the 
dorsolateral crescent, the dorsointerme- 
diate area, the dorsomedial area, and 
the medial area. Collectively these areas 
comprise a third tier of cortical visu- 
al areas with the primary visual area (V I) 
constituting the first tier and VII the sec- 
ond tier. In the third tier, the relative pro- 
portion of each area devoted to the central 
versus the more peripheral portions of the 
visual field differs greatly from area to 
area. In the dorsolaterai crescent, approxi- 
mately 75 percent of the area is devoted to 
the portion of the visual field within 10? of 
the center, while only about 4 percent of 
the medial area is devoted to the same por- 
tion of the visual field within 10? of the cen- 
ter. These differences in visuotopic organi- 
zation in the third tier suggest that in the 
dorsolateral crescent, which emphasizes 
central vision, functions in which central 
vision is important, such as form per- 
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Amphibious Behavior of Alligator misssisippiensis: 
Roles of a Circadian Rhythm and Light 

Abstract. Juvenile American alligators in outdoor pens moved out of and into the wa- 
ter at sunrise and sunset, respectively. When the natural light cycle was extended with 
artificial illumination, these movements gradually shifted into phase with the altered light 
cycles; therefore, the amphibious behavior was modulated by a circadian rhythm cued by 
light. Movement between land and water was characterized by a decrease in body tem- 
perature, which suggests that it was not simply a proximate heat-seeking response. After 
the movements had been in phase with the altered light cycles for a time, they sponta- 
neously shifted back into phase with the natural light cycle. A changing response to light 
is viewed as an adaptation to seasonal changes in heat availability. 
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Crocodilians utilize both aquatic and 
terrestrial habitats during a 24-hour cycle. 
Typically, they spend much of the day on 
land and are in the water at night. In 
nature, Nile crocodiles (Crocodylus 
niloticus) move with regularity out of the 
water at sunrise and into the water at sun- 
set (1, 2). Searching for the basis of this be- 
havior, Cloudsley-Thompson noted a daily 
rhythm of activity in two captive Nile 
crocodiles (3). Although he referred to this 
rhythm of activity as circadian, as yet no 
evidence has been presented to sub- 
stantiate the endogenous nature of the re- 
sponse or to identify a periodic environ- 
mental factor that might serve as a time 
cue, or zeitgeber. 

Here I present evidence that the am- 
phibious behavior of juvenile alligators is 
regulated by an internal circadian rhythm, 
that light is an important zeitgeber, and 
that an alligator's response to light is 
adaptable. Although alligators are poikilo- 
thermic reptiles, their daily cycle of behav- 
ior may be governed proximally by a light- 
cued circadian rhythm rather than by tem- 
perature. 
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I studied recently captured alligators 
(Alligator mississippiensis) under semi- 
natural conditions. Juvenile alligators were 
caught in Lake Okeechobee and Lake Hic- 
pochee near Moore Haven, Florida, in July 
1972 (N = 30), and October 1973 (N = 
30). They weighed 0.8 to 3.8 kg, measured 
68 to 114 cm in length, and were probably 
2 to 4 years old (4). The alligators were 
marked individually and maintained in two 
identical outdoor pens (5) at the Archbold 
Biological Station, Lake Placid, Florida 
(50 km northwest of the capture site). Air 
and water temperatures were monitored 
continuously in one pen. Body temper- 
atures (Tb) were taken at varying times of 
the day (6). 

The alligators were observed in the natu- 
ral light-dark (LD) cycle during July and 
August 1972, and under natural and ex- 
perimentally altered LD cycles during Oc- 
tober and November 1973. Hourly ob- 
servations were made between 0400 and 
1000 (E.S.T.) and 1700 and 2400 to deter- 
mine whether individual animals were on 
land or in the water (7). 

In the natural photoperiod, alligators 
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