
cortex is the principle target of receptors 
in muscles (I ). When area 3a recording 
sites were activated, they related to body 
locations that roughly corresponded to 
those activating adjoining recording sites 
in area 3b. Thus, our observations are 
consistent with the concept of a repre- 
sentation in area 3a that is parallel to that 
in area 3b, but further details are unclear. 

We found that area 2 of the owl mon- 
key was almost exclusively activated by 
stimulating deep body tissues. Because it 
was difficult to stimulate selectively re- 
stricted regions of deep receptors, it was 
possible to obtain only a crude idea of 
the organization of area 2 in this mon- 
key. Yet it was clear that the overall or- 
ganization of area 2 was in parallel with 
areas 3b and 1 and that body parts were 
represented for a third time in area 2. In 
macaque monkeys, area 2 responded to 
cutaneous as well as deep stimuli. We 
do not know if this difference between 
monkeys reflects a difference in the sus- 
ceptibility of cutaneous input to suppres- 
sion by anesthetics, but the difference 
did allow a more detailed analysis of the 
organization of area 2 in macaques. Pro- 
gressions of receptive fields for rows of 
recording sites across areas 1 and 2 in- 
dicate a mirror reversal of somatotopic 
organization at the border (Fig. 2B). 
Thus, areas 3b and 1 and areas 1 and 2 
are approximately mirror reversals of 
each other. The data from the many rows 
of recording sites that were typically ob- 
tained in each experiment made it also 
apparent that none of the three represen- 
tations was a simple distortion of the 
body without splits or disruptions. Dis- 
ruptions may be necessary for the dis- 
torted map to fit in an architectonic strip. 
However, it is important to note that the 
discontinuities are not predicted strictly 
by the dermatomal sequence, and that 
they differ in location in the separate 
representations. 

We conclude that the classical primary 
somatosensory cortex consists of four 
functionally distinct strips. At least areas 
3b, 1, and 2 contain separate body rep- 
resentations. We believe this inter- 
pretation is required by the mapping 
data. Furthermore, the multiple repre- 
sentations hypothesis is clearly more 
consistent with the microelectrode stud- 
ies that indicate that each architectonic 
area has its own pattern of sensory acti- 
vation (5, 7, 8, 11), recent anatomical 
studies that demonstrate distinctive pat- 
terns of connections for each of the ar- 
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little doubt that the four fields 3a, 3b, 1, 
and 2-and not SI-are the subdivisions 
of functional significance of the parietal 
somatosensory cortex of monkeys, and 
perhaps of all higher primates. 
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Intraretinal Distribution of Cone Pigments in 

Certain Teleost Fishes 

Abstract. Microspectrophotometric investigations of visual pigments in the teleost 
farmily Cichlidae determined that morphological "twin cones" need not be "pigment 
twins" as well. In each species there were two pigments that could be found in these 
cells; a "longwave" and a "shortwave" type whose precise spectral location varies 
for each species, making the terms red and green inadequate to describe them. Stud- 
ies of the receptor mosaic wtith the nitro-blue tetrazolium chloride reduction tech- 
nique permnitted the sampling of latrger receptor populations and confirmed that twin 
cones in several cichlid species could be either longwave-longwave, longwave-short- 
wave, or shortwave-shortwave pairs, and that the relative proportions of these twin 
cone types vary in different parts of the retinas. Nonuniform distribution of pigment 
types was also evident in the eyes of several other species from a variety of piscine 
taxa. 
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it single, double, and twin cones. Double 
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a more longwave-sensitive pigment than 
the shorter cell (I). This observation has 
been extended to include at least nine 
other families of fishes (2). 

In the goldfish, such double cones are 
called red-green pairs. Since the spectral 
locations of the pigments vary widely in 
the numerous teleosts we have studied, 
we find that the terms red and green are 
inadequate and misleading. The terms 
longwave and shortwave paired cone 
pigments (PCP's) are used in this report. 

The single cones that are present in 
many species usually (but not always) 
contain a third pigment with a sensitivity 
maximum (Xmax) at still shorter wave- 

lengths. 

In most teleosts, the visual cells are ar- 
ranged in one of a number of regular mo- 
saic patterns (3). In goldfish, the pigment 
array displays the chromatic organiza- 
tion predicted from the physical arrange- 
ment of the cells (4). 

Complications arise, however, when 
discussing the retinas of cichlids, per- 
cids, centrarchids, and several other 
groups. Paired cones in these species 
may not be obvious morphological dou- 
bles or twins in either fresh or fixed prep- 
arations for light microscopy. Cell pairs 
that appear to be morphological doubles 
may be pigment twins, and putative mor- 
phological twins may contain different 
pigments. Studies with the rapid scan 

Fig. 1. Visual pigments (FR)405 455 50 555 605 655 70 5 

of the cichlid fish Cichla- 
soma longimanus as deter- 
mined by transverse mea- 
surements with the PMSP, 
plotted on a linear frequen- 
cy axis. These curves rep- 
resent the averages of a 
number of records for each 
cell type, fitted with tem- 
plate curves. Absorption 
maxima for this species are 
579 + 5 nm and 531 + 2 
nm (found in paired cones), 
and 455 + 5 nm (found in 
single cones only). Curves 
are normalized and indi- 
cate relative density as a _ NM 
function of frequency. Ac- 
tual (transverse) optical densities ranged from 0.04 to 0.06. Dots at upper and lower margins in- 
dicate spectral location at 50-fresnel intervals. Upper row is labeled in frequency units (fres- 
nels), lower row in wavelength units (nanometers). With these data, light of modal wavelength 
630 nm was chosen for retinal irradiation in order to maximize the difference in degree of activa- 
tion between the 579 and 531 pigments, while leaving the 455 pigment and the rods unaffected. 

photon-counting microspectrophotom- 
eter (PMSP) (5) showed that, while un- 
questionable double cones usually exhib- 
ited the same pattern as those of the 
goldfish, apparent twins could consist of 
a longwave member and a shortwave 
member (LS pairs), two longwave cells 
(LL pairs), or two shortwave cells (SS 
pairs). Attempts by the PMSP operator 
to predict the pigment content of these 
dubious twins strictly from their appear- 
ance in fresh preparations met with ran- 
dom success. 

Early in these investigations it was 
noted that when small (about 1 mm2) 
samples were taken from large (about 1 
cm in diameter) eyes, the proportions of 
LL, LS, and SS pairs varied extensively 
from sample to sample. Pieces from the 
dorsal retina near the periphery con- 
sisted mainly of LL pairs (LL:LS ratio 
approximately 3:1). Certain other retinal 
areas were composed predominantly of 
LS pairs, while samples from parts of the 
ventral retina contained all three types at 
the same time (LL:LS:SS ratio, approx- 
imately 1:2:2). Sampling of cell popu- 
lations by PMSP in this manner is both 
time-consuming and subject to bias, 
however, so that little more than the 
above could be determined. 

To clarify the situation we used the ni- 
tro-blue tetrazolium chloride reduction 
technique (6) on two species of cichlids, 
Cichlasoma longimanus and Hetero- 
tilapia multispinosa. This vital staining 
technique causes the deposition of dark 
blue nitro-blue tetrazolium diformazan 
(NBT-DF) in the mitochondria-filled el- 

Fig. 2 (left). Nitro-blue tetrazolium preparation from the ventral retina of Cichlasomna longimlanus, irradiated at 630 nm. Cells which appear dark 
have accumulated a mixture of NBT-HF and NBT-DF in the mitochondria-filled ellipsoid region as a result of altered metabolic activity. These 
are assumed to be cells containing the 579-nm (longwave double cone) pigment. Double cone pairs may both be dark (LL), both unstained (SS), or 
LS. Single Cones (BS), which always contain the blue (455 nm) pigment, never show any accumulation of stain (scale, 10 /zm). Fig. 3 (right). 
Nitro-blue tetrazolium preparation from the dorsal retina of Heterotilapia multispinosa. The visual pigments in this species have Xmax values of 
588 and 545 nm (double cones), and 466 nm (single cones). The irradiation wavelength was 630 nm. Note the absence of SS pairs, the higher 
relative proportion of LL pairs, and the absence of staining in single cones. Smaller objects between cone cells are rod outer segments (scale, 10 

Mm). 
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lipsoids of cells that have been metabol- 
ically altered by the bleaching of visual 
pigment in their outer segments. Once 
the absorbance spectra of the visual pig- 
ments in a species are known, it is pos- 
sible selectively to activate (and hence 
stain) specific pigment classes of cells by 
selecting wavelength for irradiation of 
the retina (7). 

The visual pigments in each species 
were first characterized with the PMSP. 
Data for each pigment type were aver- 
aged and fitted by eye to a template 
formed by generating the sum of three 
Gaussian functions (8) through the use of 
an interactive computor program. (This 
can only be done when the data are 
plotted on a linear frequency scale.) 
With these data as guides, a wavelength 
for retinal stimulation was chosen for 
each species to maximize the difference 
in degree of activation between cells 
containing the longwave and shortwave 
PCP's (Fig. 1). Stimuli were provided by 
a modified Leiss quartz prism mono- 
chromator (9, 10). Exposure times were 
controlled with a photographic enlarger 
timer to deliver roughly the total photon 
flux values determined to be most ef- 
fective (7). 

Our early efforts to use the NBT tech- 
nique (7) indicated that changes in the 
method were necessary to facilitate its 
use on our chosen species. Experimental 
animals were maintained in the dark for 
at least 36 hours prior to the experiment. 
After enucleation, the corneas and 
lenses were removed, and the posterior 
eyecups were hemisected just dorsal to 
the optic disk. These dissections were 
performed in a low-calcium Ringer solu- 
tion (11) to facilitate subsequent detach- 
ment of the sensory retina from the pig- 
ment epithelium. Irradiation of these 
basically intact preparations was fol- 
lowed by immediate removal of the sen- 
sory retina to the NBT-containing in- 
cubation medium (12) for 5 to 10 minutes 
at 32?C. Preparations were subsequently 
stabilized in the dark for 10 minutes in 10 
percent formalin. Small pieces of retina 
were then mounted, receptor-side up, on 
slides sealed with silicone oil for obser- 
vation under the Nomarski interference 
microscope. Photographs were taken 
with a Polaroid camera attachment. As 
was reported earlier (7), the preparation 
could be stored for several weeks with- 
out noticeable deterioration. 

The thickness of these particular prep- 
arations necessitated extensive focusing 
in the plane perpendicular to the pho- 
toreceptors in order to completely visu- 
alize the receptor mosaic. Clear photo- 
graphs were difficult to obtain because of 
the limited depth of field, despite the fact 
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Fig. 4. Distribution of the three classes of 
paired cones in the retina of Cichlasoma longi- 
manus by quadrant. L.L., longwave-longwave 
pair; LS, longwave-shortwave pair; SS, short- 
wave-shortwave pair. 

that the patterns of staining were quite 
clear-cut to the observers. An area from 
the ventral retina of Cichlasoma longi- 
manus (Fig. 2) was exposed to a total 
photon flux of 4 x 106 photon/,tm2 at a 
modal wavelength of 630 nm. Several 
typical morphological units are visible, 
each composed of four pairs of "twin" 
cones surrounding a central single cone. 
Those cells with heavy accumulations of 
NBT-DF are assumed to contain the 
longwave PCP. Neither the shortwave 
PCP-bearing cells nor the single cones 
(which were previously determined to 
contain a blue-sensitive pigment with 
Xmax at 455 nm) show any accumulation 
of stain. 

The paired cones show no regular 
chromatic organization to match their 
physical mosaic arrangement. In any 
particular mosaic unit, virtually any 
combination of LL, LS, and SS pairs 
could be found. A few exhibited the reg- 
ular alternating pattern described for the 
goldfish. A substantial number of cells in 
the ventral retina of this species are of 
the SS type (Fig. 2). In contrast, the dor- 
sal retinas of both species were com- 
posed predominantly of LL pairs (Fig. 
3), in agreement with the initial MSP re- 
sults. 

Sufficient samples were obtained from 
the retinas of H. multispinosa to permit 
the estimation of relative receptor popu- 
lations in four quadrants of the retina, di- 
vided as shown in Fig. 4. Within each 
quadrant counts of each class of paired 
cones were taken in as many areas as 
possible. Difficulties in handling the ma- 
terial in general, and in obtaining clear 
views of the mosaic pattern in particular, 
made more accurate localization of the 
areas counted impossible. Since the 
clearly visible areas varied in size, the 
total number of cells counted in each 
sample also varied, but the general pat- 
tern is clear. Longwave PCP-containing 
cells are more numerous in the dorsal 
quadrants, while shortwave PCP-con- 

taining cells are more numerous in the 
ventral part of the eye. 

This phenomenon of differential pig- 
ment distribution is not restricted to the 
Cichlidae. Such differences are wide- 
spread among aquatic vertebrates, in- 
cluding species as widely separated phy- 
logenetically as the osteoglossomorph 
Notopterus (knife fish) and the poeciliid 
Poecilia reticulata (guppy). Although we 
have not yet been successful in obtaining 
clear-cut NBT preparations from these 
species, the MSP data provide strong 
evidence. The notopterids, which exhibit 
visual pigments similar to those of the 
cichlid PCP's in spectral position (13), 
have unusual retinas in which large num- 
bers of rods and cones are grouped into 
common bundles (14). No differentiation 
into double, twin, or single cones was 
visible within these bundles, but spectra 
could be taken with little difficulty. In the 
bundles of the dorsal retina, the long- 
wave pigment of the species pre- 
dominates, while the shortwave pigment 
is found in the majority of cells in the 
ventral retina. 

Guppies (and other poeciliids stud- 
ied) have a set of visual pigments with 
Xmax values at unusually short wave- 
lengths for freshwater species, which 
usually have a dehydroretinal chromo- 
phore and hence absorb at longer wave- 
lengths. The guppy pigments have Xmax 
values of 546, 468, and 408 nm. Morpho- 
logical studies (15) and our MSP work in- 
dicate that there is an area in the ventral 
retina of these fish where the paired cones 
are indeed twins. These cells and the 
"long single cones" that are present 
along with them in this region all contain 
the longwave PCP for the species. 

The adaptive significance of these ar- 
rangements is far from clear, but merits 
comparison with what little is known 
about the underwater photic environ- 
ment. Data on the transmission proper- 
ties of various types of freshwater are 
sparse (16). However, in both riverine 
and lacustrine environments the trans- 
mission maximum is shifted toward the 
longwave end of the spectrum, away 
from the 480-nm maximum of pure fresh 
or salt water. Additionally, the farther 
light travels through an aquatic color fil- 
ter, the more closely its Xp50 (17) ap- 
proaches the transmission maximum of 
the medium (18). In turbid shallow-water 
environments, which transmit longwave 
light most readily, the upwelling and hor- 
izontally scattered spacelight will thus be 
redder than the downwelling illumina- 
tion. 

The shortwave PCP's of the cichlid 
species, with Xmax of 531 and 545 nm, are 
probably well situated spectrally to 
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match the Xp50 of the downwelling illu- 
mination in the rivers and lakes of South 
America where they are found. A visual 

pigment matched in this way would max- 
imize the apparent contrast when view- 

ing objects silhouetted against the down- 

welling light. There are proportionally 
more cells containing the shortwave 
PCP's in the upward-looking ventral reti- 
na. The longwave PCP's are more com- 
mon in the down and forward-looking 
dorsal retinas whose field of view con- 
tains a higher proportion of longwave 
light. The Xmax of the guppy longwave 
pigment is only 546 nm, rather close to 
the "shortwave" PCP of the cichlids and 

notopterids, is concentrated in the same 
area of the retina, and could function in a 
similar manner. The functional signifi- 
cance of the ellipsosomes contained in 
certain of the cones of poeciliids has yet 
to be determined (19). 

If such intraretinal specializations oc- 
cur in most fishes, they might provide a 

partial explanation for certain dis- 

crepancies encountered in studies of pis- 
cine color vision. Radically different 

photopic spectral sensitivities are often 
obtained for the same species when be- 
havioral methods that differ in the loca- 
tion of the stimulus in the visual field are 

compared. 
The differential distribution of colored 
oil droplets in the retinas of pigeons (20), 
while operating on a different principle, 
results in similar alterations of the rela- 
tive spectral sensitivities of dorsal and 
ventral regions. 
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However, recent data have raised the 

possibility that normal human dermis 
contains several fibroblastlike cells 
which may differ in behavior while re- 
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taining similar morphology. For ex- 

ample, different responses to hydro- 
cortisone were observed among fibro- 
blastlike cell lines from a common site 
in normal individuals (2); qualitative dif- 
ferences in testosterone metabolism ex- 
ist between sister lines derived from a 

single foreskin explant (3); and finally, 
both precursor forms of collagens I and 
III are synthesized by human skin fibro- 
blasts cultured from the same biopsy (4). 

In obtaining specimens for the study of 
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Table 1. Population doublings of human skin fibroblasts at passage four. 

Normal PD* 
fibroblast Age Race Sex Site At 
cell line Papillary Reticular 

9 48 W M Thigh 7.8 5.3 -32.1 
14 50 W M Thigh 8.3 7.2 -13.3 
16 48 W M Abdomen 7.6 6.8 -10.5 
17 63 W M Abdomen 7.4 4.0 -45.9 
19 49 B F Buttock 8.1 6.2 -23.5 
23 16 W F Abdomen 10.0 9.1 - 9.0 
32 68 B F Abdomen 8.7 7.8 -10.3 
33 19 W F Thigh 12.2 10.5 -13.9 
40 79 B F Abdomen 9.8 8.8 -10.2 
44 67 B M Abdomen 11.3 10.5 - 7.1 
48 66 B M Abdomen 9.8 8.4 -14.0 
50 32 W M Thigh 10.7 8.9 -17.0 
52 45 W F Thigh 11.1 8.9 -20.0 
Mean -17.4 

*The PD's were calculated by the equation log2 x (N/No) where N is the final cumulative cell number and No 
is the initial cell number. t A = (PD reticular - PD papillary/PD papillary) x 100 percent. 
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Human Skin Fibroblasts Derived from Papillary and 

Reticular Dermis: Differences in Growth Potential in vitro 

Abstract. Papillary fibroblasts, when compared to reticular fibroblasts from the 
same skin specimen, exhibit greater proliferative capacities in vitro. These results 
demonstrate a difference in function between morphologically similar cells obtained 

from the same tissue. Such findings represent an important consideration in the 
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