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It can be seen that the skin luminance varies between 8 and
46%. It is greatest for the ventral, normally invisible skin.
The lowest luminance came from the brown and black areas
on the dorsum of the animal. Despite iridescence, the melano-
phore mixtures probably rendered the white dorsal areas less
bright.

The spectral colour of the skin was always a yellow-orange,
of low purity.

Discussion
The cellular substrate of pattem formation

The cells responsible for pattern formation in the frog skin
are all presumed to derive from multipotent stem cells of the
neural crest. Such cells, after migration, and further prolifera-
tion in a position under the epidermis, are then subject to
further differentiation. Final cell types are thus produced. For
this final change to occur, suitable ‘cues from the micro-
environment’ are required (Hall 1983). In their work with
other anurans, Ohsugi & Ide (1983) also found that melano-
blast differentiation ‘. .. seems to be controlled by the
information which exists in the dermis . . .’.

The final cell types tend thereafter to retain a particular
position and shape, and to possess a dominant variety of
organelle. Some slight overlap in organelle types has been
noted in our material and elsewhere, which tends to confirm
the unity of their stem-cell derivation.

Pattern determination

The melanoblasts thus appear to possess the full potential for
pattern production, without containing any pre-pattern laid
down in the migrating or proliferating cells themselves.
Patterns will then be determined by the subsequent ‘positional
values’ affecting the cells at their final site in the periphery.
Even if a cell system is committed in this way, it will of course
not prevent other patterns from taking the place of the initial
ones. The cells may be replaced by others which can be acted
on afresh. Transient pattern changes may also come about
by neurohormonal influences, acting reversibly on the basic
or ‘ground-state’ pattern.

Evidence from the invertebrate world indicates that this
system of peripheral differentiation as a method of pattern
production occurs there as well. An example is given by Alfred
Kiihn (1955) for the butterfly wing of Ephestia kiihniella. Here
the primordial epidermal scales are each capable of developing
a number of different colour patterns. At a specific time, after
the scale rudiments are already established in the wing epi-
dermis, a developmental determinant flows through the wing
in two directions, on either side of a more-or-less equatorial
position. Symmetrically balanced, mirror-image patterns arise
to the medial and lateral sides of this ‘equator’, which runs
anteroposteriorly down the middle of the wing. At that time,
nothing could really be said about the actual sources or the
biochemical nature of the stream, such as reacted variously
with the epidermal scales on travelling through, to produce
the colour differences.

In the reed-frog the main cell which determines the skin
pattern is the melanophore. In the black areas the melano-
phores are large, with extensive dendrites and great amounts
of pigment. In the white areas they are shrunken and produce
less pigment. These differences are quite extreme, and the
transition from one type to the other takes place over micro-
scopic distances. The patterns are consequently very sharply
outlined.
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Generation of stripe or ribbon pattemns

While it is acceptable to refer the origin of a convexly
spreading pattern to its centre, the induction of a ribbon or
band-like pattern is less simple. These banded patterns are
also apt to be repetitive — a feature which must also be
accounted for.

Broadly speaking, the induction may have travelled down
the length of the band. Its origin will then lie at one or other
end of the line. Otherwise, the induction process must cross
the line at right-angles, with a linear wave-front and a pre-
existing linear source.

Molecular and kinetic requirements for band-like
pattem production
As outlined by Hall (1983), the surface of a cell susceptible
to a ‘microenvironmental cue’, reacts to such a cue in the
style of an antigen-antibody response. The developmental
regulator can be seen as the antibody attaching to appropriate
molecules in sufficient numbers on the cell surface to elicit
a response. While it is correct to say that ‘reaction-diffusion
models . . . provide little insight in chemically identifying
morphogens’ (Pate 1984), it seems likely that peptides are
substances with a suitable antibody-mediator character. As
Erspamer (1983) points out, ‘amphibian skin is an enormous
storehouse of biogenic amines and active peptides’ which have
a mammalian counterpart in organizers of the central nervous
system. In the frog it is conceivable that some of these
substances could diffuse out into the skin from the spinal cord.
The cellsurface binding of a morphogen, whatever its
nature may prove to be, has important consequences. Firstly,
the reacting cell must exhibit a threshold of response above
a particular concentration of the stimulus. Secondly, this local
binding will lead to a local drop in concentration of the
diffusible molecular stimulus. Consequently, the wave-front
advances beyond, to create a further similar response only
when the concentration has built up sufficiently again.
Depending on the shape of the wave-front, whether linear or
circular, the resulting picture can arise as a series of bands
or a set of concentric rings.

Liesegang rings or bands

The classical model system, by which a molecular continuum
gives rise to parallel stripes or concentric rings, has long been
recognized since Liesegang studied band-like precipitates on
early photographic plates. Essential requirements are a fairly
stable diffusion medium, the presence of two reactants (at
least) — one fixed and one diffusing — a threshold concen-
tration for the visible reaction to occur, and a drop in con-
centration of the diffusing element to a level below the
threshold value after binding.

Striped pattems in the reed-frog

From the considerations given, there seem to be two major

possibilities for pattern generation in the material studied:

(i) That the stimulus to differentiation is present only in the
black areas, and traverses the length of the ribbon-like
strips. (This model is the geometrical equivalent of a
pencildine drawn with a ruler, having a starting point at
one specified end of the line.) According to this model,
the only site which serves consistently as a suitable focus
of origin would be the nostril. With the strong production
of a stimulus from the nose, and a strong lateral inhibi-
tion, a jet-like stripe productioén could result. Where the
stripe jumps the gap across to the leg, the stimulus would
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need to bridge the anatomical discontinuity. With a
weaker stimulus the resulting patterns would be more
meandering.

(ii) That the stimulus moves laterally from either side of the
spine in the style of a Liesegang phenomenon. It would
reach the head by a forward movement, while the body
and thigh stripes would be made to match by moving
corresponding distances down the hind limb as on the
flank. No stripe jumps are therefore required. The
constant breadth of the white bands would therefore
represent the gap needed for building up the stimulus for
the black bands. (This model is the rough geometrical
equivalent of a roller-printer moving out on either side
of the midline.) This interpretation is more comprehensive
and versatile than the previous one.

Unknowns

These interpretations of pattern have the advantage of clari-
fying stepwise responses by the interaction of fixed and
moving phases. The source and mode of transmission of
the stimulus are still obscure. Is the origin in the spinal
cord or the nose? Is the spread by plain diffusion or is there
a cell-to-cell transmission, with re-making, amplification, noise
etc . . .7 Further, the genetic determinants of both the stimuli
and response potential are not established.
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