
NOTES 

DISTRIBUTION OF MELANIN I N  THE 
COLOR PATTERN OF DELPHINUS DELPHIS 

(CETACEA, DELPHINIDAE) 

Previous studies of cetacean pigmentation have 
been concerned with the description of color pat- 
terns and the possibilities for their evolutionary 
production and their  adaptive significance. 
Mitchell (1970) identified four basic color patterns 
among the Delphinidae: saddled, as exemplified by 
some species of Stenella; spotted, as seen in 
Stenella plagiodon; striped, as seen in Stenella 
coerukoalba; and crisscross, as seen in Delphinus 
delphis. Naming the crisscross pattern as the most 
complex, Mitchell used i t  to establish a ter- 
minology for elements of the color patterns. One 
of his conclusions concerning the evolutionary 
development of the patterns was that the saddled 
pattern is most primitive, since i t  is closest to 
generalized countershading and because one may 
hypothetically derive the other three patterns 
from it  by addition of certain features, emphasis 
of some features, and de-emphasis of others. 

Perrin (1972) compared the color pattern of a 
partially albinistic whitebelly spinner (S .  lon- 
girostris) with that of a normally pigmented in- 
dividual and showed that the normal color pattern 
may be described in terms of two independently 
produced but interacting pigmentation systems or 
components, only one of which had developed in 
the partially albinistic individual. Using the two- 
component approach, he analyzed the color pat- 
terns of other delphinids, including Delphinus 
spp., and proposed pattern homologies among the 
species. He suggested that the more generalized of 
the two pigmentation systems involves the cape 
(terminology of Perrin 1970) and its accessory 
stripes, eye and gape marks, and dorsal fin and 
fluke colorations. This is overlaid by a second 
component system that he named the “dorsal 
overlay system.” He proposed t h a t  partial  
overlapping of the two produces the four-part 
crisscross pattern in Delphinus. 

If two discrete interacting pigmentation sys- 
tems a re  involved in t h e  color pat tern of 
Delphinus, that fact should be evidenced in the 
microstructure of the skin. Previous histological 
study of Delphinus skin provides only a descrip- 
tion of the general microscopic anatomy. Stigl- 

bauer (1913) described the microstructure of the 
skin of Delphinus delphis in great detail, including 
the existence of large dermal papillae and epider- 
mal pegs with granular inclusions of pigment that 
he identified as melanin. His sample, however, was 
from the back of a single animal, and he did not 
have the opportunity to compare the distributions 
of pigment in different parts of the color pattern. 
Sokolov (1962) commented very briefly on the pig- 
mentation of two specimens of Delphinus, stating 
that the epidermis on the back and below the dor- 
sal fin was moderately pigmented, on the side of 
one animal was lightly pigmented, and along the 
side of the other animal and on the bellies of both 
was unpigmented. This paper reports the results 
of comparative microscopic examination of skin 
samples taken from various areas of the color 
pattern. 

Materials and Methods 

Skin samples, each about 5 cm square, were 
taken from various areas of the bodies of two 
animals as shown in Figure 1. The porpoise were 
collected at San Diego, Calif. One animal (field no. 
WFP 125, adult female, 176 cm, 61 kg) had been 
frozen for several months before dissection, and 
the other (WFP 221, adult male, 185 cm, 83 kg, 
Figure 2) was sampled about 1 h after death. 

One centimeter-square specimens were fixed in 
10% Formalin,’ and imbedded in paraffin. Sections 
were cut 8 pm thick and stained with Schmorl’s 
ferricyanide for malinin. This method stains 
melanins a dark blue or blue-green, while other 
epidermal and dermal tissue is stained light 
green. 

The prepared sections were examined under a 
light microscope. Pigment densities were scored at 
125 diameters magnification. 

Results 

General microscopic anatomy of the skin of 
Delphinus is simple when compared with that of 
terrestrial mammals and fits the description of 
cetacean skin given by Simpson and Gardner 

’Reference to trade names does not imply endorsement by the 
National Marine Fisheries Service, NOAA. 
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F I G ~ J K E  1.-Major pattern features (terminology of Mitchell 1970) and locations from which skin samples were 
taken: SF =spinal field (black), TI’ = thoracic patch (buff). FP = flank patch (gray). A F  = abdominal field (white). 

(1972). The  epidermis generally lacks hair  (a  few 
hairs  a r e  present  on t h e  snout  in early develop- 
men t  but d i sappear  before or  shortly a f t e r  bir th) ,  
cuticular kerat in ,  and  accessory glands.  I t s  thick- 
ness varies,  being g rea t e s t  in t h e  ventral  region 
and least on the  flippers, dorsal fin, a n d  flukes. The 
superficial layer  of t he  epidermis,  about 10 cells 
thick, shows considerable f la t tening of cells. The  
epidermis consists almost ent i re ly  of polyhedral 
prickle cells, many of which show clear, distended 
infranuclear cytoplasm. This clear cytoplasm at 
first appea r s  as holes in t h e  t i s sue  when it is 
viewed in section, bu t  upon closer examinat ion one 
may identify t h e  nucleoli inside t h e  clear areas .  
The epidermis interlocks with t h e  dermis  by in- 
terdigitation of epidermal re te  pegs a n d  dermal  
papillae (F igure  3), a n d  t h e  dermis  g rades  in to  t h e  
subcutaneous blubber layer. The  dermis  varies in 
thickness a n d  density and  is composed largely of 
collagen fibers. The  dermal  papillae contain blood 
vessels, blood cells, a n d  o the r  loosely organized 
connective tissue. 

M e l a n i n  p i g m e n t a t i o n  i s  r e s t r i c t e d  t o  t h e  
epidermis a n d  is consistently more concentrated 
at the  edges  of t h e  epidermis than  elsewhere. I t  is 
usually most  concentrated around t h e  bases of t he  
dermal  papillae ( a t  t he  apices of t h e  epidermal re te  
pegs) and  ex tending  in bands f rom the  apices of 
t he  dermal  papillae. The  p igment  has  been clas- 
sified here into three groups fo r  purposes of quan-  
tification. “Diffuse” p igment  appeared  simply as 
a n  a r e a  which s t a i n e d  d a r k e r  g r e e n  t h a n  t h e  
background a n d  in which p igment  g ra ins  could not 
be discerned even a t  1,250 d iameters  magnifica- 
tion. In  addition to  diffuse p igment ,  t he re  were 
granules r ang ing  f rom less t han  0.1 pm t o  over 5 
p m  in diameter.  Most were spherical or  ellipsoid. 

Granules  less than  5 p m  in g r e a t e s t  d iameter  were 
te rmed “small grains.” These  seemed t o  be ac- 
tually a g g r e g a t i o n s  of even  sma l l e r  g ranu le s .  
Those te rmed “large gra ins”  were l a rge r  t han  5 
pm in d iameter  and  were so dense  as t o  appear  as  
single ent i t ies  even a t  high power. Diffuse pig- 
ment  was characteristically s i tuated peripheral  t o  
t h e  nuclei of t h e  prickle cells. This w a s  particularly 
evident in the  central  areas  of t h e  epidermis.  Pig- 
men t  granules  were in genera l  most concentrated 
a t  t he  edges of t h e  epidermis a n d  appeared  t o  
extend toward the  surface in diffuse bands.  In  t h e  
more lightly colored skin specimens these bands 
e x t e n d e d  only f r o m  t h e  ap ices  of t h e  d e r m a l  
papillae, but in more densely pigmented skin they  
w e r e  m o r e  n u m e r o u s  a n d  t e n d e d  t o  b l e n d  
together,  resul t ing in uniform dens i ty  of p igment  
throughout t he  epidermis. 

The  dens i ty  of p i g m e n t  w a s  noted  in t h r e e  
reg ions  i n  each sample: a round t h e  bases  a n d  
edges  of t he  dermal  papillae a n d  in t h e  bands  
described above (Table 1). The observations were 
each coded f rom 0 to 4 as follows: fo r  diffuse pig- 
ment,  0 = none, 1 = very small amount ,  2 = small 
amount ,  3 = medium amount ,  4 = large amount ;  
fo r  small grains ,  0 = < 1 gra in  pe r  mmL, 1 = 1-3 
grains  per  mmL, 2 = 4 7  gra ins  pe r  mmL, 3 = 811 
gra ins  per mmL, 4 = > 12 g ra ins  per  mmL; fo r  
large grains ,  0 = 0 g ra ins  pe r  4 mmL, 1 = 1 gra in  
per 4 mmL, 2 = 2-3 gra ins  per  4 mm’, 3 = 3-6 gra ins  
pe r  4 mmL,  4 = > 6 g r a i n s  p e r  4 mmL.  Skin  
samples  which appeared white  were  completely 
unpigmented or  showed very small  a m o u n t s  of 
d i f f u s e  a n d / o r  s m a l l  g r a i n s .  T h e  b u f f  color  
characterist ic of t h e  thoracic patch (terminology 
of Mitchell 1970) was associated wi th  ei ther  equal 
prominence of diffuse and  g ranu la r  p igment  or  
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FIGURE 2.-Delphinus delphis: Specimen no. WFP 221. 

FIGURE 3.-Typical appearance of dermal-epidermal boundary of 
skin of Delphinus delphis (WFP 221 sample no. 10 in Table 1). 
Note concentration of pigment granules around bases of dermal 
papillae and in bands extending from ends of papillae. Mag- 
nification 1,250 diameters. 

greater prominence of diffuse pigment. In gray 
samples from the flank patch, large grains were 
present, but  the  small grains  were most 
prominent. Samples of black skin from flippers 
and flukes showed the highest densities of large 

grains, which were more prominent than the small 
grains. 

The histological evidence (summarized in Table 
2) supports the concept of interacting color pat- 
tern components. As indicated previously, the 
spinal field may be described as a result of the 
interaction of the pigmentation of the cape and 
the dorsal field. The buff colored thoracic patch 
(i.e., the cape) contains relatively high concentra- 
tions of diffuse pigment, while in the grey flank 
patch (Le., the dorsal overlay) granular pigment is 
more prominent. The spinal field is characterized 
by a larger amount of diffuse pigment than is 
present in the flank patch, and a larger amount of 
granular pigment than is present in the thoracic 
patch. The high concentration of grains in the 
spinal field indicates a possible synergistic effect 
of the two component systems. 

Perrin (1972) suggested that the flukes are pig- 
mented only as part of the cape system. The skin 
of the flukes (sample no. 13) contained large 
amounts of all three types of pigment, indicating 
that pigmentation of the flukes involves both the 
cape system and the dorsal overlay system. The 
skin of the flipper (sample no. 8) also contained 
large amounts of all three types of pigment. 

The major difference between samples taken 
from WFP 125 (female) and those taken from 
WFP 221 (male) was that the epidermis was 
thicker (0.751.70 mm as opposed to 0.5G0.95 mm) 
in the latter animal. Thus a lower density of pig- 
ment was required to produce the same color. Also, 
the samples taken from the buff-colored area of 
WFP 221 showed conspicuously less diffuse pig- 
ment. 
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TABLE 1.-Results of microscopic examination of pigment distribution in skin of two 
Pelphinus delphis Codes explained in text. 

Pigment density (coded) 
Dilluse Small grains Large grains 

Sampleno. Bases Edoes Bands Bases Edges Bands Bases Edges Bands Color 

WFP 1259 
1 4 3 2 2 2 2 0 0 0  
2 4 3 1 4 4 2 4 3 3  
3 3 3 1 4 3 2 4 3 2  
4 3 3 2 2 2 1 1 0 0  
5 3 3 2 2 2 1 1 0 0  
6 3 3 1 2 2 1 0 0 0  
7 2 2 1 3 2 1 0 0 0  
8 3 2 1 4 3 3 4 3 2  
9 2 2 0 1 1 0 0 0 0  
10 4 3 0 3 3 2 2 1 0  
1 1  2 2 1 1 1 0 0 0 0  
12 2 1 0 3 2 2 1 0 0  
13 4 3 2 4 3 2 4 3 2  
14 3 3 1 4 2 2 3 2 1  
15 3 3 2 2 2 1 0 0 0  
16 2 2 0 3 2 2 1 0 0  
17 2 2 1 1 1 0 0 0 0  

1 2 2 1 2 2 1 0 0 0  
2 2 2 2 4 4 3 3 3 3  
3 3 2 2 4 4 2 3 2 2  
4 1 1 1 2 2 2 0 0 0  
5 2 2 1 2 2 1 0 0 0  
6 2 2 1 2 2 0 0 0 0  
7 0 0 0 1 1 0 0 0 0  
8 3 2 1 4 4 3 3 2 2  
9 0 0 0 0 0 0 0 0 0  
10 3 2 1 3 3 2 2 2 2  
1 1  1 1 0 0 0 0 0 0 0  
12 0 0 0 2 2 1 0 0 0  
13 3 2 2 4 4 2 3 2 2  
14 3 3 2 3 3 2 3 2 2  
15 2 2 1 1 1 0 0 0 0  
16 2 1 1 2 2 1 1 1 1  
17 1 1 0 1 1 0 0 0 0  

WFP 2218 

buff 
black 
black 
buff 
buff  
buff 
white 
black 
white 
gray 
white 
gray 
black 
black 
buff 

white 

buff 
black 
black 
buff 
buff 
bull 
white 
black 
white 

white 

black 
black 
buff 
gray 
white 

gray 

gray 

gray 

TABLE 2.-Average pigment density values for four major fea- 
tures of the color pattern of Delphinus delphis. Coded values in 
Table 1 are averaged over bases, edges, and bands, over all 
relevant samples, and over both animals. Number of samples 

t h a t  there  may be a developmental  progression in 
grain size from the unpigmented or truly white  
condition through buff a n d  g r a y  t o  black. This 
result  is consistent with Mitchell’s (1970) proposal 
of t he  “saddled” p a t t e r n  as most  pr imi t ive  in 
recent cetaceans. Inhibit ion of p igment  aggrega -  
tion could result  in t h e  hinh concentration of dif- 

included for each animal is in parentheses. 

Pigment density 
Feature Diffuse Small grains Large grains 

Ventral field: white (4) 0.96 0.67 0 
Thoracic patch: buff (5) 2.37 1.60 0.07 
Flank patch: gray (2) 0.92 2.00 0.42 
Spinal field: black (4) 2.46 3.08 2.67 

Discussion 

The color pa t t e rn  of Delphinus evidently con- 
sists of two overlapping a n d  interact ing pigmen- 
ta t ion components t h a t  d i f f e r  mainly in t h e  den- 
sity a n d  size of p igment  particles. The  p igment  
exhibits a cont inuum of g ra in  size, with t h e  very 
smallest  particles be ing  associated wi th  a buff 
color. I t  seems likely t h a t  t h e  diffuse p igment  is 
also composed of particles too small  f o r  resolution 
with the  l ight microscope. This evidence sugges t s  

Y 

fuse p igment  which is typical of buff regions in 
Delphinus. Fox (1953) a n d  others  have s t a t ed  t h a t  
t he re  a r e  d i f f e ren t  types  of melanins ,  possibly 
characterized by d i f f e ren t  chemical composjtions 
or structures,  al though none have been adequately 
described chemically, due  t o  their  insolubility a n d  
their  genera l  lack of adaptabi l i ty  t o  most physico- 
chemical methods. From t h e  previously described 
evidence i t  may be sugges ted  t h a t  t h e  type  of 
malanin which produces t h e  buff color is  of a com- 
p o s i t i o n  w h i c h  d o e s  n o t  a l l o w  its f u r t h e r  
polymerization, bu t  may well favor  i t s  combina- 
tion with a protein,  as phaeomelanin,  ins tead  of 
a g g r e g a t i o n  i n t o  g r a n u l e s .  O n e  m i g h t  a l s o  
hypothesize control by dispersing or concent ra t ing  
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hormones, although this would be physiologically 
and developmentally more complex. In g r a y  a n d  
black a r e a s ,  a g g r e g a t i o n  of p i g m e n t  s e e m s  t o  
continue, and  :melanocytes m i g r a t e  t o w a r d  t h e  
surface from the  base of t he  epidermis until  dif- 
fuse pigment  is largely replaced by g ranu la r  pig- 
ment. The process is apparent ly  s topped at some 
point, a f t e r  which increase in th ickness  of t h e  
epidermis may result  in a lower average  dens i ty  of 
pigment.  
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