
ON THE SPECTRAL CHAkAC- 
TERISTICS OF PROTECTIVE 

COLORATION 
THE following note is of t,lw nat,ure of a pre- 

liminary report on some investigations made 
last summer a t  Woods Hole. I n  this investiga- 
tion a n  answer was sought to the following spe- 
cific question: I s  the color of a protectively 
colored animal spectrally similar or dissinlilar to 
the color of the backgl.o~nil ~viiich i t  matche.s? 

The significance of the qncstion lies in  t,he 
light it can throw 011 the natnYe of color vision 
in animals. Take, for  instance, the coloi. of the 
frog-his head and back so closely 1-esembling 
the slime of stagnant pools that it  is  difficult to 
detect him. If, in the first place, this color is 
adaptive, if the I-esemblance really helps to con- 
ceal the f ~ o g  either from prey or cncmies; ai~cl 
if in addition it  can be shown that the frog's 
green and the green of the sliine are, spectrally 
consi~le~ed,different mixtul,es, i t  follows that 
the organisms from which the frog is concealed 
hare color vision ~rh ich  in  this respect a t  least 
a g e e s  with our o n .  Color, as  a natural fact, 
is not a physical I I I I ~; I  entity and I ~ - ! . I . I I I J I ~ Z ~ , * ; I ~  

a kaomledge of t'n1.1; l i l i c ~  t l ~ i .  i - ;I of
li~lo~vledge 
the ezpericnce of other oi3ganisins. There are 
those among biologists d i o  deny llle existence 
of aciapttltioiis in  the sense of direated eroln- 
tional*y responses by an organism to a n  enviuon- 
tnent. I t  is perhaps riot out of place to  note 
tha t such  a denial is here beside the point. A11 
that is really postulated in the case of the frog 
is that green frogs a re  safer f~.om enemies or 
more dangerous to their prey than red frogs 
~vonld be, so that while the language here im- 
plies a particular point of view the coilclueions 
a x  lai*gely independent of the biological philos- 
ophy ~141ich may have directed the work. 

One obvious difficulty prcsents itself. We 
may be confident that cases of adaptive coloring 
exist hut it is difficult to estal~lish tile adaptive 
nattwc of any pa~t icu la r  case. Unclonbtecllg~ 
some cases of close color ~.esenlblaace are  
accidental, in the sense of being unrelated to 
the external life of the orgailisms: so that i t  is 
only by multiplying instances that any general 

various. grot~nds, among ~vhicli nlay be men-
tioned : 

( a )  The aclaptation is to a very generalized 
background, and is usually acco~nplished by 
simila.rity of patterla as much as  by line. Thus 
the plumage of the quail and the markings of 
the garter snake serve admirably to conceal 
thcrn in natural surroundings, but it  is hard to 
pick out ic pair of specific color matches. Tllesc 
cases, which are very numerous, call now be 
studictl in the lighl of the kno~vlecige of cam-
ouflage obtained dnring the T a r  anil some work 
of this kind Iias, I 'believe, been clone. This 
work, which rrquires special training of the 
kind po~scsst?rl by painters, seems capal~le of 
yielding w r y  valuable informatioa, l ~ u t  the re- 
sults ~vonld 11c pprtiaerit to the present inquiry 
only in  so f a r  as  they might help to establish 
more gcne~.ally the fact of the existence of color 
adapta,tions. 

( b )  The pair of ct~lors is sncll as  to offer lit- 
tle variety of possible composition. Reds and 
blues cannot 1)c synthetized in as inally ways as  
greens and yello~vs, so that the matches of these 
colors vill ilecessarily show only m i ~ u t e  spec- 
tral tliffe~er~ces, 

Fro111 illis i t  follows illat the most suitable 
mate~~ia l  ais fnrnislled by c o l o ~  matches ~ ~ i t l z  
5olid green or yello~v background. The eases 
~rhicll  mere found most suitable jvc1.e those of 
anilnalv colored green to ~na tch  the leaves and 
grass in which they lirecl. Such cases are  very 
numerous among reptiles and insects and are 
particularly good instances because the green of 
chloropliyll has v-ell markcd specti.al character- 
istics, 1,eing relatfively deficient in the bluc-
green. On the other hancl, many gwen insects 
assilnilate clii.ectly in the epidernlis the chloro- 
p11yll of the leaves on v<hicll they feed. T h i ~ s  
the $at>-did and the tomato worm are colorecl 
wit11 actual chlo~*ophyll. For  snch cases tllere 
13-ould necesaal~ily be no spectral difference and 
t11ei.c is morcovel. not the same presumptive 
ovidence of color adaptation. There I-emain, 
IIOI'~(!\.CI', a large 1lii1nl)ei. of iilstailces of 1vhic11 
a fc\v we1.e a t~~died .  

The inctliod of study atloptcil v a s  by tlie 
pl-ol~al,ility can be estal~lishcd. Aga.in, ~ ~ h i l e  nse of color filters. These Ti-ere used either (1) 
material of a general sort is arailablc in large by illnmina.ting the animal on its backg~~omlcl 
quantity, the ilumber of clear cut t v ~ e s  is muell wit11 white light and vie~ving through the filter; 
amalley. The exclusion of material rests upon or (2) by illuminating with the light trans-



mitted through filter. For the cases studied the 
two methods are equivalent, the first being 
suited to the study of organisms in their out of 
doors environment, and the second being on the 
whole more convenient in the laboratory. The 
two methods are not in all cases equivalent, as 
will be noted later. 

The filters used were an improvised set made 
by fixing out and washing ordinary photo- 
graphic plates and dipping them in dyes. These 
were made before going to Woods Hole and all 
dyes of the rather meagre stock available were 
tried out. These included some pre-roar speci- 
mens of commercial "Diamond Dyes" and it is 
perhaps unfortunate that some of the most use- 
ful filters were made from these dyes of un-
known composition. The most important filter 
is, however, Brilliant Green (Gruebler). Used 
in combination with Diamond Orange this trans- -
mits deep red and the blue end of the green. 
Seen through this combination foliage appears 
brownish red, whereas most artificial green pig- 
ments appear more intensely green. Used with 
Diamond Turkey Red the same general effect is 
produced, the obliterated portions of the spec- 
trum being somewhat wider so that the greens 
appear bluer and the reds purer. Used with 
Diamond Olive Green, foliage appears straw 
color. Brilliant Green and eosin transmits only 
red and blue. 

The most characteristic phenomena are shown 
by the common grass snake (Liopel t i s  Ver-
~ t a l i s ) .  The use of this animal, a specimen of 
which was secured early in the investigation, 
was suggested by the late Dr. George Lefevre, 
and saved much time which might - otherwise 
have been spent in search for suitable material. 
This is to the eye so good a match for the grass 
which it inhabits that it is hard to discover the 
snake even when the observer is looking directly 
a t  it. When viewed through any of the filter 
combinations mentioned above the contrast is 
vivid and startling. The snake appears a vivid 
green, or, in the case of the eosin combination, 
deep blue-in absolute contrast to the red or 
yellow grass. A photograph, which can not 
here be reproduced, exhibits this contrast, 
the panchromatic plates used being more 
sensitive to the red than to the green, so that 
the snake appears darker; but no photograph 
can reproduce the violence of the color contrast. 
The green of frogs is of a similar character. 

Certain grasshoppers (e .g .  BIela~opZusfemur-
rubranz) have in their coloring a green that is 
spectrally different from leaf and gr~lss greens. 
also the green of the so-called Florida champ- 
leon (AlzoZis Cavoline~.tsis). This last changes 
from green to brown, but the coloring is not 
clearly adaptive. 

These scattering observations and a few 
others were all that the time permitted last 
summer. While not sufficient to warrant defi- 
nite conclusions they indicate clearly that color 
vision similar to human exists lower in the 
phylogenetic scale. I t  is hoped that next sum- 
mer will fnrnish instances sufficiently numerous 
to settle this point defhitely. I n  addition, many 
interesting lines of development open up, some 
of which will now be indicated. 

Color is, as remarked above, not a physical but 
a psychological entity. To be green is to ap- 
pear green to some percipient and it is the 
visual experience of this percipient that alone 
can explain the color in the sense in which we 
here use the word "explain". To make this 
sense clear it may be noted that though we mag 
or may not have an explanation of the absorp- 
tion spectrum of chloroplryll or hemoglobin, 
such an explanation would not touch the prob- 
lem of the greenness of grass or  the redness of 
blood. This being understood, the question 
arises: For what percipients does the color of a 
given organism exist? Now according as it 
can be shown to exist for the organism itself 
or for its environmental enemies or prey, we 
are led to biological implications of quite dif- 
ferent kinds. I n  the first case we would be led 
to consider the evolutionary development of the 
adaptation as guided from without by natural 
selection or some similar process, whereas in 
the second case we are led to think of an evo- 
1utional.y process self contained within the or- 
ganism. These two points of view divide evolu- 
tionary speculation into two classes which we 
may call the peripheral and central types and 
the class of facts which these investigations open 
up seems suited to throw light on this very fun- 
damental question. Keeping this philosophical 
problem in mind, let us enumerate some definite 
questions of fact which need to be settled. 
(1) Just how low in the scale of organisms 

does color vision exist? The snakes and lizards 
have vertebrate enemies from which protection 
is needed. Most insects have birds to fear, so 
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that the few instances here studied give infor- 
mation only about the vertebrate eye. Cases of 
coloration among marine organisms are known 
which indicate color vision in anthropods, and 
the current explanation of the colors of flowers 
presupposes an ability of insects to discriminate 
color, but more information on this point is 
needed. 

( 2 )  Some animals have variable color and 
some a t  least of these make their own color 'e-
sponse to visual stimuli. The most conspicuous 
example is the flat-fish. The very thorough 
studies of Mast and others establish the fact 
that this sees color, but no te*ts have been macie 
to see n-hether, £01- instance, a red-peen combi- 
nation mould be matched by its subjective 
equivalent, yellolr. Here we have a n  animal 
which can actually be pu t  through the same 
kind of psychological test that is applied to  men. 
SITe ask it  in effect, " T h a t  does this look like 
to you?" and tests can be made for  after-
image colors, contrast ill:~sioils, etc. Such tests 
seem likely to th ro~v  more light on color vision 
in animals than any other line that is norv open. 
I n  this connection a point of technique in the 
use of color filters should be noted. I t  was 
said a b o ~ e  that i t  is a matter of indifference 
vhether the p a s s  snake is illuminated with 
white light and viewed through the filter, or 
illuminated with the filtered light. This i, true 
for  an animal of fixed color, but i t  mill be read- 
ily seen that the experience of the snake is dif- 
ferent in  the two caqes, fo r  in the seconcl case 
i t  shares rvith the o b ~ e ~ v e r  the color contrast 
produced. As a matter of fact the snake mani- 
fested no uneasiness a t  being thus rendered so 
startlingly conspicuous, indicating that color ex- 
perience does not folm a past of his ordinary 
response, though this can hardly be affirmecl 
definitely on the 1:asis of a single uncontrolled 
observation. I n  the case of a n  animal like the 
flat-fish, however, i t  is clear that the t r ~ o  mrth-
ods of observation monld lead to quite diffelsent 
results, fo r  in tile second case the fish would re- 
spond so as  to make the contrast disappear as 
f a r  a s  possible. 

(3)  Does color perception imply color 
?;ision, i.e., are eyes essential to the process of 
color response? The question may seem absurd, 
but cases are cited in the literature of larvae 
forming chrysalides matching a background in 
which blinding the larvae did not alter the 

response. I t  may be that the underlying photo- 
chemical processes are here generalized in the 
skin instead of being confined to a specific end- 
oygan. This would place color response on the 
same footing with most otheys, but the present 
meagre indications of fact must be widely oor- 
roborated and extended before any  conclusions 
can be drawn. 

(4)  Do animals with dichromatic color 
vision exist? Is, f o r  instance, the brilliant plu- 
mage of the cardinal really a contrast to the 
:surrounding foliage for  the eyes t,hat are  most 
r:oncernecl with fu~diag  him? 

The ~ ~ r i t e r  suc-hopes daring the next and 
ceeding smnrilers to continue work on some of 
the problems here raised. 

This work was rendered possible by the gen- 
e c ~ i t yof the Nela Research Laboratories of the 
General Electric Company, who defrayed the 
espences of the xr0i.k a t  Woods Hole. To a 
physicist venturing into foreign fields the biolo- 
gists there were most generous in their ad-
:-ice arid eiicouragement. To Dr. Ralph s. Lillie 
in  particular my thanks are  due for  his unfail- 
ing inte?est and helpful suggestions. 

LONGEVITY IN THE SOUTHERN 
STATES 

T ~ r a  fecleral statistics of 1920 are very im- 
portant because they afford the first satisfactory 
opportunity of estimating longevity in t,he 
southern states. I t  is true that southern states 
were added to the registration area for  deaths 
a few years before 1920, but as  population 
statistics are collected only at  decennial inter- 
rals the year 1920 is the first year a t  rvhich bcth 
mo'tality and population statistics of the south- 
ern states are directly available. 

As the negro has so often been referrrd to  
as the most clisturbing factor in the progress 
of this country the results of a n  investigation 
into the relative longevity of southern states 
~vhose populations include such lasge numbers 
of negroes should be of considerable interest 
and importance. The writer believes that the 
general feeling among those interested i11 the 
problem has been similar to his own that such 
results would prove alarming. I f  so, the results 


