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INTRODUCTION

The tendency for animals to resemble in color their natural 

backgrounds is  a well known and often reiterated fact. Most zool

ogists agree that this resemblance is  a result of predator selection.

But there have been few investigations conducted with animals under 

natural conditions that offer direct evidence in favor of this belief.

A new approach in the search for information on this subject is  made 

possible by the use of a method of color analysis which has not formerly 

been employed by mammalogists in their published works. This method, 

monochromatic spectrophotometry, has been used here in analyzing 

the pelage colors of whitethroat woodrats occurring on dark and light 

substrata near Tucson, Arizona. The macro- and micro-distribution 

of melanistic forms in the species is  also discussed.

Abnormally dark whitethroat woodrats have been found to 

occur on a number of lava deposits in the Southwest. No doubt more 

will be discovered with further investigation. The first literature 

reference to melanism in lava populations of Neotoma albigula appears 

to have been made by Goldman (1910, p. 32), who briefly describes 

"dichromatism" in specimens from Rio Puerco and San Rafael, New 

Mexico. Later Goldman (1915) described a new subspecies, Neotoma 

albigula sheldoni, on the basis of specimens collected on the Pinacate 

lava fields in northwestern Sonora, Mexico. One other race has
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received subspecific recognition. This is  N. _a. melas, described 

by Dice (1929) and limited to the Tularosa Malpais in New Mexico.

The races of New Mexico have received further consideration by 

Dice (1930), Bradt (1932), Benson (1933), Hooper (1941), and Blair 

(1941, 1943). Blair (1954) discusses a melanistic race of Neotoma 

albigula in the Black Gap area of Texas, and Burt (1938) reports 

melanistic specimens from Baric, Sonora. The mammal collection 

of the Department of Zoology, University of Arizona, contains an 

abnormally dark specimen collected in 1952 by Robert W. Dickerman 

on the Toroweap lava area immediately north of the Colorado River, 

Coconino County, Arizona. This also appears to be the first recorded 

occurrence of Neotoma albigula north of the Colorado River in Arizona. 

I have collected a few dark specimens from lava deposits seven m iles 

east and twelve m iles south of Ajo, Arizona. Blossom (1933) first  

reported melanistic specimens from the area of the present investiga

tion, Black Mountain, south of Tucson. I collected a dark individual 

from Sahuarita Butte, ca. two m iles east of Black Mountain, and 

Arnold (1940) took melanistic specimens from the mesquite woods 

south of Sahuarita Butte. A map of the Southwest showing the lo

cations of these melanistic populations is  shown in figure 1.
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Fig. 1. --Occurrence of melanism in Neotoma albigula in the 

Southwest, as presently known. The heavy line shows the 

distribution of the species approximately as given by Burt 

(1952). When known, the size of the lava field is  indicated 

by shading. 1. Pinacate; 2. Ajo; 3. Black Mountain, cite 

of the present investigation; 4. Saric; 5. "Toroweap; 6. Grants 

7. Tularosa; 8. Black Gap.
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Black Mountain (fig. 2) is  an extrusion of dark basalt located 

on the San Xavier Indian Reservation approximately ten m iles south of 

Tucson, Arizona. At least three species of rodents occurring on the 

lava display melanism in pelage color. Blossom (1933) described 

Perognathus intermedins nigrimontis and Peromyscus eremicus pullus 

and mentioned the occurrence of dark-colored individuals of Neotoma 

albigula. Because of lack of sufficient material, he did not discuss 

the latter.

At its base the main m ass of lava is approximately one mile 

long and three m iles wide. It r ises  abruptly from the surrounding 

desert plain to an elevation of 3703 feet, a thousand feet above the 

desert floor. The scanty soil on the mountain supports a more or 

le ss  typical display of the Arizona Upland Succulent division of the 

Sonoran desert, a vegetation type particularly well suited to the ex

istence of whitethroat woodrats (see figs. 23-26). This vegetation 

extends in a somewhat modified form onto the light sandy substratum 

south of the lava for at least several m iles (fig. 21). Thus the 

population of Neotoma albigula on Black Mountain is  contiguous with 

a much larger population living on light soils; gene exchange is  

possible. To the north the population on Black Mountain is  separated 

from the population on the light rocks and soils of the Tucson Moun

tains by a strip of microphyll desert approximately one-half mile



Fig. 2. - -Panoram ic view of Black Mountain from  the south.

Ui
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wide at its narrowest point. The vegetation of the area is  discussed  

more completely by Ferguson (1950).

In order to make certain comparisons, a number of woodrats 

from an area of light substratum were required. For obvious reasons 

the area had to be a reasonable distance from Black Mountain, but 

in the same macroclimate. The type locality at Old Ft. Lowell north

east of Tucson was not suitable since civilization has caused the near 

extinction of the rats in that area. An area with an abundance of 

rats was selected approximately five m iles from the type locality.

It is located in the foothills of the Rincon Mountains approximately 

ten m iles east of Tucson. Hereafter the rats from this area will be 

termed the controls and their source w ill be called the control area. 

Since these rats are superficially indistinguishable from specimens 

from the type locality, and since the latter are described by Goldman 

(1910), a detailed description is  not repeated here.

Most of the woodrats collected from Black Mountain resem ble 

specimens from the control area. These normal appearing rats from 

the lava are here called agoutis. In both agoutis and controls the 

underparts and feet are white in gross appearance. In a broad band 

extending across the abdominal and lower thoracic regions the hairs 

are white apically but grey basally. The inguinal region, the upper 

thoracic and jugular regions, and the feet are covered by hairs 

white to their bases.
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Some of the rats on Black Mountain differ from the agouti 

and control rats in both color and pattern. These are here termed 

melanistic rats. In color most are darker than the other two types. 

Only the darkest agouti and control skins are as dark as the lightest 

melanistic skins. In pattern the area occupied by hairs that are 

pigmented throughout their length is  much more extensive as shown 

in figure 3. In addition to the usual dorsal expanse it covers much 

of the venter. Apparently the hairs of the ventral surface which are 

gray basally in the agoutis, are pigmented throughout their length in 

the melanistics. Thus a broad band of colored pelage extends across 

the abdominal and lower thoracic regions. The hairs of the inguinal, 

upper thoracic, and abdominal regions, and of the feet, however, are 

white to their bases as in the agoutis and controls, and stand out in 

sharp contrast to the rest of the pelage. The size of the areas 

occupied by white hair in the melanistic rats is not correlated with 

the general shade of pelage color, as may be seen from figure 4 

where a series of melanistic rats is  shown arranged according to 

increasing lightness, beginning with the darkest specimen on the 

left. The subtle differences in pelage shade are not well shown on 

the photograph, but the irregularity in the area occupied by white 

is  obvious.
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Fig. 3. —Ventral view of three freshly killed Neotoma albigula from 

southern Arizona. Left to right: agouti, from Black Mountain;

melanistic, from Black Mountain; and control, from the control

area,



Fig. 4 .—Ventral view of a se rie s  of freshly killed m elanistic wood- 

ra ts  from  Black Mountain. The ra ts  are arranged according to 

darkness of the dorsum, with the darkest specimen on the left.
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Melanism in this population, then, appears to involve two 

things: (1) darkening of the overall pelage color, and (2) in hairs

that were pigmented in basal parts only, the extension of pigmenta

tion to include the apical parts of the hairs. Comparisons of 

melanistic specimens from Black Mountain, specimens of N. a. 

melas from the Tularosa Malpais in New Mexico, and specimens 

from the Black Gap area of Texas reveal that the three groups 

differ somewhat in pelage color but not in pattern. The specimens 

from Black Mountain are on the average the lightest. Thus the 

descriptions given by Dice (1929) for JL a. melas and by Blair (1954) 

for the Black Gap specimens apply, as far as pattern is  concerned, 

to the melanistic Black Mountain specimens.

The monochromatic spectrophotometer was first employed 

in determining the reflecting characteristics of the integument of an 

animal by Sheard and Brown (1926), who used a visually operated 

instrument to measure living human skin. A more complete report 

on this technique was made by Sheard and Brunsting (1929). Others 

who have used this method in measuring the reflectance of human 

skin are Dorno (1926), Bode (1934), Edwards and Duntley (1939a, b), 

and Gates (1952). Of these, the work of Edwards and Duntley (1939a) 

is most noteworthy in its general thoroughness. It also represents 

the first reported use of the Hardy recording spectrophotometer
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(Hardy, 1929, 1935) to measure the reflecting characteristics of 

intact skin. C. H. Lowe, Jr. (oral communication) informs me 

that he and Kenneth S. Norris have used the General Electric Hardy 

Spectrophotometer to determine the reflecting characteristics of the 

skins of several amphibians and reptiles and their associated sub

strata. The manuscript of this work is in preparation.

Gardner and Mac Adam (1934) investigated human hair color 

with the Hardy recording instrument. I know of no other literature 

record of the use of a spectrophotometer in analysis of the spectral 

characteristics of hair. Seemingly, most geneticists feel that their 

needs are more adequately met by methods involving the chemical 

extraction of the melanin from the hair as done by Einsele (1937) 

and Daniel (1938). Taxonomists and ecologists, on the other hand, 

generally use some form of abridged spectrophotometry, probably 

because of the frequent unavailability of a recording monochromatic 

spectrophotometer.
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MATERIALS AND METHODS

Local collections were made by J. R. Hensley and/or by me 

between June, 1954, and September, 1955. The den site of each col-
i

lection on Black Mountain was given a number and marked with a 

wooden tag. Later in certain selected areas the locations of all dens 

were accurately determined by means of transit and stadia rod. Hor

izontal control was set up by triangulation from prominences and tied 

into the land survey. Instrument locations for the stadia determinations 

were found by triangulation or by solving the three point problem 

graphically. The edge of the lava was also located at selected points 

by transit and stadia rod. Mapping was done at scales of 50 and 100 

ft. to the inch in order to determine accurately the location of each 

den site in the selected areas. All angles on the map were plotted by 

the tangent method, using a ten inch square. I have relied primarily 

on Rubey, Lommel, and Todd (1950) as a reference work in the sur

veying and mapping.

All specimens were prepared as flat skins. They were 

dried under moderate tension by pinning out hair down on cor regated 

cardboard, as shown in figure 5. As may be seen in the figure, the 

incision was not made midventrally, but instead along the side of the 

animal beginning at the corner of the mouth, proceeding to the axilla,
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Fig. 5. —Drawing showing the manner in which flat skins of Neotoma 

albigula are pinned out for drying. (Drawing by Frances A. 

Wimsatt.)
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thence along the approximate junction of the white hair of the venter 

with the colored lateral pelage, and across the flank to the genital 

region. This leaves the venter entire so that the reflectance of the 

midventer may be determined if desired. The tail was slipped in the 

usual manner for small rodents, and was neither split nor filled with 

a cotton-wrapped wire, but was merely pinned against the skin as 

shown. This was at first considered to be a satisfactory method of 

treatment in the dry. southwestern climate. However, with handling, 

the tails proved to be brittle, and many were broken. Therefore I 

do not recommend this method. Tails should be either filled with a 

cotton-wrapped wire, or split and pinned out flat. The tails may still 

be folded back against the skin when dry.

The skins were not poisoned with an insecticide. They were 

fumigated as soon as dry (a matter of days) and placed in insect proof 

cases. The degreasing described below leaves little to attract destruc

tive insects. When flat skins are handled in this manner, I believe 

the danger of damage by insects is  much le ss  serious than the chance 

of color alteration were the skins poisoned by one of the insecticides 

commonly used.

All skins were soaked for 24 to 48 hours in carbon tetrachloride, 

rinsed in fresh carbon tetrachloride, pressed in groups of fifteen to 

twenty skins to remove excess fluid, and hung tail down to drain further
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and dry. This method proved unsatisfactory, since the rapidly evap

orating carbon tetrachloride left a nonvolatile film which caused dis

coloration and matting of the hairs. To correct this, all skins were 

later soaked for approximately one hour in Stoddard Solvent S-76 

(Union Oil C o.) and rinsed in the same fluid. When dry the skins 

fluffed easily and had a normal appearance. Stoddard Solvent S-76 is  

a product expressly designed for dry cleaning and similar purposes.

I later degreased skins with it alone and found it superior in all re 

spects to carbon tetrachloride.

An attempt was made to keep the number of skins in each of 

the three categories, with the sexes combined, at approximately 25. 

Since the number of melanistic rats collected was limited, it was nec

essary to use all adult skins of this category which were not scarred  

or otherwise damaged in the sample area. The number of skins avail

able in the other two categories was greater than desired, requiring 

that the necessary number be selected in some random manner. This 

was accomplished by arranging the skins in numerical sequence accord

ing to catalogue number, and thumbing through the series. Every skin 

not damaged in the sample area was removed until the required number

was obtained.
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The final numbers of skins on which the statistical analyses 

are based are: melanistic — males 18, fem ales 8; agouti — males 

14, females 10; control -=- males 15, females 9. The excess of the 

melanistic males is  e^ lained  at least in part by a genetic situation 

to be described under Results. In the other two categories, and prob-" k
ably to some extent for the melanistic sample, the sexual imbalance 

may perhaps be explained by a tendency for the females to be injured 

in fighting and mating, resulting in a higher proportion of damaged 

pelts among the female skins.

A Beckman Model B spectrophotometer equipped with an inte

grating sphere was used for the reflectance measurements. This is  a 

relatively inexpensive instrument designed for wave lengths from 320 

to 1000 mp. It utilizes a phototube receptor and a meter scale read

ing directly in percent reflectance. The instrument is  more completely 

described by Miller (1949). The integrating sphere is  rotated 180 de

grees in its carriage in order to accommodate specimens as large as 

considered here. This brings the opening of the sphere to the top as . 

illustrated in figure 6 and allows a pliable flat skin of any size to be 

brought into contact with the opening.
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V *»

Fig. 6. —Integrating sphere and carriage, accesso ries  for m easuring 

diffuse reflectance with the Beckman Model B spectrophotom eter. 

The sphere has been ro tated  to the position for m easuring large 

specimens.
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A holder was designed to allow the skin to be repeatedly 

inserted in position on the spectrophotometer without changing the 

location of the area sampled* Specifications for the holder are 

given in figure 7. The skin is  inserted in the holder with the head 

folded back just behind the ears and the fold placed against the hinge 

of the holder. The holder is  closed lightly and the skin is  moved 

until it is  in the exact position desired. The holder is  then clamped 

tightly with a heavy flat w ire-clip, folding any excess at the posterior 

end against the top. If the holder is  cut as nearly as possible to 

the dimensions given, it w ill fit snugly into the instrument as shown 

in figure 8. The large square cut-out allows the skin to drop down 

flat against the sphere opening. As shown in the figure, the excess 

skin on the sides folds up at right angles to the holder when the 

latter is  in position and on the spectrophotometer.

The area selected for measurement lies  in the midline of 

the dorsum approximately halfway back from the anterior end of the 

skin. Preliminary measurements showed that the anteroposterior 

location of the sample area is  not particularly critical. The sample 

area, as determined by the opening of the integrating sphere, is  a 

circle 5/8 inch in diameter.
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Fig. 7 .—Holder for measuring reflectance of sm all flat pelts in the 

Beckman Model B spectrophotometer. The holder is  constructed 

of heavy posterboard.
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Fig. 8. —Photograph of the holder and pelt in place on the

spectrophotom eter
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Since preliminary tests showed that the spectral response 

of the skins is  fairly flat and regular, reflectance was measured at 

only eight evenly spaced wave lengths, that is , every 50 nyu from  

400 mp.. to 750 mji. The skins were measured in groups of 20 to 

25 specimens. The desired number were clamped in the holders 

and laid out in a definite order where they could be reached by 

the operator. The spectrophotometer was set for the first wave 

length and adjusted to 100 percent reflectance with the standard 

magnesium carbonate block in position on the integrating sphere. 

The magnesium carbonate standard was then removed and a third 

of the skins were measured, inserting each in position in turn. 

After a third of the skins had been measured, the sphere holder 

was removed from the instrument and the sphere was blown out 

to remove any foriegn materials such as hair,, magnesium carbon

ate, and flakes of epidermis, that had fallen onto the mirror in 

the sphere. This is absolutely necessary if a uniform slit width 

is  to be maintained for any long series of measurements. The 

sphere holder was replaced in position, the instrument restand

ardized at the same wave length, and the next third of the skins 

measured as before. After the last group of skins was measured

the slit was recorded, and the instrument was set for the next 
. « 

longer wave length to be measured.
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RESULTS

Spectrophotometry

Early in this investigation it became evident that the sex  

ratio for the melanistic rats was imbalanced. Near the close of 

the field work on the first of August, 1955, 26 male and 12 female 

melanistic rats had been collected (including rats sired in the wild 

but born in the laboratory). Seventy-eight male and f S  female agouti 

rats had been collected by this time. (Only a few rats were collected  

after August 1, 1955). Expressed in percentages this is  68.4 per

cent males in the melanistic rats and only 45.1 percent males in 

the agouti rats. Testing these data by the contingency method 

(Fisher, 1950, pp. 85-86), a value of 6.7864 is  obtained, which 

with one degree of freedom gives P < .0 1 . This in itself establishes 

statistically that the disparity in the sex ratios is  not due to chance 

alone. The data are even more striking when it is noted that the 

overall sex ratio, melanistic and agouti rats combined, is  104 males 

to 107 females, or 49.3 percent males. This agrees remarkably 

well with the sex ratio given by Vorhies and Taylor (1940, p. 473) 

of 49.5 percent males, based on 471 specimens.
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Jo R. Hensley and I have evidence, obtained from trapping 

results on the control area east of Tucson, that trapping success 

may be different in males and females under certain limited con

ditions. Incompleteness of the data prevents discussion of this 

matter here. However, the overall sex ratio shows that differential 

trapping success is not in this case the cause of the disparity in 

the sex ratios of the agouti and melanistic rats.

From evidence to be presented later it seem s most probable 

that the differences in color pattern of the melanistic and agouti rats 

are based on the genes of a single locus. If this is  true, the dif

ference in the sex ratios can be explained in two ways: (1) the

melanistic pattern is  sex linked and usuaUy or always recessive, or 

(2) the melanistic pattern is  sex influenced, being usuaUy or always 

recessive in fem ales and partly or completely dominant in males.

While I cannot conclusively say which mechanism is  operating, 

the little evidence available indicates sex influence rather than sex  

linkage. Frequency distribution histograms of the average radiant 

reflectance from 400 to 700 mp. for 18 male and 8 female melanistic 

rats shown in figure 9. The distribution for the males appears to 

have one mode at approximately 4 .5  percent reflectance and another 

mode at approximately 6. 5 percent, with skewness to the right for 

both modes. The female distribution appears to have a single mode
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Fig. 9. —Frequency distribution histograms of radiant reflectance o f  

melanistic woodrats from Black Mountain. Reflectance for each 

specimen is  the average of seven measurements evenly spaced  

from 400 to 700 nyi.
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at about 6 percent reflectance, with skewness again to the right.

This skewness is  probably caused by worn or slightly damaged 

skins. Since these distributions represent such small samples 

I do not consider an examination of their peculiarities by statistical 

methods to be feasible.

If the bimodality in the male distribution is  real, however, 

a sex influenced genetic mechanism with incomplete dominance of 

melanistic pattern in males and recessiveness of that trait in females 

is  probable. That is , in the male distribution the mode at 6 .5  per

cent would represent heterozygous m ales and the mode at 4 .5  percent, 

homozygous males. In the female distribution the single mode would 

represent females homozygous for melanistic pattern, and the 

heterozygous females would be among the agouti rats. If the trait 

were sex linked, just the opposite would be expected, i. e . ,  the 

male distribution would be unimodal and the female bimodal.

If recessiveness is  always complete in females and the gene 

always penetrates in heterozygous males, then a melanistic female 

could not produce an agouti male. On July 29, 1955, I dug a 

melanistic female from a den. Associated with her were two 

' juveniles, a melanistic male and an agouti male. If the possibility 

of a mistake in labeling is  rejected, there is  little doubt that the 

melanistic female was the mother of the agouti male, since the
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latter was quite young (weight 57 grams). The most probable ex

planation is  that melanistic pattern may occasionally penetrate in 

heterozygous females, or may fail to penetrate in heterozygous 

males. This explanation w ill also hold if the trait is  sex linked 

rather than sex influenced.

While the foregoing can in no manner be considered a 

scientific demonstration of the nature of the genetic mechanism 

operating here, I would certainly keep these speculations in mind 

were I to undertake the laboratory investigation of the genetics of 

melanism in Neotoma albigula.

In spite of the differences in expression of melanism in 

males and females, I have been unable to demonstrate any signif

icant difference between the mean radiant reflectances of the sexes 

in the melanistic specimens. These relationships are illustrated in 

figure 10 by the method of Dice and Leraas (1936). The difference 

between the means was tested by the small sample formula given by 

Simpson and Roe (1939, p. 210) and is  not significant at the five 

percent level of confidence (see table 1). The agouti specimens 

have been tested in the same manner and show a similar lack of 

sexual dimorphism in mean reflectance.
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Fig. 10. —Dice-Leraas graph of mean radiant reflectance from 400 

to 700 mp. of control, agouti, and melanistic specimens, with 

the sexes shown separately. M = males; F = fem ales.
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Table 1. —Mean radiant reflectance from 400 to 700 mji. of Neotoma 
albigula from southern Arizona (sexes separate).

Sex Mean S. E.M. S. D. P

Melanistic

Males 5.91 .32 1.32

.56 > 5

Females 6.35 .39 . 1.06

Agouti

Males 10. 75 .43 1.55

• .82 -7.1

Females 10.26 .42 1.25

Control

Males 10.83 .27 1.01

2.92 < -01
Females 9.50 .42 1.20
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Although the, Dice-Leraas squares for the control males and 

females overlap slightly, the difference between the means of the 

sexes in this category is  nevertheless significant at the one percent 

level of confidence when tested by the sm all sample formula for _t. 

Several possible explanations come readily to mind, but at present 

I have no evidence concerning the causes of this sexual dimorphism.

When the sexes are combined I find no significant difference 

between the mean radiant reflectances from 400 to 700 mp. of the 

control and agouti samples, as illustrated in figure 11. This is  

consistent with the concept that the agouti rats are well adapted in 

pelage color for life on a light sandy substratum, despite their 

occurrence on the dark basalt of Black Mountain. The mean radiant 

reflectance of the agouti rats is  in fact slightly, but not significantly, 

higher than that of the control rats.

The mean radiant reflectance of the melanistic rats, on the 

other hand, is  significantly and strikingly lower than the means of 

the other two categories. In fact as is  shown in figure 11, the 

ranges barely overlap. This reflects the genetic response of these 

rats to selection in their dark lava environment. The means and 

associated statistics are given in table 2.
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Fig. 11. —Dice-Leraas graph of mean radiant reflectance from 400 

to 700 mp. of the control, agouti, and melanistic specimens with 

the sexes combined.
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Table 2. —Mean radiant reflectance from 400 to 700 mu. of Neotoma 
albigula from southern Arizona (sexes combined).

Sample N Mean S.E .M . S.D. t_ P

Melanistic 26 6.04 .25 1.24

12.51 < .001

Agouti 24 10. 55 .29 1.42

56 > . 5

Control

1

24 10.33 .26 1.25

I have postulated above that melanistic color pattern is  caused by 

a single genetic factor. More specifically I hypothesize that this gene 

causes a marked darkening in pelage color and a concomitant change in 

pattern. If this be true, then a frequency polygon of the average radiant 

reflectances of all the rats from Black Mountain which were measured, 

regardless of pattern, should show a distinct bimodal form. If the 

marked change in pattern is merely caused by the build up of multi-factor 

genes for melanism to a critical, threshold level, then the combined 

frequency distribution should show only one mode. This would be so, 

even though the means for melanistic and agouti rats are significantly
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different. The combined frequency distribution is shown unsmoothed 

in figure 12, Despite the considerable overlap in the ranges the two 

modes remain clearly distinct when the frequencies are combined, 

suggesting that the mechanism involved is  one of a single genetic 

factor, epistatic to and intensified by a number of multifactor mod

ifying genes.

I consider the following conclusions concerning the genetic 

mechanisms of melanism in this population to be justified on the basis 

of the data presented: (1) Apical pigmentation in the hairs of the

venter, and the associated darkening of the dorsum, is  caused by a 

single Mendelian factor, (2) This factor is  sex influenced (or possibly 

sex linked), being recessive in fem ales and dominant in males. (3)

Some unreliability in penetrance is  probable.

The foregoing analysis has been limited to differences and 

sim ilarities in the mean reflectance of the specimens over a broad 

band of wave lengths, i. e . , from 400 to 750 mji. The main usefulness 

of spectrophotometry is that it allows the investigator to break down 

this overall reflectance into its individual wave length components. Two 

specimens which have the same average reflectance for all wave lengths 

within a broad band may show marked difference in the forms of their 

radiant reflectance curves. In the following analysis differences and 

sim ilarities are examined for each of the eight wave lengths from 400 

to 750 mp. at which the pelts were measured.
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Fig. 12. —Frequency distribution polygons of the radiant reflectance 

from 400 to 700 mp. of agouti and melanistic specimens from  

Black Mountain. The dashed line shows the two categories com

bined.
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The radiant reflectance curves for males and females con

sidered separately will be examined first. These are shown in 

figures 13 and .14 and the ordinate values for the eight wave lengths 

are given in table 3. Note the overall sim ilarity in shape of the 

curves for the two sexes of each category. The significance of the 

difference between the means of the males and the means of the 

fem ales has been tested by Fisher*s t function for each wave length 

and the values are given in table 5. In order to avoid obscuring the 

overall shape of the curves, Dice-Leraas squares are given for only 

one wave length.

Combining the sexes, the curves shown in figure 15 are ob

tained. As would be expected from assuming the agouti and control 

categories both as being adapted for light sandy soil, their curves 

are similar and significantly higher than the curve for the melanistic 

rats. The means and measures of dispersion for these three curves 

are recorded in table 4. The t and P values for the differences 

between the means at each wave length are given in table 5 and shown 

graphically in figure 16. The differences between the mean reflectances 

of the melanistic skins and the means of the other two categories are 

highly significant at all wave lengths. Note the definite maxima in 

the neighborhood of 600 mp. and the overall regular natures of both 

the melanistic-agouti t curve and the melanistic-control t curve. In



Fig. 13. —Radiant reflectance curves of agouti and melanistic 

specimens. Each curve represents the mean of all males 

or females in that category.
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Fig. 14. —Radiant reflectance curves of control specimens. Each 

curve represents the mean of all specimens measured in this 

category.
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Table 3. —Mean radiant reflectance at eight wave lengths from 400 to 
750 mp. of Neotoma albigula from southern Arizona (sexes 
separate).

400 450 500 550 600 650 700 750

Melanistic Males. N = 18.

Mean. 4.89 5.06 5.28 5.44 5.83 6.69 8.17 9.86
S.E.M . .29 .30 .31 .29 .39 .39 .46 .58
S.D. 1.18 1.22 1.30 1.19 1.61 1.60 1.92 2.39
Range. 3* 0— 3 .0 - 3 .5 - 3. 5— 4 .0=» 4 .0 - 5 .0 - 6 .0 -

8 .0  • 8.0 8.0 7.0 9 .0 9 .5 13.5 17.0

Melanistic fem ales. N s 8.

Mean. 5.19 5.44 5. 56 6.00 6.50 7.35 8.25 10.1
S.E .M . .35 .21 .35 .43 .52 .59 .71 .92
S.D. .92 .5 6 .90 1.13 1.36 1.55 1.89 2.43
Range. 4 .0 - 5 .0 - 4. 5— 4 .5 - 5 .0 - 5 .5 - 6 .5 - 8 .0 -

6 .0 6.5 7.5 8.0 9 .5 10.0 12.0 15.0

Agouti Males.

W11% '

Mean. 6.68 7.61 8. 54 10.50 12.00 14.14 15.79 17.96
S. E.M. .22 .2 6 .30 .39 .50 .76 .99 1.08
S. D. .80 .92 1.10 1.41 1.79 2.76 3. 58 3.89
Range. 5 .0 - 6 .0 - 6. 5- 8 .5 - 9 .0 — 10.0- 10 .5 - 12 .5-

8 .0 9.0 9.5 12.5 15.5 20.5 25.0 27.5

Agouti Females,. N = 10.

Mean. 6.90 7.70 8.15 10.25 11.65 12.80 14.40 16.80
S. E.M. .44 .41 .49 .43 .32 .51 .51 .52
S.D. 1.31 1.23 1.47 1.30 1.13 1.53 1.54 1.55
Range. 4 .5 - 5 .5 - 5 .5 - 7 .5 - 9 .0 — 9 .5 - 11 .0- 15 .0 -

8 .0 9.5 10.0 12.0 13.0 15.0 16.5 19.5
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Table 3 ,—Mean radiant reflectance at eight wave lengths from 400 to 
750 rryio of Neotoma albigula from southern Arizona (sexes 
separate^, . . . continued

400 450 500 550 600 650 700 750

Control Males. N = 15.

Mean. 7.37 8.17 9.27 10.73 11.93 13.60 14.77 16.37
S.E .M . .26 .26 .27 .32 .32 .38 .50 .40
So D. .97 .96 1.00 1.19 1.21 1.40 1.88 1.50
Range. 6 .0 — 7 .0 - 7 .5 - 8 .0 — 9 .0 — 10. 5- 11 .5- 13.0-

10.0 10.5 11.5 13.0 14.5 15.5 18.5 18.5

Control Females. N = 9,

Mean. 7.00 7.61 8.28 9.39 10.39 11.56 12.28 14.06
S. E.M. .25 .34 .42 .45  .50 .59 .69 .83
S.D. .71 .96 1.18 1.27 1.41 1,67 1.95 2.34
Range. 6.0= 6 .5 - 6 .5 - 7 .5 — 8 .0— 9 .0 — 9 .0 - 10.5-

8 .0 9.5 9 .5 11.0 12.5 14,0 15.5 17.5

X
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Fig, 15. —Radiant reflectance curves of agouti, control, and 

melanistic specimens. Each curve represents the mean of 

all specimens measured in that category.
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Table 4. —Mean radiant reflectance at eight wave lengths from 400 to 
750 mjio of Neotoma albigula from southern Arizona (sexes 
combined).

400 450 500 550
o§

650 700 750

Melanistic. N = 26.

Mean. 4.98 5.17 5.36 5.61 6.08 6.90 8.15 9.92
S. E.M. .22 .21 .23 .24 .28 .32 .41 .47
S.D. 1.10 1.07 1.17 1.17 1.38 1.59 2.04 2.36
Range. 3 .0 — 3 .0 - 3 .5 - 3 .5 - 4 .0 — 4 .0 - 5 .0 - 6 .0—

8.0 8 .0 8 .0 8.0 9.5 10.0 13.5 17.0

Agouti. N = 24.

Mean. 6.77 7.65 8.38 10.40 11. 85 13. 58 15.21 17.48
S.E .M . .20 .29 .26 .38 .32 .50 .61 .65
S.D . .97 1.37 1.25 1.84 1. 53 2.38 2.94 3.14
Range. 4 .5 - 5 .5 - 5 .5 - 7 .5 - 9 .0 - 9 .5 - 10.5- 12. 5-

8 .0 9.5 10.0 12.5 15.5 20.5 25.0 27.5

Control. N ■ 24.

Mean. 7.23 7.96 8.90 10.23 11.35 12.83 13.83 15. 50
S. E. M. .19 .20 .24 .28 .31 .37 .47 .45
S.D. .93 .9 8 1.15 1.37 1.47 1.79 2.23 2.14
Range. 6 .0 - 6 .5 - 6 .5 - 7. 5- 18.0- 9 .0 - 9 .0 - 10. 5—

10.0 10.5 11.5 13.0 14.5 15.5 18.5 18.5
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Table 5. --V alues of t and P for the differences between the means 
given in tables 3 and 4.

400 450 500 550 600 650 700 750

Mel an is  tic males -r  females

t
p

.73 .96  .64
?o 1 >.1 5

1.30
> . l

COt-4 H 1 .16 
> . l

.11
> .5

.02
>.5

^ o u ti  males — females

t
p

.51  .20  .74
> .5  / . 5  >. 1

.44
>.5

.54
>.5

1.38
> . l

1.15
> .l

.65
>.5

Control males - - females

t
p

.90  1.38 2.20
> .l M  >.05

2.60  
<.02

2.84
<.01

3.21
<.01

3.10  
<.01

2.96
<.01

Melanistic — Agouti

t
p

5.99 6.94 8. 58
<.001 r . 001 <.001

10.64 
<.001

13.72 
<.001

11.33 
<.001

9.58  
<.001

9.37
<.001

Melanistic ~  Control

t
p

7.68 9.44 10. 53
<.001 < .001 <.001

12.48
<.001

12.81
<.001

12.12 
<.001

9.17  
<.001

8.59  
<.001

Agouti Control

t
p

1.64 . 89 1.47
> . l  >.3 > . l

.35
> .7

1.13 
> .2

1.21 
> .2

1.78
> . 0 5

2.50  
<.02
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Fig. 16. —Curve of values for the significance of the differences 

between the mean reflectances of the three categories from 400 

to 750 mp.
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contrast to these curves, the agouti-control t  curve is  irregular and 

lowest in the central region of the visual spectrum. At the ends of 

the spectrum these two categories began to diverge, reaching a P  

value le ss  than .02  at 750 mp.

Recall that i  is  a function of both the difference between the 

means and their estimated dispersion. As used here t may be con

sidered more than a mere probability test of the difference between 

two means. I view it as an expression of the ’'decisiveness” with 

which the rats adapted for dark substrate (the melanistics) differ 

from the rats adapted for light substrate (the agoutis and controls).

I have previously hypothesized that the genetic divergence with 

respect to pelage color of the Black Mountain population is  due at least 

in part to the operation of a visually selective predator. These _t 

curves are offered in support of that hypothesis.

A visually operative agent tending to cause divergence between 

two groups is  directly operative only within the visual range. Further, 

the effectiveness of the selection at different wave lengths must be a 

function of the relative sensitivity of the visual mechanism of the 

predator at different wave lengths within the general visual region. 

Investigations of other workers have shown that the relative sensitivity  

curves of the vertebrates present a definite peak within the range from  

400 to 700 mp. (see Weaver, 1937, for human photopic and scotopic 

curves). The resemblances of the melanistic-agouti and the
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melanistic-control t curves to these sensitivity curves are striking.

Their regular nature and the maxima at approximately 600 mp. can 

be reasonably explained only on the basis of visually selective predation.

The difference between the melanistic-agouti curve and the 

melanistic-control curve is  most probably explained by the fact that 

the melanistic and agouti rats are merely two forms from the same 

breeding population, whereas the melanistic and control rats represent 

two different breeding populations. The sharper curve is  to be expected 

where environmental differences (other than soil color) and genetic 

drift are not operative.

There is  no significant difference between the agouti skins 

and the control skins within the central portion of the visual spectrum. 

Since these samples supposedly both represent adaptations to light 

sandy soil, the lack of difference is  a logical consequence of the 

hypothesis that visually selective predation is  cperating. In contrast 

to the t curves previously discussed, this curve is  quite irregular, 

emphasizing the random nature of the differences that do exist between 

the samples. Note, however, that at the lim its of the visual spectrum, 

especially at the red end, the two samples began to diverge. At 

750 m p., outside the visual spectrum, this divergence is  sufficient 

to result in a P value le ss  than .02 , Since the two samples are 

statistically alike within the visual spectrum but are statistically
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unlike just outside the visual spectrum in at least one direction, they 

support the hypothesis of visual selection for background matching.

The two samples represent two different populations which are kept 

similar in reflecting characteristics within the visual spectrum by 

the operation of a visually selective agent, but which are allowed to 

diverge in their reflecting characteristics outside the visual region 

where the selection of the predator is  ineffective. Differences out

side the visual spectrum are a result of environmental differences 

other than color of substrate, and of genetic drift.

The most complete information concerning the reflecting 

characteristics of a specimen or group of specimens is  given by its 

reflectance curve. It is  often desirable,- however, to reduce this 

curve, for convenience in analysis of data, to a smaller number of 

values. This has already been done here in one of the crudest but 

most useful ways by finding an. average value for the ordinates of 

each curve.

Another method of expressing in shorthand the nature of a 

reflectance curve is  by the LC. I. color specification system. This 

method sacrifices some of the information contained in the raw curve, 

but it expresses the remainder in terms of three fundamental attributes 

of color which are more meaningful, in relation to subjective visual 

experience, than is  the curve itself. The three attributes are hue,
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saturation, and brightness; or in accepted psychophysical term s, dom

inant wave length, purity, and luminosity (see Evans, 1948). Calcu

lations of these values involve the visual response characteristics of 

the standard observer, an hypothetical individual with average visual 

response. (See Judd, 1933, and Hardy, 1936 for discussion and 

methods of calculation.) As a consequence, the calculated values 

express the color characteristics of a stimulus only if  the assumed 

v iew ers color perception is  identical with that of the standard observer. 

Variability in normal human vision may occasionally lead to inaccu

racies in estimating the degree of color matching between two stimuli.

It is even more dangerous to draw conclusions as to the degree of 

matching for a lower animal, using the LC. L values as criteria.

Two stimuli may be confidently said to match for all observers only 

when the energy curves are identical throughout the visual region.

When the visual response characteristics of animals are better known, 

the LC. L system  of color specification may prove useful in calcu

lating the degree of color match between two stimuli for non-human 

observers. Until that time it must be used with caution and with 

the proper reservations in mind.

The LC .L  specifications for the melanistic, agouti, and con

trol specimens are given in table 6. The values were calculated by 

the method of ten selected ordinates using Illuminant C, as outlined
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Table 6 .—L C«L specifications for Neotoma albigula from southern 
Arizona.

Sample Dominant 
Wave length (Vnyv)

Excitation
Purity

Luminosity

Melanistic 584.0 8.2% 5.7

Agouti 581.0 20.0% 10.6

Control 580.7 15.8% 15.8

in Hardy (1936). I have not determined the specifications for the 

lava on Black Mountain because of the difficulties involved in se

lecting a ’’typical” sample from the mountain.

Since tests of significance have not yet been devised, I 

cannot make any definite statements about the reality of the dif

ferences in these specifications. The difference in dominant wave 

length between agoutis and controls is probably not significant.

The difference in dominant wave length between agoutis or con

trols and the melanistic specimens may be significant statistically, 

but it may not be detectable to the human eye at the luminous re 

flectance and excitation purity levels involved here. The melanistic 

specimens do look a little "redder” on the average than the other 

two groups, but the situation is  confused by differences in excitation 

purity and luminous reflectance.
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Excitation purity may be considered to be a measure of the 

amount of '’color” a visual stimulus contains, using the word now in 

its more restricted sense. A gray specimen, having a perfectly flat 

reflectance curve, would have zero excitation purity. In the type of 

curves dealt with here, the excitation purity expresses the general 

slope of the curve, particularly in the region from about 450 to 650 

mji. (see figure 15). Average differences in excitation purity between

two series of skins are difficult to evaluate with the eye. If the dif-
. <

ferences given in table 6 represented just one skin in each category, 

they could probably be easily recognized. As it is , the difference 

between the agouti and control groups is largely masked by individual 

variation. The melanistic specimens do look on the average grayer 

than the other two categories, but again it is  difficult to separate the 

sensation of grayness versus color from differences in relative bright

ness.

Relative brightness is  probably the most important factor in 

determining whether an animal matches its background, at least at 

low levels of illumination where hue discrimination is  poor. The 

agouti and control specimens agree remarkably well in average relative 

brightness. This is compatible with considering both of these groups 

to be adapted to an existence on approximately identical light-soil 

backgrounds. The melanistic specimens are roughly one-half as
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bright. The exact quantitative relationships given in the table hold 

only for the I.C .L  standard observer and Uluminant C. However the 

smoothness of the curves in this case permits us to extend these re

lationships approximately for any viewer with roughly comparable 

visual response under somewhat similar conditions of illumination.

Thus we may say that the melanistic rats appear considerably darker 

to their visual predators than do the agouti and control rats.

Microdistribution

Collections from Black Mountain have been divided into seven 

major areas, including one on the desert plain. The percentage of 

melanistic rats, followed by the sample size in parentheses, is  shown 

for each of these areas on the overlay to figure 17. Den sites in two 

of these areas, IV and V, have been accurately mapped, as shown in 

figures 18 and 19. In addition, the distance from the edge of the 

lava has been determined for most of the dens in IV and V. The 

frequency histogram given in figure 20 shows the incidence of melanism  

at various distances from the edge of the lava. Inspection of figures 

17-20 gives the impression that the incidence of melanism changes in 

a more or le ss  random manner from one region to the next, with the 

exception of areas of no incidence near the edge of the lava or on 

the desert plain.
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Fig. 17. —Aerial photograph of Black Mountain with an overlay show

ing the incidence of melanism in certain areas. The percentage 

of melanistic individuals is followed by the sample s ize  in paren

theses.
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Fig. 18*—Detailed distribution of den sites in area V of figure 17. 

Open symbols, agoutis; shaded symbols, melanistics; squares, 

males; circles, females; triangles, sex not known. Underlined 

symbols indicate approximate locations only and are not included 

in the data represented in figure 20. Overlapping symbols in-
X

dicate that all individuals were obtained from the same den, and 

usually represent a female and offspring.
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*

Fig. 19. —Detailed distribution of den sites in area IV of figure 17. 

Symbols are explained in figure 18.
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Fig, 2 0 .—Histogram showing the incidence of melanism at various 

distances from the edge of the lava. The class interval furthest 

to the left contains all specimens collected outside the lava in 

the vicinity of Black Mountain.
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In reality of course, the frequency of a gene in any segment 

of a population can be said to depend on the operation of these four 

main factors: mutation rate, selection pressure, random genetic

drift, and gene exchange with surrounding areas. The only one of 

these factors which might be considered to operate in a ’’random” 

manner is  genetic drift. Even this is  not random in its long-term  

effects on gene frequency or in its effect on the operation of the 

other agents (Wright, 1931).

Since the mutation rate is no doubt essentially the same over 

all of the areas, the differences in the incidence of melanism in the 

various regions of the mountain depend upon the combined operation 

of differences in Selection pressure, drift, and gene exchange. It 

is  impossible to say with certainty which agent is  most effective in 

any one area, because of the limited data available. Intelligent 

inferences, however, may be made in a few cases.

It is obvious for example that the incidence of melanism is  kept 

down on the desert plain by negative selection pressure (fig. 21; sites of 

this and subsequent photographs are indicated by the numbers in figs. 18 

and 19) associated with the light substratum found there. Similarly 

some areas of low incidence well within the lava may perhaps be correlated  

with lighter than usual background, such as shown in the extreme in fig

ure 22. One such area of low incidence is  shown in figure 23. That the
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Fig. 21. — View of the desert plain south of Black Mountain 

the light substratum .

Note
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Fig. 22. —Photograph showing the interm ixture of light and dark soil 

elements such as occurs in some a reas  on Black Mountain. The 

area  illustrated  contains an exceptionally high proportion of light

elements
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Fig. 23. --An area well within the lava having a relatively light

background and a low incidence of melanism.
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correlation is not complete is  illustrated by the photograph in figure 

24, which was taken in an area of 60 percent incidence based on 

five specimens, and by the photograph in figure 25, which was taken 

in area I. The first of these may be an example of the operation 

of drift, since this is  a small, relatively isolated population. The 

second case may be due to gene exchange with rats on the very dark 

adjacent talus slopes where incidence has not been determined. The 

tendency of the rats to build their nests deep within the talus makes 

it difficult to procure specimens from these areas, either by trapping 

or digging out.

Ideally one would expect an area of high incidence of melanism  

to be at a reasonable distance within the lava, of predominantly dark 

substratum, and able to support a fairly dense population. The region 

of high incidence in area V fulfills these requirements, as illustrated 

by figures 18 and 26.

From the high concentration of melanistic rats in this region 

and their almost complete absence from closely adjacent regions, I 

infer that Neotoma albigula as it occurs on Black Mountain is  a highly 

sedentary animal.
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Fig. 24. --An area of relatively light background and of high incidence 

of melanism. Three of five individuals collected from this area

were melanistic



Fig. 25. —An area  of relatively light substratum  and of high incidence 

of m elanism. Of 22 woodrats collected in this area , 32 percent 

were m elanistic. Adjacent talus slopes a re  not shown in this 

photograph.
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Fig. 26. --An area of high incidence of melanism. Note the pre

dominance of dark rocks. The lush vegetation shown allows the 

woodrat population to reach a high density here.
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DISCUSSION

Microevolution

Laboratory investigation of the genetics of melanism in 

Neotoma albigula is needed to confirm the single factor mechanism 

proposed here. Lack of adequate time and facilities prevented this 

in the present study. Simple genetic mechanisms governing color 

variations are generally considered to be rare in natural populations.

A notable exception is  the well known buff-gray locus of Peromyscus 

maniculatus.

On Black Mountain the presence of a single factor mechanism 

helps to prevent swamping of melanism in the lava population as a 

result of gene exchange with the surrounding populations of the desert 

plain. There are probably present modifying genes which alter the 

expression of the principle gene to a degree most highly adapted to 

the conditions at hand. However, if these modifying genes are com

pletely hypostatic to the principle gene (that is , if they are not ex

pressed in the absence of the main gene for melanism), then they are 

not subjected to negative selection when present without the principle 

gene in rats occurring on the desert sand outside the lava area. Thus 

the modifying genes are allowed to build up in the area surrounding the
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lava, as well as on the lava itself. The positive selection on the 

lava is  not required to outweigh gene exchange along a gene frequency 

gradient that falls to almost zero at the edge of the lava. In the 

case of the modifying genes, positive selection is  thus not working 

against negative selection outside the lava but merely against simple 

diffusion out into the desert plain away from the center of high fre

quency on the lava.

The principle gene, of course, must outweigh negative selection  

taking place outside the lava on the desert sand. With its hypostatic 

modifying system it is  permitted to reach a high selective value on 

the lava. It is  easier for natural selection to maintain the frequency 

of one gene with a selective value of, say, 0 .1  against gene exchange 

and negative selection in a surrounding population than it is  to maintain 

simultaneously the frequencies of several additively acting genes each 

with selective values of correspondingly lesser amounts.

Methods of Color Specification and Analysis

For many years the adequate specification of color has been 

a stumbling block for geneticists, taxonomists, and other persons con

cerned with the external anatomy of animals. Four general methods 

of color specification have been employed in the past: (1) direct com

parison of the specimen with color samples in a color encyclopedia;
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(2) direct comparison with a spinning "color top"; (3) abridged 

spectrophotometry; and (4) monochromatic spectrophotometry. Each 

of these is  briefly described and evaluated below.

Direct comparison. —The simplest approach to the problem, 

and one which is  still frequently used among zoologists, is  the direct 

comparison of the specimen at hand with colored plates in a standard 

reference work designed for this purpose. Two of the most commonly 

used references are Ridgeway (1912) and Maerz and Paul (1930).

Direct comparison has the advantages of being a relatively 

rapid method in the hands of an experienced person, and of requiring 

very little special equipment, hi addition it requires only a minimum 

knowledge of the physics and physiology of color vision. On the other 

hand this method is  inferior in a number of respects: (1) Pigments

in many of the references, for example Ridgeway (1912), are admittedly 

unstable and subject to fading, especially with undue exposure to light. 

(2) For maximum sensitivity and reliability a good deal of experience 

in color matching is  required. (3) Because of variations in the color 

response of the human eye a perfect match for one person may not be 

perfect for another person, even though both are experienced in color 

matching. (4) Differences in surface texture and the impossibility of 

representing all possible color sensations on paper in a reasonably 

sized volume may make it impossible to obtain a perfect match even 

for only one observer.
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In spite of these shortcomings, I believe methods of direct 

comparison fiU a legitimate place in zoological color specification.

They are entirely suitable when non - quantitativ e, - approximate speci

fication in term s of familiar visual experience is  all that is  required.

.

Color d isc .—The desire for quantitative expression of color 

differences led to the use of a modified direct comparison system in 

several early studies of human skin color. First described by Daven

port (1913), the method employs a spinning disc carrying variously 

colored segments, for example, red, white, and black. The relative 

area of the disc occupied by each segment can be varied at will until, 

when the disc is spun, a more or less  perfect match is  obtained with 

the specimen to be determined. The color is  expressed as the per

centage of the disc occupied by each segment.

Besides allowing quantitative expression of results, a con

tinuous range of colors is  available with this method, as opposed to 

the finite steps of the color encyclopedia. The equipment required 

is  very inexpensive, since "color tops” are usually available as 

educational aids for children. However, in addition to being subject 

to the vagaries of lighting sources and human vision, this method has 

suffered greatly from a lack of proper consideration concerning the 

nature of the colors of the basic color discs. For example, Todd and 

Van Gorder (1921) have shown that bimodality present in data given by
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Davenport (1913) on skin color in Negros completely disappears when 

allowance is  made for the considerable amount of ’’black11 present in 

the ’’red” disc of the Bradley color top. Finally, color top matching 

is  said to be a tedious process, even for an experienced operator. 

According to Todd and Van Gorder (1921), the color sense rapidly 

becomes fatigued, so that matching may be done only in short sessions.

Except for the low cost of the equipment required, I see little 

reason to use the color top in preference to some version of abridged 

spectrophotometry (described below). While the color top is  highly 

portable, and therefore is convenient for field use, the abridged 

spectrophotometer may also be used in the field when properly designed 

(Williams, 1933).

Abridged spectrophotometry.—A complete description 

as applied to sm all mammal skins first appeared in Sumner (1927). 

Since then it has been in wide use for color biometrics. In this 

method the relative reflectance of the specimen, compared to a 

standard white surface such as magnesium carbonate, is  determined 

for several more or le ss  wide spectral bands by the means of var

iously colored filters in an appropriate optical system.
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Abridged spectrophotometry requires a medium amount of 

equipment, time, and knowledge of color physics. The results de

pend to some extent upon the spectral characteristics of (1) the light 

used for illumination, (2) the color filters employed, and (3) the 

photosensitive receptor, whether this be the human eye or a photo

electric tube. The results obtained with two different instruments 

are not comparable unless allowance is made for differences in these 

elements. However, for statistical comparisons of two or more 

groups, where all determinations are made on one machine by one 

person, .this method has frequently proven entirely adequate.

Monochromatic spectrophotometry. —Abridged spectrophotometry 

fails to be satisfactory when detailed information on the reflecting 

characteristics of the surface is  desired, and when an absolute 

specification of color in term s of a widely accepted system is  required. 

The only method of analysis which will give these results is  that of 

monochromatic spectrophotometry used in conjunction with the L C. L 

color specification scheme.

The use of monochromatic spectrophotometry in this investiga

tion has revealed a number of relationships which would have been 

obscured by the method of abridged spectrophotometry usually employed 

in pelage color analyses. This is  not to say that the latter method 

has not contributed greatly to our understanding of mammalian pelage
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colors and their causes. I do believe, however, that mammalogists 

will find in monochromatic spectrophotometry a new approach which 

will prove surprisingly useful in problems of color measurement. 

What is needed now, of course, is  the development of techniques 

for handling the data and a standardization of methods. When these 

have been worked out, I believe monochromatic spectrophotometry 

will prove to be an efficient and productive method of pelage 

analysis.

Univ. of Arizona Library
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SUMMARY

A population of Neotoma albigula including individuals of 

abnormally dark pelage color occurs on a lava deposit in southern 

Arizona despite gene exchange with surrounding light populations.

The genetic mechanism involved appears to be that of a 

single factor, sex linked or sex influenced and modified by hypo

static multiple factors.

Results of spectrophotometric analysis indicate that the 

occurrence of melanistic individuals on the lava is  due to the 

operation of a visually selective predator.

The single factor genetic mechanism and the relatively  

sedentary nature of the animals probably helps prevent swamping 

as a result of gene exchange with the surrounding light soil popu

lations.

Monochromatic spectrophotometry prom ises to be a useful 

technique for the analysis of pelage colors.
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