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FOUR FIGURES 

Attempts to discover experimentally the relation between 
tlie length of day and the seasonal changes in reproductive 
activity of animals were first made by Rowan in 1924 and 1925. 
He was primarily interested in finding the rialural stimulus to 
bird migration, axid had observed, as had others, that the 
gonacls of birds are chaiiging in size during tlie uiigratoq 
seaso~is. His juiicos, trapped locally in Edmonton, Alberta, 
Canada, in the summer and fall of 1924 were given artificial 
light of increasing daily duration during the fall and winter 
in nnheated outdoor ariaiies. Definite increases in testicular 
sizes mcre fouiicl in late November and December when the 
tcstes are normally a t  the winter miniinurn (Rouwi, '25). 

From this first study the problem is being carried forward 
by many investigators. To attempt a general sLirve;- of their 
work seems entirely arimarranted since adequate reviews are 
already available, such a h  : Narshall ( '36), Bissonuette ( '36, 
' 3 7 ) ,  and Rowan ( '38 a, '38 b).  However a tabulation of the 
animals chiefly used in these investigations with brief notes 
as to  the results is given below (table 1) .  Sirice the present 
research deals with a mammalian form, some cliscussioii of 
previous Ir-ork 0x1 mammals is included. 

Contribution from the Department of Zoology, University of hliehiyan. 
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TABLX 1 
Animals on wkick  exper imrnts  have been attenipted to d r t o i i i i n r  f h r  effcct of l ight 

on the reproductice fuactrons 
U I E U S  

Kobolink, tanager 
Junco 
Crow 
Starling 
Dove 
Domestic hen 
Zosterops palpebrosa 

j aponic a 
Ilomestic duck 
English sparrow 
English sparrow 
English sparrow 

English sparrow 

Quail 
Quail and yhrasants 

Pheasants 
Pheasants 
Grouse 

Grouse, pheasant 

Turkey 
Guinea fowl 

Microtus 
MAXIL4LS 

Ferret 
Fcrret 

Ferret 

Hedgehog 
Guinea pig 

Rabbit (domestic) 
C'itcllus 
Peron1.yscus 

Raeroon 
01'HH:B VEETEBRATES 

Stickle bac k 
Brook trout 
Lizard (Anolis) 

Horned lizard 
Turtle 

LlOJiT TBEATMXNT 

Inc. after dccrcase 
lacrease in fall 
Increase in fall  
Intreasr in fall  
Increase in fall  
Winter lighting 
Periodic light inc. 

thrice annually 
Inc. during fa l l  
Inc. during fall 
Inc. during fall 
In?. during fall  

Dec. during spring 

Inc. in fall  
lac. in fall  

luc. in fall  
Inc. in fall  
Inc. in fall  

Dark in spring 

Ine. in fall 
Inc. in fall 

Long days vs. 
short days 

Inc. i n  fall 
h e .  in fall  

Various wavc- 

Ine. in winter 
Darkness or light 

continuously 
Ahsence of light 
Inc. in winter 
Tnc. iii fall 

lengths 

Iuc. in  fall 

Increase 
Dee. i n  suniniei 
Inc. in winter 

Inc. in winter 
Jne. in winter 

RESULTS 

Tl'inter singing 
Gonadal increase 
Migration disturbed 
Testieular growth 
Egg  laying advanced 
Egg laying advanced 
Three seasons of 

mating songs 
R~si ia l  activation 
Sexual activation 
Test. deu. in juv. 
Testicular dcv. 

Retards development 

Egg  laying advamccd 
Gonad wt. increased 

Winter eggs a t  0°F. 
Winter eggs 
Gonad wt. increased 

Inhibits sex dev. 

Winter eggs 
No response 

Greater litter pro- 

Estrus iii minter 
Estrus in winter 

duetion in long (lay 

Only risible light 
effective 

S o t  effective 
Kot effective 

S o  effect 
No effect 
Breecling advanced 

2 months 
Breeding advanced 

6 wecks 
N o  effect 
Early spawning 
Advanced sperniato- 

genesis 
Yo effect 
Modification of cycles 

of slJcr1""togellesis 

INVESTIGATORS 

Beebe ('08)* 
Rowan ( ' 2 5 )  
Rowan ( '30) 
Kissoiinette ( '30) 

Bfaiiy woikcrs 
Miyazaki ( '34) 

Benoit ( '34) 
I \ano\a  ( ' 3 5 )  
Riley ('36) 
Kirschhaum and Ringoen 

Kirschbanm and Kingoen 

Bissonnctte, Csech ( '36 a) 
Clark, Leonard, Burrip 

Martin ( '35) 
Xissonnrtte, Csech ( '36 b) 
C'lark, Ileonard, Bump 

Clark, Leonard, Bump 

Scott and Paynr ( '37) 
Scott and Payne ( ' 3 7 )  

Cole ( ' 3 3 )  

('36) 

( ' 3 6 )  

( '36) 

( '36) 

( ' 3 6 )  

Eaker and Railson ( '32 a )  

Rissonnette ( '32) 
Allanson, Rowlands and 

Parkes ( '34) 
Marshall and Bowden 

Allanson, Deanesly ( '34) 
lkmpsey et a]. ( '34) 

( '34) 

Snielser et al. ( '34) 
Jolnrson and Gann ( '33) 
Whitaker ('36) 

Bissonnette, Csech ( '37) 

Craig-Eeiinet ( '31) 
IIoowy,  IIubbard ( '37) 
(Ilausen, Poris ( '36) 

Mellish ( '36)  
Burger ( ' 3 7 )  

* This work was a study of factors incluring plumage change in  birds. The  disturbance of 
plumage sequrnce and nnseasonal mating songs is now believed t o  be due to sexual condition. 

NOTE: This tabulatioil is hv no means cornplete. It merely lists an earl) report of each 
worker on various :iniinels which have been tlie subcjec4 of planned experimentation. 



ILLITMINATION AND IlEPRODUCTION IN MICE 35 

Jlaiiipulatioii of day length aiici light intensity, under the 
conditions of the experiments, has failed to show any definite 
effect on reproduction in tlie rabbit (Smelser, Walton and 
Wetham, '34)' the guinea pig (Denipsey, Meyers, Young aiid 
Jeiiiiisoii, '34) , the hedge11 og (Allanson and Deaiiesly, '34), or 
the ground squirrel (Wells, '35 a) .  

The ferret, a nionestrous animal with a definite breeding 
season even uiider laboratory conditions, has received atben- 
tion from several workers. Bissonnette ( '32) produced full 
clstrus i n  three females within 34 to 64 days by adding 6 hours 
of artificial light daily starting October 12. Hill and Parkes 
( '33) confirmed this, but their hy~ophgsectomi~ed animals 
mere unresponsive. Nales, also, were brought into sexual con- 
dition d e n  Bissonnette and Bailey ('36) were able to  get 
fertile matiiigs a s  early as November 29 by light treatment 
alone. 

I n  a converse manner Hill a id  Parkes ('34) foiind that 
almost coiitiiiuous darkness from January 24 did not retard 
tlic approach of the breeding condition, but Bissoniiette ('35 b) 
reported that a short day of 8$ hours from November 10 did 
retard the nornial spring gonadal dcvelopment. Furthermore, 
anestrum was induced in tlie female by reduction of the day 
length even during the iiormal breeding season. 

Raccooiis (Bissoiinette and Csech, '37) , under tlie influence 
of AIazcla light, artificially lengtheniiig tlie day from Octoher 
10 on, failed to  experience any pseudo-hibernation, mated as 
early a s  December 10, and delivered litters as early as Febru- 
ary 27, which is at least 4 01- 5 weeks earlier than the iiornial 
controls. Parturition, lactation, and care of the jwmg were 
riorinal even a t  sub-zero conditions. The same authors ( '38) 
reported Illat second litters were delivered in late simmer 
by females stimulated to produce an early first litter. 

IIistoricnlly, the first mammal studied in this regaxl was 
JZicrotus agxstis. This was done by Baker and Ranson ('32 a, 
'32 b, '33)' who were iiiterested in dcterniining the effect of 
light, temperature, and seasonal diet on the breeding season. 
Of these only light was effective. Titter production was marlr- 
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edly greater in the artificial 15-hour days than under 9-hour 
day conditions. 

MATERIAL AND METHODS 

The white-footed mouse, Peromyscus lencopus noveboracen- 
sis, was chosen as the subject for  this study because it was 
readily procurable locally, it  breeds well in captivity, and is 
srnall eiiougli that  a fair-sized colony could be maintained with 
the facilities available. It differs from tlie ferret  and raccoon 
by being unquestionably polyestrous. It is unlike the former. 
in that it is a mild form, not domesticated. It resembles both 
and tlif‘fers from the laboratory rabbit and guinea pig by ha~7- 
ing a definite anestrous season in nature. It most resembles 
Alicrotus in all these cliaracteristics but is generally considered 
to be much more definitely nocturnal in habits. 

From more than 2 years’ observation Burt  (manuscript in  
press) lias found &larch 23 to be the earliest date of delivery 
of a litter as a result of conception in the wild. Nost of the 
produclioii occurs in April, May and June. There is a slump 
in July, which is unaccounted for at present, and then a re- 
vival of litter production in late August, September, and 
October. There are  few litters produced in November, none 
in December, Jaimary, or February in the field near Ann 
Arbor, 3lic1iig-an7 where Burt’s observations were made and 
where the origiiial animals of the experimental colony were 
trapped. 

The variability of individuals within the colony should be 
meiitioned. This was most noticeable in the first and second 
generations of laboratory born animals. M7eiglits of mature 
individuals varied from 14 gm. to  more than 40 grn.; although 
those near either extreme were usually infertile. The age at 
which the adult pelage was acquired was quite as variable: 
vaginal canalization, also, occurred as early as 18 days of age 
in one female a id  as late as 3 months in another. Since i t  is 
very probable that other less easily observed variations exist 
in the individuals of the group, it is necessarp to consider 
variability in viewing the wsalts. 
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Criteria of b red i i zg  coudi t iou.  Though litter production 
and autopsy findings are  important in determining the sexual 
condition, externally observable criteria also were used as fa r  
ab possible in this investigation so that the same intact animal 
might be observed periodically over a considerable time. Such 
criteria are  described below. 

The males arc certainly sterile, in anestrum, if the testes 
a re  abdomiiial or too small to be palpated. The animal is prob- 
ably fertile if the testes are scrota1 in position arid approxi- 
mately full size. The intermediate stages are  questionable. 
By practical experience it was found that the male was sterile 
unless the testes were a t  least half size or the epididymides 
could be easily palpated. At the periodic examinations, the 
testes were recorded as  being fnll size, half size, quarter size 
scro tal, quarter size abdominal, merely palpable, or not de- 
tectable by external examination. I n  the later handling of the 
data only the first two conditions were considered a s  indica- 
tive of fertility. 

Adult females are  definitely in anestrum wlien the vagina 
is closed by a membrane. I n  the white-footed mouse it appears 
as illustrated in figure 1. hliller (1893) believed that this mcm- 
Inrane, which is riot to be confused with the appearance of a 
closure due to the approximation of the lips of the raginal 
orifice, mas ruptnred only by the meclianics of copulation o r  
partmition. Certainly in the animal under consideration copu- 
lation is riot necessary for membrane rupture, because in im- 
mature females segregated from males the vagina opeiis a t  ail 
age iiot apparently greater than in  those mated. Of several 
score examinations of pregnant animals, one female (no. 232) 
was observed during three pregnancies as having a closed 
vagina. This membrane in tho pregnant animal cannot be con- 
fused with that present in anestrum, because of the differences 
iii other features of the vulva. A female with an open vagina 
may be, but is not necessarily, in a condition to breed, for it 
was found at autopsy that a few of those with open vaginas 
liad non-follicular ovaries and uteri of infantile size. These 
must have been sterile bnt the data based on external observa- 
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tioiis can be corrected o n l ~ ~  after autopsv a t  the end  of tlic 
experiment. 

Obviously such external observatioiis cannot be given as 
absolute criteria of fertility. Re-mating with individuals of 
known fertility might give the true answer but such was never 
done f o r  fear of too mnch clisturhance of the animals. For  the 
same reason vaginal smears were not made. All aiiinials were 
sacrificed at the eiid o i  the experiment, the repiwductive 

Figure 1 

organs preserved, a i d  doubtful cases examined microscopi- 
cally for  gonaclal condition. 
h preliminary esperimeiit (Whitalcer, '36) indicated that 

Peromyscus l e~ ico l~~ i s  noveboracensis was respoiisire to day 
leiigth, since added light froin R General Electric Sunlamp 
froni Septemher to December induced the breeding condition 
about 8 weeks earlier in the test animals than in the controls. 
This experiment was of the type usuallv performed 1 2 ~  preccd- 
ing ~~701.kers-increasirig dailT light dnratioii f o r  a f ew months 
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during the fall and winter. It was believed that this demon- 
strated response was only a part of the proof needed to show 
that light was an important factor in determining the natural 
breeding season of the species. It was felt that conditions 
should be set up such that diet, temperature, humidity, venti- 
lation, and cage conditions should not only be the same for 
the entire colony but also should change throughout the year 
as little as possible. In such an environment the quite accu- 
rately controlled light should be the one variable. Further, 
individual animals should be subjected to decreasing as well 
as increasing days in the natural sequence. Continuous dark- 
ness and differing intensities of light should also be given 
attention. With these plans in mind the experiments which 
this paper reports were begun as described below. 

SubsequeNt Experiments 
Physical conditions o f  t h e  experirne fits 

A sub-basement room 10 feet wide, 20 feet long and 7 feet 
high was selected because it was almost entirely free from any 
outside disturbances, had no natural light, and had a relatively 
small temperature variation. The room was dkided into five 
compartments and ventilating ducts installed. Electric fans 
circulated the air within the room and drew in some from 
outside, thus keeping the air fresh and temperature and humid- 
ity equalized in the various compartments. From April 1936 
when the experiment was started until the refrigeration equip- 
ment was installed in March 1937, the temperature varied only 
from 25°C. in July to  19.5"C. in December. From March 1937 
to the end of the study a Frigidaire (2550 blower coil, supplied 
by a 1-horsepower compressor thermostatically controlled, 
maintained the temperature at  llo-12"C. in all compartments 
except V  here it varied between 4" and 60C2 The humidity 

It was thought that the temperature selected was sufficiently low to discourage 
continuoug breeding, for it mas already becoming evident that, in this form, 
anestrum was more difficult than the breeding condition to  produee experimentally. 
It was not discoocred until later that this plan of inhibiting reproduction by a 
temperature of 11°C. was ill-founded. 

TFI1 JOFRY4lr O F  ESPERI\IhN'T4L ZOOLOGY, VOIi. 83, NO 1 
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was maintained very near to 50% continuously. These were 
the fixed conditions. The variable was light.3 

The cages, to which were assigned one mated pair or four 
of one sex, were 8 x 10 x 15 inches, made of wire mesh and 
rested on sawdust in enamel trays. Shredded paper was fur- 
nished in such quantity that the animals could build adequate 
nests and shelters. With the exception of one series they were 
never forced to remain exposed to the light, for  they could 
easily hide in the nesting material. The diet, that of Dice 
( '34), consisting of a mixture of several cereals, meat scraps, 
cod liver oil, powdered milk and salt, was available in a food 
hopper a t  all times. Lettuce was given once each week, 
while water was supplied continuously. 

The light was supplied by regular Mazda lamps. Compart- 
ments I and I1 were equipped with 200 watt lamps, furnishing 
from I5 to 32 foot candle power of light a t  the cages, depeiid- 
ing on the distance. Compartment I11 had a 10 watt lamp 
similarly placed, which furnished 2 f.c.p. at  the nearest cages 
lout less than 1 f.c.p. at most of them. Compartment IV had 
no light, while V was fitted with a bulb of such a size as to  
produce an intensity similar to that on the animals in I. The 
brighter light was chosen arbitrarily, the dim bulb because it 
was believed the difference might be sufficient by contrast. A 
time switch turned the lights on and off according to  a pre- 
arranged schedule, planned so that while I and V were in a 
midsummer light of 18 hours per day, I1 and I11 were receiv- 
ing only 6 hours daily, as for  example in September. (Refer 
l o  the day length curves in any of the figs. 2 to  4.) From that 
artificial solstice the length of the day in I1 and I11 increased 
3 hour each week to the artificial equinox in December, while 
the day length in I and V had been decreasing to 12  hours. 
In  Narch compartments I1 and I T 1  reached the maximum of 
18 hours of illumination daily and I and V were under mid- 

Round intensities constituted another variable o f  unknown importance. Average 
values for each compartment, measured by Mr. Edward Teal of the Physics De- 
partment, Cniversity of Michigan, were. in decibels and (American Standards 
Association Sound Cnits) ; I, 64.3 (5653) ; 11, 63.6 (5436) ; 111, 68.0 (7020) ; 
IV, 63.8 (5498); and V, 74.4 (10920). 
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winter light conditions. In short, the experimental solstices 
were arranged to fall a t  the time of the natural equinox so 
that neither group would have the advantage, if any, of having 
a “summer” season coinciding with that outdoors. Further- 
more, the natural day and night were split so that the artificial 
iioon and midnight came at  8: 00 instead of 12 : 00. 

Tn addition to the animals under these controlled conditions, 
a few were kept for observation outdoors (group VI), and a 
few others in a general heated animal room (group VII). 

Assigiiineazt of animals to series a d  groups  

All animals were admitted to the experimental conditions 
as young adults or as juveniles; each was numbered by ear 
and toe markings and its history recorded. The term series 
is used here to  denote all those animals with a similar history 
that were admitted at the same time, usually eight to cach 
compartment. A group is composed of all the animals under 
one experimental condition, for  example, all animals assigned 
to compartment I11 were considered as comprising group TIT. 
When animals were being assigned to a series, any oiie litter 
was scattered as ~ i d e l ~ 7  as possible and, with the exception of 
series N, animals born in any compartment were distributed 
as equally as possible to all groups. All tlie animals were 
weighed periodically and examined for sexual condition (com- 
pare Criteria of Breecling Condition, p. 37). 

Results 

In order that the results of these experiments may be com- 
pared, attention is directed to the charts (figs. 2 to 4) which 
show the per cent of the various groups in reproductive condi- 
tion as correlated with light in the envi~onment throughout 
the 2-year period of observation. 

Effect of zar ia t ion  in tlie daily duratio?z of light. Compari- 
son of groups I and I1 (fig. 2 ) .  The only difference between 

4 F o r  the complete data, the reader is referred to tile Doctoral Dissertation of 
same title deposited in the UniTeersity of Miehigxn General Library. 
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groups I and I1 is that of the length of the daily periods of 
artificial illumination, as indicated by the narrow diagonal 
lines of figure 2. The response of the animals to this changing 
eiivironmeiital factor is shown by curves I arid I1 which repre- 
sent the percentage of the groups in apparent breeding condi- 
tion, and by the polygons which indicate the monthly rate of 
conception. 

At the beginning of the experiment, the mice of group I 
were removed from a room offering about 13 hours of day- 
light to the experimental compartment lighted only 6 hours 
per day. This was followed in about 6 weeks by a drop from 
90% to 50% in the number in breeding condition. As the 
period of illumination increased, during July and August, the 
percentage rose to 100 and remained there until late October 
when the effect of shorter days became evident. In this group, 
a part of which were observed for 2 years, the lowest fertility 
occurred in March and April 1937 after the animals had been 
subjected to 6 months of decreasing day length. Sacrifice of 
one series of animals or the addition of new ones had little 
effect on the slope of the curves. The upturn of the curve in 
February and March 1938, while the day was still decreasing, 
is not explained. However, the amount of the upturn is not 
so great as at first apparent, for observations of the repro- 
ductive organs after sacrifice places the termination level of 
the curve about 15% lower, as shown by the broken line. 

While group I was exposed to long days, group I1 was sub- 
jected to short periods of daily illumination. Accordingly, 
fertility was low at such times. In  September and October 
1936 only one of the eight animals failed to enter anestrum. 
A high level of breeding ability was observed during the three 
periods of long days. The retardation in the drop of curve I1 
in the autumn of 1937 is not  explained but the drop itself was 
doubtless due t o  the short day period just preceding. Autopsy 
observations support the data from external examination that 
all twenty-seven of the animals of group I1 were in breeding 
condition at the end of the experiment in March 1938. Litter 
production tended to follow the curve levels throughout. 
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Cornparison of curves I and I1 in their entirety shows that 
they are, in general, mirror images of each other, as the re- 
spective light curves are exactly. However, it is not necessary 
to limit the comparison to  the appearance of the curve. As 
shown in table 2, 98% of the mated animals exposed to  long 

TABLE 2 

Statistical anatysis of breeding condition relative t o  length of dug-malrd animals 

LONQ DAY SHORT DAY 
SLllIES DATE GronpA-B ( A - B )  Group -4 - B ( A  - B )  

D September 1936 I 8 -8 (8 -8 )  I1 1 - 8  (1-8) 
March 1937 I1 7 - 7  ( 7 - 7 )  I 5 - 8 ( 5 - 8 )  

L September 1937 I 7 - 8 ( 7 - 8 )  I1 4 - 8 ( 4 - 8 )  
March 1938 I1 8 - 8 ( 8 - 8 )  I 4 - G ( 4 - 6 )  

M March 1938 I1 6 - G ( 6 - 6 )  I 6 - 8 ( 4 - 8 )  
N March 1938 T I  8 -8  (8-8)  I S - 8 ( 8 - 8 )  

Totals 44 45 (44-45)  28 46 (26-46)  
Ratios 0.9778k0.022 (0.9778k0.022) 0.6087?0.072 (0.5652 k0.073) 

Difference of the ratios is 0.3691, which is 4.93 times 0.0749, the standard error 
of the difference. Including autopsy corrections, the difference is 0.4126, 5.43 tiines 
the standard error, 0.076. 

lncludiiig also the unmatcd animals : 
G March 1937 I1 5 - 8  ( 5 - 8 )  I 5 - 7 ( 5 - 7 )  

September 1937 I 5 - 6 ( 4 - 6 )  I1 2 - 7  ( 0 - 7 )  
H March 1937 I1 4 - 8  ( 4 - 8 )  I 2 - 8 ( 2 - 8 )  

September 1937 I 5 - 6 ( 6 - 6 )  11 2 - 8 ( 1 - 8 )  
Totals 63 73 (63 -73)  39 76 (34-76)  
Ratios O.R630&0.040 (0.8630?0.040) 0.6132 20.057 (0.4474-CO.06i) 

Difference of the ratios is 0.3498 which is 4.79 times 0.073. the standard error 
o f  the difference. Including the autopsy corrections the difference is 0.4156, 6.87 
times the standard error, 0.0707. 

A, aninials maintaining an apparent breeding condition during the period indi- 
cated. 13, total number of animals in the group a t  that  time. Numbers in paren- 
theses, same except where corrected by autopsy data. 

days were in breeding condition, wliile 39% of those in short 
days became anestrous. Statistical analysis of these ratios 
shows that their difference is about five times the standard 
error of the difference. It is a practical certainty, therefore, 
that the difference is not due to chance, but that some environ- 
mental factor is operating. Inclusion of unmated animals 
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tends to lower this figure slightly, while autopsy data increase 
it by lowering the ratio of fertile animals during short days. 
Few, if any, corrections can be made on the long day observa- 
tions. The errors inherent in the procedure of jud,ging sexual 
condition by external observation appear, thus, to have ren- 
dered the conclusions somewhat conservative. 

Effect of’ continuous darkness. Comparison of groups I and 
IV (fig. 3 j. The environment of group 1%’ differed from others 
oiily by the almost complete lack of light. I ts  curve of breed- 
ing condition percentages is compared with that of group I 
in figure 3. The general level of curve IV  at 60 to 70% is 
striking. There is no  support here for an “inherent rhythm” 
in animals deprived of all rhythmically varying factors of the 
environment. The difficulty of judging the sexual condition of 
animals, males especially, which were on the border line, as 
these mere much of the time, is reflected in the considerable 
scattering of points on portions of the curve. Litter produc- 
tion in group 1V was always low but one fertile pair was usu- 
ally present. 

E f e c t  of uariation of light ifitemity. Comparison of groups 
I1 and I11 (fig. 4). Group 111, the “dim light” group, was 
illuminated by a 10-watt bulb furnishing light of about 1 foot 
candle power or less, at the cages. In contrast, group I1 used 
a 200-watt lamp a t  the same distance, but day lengths were 
the same a t  all times. There was about 30% more noise from 
the ventilating fans in 111 than in 11, a fact that should be 
kept in mind until experimental consideration is given directly 
to the noise factor of the environment. The most notable dif- 
ference between curves I1 and I11 (fig. 4) is that I11 fails to 
drop during short days as does TI. Kote especially the high 
level maintained during the short days of 1936. The one drop 
in November and December 1937 parallels that of I1 but is 
not so low. Neither has been explained unless it be due to  the 
addition of young mice of series M and N to  consideration at  
that time. I n  general, curve I11 is higher than 11, and gives 
little indication of a tendency to seasonal breeding activity. 
The statistical significance of the difference between breeding 
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condition of the two groups at  the periods of short days, the 
crucial point, may be determined (table 3).  The ratio of 
breeding animals to the total number in group I1 was 0.19 -+ 
0.070. I n  I11 it was 0.62 r+ 0.090. The difference is 0.43 and 
the standard error of the difference is 0.1144. Since the dif- 
ference is 3.77 times the standard error, it is apparent that 
some factor other than chance was operating to produce the 
difference. 

Possible effects of temperature or qzoise. Comparison of 
groups I and V. Since only two series had representatives in 
group V it is realized that these results may not be so valid 

TABLE 3 

Analysts of breeding conditioii during short days  relative t o  l ight  intensity. 
Groups II and I I I  

SERIES DATE 

D September 1936 1 - 8  7 - 8  
G September 1937 0 - 7  3 - 5  
H September 1937 1 - 8  1 - 8  
I ,  September 1937 4 - 8  7 - 8  

Totals 6 31  18 29 
Ratios 0.19 t- 0.076 0.G2 rt 0.090 

A, number of animals maintaining breeding condition during the short days. 
B, the total number in groups. Autopsy observation corrections are applied to  
G and H. 

as those of other phases of the experiment. However, it is 
quite apparent that the animals in the colder compartment 
(4" to 6°C.) were less inhibited by the short days of March 
1938, when the investigation was terminated? than were those 
of compartment I with the same day length. Table 4 illustrates 
the point. 

Thus, more than half, eight of fourteen, of the animals of 
I were anestrous at autopsy during short days, while only one 
of sixteen in the colder, noisier, and somewhat less intensely 
illuminated compartment V was judged to be in anestrum. 
Since these mice of group V did not come out into the light 
as did those of I11 in light considerably dimmer, it is believed 



ILLUMINATION AND REPRODUCTION Ih' ;MICE 49 

that the difference in light intensity is not the factor pro- 
ducing the observed difference in response. Further, it is diffi- 
cult to believe that a lower temperature would act as a 
stimulator of the sexual apparatus during the short day sea- 
son, since it is the general opinion that low temperatures, near 
freezing point at  least, tend to inhibit reproduction in rodents. 
I f  sound is responsible for the observed phenomena this is the 
first experimental evidence reported. 

While this experiment was not planned to investigate the 
effects of sound as a determiner of reproductive activity and 
the results cannot be accepted as conclusive, they may be sug- 
gestive of future work. 

TABLE 4 

TENP. LIQHT SOUND 
Group I G .  f.e.p. A.S.A.l 

Series L 11-12 34 4800 
Series M 11-1 2 17 6200 

Croup V 
Series L 4-6 17 12,950 
Series M 4-6 15 11,000 

RREEDIKU CONDITION 
Apparent Autopsy 

4 of 6 2 o f 6  
6 8  4 8  

Total -6--14 

8 of 8 7 of 8 
8 8  8 8  

Total 15 16 

American Standards Association loudness units. 

Autopsy observatious on males. A comparison of the sex- 
stimulating power of the various environments in use at  the 
end of the experiments in 3larch 1938 is made by examining 
autopsy records of males. Table 5 lists the average weights 
of one testis and one seminal vesicle from each of the males 
in groups I to VII. The groups are arranged in order of dc- 
creasing testicular weight. Those a t  the extremes, VI  (out- 
doors) and VII (general animal room), include too few males 
to be significant, but it seems that other observations niight 
well be made on that point. It was to be expected that animals 
in long days (group 11) should stand high in the list, but they 
are exceeded somewhat by those in the cold and short days 
(group V) . Group IV in continuous darkness had even smaller 
testes than those in the short days of group I, 
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Comparing the response of series M (caught wild) and N 
(inbred stock) to the various environments of groups I, 11, 
111, IV, and VI, testicular weights of seventeen males of 141 
averaged 193 mg., and of eighteen animals of N, 207 mg. The 
average weights of seminal vesicles were 106 and 187 mg. 
respectively. It appears, then, that this unintentional selec- 
tion for fertility in series N may be reflected in testicular size, 

TABLE 5 

Average weighfs in milligrams of testes and seminal vesicles with contents of 
animals of series D,  L, N,  N ,  March 1938 6% order of decreasing testicwlar 

animals used in the computation of the average weights 
weigkts. The numbers in parentheses represent the number of 

GENERAL 
AVEBAGE n L If N 

VI Outdoors 

V Shortdays, 
cold 

I1 Longdays 

TIT Longdays, 
dim light 

I Short days 

IV Dark 

V I I  Gen. animal 
room 

Testes 
Sen1 yes 

Testes 
Sem oes 

Testes 
Sem res 

Testes 
Sem ves 
Testes 
Sem ves 
Testes 
Sem ves 
Testes 
Sem ves 

(3)211 
159 

(4) 178 
106 

(4)  148 
101 

(3)155 
82 

(4)  265 
176 

(4)218 
152 

( 3 )  183 
169 

(3)  158 
87 

c 

( 2 ) 2 5 3  
159 

(4)196 
122 

(3)  212 
110 

(4)221 
151 

(4) 149 
104 

(4)  114 
33 

( 2 )  208 
227 

(4)228 
215 

(4)  228 
212 

( 4 )  198 
185 

(4) 175 
119 

(3)122 
109 

(4) 230.5 
193.2 

(8) 229.4 
149.1 

(14)218.0 
164.2 

(15) 203.6 
158.8 

(15) 163.0 
115.2 

(11) 147.3 
77.2 

* Group IV  of series L is omitted from this computation because these animals 
were given Antuitrin-S treatment prior to date of sacrifice. 

and especially in testicular activity as indicated by seminal 
vesicle weights. 

Related Ezperirnents 
Activity awl light. Since it is believed by some that the 

length of daily periods of activity may have some part in the 
determination of the season of reproduction in some animals, 
a partial study of daily activity and choice of light or dark- 
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ness was made. The apparatus, designed and built for this 
study, was described elsewhere (Whitaker, '37). 

Results of studies made in compartments I and I1 with light 
of about 17  foot candle power confirm the general impression 
that this animal is primarily nocturnal. It was most active 
when the room was dark. Very little activity was registered 
while the lights were on, and most of the time was spent in 
the dark compartment of the cage, though visits to  the light 
compartment were characteristically made for  a minute or 
more every hour o r  so. At times of 6- o r  7-hour nights the 
activity periods were often continued over into the lighted 
hours, suggesting that such short nights were insufficient for 
the daily activities. Animals studied in compartment 111 in 
dim light also followed a 24-hour cycle of activity with most 
of it concentrated in the dark hours, but there was much more 
of a tendency for the animals to  expose themselves to the 
light. 

I n  compartment IV with no light at  any time, the animals 
showed an approximate 24-hour cycle of activity and quiet, 
but their schedule did not necessarily coincide with the natural 
day o r  with that of any neighboring group. Animals deprived 
of their eyes responded in a similar manner, that is, living by 
a 24-hour cycle of activity and rest but without regard to the 
light schedule of the environment. 

These findings are in general agreement with those of Brow- 
man ( '36) and Hemmingsen et al. ( '37). 

Gmadotropic  hormone admikstration, It was found that 
approximately 100 rat units of Antuitrin-S were required to 
produce the same ovarian reaction in immature Peromyscus 
as was produced in the albino mouse by 5 rat  units. This may 
be due to  a fundamental species difference or  to the fact that 
one has been domesticated and laboratory bred f o r  many 
generations while the other is distinctly a wild form. 

Seven mature animals of series L, group IV (dark), while 
in anestrum, were given 20 rat  units of Antuitrin-S daily for 

Antuitrin-8 kindly furnished by Parke, Davis and Company. 
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10 days. External observations as well as autopsy examina- 
tion showed definite but not marked changes in the genitalia. 

Thyrozine treatment. Since there is a strong possibility that 
thyroid activity may be an important factor in tlie determina- 
tion of the breeding season, five male and four female mice 
8 to  10 weeks old were injected with Thyroxine Squibb as 
follows: 0.01 mg. daily from May 24 to June 15, 0.02 mg. 
almost every day from June 17 to August 12. Uninjected con- 
trols were litter mates. Basal metabolic rate was increased 
considerably, and spontaneous activity as measured by activ- 
ity wheels was considerably greater than that of the controls, 
but no effect on the rate of development of the reproductive 
system was found. This was not repeated on adult animals in 
anestrum. 

Cholesterol feeding. Since cholesterol is closely related 
chemically to the sex hormones it was considered worth while 
to determine whether or not that material in the diet would 
have any effect on sexual development of the young animal. 
Accordingly, it was added to  the regular diet of ten young 
males and ten young females in the proportion of about 10 mg. 
per 3 am. of food, the normal daily consumption fo r  each ani- 
mal. Nine animals, litter mates of the above were given the 
same except that the food including the cholesterol was irra- 
diated with a General Electric Sunlamp or Rilazda lamp for 
several hours in a shallow tray before it was given to the mi- 
mals. The feeding was started June 28,1937 and continued to 
late August. The sunlamp was used until July 20, after which 
the food was exposed at 33 inches to the 200-watt Mazda lamp 
of compartnient I for about 3 days prior to feeding. A third 
group of eleven animals was fed the regular diet. No differ- 
ence in the age of canalization of tlie vagina or  rate of testicn- 
lar development could be detected. Perry ('38) reported 
enhanced sexual development in the sparrow following the 
feeding of ultra-riolet irradiated food. 

Blind animzals mated. A few blinded animals were paired. 
Most of them produced young, showing that blinding does not 
produce sterility. Whether there is significance in the fact 
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that much of the dorsal pelage was kept clipped to expose the 
skin to  light was not determined. 

DISCUSSION 

Although it has been general knowledge for a long time that 
most animals exhibit seasonal breeding, it is oiily recently 
that definite scientific attempts have been made to discover 
what factors of the environment are responsible f o r  the annual 
cycles of reproduction. 

Many investigations in recent years have shown that repro- 
ductive activity in birds, with the possible exception of tropical 
forms, in some cold-blooded vertebrates, and in various mam- 
mals is responsive to  the length of day. Certain laboratory 
mammals as the guinea pig (Dempsey et al., ’34), and the 
rabbit (Smelser et al., ’34)’ as well as the hibernating ground 
squirrel (Wells, ’35)  are apparently not influenced to  any 
marked extent by day length. That the Eskimo experiences a 
winter sterility (Cook, 1894) which might be due to the lack 
of light (Llewellyn, ’32) has been opposed by other observers 
reported by Whitaker (’38), who quotes Rertelsen ( ’35)  to 
the effect that the highest monthly conception rates in Green- 
land are f o r  December and April. 

It appears that whatever the factor or factors of the en- 
vironment which may operate to determine the season of re- 
production, the mating season has been established in the 
evolution of each species so that, in deference to the length 
of gestation and needs of the young animal, the young are 
born at  the most favorable season for survival. Individuals 
of each species, then, are adapted to respond to a single factor 
or a combination of environmental factors as “cues” to set 
in motion the reproductive processes. It is quite obvious that 
these “cues” are not the same for all animals; for example, 
the deer mates in the autumn and the raccoon in February. 
Monestrous forms usually breed but once a year, but the breed- 
ing season of polyestrous mammals may extend over many 
months. 
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The white-footed mouse appears to be the first polyestrous, 
wild, nocturnal mammal studied in this regard, which has 
given positive results. Unless some totally unforeseen factor 
has been overlooked in organizing the day-length experiment 
(groups I and II), the only variable was length of the day of 
artificial light, under other constant conditions of light inten- 
sity, temperature, humidity, feeding, cage conditions, and 
noise. Since the differences in sexual development between 
short day and long day periods are statistically significant to  
the point of practical certainty, it must be concluded that day 
length was the factor in determining the breeding season 
under the conditions of the experiment (fig. 2, table 2). 

But why should a nocturnal animal be influenced by the 
length of day, the light of which it presumably never experi- 
ences to any considerable degree? What is the mechanism by 
which day length may be effective? What. are the intermediate 
steps in this pathway between the environment and the repro- 
ductive organs? It is generally assumed, and probably cor- 
rectly so, that the anterior lobe of the pituitary controls the 
state of development of the gonads in this phenomenon even 
though there is little direct evidence to support the idea. There 
is not available even a reasonable assumption as to the nature 
of the physiological factor stimulating the pituitary to sea- 
sonal activity. The report of Benoit ( '38) that light applied 
directly to the pituitary of the drake is sexually stimulating 
may aid in solving the problem, but it probably is not a factor 
in the normal animal. At the other end of this series of causes 
and effects, the effect of the environment on the organism as 
a whole, evidence has been produced in this investigation by 
which certain modes of action may be eliminated and attention 
directed more closely to other more reasonable possibilities. 

In  the first place, light on the general body surface, pelage 
intact, is ineffective. The eyes were the only effective recep- 
tors of light in this study. Two experiments support this 
conclusion. First, blind animals (series F) give no evidence 
of periodic sexual activity, or even of definite daily schedule 
of general activity. Second, those individuals of series G, 
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which were deprived of shelter arid were forced to expose their 
bodies to the light, but which might shield their eyes by closing 
them, responded in a manner sirriilar to those of series H 
which u7ere able to liicle from tlic light completely. 

Ptowaii ( '38 a )  has eviciciice lo indicate that in his juncos 
increased periods of activity, or mukefulnexs, induced by 
longer clay:, is the effective factor in artificially stimulating 
sexual activity in the winter. In a nocturnal animal, however, 
length of the  actii-ity period varies inversely as  the da>- length. 
hiid, accoixiiiigly, in  this study recorded actirity of iiidividnal 
;tiiiinuls showed that the greatest duration of activity occurred 
during tlie long nights. It is thus apparent that  increased 
activity cuniiot be the mediating factor involved. In fact, sea- 
s o m  of slioi-tcneci daily\. activity (long days) coincide q-ith the 
breediiig season of these mice in bright light, but there wah 
110 anestrum produced by long nights interrupted by days of 
dim light (1 f.c.p. in compartment TTT). Thiis, there seems to 
hr no evidence here to  support an actil-it?; theory applicable 
to iiocturrial animals, nor is therp adeqnate disproof of it since 
the conditions were quite limited. Birds must necessarily 
spend much energ>- in procuring food f o r  tlie young, and profit 
by a lorig day in which to do it. These mice, on the other liancl, 
which feed mostly\- at  night, appear to find 8 hours sufficient 
time to feed even when rearing young. 

Kissonriette aiid Wadlnnd ('32) found in the starling and 
Rissoniidte ('35 a )  in the ferret that continued long days of 
artificial liglitiiig prolonged into tlie spring and summer could 
not maintain a high degree of reproductive activity. 9 subsi- 
dence occarretl followiiig the period of maximum development. 
This refractory state is much more likely to be found in moii- 
estrous mammals than in tlie polyestrons forms, since it is 
likely that some refractory mechanism operates in the former 
to make it  moiicstrous. The persistent corpus luteum follov- 
iiig ovdrttiori in inonestrons animals is probablp a contributing 
factor. If a refractory mechanism operates to effect periodic 
reprocluctive seasons in Peromyscns, it must be coiiditioued 
bp moderatply bright light or  moderate tcmperatures, because 
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no cycles of breeding were observed in compartment I11 (light 
of 1 f.c.p.), in IV (continuous darkness), o r  in V (cold, 4 to 
6°C.). This suggests that there is no basic anestrum in the 
species studied and that there would be no annual changes iii 
the reproductire system in the absence of seasoiial changes 
in the environment. 

Animals in group 111 (dim light, 3 f.c.p.) differed from those 
in group I1 (bright light, 17 f.c.p. or more) mainly by not ex- 
liihiting an anestr~im. This difference is statistically signifi- 
cant but no certain explanation is available. In general 
behavior they willingly exposed themselves to the dim illu- 
mination of'ferecl much more than those of group I1 to the light 
of greater intensity. Even so, the greatest amount of activity 
occurred in total darkness. Possibly this animal, being some- 
what crepuscular by nature, willingly exposes it self to the dim 
light to such an exteiit that it map receive a greater claily 
duration of light stimulus in  a short day of group 111 than 
another receives in eveii a long day of group 11 in briglit light, 
since the latter mouse more clefinitely hides from the light. 
Which actually receives the greater amount of radiant energ:- 
has riot been determined. 

Available theories seem inadequate to explain the failure 
of the animals in group V (cold, 4" to 6°C.) to expcrieiice an 
anestrum in the short day periods. It could not be that they 
exposed themselves to tlie light as those in group 111, for they 
were almost never seen out of their nests wliile the light was 
oil. Wells ( '35 h) f ouiid that malc ground squirrels remained 
in the sexual condition more or less indefinitely when exposed 
to a tcrnperature of 4°C. A difficulty in giiving low tempera- 
ture credit fo r  stimulating and maintaining sexual develop- 
ment i s  the observation that mice outdoors (group VI) in the 
short days and low temperature of the iiatural winter condi- 
tions did not behave tlie same, but exhibited a perfectly typi- 
cal anestrum. 

Noise as a possible environmental factor of importance in 
stimulating sexual developmerlt was given 110 consideration in 
the plaiining of the cxpcriment. Sound intensities (8870 pro-  
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duced by the ventilating fans) were, however, measured 
(comlmre p. 40). The difference between I and I1 was too 
slight for  the ear to detect. Group IIT exceeded I1 by 227'0, 
while the intensity of V was almost twice that of I. If  sub- 
sequent study should show that sound is influential iii stimulat- 
ing the reproductive system, there map be better explanations 
than have been offered for tlie lack of anestrum in groups I11 
and V. Rowan ( '3s a )  believes that traffic noises are respon- 
sible f o r  an  observed difTerence in sexual development between 
city and country starlings. Birds collected in February from 
their roosts on certain high buildings in London were coil- 
sidcrably more developed sexually than others collected the 
same week in tbe country a few miles away. 

The effect on the experimental results of tlie diet and caging, 
as such, of wild animals in the laboratory should a l w a p  be 
kept in mind. I t  is believed, however, that sucli factors do not 
impose a serious error in these experiments, because the ani- 
mals of group VI caged outdoors came into breeding seasoii 
and produced their first litters in the spring a t  about the same 
time that the species does in the wild (Burt, in press). 

Since these experiments hare  been in tlie nature of a pioneer 
study of the effect of light on the sexual condition of wild, 
nocturnal, polyestrous mammals, and definitely exploratory in 
Peromyscus, they are by no means complete. Certain facts 
seem to have been established, but many of the results are of 
value only in suggesting future work. 

I wish to acknowledge my indebtedness to Prof.  Alvalyn E. 
Woodward for the valuable guidance she has given me in the 
conduct of this study, and to the Department of Zoology €or 
furnishing me with eoiisiderable special quipmelit  for carry- 
ing on the research. 

SUMhIhRT 

1. Rlore than 350 aiiimals of Peromyscus leucopus novebora- 
censis, a iiocturiial, polyestrous rodent with an  annual 
anestrum in nature were used. TlleJ- were observed under 
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exprrimentaI conditions of artificial lighting f o r  as long as 
2 years in some cases, aiicl examined for sexual condition every 
week or two. Temperature, humidity, diet, and caging were 
coristaiit through most of tlie 2-year period of the study. 

2. I n  light of 15 to  32 foot candle power intensity, varying 
in daily duration on an aiinual schedule, tlie anestrum occurred 
in the short day season. 

3.  In light of the low intensity of 1 foot candle power, breed- 
ing activity continued throughout short clay as well as  long 
day portions of the year. 

4. Animals a t  lower temperatures (4" to 6°C.) and light of 
about 15 f.c.p. also failed to go into anestrum in short days, 
bu t  produced litters at all scasoiis, wliich were, however, sel- 
dom reared successfully. 

5.  Animals bliiided by removal of the eyes were not ren- 
dered sexually sterile but exhibited no cyclic tendency to 
breeding activity . 

6. Those kept in contiiiuous darkmess exhibited a lowered 
aiid entirely non-cyclic reproductive activity. 

7. That the results given in 3 and 4 above might possibly be 
due to noise disturbance is presented iii the discussion. 

8. Certain other related experiments are described. 

LITERATURE CITED 

ALLBNsoN, MAK.TOHIA, Ahn K. DE ~ S E S L Y  1934 The reaction of anocstrous hedge- 
hogs to experiiiiciital conditions. Proc. Roy. Soc. s. B., vol. 116, pp. 
170-155. 

Factors affecting the breeding of the 
field mouse (Mierotus apes t i s ) .  Pa r t  I. Light. Proc. Roy. Soe., s. B., 

-_ _ ~ _  1932 h Ihid. Part T I .  'I'emperaturc and food. Proe. Roy. SOL, 
s. B., vol. 112, pp. ;39-46. 

7933 Ibid. P a r t  111. Locality. Proc. Roy. Sac., s. K., \ol. 113, 
pp. 486-495. 

-4ction rle divers lhlairements IoealizBs d a m  la region orhitaire 
SUP la gonadostiniulatioii chez le Caiiarci male impubCr6. Croisssnce 
testiculaiie pro\ oquke par 1 'E,clairemmt direct de la region hypophy- 
saire. Chnpt. rend. Roc. de biol., vol. 127 ,  pp. 909-914. 

BFRTELSEN, A4. 1935 Grdnlandsk hlediciiisk Stxtistik og Nosograf. Neddelclscr 
om Grdnland, Bd. 117, Nr. 1, pp. 1-80. 

B4IrER. J .  R., AND X. 11. XAKSON 1932 a 

1701. 110, pp. 313-322. 

BENOIT, J. 1938 



ILLUMIhTATION AND REPRODUCTIOK I N  MICE 59 

&SSONNRTTE, T. H. 1932 Modifications of mammalian sexual cycles; reactions 
of ferrets (Putorius vulgaris) of both sexes t o  clectrie light added after 
dark in November and Dccember. Proc. Roy. Soe., s. B., vol. 110, pp. 

1935 a Modification of mammalian sexual cycles. 111. ReTersal of 
the cycle in male ferrets (Putorius vulgaris) by  increasing periods of 
exposure to light hetmeeii October second and March thirtieth. J. Exp. 

1935 b Modification of mammalian sexual cycles. IT. Delay of 
orstriis and induction of anoestrus in  female ferrets by  reduction of 
intensity and duration of daily light periods in  the normal oestrous 
season. J. b:xp. Biol., vol. 12, pp. 315-320. 

1936 Sexual photoperiodicity. Quart. Rev. Biol., vol. 11, pp. 371-386. 
1937 Photoperiodicity in  birds. Wilson Bull., vol. 19, pp. 241-270. 

Litters from ferrets i n  January 
induced by increased exposures to  light after nightfall. ilmer. Nat., 

1937 Modification of mammalian sexual 
cycles. VII.  Fertile mating8 of raccoons in  December instead of Febru- 
ary induced by increasing daily periods of light. Proc. Roy. Soc., s. B., 

Sexual photoperiodicity of raccoons' on low protein diet and 
second litters i n  the same breeding season. J. Mammal., vol. 19, pp. 

Duration of testis activity of 
J. Bxp. Biol., 

BROWWAN, L. G. Light in i ts  relation to activity and estrous rhythms in 

KUBT, W. H. Miscellaneous Publications, Museum of Zoology Series, University 

COOK, F. A. 1894 Medical observations among the  Esquimaux. Tr. Kern York 

DEMPSEY, E. W., H. I. MYERS, W. C. YOUNG AND D. B. JENNISON 1934 Absence 
of light and the reproductive cycle in the gumen pig. hrn.  J. Physiol., 
vol. 109, pp. 307-311. 

An improved Perornyscus ration. J. Mammal., vol. 15, pp. 160- 
161. 

1937 Rhythmic cliurnal varia- 
tions in the oestrus phenomena of thc rat and their susceptibility to 
light and dark. K. Danske Videnskabarncs Selskah. Hiologiskc &fed- 
delclser, vol. 13, no. 7. 

HILL, MARGARET, AND A. S. PAEKES 1933 Studies on  the hypophyscctomized 
ferret. IV. Comparison of the  reproductive organs during anoestrus 
and after hypophysectomy. Proc. Roy. Soe. London, s. E., vol. 113, 

Effcct of absence of light on the breeding season of the ferrct. 

322-336. 

Zool., 001. 71, pp. 341-373. 

BISSONNETTE, T. €I., AND EAXL E. BAILEY 1936 

V O ~ .  50, pp. 454-458. 
BISSOKNETTE, T. H., AND A. G. CSECH 

VOI. 122, pp. 246-254. 
1938 

342-348. 
BISSOXNETTX, T. H., AND A. P. R. WADLUND 1932 

Sternns vulgaris in relation t o  type of illumination. 
V O ~ .  9, pp, 339-350. 

1936 
the albino rat. Anat. Rcc., rol. 67, suppl. 1, p. 107. 

of Michigan. ( I n  press.) 

Obst. SOC. 1893-1894, pp. 171-174. 

DICE, I,. R. 

HEMIIINGSEN, AXEL II., AKD NIELS B. KRARUP 

1934 

pp. 531-536. 
1934 

Proc. Roy. Soc. London, s. B., vol. 115, pp. 14-17. 

T H E  JOURNAL OP ESPERIYENTAL ZOOLOGY, V O L .  83. Y O .  1 



60 WAYNE L. WHIT.4KEB 

LLEWELLYN, LL. J. Light and sexual periodicity. Nature, London, vol. 129, 
p. 868. 

MAESHALL, F. H. A. 1936 Sexual periodicity and the causes which determine it. 
Phil. Tr. Roy. Soe., London, s. B., vol. 226, pp. 423-456. 

MILLER, GARRIT S. 1893 On the introitus vaginae of certain Muridae. Eost. 
Sac. Nat. Hist., vol. 26, pp. 459-468. 

PERXI-, J. C. 1938 Influence of diet on gonad activity o f  English sparrow, 
Passer domesticus (Linnaeus). Proc. SOC. Exper. Biol. and Med., vol. 

Relation of light to bird migration and developmental 
changes. Nature, London, vol. 115, pp, 4 9 4 4 9 5 .  

1938 a London starlings and seasonal reproduction in birds. Proc. 
Zool. Soc., London, s. A., vol. 108, pp. 4-77. 

1938 b Light and seasonal reproduction in animals. Eiol. Rev., vol. 
13, pp. 374-402. 

SMELSER, G. K., ARTHUR WALTON AND E. 0. WHETHAM 1934 The effect of light 
on ovarian activity in the rabbit. J. Exp. Eiol., vol. 11, pp. 352-363. 

WELLS, L. J. 1 9 3 5 a  Seasonal sexual rhythm and its experimental modification 
in the male of the thirteen-lined ground squirrel (Citellus tridecem- 
lineatus). Anat. Rec., vol. 62, pp. 409-447. 

1935 b Prolongation o f  breeding capacity in males of an annual 
breeding wild rodent (Citellus tridecemlineatus) by constant low tem- 
perature. Anat. Rec., vol. 64 (suppl. no. l ) ,  pp. 138-139. 

1936 Effect of light on reproductive cycle of Perornyscus 
lcucopus noveboracensis. Proc. Soe. Exper. Biol. and Med., vol. 34, 

1937 ,4 method for studying environmental choices of laboratory 
animals. Science, vol. 86, p. 314. 

1938 The question of a seasonal sterility among the Eskimos. 
Science, vol. 88, pp. 214-215. 

1932 

38, pp. 716-719. 
ROWAN, WILLIAM 1925 

WHITAICER, \%'. L. 

pp. 329-330. 




