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Although there has beell much speculation as to the 
cause of widespread failure of pheasants, Pl~asianus, '  to 
become established in the southern United States, no field 
studies of the limiting factors in or near the unoccupied 
zone have been reported. Climatographic studies have 
given evidence tha t  the breeding ranges of several intro- 
duced birds may be limited by meteorological influences. 
Twomey (6)  showed similarities of temperature and rain- 
fall  in the European and North American ranges during 
breeding seasons of the European skylark, Alauda  arven-  

srs, and the Hungarian partridge, Perdm p. perd~m. Ben-
nitt and Terrill (I) reported that the southern limit of 
pheasant range east of the Great Plains follows closely 
Thornthwaite,s line separating microthermal from meso-
thermal climates. Graham and Hesterberg ( 4 )  showed 
tha t  means of temperature and rainfall in different parts 

of the optimum range in the United States are 

,very similar during April and May, when peak of 
nest establishment occurs, even though they may be a t  

wide variance during the remainder of the year. These 
authors postulated that  in southern latitudes very young 

pheasant embryos are killed by intense insolation of the 
exposed eggs while the clutches are being laid. 

I n  the north-central region, highest pheasant popula- 
tions occur in the northern tier of states and in the 
northern parts of Iowa, Illinois, Indiana, and 0hio. 
Hatching there usually reaches a peak during the first 3 
a.eeks of June (often followed by another when s 
large portion of the early nesting attempts are unsuc-
cessful) and continues at a declining rate until late 
summer (1). Brood studies since 1937 in central Illinois, 
near the southern limit of range, frequently have shown 
a sharp decrease of successful hatches and in number of 
young per brood about the first week in July.  Nest 
studies indicated that  this decrease is  chiefly the result 
of a decline in hatchability of the eggs, For example, 
in 1947 and 1948, 68 (42.6%) of the 147 fertile eggs 
in 16  nests where some young hatched after July 1 con-
tained dead embryos, usually a t  a very early stage of 
development. A number of subnormal young which died 
2n the nests or soon after leaving them have been found 
in late hatches also. This study will be reported more 
fully elsewhere. 

I n  hatchability studies at Urbana in 1948 and 1949, 
eggs of the bobwhite C o l ~ n u s  .virginianus were compared 

with pheasant eggs by simultaneous exposure to the same 
range of experimental conditions. This comparison was 

1 Hybrids believed mainly of P. t. torquatus, native to east- 
ern China and northern Indo-China, and P. c. oolchecus of 
western Transcaucasia are  widely distributed in the United 
States north of latitude 40". In  the Pacific Northwest, P. t. 
torqz&atus is found quite pure In certain regions ( 8 ) .  
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believed useful because the bobmhite breeds in suitable 
habitat  both inside and outside the Illinois pheasant 
range, and its breeding cycle grossly resembles tha t  of 
the pheasant. 

Fresh-laid pheasant and bobwhite eggs were obtained 
from the breeding pens of the Illinois Department of 
Conservation for these studies. Samples of 60 pheasant 
eggs laid in mid-June, 1948, failed to hatch after 14 days' 
exposure in shade to air temperatures varying from 51" F 
to 88" F, mean 72.3" F, and recorded relative humidities 
of 34%-loo%, without prolonged rainfall or drought. 
Bobwhite eggs so exposed showed no apparent decline of 
hatchability after 19 days, nor did bobwhite eggs ex-
posed to an  additional 30 min of solar radiation in mid- 
day for 5 days. Low retention of hatchability by 
pheasant eggs and high retention by bobwhite eggs were 
also found in  each of several outdoor exposures of 10 
days or more in late June  and early July, 1949. 

Pheasant and bobwhite eggs laid on May 31, 1949, were 
used in a controlled experiment to test the effect on hatch- 
ability of air temperatures normally experienced in late 
spring in central Illinois. Fertility shown by Kocsin's 

method (5) was above 95% for 'pecies. It was 
assumed from observed growth and survival of wild and 
g3me farm birds Chat vigor of the embiyos of both pheas- 
ants and bobwhites a t  this time would be high. Paired 

lots of p l lens~nt  and bobwhite cggs were placed in 4 small 
electric incubators without forced draf t  ( 7 )  and exposed 

A'M' to P'N' days prior 
incubation, t O  4 different temperatures from 73" F to 
88" F. Because the average time of clutch-laying is 
a ~ ~ r o x i m a t e l ~  pheasants l8l2 and 
bobwhites, the 7-day exposure was used to test the effect 

of temperature on eggs laid midway in the production 
dut~hes '  The eggs thus exposed were kept in a 

perature chamber at 620 I? during the remain-
ing 15 hr of each day. Controls were kept continuously 
a t  62" F. Relative humidity of 65% was constant. All 
eggs were turned twice 

Incubation of these exposed and control eggs indicated 
(Table 1) that  the hatchability of pheasant eggs was 

TABIdE 1 

I I A l C I I A l 3 1 1 ~ I T ~0- l h T  h \ D  BOBWHITE E\POSCDPHI.AS E l r ~ s  
TO I~IPI'I~RIPRII X C U B ~ T I O \  TI,AIFCRATURES\ T  

Telnperature 

No. 
fertile 
hea as-
an t  
eggs 

Hatch-
al~llity, 

% 

No. 
fertile 

bob-

white 
eggs 

Hatch-
ability, 

% 

Controls (62' F )  
-,r3 0 F 

40 

::9 
'75 0 

64 1 
42 
39 

76.2 
79 5 

78" F 
83' F 
88" F 

42 
37 
38 

64 3 
45.9 
42.1 

39 
40 
38 

69 2 
75 0 
68.4 

reduced by heat exposures, the reduction increasing with 
the higher temperatures. was found previously in 

eggS from late nests, about 70% of the dead 
pheasant embryos in the heat-exposed eggs died prior to 
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the 48-hr stage. No significant reduction of hatchability 
of the bobwhite eggs by high temperatures was evident. 

It seems probable tha t  vulnerability of pheasant em-
bryos to air  temperature during the laying period has an  
important influence in limiting the southern distribution 
of pheasants. Pheasants reported breeding locally in the 
southern Pacific Coast and Rocky Mountain regions may 
be predominantly of southern Asiatic origin, and possibly 
thus more tolerant of higher temperatures. 

References 
1. BISKE'L'T, T. S. h'col. itfonogr., 1047, 17, 1. 
2. 	 BENNITT,R., and  TEERILL, 'I. V. iVO~th dl i l . .  Wlldlije 

Conf. Trans., 1041, 5, 428. 
3. 	 Dar,AcOuR, 3. I n  JlcAtee, 11'. L. (Ed.) ,  The ring-necked 

pheasant anrl i t s  management i r ~ h70rth Bn7erica. 
Washington, D. C. : A~nerican Wildlife Institute,  1048. 

4. GEAEIARI, S. A,, and  I-IE~TI:EBER~, J. TVildlife ,Wanage- G. 

ment, 1948, 12, 9. 


5. IZOCSIX,  I. L. Poul t ry  Sci., 39-24, 23, 4: 
6. Two&lel-,A. C. h 'colo0~,  1936, 17, 122. 
7. YEITTEE, R. E. 	 1946, 10, 342.J.  TV61dlije d lanagen~e~zt ,  

Distribution of Absorbed Energy around 
a Point Source of Radiation1 

Robert Loevinger 

The Physics Laboratory and Departntent of Radiotherapy 
The Mt. Sinai Hospital 
New York  Ci ty  

The radiation dose delivered to tissue by sources of (3 
radiation distributed through the tissue is easily com-
puted in tlie interior of a uniform distribution in homo- 
geneous tissue (1). The energy delivered to the tissue 
per second is just the energy emitted by tlie (3 radiation 
per second. Aforeover, on the edge of such a homoge-
neous distribution, a t  a surface facing tissue free of 0 
emitter, the dose is  just half tha t  a t  the interior. These 
two simple ~ta tements  rxhaust the generally available in- 
formation on the distribution of tissue dose caused by (3 
emitters. I n  order to  compute the absorbed energy (or 
observed ionization) about an arbitrary distribution, i t  
is necessary to know the spherically symmetrical function 
~ ~ h i c hg i ~ e s  these quantities as a function of distance 
from a point sonrce of 0 radiation in absorbing material. 

The direct measurement of the radial ionization func- 
tion around a point source presents a difficult experi-
mental problem. I f  attempted in unit density material, 
the spherical isoionization surfaces will not conform to 
a practical ionization chamber. I f  attempted in air, ths  
scattering off the source, external objects, and the ioniza- 
tion chamber will be sources of error, as  well as absorp- 
tion in the malls of the ionization chamber. Rp using a 
plane source and plane ionization chamber in unit density 
material, these difficulties can be avoided. Tlie method 
is based on the fact  tha t  the ionization per cc ( I , )  in a 
vanishingly small cavity in an  absorbing material trav- 

= T h i s  work was done in pa r t  under contract wi th  t h e  
Atomic Energy Commission, ancl in par t  wi th  the  sugport 
of the  Committee on Growth of t he  American Cancer Society. 

ersed by a flux of ionizing radiation is related to the 
energy absorbed per cc (E,.) by the equation 

where p is the stopping power of the absorbing material 
relative to the gas in the cavity, and W is the average 
energy per ion pair formed in the gas of the cavity for 
the ionizing particles (8). 

Consider now a point source of (3 radiation in an  "in- 
finite" (i.e., larger than the maximum (3 range) block of 
unit density absorbing material of lo\\? atomic number. 
Let the energy absorbed in a very thin spherical shell 
around the point source be 

Then the total energy absorbed per distintegration is the 
average (3 particle energy 

By stmightfor~vard integration of I(I.), and using ths 
first equation given, i t  follo~x~s that  the ionization that  
will occur in a very thin, plane air gap parallel to a very 
thin, plane source in a large block of material is given by 

D(z )  = - - rT(? . )r : ~ion pairs/ec, 
$Jm 


c~1ler.co is the surface intensity of the sonrce in disinte- 
gr:~tionsicm~,ancl z is the pe~pendicular distance from 
the source to the air gap. I t  is easy to sho\v that  

o = 2~p18/&, ~vhereK = II ( 8 )d : .J-O 

I t  follon~s that the point source function can be obtained 
f roil1 the equation 

Thus we have an  explicit method of computing the radial 
energy absorption about a point source of (3 radiation, if 
measurements are made of 'rile ionization normal to a 
very thin source. I t  is  seen that  D(z )  may be arbitrarily 
multiplied by any constant without affecting the value of 
I ) As a result, only relative ionization measurements 
need be made. Moreover, the numerical value of p and 
TV do not enter into the calclllation of I ( T ) ,  to tlie extent 
tha t  they are independent of the energy of the 0 particles. 

Tlie experinlent has been performecl with radioactive 
phosphorus. Sources not thicker than 0.05 mg/cm%vere 
prepared by spraying n solution of P 3 h n t o  a plane block 
of polystyrene with a penicillin nebulizer. The absorbing 
nlaterial was sprayed carbon of about 0.1 mg/cm2, nylon 
of about 1mg/cm2, and polystyrene from 2 to 10%g/cni2. 
Measurements were made in a parallel-plate ionization 
chamber of variable air gap, using a vibrating reed elec- 
t r ~ m e t e r . ~The electrodes were carbon-sprayed onto 

2The  btisic design of t he  ionizntion chamber used is t h a t  
of G. Failln ant1 S. Baily, of thib College of Physicians and  
Surgeons, New Yorli City. Thc  ins t rument  as designed 
and constructed by the  Ins t ruments  Branch, Medical Divi-
sion? New Pork Office, AEC (H. D. LeVine, chief, and H. J. 
DiGioranni,  ass is tant  chief).  


