
bi\on of thc Sco-Indian wcxriod is thouoht u 

to lia\e el-olved gradually from occideiz-
talis. Probably the bison remains werc 
incoi-rpctly identified. Smaller individual 
variants of occidenialis are nearly in-
separable from some of the larger indi- 
viduals of plains and woodland bison. 

Should the Agatc Basin bison remains 
prove to bc of a fossil species, the archc- 
olorr.i\r, \\.hell he finds fossil bison rclnains 
(particularly of the antiquus subspecie\), 
can a\,qrxr.t ~v i th  reason that any associ-
ated c,ultural remains belong to the Paleo- 
Indian period. \$'hen modern bison are 
found, he can attributc the associated 
cultural rcmains to the Nco-Indian pe-
riod. He will ho\vever, have to be cau-
tious ~ i r h  occ iden ia lk  remains because 
of the similarity of this forrn to rhe sur- 
\ I \  inp lace. 

RICHARDG. FOKBIS 
Pacific ,Yo~thruest  P ~ p e l z n e  Coipora t ion ,  
L,az ci Hot Sprzngs, I d a h o  
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Quantitative Infrared Spectroscopy 
of Desoxyribonucleic Acid in the 
Fractional Milligram Range 

Since desoxyribonuclcic acid (DNA) 
is gcnerall) considered as the material 
f iom nhich genes are madc, its charac- 
teri<tic infrarcd spectrum is of great bio- 
logical interest (1 ,  2 ) .  Because of thc 
ver) slight solubility of DNA in any but 
aqueous solLents and the rather strong 
ab5orption of infrared rays by water, i t  
is desiiable to examine the material in 
the iolid state. Horvever, the solid prepa- 
rations of DNA, such as powders, films, 
or Nujol pa5tc.5, that are used for this 
purpose require relatively large amounts 
of substance and g i ~e only qualitative 
spectroscopic data at best. 

This paper (3) describes quantitative 
infrared spectroscopy of DNA in the frac- 
tional milligram range with use of sus-
pensions in solid KBr, rvhich is very trans- 
parent to infrared, for specimen prepara- 

tion and a condcnsed infrarcd beam for 
spectroscopic examination. The  tech-
niquc dcvcloped for this purpose princi- 
pally follo\rs thc KBr-disk procedures 
that havc been used mainly for qualita- 
tive infrarcd spcctroscopy (4-6). Various 
improvements of the procedure, espc-
cially of the technique of specimen 
preparation, however, have enabled us to 
carry out quantitative infrarcd spectrom- 
ctry in the fractional milligram range. 

Aqueous solutions of highly polymcr- 
ized DN.4 (Tl'orthington) were mixcd 
with dilute solutions of KBr of highest 
purity (R/Terclc-Darmstadt) to give exact 
amounts (20 to 300 pg) of DN.4 in 10 ml 
of 1.2-pcrcmt KRr. T h c  lnixtures werc 
frozen quiclcly in a Dry Ice-acetone bath 
and thcn lyophilized \rith a modified 
cryochcm freczc dryer. Thc  freczc-drying 
cycle lasted for 24 to 30 hours, and the 
drying was complctcd at 25' to 30°C and 
30 to 90 I.L-Hg pressurr. 

Fifty milligrams of the frozen, dried 
matcrial was transferred into a steel die 
of Ih-in. diamctcr. Thc  die \ras evacu-
ated to about 1 mm-I-Ig and transparcnt 
disks of 1-mm thickness were pressed with 
a Carvcr prcss. The optimum timc of 
pressing was 1 minute. The  optimum 
pressure colrcsponded to the reading of 
8000 Ib/in.2 on thc Carvcr press gage 
Single or double plungcr dies \rere u s ~ d .  
Thc  s i n g l ~  plunger dies had to be greased 
with a minute quantity of graphite in 
order to prevent cracks whcn the disks 
Mere pressed out. The  double plunger die 
was relativly s i m p l ~  to us? and allowed 
pressing of disks of almost identical 
w~igh t s  (50 mg) and thicknesses ( 1  
m m ) .  

Infrarcd spcctroscopy was carried out 
with a Bcckman I.R. 2 spectrometer that 
was cquippcd \rith a beam-condensing 
unit comprised of a systcln of silver chlo- 
ride lenses. T h e  disk was inscrtcd in a 
disk holder, focused in the condensed 
beam, and examined spectroscopically. 
Measurement of bands was carricd out 
by the conventional base-linc mcthod. 

T h e  infrared spectra of the disks given 
in Fig. 1 show all the characteristic vibra- 
tions of DNA that have prcviously been 
obscrvcd in thc po\rdcrs, films, or pastes. 
Many important vibrations, such ar thc 
weak band at 9.80 u, which is present in 
DNA but absent in ribonucleic acid, ap- 
pear at least as clear or clearer in the 
disk spectrum from less than 50 pg DNA 
than they were found in the spectra from 
porvders, films, or pastes requiring 20 
timvs more material. 

The  evaluation of our method for 
quant i ta t i~e infrared spectrometry of 
small amounts of DNA was carried out 
in disks containinq 9, 18, 27, 36, 54, and 
72 ug of DNA. Three diffprent absorp- 
tion bands-namely, the bands at about 
8.1 p, 9 80 w,  and 10.30 u-were cxam-

~ n e d  in each disk, and the absorbancies 
found \rith the base-linc method were 
plottcd versus concentrations (Fig. 2 ) .  

Figurc 2 demonstratev the linearity of 
the function of absorbancy versus con-
centration found in all thc thrce absorp- 
tion bands and indicates strict observance 
of Beer's la\r at cvcn low DNA concen- 
trations. Furthcrmorc, thc linearity of 
these functions is sho~vn by agreelncnt of 
thr thrce cxtinction coeffieicnts that \rere 
calculated from the experimental data. 
At DNA concentrations of 36 pg and 
abovc, extinction cocficients for all the 
three bands show percent average devia- 
tions of t 3 to 24.2 pcrcent. At DNA 
concentrations bclo\r 36 pg, the dcvia- 
tions increasc in the two wcakcr bands 
(9.80 LL and 10.30 v ) .  I n  the strongest 
band (8.1 p ) ,  however, the pcrcent aver- 
age dcviation of the extinction coefficients 
remains at t 3 pcrcent evcn at DNA con- 
centration as l o ~ r  as 18 yg. 

I t  is believed that the mcthod for quan- 
titativc infrared spcctromctry of small 

Fig. 1. Infrared spectra of desoxyribon~c- 
cleic acid suspended in solid potassium 
bromide. The upper curve gives the trans- 
mittancy of a disk, containing 48 pg of 
DNA in 50 mg of ICGr; the lower curve 
gives thc transmittancy of a disk contain- 
ing 166 pg of DNA in 50 mg of KRr. 

MICROGRAMS 

Fig. 2. Graphic indication of infrared ab- 
sorbancy versus concentration of DNA in 
disks containing 9, 18, 27, 36, 54 and 72  
pg of DNA. The upper curve was obtained 
from mcasurcments of the bands at 8.1 p, 
the midcilc curve from the ahsorbancies of 
the bands at 9.80 p, and the bottom curve 
from those of the hands at 10.30 K. 
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amounts of DNA shown in this paper ~vill  
be important for biological and struc-
tural studies and that furthrr experiments 
with smallrr dies will permit infrarrd 
analvsi.: of even smaller quantities. 

HENRY P. SCHWARZ, R. CHILDS, 
L. DREISBACH, oS. V. MASTRANGEI 

D i ~ i s i o n  of Biochemistry, 
Philadelphia General Nospztal, 
Philadelphia, I-'ennsylvania 
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Directional Differences 
in Pigeon Homing 

The rrsults of pigeon homing in~estiga- 
tions mad? at the Max-Planck-lnstitut at 
FVilhelmshaven were the first to suggrst 
a directional differrnce in orientation. 
T h r  data from a number of rrleases 
showed a definite superiority of the hom- 
ing rrsults when the pigeons were taken 
south for relrase compared with the r r -  
sults when thev were taken east. This 
was true for distancrs as short as 15 mi, 
but it rvas also true for 100 and more mi. 
Results from north and wrst releases 
werr not available for a dirrct com-
parison. 

Further work was done in the Caro- 
linas ( I ) . T o  collrct data bearing more 
explicitly on thr qurstion, we made pi- 
gron releases silnultaneously from four 
points north, east, south, and west of the 
loft. Releases of single birds were made 
at each point of the "cross" release pat- 
tern at intervals of 10 min. O b s r r ~ e r s  at  
the loft recordrd the time of arrival of 
each bird. In  the present report, wr bas? 
the comparison of performance from the 
four directions of flight entirely on hom- 
ing success. 

A series of 12 cross releases was made 
with birds from two different lofts in thr 
Durham region. In  November 1954, pi- 
"erons from a loft located in the Duke 
Forest were flown twice at a distance of 
16 mi and a third timr at a distance of 
53 to 60 mi. Birds from a second loft, 
which m7as located on thr  edge of Dur-
ham, were used in the period from Frb- 
ruary to April 1955 in a series of right 
cross releases at 17% mi and in a ninth 
release from 53 to 59 mi ( 2 ) . In  the 16- 
to 17-mi flights, we srlrcted rrlrasr points 
that ~vould provide a symmetrical cross 
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pattern of release points and thrrefore 
could not choose placrs that rvere suit-
able for observing drparture orientation. 
Forrstrv lookout towrrs rvere used as rr- 
lrase poillts for the 53- to 60-mi flights; 
the cross pattern \\as not perfect11 svm-
metrical. I-Iowe~er, thr distances for the 
flights from the north and from the south 
rrmained equal. 

FVithin each series, the intervals be- 
tween releasrs varied from 3 to 15 days; 
the samr birds wrre used repeatedly, new 
ones being introduced to rvplace losses. 
O n  successive release days, thr direction 
of displacement of individual birds was 
shifted to limit practice effects. In  the 
series of releases at 17% mi, the whole 
groups were shifted, the sequrnce for the 
birds that were first displaced to the 
north being N, E,ItT,S, N,S, E, IY ;  the 
others wt>re rotatrd in step with these. 
For the other relrases, new groups were 
formed-for example, birds that had last 
bern sent north wrrr  assigned rqually to 
groups that were to be taken E, S, and 
I Y .  About half the birds were inrxperi- 
enced in that they had nrLer been re-
moled forcibly from thr  loft area before 
rhe) wrrr used in the cross rrleases; the 
~ r m a i n d r r  had r r c e i ~ e d  a ferv prclious 
homing- rrleasrs fro111 various directions. 
For their first cross releasr, the birds wrre 
always assigned to a group going in a 
different direction from that of their im- 
mcdiatrly preceding displacrmrnt. 

Despitr thr 10-min release i n t e r ~ a l  be- 
tween birds, flight pairs or largrr groups 
TI rrr. formed on the way home in some 
casrs. T o  meet thr requirement of sta-
tistical indeprndence in thr  data, we 
have considrrrd only those birds that 
arrived singly and the fastest membrr 
of rach group in the analysis of thr 
results. The  cross releases provided 
homing rrcords for 558 of thr short-
distancr flights and for 117 of the 53- 
to 60-mi flights. These wrre approxi-
mately equally distributrd a t  rach dis-
tance among the four directions. Figure 
1 summarizrs thr homillg prrformances 
for both distances separately. Birds dis- 
placed to the south yielded a relatively 
larger number of returns at 15 mi/hr  
or faster. Likewise, flights from the 
south shorved a remarkably low number 
of losses. Birds displaced to the north, 
on the other hand, mad? thr  smallest 
number of quick returns and sho~vrd by 
far thr largest number of losses. Chi- 
square trsts of the data in Fig. 1 show 
sig-nificant departurrs from the distribu- 
tion expected by random sampling (3). 
The  winds, which averagrd about 8 mi/ 
hr and werr most often from the rvest, 
did not appreciably affect the results. 
Flights from the north were slightly fa- 
vored oler those from thr  south by the 
avrrage wind direction. 

The  fact that directiollal diffrrrnces 

are found at only 16 to 17 mi st~ongly 
suggests that even at this short distance 
orientation is not primarily basrd on 
landmarks. Sheer landmark orientation 
or random searching should rrsult in 
comparable homing prrformance from 
all directions. H o v  ever, eL rn  with thc 
practicr affordrd by right flights from 
the 17%-mi distance (trvice from each 
point for each group) ,  the north-south 
contrast in homing apparently was not 
(.rased 14).\ ,  

Thrre  is no reasonablr ground for 
doubting that a south-to-north superior- 
it) of homing exists in these birds as far 
as these two loft locations are concernrd. 
I t  should be noted that thr two Durhanl 
lofts are situatrd 2.6 mi apart, which 
makrs it unlikrly that individual featuies 
of thr loft site are responsiblr for the 
observed rffcct. Since further work is 

Fig. 1. Percentage differences in homing 
success depcndent on displacement direc- 
tions (indicated on top).  (Top)  16 to 
17% mi: (bottom) 53 to 60 mi. The fig- 
ures beneath the columns show the num- 
ber of independent flights. Legend: 
(white) percentagc of returns at 15 mi/hr 
or faster; (fine hatching) percentage of 
returns slower than 15 mi/hr but within 
release day; (heavy hatching) percentage 
of returns on subsequent days: (black) 
pcrcentrlge of birds lost. 


