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planned to test birdr of the same and of 
different stocks at other home points, we 
must reserve judgment regarding the 
prevalence and conrirtency of the direc- 
tional factor in homing until more re-
\ults are available. Already, parallel data 
have been obtained at a loft in Mount- 
ville, S.C. ( 5 )  and in southern Ger-
many; data from both points suggest that 
directional differences are a general phe- 
nomenon in pigeon homing. The corn-
l~ined data of these cross releases thur 
clearly confirm the earlier Wilhelms-
haven findings of syrternatically unequal 
homing performances from different di- 
rections. 

We are not able at this time to offer 
an explanation of the direction differ-
ences. However, it is conceivable that 
this discovery may provide a clue to the 
l~asis of the bird's orientation ability. 
Further study of the effect seerns irn-
perative. 

GUSTAV KRARCER 

.Mns-Planck-Institut fiir Mccresbiologie, 
ll'ilhclmshn~len, Germar~y 

J. G. PRATT 
Pnrapsj~chology Laborntory, 
Duke LT?ziz?ersity 

L T ~ s < 7 ~ A'1'03 ST. PAUI. 
.Inr-Plnnck-I~zstitut fiir Meercsbiologie, 

References and Notes 

I .  	 These experiments were conducted under con-

tract h-R 160-244 between the Office of h-aval 

Research, Department of the Navy, Washing- 

ton. and Duke University. 


2 .  	We are indebted to the following for their as-

sistance in the 53- to 59-mi release: M. H. 

Carson, T. H. Goldsmith. L. C. Graue. T.  N. 

E. Greville, D.  R. Griffin, H. B. Hitrhcock. 
and G .  V. T. Xfatthews. 

3. 	 For the 16- to 17-mi flights. x ? =  38.6 (9  d.f .) ;  

P = < 0.0001. For the 53- to 60-mi flights. test-

ing relnrns from each direction on the xlease 

day versus later and lost birds yields xZ= 14.8 

(3  d.f.) ; P = 0.002. For both distances combined 

xL.51 .5  (9 d.f.); P=<0.000001. 


4. 	 Comparing independent flights from h- and S 
from a total of 38 hirds that flew in all eight 
releases at 17% mi gives the following ratio of 
2 15 mi/hr to < 15 mi/hr birds: ( i )  during 
the first four releases. 5/19 and 16/17 (x'= 4.5;. 
1 d.f.: P = 0.032) ; (ii) during the second four 
releases, 11/20 and 19/12 (x2  =4.13, 1 d.f.: 
P = 0.042). Thus, the only obvious effect of 
practice is a general increase in speed. 

3. 	 M'e are indebted to John B. Cooley for pro-

viding hirds and assistance in these experiments. 


Formation Co~istants 
for Cu (11)-Peat Co~npIexes 

h great deal of evidence, much of it 
indirect, pointr to the fact that soil or- 
ganic matter forms relatively stable corn- 
plexes with di- and trivalent metal ions. 
I-Iowever, no quantitative information 
concerning the rtabilitj of ruch complexes 
is available. Thir is a preliminary report 

171 on the determination of formation 
con2tants for metal ion-organic matter 
complexes; it deals entirely with the 
binding of Cu(I1)  by peat. 

Table 1. Ionization constants of H-peat and for-
mation constants of Cu(I1)-peat complexes. 

- - - ~---

Cu(I1) 
added KKO., Kc 

R( I @  mole/ (mole/Gt) '"" " (X 104) 
lit) 

2 0.01 5.5 2.2 80 2.5 
2 0.1 4.8 2.2 8.0 2.5 
2 1.0 4.3 2.2 1.6 2.5 
0.6 1.0 4.3 2.2 1.0 
0.2 1.n 4.3 2.2 1.0 

Peat and other soil organic matter 
specimens possess acidic (proton-donat-
ing) groups thought to be carboxylic, 
phenolic, and enolic ( 2 ) .  Such groups 
are believed to be responsible for the 
cation exchange capacity, which gen-
erally lies between 2 and 3 milliequiva-
lents per gram. The intrinsic ionization 
constant for the carboxylic groups ap- 
pears to be about ( 3 ) ,and these are 
the only acidic groups thought to be ion- 
ized to an appreciable extent at pH of 7 
and below. 

The similarity of the acidic nature of 
peat to that of polyacrylic acid and the 
various cross-linked polymers whose 
Cu(11) complexes were studied by 
Gregor et nl. (4, 5 )  suggested that a 
similar treatment might yield values for 
the formation constants of Gu-peat com- 
plexes. 

The peat-Cu(1I) reaction may be writ- 
ten in two ways, with P referring to the 
concentration of peat functional groups: 

For calculating the apparent formation 
constant Kc the condition is rought 
where CLIP,= &++-that ir, where the 
degree of formatiou is 0.5 ( 6 ) .  Then 
K c =  1,i(P-)2. 

As is pointed out by Gregor et nl. ( 4 ) ,  
since I<c is a constant for a reaction be- 
tween a metal ion and charges on a col- 
loidal particle, Kc should vary with the 
degree of neutralization and the ionic 
strength to the same extent as the acid 
ionization constant but in the opposite 
direction. On the other hand, B, which 
essentially is the product of K c  and the 
ionization constant ka, should be inde- 
pendent of ionic strength. 

To evaluate Eqs. 1 and 2 for C u ( I 1 ) -  
peat complexes, 0.2 g (0.46 milliequiva- 
lents of acidic groups) of acid-washed 
Florida peat was shaken for 48 hours with 
50 ml of solutions containing 0.2, 0.1, 
0.06, cfr 0.02 rnmole of CLI(NO,~) ,and 
0 to 0.35 rnilliequivalents of NaOH. The 
systems containing 0.1 rnmole of Gu(I1)  
were 0.01, 0.1 or 1N in KNO,; the sys- 

tems containing the other amounts of 
Gu(I1)  were 1N in KNO,. 

The pH's were mearured with gIass 
and calomel electrodes. Titration curves 
for the acid-washed peat and for the sys- 
terns containing 0.02, 0.06, and 0.2 
mmole of Cu(11) are shown in Fig. 1. 
Strong binding of Cu(11) is indicated by 
the displacement of the curver. 

The pH's of the partially neutralized 
peatr at the three salt concentrations XLere 
plotted against log (1  - a / a ) , where a is 
the degree of neutralization calculated 
from the amount of bare required to 
laise the p H  to 7 in 1N KNO,. The points 
for each salt concentration were fitted to 
a rtraight line, leading to the values for 
fika (the negat i~e logarithm of the acid 
Ionization conrtant) and n listed in Table 
I .  From the derived equations relating 
the extent of ionization with pH and 
from the condition of electroneutrality, 
values for CLIP,, P- and H+/HP were cal- 
culated. No corrections for activity eo-
efficients were attempted. 

To  determine values for Kc and B, 
the average number of acid groups bound 
for each Cu(11) ion in the system, was 
plotted against pP  (the negative loga- 
rithm of the concentration of ionized 
peat) or log ( H + / H P ) .  The former 
yielded values of Kc(1og Kc = 2pP at 
-
n = 0.5) that varied widely with salt con- 
centration. The "corrected" constant B 
\.\as independent of salt concentration in 
the range studied. Values for I<c and R 
are listed in Table 1. 

The CLI-peat systerns were filtered, and 
Cu(I1)  was determined in the decolor- 
ized filtrates (darco carbon) with diethyl- 
dithiocarbamate. The mean of the for- 
mation constants ( K c )  calculated from 
analytic Cu( I1)  data and the electro-
neutrality condition was 3.2 x 10" which 
is in reasonable agreement with thc \ d u e  
deduced from the titration data. 

Na Added, Equ~valenta per Lifer X l o J  

Fig. 1 Neutralization curles of 0.0092N 
H-Peat in 1M KNO. ( 1 )  no C u ( I 1 ) ;  
( 2 )  0.0002M Cu(I1)  ; ( 3 )  0.0012M 
e u ( r r )  ( 4 )  O . O O ~ M C U ( I I ) .  

SCIENCE, VOL. 123 



The stability of the Cu-peat complex, 
particularly at  low salt concentrations, 
would result in extremely small quanti- 
ties of soluble ionic Cu( I1)  in most soils. 

N. T. COLEMAN 
A. C. MCCLUNG 
DAVIDP. MOORE 

North Carolina Agricultural 
Experiment Station, Raleigh 
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Modification of Electric Activity 
i n  Cochlear  Nucleus dur ing  
"Attention" i n  Unanesthetized C a t s  

Attention involves the selective aware- 
ness of certain sensory messages with the 
simultaneous suppression of others. Our 
sense organs are activated by a great 
variety of sensory stimuli, but relatively 
few evoke conscious sensation at any 
given moment. I t  is common experience 
that there is a pronounced reduction of 
extraneous sensory awareness when our 
attention is concentrated on some par-
ticular matter. During the attentive state, 
it seems as though the brain integrates for 
consciousness only a limited amount of 
sensory information, specifically, those 
impulses concerned with the object of 
attention. 

An interference with impulses initiated 

,d.#"r.'-,...w--\ 

by sensory stimuli other than those per- 
taining to the subject of attention seems 
to be an obvious possibility. It  is clear 
that this afferent blockade might occur at  
any point along the classical sensory path- 
ways from receptors to the cortical re- 
ceiving areas, or else perhaps in the re- 
cently disclosed extraclassical sensory 
paths that traverse the brain-stem reticu- 
lar system ( I ) .  

Recent evidence indicates the existence 
of central mechanisms that regulate sen- 
sory transmission. It  has been shown that 
appropriate stimulation of the brain-stem 
reticular system will inhibit afferent con- 
duction between the first- and second-
order neurons in all three principal so-
matic paths (2-4).  During central 
anesthesia, the afferent-evoked potentials 
in the first sensory relays are enhanced. 
This appears to be due to the release of 
a tonic descending inhibitory influence 
that operates during wakefulness and re- 
quires the functional integrity of the 
brain-stem reticular formation. 

The possibility that a selective central 
i n h i b i t 6  mechanism might operate 
during attention for filtering sensory 
impulses was tested by studying (5) 
afferent transmission in the second- or 
third-order neurons of the auditory path- 
way (cochlear nucleus) in unanesthe-
tized, unrestrained cats during experi- - .  

mentally elicited attentive behavior. 
Bipolar stainless steel electrodes with a 
total diameter of 0.5 mm were imolanted 
stereotaxically in the dorsal cochlear nu- 
cleus through a small hole bored in the 
skull. The electrode was fixed to the skull 
with dental cement. A minimum of 1 
week elapsed between the operation and 
the first electroencephalographic record- 
ings. Electric impulses in the form of 
short bursts of rectangular waves (0.01 to 
0.02 sec) at a frequency of 1000 to 5000 

Fig. 1. Direct recording of 
click responses in the coch- 
lear nucleus during three 
periods ; the photographs 
were taken simultaneously. 
(Top and bottom) Cat is 

1lO0yv 0.5 SEC. 

Fig. 2.  Click responses recorded from the 
cochlear nucleus of the cat. (Top) cat is 
relaxed; (middle) cat is attentively sniff- 
ing an olfactory stimulus; (bottom) cat is 
relaxed again. Note the reduced amplitude 
of the click responses when the animal is 
sniffing. 

cy/sec were delivered to a loudspeaker 
near the cats a t  an intensity comfortable 
to human observers in the same environ- 
ment. 

Three types of sensory modalities were 
used to attract the animal's attention: 
visual, olfactory, and somatic. As is illus- 
trated in Fig. 1, during presentation of 
visual stimuli (two mice in a closed bot- 
tle), the auditory responses in the coch- 
lear nucleus were greatly reduced in 
comparison with the control responses; 
they were practically abolished as long as 
the visual stimuli elicited behavioral evi- 
dence of attention. When the mice were 
removed, the auditory responses returned 
to the same order of magnitude as the 
initial controls. An olfactory stimulus that 
attracted the animal's attention produced 
a similar blocking effect. While the cat 
was attentively sniffing tubing through 
which fish odors were being delivered, the 
auditory potential in the cochclear nu-
cleus was practically absent (Fig. 2 ) .  
After the stimulus had been removed 
and when the cat appeared to be relaxed 
once more, the auditorily evoked re-
sponses in the cochclear nucleus were of 
the same magnitude as they had been 
prior to the olfactory stimulation. Simi- 
larly, a nociceptive shock delivered to the 
forepaw of the cat-a shock that appar- 
ently distracted the animal's attention- 
resulted in marked reduction of auditor- 
ily evoked responses in the cochlear 
nucleus. 

If this sensory inhibition during atten- 
tive behavior, as demonstrated in the 
auditoly pathway, occurs in all other sen- 

;..**,*,/';,,.,.+-.,." relaxed; the click responses _ 
are large. (Middle) While 
the cat is visually attentive 
to the mice in the jar, the 

[loo"" O- 500 click responses are dimin-
M SEC. ished in amplitude. 
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