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Flash evoked responses in a song control nucleus.of the zebra finch (Taeniopygia 
guttata castanotis) 
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The song of the zebra finch is facilitated and altered bv the presence ol a female. Thus.  visual information should affect the song sys- 
tem of the bird. Visually evoked potentials can be recorded from n. hyperstr iatum ventrale pars caudale [HVc). The long latency ot 
this potential and its variability indicate several processing steps between primary sensory areas of the telencephalon and HVC. With- 
in HVc,  under  these exper imental  condit ions no interaction between acoustic and visual input could be demonst ra ted .  However.  at 
the dorsal border and within the shelf below HVc. visual information seems to enhance  acoustically evoked potentials 

The song of oscine birds is contro l led  bv a well-de- 

fined system of conca tena ted  brain nuclei, the so- 

called song system L3. As  feedback control  is nec- 

essary for deve lopment  and for per formance  of song 

in many of these birds s, connect ions from the audito-  

ry system to the song control  system have been pro- 

posed and could be demons t ra ted  bv several au- 

thors 5 7.1o, i],14. According  to their  results, the nucle- 

us hypers t r ia tum ventrale  pars caudale (HVc) receiv- 

es input from field L, the te lencephal ic  nucleus of the 

auditory pathway in the bird 's  brain. 

The song of the male is, at least in the zebra  finch. 

facilitated by the presence of  a female.  II could be 

demons t ra ted  that quality and quant i ty  of the male 's  

song is a l tered by presenta t ion  of a living female as 

well as by a female dummy or  even a picture of a fe- 

male 1-4. With increasing similari ty of the stimulus to 

a living female the song of the male becomes more 

s te reotyped and f requent  and has more  int roductory 

elements and motifs. Based on these song features.  

two different song types can be de tec ted  under  natu- 

ral conditions:  the so-called 'undirected" song which 

is ut tered in si tuations not  dea r ly  assoctated with a 

definite function; and the 'd i rec ted '  song, which is di- 

rected towards the female and combined  with court-  
ship display 4-12,15. Solely acoustic contact  with a fe- 

male is not sufficient to elicit courtship behavior  and 

directed song (Bischof, unpubl ished results).  

From these behavioral  studies it is likely that the 

song control  system is in some way affected by visual 

information.  However .  there are no data available 

concerning connect ions between the visual system 

and song control  nuclei. Thus we decided to examine 

directly whether  the song system receives visual in- 

put. For  this purpose ,  we tried to record visually 

evoked potentials  (VEPs)  from HVc. while one of 

the bird 's  eyes was s t imulated with flashes. 

HVc. a higher order  nucleus of the song control  

system, was chosen, because it receives acoustic in- 

put (see aboveJ. We p roposed  that most likely acous- 

tic and visual influences should interact  for the con- 

trol of song elicitation. Evoked  potentials  were re- 

corded with glass e lect rodes  (K-ci trate  10-40 MQ)  

from the HVc of 20 adult  male zebra finches. The 

birds were anesthet ized with Ure thane  (20% w~v. 

U.1 mlJ. Visual stimuli were provided  by a s t robo- 

scope; the flash was di rected to the contra la tera l  eye 

by a f iber-optic system. Clicks were gwen as an 

acoustic stimulus by earphones  connected  to the hol- 

low earbars  by 2 cm length of very flexible vinyl tub- 

ing. Three  different combinat ions  of stimuli were 

used throughout  the experiments :  contra la tera l  

acoustic st imulation, contra la tera l  visual s t imulat ion 

and a combinat ion of both, In addit ion controls  were 

made by disconnecting the earphones  from the ear- 

bars and displacement  of the fiber optics or simply 

switching off the triggers. 
The signals were usually averaged 64 times bv a 
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Fig. 1. Averaged c~oked potentials recorded from the l-]Vc region. Left, acoustic stimulation: middle, visual stinmlation: right, com- 
bined ,timulmion. Average 64x, bin width 500 us. Arrows: I. VEP: 2. parts within the recordings, where xisual and acoustic stimuli 
ma\ interact (scc tcxt), st, stimulus. 

Nicolet signal averager. Storing and processing of the 

data was accomplished by a HP-85 microcomputer.  

This device also triggered the different stimuli and 

controlled the experimental procedure. 

Besides very slow potential shifts of large ampli- 

tude, x~hich can be seen in recordings throughout the 

brain and which were eliminated by a high pass filter 

with a cut-off frequency of 5 Hz, faster fluctuations 

of large amplitude were detected within the HVc 

area, when the bird was not stimulated either visually 

or acousticalh'. Most of these large shifts disap- 

peared with the application of stimuli. However, 

proper registration of averaged evoked potentials 

was very difficult due to the fact that one of these 

large asynchronous potentials could distort an aver- 

age curve essentially, Thus. it was carefulJv detected 

throughout the experiments whether potentials de- 

veloped stepwise in the course of the average proce- 

dure or whether they appeared as the result of one 

sweep. 

With acoustic stimulation, a sharp negative-posi-  

tive wave occurred with a peak latcnc\  of 25 ms for 

the negative potential and a duration of about 15 ms. 

The shape and latency of this potential did not change 
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essentially during its occurrence between 100 and 

1000/*m of depth  as measured  from the surface of 

the brain (Fig. 1). 

These latencies are consistent with those of single 

cell recordings for acoustic neurons within the HVc 

area,~.~. ~c~. 

The ampli tude of the first negative potent ia l  in- 

creased between 100 and 200/t in  and decreased from 

700 to 900 ~m of depth;  however ,  it could be de- 

tected down to a depth of about  20(1(]/tin. Kelly and 

Not tebohm 7 stated that HVc has an underlying shelf 

of acoustic neurons.  This was confirmed by the stud- 

ies of Katz and Gurney~ and Margoliashl~L and is con- 

sistent with our finding that  the acoustic influence ~s 

strongest at the ventral border  of HVc (Fig. 2AL 

With visual s t imulat ion,  a negative potent ial  oc- 

curred from about  200 to 700 um from the surface. 

Peak latency was about 140 ms, the durat ion of the 

wave about 100 ms (Fig~. 1, 2). Thus. in contrast  to 

the acoustically evoked potent ial  which could be re- 

corded even outside the nucleus, the VEP was re- 

stricted to the area of HVc, The ampl i tude  ot  the 

VEP is lower than that of the acoustic potent ia l ,  the 

shape seems to be more variable.  

If both stimuli were combined,  the potentials  de- 

scribed above appeared  s imultaneously in the upper 

part of the recordings. The resulting waveform was 

apparently a summat ion of the two single ew~ked po- 

tentials. If one super imposes  the two separate  re- 

cordings of visually and acoustically evoked poten-  

tials bv the computer ,  the same waveform as with 

double st imulation results (Fig. 3), 

However.  this s ta tement  holds true only for zt 

depth from about 21J0 to 701) urn. the area where pure 
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Fig. 2. Amplitude and latency diagram of acoustic (A) and visual (V) stimuli. Left: Electrode track with depth markings at 50t) and 

tO00 um. 
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Fig. 3. Means of 5 recordings from a depth between 200 and 
7{)(I #m to demonstrate the main leatures of the responses to 
different stimuli within HVc. Comb. av. recordings of pure 
acoustic or visual stimulations are added by the computer. Nole 
the similarity to the curve of combined stimulation. 

optic influence can be detected.  At  the ventral bor- 

der of HVc and within the shelf region below the nu- 

cleus, the combinat ion of stimuli resulted in an en- 

hanced second negative uave  if compared  with pure 

acoustic stimulation (Figs. 1,2),  al though with solely 

visual stimulation no evoked potential  is to be de- 

tected. 

According to the anatomical  findings, one can con- 

clude from our results that the acoustic input to HVc 

derives from field L of the neostr iatum. In other  ex- 

periments (Engelage and Bischof, in preparat ion)  we 

recorded field L peak latencies from 10 to about 

30 ms: the earliest waves may well be the trigger for 

the HVc potentials with a latency of 20-25 ms. 

Again this is in good agreement  with previous studies 

of other authors ",'~,>. 

The large latency of the VEP (135-145 ms) makes 

it impossible to decide which of the two visual path- 
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ways provides the input to HVc. The shortest laten- 

cies of VEPs in the ectostr iatum, the telencephalic 

part of the tectofugal pathway,  were recorded al 

about 40 ms. Within the Wulst,  the telencephalic re- 

gion of the thalamofugal  tract, shortest latencies 

were even at about 30-35 ms (unpublished results). 

As there is no direct connection demonst ra ted  be- 

tween HVc and visual pathways,  we propose that ad- 

ditional regions of the te lencephalon may be in- 

volved in the processing of visual information before 

it reaches HVc. Two features of our results make 

such a proposit ion likely. Firsl,  the comparably  large 

latency cannot be solely a result of long fiber tracts. 

For example,  the distance of the visual Wulst from 

the optic nerve is not much shorter  than that of HVc. 

Secondly, the shape of the VI~P in t tVc is not very 

sharp, perhaps as the result of a some processing 

steps which may desynchronize the neuronal  activity 

elicited by light flashes. 

Apparent ly ,  within the more dorsal parts of HVc, 

there is no interaction between visual and acoustic in- 

puts. If they are combined,  the resulting waveform is 

primarily an addit ion of the two singly evoked wave- 

forms. At  the ventral border  of the nucleus and the 

underlying shelf region, however,  an interaction is 

very likely. Here it seems as if visual mpnt facilitates 

acoustic input: the visual input, although no more de- 

tectable itself, enhances the reaction to the acoustic 

input. One has to consider that these results were ob- 

tained under anesthesia.  This may sevcreh'  influence 

the pat tern of interaction between the two stimuli. 

However,  it is more likely that an enhancement  and 

not a diminution of interaction x~ould be found in 

awake animals and with more natural sl imulation. 

Other ,  more complicated interactions may occur 

in addition in non-anesthet ized preparat ions.  Like- 

wise, other  stimulus programs as different spacing of 

the stimuli mav reveal more information about the 

nature of interaction at this neuronal levcl, t towever .  

our results clearly demonstra te  that there is \ isual in- 

put to HVc: whether  this input really has the function 

we can observe in our behavioral  studies, that is to fa- 

cilitate the action of the nucleus and lhc output  of 

song, remains open to further research. 

Our  thanks are due to Mrs. Kdda ( icissler  for her 

assistance in preparing the figures. This research was 

supported bv the Deutsche Forschungsgemeinschaft  
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