
Behavior Patterns in Cod Released by Electrical Stimulation of 

Olfactory Tract Bundlets 

Abstract. The olfactory tracts in the cod (Gadus morhua L.) consist of four bun- 
dlets. Three were cut symmetrically on both sides leaving only one of the four bun- 
dlets intact. Weak electrical pulses given to the uncut bundlets elicited, for each, a 
different behavior pattern in free-swimming cod. The results support a spatial basis 
for olfactory discrimination and open new experimental possibilities linking the 
neuroanatomical substrate and fish behavior. 

In fishes, the olfactory sense consti- 
tutes an information pathway important 
for a variety of life processes, such as 
feeding, social interaction, and migration 
(1). The actual repertoire of behavior 
patterns in fishes is limited in number 
compared with that of higher verte- 
brates, yet it is virtually unknown which 
specific action patterns are released via 
the olfactory system. Our experiments 
show behavior patterns in cod that can 
be induced through this system. Electri- 
cal stimulation of each of the four dis- 
crete olfactory tract bundlets elicits, for 
each, a different pattern. 

The first experiments demonstrating 
that electrical stimulation of the olfac- 
tory system can induce a specific behav- 
ior pattern were carried out by Grimm 
(2). He showed that by stimulating the 
olfactory tract, which conveys informa- 
tion from the bulb to the brain proper, he 
could induce feeding behavior in gold- 
fish. The long olfactory tract in gadoids, 
cyprinids, and silurids can be divided in- 
to several bundlets. Each enters dif- 
ferent brain nuclei, which would reason- 
ably imply a different function (3). The 
compound action potential of each bun- 
dlet reveals at least two components 
that can be correlated with the fiber 
spectra of its axons (4). 

The olfactory system of the cod 
(Gadus morhua L.) has the same charac- 
teristic elements as that of other verte- 
brates. The receptors are situated on the 
leaves of the olfactory rosette, and their 
axons form the short olfactory nerve. In 
the olfactory bulb, the large number of 
axons terminate in discrete structures 
where they make synaptic contact with 
secondary neurons. The axons of the 
secondary neurons make up the majority 
of the fibers in the olfactory tract. The 
central aspect of this long olfactory tract 
in cod can be divided into four distinct 
bundlets, which can be separated under 
the microscope. Our results were ob- 
tained by cutting three of the four bundlets 
and leaving the fourth intact. The re- 
maining bundlets on both sides were 
hooked on bipolar stimulating electrodes 
of platinum wire, which were cemented 
to the skull. These electrodes were con- 
nected by thin leads to a pulse generator. 
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During surgery the fish were anesthe- 
tized with tricaine (MS-222 Sandoz). 
They recovered within half an hour 
in observation tanks (1.2 by 0.5 by 
0.6 m) and were free to move about 
with the leads attached. The elec- 
trical shocks were between 0.3 and 6.0 
,uA and 0.3 msec long. These stimulus in- 
tensities were lower than those used for 
studying responses of fish to stimulation 
of central brain regions (2, 5). 

Fish in which the lateral part of the lat- 
eral tract was left intact took a position in 
the water with head down; usually the 
barbel and first rays of the pelvic fins 
touched the bottom (Fig. 1). Electrical 
stimulation at low intensities made the 
fish regain the head-down position even 
when it had not previously been in this 
position. The stimulated fish descended 
to the bottom and then moved backward 
using the pectoral fins and tail. Increas- 
ing the shock intensity resulted in more 
rapid adjustment to the head-down posi- 
tion and also in a greater angle between 
the fish and the bottom. Higher shock in- 
tensities induced rapid turns. The behav- 
ior could be induced by shocks of fre- 
quency as low as 4 to 8 Hz, but it oc- 
curred more rapidly when the frequency 
was increased as far as 40 Hz. Above 
this no further change appeared. Nor- 
mally a frequency of 20 Hz was used. In 
this and other behavior patterns, males 
and females reacted alike. 

The medial part of the lateral olfactory 
tract is fanlike. When only this bundlet 
was intact, the fish swam restlessly and 
more rapidly than normal. Electrical 
stimulation of this part of the tract in fish 
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Fig. 1. Position taken by a cod in which only 
the lateral bundlets of the lateral olfactory 
tracts were intact. 

at rest induced immediate swimming. In- 
creasing the shock intensity above a cer- 
tain level induced such rapid snapping of 
the jaws that it could not properly be 
studied on film (24 frames per second). 
When the duration of the volley of 
shocks was long, only one snap at the be- 
ginning of each pulse train was induced. 

The lateral part of the medial tract 
contains a large number of thin unmye- 
linated and some myelinated fibers (4). 
Fish that had only this bundlet intact 
swam slowly around in a head-up posi- 
tion with their snouts usually above wa- 
ter. Electrical stimulation of this bundlet 
induced this posture in a fish irrespective 
of previous behavior. At high shock in- 
tensity, the fish quivered and rapid 
muscle contractions could be seen on the 
sides of the body while the body of the 
fish remained in a straight position. 

Fish with only the medial part of the 
medial olfactory tract intact lay quietly 
on the bottom with the pelvic and anal 
fins touching the gravel bottom. Electri- 
cal stimulation of the tract made them lift 
their pelvic fins backward, pressing the 
heart region to the bottom. Several trains 
of shocks in a row, each of which in- 
duced this behavior, made the fish 
change coloration. White spots appeared 
on the dorsal part of the body, and con- 
trast stripes appeared on the sides. In- 
creasing the strength of the stimulus made 
the fish move backward in close contact 
with the bottom. A still higher intensity 
induced a rapid snapping, followed by 
retreat movements as described above. 

It is tempting to associate the different 
behavior patterns with various action 
patterns that can be seen in normal fish- 
es. These behavior patterns certainly 
have survival value. In this discussion, 
we shall rely heavily on the description 
of cod behavior given by Brawn (6). The 
head-down and backing movement seen 
when the lateral part of the olfactory 
tract is stimulated resembles the behav- 
ior described in observations of feeding 
cod (6, 7). The head-down and backward 
movement can be attributed to a fixed 
action pattern adjusted to finding benthic 
prey. The sensory organs on the barbel 
and pelvic fins would give the fish addi- 
tional information on the prey's location 
as these structures are dragged along the 
bottom. 

The restless swimming seen in the fish 
with the medial part of the lateral olfac- 
tory tract intact also seems to fit into 
a food-searching pattern. Because the 
sense of smell detects no vector informa- 
tion, the orientation reaction induced by 
olfactory stimuli is necessary. When 
there is no other stimulus present to in- 
dicate direction, the orientation reaction 
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will be a random search. When there is a 
directional cue, like the presence of a 
stream that the fish can sense, the animal 
will move upstream when it smells prey. 
The snapping movement seems to be an 
attempt to catch the prey. A high stimu- 
lus intensity was needed to induce snap- 
ping. These shocks presumably recruit- 
ed nerve impulses in the thin axons of 
the olfactory tract. The results indi- 
cate that a certain concentration or cer- 
tain odors must be present to elicit this 
behavior. 

The head-up position taken by the fish 
that had only the lateral part of the medi- 
al olfactory tract intact is more difficult 
to associate with any particular behav- 
ior. It might be pertinent that, in her de- 
scription of the cod's reproductive be- 
havior, Brawn (6) noted that upward 
swimming is an invitation to the female 
from the male to spawn. If the female is 
receptive, she follows the male to the 
surface, or the thermocline, where 
spawning takes place. Spawning in- 
cludes a horizontal swim with a stiff 
body and quivering movements. Al- 
though quivering movements were seen 
in our experiments, they were not asso- 
ciated with horizontal swimming. Our 
experiments were performed too late in 
the season to see if spawning was ac- 
tually induced by electrical stimulation 
of this or other tract bundlets. 

When the cod is afraid, it assumes a 
skin coloration with white spots on the 
dorsal part of the body, while dark and 
pale vertical areas appear on the sides 
(7). If the fish does not find a hiding place 
when afraid (as it could not in the obser- 
vation tank), it "freezes" to the bottom. 
The detailed manner in which this occurs 
has not yet been fully described. The 
pressing of the body against the gravel 
and the slow movements of the fins and 
tail, together with slow respiratory 

movements, may indicate fear behavior. 
The rapid snapping, similar to that ob- 
served with stimulation of the medial 
part of the lateral tract, with the retreat 
movement following immediately after- 
ward may in this situation be a defense 
mechanism. 

The distinct modification of behavior 
induced by eliminating the input from 
three out of four olfactory tract bundlets 
in fish opens a new possibility for inves- 
tigating the neuroanatomical substrate 
for certain behavior patterns. The origin 
of fibers in a specific bundlet can be 
traced back to their cell somata in the ol- 
factory bulb, and the position of these 
neurons can be determined. Experi- 
ments to determine the bulbar position of 
the neurons composing the different bun- 
dlets are still needed. Finger has de- 
scribed the central termination of the ol- 
factory tract fibers in catfish, dividing the 
tract into two bundles (3). A further sub- 
division of the olfactory tract might pro- 
vide information about the exact location 
of the regions associated with a specific 
behavior pattern. 

It is reasonable to hypothesize that 
each specific behavior described here 
can be evoked by a distinct odorant or 
group of odorants. If such is the case, it 
would imply that the coding of olfactory 
information has a spatial basis. The re- 
sults of recent studies on the organiza- 
tion of the olfactory bulb in salmonid fish 
show that the medial part of the olfactory 
bulb responds to bile salt while the later- 
al part responds to amino acids (8). Neu- 
rons situated in the medial part of the 
bulb project mostly to the medial tract, 
and neurons in the lateral part to the lat- 
eral tract (9). Thus, we suggest that be- 
havior associated with food search may 
be elicited by substances including and 
resembling amino acids, whereas other 
behaviors may be induced by bile salts or 

analogs. Feeding behavior has been re- 
ported to be induced in fish by amino 
acids and related substances (10). 

The experiments needed to uncover 
the substances that induce feeding be- 
havior or other action patterns are often 
difficult to perform and time-consuming. 
The results of our experiments have 
shown that specific changes in behavior 
are released when the cod receives olfac- 
tory information. Such specific behavior 
patterns are easy to identify in a bioassay 
and will thus facilitate the search for the 
substances that induce them in cod. 
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