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Imprinting to Chemicat Cues:

The Basis for Home Stream Selection in Salmeon

Abstract. Juvenile colto salmton were expused f0

morpholine or phene thyl aleohol

(p-alco!mf)ﬁrr V4 months and then released in Lake Michigan. During the spawning
migration 18 months later, morpholine and p-alcohol were metered into separate

sireams. and the number of morpholine- and p-a
each stream was determined. Seventeen other loc

lcohol-exposed fish returning 10
afions were also monitored. The

majority of the fish cxposed to morpholine were captured in the stream scented with

morpholine and most fish exposed o p-alcoholwere
stream. This field stud)
ical cues for homing.

capturcd at the p-alcohol-treated

v demonstrates that coho salmon imprint 1o and wiilize chem-

The odor hypothesis for salmon hom- ferent organic chemicals by coho salmon

ing states that a juvenile salmon imprints
o unique Organic chemical odors of its
natal stream and subsequently uses this
cue to locate its stream during the spawn-
ing migration (7). We report here on field
studies thal document homing 10 w0 dif-

ler and

[Oncorhynchus Lisuteh (Watbaum)]. The
methods used were modified {rom pre-
vious work 2-/0).

The basic procedure proposed by Has-

Wisby (1) was (o expose (imprint}

young salmon to a synthetic chemical in
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Monitoring stations

. Stony Creek ares (3]

. Ahnapee river

. Three Mile Creek

. Kewaunee River

. Point Beach area {2}

. Molash Creek

. Two Rivers Breakwaler
. East & Wwest Twin Rivers
. Release site ’
10. Litlle Manitowoc River
11. Big Manitowoc River
12. Fisher Creek area (2)
13. Pigeon River

14. Sheyboygan area {3}
15. Port Washington

16. Milwavkee area (3)

17. Oak Creek

18. Racine

19. Kenosha area (2)
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Fig. I. Rescarch area. Wisconsin shore, Lake Michigan.
pumber of streams in the general area of the monitoring s1
detail of the release site, the morpholine-scented Litle M

alcohol-scented breakwater areaat Two Rivers {PA)
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ation it were surveyed. Inset shows
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place of patural home stream odors, to
determine i they would return 1o a
stream scentad with that chemical, Mor-
pholine (C,HLNOYL o heteroeyetic amine,
and phenethyl aleohol (Cal1,.0) (p-alco-
hol) were selected because they can be
detected by salmonids it low conecentra-
tions and are pot known (o occur in patu-
ral waters (-6, /7). One group of fish
was exposed to morpholine at 3 concen-
tration of § % 107" mgditer. and a second
group was cxposed to p-alcohol at 1 X
107* mg/liter. A third (control} group was
lefl untreated. This experiment was con-
_ducted in 1973 with 5.000 fish in each
group and again in 1974 with {0.000 fish
per group,

Coho sadlmon were hatched and raised
for V4 years under identical conditions
at a Wisconsin State Fish Hatchery at
Wild Rose (1973) or Crystal Springs

(1974} (Fig. 3. At 1his age the fish were -

divided inte three groups of equal size,
marked with ditferent fin clips. and held
in scparate tanks (40 m long by 2.5
m wide by 1 m deep). The same water
S0WTCe. arlesian spring waler. was sup-
plied to all tanks. This hatchery wa-
ter was considered neutral because it
was pot connected directly with Lake
Michigan and. therefore, could not pro-
vide the homing adult fish with cues
about the location of a tributary stream,
A multichanne! peristaltic pump was
used to meter morpholing into one tank
and p-aleohol into a second.

The fish were exposed to the imprint-
ing chemicals from I April to I3 May
(1973 and 1974} during their presmolt and

Table 1. Total number of morpholine-treated (M), phenethy lalechol-treated {PA).
1974 and 1975. Data from the Little Manitowoc River imorpholine-scented} and th

smolt stages (70, 12-14), (Smolts ure
about 16 months old, the age at which
they feave their home tributary and mi-
grate downstream.} Alt three groups of
fish were then transported to and re-
leased v Lake Micligan between Manis
towoe and Two Rivers, Wisconsin (Fig.
£). the streams that were 1o be scented
during the spawning migration. Each
of these streams was 4.7 km from the
release site. The fish were released in-
to the fake rather than a stream in order
Lo reduce the possibility of their learning
alternate cues about the test streams,

During the falb spawning migration
18 months later. morpholine was ne-
tered inte the Little Manitowoee River
and p-aleohol into a breakwater area
at Two Rivers (Fig. 1) in order 10 simu-
fate a home stream for exposed fish. The
concentrations produced. calculated on
the basis of mean Now rates, were 5 »
107> mgliter and 5 % 1077 mgliter. re-
speciively. Because of the variable flow
rate of the test sireams and the constant
rate of morpholine and p-alcohot addition,.
the actual stream concentration ranged
between 3 x 107 and | X 10™* mgliter
{or morpholine and 2 x 102 and | x
L0~ mgliter for p-alcohol,

Both test streams were monitored for
returning fish. In addition. 17 other loca-
tions were also surveyed in order to de-
termine if a significant number of imprint-
ed fish were straving intc nonscented
streams {Fig. 1). We hypothesized that if
salmon use a chemical imprinting mech-
anism for homing. fish exposed to mor-
pholine would return to the morphaline-

type. Fishing effort is summarized by type and number of callecting trips al each location,

scented stream. and fish exposed to
p-idcohol would return (o the stream
treated with p-alcohol. Unexposed sal-
mon served as controls 1o delermine if
fish would retuen to scented streams in-
dependent of chemical cues.

Streams were monitored by creel cen-
sus survevs, clectrofishing, and gillnet-
ting. Sampling ¢flore was not strictly
comparable between sites because tech-
niques that worked well at one place
were not ellective at others, The amoeunt
and type of effort spent in monitoring
cach area, and the exact locations and
numbers of recoveries of fish fram both
experiments are recorded in Table 1.

The data for both experiments show
that most of the morpholine fish returned
to the morpholine-scented stream and
most p-alcohol fish returned o the p-alco-
hol stream. In addition (o the test streams.

. 17 locations were surveyed extensively,

and we determined that treated fish re-
turned specifically to the scenled
streams.

In 1974, of 1he total number of morpho-
hne-treated fish recovered, 94.1 percent
were found in the morpholine-treated
stream. In 1975, 97.6 percent were recov-
ered there (75). In 1974, 90.5 percent of
all p-alcohol-treated fish recovered were
caplured in the area at Two Rivers
scented with p-alcohol. and in 1975, 92.6
percent were capiured there (13). By con-
trast. large numbers of controf fish were
captured at other locations.

Treated fish probably did not styay ran-
domly or use aliernate cucs o return to
scented streamns because (i) they were

and control (C) salmon captured at individual locations during
¢ Two Rivers area (p-alcohol-scented) are printed in boldface

1974 1975
L . Number recovered Number of trips Number recoverad Number of trips
ocallon
Creel Gill  Eleciro- - Creel Gill  Electro-
M PA ¢ census  net  fishing . PA ¢ cendus  net  fishing
1 S1ony Creek (3) 1 4 50 13 13 12 40
2 Annapee River 7 138 k) 5 6 ] 37 224 4 14
3 Three Mile Creck 2 I 27 5 5 P 26
4 Kewatnee River " 5 9
5 Nuciear Power Plants (2) 1 4 123 2 3
6 Molash Creck . 2 8 1
7 Two Rivers Breakwater 3 118 I8 184 3 ! 3 192 12 126 14 1
8 East & Woest Twin Rivers 7 123 9 3 8 21 17 14
9 Stocking Sie 1 7 o0 1 1 30
G Litite Manitowoc River 207 24 189 8 452 14 42 135
1 Big Manitowoc River 2 31 44 5 | 26 7
12 Fisher Creek (2) 3 44 R H 2
13 Pigeon River 23
14 Shehoygan River (3) | 3 75 1 3 1o
15 Port Washinpton 18
16 Milwaukee arca () 65
17 Ouk Creek 306 5 180
18 Rucine | t1
19 Kenosha (2) 14
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o ‘meutral” water during their
, hifc history., (1) they were released

¢ km from the streams., and {iii) unex-

wsed fish were pecovered at several fo-
tions. We conclude. therefore. that
o treated with morpholine and P
wobol used chemical cues to returm
sspectively 10 gireams  treated with
0s¢ substances. The fish learn (imprint
o) the morpholine 0F p-aicohol during 2
1or1 period of time Juring the smoit
tage, and they retain these cues for 18
nonths without being ngain exposed to
he chemicais. AS this study was con-
jucted in the field. it provides direct evi-
dence that coho salmon use 1his mecha-
pism for homing. These studies confirm
the odor hypothesis for salmon homing.

ALLanT. ScHoLZ
Ross M. HORRALL
1o C. CoOPER
ArTHUR D. HaSLER

o epartment of Zoology. Laboratory of
Limnology. niversity of Wisconsin,
Madison 53706
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Residual Learning Deficit After Heavy

Exposure to Cannabis or Alcohol in Rats

Abstract. Acute oral administration of cannabis exiract (o rats (terrahydrocan-
nabinot dose, 10 milfigrams per kilogrami} impaired maze learning. The fmpairmiedt
was more marked after 1en daily doses of the same size- After 1,2, or 3 months’
pretreatment with the same daily dose. followed By @ 25-day drug-free peri. {, no
residnal fearning impairpienil was found. However, 6 months of daily administration
of cannabis (Iami:_\-droca;mnhfnot’, 20 mitligrams per Lilogram) of alcohal (6 grams

per kitogram) produced significant residu

af impairment of learning of maze ard Hio-

(or coordination tasks. 2 menths or more after the lasi driug adminisiration.

1t has long been recognized that chron:
ic heavy use of alcohol may give Tise 10
an organic brain syndrome characlerized
by slowing and interruption of mental
processes. difficulty  with abstract
thought, and impatrment of memory and
learning ability ). Walker and Freund
() reported that rats kept on alcohol-
containing  diets for 6 10 12 months
showed impaired avoidance learning
when tested a month or more after the
end of treutment.

Many clinical tepons from lndia,
North Africa. and clsewhere have re-
ferred to a similar ~dementia’ in long-
term heavy users of hashish 3. p. 114
Clinical descriptions of a similar stalc
have recenty appeared in the North
American and European literuture, rang-
ing fram moderate impairment of verbal
tearning and recadl ) 1o i futl clinical pic-
rure which in some €ases was thought 10
indicate organic brain damage (5. Guop-
tell ef al. 0) described it encephato-
graphic findings of cnlargement ol the
cerebral veatricles and cortical atrophy
in ten young palicis » ho had used can-
aabis heavily in addition 1o smaller
amounts of other drugs for at least 6
months.

The interpretation of these findings is
complicated by ihe frequent presence of
muitiple drug use. malputrition, infec-
tions. and other incidental factors, as
well as by the difficulty of distinguishing
between chronic intoxication and residu-
al poslimoxicmion effects, We have
therefore examined the etfects of can-
nabis. acutely and chronically. as well as
those of chronic ethanol, on perform-
ance of learning tasks in rats, under con-
ditions in which the confounding factors
were exciuded.

An ethanolic extract of ‘preassayed
marthuana leaf material wias heated (O
convert all the 1cn'nhydr(\c;mn;\hino‘ic
acid 1o le!r:\hydrocannabinol (THC)Y (7).
The THC content of the gxiracl was as-
sayed by gas-liguid chromatography (7},
and the appropriale dose was then dis-
solved in 0.2 m! of olive oil for adminis-
tration (o the rats.

For the acule cxperiment. 18 animais
were reduced to 80 percent of their tree-
foeding weight, and  pretrained in the
R:thinm'ilch-Rusvo'ld modification of the
Hq;hh-\\"i!li:uns closed-field  maze 8).
This test bas been shown tg be sensitive
1o cortical ablation a0 drug-induced
learning deficits.
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