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One of the joys of keeping fishes as pets is thatdon’t have to worry about them
being unhappy because of confinement. Many fiblage a natural preference for
small home ranges and they are quite satisfied Mgtln an ordinary aquarium (as
long as you provide some objects for them to hideam around). This, however,
does not mean that there isn’t a need for propstiiadrientation in fishes. In
nature, even a fish that spends all of its adidtviithin the boundaries of a small
home range may occasionally get displaced by stomby predators. After such
misfortunes, the fish must be able to find its wagk home, where the location of
good food spots and hiding places is known. Moeeokarge species, which are not
very suitable for the pet trade and therefore natrmon in aquarists’ living rooms,
are often quite mobile in nature and may traver ovide areas. The seasonal
migrations of salmon and other species are welknin that regard.

Some fishes even embark on wide-ranging traveks daily basis. In a study
conducted in the Gulf of California by Peter Klimlend Donald Nelson, scalloped
hammerhead sharkSphyrna lemini, were fitted with ultrasonic transmitters that
allowed their movements to be tracked via receivarboats. During the day the
sharks were idling around a small seamount, bdusk they left on foraging trips
that took them as much as 8 km (5 miles) away,yahdt dawn they unfailingly
returned to their point of departureEven more impressive are the journeys of one
skipjack tunaKatsuwonus pelamis, which was tracked by similar means off the
island of Kauai in the Hawaiian archipelago. Tisk could go as far as 35 km (22
miles) away from its usual resting place, and tyatways came back to that spot at
the end of a foraging trip.

Ultrasonic telemetry is useful in studies of thisckbecause the route taken by the
homing fish can be plotted (more precisely, thaedaken by the boat that follows
the fish is plotted, but that works out to be pretiuch the same thing). More
information is thus available to figure out how fish finds its way. Unfortunately,
the technology also has drawbacks. The transimidier expensive, have a lifetime of
no more than several weeks, and are so bulky Estact their use to large fishes
only. For fun, compare this to the 1950s’ wayratking fishes, a method that was
low-tech and that still worked well for speciedhig in lakes. Hooks were simply
inserted through the dorsal musculature of a fishattached to a small float via a
long thread. The movement of the float at theaswgfwould betray the movement of
the fish below, and could easily be chaftefinagine the surprise of boaters unaware
of the ongoing study when they saw a piece of $tgm moving erratically on the
surface of the lake!
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More popular than telemetry or Styrofoam-trackiaghe method of capture-
displacement-recapture. In essence, this methiesisie of catching a fish in its
home range (the area of which has already beemudetd by direct observations or
by previous captures), tagging the fish, and tleégasing it at a remote site. Traps
are then set on the original home range, as walsgsvhere in the habitat, and this is
done for many different individuals. If the dispdal fish can find their way around,
each one of them should get recaptured in the hape and not elsewhere.
However, if the fish cannot orient properly, recaps should follow a random pattern
in all traps®

Through experiments of this kind, some impresseats of homing have been
documented. In New Zealand, Sue Thompson displaxetied triplefins,
Forsterygion malcomi, 700 m (that is roughly the length of 7 footb&lds) along the
rocky reefs on which these fish lived. After 4#yd, 8 out of 10 displaced triplefins
had returned hom®.This is not bad for a fish that is only 7-10 c3r4(inches) long
and that spends all of its adult life on territsrtat are only 2 fn Similar results
have been obtained with radiated shannies displaeed270 nf, flathead catfish
over 1 km® cardinalfishes over 1-2 kitvarious sunfishes and bass over 3.5'km,
and yellowtail rockfish over 22 k.

All of this brings us to the key question: How dshks find their way back home? A
first possibility is the existence of internal comsges. These can be based on sun
position, polarised light fields, magnetic fields,electrical fields. Olfaction may
also play an important role in home-finding: fisloesild be drawn by the smell of
their home. Finally, visual landmarks can provigacons for orientation. As this
list suggests, fishes can resort to a number &dret mechanisms to find their way
around, and we should bear in mind that these nmésiing are not necessarily
exclusive of one another.

Sun compass

Most people are familiar with the notion that, wéthvatch and a view of the sun, it is
possible to infer the position of any cardinal poifhe sun is always over the east in
the morning, over the south at midday (north inSle@thern Hemisphere), and over
the west at the end of the day. Points in betveagnbe interpolated. Because fishes
have an internal (circadian) clock that allows thtermastimate the time of day, they
can use the position of the sun to infer cardifr@ations®?

Classical tests go like this: first, a fish is @édanside a container in the middle of a
circular pool. The surroundings are uniform exdept view of the sun, or at the
very least a bright lamp that moves around likestive. The pool itself is as uniform
as possible, and it is regularly rotated to previeeatfish from learning to rely on
small landmarks inside the pool that might not becpivable by people. All around
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the periphery of the pool are a number of idenstellters or feeding stations,
depending on the motivation of the fish at the mohoé the test (finding shelter or
finding food). They too can be rotated regulailyis assumed that the fish always
wants to go in the same cardinal direction, eitferause it does so in nature (some
fish, for example, go offshore to feed and instioreake shelter, and these represent
constant directions throughout the life of a fishose home range remains the same),
or because the individual has been previouslyedalvy the researcher to always go

in the same direction (for example, of all the sdrslaround the periphery, only the
one to the south-east is open).

So, the fish is released from the central contaamelthe direction in which it swims

is noted. If the fish can use sun-compass oriemtgait should always swim in the
correct direction, no matter what time of day jtjisst as long as the sun (or lamp) has
moved around the pool at a natural rate. Machliavetesearchers can also hide the
true position of the sun and use mirrors to defklscapparent position by, say,’90

with the expectation that the preferred directibthe fish would also shift by 90
Another variant is to test the fish with and withawiew of the sun (on sunny and
cloudy days, for example) with the expectation ttatect orientation would be lost
when the sun is not visible.

With these methods, sun-compass orientation hasdmmonstrated in at least a
dozen species of fish: white bdégumpkinseed sunfisf,bluegill sunfisht> green
sunfish’® largemouth bas¥, Southern starhead topminndtsockeye salmott,
mosquitofist’’ two cichlids Cichlaurus (=Heros?) severus and the uarujt one
characid® and two parrotfishes (the purple and the rainbawgtfish)?® In at least
one of those studies, the contribution of the maécircadian clock was convincingly
illustrated. Phillip Goodyear and David Benndign at the Savannah River Ecology
Laboratory in South Carolina, captured immaturegill sunfish that were in the
habit of moving in a known direction to reach theatural refuge. When tested in a
circular pool at midday in full view of the sungtie fish oriented correctly, equating
the sun position with a southerly direction and mgwappropriately relative to that.
But Goodyear and Bennett also kept some fish inab@nder a photoperiod that had
been advanced by 6 h (the fish “got up” at 1 AMeasl of 7 AM). When these fish
were tested under the natural midday sun, theyndiidrient as if the sun was over
the south. Instead they interpreted the sun posits being west. Their clock,

which had been advanced along with the artifickadtpperiod, told them they had
been up for 11 hours and that this was the enkdeoflaly, and every decent fish knows
that the sun is over the west at the end of thé d&ese results clearly indicated that
fishes do not use sun height or even light colsuweaporal cues, but sun position
and the counsel of their internal clock instéad.

Sun-compass orientation has some limitations iraggenvironments. Objects that
are low over the horizon cannot be seen from withenwater, because of the
reflection of light rays at the water surface. Bo@, therefore, cannot be viewed by
fish around dawn and dusk. Moreover, the sun ciskbe hidden by clouds and,
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even if it is not, its precise position remainschiar establish from depths of more
than a few meters. Some attention has therefae tevoted to indirect means of
detecting the sun’s position, means that overcdrae@bove limitations. If fact, there
is only one good possibility for this, and it ietability to perceive and orient to the
pattern of light polarisation that is present ia #ky. The alignment of this polarised
light field varies predictably with the position thfe sun, can be seen from depths of
200 m or more (albeit in reduced intensity), anadl lsa seen in open parts of the sky
even when the sun disk itself is low over the hatipr obscured by cloud8.

While he was at McMaster University in Hamilton, t@mo, Craig Hawryshyn tested
the ability of rainbow trout to orient to polariskght. He and his co-workers first
created a polarised light field by fitting lineaslarising filters to a tungsten-halogen
projector hanging from the ceiling. Then they pld@ long rectangular aquarium
parallel to the axis (the so-called “e-vector”}tlodt light field, and trained trout to
swim along this pathway to reach a shelter at tite &hen, in the same light field,
they set up a circular wading pool, released thieed trout in the middle of it, and
noted the direction in which the fish swam. Thegamty of the trout still moved
parallel to the field vector, even though the dacyool now allowed them to go in
any other direction. The experiment worked agdnenvother fish were trained to
swim perpendicular to the vector rather than parédl it. These fish maintained the
learned perpendicular orientation when testedérctrcular poof’ Obviously, for
them to do this, they had to be able to perceieeotientation of the polarised light
field.

Such results indicate that fishes may be capahlsiafy a polarised light compass
(or, in other words, a sun compass with an indineeans of pinpointing sun
position). However, the true usefulness of sucbhrapass in nature is still uncertain.
The Hawryshyn team has also shown that polariggd dletection requires the
presence of UV-sensitive cones in the retinas etithut, and these cones may be lost
when the fish become adult. Indeed, in the abaperments the researchers could
not get adult trout to orient properly, only immasi of less than 30 g. The use of
polarised light compasses may therefore be restrichly to those fish species that
can perceive UV light. A further limitation resgla the progressive degradation of
the polarised light field as depth and turbiditgrimase. In a subsequent study by
Hawryshyn, less than 20% of tested trout orientegerly under a field that was only
65% polarised® Therefore, even though polarised light can beated at great
depth, its poor quality there may prevent its usa apatial cue. The topic of
orientation by polarised light needs to be furtstedied, preferably under the natural
sky.

M agnetic and electric compasses

We are familiar with the magnetic compass, the kueduse when we go on
backcountry hikes. The magnetized needle pointdnArsimilar mechanism can be
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used by animal® Magnetite particles, E&,, which can form the core of biological
magnetic receptors, have been found in the headlofon®® and inside specialised
cells within the nose of trodt. These cells were found to be connected to the bra
by a special nerve, and signals were detectedisménve when the fish perceived
magnetic anomalies in their environment. Fishdadhrepresent the first vertebrate
for which such potential magnetoreceptamd associated neurological hardware have
been identified?

This anatomical evidence is rather recent, andarebers did not wait for it to prove
that fishes could maintain their bearings in a negigrfield. Protocols for this task
were simple enough, although they necessitatedgb®f equipment capable of
creating artificial magnetic fields or modifyingetimatural one. Once so equipped, all
that was left to do was to obtain fish that showexbnsistent orientation in a
magnetic field — either naturally or because thay been trained to do so — and then
alter the field. One expectation was that theahdrientation would disappear if the
magnetic field was abolished. And if the magngéld was experimentally rotated,
the prediction was that the preferred orientatibthe fish would also rotate. In many
cases, such predictions were upheld.

Lincoln Chew and Grant Brown, at the UniversityLethbridge, Alberta, put
commercially-bred rainbow trout in circular arenasg found that these fish
repeatedly (but unexplainably) faced towards thgma&ic north. The trout were not
lining up with spatial cues from outside the poethuse the visible surroundings
were regularly moved between trials, and yet tble $till faced north. However,
when the experiment was repeated in a room enciagdd-metal (a special nickel-
silver alloy) and lined with grounded copper stiipeliminate the natural magnetic
field, the orientation of the trout became rand8nSimilar results have been
reported in leopard sharKg;iakis semifasciata, which also, intriguingly, oriented in a
northerly direction when placed in a normal magnééld >*

At the University of Auckland in New Zealand, PRaylor kept introduced Chinook
salmon in a rectangular tank oriented east-wesh thie water flow and the food
coming from the west. The fish, understandablgedawest. Things got more
interesting when the salmon were moved, 18 mouatties,|to a circular tank in
another location without a view of the sky but with normal geomagnetic field.
Even though the water flow was not directional amore, the fish still faced west.
Taylor installed Helmholtz coils (circular wrapsadpper wire energised by a DC
power supply) around the arena and, by turningherpbwer in the appropriate coils,
eliminated any trace of a magnetic field. Themagon of the fish became random.
In other trials, the coils were realigned so agréserve the local magnetic field, but
rotated 90 clockwise. The fish’s orientation also change®8y but either
clockwise or counter-clockwise (they faced nortisouth instead of west).

Because the salmon in the shifted field faced eitloeth or south rather than north
only, their behaviour was called alignment ratlmantorientation. There is no solid
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explanation for this quirk of behaviour. Perhajigrement results from an imperfect
detection of the magnetic field polarity. At aye, alignment seems to be peculiar
to magnetic orientation. It is not seen in otlypes of compass. This is illustrated by
the work of Thomas Quinn and Ernest Brannon froenUWhiversity of Seattle, who
studied the migration behaviour of juvenile sockeginon in Babine Lake, British
Columbia. This lake is 150 km long and lies alamgprthwest-southeast axis. At the
time of their capture, the young smolt studied lwr@ and Brannon were intent on
leaving the lake on their seaward journey. Whetetein circular arenas, they
oriented properly in one direction: towards thdetutf the lake in the northwest.
This, however, happened only when they had a elear of the sky, and at such
times their performance was not affected by theration of the magnetic field
(normal or rotated 90counterclockwise). However, when opague covergwe
draped over the arenas to mask the view of thetskyfish started to orient both
towards and straight away from the outlet, and tieagjusted this alignment
accordingly when the magnetic field was rotated.

These findings first reveal a hierarchy of compssggth the visual compass having
priority over the magnetic one. When the sun ssole, only the sun compass is used,
and proper orientation without alignment is achéev&/hen the position of the sun
cannot be established, the fish is forced to ralyh@ magnetic compass, and
alignment rather than complete orientation is #salt. This is rather bad for those
fish that end up facing away from the outlet of e, but perhaps they can
eventually use other cues, such as water curfétigealise the error of their ways.

Another, more esoteric kind of compass is an etattone. Several fish species can
detect electrical fields. In one experiment, audar tank was set up with electrodes
at 90 intervals along the periphery. When a pair ofrthérically-opposed electrodes
was activated, a DC current passed uniformly thinathg tank. In this arena, brown
bullheads Ameiurus nebul osus, were trained to swim from a central shelter to a
feeding station 45to the right of the negative electrode, a task tearned quickly.
Now, when the electrodes were suddenly switchedmdfthe other pair was turned
on, the catfish searched for food’46 the right of the newly-active negative
electrode, not the previous ofteElectrical compasses are therefore a realitgast
in catfish. Whether this means of orientationssful to catfish in nature would
depend on the existence of steady voltage gradietiteir environment. Such
hydroelectric fields have indeed been measuredrimesponds and strearfis.

Use of olfaction

All compasses, be they visual, magnetic, or eleaitrprovide only partial

information. They inform fishes about the headimat should be followed in order to
get home, but not the precise location of homea dfinfish, for example, learns
through regular short-range excursions that itsédn@on the eastern shore of a lake,
then after a long displacement it can use its casipad head east until it hits the
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shore. Once there however, it may still have torsup and down the shoreline at
random before it finally stumbles upon its familganroundings. This could take
time, especially if the eastern shore is a longigiit one. Similar scenarios can be
imagined for coastal species. Are there any dtieks the fish can resort to so as to
facilitate their task once their compass ceaséeg taseful?

A good mechanism would be to cue in to the smeathefhome area. Such a smell
would normally radiate in all directions if thereno current, or it would form a
plume downstream if there are currents. Upon lgtirfiamiliar smell, the fish could
be induced to swim up the gradient of odour, ocuient if there is one, until it finds
the visual landmarks or the normal odour conceiotnadf its home area. This idea
assumes that the home area is endowed with aehtfedour than all other regions,
that fish can learn this odour, and that their s@fsmell is good enough to detect it
even at very diffuse concentrations. All of thisuld be proven if anosmic (smell-
impaired®®) fish could be shown to have reduced homing siscassompared to
normal individuals. Several studies have in faahaged to do this.

On the west coast of Vancouver Island, Hong Woo&I@aoPhD student in the
laboratory of Norman Wilimovsky at the UniversityBritish Columbia, studied the
homing capacity of the tidepool sculpf@ligocottus maculosus, within its intertidal
habitat. He captured many individuals from th@&me pools and made some of them
anosmic by cauterising the inside of their nosdevieiaving the other fish untouched.
Then he displaced all of them up to 125 m alongstiweline. Less than 8% of the
smell-impaired fish found their way back to the leopool, versus 20-80% —
depending on the experiment — for the intact fidite poor success of the anosmic
fish was not caused by post-operative shock, becatier sculpins were also
subjected to surgery, this time to make them blamtl these blind fish homed almost
as well as the controls. They could still smatld #hat seemed to be the k&y

In a similar experiment, Morten Halvorsen and Cigb8ll from the University of
Tromso in Norway displaced brown trout 200 m u@streor downstream from their
home site. Beforehand, they had anaesthetisdtsthand cauterised the olfactory
detectors of some of them while cauterising twessitear the nasal openings of the
others (this latter procedure did not make the diisbsmic but provided a control for
the possible shock of operation and handling). éthan four times as many control
fish came back to their home within the next 9 veeak compared to the smell-
impaired individuals. Interestingly, the contrdiat had been displaced upstream,
where they could not smell home, came back justiasessfully as those that had
been moved downstream. We can therefore imagatewlithin a stream habitat,
displaced fish could follow a rule of thumb sucHlagou can smell home, swim
against the current, but if what you smell is mkg¢ home, then swim with the current
until you do smell home”. Most of the anosmic traere recaptured around their
site o4f2release, so maybe their rule of thumb vifagolu can’t smell anything, stay
put”.
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It is a short jJump from trout to salmon, which paytthe classical example for the
importance of olfaction in homing behaviour. Whlkay are young, salmon learn the
smell of the stream in which they live. Later,\theave the stream to go live at sea.
Much later still, they come back to their nataéam in order to spawn in it. These
adult salmon find their natal stream by followimgir nose — the trail of the odour
learned several years earlier but not forgottene main player in the research that
elucidated the mystery of this homing mechaniséribur Hasler from the

University of Wisconsin. The time frame is the @9@&nd 70s. Hasler's first
experiment followed the now familiar protocol otdaing adult salmon, making
some of them anosmic (by plugging their nostrilg)levleaving others untouched,
and measuring their respective success at retutaitige stream where they had been
born and originally tagged. As you can guess,\igh unplugged noses made it
home successfully whereas the anosmic ones weapttged more or less evenly
among all of the streams of the basin. The poag driven home (along with the
fish) in a subsequent series of elegant experimd#iésler and his co-workers reared
young coho salmon in a hatchery and exposed themdamf two different chemicals,
morpholine and phenethyl alcool (PEA). Theseiardif chemicals do not normally
carry biological meaning but they are odoriferoiiie fish were then marked
according to the chemical they had been exposeahtbreleased into Lake Michigan.
During the spawning migration 1.5 years later,rs®archers dripped morpholine
into one river and PEA into another 9 km away. @ocingly, 95% of the fish that
were recaptured and that had been exposed to mompheere recovered in the
morpholine-scented river, and 92% of the recapt&€A fish were recovered in the
PEA-scented stream. One cannot ask for a betpariexental demonstration of the
importance of odours for homing salmth.

We still do not know the nature of the chemicak tbrovide the odour learned by
fishes in the wild. Geosmin, a chemical producgtimy mushrooms and present
within inland waters, is a possibility. Glass dedse been shown to detect it and to
prefer water laced with it at a time when they wanmigrate into rivers? Another
intriguing possibility is that the smell of othesh might contribute to the olfactory
“bouquet” of the home streafn. Experiments have revealed that salmon can
distinguish between the smell of conspecifics fitbeir own population versus that
of others'® One of these experiments showed that Arctic aiiéch were reared in
hatcheries with some of their brothers and sisteessmell of which could therefore
be memorised, preferred, once released in the taildscend the river where other
relatives were preseftt. So maybe adult salmon migrating upriver coulkghe
smell of the juveniles presently living in theirtabstream, assuming that these adults
and juveniles all share an ancestral olfactoryaigre.

Many coral reef fishes go through a drifting larstdge before settling down on a
patch of coral. A number of studies have showntti@apresence of other residents
on coral heads can influence the probability thatde will settle there. In one field
study conducted by Hugh Sweatman on the Greatd8dReef of Australia, water was
pumped at night from coral heads with and withesident humbug damselfish,
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Dascyllus aruanus, into similar but unoccupied coral patches. Tdredl fish that
settled through the night on these scented patebescollected at dawn by
spreading the anaesthetic quinaldine over the .cétbthe sites supplied with
humbug-occupied coral water, many larvae of thebbugrmdamsels had settled. At
the sites supplied with unoccupied coral water gielarvae had settled. Sweatman
concluded that the odour of adult conspecifics astan attractant in the settlement
behaviour of larval humbugs. He pointed out thaneital information may be
important for all species, such as humbug damselfiet settle at night and cannot
visually inspect their prospective real estte.

Some experimenters have reported that larval éistglonce released at night in
open waters 1 km away from the nearest reef, unggyriake off in the direction of
that reef. Perhaps they follow an odour plume extiag from the reef. A recent
study has found that the larvae of two coral rpetges — the spiny chromis
Acanthochromis polyacanthus, and a cardinalfish — can distinguish between wate
from their own natal reef and water from a foreigaf, showing a preference for the
natal reef water. Whether the relevant odour cdinoes the reef itself or from its
occupants is unknow#’

Use of sounds

The idea has also been put forward that larvall ésfause sounds made by crashing
waves and by the adult fish already on the reefdisectional cué® Some evidence
for this was provided in 2005 when a paper in Ssamagazine reported that more
fish larvae — mostly cardinalfishes and damselshsettled on reefs on which
speakers broadcasting sounds of snapping shrimpsindalls had been installed, as
opposed to “silent” reefd.

Use of landmarks

A final possibility for orientation is the recogiain of landmarks>? While it seems
likely that familiar landmarks are used by fishestiome range recognitiofitheir
usefulness for long-distance orientation is monghdiwl given the limited visibility
that can be achieved in water. But for some tyfhort-distance movement,
landmarks could be helpful. The behaviour of tmalfrillfin goby Bathygobius
soporator is interesting in that respect. These fish livéhie intertidal zone and at
low tide they are confined to tide pools. If theg ahased by mad scientists while in
such a pool, they jump out of the pool and “lanwiith amazing accuracy, in adjacent
pools! Sometimes they jump from pool to pool Lty reach open water, a trip
that may require up to 6 different jumps, not &iliem in the same direction. This
works only when the fish have had a chance to e&plee whole area at high tide,
when all pools are covered by water and swimmirigzéen them is possible. When
introduced into an unfamiliar pool at low tide, gedbrefuse to jump or they jump
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wrongly onto rocks. But after only one night opéxing around that new pool at
high tide, the jumping behaviour becomes accurgagna This is true even under
cloudy skies, which shows that a sun compass issed. There is still the
possibility of a magnetic compass at work, butrtiest likely hypothesis is that the
shape of each pool is memorised and serves asdimecore for proper orientation
towards the next landing platé.

Fishes could also learn the order of a seriesmufrtearks and establish routes along
them. Many coral reef fishes move off the reetloir way to feeding areas at dawn
and back along the same route at dusk. Everytdaygame route is used. Divers
who have observed this behaviour could not helpdfigct that the fish were
following a series of specific landmarks. Suppuagtihis idea, individual butterflyfish
that were experimentally displaced off the routensed to move at random at first,
but as soon as they happened to cross their welldkipath, they turned and went
straight home along it, as if recognizing’itUnfortunately, observations of this kind
do not provide information about the exact natdréhe specific landmarks. To learn
more, one would have to remove some of the poskibtimarks. Such a task would
be made difficult by the fact that relatively largeas of sand or rock might be used
as signposts. These would be hard to remove!

Whatever the mechanism or species involved, sultddgsming by animals inspires
awe in anyone who witnesses it — and witness itaveif we take the time to sit by a
tide pool and recognise the same sculpin in ibyoa turbulent stream and admire the
efforts of a salmon ascending it. There is moaath little mystery about the art of
not getting lost, but a good part of it has beedenass puzzling by patient research.
This field of investigation is difficult, and thdoge stimulating for some, because it
requires broad knowledge in sensory physiologyi@uisolfaction, electroreception,
magnetoreception), chronobiology (circadian clocksd physics (magnetic fields,
celestial movement), not to mention expertise endapture and tagging of wild
animals. But even knowing how fish succeed in mgnioes not make the feat less
awesome, as the mechanisms themselves turn oaterduisitely complex. They
are also remarkably efficient in the face of thaeatg environment’s vast expanses.

! For more examples of fish migrations, and for megal review on the topic of spatial orientation in
fishes, see: Quinn, T.P., and Dittman, A.H., 1998hes, pp. 145-211 in: Animal Homing (F. Papi,
ed.), Chapman & Hall, London; R.J.F. Smith, 1985e Tontrol of Fish Migration, Springer-Verlag,
Berlin; Dodson, J.J., 1988, The nature and roleafing in the orientation and migratory behawibr
fishes, Environmental Biology of Fishes 23: 161-1&ar recent specific examples of migratory feats,
see: Hunter, E., Metcalfe, J.D., and Reynolds,, 2003. Migration route and spawning area fidelity
by North Sea plaice, Proceedings of the Royal $poieLondon B (Biological Sciences) 270, 2097-
2103; Quinn, T.P., Stewart, 1.J., and BoatrighB.C2006, Experimental evidence of homing to site o
incubation by mature sockeye salm@mcorhynchus nerka, Animal Behaviour 72, 941-949; Block,
B.A., Teo, S.L.H., Walli, A., Boustaby, A., Stokesl, M.J.W., Farwell, C.J., Weng, K.C., Dewar, H.,
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and Williams, T.D., 2005, Electronic tagging angplation structure of Atlantic bluefin tuna, Nature
434,1121-1127.

2 Klimley, A.P., and Nelson, D.R., 1984, Diel movempatterns of the scalloped hammerhead shark
(Sphyrna lewini) in relation to El Bajo Espiritu Santo: a refugicgntral-position social system,
Behavioral Ecology and Sociobiology 15, 45-54.

% Yuen, H.S.H., 1970, Behavior of skipjack tuKatsuwonus pelamis, as determined by tracking with
ultrasonic devices, Journal of the Fisheries Resedoard of Canada 27, 2071-2079.

* Hasler, A.D., and Wisby, W.J. 1958, The returmigplaced largemouth bass and green sunfish to a
“home” area, Ecology 39, 289-293; also: Parker,.RaAd Hasler, A.D., 1959, Movement of some
displaced centrarchids, Copeia 1959, 11-13.

® Displacement protocols also have drawbacks. Sismenay lose their tags, unless fin-clipping is

used as a marker. Some fish may return home hiltencecaptured because they have learned to avoid
traps. Some fish may fail to return home but drdgause they were caught by predators, not because
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