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Fish of the family Salmonidae (salmon, trout and charr) are famous for their ability to learn (‘imprint’)
olfactory information as juveniles and to use those odour memories as adults to home to their natal site
for reproduction years later. However, the spatial scale at which salmonids home has not been determined,
and this is important not only for an understanding of the imprinting and homing processes but also be-
cause homing determines the spatial scale at which salmon populations are structured. To test the hypoth-
esis that salmon home to specific habitat units within a single small creek, we induced banding patterns on
the otoliths (ear bones) of pre-hatch sockeye salmon embryos by altering the temperatures at which they
were incubated. Thermally marked embryos were buried in a small pond associated with Hansen Creek, in
southwestern Alaska, and allowed to complete development and migrate. In the year when the salmon
were expected to return to the creek, examination of otoliths from carcasses revealed that 12 of 324 salmon
in the pond were marked, whereas all 138 salmon examined in the creek were unmarked. This distribution
of marked fish indicates that more of the experimental salmon returned to the pond than would have
occurred by chance, although we cannot be certain that all surviving salmon did so. These results contrib-
ute to the growing literature indicating the capacity for very fine-scale populations structure in salmon.

© 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

The tendency of animals to migrate back to their natal site
for reproduction after feeding migrations is widely distrib-
uted among diverse animal taxa (Papi 1992; Dingle 1996).
In animals with lengthy migrations, such homing behav-
iour is a prerequisite for the structuring of the species into
discrete populations. In some cases homing must be
inferred from studies of population genetics because defin-
itive marking studies are difficult to accomplish (e.g. sea
turtles: Bowen et al. 1993). The teleost family Salmonidae
(salmon, trout and charr) has been one of the models for
research on the mechanisms of homing and the differen-
tiation of populations, although many fish show this
behaviour (Lucas & Baras 2001). Anecdotal evidence indi-
cates that centuries ago astute observers realized that
salmon returned to their natal stream to spawn (Nordeng
1989), and by the 1930s convincing scientific evidence
was accumulating to support this idea (e.g. Foerster

Correspondence and present address: T. P. Quinn, Fisheries Research
Institute, School of Aquatic and Fishery Sciences, Box 355020, Univer-
sity of Washington, Seattle, WA 98195, U.S.A. (email: tquinn@u.
washington.edu). 1. J. Stewart is now at the National Marine Fisheries
Service, Northwest Fisheries Science Center, 2725 Montlake Boulevard
East, Seattle, WA 98112, U.S.A.

0003—-3472/06/$30.00/0

1936). In addition to recognizing the homing ability of
salmon, these early investigators (e.g. Rich 1939) under-
stood that the homing of salmon generates populations
with unique dynamics (i.e. levels of abundance and
recruitment patterns) and life history traits, necessitating
management and conservation as discrete units.
Evidence has accumulated that salmon populations
evolve differences in a wide variety of adaptive traits
(reviewed by Ricker 1972; McDonald 1981; Taylor 1991;
Quinn 1999), and research has also revealed many aspects
of the mechanisms of olfactory imprinting and homing
(Nevitt et al. 1994; Dittman et al. 1997). However, almost
all studies of homing have evaluated the behaviour of
salmon released from hatcheries at the smolt (seaward
migrant) stage (e.g. Quinn et al. 1991; Candy & Beacham
2000). A hatchery is an unnatural environment for
incubation and rearing (hence imprinting) and it also con-
strains the exploratory behaviour of returning adults
(Griffith et al. 1999); unfortunately, there is little informa-
tion on the homing patterns of wild salmon. In particular,
it is unclear how the process of homing grades into the
processes of spawning site selection by females (Hoopes
1972; Kondolf & Wolman 1993) and search for mates by
males (Healey & Prince 1998). Spawning grounds are
heterogeneous, and it is unclear whether the perennial
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use of certain regions results from homing or habitat
choice (Blair & Quinn 1991; Hendry et al. 1995). In
some cases mature salmon move very little within breed-
ing sites or among nearby sites (e.g. Hendry et al. 1995;
Stewart et al. 2004; Rich et al. 2006), but in other cases
they move more widely (e.g. Healey & Prince 1998). The
spatial scale at which salmon imprint, and at which
they home, is largely unknown, but this factor will deter-
mine the finest scale at which their populations can be
structured.

Salmon undoubtedly home to tributaries within large
river systems (e.g. Quinn et al. 1991; Youngson et al. 1994;
Candy & Beacham 2000). In addition, Wagner (1969) and
Cramer (1981) reported that steelhead trout, Oncorhynchus
mykiss, smolts released experimentally in different reaches
of large rivers tended to return to those reaches as adults,
although there was considerable overlap in the distribu-
tions of all groups. However, other studies showed weaker
(Slaney et al. 1993) or negligible effects of release site on
return location (Tipping & Hillson 2002). The release sites
in all of these rivers were spread out over tens of kilo-
metres, and we are not aware of any direct information
on the homing of salmon that incubate and emerge
from the gravel naturally and home to precise locations
within a small creek. Such information would reveal the
spatial unit at which salmon home, and also the extent
to which salmon populations can differentiate with a sin-
gle creek.

To address the question of fine-scale homing, we
artificially spawned adult salmon, incubated and marked
the otoliths (ear bones) of their progeny as pre-hatched
embryos, and then buried the embryos within the sub-
strate in a site within the creek system. The embryos
completed development, emerged, migrated to the lake to
feed for a year, migrated to sea to feed for two more years,
and then migrated back to the creek. We then examined
the otoliths of carcasses at the release site and the rest of
the creek to see whether more of the marked salmon
returned to their natal site than would have occurred by
chance.

METHODS
Field Methods

This study was conducted on Hansen Creek (Fig. 1),
a small stream that flows 2 km from a beaver pond to
Lake Aleknagik, in the Wood River system of southwestern
Alaska. This shallow (10-cm deep) and narrow (4-m wide)
creek supports a dense population of sockeye salmon (O.
nerka) that spawns in late July and early August. The
salmon not only spawn in the creek but also in a small
(19-cm-deep, area ~510 m?) spring-fed pond that flows
27.5m to enter the main creek about 1.5 km from the
mouth (Fig. 1; Marriott 1964; Stewart et al. 2004). The
pond is occupied by tens to hundreds of spawning sock-
eye salmon while the rest of the creek is occupied by
several thousand conspecifics (Fisheries Research Institute,
University of Washington, Seattle, U.S.A., unpublished
records). Previous research showed that adult sockeye

salmon (no other Pacific salmon species spawn in Hansen
Creek) entering the pond tended to remain there, those
displaced from it tended to return to the pond, and those
displaced from the creek into the pond tended to return to
the sections of the creek where they had been caught
(Stewart et al. 2004). To determine whether the salmon
that spawned in the pond tend to return there rather
than to other sites in the creek, we marked embryos that
would hatch, emerge from the gravel naturally, and com-
plete their migrations.

We captured 28 female salmon and 25 male salmon on
1 August 2000 from the lower section of the creek and
spawned them artificially by mixing the eggs from two
females into a bucket with the milt from two or more
males. The experimental fish thus comprised an essen-
tially random sample from the creek and probably
included few fish originating in the pond because most
salmon spawn in Hansen Creek proper, both below and
above the pond. Based on a fecundity estimate of 3162
eggs per ripe female in Hansen Creek (Fisheries Research
Institute, unpublished data), the spawning was likely to
have resulted in about 88 500 fertilized eggs. The fertilized
eggs were treated with Wescodyne (Steris Corp., Mentor,
Ohio, U.S.A.) to control bacteria and incubated in stan-
dard vertical stack trays at our Aleknagik field camp, in
a mixture of water from the lake and a well to produce
a temperature of about 10—11°C. One day after fertiliza-
tion 468 dead eggs were culled, indicating high (~99.5%)
fertilization success. The saggital otoliths (ear bones) of
sockeye salmon begin to develop after the ‘eyed stage’,
about 269 accumulated temperature units (TUs) after
fertilization (TU =days x °C; (Velsen 1987). Banding
patterns on the otoliths reflect natural variation in tem-
perature, and sharp changes in temperature can induce
visible dark bands (e.g. Volk et al. 1990). Such ‘thermal
marking’ is now widely used in Pacific salmon hatcheries.

Temperature in the incubator was checked daily with
a mercury thermometer and also recorded by an auto-
matic data logger (Onset Corp., Pocasset, Massachusetts,
U.S.A.) throughout August. Logistic constraints prevented
us from incubating the embryos any later than the
beginning of September but, based on the temperatures
from the mercury thermometer, we estimated that the
embryos had developed otoliths by late August. We then
exposed them to three pulses of well water at 4°C for 12 h,
separated by 12-h periods of 10—11°C water from 30
August to 2 September. The drops (~6°C) in temperature
were designed to induce three equally spaced marks on
the otoliths. Ideally this would have been done even later
in the season, as the otoliths would have been more fully
developed and the marks easier to detect. On 5 September
the embryos were transported to the pond and carefully
buried. This process entailed excavation of the substrate
to a depth of 10—15 cm, approximating the depth of nat-
urally spawned embryos in the pond, distribution of the
experimental embryos among the gravel, and replacement
of the substrate. The coarse substrate appeared to result in
sufficient interstitial space to largely prevent immediate
smothering or physical damage to the embryos. A set of
10 voucher embryos were retained on the date of burial,
and subsequent examination revealed detectable marks
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Figure 1. Maps showing the spatial scales relevant to homing by sockeye salmon from the open ocean to Bristol Bay, into the Nushagak River,
then into the Wood River, to Lake Aleknagik, to Hansen Creek, and finally to the side pond where this study was conducted.

943



944  ANIMAL BEHAVIOUR, 72, 4

Figure 2. Thermally induced banding pattern observed on an exper-
imentally marked otolith. The three marks are identified in order of
formation.

(Fig. 2) in only four. The complete temperature records
from the data logger indicated that this was a result of
the embryos having just barely reached the stage at which
otoliths develop at the time of marking. After accounting
for mortalities during spawning, artificial incubation
(only a few hundred) and reburial, approximately 87 000
embryos were successfully returned to natural rearing con-
ditions in the pond. Some salmon spawned naturally in
the pond in 2000; on the last day we surveyed the pond
(14 August) there were 15 live females, and by that date
three had died of senescence and 15 had been killed by
bears, indicating that subsequent production from the
pond would include both marked and unmarked fish.
The following spring (25 June 2001), 29 fry were collected
from the pond prior to their migration downstream to the
lake, and we observed a mark on one of these fry, indicat-
ing that some of the marked embryos had survived the
winter.

The great majority of sockeye salmon in the Hansen
Creek population mature at 4 years of age (Rogers 1987),
so in summer 2004 we sampled all 446 sockeye salmon
returning to the pond. Examination of the otoliths indi-
cated that 324 of them (72.6%) were age 4 and so might
have been marked. The total run to Hansen Creek in
2004 was estimated at 3913 sockeye salmon based on
the number of carcasses counted during daily surveys
and the number of live salmon on the last day surveyed.
The creek is very shallow, and many salmon (over three-
fourths in 2004) become stranded or are killed by bears
or gulls at the mouth, or during their migration upstream
(Quinn & Buck 2001). We therefore restricted our sam-
pling to 215 salmon that had died of senescence in the
creek, avoiding those fish found dead of other causes
that might still have been migrating when killed. Of the
215 salmon sampled from the creek, 138 (64.2%) were
age 4 (12 recovered below and 126 upstream of the
pond). The otoliths from these creek and pond fish were
examined ‘blind’ by staff of the Alaska Department of
Fish and Game. Specifically, they were presented with
voucher specimens of the marked embryos and asked to
indicate which adult specimens (in numbered vials with
no indication of collection site) possessed the mark.

They did so conservatively, only identifying otoliths as
marked if they were unequivocally so.

Data Analysis

Under ideal circumstances we would have marked 100%
of the embryos in the pond, but this was not possible
because we could not artificially spawn every salmon that
entered the pond in 2000 and we did not prevent natural
spawning by salmon in the pond. Given this limitation, it
would have been desirable to know what fraction of the
embryos were marked, but this was also impossible. We
could estimate how many embryos were alive when we
buried them but we had no way of knowing how many
survived to the free-swimming fry stage, nor did we know
how many fry were produced by the females spawning in
the pond. Survival of sockeye salmon from fertilization to
fry emergence varies around an average of about 10%
(Quinn 2005). Much of the natural mortality seems to oc-
cur between fertilization and the ‘eyed’ stage (when we
buried the embryos), but the experimental embryos may
have incubated faster than naturally spawned ones in
the creek or the pond because the mixture of lake and
well water was warmer than the water in the pond. Thus
the experimental embryos could have hatched and
emerged earlier than the naturally spawned ones, and
this may have compromised their survival. Finally, exam-
ination of the voucher specimens indicated that the mark-
ing was initiated prematurely, so the otoliths of only
a fraction were successfully marked. Given these issues,
we took three analytical approaches to test the hypotheses
that the experimental salmon returned to the pond.

First, we used a chi-square contingency test to estimate
whether the distributions of marked and unmarked fish in
the pond were similar, against the predicted alternative
that marked fish would be more prevalent in the pond.
Second, we reasoned that if many experimental fish
returned to the pond, this would elevate the proportion
of age-4 fish, relative to the creek as a whole, in 2004. A
chi-square test was therefore used to determine whether
the proportions of age-4 and age-5 differed between the
pond and the creek in that year.

Because the proportion of experimental fish homing to
the pond was a function of several quantities, each based
on relatively small samples and therefore subject to
sampling error, we used a Bayesian approach to estimate
the proportion homing and to retain the appropriate
degree of uncertainty about this estimate. Bayesian
methods are ideal for this type of analysis, and the results
can be easily interpreted in terms of relative probability,
unlike conventional confidence intervals or P values
(Hilborn & Mangel 1997; Wade 2000).

There were four sources of information relating to four
unknown quantities in this analysis: the proportion of
fish in the creek that were age-4 (A), the proportion of ex-
perimental fish that were marked (E), the proportion of
age-4 fish in the creek that were marked (M) and the
proportion of marked age-4 fish that homed to the pond
(H). Therefore, the total likelihood was the product of
the following four components:



L(215,138]A) = likelihood of observing 138 age-4 fish
from the 215 fish of known age, given A.

L(10, 4|E) = likelihood of observing four marked em-
bryos from 10 retained vouchers, given E.

L(138,0|M) = likelihood of observing no marked fish
from the 138 age-4 fish in the creek, given M.

L(Nu, ny|R) = likelihood of observing n,, marked age-4
fish in the pond from N, total expected marked age-4
fish in the creek, given R, the proportion of age-4 fish
homing to the pond (H) or returning to the pond by
chance (C), where

N =12+ (3467 x A x M) (1)

is a function of the 12 marked fish that we observed in the
pond, the 3467 fish in the creek and the two unknown
parameters A, M;

R=H+(1-H)xC. (2)

Without a direct estimate for 6, we conservatively assumed
that the proportion of marked fish returning to the pond by
chance would be equal to the proportion of all nonexperi-
mental age-4 fish in the creek that returned to the pond.

@
o= (2) - ()]

is again a function of the 12 marked fish that we observed
in the pond, the 3467 fish in the creek, the quantity N,
from above and the unknown parameter E.

Each likelihood was assumed to be binomially distrib-
uted with the following general form,

C=

L(n.x|p) = p=p)"

!
x!(n—x)
where n is the number of trials, x is the number of
successes and p is the probability of success.

We used the sampling/importance resampling (SIR)
method (Rubin 1987) to sample from the joint posterior
density of the four model parameters, conditioned on uni-
form priors from 0.0 to 1.0 for each of the four propor-
tions. SIR provides a simple approach to numerical
integration well suited to a problem of small dimension
with relatively easily calculated likelihoods (McAllister
et al. 1994; Punt & Hilborn 1997). This method draws
parameters randomly from the prior distributions, calcu-
lates the total likelihood of each draw and retains a sample
of the total draws with a probability proportional to the
likelihood of each draw. The algorithm was run until
50000 unique samples had been obtained from the joint
posterior distribution of model parameters.

RESULTS

Marks were detected in 12 of the 324 fish of age-4 in the
pond and O of the 138 fish of that age in the creek. The
chi-square test, after Yates’ correction for small samples,
indicated that the proportions of marked and unmarked

QUINN ET AL.: HOMING BY SOCKEYE SALMON

fish were unlikely to have differed this much by chance
(x3 = 3.88, P < 0.05). Similarly, the proportion of age-4
fish in the pond (324 of 446 = 72.6%) was significantly
higher than the proportion in the creek (138 of
215 = 64.2%; X% = 4.93, P < 0.05), consistent with the hy-
pothesis that the artificially spawned fish had contributed
to the population in the pond. Such a difference might
arise from exclusion of old (thus large) fish from the
pond by physical access up the shallow creek linking the
pond with Hansen Creek proper. To evaluate this possibil-
ity, we compared the lengths of males and females in the
pond and the creek from all years (N = 6) with sufficiently
large numbers of measured fish. For both males and
females, there were 3 years in which the fish in the
pond were smaller than those in the creek at large, and
3 years in which this was not the case. In addition, males
are considerably larger than females in length and body
depth, so if large fish were unable to enter the pond, we
would expect higher proportions of males in the creek
than in the pond in each year. However, there was only
one year in which females were more numerous in the
pond; in 2 years, males were more numerous in the
pond, and in 3 years, the proportions were similar. One
final piece of evidence that the experimental fish aug-
mented the population was the fact that the pond gener-
ally supports only a small fraction of the spawning in the
creek (range 0.0—11.71% during 1991-2004) but the
value in 2004 (11.65%) was the second highest on record.

Despite the small sample size and substantial parameter
uncertainty in this analysis, we found strong evidence
that a large proportion of the marked fish homed back to
the pond where they were incubated. The median of the
posterior probability distribution for the proportion of
marked fish homing to the pond was 0.580, with a 90%
probability that the value was between 0.156 and 0.937.
The median posterior probability estimates for the other
three model parameters were very close to the partial
maximum likelihood estimates from each component;
the proportion of adults marked = 0.003, proportion of
marked age-4 fish in the creek =0.640, proportion of
embryos carrying a readable mark = 0.413. The marginal
posterior distributions are shown in Fig. 3.

DISCUSSION

The homing by salmonid fish to their natal site for
breeding is widely known but still incompletely under-
stood in many respects. The ‘classic’ description of the
phenomenon is that salmon imprint on odours that they
detect during migration from freshwater to marine envi-
ronments. This transition from the parr stage to the smolt
stage is marked by many physiological changes, including
increased levels of thyroid hormones long associated with
imprinting (Hasler & Scholz 1983). Although many exper-
imental studies have supported the concept of imprinting
at this stage (e.g. Scholz et al. 1976; Morin et al. 1989), the
natural history of many salmon populations dictates that
olfactory imprinting must occur earlier as well, probably
between the period when the embryos hatch and when
they emerge from the gravel as free-swimming fry some
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Figure 3. Posterior probability distributions for model parameters: proportion of marked fish that homed to the pond (a), proportion of age-4
adults that were marked (b), proportion of age-4 fish in the creek (c) and proportion of embryos with readable marks (d).

months later. Sockeye salmon smolts typically migrate to
sea from the outlet of a lake after feeding there for 1 or
2 years after emerging from the gravel, but a single lake
may have many discrete breeding populations. The persis-
tent differences between sockeye salmon populations in
life history traits (Blair et al. 1993; Quinn et al. 1995)
and selectively neutral genetic markers (Burger et al.
1997; Beacham et al. 2006) present strong indirect evi-
dence that they home to the site where they were
spawned and incubated, not merely the site where they
experienced the parr—smolt transformation. We previ-
ously reported evidence of natural differences in otolith
microstructure among sockeye salmon populations within
one lake, indicating homing to natal breeding sites
(Quinn et al. 1999), but the present results take the level
of homing much further, to a specific habitat unit within
one small stream. This is consistent with the inference
that chinook salmon, O. tshawytscha, homed to reaches
of a river, based on the degree of genetic relatedness of in-
dividuals (Bentzen et al. 2001).

We do not conclude that all salmon return to the precise
location where they were spawned, nor do we believe that
all salmon in the Hansen Creek pond were necessarily
spawned there. Competition for space may cause fish to
compromise the homing instinct and spawn at non-natal
locations. In addition, the processes of olfactory imprint-
ing and homing are remarkable but not unerring. Numer-
ous studies have found that at least some salmon that
survive to maturity stray and spawn at non-natal loca-
tions, even if ‘homing’ is defined at a much coarser spatial
scale than the one we studied here (Quinn 1993). The im-
printing process involves odorant molecules contacting
the sensory cells of the olfactory epithelium, sensitization

of those cells for those specific odorants, and retention of
memories in the higher olfactory centres in the brain
(Nevitt et al. 1994; Dittman et al. 1997). The olfactory
systems of alevins (post-hatch embryonic salmon) are
well developed and there is abundant evidence for learn-
ing during this stage (Brannon 1972). Nevertheless, most
of the chemical composition of water is water, and most
of the remaining ‘signature’ chemicals must be very simi-
lar at the fine spatial scales that we were concerned with.
The vegetative canopy (alder and spruce trees) around the
pond was somewhat more open than that in the creek’s
riparian zone but not fundamentally different from it,
and many of the same grasses and other plants were pres-
ent. The pond was situated in an open, boggy area, which
may have leached chemicals with a sufficiently distinctive
chemistry to support homing. However, the entire length
of the creek was in a broad, flat valley with groundwater
entering from both sides, so the chemical differences
must have been subtle.

In addition to the mechanistic reasons for homing to be
imperfect (i.e. the sensory systems involved in imprinting
juveniles and in guiding adults, and the memories to assist
them, are subject to some error), the postglacial coloniza-
tion of newly accessible streams by salmon provides
abundant ecological evidence that salmon stray (Milner
et al. 2000). The structuring of salmon populations, there-
fore, exists in a dynamic balance. Homing to natal sites
isolates breeding populations and leads to differentiation
as the processes of natural selection and genetic drift oper-
ate. Straying, at broad and fine spatial scales, allows gene
flow among populations, and the colonization of new
habitat. Salmon populations are thus structured at a series
of increasingly fine levels, characterized by more exchange



and less isolation. Our experimental salmon homed to the
right continent (e.g. North America rather than Asia) and
region (Bristol Bay rather than elsewhere in North
America). They ascended the Nushagak River system
rather than any of the other large rivers elsewhere in
Bristol Bay that support sockeye salmon, then ascended
its tributary, the Wood River, rather than swimming fur-
ther up the Nushagak River as do other sockeye salmon
migrating at the same time. Once in the Wood River
they migrated no further than Lake Aleknagik, even
though there are several lakes above it with dozens of
sockeye salmon populations. They distinguished Hansen
Creek from Happy and Eagle creeks, each less than 1 km
away along the shoreline of the lake. They then ascended
1.5km past suitable spawning habitat (used by other
salmon at the same time or later in the season) to enter
the pond.

We have described the homing process as being guided
by odours resulting from the local geology and flora, but
Nordeng (1977) proposed that population-specific odours
from the juveniles residing in the natal stream or migrat-
ing from it could provide the distinctive chemicals to
guide adults. Laboratory experiments have revealed that
salmonid fish can indeed discriminate the chemical traces
of members of their population from those of other pop-
ulations (Courtenay et al. 1997, and references therein).
However, a field experiment showed that adult salmon
returned to their natal site, even though it was devoid of
juvenile conspecifics, bypassing a non-natal site further
downstream that held juveniles of their population
(Brannon & Quinn 1990). In our experiment, the parents
of the experimental fish were drawn from the population
at large and so would have had no special attraction for
odours of pond fish. More broadly, the life history of
sockeye salmon (as well as chum, O. keta, and pink,
O. gorbuscha, salmon) involves migration from the stream
by newly emerged fry, unlike Atlantic salmon that spend
several years rearing in streams prior to seaward migration.
Thus population-specific odours are unlikely to guide
homing adults as a rule, although they may play a role
in some cases.

Our results indicate that salmon that were marked and
released into the pond as pre-hatch embryos returned to
the pond rather than to the rest of the creek more often
than would have occurred by chance. Indeed, no marked
salmon were detected among our samples from the creek
proper. However, we cannot determine precisely what
proportion of the experimental salmon homed. Some
salmon spawned naturally in the pond in 2000, but based
on the number observed, the artificially spawned
offspring would have been a large fraction of the pond’s
production. However, our success in properly depositing
the embryos in the gravel was uncertain. In addition,
incubation in lake water advanced the development of the
experimental embryos so they would have hatched and
emerged earlier than the naturally spawned fish, and this
might have compromised their survival in some way.
Finally, it appeared that the marking process took place
earlier in development than we had anticipated, so only
about 40% of the experimental embryos were actually
marked. Had we excluded all natural spawning from the
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pond in 2000 (so only experimental fish could have
migrated from it as fry), we would have had a direct
estimate of the proportion of the naturally produced fish
returning to the pond by chance because any unmarked
fish would have been strays from the creek. Such a draco-
nian approach, employed with pink salmon in Sashin
Creek, Alaska (Harry & Olson 1963; Ellis 1969), revealed
some straying into a creek that had been deliberately
blocked to salmon in the previous generation. However,
we balanced the goals of the study with potential impacts
to the natural population and did not to pursue this
option.

Notwithstanding the uncertainties regarding the precise
proportion of experimental salmon that homed, our
results show that sockeye salmon are capable of excep-
tionally fine-scale homing. It is unclear whether other
kinds of animals show similarly precise homing. Salmon
hatchlings are exceptionally large compared to other
teleost fish, and they remain in the gravel environment
with a prolonged opportunity for imprinting. In most fish,
the larval stages disperse (although spatial scales vary)
when they are much smaller and less well developed. For
example, Werner & Lannoo (1994) concluded that larval
white suckers, Catostomus commersoni, have the structures
needed for olfactory imprinting at the time they leave
streams, but that these structures are not nearly as
developed as those of salmon. Hatchling sea turtles,
Lepidochelys kempi, have the capacity for olfactory imprint-
ing (Grassman et al. 1984) but the scale of natal homing is
unclear. However, evidence has been presented that some
coral reef fish, previously believed to disperse widely from
the natal area at larval stages, may home back, so they
may ‘self-recruit’ (Jones et al. 1999), and some species
use odours for orientation during the settlement period
(Atema et al. 2002). Thus, much still needs to be learned
about the timing of imprinting, the spatial scale of hom-
ing and the associated structure of animal populations.
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