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To optimize conservation and restoration
strategies for fish stocks it is important to
identify the rearing habitats that produce
the most successful individuals. However,
tracking millions of migratory fish through
multiple life stages seems to be impossible
using conventional techniques. Using dif-
ferences in the ratio of stable isotopes of
strontium (Sr), found naturally in stream
water, we have been able to distinguish
juvenile Atlantic salmon (Salmo salar) from
eight of ten rearing sites studied in Vermont
streams. This demonstrates the potential for
using environmental signals to determine
the rearing stream from which salmon orig-
inate, and should help to guide restoration
activities.

Seven million Atlantic salmon fry
(about 30 mm long) are stocked annually
into tributaries of the Connecticut River in
the United States. Virtually all adults in this
restoration effort are captured before
returning to their rearing streams and are
used in breeding programmes. Therefore,
there is currently no way to determine

which rearing stream produced a returning
adult salmon. Because the fry are too small
to be physically tagged before stocking, we
investigated the use of stable isotopes of Sr,
which seem to provide an environmental
signature1, to distinguish salmon from
different rearing streams. 

The isotopic composition of Sr
(87Sr/86Sr, expressed as d87Sr; Table 1) dis-
solved in stream water reflects that of the
watershed geology2–4. Given the geological
diversity across our study region, we
expected Sr isotope ratios to vary signifi-
cantly among tributaries. Within a site,
stream-water d87Sr remains relatively con-
stant across seasons and years5,6. Fish take
up Sr isotopes in direct proportion to their
availability in water, and substitute Sr for
calcium in calcified tissues during growth7.
Because the Sr isotope ratio does not
change during uptake and assimilation,
d87Sr of fish bones and otoliths (ear-stones)
should be the same as that of the stream
water8.

Earlier attempts to identify natural fish
markers have focused on differences in ele-
mental concentrations, for example, distin-
guishing migratory from non-migratory
fish populations using the large difference
in Sr concentrations between marine and
fresh water9,10. Isotope ratios provide a

much more sensitive method than elemen-
tal concentrations for distinguishing multi-
ple populations11.

We collected fish and water from 10
salmon stocking sites in two major water-
sheds of the Connecticut River. Three
months after stocking, the vertebral d87Sr
signature in the salmon was the same as the
signature of the stream where they were
collected. During this time the salmon
undergo explosive growth, and the Sr signal
of hatchery fry (~4‰) is lost because of
exchange and accumulation of Sr from the
rearing tributary. We found only minor
seasonal fluctuations in stream-water d87Sr
values (*0.50‰; Table 1). 

The d87Sr values in salmon aged 0 and 1
years from the same sites did not differ, so
we pooled all fish from each site and found
a strong correlation between the d87Sr
value in the stream water and that in the
tissues of 90% of fish. We believe that the
most likely explanation for the two ‘mis-
matched’ fish is that they migrated from an
isotopically distinct site. Thus, our results
suggest that few juvenile salmon (*10%)
move after stocking, but that they may
move great distances, as the habitat in
which one fish was found was 5 km from
the nearest habitat that could have con-
tributed its distinct d87Sr signal.

On the basis of d87Sr values in salmon
backbones and water, we separated fish
from 10 rearing sites into 8 distinct groups
(Table 1). There was significant overlap of
d87Sr between only two pairs of sites. For
one pair (two sites separated by less than
3 km), the upper site drains into the lower
site. The second pair of sites lie further
apart but seem to drain geologically similar
catchments. 

Finally, the d87Sr values of sagittal
otoliths closely matched the vertebral sig-
nature (Table 1). Otoliths grow in discrete
annuli which can be isolated and used to
trace the age-specific chemical history of a
fish12. In returning adult salmon, ocean-
derived Sr will be in the outermost otolith
bands. Because the world’s oceans have no
measurable spatial or temporal variability
in d87Sr, ocean-derived Sr in returning
adult salmon can be reliably and easily sep-
arated from the freshwater signal. Thus we
should be able to distinguish between
stocks on the basis of their freshwater sig-
nature and to estimate tributary-specific
contributions to smolt and adult salmon
production.
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Natural isotope markers
in salmon

Table 1 Strontium isotope compositions in West and White River drainage basins
Sample site Sample date d87Sr in water d87Sr in vertebrae d87Sr in otolith

Bethel hatchery 30 May 1995 4.1550.07

White River tributaries
1. First brancha 5 May 1995 2.1850.04

13 Sep. 1995 2.0650.05

23 Aug. 1996 1.9150.05

2. White River — upperb 20 Aug. 1996 12.3750.05

3. Third branchc 10 Sep. 1996 14.4350.04

4. Tweed branchd 12 Oct. 1995 19.1350.04 18.1150.04

12 Sep. 1996 17.3450.04

5. Bingo brooke 5 May 1995 19.4750.05

24 Aug. 1995 19.9750.03 19.7550.04

12 Oct. 1995 19.6750.04 19.7950.04

27 Aug. 1996 18.4550.02

27 Aug. 1996 19.4950.04

6. West branche 24 Aug. 1995 20.3050.04 20.1750.04

12 Oct. 1995 20.1950.06 19.8350.04

27 Aug. 1996 19.7150.06

27 Aug. 1996 15.7650.03*

West River tributaries
7. Utley brookc 19 Oct. 1995 14.9650.05 14.4650.05

19 Oct. 1995 14.6250.05 14.2050.02

8. Baker brookf 10 May 1995 22.9550.06

9. West River — upperg 19 Oct. 1995 24.8050.59 26.0050.03

19 Oct. 1995 31.9350.06* 30.7850.02

10. Marlboro branchh 19 Oct. 1995 27.6950.04 27.5850.06

19 Oct. 1995 27.4050.15

Isotope ratios for Sr presented as d values. d4((Rsample/Rstandard)11)21,000, where R487Sr/86Sr. The Sr isotope
reference standard is modern ocean water (Rstandard40.70918) (ref. 13). Reported uncertainties are 22s.e.m.
calculated from the measurement of 100 to 300 ratios. 87Sr/86Sr ratios were normalized to 86Sr/88Sr40.1194. Twelve
analyses of National Bureau of Standards-987 were completed during the course of this experiment (mean
87Sr/86Sr40.710215±0.000062 (d87Sr41.4594±0.088‰)). Rearing sites that share a common superscript letter are not
significantly different (Fisher’s LSD multiple comparison, P<0.05). Water and fish values were pooled for analyses,
excluding two fish (*) that incorporated a significant portion of their signal outside the stream in which they were
collected.
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dles (n46, mean 17.8 ng DNA), a mug
(n41, 6.8 ng), a glass (n41, 34 ng) as well
as new vinyl gloves worn for 20 to 90 min
(n48, mean 51 ng) gave the genetic profile
of the holder or wearer. We found alleles in
addition to those of the wearer in samples
from two of the gloves, which could be due
to secondary transfer. We also found that
swabs of the inside of worn (1 min)
condoms (n44), where no ejaculation
occurred, also provide the wearer’s genetic
profile (mean 11.2 ng DNA). This is rele-
vant to some sexual offence investigations.

DNA yields from swabs of polypropyl-
ene tubes held for varying lengths of time
(5 s, 30 s, 3 min, 10 min), did not differ sig-
nificantly, indicating that substantial trans-
fer of material occurs during initial contact.

Objects handled by many individuals all
produced profiles with multiple alleles of
varying intensity. To determine the effect of
multiple handlers, we exchanged poly-
propylene tubes between individuals (2 or 3,
10 min each) with different genotypes.
Although the material left by the last holder
was usually present on the tube, that of pre-
vious holders was also retrieved to varying
extents. The strongest profile obtained was
not always that of the person who last held
the object, but was dependent on the indi-
vidual. We regularly observed profiles of
previous holders of a tube from swabs of
hands involved in these exchanges, showing
that in some cases material from which
DNA can be retrieved is transferred from
object to hand (secondary transfer).

Also, hands swabbed before and after a
one-minute handshake revealed the transfer
of DNA from one individual to another in
one of the four hands tested. Thus genetic
profiles from objects handled by several
people or from minute blood stains on
touched objects may be difficult to interpret.

There are many cases in which the gen-
etic profile of individuals who may have
handled or touched particular objects asso-
ciated with a crime could be extremely
important to an investigation. Our methods
have already been used at our laboratory to
provide evidence in attempted murder,
rape, armed robbery, extortion and drug-
trafficking cases.
Roland A. H. van Oorschot
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Victoria Forensic Science Centre,
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DNA fingerprints from
fingerprints

Forensic scientists regularly generate genetic
profiles from old blood stains, seminal
stains, vaginal swabs, hair, bone, urine and
cigarette butts1–6. We show that an individ-
ual’s genetic profile can now also be generat-
ed from swabs taken from objects touched
by hands, providing a new tool for crime
scene investigations. Our findings also
demonstrate the need for caution when
handling exhibits and when interpreting
results.

We swabbed specific areas of hands and
objects with cotton cloth dampened with
sterile water, using disposable forceps. We
extracted7 and quantified (ACES 2.0+ pro-
gram, Gibco BRL) DNA from these swabs,
and typed for a short tandem repeat locus
using the polymerase chain reaction7. We
compared the results with independent
typings of blood or buccal samples from
participating individuals. 

Initial tests showed that we could readily
obtain correct genetic profiles from swabs
taken directly from the palm of a hand (13
of 13). DNA yields varied from 2 to 150 ng
(average 48.6 ng). Dry hands and those that
had been washed recently tended to provide
the least DNA.

Swabs of objects handled regularly by
specific individuals all provided genetic typ-
ings that matched the user. Objects includ-
ed: leather briefcase handles (n43, mean
75 ng DNA), pens (n43, mean 1.6 ng), a
car key (n41, 1.1 ng), a personal locker
handle (n41, 3.7 ng) and telephone hand-
sets (n45, mean 10.3 ng). One of the tele-
phone handsets also clearly displayed the
genetic profile of a known secondary
(minor) user.

Furthermore, a number of pre-cleaned
objects held for a relatively short period of
time (15 min) including: plastic knife han-

How many replicons
make a nodule?

Allan Downie, in his commendable News
and Views discussion1 of our work2, suggests
that a second, non-chromosomal symbiotic
replicon could be present in the bacterial
Rhizobium species NGR234. So far, our as-
yet unpublished work on physical mapping
and random sequencing of the NGR234
genome by V. Viprey, C. Freiberg and X. P.
has produced no evidence of another plas-
mid. Further, the electrophoretic methods
we used could visualize the twin symbiotic
plasmids (relative molecular mass (Mr)
12109) of R. meliloti, but in the event con-
sistently demonstrated only a single plasmid
of Mr 3.12108 ± 22107 in NGR234 (refs 3,
4). Thus, although Morrison et al.5 reported
that NGR234 contains two plasmids of Mr

32108 and 4.52108, it seems unlikely that a
second plasmid exists. It is true, however,
that some nodulation and other symbiotic
genes map to the chromosome6. (Inciden-
tally, the fixABC cluster is present on
pNGR234a.)
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Unique morphology of
the human eye 

Human eyes have a widely exposed white
sclera surrounding the darker coloured iris,
making it easy to discern the direction in
which they are looking1. We compared the
external morphology of primate eyes in
nearly half of all primate species, and show
that this feature is uniquely human. Humans
have the largest ratio of exposed sclera in the
eye outline, which itself is elongated horizon-
tally. We suggest that these are adaptations to
extend the visual field by allowing greater eye
movement, especially in the horizontal direc-
tion, and to enhance the ease of detecting the
gaze direction of another individual.

We measured three parameters in 88 pri-
mate species: an index of exposed sclera size
(SSI) in the eye outline, the width–height
ratio (WHR) of the eye outline and the scle-
ra coloration. Human eyes have the largest
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