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The Atlantic salmen (Salme salar) is the most highly prized fish
in most areas where it occurs. The fish 1s velusble to the commerciel
fisherman and %o the angler on botk sides of the North Atlantic Ccean.
From prebisteric times this fish has been ceughi.: in coastal waters
in or pear its natal stream, but only recently has fishing for the
Atlantic salmon been started on a commercial scale in offshore watvers.

- Catches of Atlantic selmon in International waters off Greenland have
inrreaced during the early and mid-1960's. In 1569, 2,1k matric tons
(4,726,662 1bs)} vere caught. This amounted to slmost one=Tifth of the
total commarcial eatch from the North Atlantic Oceen, excluding the
Baltic Sea. Methods to determine the mainland origin of this fish,
caught far from its patal str.aam, are wrgently needed to assess the
impact of thia additional exploitation on parent populations already
threatened by overfishing, pollution, and the atcolerated encroachment by
men on its enviromment.

From August through Setober 1970, I was detaliled to the Department
of Agriculture and Fisheries for Scotland on a cocperative atudy, financed
by the Natural Environment Resesrch Council for Eritain and by the Natlonal
Merine Fisheries Service (former Bureau of Commercisl Flsheries) of the
Uniteli Steates to determine if scale technlques similar to the ones I had
developed for Pacific salmon (GnccrhEchus spp.) could be epplied to
Atlantic salmon to identify the mainland area of origin of fish teken in

offghore waters.

It is wy objective here to present & cursory review of my work with
the collections of Atlantic salmon scsles and to offer suggestions for
future studies of this type. I will pay particular attenfion to the need

for standardizing the procedures for collecting scales.
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CUBSCRY EXAMINATION OF SCALES AND OF FROCEDURES FOR COLIRCTING SCALES

There sre vest collections of scales from Atlantic salmon. Just
how many of these ere suitable for use in stock identificetion studies
is subject to question, however, as many of the scales were lifted from
verying or even unspecified perts of the fish's body. We know for boih
the Atlantic and Paciflc salmon thet sceles can vary considersbly from
one body location to another.

To aeﬁémine which locations on an Atlantic salmon's body yield scales
with fairly uniform features and which locetions do mot, I ur_xﬂertook a
sigple experiment. h:qm each of two {igh--a large adult and a grilse--
Ii{t;me& and _comp_areﬂ sc'al_.es from several different body locations.
Fi_.gzre 1 shows t‘l'm__sc_;les rrom the larger fish; scales from the grilse
varied similarly, As expected, the size and shape of the scales vaz;.‘.:.gr!
considersbly between areas particulerly for sceles originating near the
#ins and gill opening. In fact, about the only thing thet most of these
ecales had in common was the mumber of winter marks. Scales from
diﬂerem:_ nody locgtiona of Atlantic salmon might be suitable, therefore,

for sglng purposes but not for stoek identification studies.’

On the other hand, the 3iza and shape of scalss taken from the
gldes of the fich belaw the dorsal fin varied considersbly less. umm&er,_
the pumber of circull in the freshwater and first ocean 20Das of seales
frem this location (scales &, B, G, avd H in ﬂaﬁ-e 1) 2id not very
.+ osantially. Gcaeles A, B, and H each had 27 eircull in the freshwater
zons &nd 40 in the first ocean zone. Scale G had 26 and U2 cireult in
the tWo zones reapsctively. Exsmination of limited mumbers of other
sceles from these same body arems indicated that the pumber of eirculd in
the freshvater apd first ocean zones 40 not vary substantially from the

counts reflected by scales A, B, G, and H.

SUGGESTION FOR FUTURE COLLECTION OF SCALES FOR STOCK
IDENTTFICATION STUDIES

The shoulder area (scale B, figure 1} has long been & preferred area
¢~0u Which to select scales. However, it has not been the only area that
6 beep used. Jarvie and Menzies, {1936) for example, although they

A3 not specify the precilse locaticn from which their scales were taXen,
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#i¥ point out that inm their work with Fiznish salmon, seales were taken

+om the ares between the lateral line and the adipose fin. They concluded,
however, that for growth studies, scales from the area immadiately above
the latersl line and below the dorsal fin were best. This agreed with

the fipndings of & group of salmon end trout experts who after mesting in
Poland in 1933, recommsnded that for growth celeulations, ecalss should

be taken between the lateral line end dorsel fin, i. e., fru'm shoulder

aren (Cons. Perm. Int. Explor, Mer., 1933).

Becavps a good proportion of the ascales collected from Atlantic salmon
_Ilﬂt.ﬁtﬁnd for growth studien and as muwch were selscted from the shoulder
are, & good proportion are sultabls for atock ldeptificasion stwiies.

An equally large proportion,; collected for aging studies, came from locatlony
other than the shoulder erea or from areas unspecified. These scales are not
sulted Tor atock identification studies.

Because many fishery agencles pow take scales from the shou.:l.dez: Aras
and because the ares probebly providas suitable scales, future collections
should be from that area of the fish providing thet they are not from
the lateral line itself nor from the rows immediately below the dorasl
f#in, In sny event, the scale analyst should know from which area of the
fish's body the scalo was selected, To accouplish this I suggast that an
outline of & fish be prioted or rubber-stamped on each scele envelope snd
that the 1eld worker taking the scales indicats by an "X" on the fish
outline, the position frow which the scales ware taken. This will identify
the position for esch sample and will eliminate doubt as to whether
the scales are sultable for growth and raclel studies or are only for age
determination. A suggested Iish outline is shown in _ﬂgura 2.

PRELIMINARY EXAMINATION OF BCALE FEATURES

.

Working with scales that were known or appeared to coms Irom the
shoulder srea of the fish, I have come acroas certain suggested trends
which may ultimately be useful for determining the origin of Atlantic
salmon captured at sea. My findings are summarized here.

Most fish taken off Greenland {August to November) have spent 1
winter in the sea {age .1). These would then begoms the age .2 fish (2
winters st ses) in mainland streama if they returned to apawn the

- o~

Sollowving year. Scuies of mOst 0f tae Tish that have more thap 1 wintey

zope in these cffehore areas have spewning checks. These are causged by
resorpilon of the scele margin upon the epproach of spewning. Resorpﬁon
may be very severe (especially in the males) and destroy many of the
warginal circulil. When the fish returns %o the ocemn, the irregular
marging of the scales are repaired and.defini‘be scars are formad,

These ¢an be counted to determine the number of times the fish has lpmmed..
8ince the resorptlon may in some ceses eliminate all cireull of & winter
wark, only the cirecull of the first year's growth in the ocemn are
undisturbed,

Consequently for the first phase of this study, T deternined the
freshwater, ocean, and total age of the individual fish. I then counted
and tabulated the rumber of circull in the Tivst ocean zone of tha
age .2 flph from the following areas:

Bootland - Tay River

Tweed River e "

Forway - lofoten Islands

Omnada - Carleton and Bona Vieta, Newroundlnnd]-‘/

UiBahs » Matne?/

Bmall numbers of scales from Sweden and Greenland
Typical scales from fich of each ares with various freshwater grovth

patterns and ages vere photographed to document the varistions noudy

Fraquencies of the numbar of cireuli in the Tirst ooean zong of the
age +2 fish from these arcas are shown in Table 1. It sppears that the
mean number of eirc¢ull varies Detween some aress apd that, on the
average, scales from fish taken in northern spwﬁing regions heva wore
circull than scales from fish taken 1:1.. the southern spawning reglons.

The dats suggest that the number of cireull in the first ocean zona could
.be used to determine area of origin of some ealmon teken at ses.

I also ssarched for consistent patterns in the spacing of cirewli in
the first ocean tone of fish originating in different areas. In sockaye
salmon from the Pacific Ocean, for example, circuli spacing in the first
ocean zone varies considerably and consistently depending on the mainland
origin of the fish. On scales of sockeye from Bristol Bay, Alaska,

the firet few cireull of the firsi ocean fone are usually widely



spaced, while on scales of sockeye from most other areas, the first [ew

" glreull are closely spaced with wider spaced circull often occurring near the
first winter zone.

- - In the present study I exsmined the spacing of the circuli in the

- :piyat ocemn zone of scales from the areas listed in Table 1. XNone of
theée samples, however, reflected a ¢onsistently unlgue pattera of eireull
gpacing. In most instances the circuli vere widely and evenly spaced
over the whole summer portion of the growth zone.

Humerous tabulations of the freshwater age of Atlagtic salmon from

various areas are avallable in the literature. A tendency has been
noted for fish to migrats to sea at a younger age in the more southerly

arcas. In the samples that T examined, this tendency was aleo evidant.
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PROIARY AND CONCLUSIONS

1. For raclal studles, ccalés shoyld be taken from a “standard”
position on the body, preferably from the shoulder area, Body positiom
from which the scale was taken sholdd be recorded for each scale.

2. Btudies should be expanded to include additional mainland arsas.

3. My analyses suggest that a method of determining the mainland
ares of origin of Atlantic salmon taken in offshore vaters wight be found
by using: (&) the mmber of circult in the first ocean xone, (v) the
freshvater age of the fish, and (o) the general appearance of épeclfisd
portions of the scales (such as the freshwater zone and/or the ocesn zons).
Addit‘.—ional saxples, however, must be obteined to confimm these preliminary
findipga. -

Y. As sdditional materiat ig made avialable to me, I plan to include

then in my studies. The final report oa thie project will appear &8 "An Atlas

of Atlaniic Salmon Scales" patterned after similer atleses (now under
technical review) on scckeye, pipk, chum and coho salmon. In the atlas,
variations of the scales by area will be shown by photographs, and
greater detail will be presented regarding e technique to deternine the

areas of origip by means of scales.

Taple 1 Rumber of cireuli in the {irst ocean zone of age .2 Atlantic salmon,

(Percentage frequencies, emoothed by threes)

* =

Yo, of Ireland Scotland m! _Eﬂ:g_eg}_a_n_dy Canada USA
circuli River HRiver lofoten Spawners Bona Vista Carleton Maipe
Tay Dweed Islands
12 0.1
13 0.4
14 0.5
15 1.7
16 4.2
17 a1
i g8
19 8.8 2.8
20 6.9 T.2
21 6.1 .1 0.5
22 5.3 8.3 2.8 0.2
23 4.6 23.3 6.2 1.1 0.8
24 = 4.2 18.9 1.7 4.8 2,9
25 3.8 1.4 0 9.9 5.6
26 3.8 5.6 10.3 13. 8.1
27 0.2 Q.2 4.4 1.7 12,9 15.5 1.6
28 1.7 1.0 5.1 1.3 5.5+ 15.8
29 .4 5.6 34 5.6 9.5 14.7 17.8%
30 C.4 9.7 6.3 S.T* 9.3 13.6 15.1
3 0.4 121 10.2 4.4 6.7 8.5 10.8
ki 0.8 4.6 14.1 2.6 4.9 2.6 T.3
33 1.6 16,0 15.6% 1.9 4.9 0.4 1.3
3 2.7 14,7 14.€ 1.7 31 0,6
35 5.0 11.8  12.% 0.8 0.8
E T2 8.0 9.0 0.3 0.3
37 8.8 440 SeT Q.1 0.5
8 9.8 Te3 3.9 0.3
35 10.4 Q.2 2.4 0.1
40 11.6" 0.9 0.3
41 11.3 0.3 0.1
42 8.5 0.1
43 6.6
44 5.8
45 4.1
45 2,5
47 2.3
48 0.6 -
49 0.4
50 0.1 ..
Total
number 212 204 319 180 45 97 68 157
Average 39,72 32.B6 33.61 23.46 22,91 27.85 27.82 28.69

1/ Samples from Greenland streams obtained since returning to Seattle, Actual

frequencies gmoothed by formils: a+2bec
2
where a, b, armd c are the consecutive unita being smoothed.
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1/ Thenks are due to Dr, A, W, May, Fisheries Research Board of Canada,

St, John's, Newvfoundland, for the loan of thege ecale samples,

2/ Tnanks are due to Dr. A. L. Maister, Atlantic Sea Run Salmon

Co—uiesion, Bangor, Maine, U.S.A., for the loan of theae eanples,

3/ Conslderable tize was required to adapt photographie technigues to
the seale projection equipment and Photographic materials availsble, Theaws
scale photograprs will be incorporated in an Atlas of Atlantic Salmon Scales
%o Wt the wvariatioas by lscality,
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s positions on the right side of the

Relative size, ghape, and appearance of acales from variou
(Pointers indicate winter marks

body of an Atlantic salaon.

evident.)
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in the ocean growth zome, where



Figure 2.--Goggested Fish outline for fmprinting oo scals savelopes.
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