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ABSTRACT 

Photographic plates of sockeye salmon scales, with ex­
planatory text, illustrate in detail the variations in scale 
features in this species. These illustrations of zones of fresh­
water and ocean growth (and of complete scales) can be used 
as: (1) standards to which scales under study may be re-

Sockeye salmon (Oncorhynchus nerka) is the 
most valuable species of Pacific salmon in North 
America and has been the subject of scientific 
study since the 1870's. Most of the extensive re­
search for the INPFC (International North 
Pacific Fisheries COnlmission) by Canada, Japan, 
and the United States now is directed toward this 
species. Many of these projects use data obtained 
from study of the scales of sockeye salmon. 

Sockeye salmon spend their early lives in fresh 
water, migrate to the North Pacific Ocean, and 
finally return to their natal streams to spawn and 
die. The growth zones formed on the scales record 
the grovrth of each individual fish. The fresh- and 
salt-water zones differ from each other in appear­
ance. The zones can reveal the number of years 
that the fish spent in each environment; they a1<;0 
divulge the year in which the fish was hatched and 
the year it migrated to sea. Scale features have 
been used in age studies of sockeye salmon since 
1910 (Gilbert, 1913). Recently, scale features 
have also been used in racial studies to determine 
the origin of fish taken at sea (Krogius, 1958; 
Kubo, 1958; Kubo and Kosaka, 1959; Henry, 
1961; Mosher, Anas, and Liscom, 1961; Anas, 
1963; Mosher, 1963; and Anas, 1964). 

No detailed information has been published, 
however, on how to interpret the scales. The pur­
pose of this atlas is to show the features of sock­
eye salmon scales in detail so that workers can In­

terpret the scales they are working with to pro­
vide the data required in their studies. 

ferred for determination of age and race, (2) guides in choos­
ing scale characters for racial and other studies, and (3) aids 
in the training of scale scientists. Examples of regenerated, 
resorbed, and other atypical scales are also shown. 

A section on the use of the atlas in age studies 
and for describing scale features follows the illus­
trations of the scale features. 

MATERIALS AND METHODS 

Scientists of BCF (Bureau of Commercial 
Fisheries) have examined many thousands of 
sockeye salmon scales in recent years to supply 
information to the United States Section of 
INPFC. From these thousands I have selected 
certain scales to illustrate the variations in scale 
characters among fish. Variations may be genetic 
or environmental, or both, but generally many 
of the differences in the characters of scales are 
linked to geographic localities; therefore, a study 
of these variations offers a means of determining 
the mainland (racial) origin of fish taken beyond 
their natal streams. 

For scale studies, workers of the research 
agencies of the INPFC (Fisheries Agency of 
Japan, Fisheries Research Board of Canada, and 
BCF) collect scales from the side of the fish as 
shown in Mosher, 1963. The "preferred scale" is 
in the second scale row above the lateral line in 
the diagonal scale row downward from the pos­
terior edge of the dorsal fin. If this scale is missing 
on both sides of the fish, a scale ''i~taken as close 
as possible to the preferred position, but not from 
the lateral line or the first row above or below the 
line. 

The plates of the atlas are made from negative 
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prints of projected plastic impressions of. scales.1 

Explanations and descriptions of the vanous fea­
tures accompany the plates. 

The original plates were assen::bled. on 15- by 
20-inch mounting sheets. MagmficatlOn of the 
individual scales and scale sections was adjusted 
for reduction onto the usual 8- by l01/2-inch 
page; in this reduction, however, the clarity of 
the scale characters varies some\vhat; therefore, 

I suggest that the reader keep a sman magnify­
ing glass (2 to 4X) handy for examination of 
specific portions of the plates as needed. 

Examples of negative and positive prints of 
scales, a comparison of scales and their plastic 
impressions, the appearance of scale features 
under various magnifications, a glossary of terms 
used in scale studies, and the method of making 
.the photographs are presented in the appendix. 

The following order of topics has been chosen 
as the most useful for study of scales from sock­
eye salmon: 

1. 	 Gross features of sockeye salmon scales 
(plates 1 and 2). 

2. 	 Circuli, winter zones, and ages in the 
fresh-water growth zone (plates 3, 4, and 
5) . 

3. 	 Transition zone between fresh-water and 
ocean growth (plate 6). 

4. 	 Appearance, number, and spacing of cir­
culi, winter zones, and ocean ages in the 
ocean growth zone (plates 7-11) . 

5. 	 Age group combinations in sockeye salmon 
(plates 12-16). 

6. 	 Anomalies which make some scales un­
usable for age and racial studies (plates 
17,18, and 19). 

7. 	 Use of the atlas. 
8. 	 Appendix. 

FEATURES OF SCALES FROM 
SOCKEYE SALMON (Plate 1) 

Under magnification, a sockeye salmon scale 
shows two distinct areas: (1) The ant€rior or 
sculptured field, which was embedded in the scale 
pocket and (2) the post€rior or unsculptured 
field, which protruded from the scale pocket and 

1 See Mosher (1950) for a description of the scale projector. See 
Clutter and Whitesel (1956) or Koo (1962a) for a description of the 
method of making plastic impressions of the scales. 

overlapped th€ adjacent posterior scale poc~ets. 
he examples sho\\TIl in plate 1 and plate 2 Illus­
rate these and other gross features described 
elow. Scales of Pacific salmon are cycloid scales. 

ANTERIOR FIELD 

The upper surface of the anterior field is 
sculptured with ridges (circuli) and grooves 

(interspaces). See Koo and Finn (1964) for 
photographs of magnified cross sections of sal­
mon scales. Under magnification the circuli and 
interspaces appear as alternating light and dark 
concentric "rings" which result from differences 
in transmission of light through the grooves and 
ridges of the translucent scale material,2 The 
contrast between circuli and inters paces varies 
from high (heavily marked circuli) to low 
(lightly marked circuli).3 Circuli are formed on 
the edge of the scale as it grows (Neave, 1936; 
Welander, 1940; Wallin, 1957). When the scales 
are growing rapidly (in late spring and sum­
mer), the circuli are deposited relatively far 
apart and have a broad and heavy appearance 
and texture (as if drawn with a blunt pencil or 
stub-tipped pen). The periods of retarded 
growth (in the fall, winter, and early spring) 
show on the scale as bands of circuli lying closer 
together than the circuli of the summer growth 
zone. These bands have been called annual 
marks, annual rings. winter zones, winter 
checks, winter growth zones, resting zones, or 
annuli.4 Where zone dimensions are needed, most 
salmon scale workers measure to the last circulus 
of this band of closely spaced circuli. 

The circuli laid down while the fish is in fresh 
water are of finer texture than those deposit€d 
later while the fish is in the ocean (as if drawn 
with a sharp pencil or fine-tipped pen). This cen­

2 The circuli appear as the light rings in the negative prints and 
the interspaces as the dark rings (see appendix plate 3). 

3 The differences in contrast between circuli and interspaces are 
not as evident in the photographs as they are when the scales or 
scale impressions are examined directly. For reproduction I have ad~ 
justed the contrast hetween the light and dark tones to near maximum 
wherever possible. 

4 Annuli of sockeye salmon scales. unlike those of most other fish. 
are bands of closely spaced circuli formed during the winter and 
early spring. The usual definition of an annulus as a line of discon.. 
tinuity between successive growth zones does not describe most annuli 
in the ocean growth zones of the sockeye salmon scale. Such lines of 
discontinuity often occur between the fresh-water and ocean growth 
zones whether or not an annulus is present and often occur on the 
scale at various places not related to the presence of the bands of 
closely spaced circuli which form each winter. 

T
t
b
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tral zone of closely spaced circuli is often call:d 
the nucleus. The area enclosed by the first CIr­
culus is called the focus of the scale or the cen­
tral platelet. Only the first few circuli encircle 
the focus; the rest are arcs that do not extend 
into the posterior field. 

POSTERIOR FIELD 

The posterior field is a relatively clear area 
without distinctive growth features. It photo­
graphs black because it is uniformly translucent 
(see appendix plate 3). 

TYPES OF CIRCULI (Plate 2) 

The circuli of fresh-water and ocean growth 
may be described as : 

1. 	 Complete, or regular-circuli that are un­
broken over most of their arc. 

2. 	 Incomplete, or irregular-circuli that are
broken, split, or otherwise discontinuous in
the anterior portion of their arc. Several
types of incomplete or irregular circuli may
be identified as follows: 
a. 	 Broken-circuli that are broken or dis­

continuous in the anterior portion of their
arc.5 

b. 	 Split-circuli that divide into two or
more circuli. 

c. 	 Incomplete-circuli that end in a cul-de­
sac against another one or two circuli, or
circuli that are not complete around the
anterior field of the scale. 

d. 	 Island-a small segment of a circulus
that is not joined to another circulus, but
stands by itself. 

e. 	 Loop-a segment of one or two circuli
that form a loop. 

f. 	 Link-an interconnection between adja­
cent circuli. 

g. 	 Miscellaneous-circuli that are modified
in various other ways. 

FRESH·WATER (LACUSTRINE) 

GROWTH 


Plates 3, 4, and 5 show the fresh-water por­

5 Krogius (1968) used counts of broken circuli as a scale character 
in racial studies. 

tions of adult sockeye salmon scales and give 
examples of zones of complete, "average," and 
irregular circuli; various types of winter zones; 
and various fresh-water ages. The same criteria 
can b€ applied to scales from young salmon col­
lected in fresh water. 

FRESH.WATER CIRCULI (Plate 3) 

This plate shows examples of different types 
of circuli in fresh-water growth of ages 1., 2., 
and 3.6 See plate 2 for examples of various 
types of circuli. Figures labeled A are scales 
with predominantly complete circuli; thase la­
beled B are more or less "average" scales, some 
circuli complete, others broken and irregular; 
and those labeled C are scales with predomi­
nantly broken and irregular circuli. Arrows 
indicate end of winter growth. 

On the North American side of the Pacific  Ocean complete circuli generally predominate 
 on scales of fish from Bristol Bay, Karluk River,  

Fish Creek (in Cook Inlet), Alaska; Skeena and  Fraser Rivers, British Columbia; and the Co­
lumbia River. On the Asian side of the Pacific, 
complete circuli occur frequently on scales of 

 fish from the Ozernaia, Kamchatka, and Dalinaia 
Rivers of Kamchatka. 

 Broken and irregular circuli predominate on 
scales of fish collected in the Aleutian Islands, 
the Alaska Peninsula, Cook Inlet (except Fish 

 Creek), and Southeastern Alaska; Smith and 
 Rivers Inlets, British Columbia; and in Blin­

jinaia and Bolshaia Rivers of Kamchatka. 
 Fish scales from any area may have some 
 complete and some broken circuli in the fresh­

water zones. 

 
WINTER ZONES IN FRESH·WATER GROWTH 

(Plate 4) 

As mentioned previously, winter zones are 
formed when the growth of the scale slows down  during the fall, winter, and early spring. The 
circuli are formed closer together and are broken 
or otherwise interrupted so that the winter 
growth zone shows up as a band of circuli more 
closely spaced than the adjacent circuli nearer 

6 Age designation of salmon in reference to fresh·water life only 
follows the recommendations of Koo (1962b) : an Arabic numeral in· 
dicating the winters the fish spent in fresh water from hatching, 
followed by a dot. 
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to the focus or to the edge of the scale. Because 
the circuli of the fresh-water zone are closer to­
gether and more finely lined and the growth 
zones may be composed of fewer circuli than in 
the ocean, the winters of fresh-water growth are 
sometimes indistinct and difficult to identify. 

To Msist in interpretation of the fresh-water 
zone, winter growth zones are classified into 
four types (numbers 1 to 4 in plate 4 corre­
spond with the following descriptions) : 

1. 	 Those made up of two or three circuli close 
together. This type of winter zone is the 
most distinct and easiest to identify . and 
measure because it looks almost like a contin­
uous line around the anterior field. The width 
of the arrows indicates the relative width 
of the winter zone. 

2. 	 Those made up of three or more circuli lying 
close together in a narrow band. This type 
of zone is relatively easy to identify, but less 
easy to measure or delimit than those of type 
1. 

3. 	 Those made up of a number of complete or 
broken circuli lying close together in a broad­
er band than those of type 2. 

4. 	 Those made up of a few circuli that are not 
much closer together than the adjacent circuli 
of the summer growth. These zones are diffuse 
and difficult to identify and measure. 

FRESH·WATER AGES (Plate 5) 

Plate 5 shows the range of fresh-water ages 
and the range of sizes of fresh-water zones of 
each age that may be found in sockeye salmon 
scales. The complete scale of the O. age fish is 
magnified about 20 X. All other photographs are 
of the fresh-water zones of scales from adult 
sockeye salmon and show the relative sizes of 
the various zones as they appear when projected 
at about 40 X. The winters in fresh water are 
indicated by arrows. 

Age O. 	 A complete scale from a fish in its 
third year that migrated to the ocean 
soon after hatching, magnified about 
20 X. The few sockeye salmon that 
migrate seaward early in their first 
year usually reach the ocean before 
scales are formed; thus, their scales 
lack a fresh-water growth zone. Ad­
ditional examples are shown in plate 

12 and in Koo (1962c). 
Age 1. Scales from fish that migrated sea­

ward after one growing season in 
fresh water (in the second year). 
Small to large zones are illustrated. 
The small zone is typical of fish from 
Southeastern Alaska and some Brit ­
ish Columbia areas. The large zone 
is typical of fish from Fish Creek, 
Cook Inlet, Alaska. (The stub pointer 
near the top of the upper scale in this 
series indicates the end of the tran­
sition zone; see plate 6.) 

Age 2. Scales from fish that migrated to the 
sea after two full growing seasons in 
fresh water (in their third year). 
Small to very large zones are shown. 
The small zone is common in fish from 
Asian areas. The very large ones 
have been found only in fish from Da­
linaia River, Kamchatka. 

Age 3. Scales from fish that migrated to the 
sea after three full growing seasons 
in fresh water (in their fourth year) . 
Small to large zones illustrated. The 
small zone is common in fish from 
Asian areas. 

Age 4. 	 A scale from a fish that migrated to 
sea after four full growing seasons 
in fresh water (in its fifth year). 
Fish of this fresh-water age are rare. 

TRANSITION ZONE BETWEEN 
FRESH-WATER AND OCEAN GROWTH 

(Plate 6) 

Correct interpretation of the zone of transi­
tion between fresh-water and ocean growth is 
important in age determination. Many disagree­
ments on the age of individual sockeye salmon 
can be traced directly to different interpreta­
tions of this portion of the scales. 

In most areas of western Alaska, new growth 
beyond the zone of narrow winter circuli is evi­
dent on the margin of nearly all scales of young 
fish in fresh water by mid-June (Koo, 1962a; and 
Mosher7 ) and earlier in areas to the south. 

7 Mosher, Kenneth H. rime of fresh-water annulus formation on 
the scales of young sockeye salmon from "!"estern Alaska. U.S. Fish 
and Wildlife Service, Bureau of Commercial Fisheries Biological 
Laboratory, Seattle, Wash. [Manuscript.] 
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Wider darker circuli usually are laid down after 
this z~ne in the year in which the fish migrates 
seaward. If the fish reaches the ocean about the 
time this zone of narrow circuli is completed, the 
transition from narrow, light-textured fresh­
water circuli to wider, heavier textured ocean 
circuli is abrupt. If the winter zone is completed 
before the fish reaches salt water, however, a 
varying number of circuli, intermediate in ap­
pearance between the fresh-water and ocean 
circuli, may be formed. This type of growth is 
called plus, transitional, intermediate, incidental, 
or spring growth.s 

If the transition zone merges gradually into 
the ocean growth zone, it is usually easy to iden­
tify, although not to delimit. If, on the other 
hand, an adventitious mark (called a "migration 
check") forms and the zone is large, the migra­
tion check might be mistaken for another fresh­
water winter (Mosher9 ). 

Three general types of transition between 
fresh-water and ocean growth zones can be iden­
tified: type A, sharp or abrupt; type B, gradual; 
and type C, diffuse. These general types can be 
found in fish of all fresh-water ages. 

Examples of the three types of transition 
zones are shown in plate 6. (The winter zones 
are indicated by arrows, and the migration 
checks in figures 2 and 3 by wider arrows.) 

Type A. Sharp or abrupt transition is shown 
by the following photographs: 

Figure 1. 	 No plus growth. The 
transition from the fine­
lined, closely spaced 
fresh-water circuli to the 
widely spaced ocean cir­
culi is sudden. This type 
of transi tion poses no 
problems for accurate 
age determination. 

Figure 2. 	 Little plus growth after 
the winter zone formed. 
A migration check is 
between the transitional 
growth and the ocean 

8 The term "spring growth" is usually applied to the intermediate 
or plus growth observed on scales of seaward migrant fish, not adult 
fish. 

9 Mosher, Kenneth H. The plus or intermediate growth of sockeye 
salmon scales. Bureau of Commercial Fisheries, Biological Laboratory, 
Seattle, Wash. [Manuscript.j 

growth. That the portion 
of the scale between the 
two arrows is plus 
growth is evident from 
the narrowness of the 
zone and the appearance 
of the circuli, which are 

intermediate in width 
and spacing between .the 
circuli of the fresh-water 
and ocean 	growth zones. 

Figure 3. Extensive plus growth 
after the winter zone 
formed. The weak migra­
tion check at the end of 
the transition might be 
mistaken for another 
winter in fresh water. 
Note, however, that the 
seven or eight circuli im­
mediately preceding the 
broad, widely spaced cir­
culi of the ocean zone are 
intermediate in width 
and spacing between the 
circuli of the fresh-water 
and ocean growth zones. 

Type B. Gradual transition is shown by the 
following photographs: 

Figure 4. No plus growth. The two 
or three circuli following 
the winter zone gradual­
ly expand into the broad­
er ocean-type circuli. 

Figure 5. 	 Little plus growth. A 
few circuli of intermedi­
ate type are present, and 
the boundary of the tran­
sition is difficult to iden­
tify. 

Figure 6. 	 Extensive plus growth. 
The zone of intermediate 
growth is wide. Because 
there is no migration 
check at the end of the 
plus growth, the chance 
is small that it will be 
interpreted as another 
year's growth in fresh 
water. 
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Type C. Diffuse transition is shown in figure 
7. The transition between the fresh-water a~d 
ocean growth is so broken up by irregular Clr­
cuE that the exact boundaries of ,the fresh-water 
and plus growth (if any) are difficult to deter­

mine. 

OCEAN GROWTH 

The following plates show details of the ocean 
growth zone, including the variations in: 

1. 	 appearance of zones based on type of cir­
culi (plate 7). 

2. 	 number of circuli (plate 8). 
3. 	 spacing of circuli within the zones (plate 

9) . 

4. 	 appearance of the winter zones (plate 10). 
5. 	 ocean ages (plate 11). 

APPEARANCE OF OCEAN GROWTH ZONES BASED 
ON TYPE OF CIRCULI (Plate 7) 

The relative numbers of complete and inter­
rupted circuli affect the appearance of the dif­
ferent ocean zones and the ease and accuracy 
with which measurements and counts of circuli 
and winters of life can be made. See plate 2 for 
examples of various types of circuli. Three broad 
categories of ocean gro'wth zones, based on the 
circuli, are illustrated in plate 7. Each category 
is illustrated by two photographs. 

Figure A shows the major portion of a scale 
magnified about 20 X; figure B, which is the 
central portion of the same scale magnified about 
40 X, shows the circuli of the first ocean zone in 
greater detail. The categories of ocean-growth 
zones are described as follows: 

Category 1. 	 A scale with mostly complete 
circuli in the ocean-growth zones. 

Category 2. 	 A scale with complete and irreg­
ular circuli in the ocean-growth 
zones (an "average" scale). 

Category 3. 	 A scale with nearly every circu­
lus broken or otherwise inter­
rupted in the ocean-growth 
zones. 

NUMBER OF OCEAN CIRCULI (Plate 8) 

The mean number of circuli in the first ocean 
growth zone of scales from adult fish differ by 
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eographical areas (table 1). The largest mean 
umbers are on scales of sockeye salmon from 

Rivers Inlet, British Columbia. Mean numbers 
of circuli tend to be progressively lower on scales 
of North American fish taken southward to the 
Columbia River and northwestward to Bristol 
Bay, Alaska. Scales from Asian fish have greater 
mean numbers of circuli than the Bristol Bay 

sockeye. This difference in mean numbers of cir­
culi holds true in all ocean zones but is most 
pronounced in the first ocean zone. 

The scales in plate 8 were selected to show the 
numerical differences in the number of circuli 
in the first ocean zone (number of circuli be­
tween each pair of pointers) among sockeye sal­
mon from different geographical areas, as 
follows: 

Figure 1. Asia, 25 circuli. 

Figure 2. Bristol Bay, 22 circuli. 

Figure 3. Ketchikan, Alaska (as representa­
tive of the area from Cook Inlet 
to the Nass River, British Colum­
bia), 27 circuli. 

Figure 4. The Skeena River, British Colum­
bia, 29 circuli. 

Figure 5. Rivers Inlet, British Columbia, 32 
circuli. 

Figure 6. The Columbia River, Oregon­
Washington, 26 circuli. 

SPACING OF OCEAN CIRCULI (Plate 9) 

Spacing of circuli within the ocean growth 
zones may also vary between scales from fish 
collected in different geographical areas. In gen­
eral, scales with relatively large numbers of cir­
culi in the first ocean zone tend to have more 
uniformly spaced circuli than those with fewer 
circuli. On scales from Bristol Bay fish, the 
widest spaced circuli are usually deposited near 
the closely spaced fresh-water portion. On scales 
from Asia~. fish, the widest spaced circuli are 
often deposited just before the closely spaced 
winter ocean circuli. On scales from fish taken 
east and southeastward of Bristol Bay, the posi­
tion of the widest spaced circuli of the ocean 
zones is less consistent. They may occur in the 
same position as in the Bristol Bay or the Asian 
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TABLE i-Percentage frequency distribution1 and mean number. of circuli in the first 
. ocean zone of scales fro'm sockeye salmon collected ~n 1963 

[A.sterisks indicate modes 1 

Number Alaska British Columbia 

of AsIa Bristol Chignik Cook Nass Skeena Rivers Fraser Columbia 
circuli Bay2 Inlet2 Inlet 3 3 RiverS 

-_ .......... __ ........ __ ... - ........ _-_ .... _..... _.... _....... -.- Percent ....... _....................._...... __ ..._............_"_' ___ '~.'_' ___ ' ...................... . 


13 .... 0_.-- ....... - 0.2 

14 ................ .5 

15 ................ .2 0.5 

16 .......- ........ 1.5 

17 -. __ 0 _____ ._---­ .5 4.4 
18 .-. __ .... __ ...... 1.4 9.1 0.6 

19 -----.0____ ... -. 

20 ... _0-_0 ____ .. _-

21 '---"'--""'-' 

22 .. _- ..... _- ..... 
23 ........ __ .. _-_. 
24 ------.0 ____ -.--

25 ----0 ........ __ . 

26 ·· .. 0_- ....... _-
27 ----0._ .. _- ... -. 

28 _._----- .. _--._. 
29 _._-._----------
30 ----._- ......._. 
31 ---_._------.---
32 ._ .. _--_._-- ...-
33 -----------._---
34 ---------------. 
35 -------- ..._--.. 
36 ----------------

3.1 
6.5 
9.0 
9.3 

11.9 
*15.9 
15.4 
10.6 

5.9 
3.8 
2.5 
1.4 
1.0 

.7 

.2 

14.7 

*19.1 

18.7 
14.5 
10.0 

5.2 
1.7 

.5 

.1 

1.4 
2.3 
4.5 
8.5 

14.2 
*17.3 
15.6 
13.4 

9.9 
6.0 
3.7 
2.0 
.6 

0.4 
2.0 
4.6 
7.3 

10.4 
14.6 

*17.8 
16.0 
12.1 

7.9
3.7
2.1 
1.1 

0.6
1.5
2.0
1.8 
2.6 
5.6 
9.2 

13.0
*14.4 
12.2 
10.2 
10.2
9.0
5.4 
1.7 
.4
.2 

0.6
1.7
4.8

10.5
15.1

*15.6
13.6 
12.2
10.2 
6.8 
4.0
2.3
1.1 
.6

0.3 
.9 

1.2 
2.9 
6.2 
8.8 

12.0 
*14.7 
*14.7 
11.5 
7.9 

0.3 
3.4 
9.2


12.9
*14.7
*14.7 
13.6

11.5 
6.9 
4.3 
4.3 
2.8 
1.1 


0.9
4.0

7.3
9.8


14.0
*18.0 
16.8 
12.2
8.2
5.2
2,4
.9 
.3

37 -- ....._----- ... .6 7.4 
 .3 

38 ....... -........ .3 6.2 

39 ------------- ... 3.5 

40 ---- .. -- ..... _--.- 1.5 


.3 

Mean 

number 
of 

circuli 

24.1 20.6 24.7 25.1 27.5 27.9 32.8 28.4 26.3

Number 
of 

fish 
156 650 88 145 98 88 85 87 82 

1 Actual freqUencies smoothed according to Henry (1961). 

2 Combined 1. and 2. fresh·water ages. 

3 1. fresh-water ages only. 
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fish, but often the circuli are so uniformly spaced 
that no area of widest spacing can be identified. 

Plate 9 shows examples of these variations in 
spacing of circuli within the first ocean growth 
zone, as follows: 

Figure 1. A scale from an Asian sockeye sal­
mon with the widest spaced circuli 
(arrow) immediately preceding 
the winter ocean growth. 

Figure 2. A scale from a Bristol Bay sockeye 
salmon with the widest spaced cir­
culi (arrow) formed immediately 
after migration to the ocean. 

Figure 3. A scale from a Cook Inlet sock­
eye salmon with a summer growth 
zone of widely and uniformly 
spaced circuli. 

Figure 4. A scale from a Skeena River sock­
eye salmon with a summer growth 
zone of uniformly spaced circuli. 

Figure 5. A scale from a Rivers Inlet sockeye 
salmon with a summer growth 
zone of evenly and closely spaced 
circuli. 

Figure 6. A scale from a Columbia River 
sockeye salmon with a summer 
growth zone of widely and uni­
formly spaced circuli. 

WINTER ZONES IN OCEAN GROWTH (Plate 10) 

Winter zones in the ocean growth result from 
slower scale growth in the fall, winter, and early 
spring, during which time the circuli are formed 
closer together than during the faster growth 
in the late spring and summer. Zones of winter 
growth in the ocean, like those in the fresh-water 
portion of the scale, also vary in appearance; 
they may be classified into four general groups 
on the basis of appearance (winter zones in the 
illustrations are numbered as follows) : 

1. 	 Clear-cut zones made up of a number of 
closely spaced circuli. 

2. 	 Zones made up of circuli less closely spaced 
or more numerous than those of group 1. 

3. 	 Diffuse zones the boundaries of which 
cannot easily be identified. Whereas the 
circuli are closer together than the adja­
cent summer growth zones, either the dif­

ference between the spacing of circuli is 
so slight or the narrowing of the circuli 
into the winter zone is so gradual that it 1S 
difficult to be sure of the exact boundaries 
of the zone. 

4. 	 Winter zones characteristic of the first 
ocean zone of most sockeye salmon from 
Rivers and Smith Inlets, British Columbia, 
where the circuli are often only slightly 
closer together than the closely spaced cir­
culi of the summer growth. 

The winters of ocean life of the fish not only 
must be accurately identified for age determina­
tion, but their location and boundaries must be 
measured exactly in many racial and other stud­
ies; therefore, scales with diffuse winter zones 
(group 3) may be difficult or impossible to use 
in some of these studies. 

AGE GROUPS BY NUMBER OF WINTERS IN THE 

OCEAN (Plate 11) 


Sections of sockeye salmon scales showing 
ocean growth zones illustrate the range of ocean 
ages found in this species. lo Arrows indicate the 
winter growth zones. 

.0 - only a few months in the ocean, no 
winter growth zone 

.1 - one win tel' in the ocean 

.2 - two winters in the ocean 

.3 - three winters in the ocean 

.4 - four winters in the ocean 

.5 - five winters in the ocean 

SCALES WITH DIFFERENT COMBINA· 

TIONS OF FRESH·WATER AND 


OCEAN AGE 


All the combinations of fresh-water and ocean 
age that I have found in sockeye salmon are il­
lustrated in plates 12 to 16. Age designations 
of adult salmon follow the recommendations of 
Koo (1962b). Two methods may be used-the 
European method or the Gilbert and Rich (1927) 
method. The Gilbert and Rich method is used on 
the following plates; in· the text, age designa­

10 Age designation of salmon in reference to marine life only 
follows the recommendations of Koo (1962b) : a dot followed by the 
number of winters the :fish spent in the ocean. 
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PLATE lO.-Winter zones in ocean growth. 
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PLATE 11.-Age groups by number of winters in the ocean. 
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tion by the European method is shown in paren­

theses. 
. In the Gilbert and Rich designations, an Ara­

bIC numeral. indicates the number of winters 
from sp~~nmg of the parents to capture. A 
s:cond dIgIt, ~uallY written as a subscript, in­
dIcates the wmters from spawning of the par­
ents to seaward migration. Because the fish do 
not form scales until after the first winter in the 
gravel, the number of winters of growth is one 
~es~ than ~ho:vn by the age formula, but the fish 
IS ~n the mdIcated year of life. To assign a fish 
to Its parent brood year, subtract the first digit 
from the year of capture; e.g., a fish of age 
group .53 :aught in 1965 was produced by the 
spawnmg m 1960 and migrated to the ocean in 
1963. Scientists of the U.S.S.R. use a modified 
Gilbert and Rich system in which the age is com­
puted from hatching instead of spawning of the 

parents (Krogius, 1958). 
In the European method, the number of win­

ters the fish spent in fresh water from hatchino­b 

and in the ocean are separated by a dot. To deter­
mine the year of spawning that produced the 

fish, add 1 to the sum of the two digits and sub­

tract from the year of capture. 
A comparison of the major age groups in the 

three methods of age designation follows: 

European U.S.S.R.Gilbert and Rich 
0.3 3

41 0

1.2 3142 
1.3 41

52 
2.2 42

53 
2.3 5263 
3.2 64 

53

3.3 6
74 

3

RUlli! of sockeye salmon often include individ­
uals, considerably smaller than the average, that 
have returned to spawn after only one winter at 
sea. These fish are known as "jacks" as they are 
almost invariably males, except in the Columbia 
River where they may be of either sex.u 

In the following plates the winter growth 
zones are indicated by arrows-wiele arrowS in 
the ocean portion of the scale (plates 12-18) and 
narrow arrows in the fresh-water portion 

11 Occasionally the small females in the Columbia River are called 

"jennies." 

(plates 13-18). Stub arrows when present indi­
cate the end of plus growth . 

AGE GROUPS WITH NO SCALE GROWTH IN 

FRESH WATER (Plate 12) 


Fish of t?ese a?e groups migrate to the sea 
before or nnmedlately after scale formation. 
Because most sockeye salmon live in fresh water 
for a year or more, few scales of these ages are 
collected; they are usually in the 3 and 4 
groups. 1 1 age 

Examples of these age groups are shown: 

Age group 21, (0.1) one winter in the ocean 
zone. Spawning fish are "jacks." 

Age group 31, (0.2) two winters in the ocean 
zone. 

Age group 41, (0.3) three winters in the ocean 

zone. 

Age group 51' (0.4) four winters in the ocean 

zone. 

AGE GROUPS WITH ONE GROWING SEASON IN 

FRESH WATER (Plate 13) 


These age groups make up many of the impor­
tant runs of sockeye S21mon. From the Columbia 
to the Copper River, and in the Wood River­
N ushagak system in Bristol Bay, fish with this 
fresh-water history predominate every year. 

Fish of a given year class may first be present 
in a spawning run as age group 32 ("jacks"); 
dominate the run the next year as age group 
42 and (in some areas) the following year as age 
group 52; and provide occasional 62'S and 72'S in 
subsequent years. Thus, it is possible that fish of 
a year class with one growing season in fresh 
water could be present in the spawning migration 
over a 5-year period, but in most areas the period 
lasts only 3 or 4 years. 

Examples of the following age groupS are 

shown: 
Age group 22 (1.0). One winter in fresh water, 

none in the ocean. (This illustration is from an 
immature fish, not an adult.) 

Age group 32 (1.1). One winter in fresh water, 
one in the ocean. 

Age group 42 (1.2). One winter in fresh water, 
two in the ocean. 
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PLATE 12.-Age groups with no scale growth in fresh water. 
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PLATE I3.-Age groups with one growing season in fresh water. 
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Age group 52 (1.3). One winter in fresh water, 

three in the ocean. 
Age group 62 (1.4). One winter in fresh water, 

four in the ocean. 

Age group 72 (1.5). One winter in fresh water, 

five in the ocean. 

AGE GROUPS WITH TWO GROWING SEASONS IN 
FRESH WATER (Plate 14) 

These age groups also mak€ up many impor­
tant runs of sockeye salmon. The Ozernaia River 
in Asia, a number of tributaries of Bristol Bay, 
and Karluk River on Kodiak Island are areas 
where fish Of these age groups predominate in 
the spawning runs in most years. Fish of a given 
year class may be in the spawning run one year 
as age group 43 ("jacks"); dominate the run the 
next year as age group 53 and (in some areas) 
the following year as 63 's; and produce an occa­
sional 73 the following year. 

Examples of the following age groups are
shown: 

Age group 33 (2.0). Two winters in fresh water,
none in the ocean. (This illustration is from
an immature fish, not an adult.) 

Age group 43 (2.1). Two winters in fresh water,
one in the ocean. 

Age group 53 (2.2). Two winters in fresh water,
two in the ocean. 

Age group 63 (2.3). Two winters in fresh water,
three in the ocean. 

Age group 73 (2.4). Two winters in fresh water,
four in the ocean. 

, 

AGE GROUPS WITH THREE GROWING SEASONS IN 
F~ESH WATER (Plate 15) 

I 

Fish of these age groups are common in the
Karluk River,',Alaska, and in some Asian areas.
In some years, they may make up a substantial
portion of the spa\vning runs in these areas, pri­
marily as age ~roups 64 and 7.1, Examples of the
following age groups are shown: 

Age group 44 ', (3.0). 'Three winters in fresh
water, none in the ocean. (This illustration is
from an imm,ature 

I 

fish, not an adult.) 

 

 
 

 

 

 

 

 
 
 

 

 
 

Age group 5'1 (3.1). Three winters in fresh 

water, one in the ocean. 

Age group 64 (3.2). Three winters III fresh 

water, two in the ocean. 

Age group 74 (3.3). Three winters III fresh 

water, three in the ocean. 

Age group 81 (3.4). Three winters 111 fresh 

water, four in the ocean. 

AGE GROUPS WITH FOUR GROWING SEASONS IN 
FRESH WATER (Plate 16) 

In areas where fish with three growing sea­
sons in fresh water are common, occasional fish 
stay in fresh water another year. These fish are 
rare. Examples of the following ages are shown: 

Age group 65 (4.1). Four winters in fresh water, 
one in the ocean. 

Age group 7 fi (4.2). Four winters in fresh water, 
two in the ocean. 

Age group 8;; (4.3). Four winters in fresh water, 
three in the ocean. This group is very rare. 

SCALES WITH IRREGULAR OR 

DEFORMED FEATURES 


Some scales are of little or no value for age 
or racial study because they are regenerated 
(plate 17). Others may be unsuited for these 
studies because of resorption (plate 18), or for 
a number of other reasons (shown in plate 19). 

REGENERATED SCALES (Plate 17) 

When a salmon loses a scale, a new one rap­
idly replaces it.l~ The new scale does not form 
circuli until it approximates the size of the scale 
that was lost. Normal scale growth then resumes, 
and circuli form regularly thereafter. Regener­
ated areas range from a small portion of the cen­
ter of the scale to almost the complete scale. 
When a scale is lost from large fish, the resulting 
regenerated scale is often of atypical size and 
shape. 

Scales that were regenerated before the fish 
migrated to the sea can be used to determine the 

l~Unpublished results of my experiments a few years ago showed 
that lost scales of coho (0. leis"tch) and chinook (0. t .•hawytscha) 
salmon were replaced and had resumed normal growth within J 
month, even in fish which were in poor physical condition. 
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PLATE 14.-Age groups with two growing seasons in fresh water. 
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PLATE l5.-Age groups with three growing seasons in fresh water. 
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PLATE IG.-Age groups with four growing seasons in fl'esh water. 
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PLATE 17.-Regenerated scales. 
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ocean age of the fish, but only those that were 
replaced before the first winter reveal the total 
age. 

Regenerated scales may be used to back-calcu­
late the year of scale loss; for instance, scales 
taken from scars on the body of the fish may 
show.the number of years since the injury. This 
techmque can be applied to fish with gill net 
marks. 

The scales on plate 17 are arranged to show 
increasing amounts of regeneration. Figures A 
and B, D and E, and F and G are pairs; the 
large scale of each pair shows about the same 
amount of regeneration of the fresh-water zone 
as the small scale of the pair. To illustrate how 
regenerated scales may be used to date an in­
jury that removed the original scale, I arbitrar­
ily assume that all the scales from adult fish on 
this plate were collected in the summer of 1965. 

Scale A. 	 A scale from an adult wckeye salmon 

shows regeneration of only a few cen­


tral circuli; the fish spent one winter 

in fresh water and two winters in the 

ocean. This scale replaced one lost in 

1962, a short time after the original 

scale was formed. 


Scale B. 	 A scale from a young sockeye salmon 
taken in fresh water shows regenera­
tion that involves only a few circuli. At 
adult size the scale of this fish would 
look much like scale A. 

Scale C. 	 A scale from a young sockeye salmon. 
This scale shows a larger area of re­
generation. 

Scale D. 	 A scale from a young sockeye salmon 
shows regeneration of about half of 
the scale. 

Scale E. 	 A scale from an adult sockeye salmon 
shows regeneration that involves about 
half of the fresh-water zone (scale D). 
'This scale shows that the fish spent 
two winters in the sea and at least 
one in fresh water. This fish also lost 
the original scale in 1962; the age of 
the fish at that time could have been 
from a few months to over a year. The 
total age of the fish cannot be deter­
mined from this scale. 

. 
Scale F. A scale from a young sockeye salmon 

shows regeneration of most of the 
scale. 

Scale G. 	 A scale from an adult sockeye salmon 

shows regeneration of the entire fresh­

water zone (scale F). This scale shows 

only that the fish spent three winters 

in the ocean and that the scale re­

placed one lost in 1962. 


Scale H. 	 A scale from an adult sockeye salmon 

shows regeneration of fresh-water 

growth and most of the first summer 

at sea. This scale shows that the fish 

spent two winters at sea after it lost 

the original scale in the Sllnuner of 

1963. 

Scale I. 	 A scale from an adult sockeye salmon 

with only the winter and last sum­

mer's growth completed before cap­

ture. Because of extensive regenera­

tion, even the ocean age of this fish 

cannot be determined. The scale is of 

slightly atypical shape; it replaced 

one lost in the summer of 1964. 

Scale J. A scale from an adult sockeye sal­
mon with only a few months' growth 
complete. The scale is atypical in size 
and shape; it replaced one lost in the 
spring of 1965 and is unusable for age 
or racial studies. 

RESORBED SCALES (Plate 18) 

At some time during the migration toward 
their spawning streams, sockeye salmon stop 
feeding and subsist on stored fat and other body 
materials. As they work their way up the 
streams, the material in the scales is resorbed. 
Resorption generally starts along the lateral mar­
gins of the scale near the base of the anterior 
field and progresses until the whole scale margin 
is affected. Scales taken from spawning fish may 
have only a small central portion left. On most 
resorbed scales taken from spawning fish the 
fresh-water growth may still be present, but 
usually the ocean growth zones are too badly 
eroded to permit determination of total age with 
confidence. With greatly resorbed scales, study 
of otoliths or length frequencies may be required 
to estimate the age of the fish. 
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PLATE 18.-Resorbed scales. 
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The scales on this plate are arranged to show 
increasingly greater degrees of scale resorption, 
from A to H. 

Scales A and B. 	These scales show slight re­
sorption. Age determination is 
possible with these scales. 

Scales C and D. 	These scales show considerable 
resorption. Age detel1llinations 
are subject to error. 

Scale E. 	 This scale shows a greater 
amount of resorption than 
scales C and D, age determi­
nation is subject to considera­
ble doubt. 

Scales F and G. 	 Only the fresh-water growth 
and a portion of the first year's 
ocean growth of these scales 
remain. Detel1llination of total 
age is not possible. 

Scale H. 	 This scale shows considerable 
resorption and a regenerated 

center; it is useless for age or 
racial studies. 

OTHER SCALES NOT SUITED FOR AGE OR RACIAL 
STUDIES (Plate 19) 

Scales can be unusable for a number of rea­
sons other than regeneration or resorption, as 
shown by the following examples: 

Scale A. 	 Scales may be distorted with atypical 
sculpturing. These scales often adjoin 
regenerated scales. 

Scale B. 	 Scales of adult and young fish may 
have a twisted center or other dis­
torted area. If the growth pattern is 
not too badly distorted, the correct age 
may be determined from the scale. 

Scale C. 	 Scales may have scars (arrow). Here 
again, if the damage is not too serious, 
the correct age may be determined. 
Scars are more common in the ocean 
growth zones than in the fresh-water 
zone-perhaps because the scales of 
small fish are more easily lost than dis­
placed in the scale pocket. 

Scale D. 	 Scales from the lateral line have a 
trough or tubelike structure that forms 
part of the lateral line organs. Scales 

near the lateral line may also be dis­
torted to a varying degree, but some 
may be usable. 

Scale E. 	 Scales of atypical size and shape oc­

cur near the bases of the fins and the 

operculum; they should not be used for 

age or racial studies as they usually 

have fewer circuli than preferred 

scales. 

USE OF ATLAS 

Now that we have examined the features of 
sockeye salmon scales in detail, we are ready to 
use the atlas for specific purposes. This section is 
divided into two parts: (1) The use of the atlas 
in age studies and description of the scale fea­
tures and (2) the use of the atlas in racial and 
other studies. 

USE OF THE ATLAS FOR AGE STUDIES AND 

DESCRIPTION OF IMPORTANT SCALE FEATURES 


This section demonstrates the use of the atlas 

to describe the physical features of the scale and 
to determine the fresh-water, ocean, and total age 
of the sockeye salmon from its scales. Compare 
the scale being studied with the plates in se­
quence, starting with plate 3. Compare the indi­
vidual features of the scale with the variations 
shown on the appropriate reference plate. Select 
the one that is most similar to the feature under 
study. 

The scale shown in plate I is used here to il­
lustrate this method. Compare the scale in plate 
I with the various reference plates as follows: 

Plate 3. Column A, chiefly regular, unbroken 
circuli. 

Plate 4. First winter zone in the fresh-water 
growth is of type 1, sharp, the second 
is of type 2, moderately sharp. 

Plate 5. Fresh-water age 2., medium-sized 
zone. 

Plate 6. A sharp transition from fresh-water 
growth to ocean growth without plus 
growth. Type A (like fig. 1). 

Plate 7. First ocean growth zone is of type 1; 
circuli are chiefly unbroken and uni­
formly spaced. Second ocean growth 
zone is of type 2, "average." 

'"  
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Plate 8. 	 The first ocean zone has 24 circuli; 
the second has 21. 

Plate 9. 	 The widest spaced circuli of the first 
ocean zone are near the fresh-water 
growth; in the second ocean zone, they 
are near the previous winter zone. 

Plate 10. Both ocean winter zones are of type 
2, "average." 

Plate 11. This fish is ocean age .2. 

Plates 12 to 16. This fish is of age group 53 
(2.2), shown on plate 14. 

USE OF ATLAS FOR RACIAL AND OTHER STUDIES 

Numerous scale characters are being used to 
determine the continent of origin of sockeye sal­
mon when they are caught away from natal 
streams. Some scale characters and methods of 
analysis were reported by Krogius, 1958; Kubo, 
1958; Kubo and Kosaka, 1959; Henry, 1961; 
Mosher et al., 1961; Anas, 1963; Mosher, 1963; 
and Anas, 1964. Methods now under study to 
determine the stream of origin range from iden­
tification based on appearance of the scale to 
multivariate techniques that make use of scale 
data collected with precision. Although numerous 
characters have been examined for racial studies, 
many more could be defined and used; some of 
the additional characters might be better than 
ones now in use. 

This atlas can be used to (1) find additional 
characters for racial study, (2) decide which cir­
culi or parts of circuli to count or measure for 
consistent results, (3) provide a basis for devel­
oping "standard" descriptions of the scale char­
acters of sockeye salmon from the different 
spawning regions of North America and Asia, 
and (4) choose characters for special studies in 
which data on sockeye salmon scales are used. 

No specific list of additional characters is 
given here, but ingenuity and imagination of the 
scientist in discovering and developing use of 
scale characters and methods of analysis will 
open new possibilities for the study of sockeye 
salmon. 
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APPENDIX A 

GLOSSARY OF TERMS 

Adventitious mark or check.-A nonperiodic 
interruption in the regular pattern of scale 
growth. The check mayor may not resemble a 

winter growth zone. See plates 6 (migration 
checks),19B (twisted areas), and 19C (scar). 

Annual ring, annulus, resting zone, winter 
ring, winter zone*, winter rrmrk, year rrmrk, or 
year rino.-A concentration of circuli or a series 
of interrupted circuli denoting a winter of life of 
the fish. See plates 1, 4, and 10. 

Annulus.-See annual ring and footnote 4. 

Anterior field*, sculptured field.-The portion 
of the scale that was embedded in the scale 
pocket toward the head of the fish and is sculp­
tured with circuli. See plate 1. All plates show 
anterior fields. 

Bases of circuli.-On the sockeye salmon scale 
only the first few circuli encircle the center or 
focus of the scale. The circuli beyond these first 
few are arcs. The ends of the circuli at the pos­
terior field are their bases. 

Central platelet or focus.-The area enclosed 
by the first or central circulus. 

Circulus* (plural, circuli), stria, or sclerite.­
A ridge on the upper surface of the anterior field 
of the scale. See Neave (1936), Welander 
(1940), or Wallin (1957). The circuli and inter­
spaces (grooves) appear under magnification as 
concentric light and dark rings around the an­
terior field of the scale. All plates show circuli. 

Clear field Or area, posterior field* or area.­
The portion of the scale which protrudes from 
the scale pocket toward the tail of the fish. This 
portion of the scale is a relatively clear area 
without distinctive growth features. See plate 1. 

Focus.-See central platelet. 

Fresh-water growth *, fresh-water zone, fresh­
water growth zone, lacustrine growth, lacustrine 
zone, lacustrine growth zone, or nucleus.-The 
central portion of the scale formed while the fish 
was in fresh water. See plates 1 and 3 through 5. 

Incidental growth, incidental zone, incidental 
growth zone, intermediate growth, intermediate 
zone, intermediate growth zone, plus growth*, 
plus zone, plus growth zone, transitional zone, 
transitional growth zone, transitional zone, or 
spring growth.-The portion of some scales be­
tween the fresh-water and the ocean growth 

• here and later indicates the term I prefer. 
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zones where the difference between the fresh­
water and ocean type circuli is not clea.r. See 
plate 6. 

Intercirculus space, interspace.-A groove be­
tween two circuli. See circuli. 

Intermediate growth, intermediate zone, inter­
mediate growth zone.-See incidental growth 
zone. 

Interspace.-See intercirculus space. 

LacUJ3trine growth, lamJ,Strine zone, lacustrine 
growth zone.-See fresh-water growth. 

Marine growth, marine zone, marine growth 
zone, ocean growth*, ocean zone, 01' ocean growth 
zone.-The portion of the scale formed while the 

fish was in the ocean. See plates 1 and 7 through 
11. 

Migration check. - An adventitious check 
formed on some scales at the end of the incidental 
or plus growth. See plate 6. 

Nucleus.-See fresh-water growth. 

Ocean growth*, ocean zone, ocean growth zone. 
-See marine growth. 

Plus growth*, plus zone, plus growth zone.­
See incidental growth. 

Posterior field* or area.-See clear field. 

Regenerated scale.-A scale that replaces one 
that has been lost. The new scale grows without 
the formation of circuli until it reaches the ap­
proximate size of the scale which was lost. See 
plate 17. 

Resorbed* or eroded scale.-A scale with the 
margins eroded because of sexual maturation. 
See plate 18. 

Resting zone.-See annual ring. This term is 
often used by Japanese scientists. 

Scar.-An abrupt change in the regular pat­
tern of scale growth marked by a displacement 
of the natural configuration of the circuli. See 
plate 19C. 

Sclerite.-See circulus. This term is widely 
used in Europe. 

Sculptured field or area.-See anterior field. 

Spring growth or spring growth zone.-See 
incidental growth and footnote 8. 

Stria.-See circulus. 

Transition zone, transitional growth, transi­
tional growth zone, transition zone.-See inci­
dental growth. 

Winter ring, winter mark, or winter zone*.­
See annual ring. 

Year mark or year ring.-See annual ring. 

APPENDIX B 

EFFECT OF MAGNIFICATION ON APPEARANCE 
OF SCALE FEATURES (Appendix Plate 1) 

The magnification which should be used for 
xamination of scales from sockeye salmon var­
es with the size of the scales, the intended use 
f the data, and the preference of the scientist. 
he photographs in appendix plate 1 show how 

eatures of sockeye salmon scales appear at dif­
erent magnifications and indicate the relative 
agnifications for various scale studies. (The 

rrows indicate the same feature on each scale 
ection.) 

Scale sections (shown at various magnifica­
on) follow: 

ection A. About 19 X. Note how difficult it is 
to identify any of the scale features 
on this photograph. 

ection B. About 25 X. Note that the ocean 
winter zones are distinct at this 
magnification, but the fresh-water 
features are difficult to determine. 

ection C. About 50 X. The ocean winter 
zones are less distinct at this mag­
nification, but the details of the 
fresh-water zone are clear. 

ection D. About 100 X. The ocean winter 
zones are very difficult to identify 
and delimit at this magnification. 

Thus, the scales should be studied first at a 
agnification of between 25 X and 50 X to ob­
rve the whole scale in perspective and the de­
ils of the ocean zone. Then a magnification of 

etween 50 X and 100 X should be used for the 
esh-water zone, counts, and measurements of 
irculi, ... These. ranges of magnification are 
ggested as a starting point, because the exact 
agnification needed depends on the use of the 
ata and on the temperament l:..nd visual habits 
f the investigator. 
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ApPENDIX PLATE I.-Effect of magnification on appearance of seale features. 
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APPENDIXC 

APPEARANCE OF SCALES AND SCALE 
IMPRESSIONS (Appendix Plate 2) 

Impressions of scales in plastic offer a number 
of advantages over the use of the scales them­
selves: 

1. 	 The effect of dirt on the scales is mini­
mized-especially dirt on the unsculptured 
surface. 

2. 	 Duplicates can be made that are exact 
copies of the scales. 

3. 	 Impressions are easier to file and store 
than scales mounted on glass slides and the 
chance of breakage is reduced. 

The process of making plastic impressions was 
described by Clutter and Whitesel (1956) and 
by 	Koo (1962a). Impressions made with a cold 
roller are not as satisfactory for salmon scales 
as 	those made with the heat-press method. (In 
1955, a series of salmon scale impressions made 
with a jeweler's cold roller were compared with 
those made with a heat press. The heat-press 
impressions were greatly superior.) 

In appendix plate 2, scale A shows a section 
of a sockeye salmon scale, and scale B shows an 
impression of the same scale section. The photo­
graph of the impression shows slightly sharper 
circuli with less fuzziness from dirt and foreign 
material on the surface of the scale. Note that 
the photograph of the impression was reversed 
for comparison. 

APPENDIX D 

APPEARANCE OF NEGATIVE AND POSITIVE 
PRINTS (Appendix Plate 3) 

When plastic impressions are made of the 
scales, the ridges on the scale surface become 
valleys in the impressions. Roo and Finn (1964) 
found that the sharp troughs of the impressions 

• • 

dark 
hen 

a~d the ridges on the scales both appear as 
r~ngs when examined by transmitted light. W
eIther the scale or its impression is examined by 
r~flected light, these structures appear as light 
rmgs. Because the circuli and adjoining inter­
spaces over much of the scale have about the 
same width, and because some workers project 
the 	scales by transmitted light and others use 
da~k-fi~ld t:chniques for direct microscopic ex­
ammatIOn, It makes little difference whether the 
scale photograph is a positive or a negative print. 

In appendix plate 3 there is an example of 
each type: Scale A is a positive print and scale 
B a negative print of the same sockeye salmon 
scale. 

The only real difference in the prints is in the 
posterior field where growth features are absent 
anyway. The density of the negative print more 
nearly matches the image seen under the projec­
tor, or through the microscope; negative prints, 
therefore, were used in making this atlas. 

APPENDIX E 

TECHNIQUES OF PHOTOGRAPHING SCALES 

The scales were photographed by placing a 
piece of high-contrast photographic enlarg­
ing paper umier the image from a scale projec­
tor set up in a darkroom. The image was first 
carefully focused on a white paper in a print­
ing frame. Then, with only a darkroom safelight 
on, a piece of the enlarging paper was substi­
tuted for the focusing paper, exposed, developed 
in a high-contrast paper developer (minimum ex­
posure-maximum development), and fixed, 
washed, and dried in the usual manner. 

Positive prints can be made by taking a pic­
ture of a scale with a microscope camera (a sin­
gle lens reflex camera on a microscope), or by 
photographing the projected image with a cam­
era, then exposing and processing the same as 
for any photograph of a high-contrast subject. 
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ApPENDIX PLATE 2.-Appearance of scales and scale impression:s. 
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ApPENDIX PLATE 3.-Appearance of negative and positive prints. 
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