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| : : Observations on the Scales of the Chinook Salmon
1 (Oncorhynchus tschawytscha) with Particular Reference to
the Varistions which may affect the Determination of Age.

—— -

Introductory.

- -

Shortly after the writer's arrival in Corvallis,
a call came to assist in determining if possible, the
etiology of an epidemic which caused & serious loss of
salmon fry in one of the State hatcheries. From my work
in this connection (the results of which may be found in
the files of the departments of zoology and bacteriology
of the Oregon Agricultural College) sprung an acquaintance
with various other problems which faced the state hafch—
ery woriers. But by the time my bacteriological investi-
gations were finished it was too late in the year to get
material for s start, and moreover my knowledge of fish
cultural practices'and principles were still too scanty
to be of any assistance in carrying out any aprlied re-
seareh work. Accordingly the remainder of the year was
confined to gaining this required knowledge, and a more
thorough undefstanding of the problems at hand.

Perhaps the question naturally arises here as
to fhe necessity of artificial propegation. DPeople are
wont to remark thatk;n other days the salmon succeeded in

3 reproducing their kind without humen aid and that it is
\ not to be expected that they cannot do so to-day. The
answer to this question is fdund in a study of conditions

which actually prevent the fish from ever depositing
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- their eggs in that portion of a river where instinct tells
the females their eggs are best cared for. We know that
the females ascend the coasfal streéms great disteances to
deposit their eggs in the fine gravel and cold clear med-
ivm of the headwaters. But civilization has seen fit to
erect barriers such as power-dams and irrigetion dams
which prevent this ascent. Cities are built on the banks
of the rivers and the sludge from their sewers and the
distastefuliand poisonous by-products of their manufac-
tures are poured into the stream to sicken and devitalize
those individuals that escape the fishermen's nets, racks
and wheels. Small wonder then that with the decreased |
numbers which eventually reach the headwaters via man-made
fishways over dams almost impossible of ascent, and the
enormous loss due to predatory enimals and fishes, that
those young which eventually mature come far from being a
fair numerical representation of their ancestral hosts.

Before the advent of a system of artificial
propagation of the various species involved, the annual
teke of these food fishes in the Eacific Coast rivers had
begun to decresse at an alarming rate. The same crisis
was faced in the British isles long before Columbus dis-
covered our continent. Records of the old Scottish courts
refer us to an article in the penal code of about 1432
wherein it was set fofth that a man'convicted for a third
time of poaching or over-fishing should forfeit his life
for the offense unless he be able’to buy himself off. But
the introduction of & working scheme for artificially

resring salmon haes worked wonders with the supply of the
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Oregon Coastal streams. Thet this is no vainglorious
boast on the part of the hatchery supérintendents is borne
out by the action of the Astoris cannery men, who during
the past summer (1914) subscribed gS,OOO for the construc-
tion of artificial rearing ponds at the Bonneville State
Hatchery for the express purpose of rearing a high grade .
of commercial salmon; viz, Spring, Chinook.

The financial suppoft thus gained marked the
winning over of this group of business men who heretofore
were jusf the least bit skeptical about the project.

This change of sentiment was due largely to the efforts
of the present superintendent of hatcheries, Mr. R. E.
Clanton, who upon comiﬁg into his present position just
five years ago, in the summer of 1910, turned out during
his first year an unusually lérge number of salmon of the
blueback variety (0. nerke). The normal life period for
the members of this genus has long 5een agcumed to extend
over & period of four years (subject to individual digres-
sion). If this be the case, it was to be expected that
four yeers from the dete of libération, ﬁhat season would
be marked by a corresPondingly large run of this species.
And this’is exactly whet occurred, demonstrating to the
fishermen of the lower Columbia the great value of the
salmon hatcheries.

It so happens, however, that the blueback salmon
is not the most profitable fish to handle, nor is it the
best liked by the consﬁmers. The species which is most

valuable from both standpoints is one commonly known &s
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the Chinook or XKing Salmon (0. tschawytscha) and which is
cheracterized by having two distinet Spawning‘runs, one
in the spring, the other in the fall of the year. Of the
two»runs, the former is the more highly prized becsuse of
its rich pink color, smooth flesh texture, high fat con-
tent and choice flavor. The fall run is notably of a pal-
er tint, is dry end lacking in fat and gquite flat to the
taste. The cause of this differeﬁce is unknown at present
and will not be dealt with at grester length in this paper.
The subscription before mentioned was raised for the pur-
pose of increasing the output of the‘more palatable var-
iety.

In the early days of artificial fish propsagation
it was customary to release the fry as soon gs the yolk
sack was ﬁearly sbsorbed and the young begaﬁ‘to feed for
themselves., I am told by 0ld hatchery employees thet it
was & very noticeable fact that when these fry were liber-
ated by dumping them from buckets into the river, that the
surface of the water literally swirled as the‘hungry trout
and other preying fish esgerly awaited the feast of these
unprotected fry. TNow the practice has chaﬁged; after
hatching, the fry are placed in rearing ponds where they
are fed until they reach a length of two or three inches
or more; they are then able to take care of themselves,
consequently the return should be much greater. However,
this practice also meets considerable criticism, some
claiming that the cost of building retaining ponds and
feeding over & stretch of several months entails an ex-

penge never met by the increase of fish taken commercially.



For a defense of the present day cultursl prac-
tices we are at present obliged to rely on our convic-
tions, and such support as that advanced by the Astoria
merchants. But it is our hope to demonstrate the value of
the work experimentally and in a scientific manner over-
come whatever objections still remain.

With this end in view a series of experiments
was begun last fall through the medium of Which it is
hoped to obtain data which shall show what percentage of
the fingerlings.1iberated.would eventually return as
adults. Of prime importance in this connection is the
consideratioﬁ of thé spring and fall varieties. Do the
eggs from spring and fall fish give rise %o adults which
~will migrate as spring and fall runs respectively? Can
we establish without question a knowledge of the normal
life period for these fish and so predict a year when a
large return from any one brood may be expected to return?

To settle this latter point it is necessary to
devise some scheme by which we can t ell the age of a re-
turning individual end perhaps check this record with some
mark placed on the fry at the time of liberation. This
problem of age at maturity of our Pacific Coast sabmon
hes a peculiar interest as concerns these species because
of the fact, now sufficiently demonstrated, that all
individuals perish when they attain sexusl maturity. They
spawn but once snd then die, whatever the age or the size
at which sexual maturity has becen reached and whatever

may be their physical condition at the time of spawning.



-6-
Gilbert has pointed out the rossible exception to this

rule in the case of certein male King salmon fingerlings
which mature precociously in the streams durihg their

first yesr, at a length of 3 to 7 inches; the fate of
these has as yet not been determined. This peculiarity

in their life history renders the guestion of their age

at maturity an unusually important one, both from the
scientific fish cultural and the purely economic stand-
points.

" Meny attempts have been made to solve the pro-
blem for the most important of our Pecific Coast species;
viz., O. tschawytscha and O. nerké, usually by marking
hatchery—reared fry with a metal tag or by merely clip-
ping some one fin or a particular combination of fins.
Unfortunately these experiments have never been carried
through with detailed precision, the data gathered result-
ing in somewhat discordant and uncertsin results. For ex-
ample, we have partial data on an experiment carried on by
a Mr. Rutter in 1896 when he liberated 5,000 marked fry.
From this number 376 were reportéd to have returned in the
third year, but the records for ensuing years were not
kept. Other fish have been liberated by Mr. Henry O'lal-
ley acting on authority for the United States Government;
they were marked with & silver wire loop &nd ere not due
to return until the fall of 1915. I am given to understand
'that Er. O'Malley is of the opinion that this loop will
have becomevgfown over and will be too deeply imbedded in

the body to be readily found.v
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Tn 1912, Hr. R. &. Clenton conceived the idea
of §1acing the merk on the operculum, & very tough struc-
ture which is seldom injured under normal conditions,
whereas fish frequently lose fin and tail rays and paés
through many natural barfiers, on which such things.as
metal loops and tags may be easily caught and torn out.
The scheme used by Mr. Clanton consisted in cutting & "V"
shaped piece from the operculum, using a SOrt of Steel
punch which he had made for'the purpose. Some of these
cuts included more of the 0percu1um than others,.and dur-
ing the last spawning season (1914) several fish with pe-
culiar gili’marks which seem to have been caused by the
method just described were taken. It is & noticeable fadt
that the clearness of the merk on the .adult depends on the
amount of operculum originally cut outj those incisions
reaching the preopercle being much more clearly defined
then those which went no ferther then the‘sub—opercle or
the inter-opercle. (See Plates‘}l & III). To my mind
thisbmethod offers the most feasible system for marking,
.although there are siill seversal invesﬁigators.ﬁithin my
acquaintance who have yet to be convinced of it. The
best argument advanced in favor of this mark cémeskfrom
the men who do the actual fishing, and handling of cannery
fish along the Columbia. These men are schooled through
long years of service to observe peculiar marks on salmon
after the fashion of a cattlemsn trained in observing

brands, as the National Government has several times offer-
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cd attractive rewards for the return of other marked fish.
iloreover this group of men are particularly willing to
/eo—operate in establishing new facts concerning the life
'/and habits of the salmon, this willingness amounting to a
pleasurablevhobby. Before the last spawning season (1914}
no fish bearing this mark had ever been observed by these
men; net injury to the giils and operculs being of an in-
ternal nature or confined to the extremities of the cieft
while the mark referred to is always»medisn invposition.

‘This marking experiment was merely to test its
value =nd now in view of the success obtained by its pro-
per use, it is intended to mark a definite number of fin-
gerlings in this msnner and await their return. This
should yield the data so long desired.

The experiments noted above have been supple-
mented by others in Tomeles Bay, Cal., and in New Zealand
(according to Gilbert) where fry were planted in streams
not frequented by the species in question and the return
of the adults noted. Also in the case of the Sockeye or
blueback (0. Nerka) there is the quadrenniel increase in
the Frazer River, which has generally been accepted as
demonstrating & four year cycle for the species.

But these researches cast no light on the indiv-
iduals of a run, which is without doubt composed of fish
exhibiting a great diveristy of age. In the case of sev-

~eral widely different genera, the markings of the scales
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and otoliths have proved of deeided value in classifying
various groups as well as giving an insight to the life
history and age of various types.

The works published since 1899 by Hoffbauer,
Heibisch, Heincke and Stuart Thompson secmed to show that
a classification of this kind was. feasible in the case of
carp, plaice and several of the Gadidae. In some cases
by means of the scales, and in others by investigation
the bones, it was demonstrated that there existed period-
ic forms of growth in summer and winter, and that this
difference wss indicafed by énnual growth-rings in these
parts, similar to the rings found in trees. |

In England particulérly, there has been a large
amount of material written on this problem, much of it,
however, of a purely popuiar nature. Unfortunafely it
has been some of this more popular msterial which has come
to the attention of some of our untrained investigators,
and as it can not be regarded as the exposition of well
regulated investigational work it must be shunned as &
guide to important research. |

The use of the scales of the salmon as a means
for studying the age and other biologiecal conditions of
the fish is due to lir. 4. W. Johnston. 1In three pcpers
published in the annual report of the Scottish Board of
Fisheries for 1904, 1906, and 1907, he has succeeded in

establishing the fact that periodic growth takes place in
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the scales of the Atlantic salmon (Salmo salar). He
found that groﬁps of rings are férmed each year, and that
it is possible by counting the number of these to aéeer—
tain the age of nearly every individual, and thus form an
opinion regarding its life history. At first Johnston
relied on scales from fish taken at various seasons of
the year, but he succeeded in demonstrating by the study
of these scales that various growth zones on the scales
were formed at various times of the year. Later he mark-
ed fish with a silver wire and, upon the recapture of
some of these, had fish of a known age to work with.

The work of Johnston was ably supplemented by
Knut Dahl for the Norwegian Fisheries Commission. Al-
though Dehl worked with the salmon frequenting the colder
waters of the Norwegian coast and fjords, the work is of
great value, as it kepf within the same species and was
painstakingly done. 1In his researches Dahl observed the
growth zones to the season of the year when formed.

For the benefit of those who may desire to ap-
ply the principles of Johnston's & Dahl's results to our
Pacific Coast selmon, it seems wise to insert here is
some detail the results of Dshl's work, which are essen-
tially the same &s those of Johnston and are at the time
of writing the more available. This extract is tsken
from Dahl's "1The Age and Growth of the Salmon and Trout

of Norway as shown by their Scales,” Published by the
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London Salmon & Trout Ass'n. in English:

e ¢ o "During the suﬁmer after hatching, rings
are added rapidly and incresse with the length of the
fish. For exemple, the following table shows the devel-
opment of the rings on parr which were hatched in:march,

1898, and killed as the dates indicsate.

INmber 0T rings]
Length in cm.) Date Killed ; : | Average
| Min, ] Max.

3 1 May 1 1 1
3-5 1 June 2 5 4.2
4-5 1 July 4 6 4.8
5-5 1 Aug. 4 8 6.2
6 1 Sept. 6 8 74
10 1 Oct. 12 19 16
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"Pigure I (Plate 1) shows a scale from the larg-
est parr. The inner growth—rings go regularly and prac-
tically without a break around the whole of the scale.

The ring formation is not broken until the three outer
rings are reached. These latter rings are only perfect
on the anterior portion of the scale and elsewhere they
are merged in the edge of the scale. Note that the fish
was killed late in the autumn. |

"As a rule, summer rings are unbroken around
the circumference, although one may occasionally meet with
a scale with incomplete summer rings. This probably ari-
ses from the fact that all growth does not proceed simul-
taneously and therefore the different portions of the
scale have not always the same uniform rate of growth in
length ang girth. In autumn and winter the growth gen-
erally decreases or ceases entirely; such little growth
as does take place is shown in the production of narrow
rings close to the edge of the scale. After the winter
when development begins again, the ring formation of the
new season does not exactly coincide with the last formed
rings of the preceeding season and the new growth is
shown by the formation again of entire and unbroken rings.
1t should, therefore, be easy to recognize the winter
rings formed during the period of stagnation between the
two growth zones.

"The chief characters of this period of stag-
nation are the pronounced branching or ramification of

the rings and also the fact that they are narrower and



_13_

lie closer together so that a magnified representation

shows a narrow and more darkly shaded belt. This nar-

row winter band has also a different optical refractive
power as the microscope shows when different methods of
illumination are used."”

Trom a government hatchery Dahl obtained sam-
ples of parr hatched in April, 1907, and reared in the
hatchery until killed in the middle of December, 1908.

"These fish had, therefore, lived for two sum-
mers and a portion of the second winter; their scales
are shown in Pigures 2 & 3, (Plate I). These correspbnd
with the seasons in which the fish lived. The growth
zone in the center consisting of relatively unbroken rings
corresponds to the first summer. Surrounding this is a
band of narrow branching rings depicting the slackened
rate of growth during the first winter. Then again sur-
rounding this inner core are similar growth zones corre-
sponding with the second summer and half of the second
winter, and which show a repetition of the characteris-
tics of the first yéar's growthe.

"Figures 4,5 & 6 (Plate I) are scales of parr
from Softeland River in the Os district, taken in lay,
June and October, and show clearly how the summer's growth
is indicated on the scales. For example, in Fig. 4 we see
that the winter band formed during the second yvear of the
parr's existence lies close to the edge of the scale znd

that only two new broad rings denoting summer growth had
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been formed. The June scsle, Fig. 5, shows that these
broad summer rings have increased in number, whereas the
October example, Fig. 6, clearly indicates the fact that
the formation of broad summer rings had ceased, and the
narrow branching winter rings are present, showing the
commencement of the third winter of the fish's life."

Dahl presents further evidence to skow that
this same condition continues to exist during the fish's
marine life by data takeﬁt%ish of known age which were
captured in the sea and placed in = salt water aquarie
for a time. He also took fish from the sea at various
times of the year and demonstrated the gradual passage
from broad to narrow ringed areas as each season advanced.

In London, 1910, there was published a book en-
titled "The Life History and Habits of Salmon, Seatrout,
and other Fresh Water Fishes." The author,er. P. J. Nal-
lock, attempted therein to set up a new system for the
determination of age for the salmon. His studies led him
to believe that one had only to count the rings on a scale,
divide the total by sixteen, and the age to a month would
thus be t0ld. By the aid of several photographs he en-
deavors to show that each year there are formed sixteen
new rings, no more, no less, except in rare cases. From
this information he makes the sweeping statement that this

furnishes the key to the entire life history, the length

of the time spent in fresh and salt water, the age at
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migration, the type of fish, whether kelt, pike, small
spring fish, autumn fish, or large spring fish, weight
of the fish and number of times the individual has spawned.
In common with previous investigators he noted the varying
types of ring formation as caused by esturial or marine
1ife and the seasonsl gradations in distance between rings.

That the yearly increase of scale rings is exagt-
ly sixteen for the Atlantic salmon is open to serious ques-
tion, as amply evidenced by liallock's own observations,
for he points out the fact that many of these fish spend
as many as sixteen or seventeen months in the rivers prior
to spawning without feeding. During this time the fish
lose about 25% of their weight and do not increase in
length. This being true, how can this long period be rep-
resented by an addition of a large number of rings? The
study of scale development tells us that the number of
scales on a fish's body is constant throughout life and
that as the fish increases in size the scales also in-
crease to cover the intervening spaces. In face of this
fact, does it seem plausible that scale growth should con-
tinue regardless of bodily development, grrested as it is
by periods of starvation and emaciation? Moreover, his
own observations show that during the spawning sojourns’
the effect of the fresh water is to play havoc with the
edge of the scale, materially reducing its size and result-
ing in an area of irregular rings which give.rise to the

so-called spawning mark when growth occurs anew. Again,
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the dense bands formed in winter are characterized by
their irregularity and incompleteness, so that, even if
the first year's growth should be marked by the form-
ation of just sixteen rings, what evidence can be brought
forward to prove that this number is added each success-—
ive year?

The problem as it faces us on the Pacific Coast
is still open to conclusive experiment. In 1913 Dr. C. H.
Gilbert of Stanford University published an article as
Document Iumber 767 of the U. S. Bureau of Fisheries, en-
titled "Age at Maturity of the Pacific Coast Salmon of
the Genus Oncorhynchus," in which he stated his obser-
vations on the scales of the adults of the five most im-
portant species of the racific salmon. The results are
not supplemented by experimental evidence, but the con-
clusions drawn teke their bases from the system as ad-
vanced by Johnston & Dehl, and for this reason. are rather
difficult of interpretation unless one is familiar with
the writings of these two men. However, thekidea pre-
sents itself in a more logical and workable manner than
any other yet advanced.

On taking up my work with our state commission,
I was guite in ignorance of the methods available for the
solution of our problem, but the work to be done was all
mapped out and no difficulty was experienced on getting
it underway. iir. M. J. Kinney of the Oregon State Fish

Commission was particularly interested in the problem; as
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a retired cannery man himself, he held an intimate knowl-
eige of the fish in the lower rivef, as well as of a great
many of the problems Which confront the hatchery-men. He
recognized the importance of a workable age determination
8cheme, and had searched for available 1iterature on the
subject., Jnfortunately, it seems to me, his search for
literature led him to discover lallock's treatise on the
salmon and he was thus led to an erroneous conclusion.

The greatest point at fault in the application of Lir. kal-
lock's observations to our Pacific coast salmon lies in
the fact that the two grours to be compared belong to
quite different genera. Were this one fact not suffi-
cient to question the applicability of liallock's ring
count to the genus Oncorhynchus, there still remains the
wide difference ;n the 1life history and physiology of the
two, which of itself is entitled to great consideration.
But all of us who had part in the wérk at the beginning
were equally uninformed on the subject of scale growth

and age and so were willing to let the system in question
stand for the present. As the work went on, it became
evident to the writer that there were great possibilities
of error to be dealt with; many of the practical hatchery-
men also began to doubt the value of the idea and to think
it advisable to find some other method for obtaining.the
aesired results. However, the work on handkwas carried
forward on its originél plan, the datae for which is in-~

cluded in another part of this paper. It is hoped that
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something may be gained from the presentation, if no-

thing more than the statement of facts and principles
“involved in such a problem, and a geanersl consideration
of the many Tacbors which enter in to influence the final
results.

At the very outset, therefore, let it be made
clear that this paper does not attempt to establish new
principles, overthrow previous theories, or greatly en-
large our knowledge of the subject in question. The pur-~
pose of the facts and data presented is to clear up in
the minds of those of us interested in the various phases
of the salmon fishing and propagating industry the sit-
uation as it stands today relative to one consideration
in the whole field, namely the determination of the age
of an individual salmon at any time when captured. The
amount of literature dealing with this important subject
as applied to our Oregon fishes is pathetically small,
widely scattered and difficult to obtain. it is hdped
that this paper will relp to alleviate these difficulties
by compiling thé salient facts from the most reliable
'sources and placing them in & more readily available form
for the benefit of those who may desire to carry on fur-
ther work in this state along similar lines.

There are ineluded a few original observations,
some date and facts which should serve the purpose of
covering several of the préliminary steps which naturélly

arise and must be disposed of before protracted research
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in this field can be attempted.

It was not until after the two weeks spent on
the spawning grounds of the licKenzie river that the
thought occurred to me that the materisl and data being
gathered there might be used as a thesis subject.

Our work on the McKenzie consisted in spawning
ripe female salﬁon and fertilizing the eggs by srtificial
impregnation; that is to say, impregnation by the milt
of the ﬁale applied directly to the eggs as they fell in-
to a bucket, as contrasted with the normsl fertilization
as it occurs in the river. On the eggs thus taken the
. output of the hatchery is dependent, but the totsl num-
ber taken in a season amounts to s considerable figure; -
in a single season it is not impossible to collect as
many as thirty millions of eggs, @ltho the number sctusl-
ly taken is considerably less as facilities for handling
80 large a number are not to be had. As stated Eefore,no
data is available which will glve us even an approximate
statement of the percentage of the fry from these eggs
which return as adults. So this work was aoné for the
express purpose of answering this and one or two other im-
portant questions such ags those following. Do the eggs |
from spring fish give rise to fry that return ss spring
adults only or do some return with a fall ruh? What per
cent of the total number libersted return after the ex-

riration of three, four, five or more years?
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The idea was to take the females to be spawned,
examine the scales and separate out those which fell in-
to the four and five year classes, fertilize their eggs
with milt from meles of the same age and keep the eggs
and fry separate thruout their development, without how-
ever, giving them any different treatmsnt from that re-
ceived by the rest of the eggs in the hatchery. The age
-of the fish was considered to be determined by the Mal-
lock ring-count system; table(I)gives the results of this
wdrk. lMore or lmss complete data is given on eighty-
eight individuals; Several more were examined and either
discarded or else the skin with the scales attaéhed was
lost thru the ravages of mice. Several of the males are
conspiciously lacking in accurate length and weight data‘
as there were but a few used, several femsles were fer-
tilized by one male, and each msle was used as many as
three or four times on various days. ¥Then not in use the
males and females were kept in large pens submerged in
the water from which they were removed by a dip net when
needed. It so happened that the majority Qf the meles
were still living when the spawning operations for our
experiment were finished, so were left to be made use of
in the regular spawning work. 7They were all killed z day
or so later,however, but at a time when the writer was at
the hatchery building working on the scales of the others
and was not present to measure or weigh them. An attempt

was made to rescue them after butchering from the rest of



Teble IA showing data gathered on fish regarded as 4 year

olds.
No Sex : Length : Weight : No.XRings : Yrs : los Seined
inches lbs.

2 P 36 20 72 4 6 9/7/14
3 P 41 23 63 4 mow
4 F 40 27 66 4 moow
6 F 37 18 62 3 9 mo
12 ¥ 38 19 60+ 3 9 mo
13 F 40 21 70 4 4 moow
15 M 67-13 4-24t04-6 9/8/14
16 1 38 13 60+ 3 9 moow
21 M 40 25 - 66 4 | wow
22 1 40 17 60 3 9 moom
25 M 31 8 58-61 3-8403-10 9/9/14
29 M 6366 B-2t05-4 non
30 il 58-9 3 8 "o

Spawned 9/9/14, yielding 31,000 eggs; 6 females,

en average of 5,166.66 eggs to the individual.




Table IB - 4 year-o0lds continued.

No Sex : Length : Weight : No.Rings : Yrs : Mos Seined
inches ibs.
37 F 35 15 65=-70 4to4 5  9/10/14
38 M 66 4 2 9/12/14
39 1 "3 4 6 "o
40 M 69-70 4 5 moom
43 M 40 15 60-67 3-9t04-3 woon
48 F 36 16 66(av.5) 4 2 L
55 T 36 16 64 4 3 9/11/14
56 F 36 17 n2{av.3) 4 6 9/12/14
59 T 36 16 64-70 4 4e " om
63 F 33 12 63 4- 9/13/14
71 F 37 16 67 4 3  9/10/14

Spawned 9/13/14, yielding 21,000 eggs; 7 females

an average of 2,100 eggs to each individual.



Table IC showing data gathered on fish regarded as 5 year

olds. ' "
Yo.: Sex : Len. : Wt : Fo. : Yrs. : Mos. : Seined
ing. 1bs. Rings
1 7 39 24 "6 4 9 9/6/14
5 7 42 27 76 ‘ 4 9 9/1/14
7 ¥ 28 20 80 5 woom
8 i) 41 25 84 5 3 moom
9 T 39 22 84 5 3 9/8/14
10 F 38 18 84 5 3 9/6/14
11 B 39 18 74 4 8 9/8/14
14 ¥ 35 12 . 85 5 4 mon
17 M 41 24 76 4 9 moow
18 M 78 4 8 nom
19 i 76 4 9 moom
20 M 79 5 nom
23 Mo 76-7 4 9 9/9/14
24 i 39 32 75~80 4 8 mow
26 1 44 29 81-6 5to 5 4 LY
21 M 82-6 5t05 2Z2tob " "
28 M 45 30 76-85 4 t0 5 9 to2 " "

Spawned 9/9/14, yielding 28,000 eggs, 8 females,

an average of 3,500 eggs to the individual.




Table ID - b year-olds continusd.

Wo : Sex : Len. : Wt : No. : Yrs. : 1ilos. : Seined
ins. 1lbs. rings
31 P 34 13 77 4 9 9/10/14
32 i3 B4 13 82-3 5 3+ Mmoo
33 F 40 25 TE-4 4 6 woow
B4 F 23 10 80 5 Lo
35 P 33 11 83 5 3 moom
36 F 36 16 81-5 5-1 to 5-3 moom
41 i 38 16 80-83 5%to b5 3 9/11/14
42 I 38 15 82 5 2 moow
44 M 36 12 73-85 4-6 to 5=3 moom
45 i 41 25 83 5 3 mow
46 ) 37 16 78 4 10 moow
47 F 37 15 76 4 9 mo
49 B 36 16 88 5 6 mom
50 F 36 16 88 5 6 "o
51 T 38 16 76 4 9 "o
53 ¥ 36 16 87-8 5 5 9/11/14

Spawned 9/11/14, 13 females, 47,000 sggs, aver=-

age of 5,6156.38+ to sach.




Table IE - 5 year-olds continued.

No : Sex : Lenm. : Wt : ILo. : Yrs. : Io08. : Seined
ins. 1bs. Rings
52 ¥ 37 17 85-6 5 3 9/11/14
54 ¥ 37 15 77-80 4-10 to ' 5 nom
57 F 37 19 80-88 = 5 to 5 6 9/12/14
58 7 36 15 74 4 9 mom
60 F 37 17 85 5 3 woom
61 i) 88 5 6 9/13/14
64 i 34 13 83(av) 5 2 woom
65 F 34 15 79-80 5 now
69 F 35 14  8: 54 9/12/14
70 F 34 12 72+ 4 6+ moon

Spawned 9/13/14, yielding 27,000 eggs, 10

females, an average of 2,700 eggs to the individual.

Table I1F, b year-olds continued.

No.: Sex : Len. ; Wt : Ho. : Yrs, : 1Ilos. . Seined
ing. lbs. Rings
62 F 35 16 7 4 9 9/14/14
66 k) 33 8 80 5 wen
67 F 36 15 86 5 4 won
68 F 38 17 84 5 3 v
72 F 37 17 79 non
73 P 32 9 78 o,

12 IR 1 R 4

i n

74 M 78



No : Bex : ien. :" Wt : No. : Yrs. : Hos. : Seined
ins. 1bs. Rings

75 ¥ 35 11 72 4 6 9/14/14
77 i : 77 4 9 woon
78 i 35 11 72 - 4 6% woom
9 M 81 5% R
81 i 79 5 "o
82 i 37 17 85 5 3 moow
83 I3 35 12 76 4 9 noow

Spawned 9/15/14, yislding 45,000 eggs, 10 fe-
males, an average of 4,500 eggs to the individual.

It will be noticed that there is a wide varia-
tion in the average number of eggs taken irom the females;
An explanation of this difference is not to be had at
present, but it is probably due to the variation in fe-
cundity exhibited by the verious individuals. Then too
we must consider that there is a chance of having incor-
rectly measuring the eggs, a vsery easy thing to do, as

the process is only intended to be approximate.



the pile, but it was fouhdéghnmost cases a hopeless
task as the marks used for identification (the clipping
of a fin or a combination of fins) were greatly altered
thru the degenerating action of fingers and other agents.
It was found most convenient to divide the work
among alternate days, the fish taken in the sein were
separated and marked during that day but were not spawn-
ed until the following day. Then just before spawning
a new batch was taken and tied up for examination dur-
ing the rest of that day. Each fish as taken was placed
in a large common peﬁ, and from these were selected those
fish which were not too ripe to hold over a day or two,
or were not too badly infested ﬁith Saprolegnia. These

fish, selected for no other considerations were then tied

by the tail, marked, and after giving up a section of skih

with the scales attached were allowed to lie in the water
near the pen until the scale rings were counted. Then
the fish were separated into pens accofding to whether
they approximated the four or five year class. Great di-
versity was found to exist among the individuals and as .

it would have been out -of the gquestion to obtain fish

‘reading exactly four or five years, they were divided

arbitrarily into two groups. Those which had from 56 to
72 rings (between 3 yrs. 6 mos. and 4 yrs. 6 mos.) were
taken as four-year-olds; those which had from 76 to 88

rings (between 4 yrs. 9 mos. and 5 yrs. 6 mos. ) were
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taken as five-year-olds. The individuals of the two
classes were placed in their respective pans and on

the following day were killed; measured, weighed and
spawned. They were killed by & blow on the head with

an axe; the total length was taken as the distance

from the tip of the upper jaw to the tip of the longest
dosal ray of the cendal fin; the wéight was read by sus-
pending each fish by the gills from a large spring scale.
Up to this point only one operation necessitated much
care or thought and that was the determination of the
proper place to take the scale samples, and the best
method to employ.

It is a very noticeable fact that spawning
gsalmon and those taken just as they enter the river from
the ocean exhibit a great difference in the relative
position of the scales. The scales of the latter are
readily seen as they overlap and cover the entire sur-
face of the body and may be readily scraped off. It be-
comes quite impossible to remove them in this manner
from those on the spawning grounds, and many times the
fishermen raised the guestionszas to why this was true.
At that time I was unable to answér the guestion or to
give any opinion, but now further experience seems to
indicate that the reason for the difference is caused
by a thickening of the integument which leaves the sca-
les deeply imbedded in it. It would be interesting to

see to what extent this supposition were borne out by
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histdqpcal study. In taking the samples at first, a

very sharp razor blade was used; this always resulted

in one or two deep gasheé in the body at that point,
which were accompanied with a considerable flow of blood;
the entire thickness of the skin Waé removed by this
method, the scales being‘still imbedded and out of sight.
To remove them from this position it was necessary to di-
réct the skin apart, a slow and trying process. So a
better method was sought and finelly we found that the
skin could be split with a knife that hadka_coar;er edge,
like a sharp meat knife. Lir. Zyckman the superintendent
of the Leahx§ Station is to be credited with this dis-
covery; it marks an important point in the development

of the technique of scale removal. The operation con-
sists merely of making a rapid stroke with the knife in
the direction of the head; with a 1little experience it
goon becomes possible to separate the upper layer of the -
skin with the scales attached, from the lower, thus leav-
ing the scales in & position of complete exposure, and
the bodybat that point still protected by the under layer
of skin.

Those pieces of skin with the scales imbedded
were subjected to various methods of treatment in the
attempt to remove the scales after returning to the lab-
oratory. By this time the skin was quite dry and hard
and resisted all treatment while in this condition. Ex-

cellent results were obtained however, by sosking the
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pieces of skin in & little 10% grain alchohol and follow-

ing the sosking with a short steaming in the same fluid.
%EZ& in the same manner resulted in a gluey mass that

was difficult to handle; moreover if allowed to stand
more than an hour or two would begin to show signs of
putrefaction especially if steamed. The presence of the
alcohol greatly reduced the giuey condition and prevented
the decay after steaming. The process was always carried
on 'in small'petfi dishes, one for each piece of skin,
labelled to conform with the envelope in which each viece
was filed; the cover of the dish prevented the escape of
the alecohol which might be driven off dutring the warming
process.

The scales removed from each piece if skin we -
filed sway in small envelopes each labelled to}correspond
with the field number of the individual fish. The whole
process is one marked by much tedious work, the manip-
ulation of the large fish, the removal of the skin, the
removing of scales, the counting of the rings in the
field, and the painstaking and close microscopic appli-
cation to the materisl in the laboratory.

The importance of the selection of the proper
pPlace from which to remove the samples of skin became
more evident as the work went on; but with us the posi-
tion was guaged largely by the condition of each in-
dividual fish; particular effort being made to take the

samples from good bright fish; if the fish were at all
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spotted with fungus, care was exercised to avoid in-
fected regions. In most cases it happened that the reg-
ion chosen was from the posterior half of the body, dor-
sal to the lateral line and at a point bétween the adi-
pose fin and the median region of the dersal fin. Fur-
ther study is contemplated to determine if possible the
region of the least variability in scale growth as ap-
plied to ﬁhe selecting of a proper region. In this
paper will be included only the preliminary observations
on this important point. While reviewing the literature
on the subject as a whole, conflicting opinions were fou-
nd to exist on this very point, Calderwood claiming that
the scales should be taken from the "shoulder"™ region,
while Dahl chosé;practically the same region as the
present writer, but neither presented statistical argu-
‘ment to favor his choice. It ié‘hoped that some of the
facts and observations to be discussed later will be of
soﬁe value in straightening out the question.

A very convenient system for filing scales
consists of a series of small manila envelopes arranged
in any desired order but numbered so that reference can
be made from the data concerning the scales which msy be
first placed in a smsll piece of paper folded to fit in-
side the envelope and numbered to correspond with it.
The envelopes are then put away in a box and the scales
are always handy for study, and when desired fro use can

be readily mounted in water or soft glycerine jelly; per-
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manent mounfs are unnecessary and unsatisfectory as if
made in balsam, the scales become too highly cleared and
do not show the seasonal bands well refracted.
MATBERIALS

From the very nature of our problems it became
necessery to start the work with adult salmon; moreover,
the degree of development reached by fish hatched and ob-
served during the relafively short time allowed for the
work would be hardly sufficient to bring results. This
whole subject as treated in this paperT must then, be con-
sidered as merely preliminary work which it is quite im-
portent to have in hand before final work can be sterted.

For study there was available for me & wide
variety of sceles representing the various environmental
conditions met by the fish on its way from the sea to the
spewning grounds. Thus I had scales taken from fish just
after leaving salt water, when they were playing around in
the brackish water off Astoria; time, ey 15, June 15,
July 15 and August 15, 1913. On July 3C, 1913 semples
were taken from bright fish on the Rogue River, and dur-
ing the first two weeks of September & large number of
scales were teoken on the spawning groundes of the lMcXenzie
River. With the exception of this latter set of scales,
all those mentioned so fer Wére teken by some person oth-
er than myself; these other scales are the property of
the Oregon State’Fish Commissiorn and were loaned me by

Mr. R. E. Clenton, Superintendent of Hatcheries. About
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the last of the season, some helf & dozen fich were teken
which carried the signs of & gill mark like that proposed
by lir Clanton, and first used by him four years previoﬁs;
we have these opercules snd scales from the same fish, but
the men who took them failed to gather the rest of the
deta which seems guite important; e.g. length and weight.
The secales from hatchery fish may or may uot be of help
to us but I have exemined some from figh of known ages
end I will include my observations along with other deta.

In g1l bubt the spawring fish aznd those from the
hatchery we have but one scale from each individual, but
in as much as the fish were in perfect condition when
taken they are considered to be perfect.

STUDIES

As just mentioned above, the possession of but
a single scale from several individusls was not enough to
helt the work, but rather to give it the acid test. When
a scheme‘is ultimetely found thet will tell us the ege of
the mature fish, it must be one which does not necessi-
tete the examination of & large number of scales from the
same fish, but rather one thet is constant for a1l the
sceles, making one as reliasble as snother except for occa-
sionel varistions due to injury or arrested development
of one type or another.

In carrying on the work following, only those

secales were used which were accompanied by complete dete

=
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regarding other conditions such as weight and length, I
am inserting through the first part of the textiseries of
tebles which will plece before us 211 the datz available
on all the fish examined, and arranged with the 1dea in
mind of ascertaining if possible if there might not be
some correlation between length and weight, or length and
number of rings. If such a correlation does exist then
one can very nearly predict the age of a fish by merely
knowing these two measurements. So these tebles are
worked out for the fish from all sources, each special
set of which I have chosen to regard as a population.

The Columbis Population (See Table II)

In this group are represented 197 individuals
renging in length from 19 to 50 inches and bearing from
52 to 188 rings; an average length of 35.58 inches and an
sverage ring rount of 96.73 rings, equivelent to an aver-

age age of 6‘years. Without going into the mathematics
of correlating this data it is quite evident that with
such & varied group of individuals no direct correlation
exists between these two characters. Exsmination of the
date presented will show that there is 2 wide variation
as to the number of rings retaired by fish of the same
length. For instance of the £% specimens meesuring 38
inches, one hed 74 rings, one 90, one 94, one 96, one 98,
one 100, three 10&, three 104, two 106, one 110, one 111,

one 114, two 116, two 118, one 120 and one 124. Agein,
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14 individuals are represented as 2% inches long, and
cshow & variation from 54 to 110 rings with the majority
however between 90 and 100. A4s we exceed the average
length, it becomes ﬁoticeable that the grester part‘of
the sceles have by far, more than the average number of
rings and less vériation is exhibited. This might take
on a different espect if we had more material to work
with, both as far as individuals g0 and as to the number
of scales from each. But it seemé safe to say that as
far as the data available at present writing is concerned,

end with particular reference to the locality in cguestion,

‘the tendency seems to be to have & greater development of

the rings on those fish attaining a considerable length.
And after all, this is only whet might.n&furally be ex~-
pected.

If we plot the characters in this table sepa-

rately the curves &t once assume & certain similerity,

which would nb doubt be the more striking if the classes
in the ring-plot were reduced. The polymodal appearance
of most of the curves presented, at once suggests thet A
factors other than those considered are active. A com-
plete anslysis of the situation reveals several factors
which should without doubt be considered. Probebly the
most logical assumption 1is that in a population of this
kind, a certain diversity of age as well ag individual

physiological and environmentsl conditions play an impor-
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tant role. In &s much as plenty of evidence has been ad-
venced to suprort the theory thet certain individuals may
mature more or less rapidly than the majority it seems
quite within reason to assume that we sre dealing with a
group of salmon which are of mixed age. Doubtless this
is true in the present instance, so that we heve & run in
which three or more ages are represented, the over-lap-
ping of the ages being caused by the maximum development
of those of a younger age over the minimum development of
those of & more advanced age.

The explanation of this condition may perheaps
be found in the study of the life history of the indivi-
duals. But a close observance of the life of the members
of this species is quite out of the gquestion &t present,
Born in the headwaters‘of our coastal streams, the young
salmon remain there only until they are large enough to
assume the responsibility of life in the ocean§ this they
are able to do usually at the end of the second year.
Once they ieach the sea, all trace of them is lost until
they return to spswn, but it is supposed that the greater
part of their marine life is spent in the Japanese cuirent
where the temperature of the surrounding medium shows
little variation through out the year. As & rule all
members of the Salmonidae are voracious feeders, but it
is quite poscible to concieve of certain membgrs of a

single brood meeting with more favoreble conditions than
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others, the result being abnormel development, either
above or below the avereage. In either casse the result
would be evident in the adult. If this supposition be
given any'weighﬁ in the face of our knowledge - of the dev-
elopment of the scsle, it becomes & relatively simple
metter to prove that the development of the number of
rings within any given time is subject to such a wide
veriation as to be practically inespplicable to the prin-
ciple of age defermination.

As far as the éffect of fhis variation mey in-
fluence the number of rings, the same principle does not
affect the system advocated by Johnston and Dahl. The ex-
amination of the écales themselves gives ample rroof of
this, as it is readily seen that the growth during the
seme season mey vary in differént years. OccaSionally
winter bends are quite absent, and two’successive summer
bands may very widely as to their extent, the complete-
rness of the rings end the distance between them. These
various rates of scale development are depen&ent on the
raede of body growth as determined by physiological or ev-
virormental conditions. | |

THE ROCUE RIVER POPULATION (See Table III)

The matcrial from this locality was gathered
July 30, 1913,'and like that of the Columbia River was
taken from fish on the cannery flobr just after being
brought in by the fishermen. Dsta is given on 63 indivi-

duals verying in length from 16 to 46 inches, and bearing
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< 1

ozl
e8]
L9
G411
el
ot
©6-801
st
lg-pol
g =70}
ww_o_.oo_
686
,L..oo
16-+6
o2
A M_qm.om
N
i
c-48
|g-28
18-08
e
EAEl Bhe

s bupy
{ ,‘+0 ‘'oN




|

}

POPULAT!

1

THE ROGUE RIVER

No. 46C—Monarch Note Book Co., St. Joseph, Mo.




-32-

from 58 o 120 rings. Tike those from the Columbis River,
but one scale for each fish was availeble, & condition
which really ought to be remedied until satisfactory
proof ig gained that one scale is as gdod as another.

The average length in inches of this group of |
fish is 28.6 while the average number of rings is 93.8.
Thus an interesting comparison is found between these two
sets of data; these from the Rogue River dealing with
fiéh noticeably smaller than those from the Columbia.
Thet the development of the area of the scale goes hend
in hand with the size of the fish seemg to be well borne
out from these facts, for the scale rings show & tendency
to increase with the length of the fish tho by no means
is the correlation.actually demonstrated mathematicelly.

The degree of variation in the ring count in
those fish grouped about the average length again becomes
quite‘noticeable, for among the 6 individuals 27 inches
in length, wekget a veriation of from 80 to 116 rings,
while again of the 11 fish 2¢ inches in length there is
found a veriation of from 78 to 120 rings."

‘Here again, the curve is strikihgly polymddal
(see curve 2) possibiy somewhat over em§hasized through
the relatively small amount of data presented. The curve
for 1ength variation seems to bear out the above state-
ment, as it is decidedly regular, being plotted for only
a few individuals, where &s a larger selection wduld

doubtless have inciuded many fish with widely varying
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length.

THE McKENZIZ POPULATION (See Table IV)

By introducing this series of data, & new fac-
tor is brought into consideration. Heretofore, all scales
have been taken from clean fish, fresh from the tidal
waters, now we are dealing with those on the syaﬁning
grounds. The members of this grdup have been a long time
withouﬁ food, they have completely changed their environ=-
ment and are open to the deleterious sction of fungus
courled with the effects of & long, tedioué journey., The
external changes brought on by this great change are very
noticeable; the fish have fallen off in weight, their
skin has lost its bright lustre and in many cases, large
patches of white fungus havé'déveloped on the bhody, es-
pecially in the head region. |

The results of investigations with these fish
are of the utmost importance, because it is with these
that we have to deal in taking our eggs for artificiel
propagation. 1f-it is plenned to carry on extensive
breeding experiments, it &t once becomes of importance to
know the age of the parent fish so thaet there mey be o
check on &1l the work, If our interest were solely to
determine the age at maturity of the species in question
then the bright clean fish from the lower river would
answer the purpose very well, for then we could determine -

the age at the time of capture snd make an allowance for
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the time elapsing before spawning; this would then be
accurste with a discripancy of no more thaﬁ a month or
two.

Other things being equal, it seems quite reason-
able to suppose that the readings at the cannery and at
the spawning grounds should be practically the same, be-
cause during the interim no feeding tekes place; hence it
is probable that the body does not incresse over any dim-
ension. 1f this be true, then from what we know of the
development of the scale, there can be no sddition to its
area. As & matter of fact, the fish loose weight in their
pessage up the river; this does not however, necessarily
mean thet any body dimension is on fhe'decrease, except
perhaps a compsrison of the fish at the two stations,
they being hard, plump and well rounded down river, but

soft end flabby on the grounds, the change being one sole-

1y to the eusorption of stored fat from the body cells.

Investigetion of the data available on spawning
fish reveals some interesting fects. 0f perticular sig-
nificance is the comperison of the two sets of scale. data,
one being the rezding taken direct from fhe report on.the
ilcKenzie spawning work, the other from further observa-
tions with scales from the same fish.

Occasionally, it was observed, while exemining

"the sceles on the grounds to determine to which group &

fish belonged, there sppeared a scele which was devoid of

-~
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rings over & large portion of the center. In this case,
the scale was discarded énd & new one taken, generally
with the result thet the second ayppeared perfect in every
way. ut s the work went on, the writer found himself
becoming more familiar with the scales, and ere long it
became eviaent thet the variation in the ring count of
scales from the same fish would vary, so thet an average
would have to be struck. Or else, the number of scales
thaet presented the ringless center was so gréat that a
new patch of sgkin ﬁas chosen or the fish discsrded en-
tirely. This made the work very trying as the‘difficul—
ties encountered in following out the rings; for count-
ing are great and must be experienced to be appfeciated.

That great error may easily be introduced into
the work at this end ig borne out by the date présented.

For instence table IV shows the record of 59 individuals,

2ll within the age limits set by the experiments in ques-

tion, the ring count varying from 60 to 88 and the length
from 23 to 42 inches. Further record of the same type

may be found in the tabuletion of the complete data teken
&t the McKenzie hatchery, to be found in another part of
this paper. Here, little variation i$ to be found, for

as a matter of fact, the scales were selected, those lack-
ing rings at the center being discarded because at first
the cause of this loss of rings was not understood. Oth-

er scales were found which lacked rings at the edge and
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were likewise discarded.

As a check on these scales, ten individuals
were selected upon the return to the laboratory end all
the scales removed from one small area of about two
square inches were examined., The variation existing over
so small an area was found to be quite alarming (sec
table V). Here we find scales from the same fish with
from 9 to 80 rings in one case, from 6 to 80 in another .
and from 52 to 89 in & third. It is evident that thesé
fish are quite typical of the entire catch and for such s
wide variation over a limited area, some explanation must
be found. |

TABIE V.
Ring-Count from licKenzie Fish--Selected

Fish No. Ring-Count

1. 43, 51, 55, 79, 79, 81, 82, 85, 85, 87,'87,‘93

©. 20, 46, 51, B4, 63, 64, 66, 69, 70, 75, 75, 78,
80

Z. 18, 6, 38, 41, 41, 47, 75, 77, 80

4. 6, 11, 25, 27, 6C, 60, 76, 80

5. 34, 61, 61, 62, 62, 65, 74, 78, 79, 80

6. o, 10, 39, 57, 59, 62, 65, 75, 80

7. 6z, 69, 71, 73, 77, 78, 84, 86

8. 34, 76, 66, 74, 80, 91, 92, 95, 97

9. 60, 60, 62, 66, 69, 71, 73, 75, 18, 8

10. 52, 54, 65, 69, 83, 84, 84, 87, 87, 89
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This same condition was found to exist by Dahl
and Calderwood =nd is attributed to the general condition
of degeneration exhibited by all spawning fish. The imme-
diate csuse of this degeneration is doubtless due to the
great change encountered by the fish in passing from the
sea to fresh water and the great emaciation end decay
found in 211 spewning salmon both males and females coup-
led with the deteriorating action of the fungus.

With the Atlantic salmon (Salmo sebago) which
spawns two or three times, scale growth again begins upon
the return to the sea, and the addition of new rings to
the freyed and torn edges results in a very noticeable
region of union known as the spawhing mark.

Here again we face a condition of affairs from
which it becomes guite difficult to understend just how
Mallock would prodeed in determining the age of a fish
that hed spawned once or twice and had at that'time lost
‘& number of marginal rings thus greatly reducing the to-
tal. 1

S0 great is this loss :mong the different
scales of the same fish that many of the seasonasl bands
described by Johnston, Dahl and CGilbert may become total-
ly effaced. So thaet, which everbsystem we employ; in
face of these changes, it becomes impossible to say to
any degree of accuracy how much of any one scale, no mat-
ter how perfect it may appear, remains for examinstion.
In as much as this loss is coﬁmon to all spewning fish it

- soon becomes evident that the scales from any one are so
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liable to be in this same state as to make accurate de-
termination of age quite out of the cuestion.

If this be true, must our researches stop here?
We trust not, because the nature of the experiments out-
lined previously demands that we have this data to start
with. Perhaps a more comprehensive study elong similar
lines as-indicatéd here may do much tcward perfecting~our
knowledge of the present problem. If this fails then
there remain other avenues of attack which should be in-
vestigated before giving up the tesk as futile. One
thing is certain, &nd has beén amply proven by\the exper-
ience of the present writer, that is the necessity of
héving material of & known age as & matter of check on
all studies. This was not appreciated until this work
was well under way, then it was too late %o get such mat-
erial this»season. |

Had this need been forseen, we could have in-
structed the fishermen to.be on the look-out for speci-
mens marked by Mr. Clanton's gill punch. As it wes,
eight of these fish were teaken; the marked opercula and
several of the scales from eéch were saved, but the men
who captured these fish were not'informed of the desiraf
bility of taking the measurements and weight of eagh, s0
we have nothing to strike & comparison with. LbreoVer,
ell these marked specimens were ripe for spawning and the

scales in poor shape as is shown by Table VI which gives
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the ring count from thesec individuals, es determined from
a few scéies accompanying the marked opercula.
TABLE VI.
Ring-count from Fish with Marked Opercula

Fish No. Ring-count

1. 43, 46, 48, 51, 56, 57, 63, 63, 63

2.- 41, 47, 47, 49, 49, 51, 51, 56, 56, 58
3. 50, 51, 51, 53, b4, 54, 56, 57, 60, 63
4. 57, 67, 68, 70, 70, "1, 7&, 72, 72, 75

5. 68, 72, T3, M4, M4, T4, T4, 79, 84, 89

6. 65, 67, 70, 71, 74, T4, 76, 79
7. 50, 54, 55, 56, 58, 58, 59, 68, 70

8. 41, b6, 58, 61, 65, 70, 76, 80, 85, 85

In view of the fact that we hive no comparative
data to accompany the ring count from these fish as we
had in the case of éil the others, it might seem at first
that the inclusion of the data at this point were some- |
what irrelevant. But it seems to me that this very lack
of data offers en excellent ovportunity for testing the
value of the ring count on the spawning ground. Is this
system reliable as a means for determining the age of |
spawning fish? Is the ring count an index to the size of
the fish either as to length or weight?

Certainly the evidence s presented gives no

indication of the possibility of a correlation such as
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indicated above. The variation in ring ecount on the same
fish is in most cases strikingly great, so that is seems
at once possible to state that so far as spawning fish
are concerned the ring count is so lisble to great varia-
tion on the same iﬁdivi&ual as to be of no value in
trensleting many of the unknown facts in the fish's life.

Of course sllowance must be made here for the
possibility of the inadsptability of the gill mark in
guestion to this purpose. It may be'that gsome of the
sPeéimens at hand were of different ages and that some of
the marks or scars on the opercula were misinterpreted.
In either event, the conclusions drawn seem to be still
viable. The reader is here refered to Plates II & LII
where are presented photographs of twelve opercula bear-
ing scars claimed to be due to a gill punch; eight of
these opercula correspond to the ring data presented, the
others were necessariiy'omitted because scales were notb
taken with the operculsz. Those having the scales to cor-
respond are numbered accordingly; the arrangement on the
plates however.is the lesst bit out of order from the
necessity of conserving spsce in arrangement.

One phase of our work not yet mentioned has
been carried on with a few specimens of hatchery reared
fish of a known age, for the express purpose of determin-
ing if possible (1), the amount of variation found in the

ring count over various portions of the tody; (2) the re-

P




-4]1-
gion or regions least liable to variation as & means to
determining the regions best suited for teking scale sam-

ﬁles; and (3) the relation if any betwesn size and scale

growth (ring count) as exhibited by hatchery fish.

For this purpose, the writer gained access to &
few young fish, some fourfeeh, some twenty-three months
0ld. The younger of these, three innnumber, sre spring
Chinook from eggs taken on the lcKenzie Hiver; the larger
three are fall Chinook for which no record as to the lo-
cality of the eggs is available. Both were hatched and
reared at the Xlaskanine River hatchery, and were there
retained until late this last winter (1915) when they
were all liberated. The six specimens used in this WOrk
were all killed December 26, 1915, and arrived at the
1aboratory in rather poor condition despite the fact that
they were well packed and promptly delivered. IExamina-

tion of the scales showed that & large portion were with-

. out the nuclear rings, the total number thus being much

reduced; whether this was due 0. a pért%al decay or wheth-
er it was the common condition of all the hatchery fish
at that time it is now impossible to say.

To facilitate the exzmination of the scales the
body oﬁ each fish wes merked o7f into eight regions as
shown in the accompanying figure. (Fig.l)A

Nearly 211 the scales from each region were re-

moved snd it was planned at first to count a large pro-
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portion of these but it 1aﬁer developed into a task of
such proportions that this proceedure was carried out on-
ly with the first lerge fish. ¥ith the other five, but
ten scales from esch region, selected at random from those
removed, were exsmined; the date for this work is to be
found in tables VII & VIII.

In the/tables just referred to, it will be not-
iced that the scele readings ére grouped according to |

letters, these groups correspond to the body regiomns so

merked in the above figure. The reason for thus dividing
up the fish into various regions was to determine if pos-
sible which poition of tie body is the most'reliable for
gathering data on the scales. It will be recalled that
Calderwood &nd Dehl chose.widely different areas for
their work, each believing he had found the least vari-
able aréa; As regerds othsr fish‘the writer has been un-
azble to find reference to any such possible veriation but
“he hee been told by Mr. W. L. Rich of the U. S. Bureau of

Fisheries thet in the case of the steel-hecad trout -{Sslmo
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gairdneri) the region of the lateral line was found tp be
lesst subject to varistions in scale growth.

| Referring to Table VII, fish No. 1, 23 mounths
0ld, length 11.5 inches. From this specimen are recorded
the readings on 273 sceles as listed, regions "E", "FV,
"G" and "H" showing by far more scales counted than AT,
"RY. ¢, and "D". The reason for this is et once appar-
ent from the size of the aress in cuestion, they being
nearly twice thet of the others. This same condition does
not hold .throusghout this table and the hext, as the scope.
of the work was materiélly changed at this point, and buf
ten scales from each area were taken. Throughout the work
an attempt was msde to select for apparently perfect
sceles; those with. frayed edges, or with nucleer rings
missing were discarded.

Fish llo. 1 shows the greatest range of varia-
tion in the ring count for the three Iérger specimens,
the count ranging from 35 to 56, but with the greétest
number of rings in the vicinity of 43 to 46.

Fish FNo. 2 has a Vsriation\of from 35 to 49,
with a slight me jority about the count of 40 to 44, while
o. 3, the largest of the group, seems to hold its major-
ity about 44 to 47.

1t seems rather interesting to note the position
assumed by the scales from region "E" as this formed the

base of operetions in the work of the present writer, al-
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so of Dahl. In the first two ceses especially the group-
ing of thé rings of this 2rea about the mejority count.
for the whole fish is cuite striking. Another fact
brought out in examining the scalés, but which is not ev-
ident from the tables presentéd is the relstive degree of
perfection exhibited by those scales from region "E" as
comparedfwith that found over other areas. Scales from

other regions particularly "F", "G", and "H" were found

to be greatly affected with abnormslities and injuries

such as‘double nuclei, whorls in the body of fhe scale,
punctures and blenk centers. In some easeé the predomi-
nance of such conditions was so marked as to offer con-
siderable difficulty in finding scesles whole enough or
perfect enough to count.

With the exception of the disappesrance of the
nuclesr rings, & condition found quite generally.over the
entire body of ali the fish, the region designated as "E"
in 11 cases was found to be remarkably free from other
inequalities or abrnormalities of growth. This statement
is not made on the examination ofﬁ%irst ten scaies from
each area, but from a much larger number, vearying in in-
dividual cases; sometimes as many as thirty scales were
examined before ten were chosen as perfect. Doubtless
the loss of nuclear rings is due to the rapid degenera-
tion of the integument upon removal from the water. It
may be that hatchery fish are never as perfect in this

respect as the naturallyyhafched specimens; but further
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investigafion only will settle this point.

Region "D" along the lateral line also shows\
signs of sdhering closely to the mean ring count for the
individual, but abnormelities and injuries ére rether
frequent; the other lateral line sreasS arc more variable.

Lfter all night we not expect just this condi-
tion to hold true becszuse of the relastion of these vari-
ous aress to the contours of the body? Thus regibn "R
chosen by Cslderwood in teking sceles for study and call-
ed by him the_*shoulder”, is that whicﬂ'naturally first
comes in contéct with obstructions and which would tend
to show the effect of these forces. Again, the ventral
portions "G" and "H" are continually at the mercy of the
rough charecter of the bed of the pond 6r stream and
might be expected to resrond to t he wear snd tear thus
encountered.

It is not necessary to;détermine the one best
region for teking scele samples, but rather to make cer-
tain of what regiohsAcannot be relied on for this purpose,
and what limits we may safely sef and sd évoid undue var-
iations. With this idee in mind, end in face of the
facts presented it seems safe to say thet ideal condi-
tions may be found within the limits'indicated'by regions
AT, GC” and "E".

Wﬁile working with the six hatchery raised fish

& very interesting condition wes found to exist as regards

~
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the relation of the size of fish No. 4 to its ring count,
especially when this reletion wes compared with the same
deta from LKo's. 5 and 6 on the other. The former are all
either 11.5 or 12 inches in length, the latter are 8.25 and
and 8.5 ihches respectively. The ring-count of the larger
three veries from 35 to 56, thet of the smaller two from
19 to 34. The fish in question, Lio. 4 is 9.75 inches long
and presents s ring—éount which zig-zags back and forth
between 29 and 50, These facts would seemingly tend to
place this fish in a position intermediate between the
others gs regards age if the number of rings is any index
to this factor. But this seems quite out of the question
in-ss-much as all the eggs of any one kind in a hatchery
have given up their fry before so great & difference of
time‘could elapse. Hloreover this fish was taken from a
pond which wes supposed to contain only 14 months old

fish and the possibility of getting these mixed with oth-~
ers is very slight if the work is painstekingly done,
Which I believe to be true at the station under observa-
tion.. If, zs the evidence seems to show, this fish is
really one of the older group, why does it not more
closely approximate their.measurements? In appearance

the specimen is typically one of the younger fish, lack-
ing the rounded body and well proportioned paerts of the
more muture types. It secms as though one of the older

figh pleced in a pond with a number of others nearly s
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year yuunger would have such a decided advantage over its
fellows as to develop into an over rather then an under-
sized individuasl. Allowances must of course be made for
some factor which might influénce this individuel to dev-
elop abnormally.

On the other hand, however, if the fish be of
the same age“as thbse of the smaller size, the stateﬁent,
that as an index to age, the ring-count is pragtically
useless, seems to be well grounded.

The teasonal Bandé as an index to Age.

So far the work has dealt largely with the re-
lation between the ring-count and other factors as a means
of solving the problem of age determination. Idittle or
nothing has been said of the application of the seasonal
bands of Johnston to this princivle. At the outset, the
writer feels bound to state th:t but little has been done
as yet with this phase'of the work owing chiefly to the
difficulties encountered.

| Sometime, during the past winter, Ir. Kich was
Vkind enough to show\me\some very good nhotographs of sal-
mon and steelhead trout scales which showed these bands
very plainly. Excellént vhotomicrographs may also be
found in Dr. Gilbert's peper on this subject and quite un-
witfingly many of the illustrations in iMalloch's book af-

ford beautiful pictures of the barding.
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At this laboratory, however, considerable dif-
ficulty hes been experienced in trying to demonstrate the
presence of the bands, due either to imwvroper illumina-
tion or lack of experience in discerning them. This lat-
ter point is probably the maein reason for the failure, as
I'r. Rich pointed out the fact that it did take consider-
able application and exverience to be able to observe
them readily.

However, observation on the hatcherykfish has
shown that the majority of the scales exhibit hands of
narrow and broadly spaced rings. The hatchery fish used
were all killed in December and those scales which are
not injured or malformeﬁ show & region of narrow spaced
rings about the periphery, a condition bearing consider-
able gignificance, as it goes to show that these bpands
mey be formed at this time. (See Plates IV, V & VI) But
we cannot say from the evidence a2t hand that the winter
season is the only factor which will cause & similar
growth. Difficulty wes experienced in demonstrating two
such regions in the twenty-three months old fish, but I
“believe that further work with material in bvetter condi-
tion will result in more satisfactory findings. If each
winter is to leave a bard of narrow spaced ringe to mark
the growth during that season, the presence of two of
these bands may be reasonably expected to be present in

fish of sufficient age. Perhaps, however the conditions
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existing in the hatchery ponds were so even throughout
the year, esvnecially as regards the food supply, that
growth proceeded so regularly as to preclude the necessi-
ty of retarding development and giving a chance for a
band of nsrrow rings to eprear.

What effect may be produced in the scales by
the various changes possible to create in the fishes' en-
vironment can only be determined ex@erimenﬁally.

Other Observations.

While the examination of the scales at hand pro-
ceeded, my attention was called freguently to abnormal
growths and signs of degeneration which might materially
affect the ease ana precision of the work.

The most commonivariation of this nature was
found among the spawning fish and the hatchery fish and
consisted of the loss of the nuclear rings thus leaving
a large bare spot in +the center of the sCale; In many
cases not more than two or three rings were left about
the periphery. This is a very annoying feature and great-
ly reduces the rapidity of the work if the condition is
very common. Photo-micrographs of such scales may be
found on Pletes IV, V, & VI.

Spewning fish also lose many of the peri@heral
rings, the wesult being ﬁhatfclear margin surrounds the

ringed portion. (See Plate VII).
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Another condition peculiar to spawning fish is
found in the presence of a dense callous growth which
frequently obscures a large portion of the scale. This
must not be confused with the réised line which ftraverses
the long axis of scales covering the lateral line organs.
The rings outside this dense area are usually distorted
and have lost their definite concentric arrengement.

The power of regeneration among the scales/
seems to be quite marked. Scales were repeatedly observ-
ed which hed evidently been punctured at a point outside
the nucleus. In most cases this puncture was filled in by
a new growth showing distinet ring marks resembling a
secondary nucleus or the remainder of the scale. Such a
condition was perticularly noticeable in scales taken
from the Tshoulder" region, and may be found represented
on'plate IV, figure 3.

All scales, except those from very young fish,
show that development does rot vproceed by the addition of
rings about the entire periphery. With the long axis, it
is readily seen thet the ring-count varies from that of .
‘the broad; this gives the scele its somewhat elongated
form. It secms probable from this that the growth is the
more repid ovef the long axis, time not being given for
the development of complete rings.

Among the more common of the malformations is

that of the development of & double nucleus about which
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may be formed a double series of rings sometimes extend-
ing to the periphery. Such a type is shown in plate IV,

figure 4.
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Summarxvgi Hesults.

1. Iio direct correlation wasrfound to exist
between the ring-count of sslmon scales and the length of
the individuwal from which removed. =

2. The determination of age &t the spawning
grounds is subject to great error owing to the amount of
degeneration undergone by the entire organism.

S+ The number of rings found on a single scale
or on a series of scales from the same individual is not
e direct index to the age of the fish.

4. In lire with "3" above, the assessment of
age for our Pacific Coast salmon cannot be based on the
lialloch scheme of sixteen annual rings.

5. Ho proof has been found experimentally that
definite ring bands are Formed during the warm and coid
seasons of the year.

6. Accurate determination of age cannot be
vased on the study of any one scale, beczuse of the lia-
bility of malformation or degeneration.

7. It is necessary to have gdult material of s

known age to serve ag a check on a2ll results.
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Description of Plates
PLATE I
Fig. 1, Parr 10 c.m. Hatched 1898, killed
Lov. 8, 1898.
Fig. 2, Parr 13 c.m. Hatched April 1907, killed

Dec., 1908

Fig, 3, Parr 13 c.m. Hatched April 1907, killed
Dec., 1908
Fig 4 Parr. 12 c.m. softeland lay 25, 1909.
"Fig. 5, Perr 10 c.m. June 11, 1908
Fig., 6, Parr 12 c.m. Softeland, miidle of Oct.
1908.

From Dehl, H., W. H. @el.

PLATES IT & III
Opercula from spawning salmon, showing scars
left by wound claimed to have been caused by lir. Clant-
on's gill punch.
| PIATE IV

Pig. 1, Scale from Hatchery ¥ish Io. 1, Region

“ﬁ i .

Fig. 2, Scale from Hatchery Fish Lo. 1, Region
AT,

Fig. 3, Scale from Hatchery Figh lo. 1, Region
ﬂl‘{ﬁ! ’

Pigs. 4, B, 6, Scele from Hatchery I'ish Ilo 1. -



Region "F",
PLATE 7

“cale from Hatchery Fish Ilo. 3, Kegion

Fig. 1,
HHTT N

Pig. 2, Scale from Hatchery Fish, No. 3, Kegion
H‘I{" B

Fig. 3, ocale from Hatchery Fish No. 3, Hegion
BT,

Fig. 4, Scale from Hatchery Fish No. 4, Fegion
HDH .

Pig. 5, Scale from Hatchery ¥ish Fo. 4, Region
T?B" .

PIATE VI

Fig. 1, Scale from Hatchery Fish No. &5, HKegion
HBI! .

Fir. 2. Scule from Hatchery Fish llo. 5, Region
?7}3!! .

Fig. 3, Scale from Hatchery Fish Ko. 5, Region
H‘DH .

Fig. 4, Scale from Hatchery Fish No. 4, Region
YYBH’ . ‘

Fig. 5, Scale from Hatchery Fish Io. 5, Kegion
"E" .

Fig. 6, Scale from Hatchery Fish LIo. 5, Region
¥R

o e



PLATE VII
Scales from spawning fish showing condition
exhibited by the majority of the scales taken from the

fish with marked opercula.
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