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Introduction

& fundouental characteristic of aninals is that they uove froa
rlace to place, Where, when, and why they Ligrate pose probleus of
urgent concern to biologists, In no field of study is this more ime
portant than in the study of fish, where movements are frequently ex=
tensive, but scldoi. dircetly observable, The purposes underlying the
determination of fish .igration are obvious, Fish wigration is involved

in life history studics, and studies of population dynauics, and hence

knowledgo of it is basic in the establishment of sound policies for

fisheries uanagement. The "why" behind the uigrations of fish, which

has been uch studied and long debated, will not be deslt with in
this paper.

ther it will be its purpose to outline through reference

to available literature soue of the considerable progress Lade in de-

teruining the "whero" of uigration--progress due largely to the de=

velopuent of the technique of Larking fish, 1eleasing the., and subse=
quently recapturing tho.

When this jrocedure was firet practiced, it cannct be stated with
certainty, but protably first honors should ko to Frederick II, Euperor
of Geruany, who (according to an editorial in Endeavour, January, 1948)
"typified his love for experient by rinying, in 1230, a pike which was

long afterwards caught and presentod to the

Elector Palatime", Ia resent

Puper rond at the Fourth Annual ieeting of the Canadian Coummittoe
on Freshvatar Fisheries Research, Ottaws, January 1, 1951,
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yoars Buporor Frodcrick's procoduro has boon employod morc and moro
widoly, and largo emounts of deta aro availablo on tho migrations of

comnerical and sport fish in meny parts of tho world,

Migrations of oclupoid fishes

Considerable work has bcon done on tho tagging of adult clupoids,
ospocially on the Pacific coast of North Ancrica whoro largo tagging
prograns havo boen carried out on pilchards end horring. Tho rosults
rolating to tho migration of pilcherds (California sardino) aro given
by Hert (1943) and Clark ond Janssen (1945), Tho studios undortaken
botwoon 1935 and 1943 involved tagging with intornal motal tags on
fighing grounds fron British Columbia to Magdalona bay, Moxico, Ex=
tonsivo movemonts along tho coast woro shown, Fish taggod in morthom
Moxican wators wero taken as far north as San Francisco, whilo somo
f1sh teggod off British Columbia wore captured in Californien waters,
Markod fish eppoarod to dispurso gredually over the rango, and tho ra-
Pidity of disporsal was corrolatod with sizo of fish, largor teggod
£1sh migrating noro rapidly than smellor fish, Thoro was ovidonco
that tho southorn limit of migration did not includo tho most southorly
eroa of tegging ot Megdelona bay in loxico, Fish of tho lettor arca
wore not recoverod in tho major fishorics. Vortobral data also suggostod
thet thoso fish wore an ossentially discroto group, Hart pointed out
that thore woro indicstions thet although tho main body of fish loft
British Columbia £1sing grounds in autumn, somo remaine? throughout tho

wintor in tho inlets, cut off from gonoral migration by locul conditions
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Tagging and recovery of herring in British Coluzbia waters was
begun in 1936 and is still gokng on, Fish are tagged internally in
the spring spawning season and are recovered in the subsequent fall
and winter fisheries by means of tag-detectors and magnets in the re-
duction plants. Analysis of the recoveries has been published annually
in the Reports of the British Coluubia Fisheries Department. As m re-
sult of these studics the major herring populations of Eritish Columbia
have been fairly well delineated with respect to the area of their spaw-
ning migration, Intensive tagging on the populations of southern
British Columbia in recent years hes given rather precise date relat=
ing to movement within aad betwoon populations, and & program is now
underway in the north to give more accurate information on the extent
of the northern populations.

Much effort has been devoted to the study of the west coast ef
Vancouver island herring populations in recent yeers. Approximately
140,000 fish were tagged during the last five years in this population.
Percentage recovery has va‘rhd from 1 to 8 per cent, the recovery from
individual taggings of lots of 2,000 to 3,000 fish verying from nil

to 13 percent. It was found that only a relatively small amount of

intermingling ocourred between fish of this population and ish of the
other major populations which support fisheries along the lowsr, oast
coast of Vancouver island, Queen Charlotte strait, the cemtral coast-
line, etc. The greatest intermingling occurred with herring of the
lower east coest of Vancouver island population, but the datn indi-

cated that only about 5 per cent of the fish of each population



(on the average) were involved (Tester and Stevenson, 1947, 19463

Stevenson, 1950). There is evidence that most of the movement to and

from the west coast population occurs at the southern extremity of
the population range in the general vicinity of Barkley sound, The

exceptionally great exploitation of this section of the population in
1949-50 might have been responsible for the apparently increased in-
ternmingling of west comst and lower east coast fish noted in that

season (Stevenson and Lanigen, 1951).

The extont of dispersal of tags from tagging areas to other areas
within the range of the west coast of Vancouver island population
is rather great, involving on the average about 45 per cent of the
fish (Tester, 1946), The greatest mixture is found to osour between

runs of adjacent areas. Thus although each of the runs %o the five

areas on the wost coast of Vancouver island shows a certain relatively
small degree of independence, they are considered to be essentislly
a series of intergrading units within the major population,

Muzinic (1946-49, 1950) reports on initial tegging studies on

the sardine on the Dalmatian coast of Yugoslavia. He sims to determine

whether serdines caught on the eastern coast of the Adriatic constitute
& homogeneous population or whether the intermingling of distinct

populations is involved. In the suumers of 1946 and 1949, he tagged

31,000 fish using strap tags attached to the opercle, and he obtained a

recovery of about 1 per cent. His studies indicated that movement

was greater during late May and eerly June than at any other time

during the summer. At that time movement of sardines was




genorally fron the offshorc islands towards the mainlamd shoro. Be~
causo therc was a considersble loss of tags causod by woaring off
of the tissuo,recoverics could not bo obtained in following yoars.
No rocovories were baken outside the mid-Delmatien rogion whore tho
tagging was carried on.

In tho St. Levroneo from 1945 to 1948, Vliadykov (1948) carried
out tegging oxporiments on anothor clupoid spocios, tho shed. Ho
found that after spondings five or six wintcr months in the Atlantic,

tho shad in Mey a 08 Cango strait end ontors tho gulf of St

Lawronce, Tho rot

1 to the soa takos place in late swmor,

Migrations ho Pecific halibut

Tagging of the Pacific helibut in ths 1920's gavo portinemt ine

formation on tho movement and dolincation of halibut stocks (Thompson
end Horrington, 1930). I all, about 12,000 fish woro tagged with
oporculer tags. It wae found that capo Spomcor, noar Junceu, Alaska,
soparatod two groups of halibut which worc practically indopondent of
ocach othor. Only 5 por cont of tho fish tagged north and wost of capo
Sponcer (in tho arca roforrod to as the Wost Banks) woro rocapturod
South of capo Sponcor (tho South Bemks), lovemont in tho rverso
dircotion wes proctically nogligiblo.
On tho South Eenks migretion wes slight, avoraging 22 wiles,
groatost in spring and fall, and showod no dcfinitc movomont in eny ono
. direction, In ono arca thorc was a tondoncy towards concentration, tho

migrations boing opposed in mot diremtion from the cxtromos to tho
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contro, On tho othor hend, migration was rathor oxtonsive on tho
Wost Banks, averaging 209 milos. Thorc, the movement was docidedly
wostward, end the disporsion was groator in tho swmmor than in the
spring and fall, It was concluded that thorc was a froc interchange

of mature stocks for all or most of tho halibut on tho Wost Banks.

Migrations of tho Pacific mackorol
Fry and Roedol (1949) roportod the rosults of tegging studios on
tho Pacific mackorol which supports an intonsivo fishory off southorn
California, Betwcon 1935 and 1943, 76,000 mackorol woro markod off
contrel and southorn California, and in Moxicen wators, In addition,
a small numbor (oloven) woro merkod off tho Orogon coast. In sovoral
rospocts, the roturns gave rosults sinilar to thoso rolatod proviously
for tho pilchard. An oxtonsivo north-south intorchange of fish was
demonstratod. Mackerol from as fer north as Orogon and as far south
as the contral part of lowor California, Moxico, ontorod tho south
Californian fishory, Thoro woro indications of & gratual disporsal

over a poriod of years from the points of tagging. Tho small numbor

of returns from tho contral part of lowor California suggostod that
that arca contributod little to tho south California fishory. It

was considerod that tho main body of fish which ontors tho fishery
movos southerly during the poriod of the yoar that tho fishory is

not in progress. The neod for furthor tagging in Moxican wators to
dotormine tho southorn limits of tho mein population was pointod oute
Thore was some ovidence of & difforontial southorly movement with Tos-

poct to sizo in fish taggod in contral California and rocovored in
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southern California, Largo sizes of fish tonded to bo recovered

first,

Migrations of the stripod bass

Turning to tho Atlantic, tho work on tho stripod bass (Merriman,

1941) is notoworthy, From April, 1936 to Juno, 1938, about 4,000

stripod bass, including somo young, woro markod witli extornal disc
tags or internal bolly tags. Taggings were carried out from Connoc~
ticut to North Carolina. Roturns (which averaged about 20 por cont)
showed that thoro was a mass migration to tho north in tho spring,
and to tho south in tho fell, and that tho population in tho northorn

waters was stationary in the summor. It was concludod that thoso

nigretions took plecs chicfly botwoon Massachusotte end Virginia, and
thet tho groatost intomsity of migration was along tho southorn Now

England and Long island shores. It was also found that not all of

the fish migrate since some woro caught throughout tho swwer in
southern waters and in tho wintor in northorn waters. Coastal mig-
rations woro not undertaken by bass loss than two yoars old., Tagging
in North Cerolina showod thet bass from that rogion contributod
aircetly only a small porcontago to the population in tho moro
northerly waters. In contrast to this situation in tho stripod bass
of the Atlentic, Clark (1936) roported that tho introduced population
in Californie waters showod by tagging oxporiments to undortako "no
dofinito migrations, but simply a diffusion from tho localitios in

wiich thoy were tegged"s




rations of the cod

the Atlan

c

4 considerable amount of study has been devoted to the study of cod
migration on both sides of the Atlantic, This review will be limited
to the work done on the western Atlantic coast by Schroeder (1930),
McKenzie (193 and 1940), and Thoupson (1943). Schroeder tagged wver
40,000 fish in the period 1523 to 1529 frow mortk of cape Cod to the
New Jersey coast. Frou the returns, which amounted to about 3 per
cent, he concluded that the stock of cod living on Nantucket Shoals
was for the u

st part distinct from that found to the north and east of
southern kassachusetts (cape Cod). He further found that a large part
of the Nantucket Shoals cod population makes a fall migration to the

Ruodes island-North Carolina region, but that only a relatively small

nuaber of tish north and east of cape Cod makes this same migration.

The return movement takes place in the spring.

In che spring of 1937 Mackenzie (193&) tagged cod on the banks
off Nova Scotia. Tag returns obtained from June to September showed
considerable movement of fish, recoveries having been taken on the

Grand Bank, off the south shore of Newfoundland, and towards the
gulf of St. Lawrence as far as Gaspé. By fall most of the recoveries
were obtained near the banks in the vicinity of tagging, suggesting a
return migration. o tags were recovered west or south west of the tag-
ging area, Results from tagging cod in inshore waters off Halifex

in 1925 and 1934 showed that the uajority of the spring and summer cod

of that area werc "weuelly native resident fish" (McKenzie, 1940)s




Thompson's study (1943) ef the cod of the Newfoundland area from
1933 te 1937 suggested that prior to maturity there was insufficient
movement to cause significent intermingling ef stocks, but that there
was increased migration when maturity was reached. Movement was found
to be greater for fish tagged offshore than for those tagged inshores
No great degree of interchange of cod between the banks and coastal
areas was demonstrated, but in certain cases some movement occurred, as
for instance from Grand Benksand from St. Pierre Bank to the coast.
Some interchange was found between these two banks, and also between
the Newfoundland banks and the Nuva Scotian banks. Thompson tagged

& total of 8,700 fish and received a return of about 11 per cents

Migrations of salmonid fishes

There seems tobe no doubt that the salmonids have been subjected
to more marking than any other group of fishes. An extensive literature
has been built up on the results of such studies in various parts of
the world. As examples of the work dome on the Atlantic salmon there
1is the tagging of salmon of the Margaree river on cape Breton island
(Huntsman, 1936), and to the tagging experiments carried out on Ner=
wegian saluon (Dahl, 1938).

The Margaree study involved the tagging in the fall of about 3,50¢
salmon which were spent and ready to return to sea, The program ex=
tended from 1913 to 1936, and resulted in ther ecapture of mbout 6
per cent of the marked fish. It was found that 70 per cent of the re=

coveries were taken in the general Margaree river area in the first and
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second years after tagging, and that the remaining 30 per cent, most
of which were recaptured in the second year after tagging, had spread

far south as Pictou, N.S. to as far north as the Labrador

from as
coast, The migration to Newfoundland differed considerably from
year to yeer, end bore no relationship to the number of fish tagged.

Migration to all three Newfoundland coasts was observed, but in 1934 no
returns were received from any of the three coasts. In 1§30 all six

Newfoundland recoveries were taken on the east coast of the island,
and the three returns in 1935 came from the Belle Isle strait area,

Dahl (1936) reports on the results from the tagging of 1500 sal-

mon at four major tagging stations along the outer Norwegian coast
during 1935, 1936, and 1937, The average recovery from these experi=
ments was exceptionally high, over 40 per cent. Most of the returns
were taken in the general area of tagging, but many recaptures showed
that the selmon undertake great migrations in northern European waterss
The data proved for the first time'that salmon cross the Skagerak and

Kattegat from Norway to Sweden, and the North Sea from Norway to the
British Isles, Dahl refers also to a record of Menzies (1937) in which
a fish tagged off Scotland was recaptured off Norway (the early scale

growth strongly suggested that this fish had come originally from Nor=

way). The extreme range of salmon tagged on the Norwegian coast was
from England to the river Petchora in Soviet Russia, which is considered
to be the eastern limit of the species. The great speed of migration
was noted, as much as 1,100 kilomotres in eleven days. On two occasions
a fish was marked et one station, retaken, and re-marked at another station,
end subsequently cnught again, Both instances proved that wigrating fish
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do not necessarily take the shortest route between place of tagging
and place of recapturs, The direction of migration was found to be re=

versed after the fish were liberated a second time,

There are many papers dealing with the results of tagging and

fin-clipping experiments on the Pacific salmons. Clemens, Foerster,
and Pritchard (1939) concluded that thers was = definite tendency for
fin-clipped spring, pink and sockeys of Eritish Columbia to return to

their natal stream. They pointed out that spring salmon trevelled long

distances in the sea, and for this specics they postulated a north-
west foeding migration and a south-east spawning migration on tho

way back to the natnl Columbia river, Further tagging experiments in

1949 end 1950 (Milns, 1951) suggest that in recent years the spring sal=
mon populetion off the west const of Vancouver island has changed,
po

ibly containing a emaller proportion of Columbia fish at the pre=
sent time, Studies havo shown that coho tend to become more dispersed
and undertuke less extensive migrations than spring salmon.

In 1943 and 1945 togging operations were carried out on pink sal=
mon along the southern British Columbia coast and in Washington waters
(Pritchard and Do Lacy, 1944j De Lacy and Neave, 1947), Returns varied
from 19 to 51 per cent in individuel tagging (De Lacy and Neave, 1947).
The studies showed a wide dispersal of tagged fish except in the cese
of those released in Puget sound, Fish tagged offshorc at Swiftsure
Bank moved through the strait of Juan de Fuea to all important fishing

areas of Puget sound end southem washington,
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Tagging was used by Milne (1950) to show the effect of Morice=

town Falls in hampering the migration of salmon up the Skeena river,

B.C. He found that sockeye, coho, pink, and spring saluon were cffec-
ted, and that pinks were most severely hindered.

In northern Culifornia from 1931 to 1937 fin-clipping and tagging

studies were conducted on steelhead trout and silver (coho) saluon
(Taft and Bhapovalov, 193€), These studies were carried out in two
coastal streaus (Waddell and Scott creeks), and in certain tributaries
of a large river system, the Klamath, It was found that about 98 per
cent of the tagged and fin-clipped steelheads returned to the area of
narking, only very few wandering from ono constal stream to the other
or from one tributary of the Klauath to another. The degree of wander=
ing of the fin-clipped silver salucn frow one coastal streau to the
other (about 20 per cent) was somewhat greater than in the case of the
steelhead trout, It was concluded that even within a large drainage

basin, such as that of the Klamath, the amount of straying among sea=

run steelheads was not uuch greater than between small coastal streams,
Calhoun (1944) used fin clipping to show that in 1941 a signi-
ficant portion of the black-spotted trout (Salimo clarkii henshawi)

in Blue lake, Galifornia, did not nigrate into the streams during the

spawning period. This was done by marking all the spawning run each
year and examining fish caught in the lake during the spawning period,
It was expected that in 1941, ms in 1940, the number of unmarked ripe

fish caught in the lake would become negligible by the end of epawning,

but actually after spawning was cowplete 16 per cent of the fish
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caught in the leke were ripe unzarked fish, i.e. mature fish which had
not ascended the river. No spawning was found in the lake,
Migrations of fish in the Grest Lakes

Some of the more importent marking and recovery studies on fresh-

water fishes have been carried out in the Great Lakes. In lake Erie
in 1936,1939, and 1940, Doan (1942) tagged nearly 3,800 fish of various
species and recovered slightly over 2 per cent, He found thit most of
the narked fish did not travel very fur in the Pirst two wecks after

release, the most &

ve spscice, the small-mouth bass, trevelling an
average mininun distanc: of nino uiles, The average distarces of wove=
ment incrensed up to six months after relense, and decrcased betweon

six months and a yeer. The decreace was considered to's a result of

the yellow pickerel (Siizostedioryitreum vitreum) and blue pike (Stizo~

gtedion yitreus glavcun) returning to the localitics they visited at

the time of tegging. It was found thet the blue pike tended to uove

westward frow centrul lake Erie in autumn and winter, shore

d in spring
and to deep water in sumuer--apperently in response to teaperature
changes. Frow the west central pert of the lake the movemen: was caste
ward in spring and susmcr. Yellow pickerel tended to rewa’a in western
lake Erie, suggesting that they were more tolerant of wermer water.
Other species of fish wore less intensively tagged than these two, but
some general information was obtained on movements.

A&t port Washington on the mid-western shore of lake Michigan,
Smith and Van Oosten (1940) tagged 2,900 fish of various specics from

1929 to 1931, and obtained n 13 percent rocovory, Most of the returns,
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about 80 per cent, were taken within a radius of twenty-five miles

frou the point of tagging. It was found that lake trout, rainbow trout,
and sturgeon migrated more extensively than lake herring, whitefish,
ohubs, pilots, and perhaps perch. Lake trout, herring, and whitefish
tended to wove in a northerlydirection, perch southerly, and rainbow
trout eastorly towards the opposite or Michigan shore of the lake.
Sturgeon appeared to roan all over the lake. It was found to take three
years for the trout to becone fairly well scattered through the lake.

In studies conducted at South Bay in lake Huron, Fry (1947)
found that riovements of suall mouth bass during July and August were not

extensiv

of fish in

cans and suall lakes

Dequine und Hall (1950) give the results of their studies on the
movenent of Florida lergeouth base in six connected lakes in central
Florida. Fron their tagging of over 1,600 bass in late 1947 and early
1948 they received a return of 23 per cent. Considerable movement of
bass was shown between the mors closely connected lakes but no definite
pattern or dircotion of migration was discernible.

Mangos (1950) provides information on the migration of fish in

Tennessee Valley Authority reservoirs, Over 5,000 fish were tagged

from 1947 to 1949 in four reservoirs and one uainstreau impoundaent on
the Tennessee rivor, and 13 per cent of the uarked fish were reccvered.
It was shown that walleyes (Stizostedion v, vitreun) and saugers (Stiz-
gstedion caxsdense) moved wore extensively than the basses and crappies,
Furthernore, it was found that the suuger and walleye moved most oxten=
sively in lato winter and early spring, It was not known whother this

Hoveuent was directly nssociated with spawning,
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The novement of welleyes in the Wolf river, Wisconsin, was given
attention by Herman (1947), Approximately 3,700 walleyes from the

spawning runs were tagged in the springs of 1944, 1945, and 1946, By

the tiue of writing in 1947 partial returns had amounted to about 9

per cent. The data indicated that the majority of walleyes returned
aluost imuediately to lake Winnebago after spawning, but & sgaller
Several of the fish arrived at the lake,

number moved further upstream,
a distance of fifty to sixty miles downstream, in ten days.

Banguas and Bennington (1938) tagged 487 fis: of various species
in the summer of 1937 at three stations located on two Ohio streams,

Periodic seining at the stmions was employed to capture fish for tag-
ging and to recapture fish tagged in previous seinings, Fishermen

also recaptured a few of the tagged fis:. Movement was generally small,
No marked fish were taken e xoept near the station where the tagging
was carried out. At each station more recaptures were made within
two weeks after tagging than in later seining trips, but a few fish

tagged early in the seasonwere recovered late in the summer in the same
mile of stream, The results of this study did not agree with those ef
in

Wickliff (1y38) vhien incicated that returns of merked fish planted
Ohio streams showed decided downstream migration,
tions in Bengham and Bennington's experiment were on the same stream,

one lower down then the other, an extensive migration would have been

noted if it had eccurred. Smith (1941) who tagged planted brook trout

in the Salmon Trout river in northern NMichigan concluded that migration

of planted fish was limited in extent, but showed a slight downstream

‘tendenoy.

Since two of the stam
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From these examples of marking and recovery experiments it is

evident that a great desl of valuable information has been contributed

|

|
to the study of fish migration, most of which dould not have been ob= ‘
tained by other methods of study, In many of the great ocean fisheries

the general degree of discreteness of the various populations has been
fairly well establishod by marking studies, and much pertinent infor-

mation has been amassed on the movement of fresh water commercial and
games fishes., Without doubt this knowledge has permitted a closer

approach to the ultiuate goal of effective fisheries management,

Nevertheless the cmount of data available on fish migration is
for most fish still far from complete. Major problems of migration |
remain unsolved in many fisheries, while in others information is re=
quired on a large number of details of movement. Frequently little
is known of the location of the fish between the time of marking and

the tims of recovery. Unfortunntely, it is usually necessary to under-

take large, costly uerking end recovery progrems and to continue them
for a pericd of several years to obtain reasonably conclusive results,
Also, there are involved in the technique verious technical and

theoretical deficiencieswhich are difficult to overcome. But, in
spite of the aifficulties it appears that the warking and tagging of
fish has a bright outlook. The method will be iuproved, will have still

wider application, and will produce more data for the advancement of
fisheries knowledge--which perhaps will constitute euitable tribute

to the "love of experiment" displayed by Euperor Frederick when he long

ago tarked and r scovered a solitary pike.
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