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A fundllWental characteristic of nnioals is that they Love frow

place to place. here,when,and\\hytheyh.i.grateposeproblelLsof

urgent concern to biolo<;iste. lnno field of study is thisr;;ore im-

portant than in the study of fish, Vlherewoveoents are frequentlyex-

tensive,butseldor.. direotlyobservable. Thepurposesunderlyin"the

deterrnination of fishi.J.grationare obvious. Fishr.:i.grationisinvolved

in life his·Gory studios, and studies ofpopulationdynalt,ics, andhenco

knowledge of it is basic in the establishoent of sound policies for

fisheries LJanagelU6nt. The "why" bohind the ::dgrations of fish, which

has been";uchstudiedandlongdebated,,,illnot be duf.1t with in

this peper. Rather it will be its purpose to outline through roference

to available literature sowe of the considerable progrossl..ndo in de-

terJ.,iningthe"where"ofuigration--progressduslargelytotho de-

velop.,entofthetechniqueofi..llrkingfish,leleasingtheu"undsubse-

quentlyrecapiurin>;thei_.

When this ~rocedure was first practiced, 1t cannot be stated with

certainty, but probably first honors should go to ~'rederick II, Ewperor

of GerLlany,who (according to an editorial in Endeavour, Jenuary,1948)

"typifiedhisloveforexperiL.entbyrinting, in 1230, a pike which was

long afterwards caught and presented to the ElectorPalatULo". lare.ent

Paper read at the Fourth Annual i~eeting of the Canadian Coomittoe
on FreshHatar Fisheries R~sparch, ottawa, January 1, 1951.



years Emporor Frederick's procodure has beon mnployod moro and moro

widely, and large amounts of data aro availablo on the migrations of

comTilerical and sport fish in many parts of the world.

MigrationsofclupoidfishQs

Considerableworkhasbcendonoonthetfl6gingofadultclupeids,

ospecially on the Pacific coast of North Amorica where largo tagging

programshavebeoncarriedoutonpilchardsandhorring. Thorosults

rolating to the migration of pilchards (California sardino) aro given

by Hart (1943) and Clark and Jansson (1945). Tho studios undortaken

betwoen 1935 and 1943 involved tll{;ging with internal motal tags on

fishing grounds from British Columbia to Magdalona b",y, Mexico. Ex-

tonsivo movonu:mts along tho coast woro shown. Fish taggod in northern

Mexican wators woro takon as far north as San Francisco. whilo somo

fish taggod off British Columbia woro captured in Californian waters.

lJarkedfishappourodtodisporsograduallyovertherango.andthora-

pidity of disporsal was corrolatod with sizo of fish, larger taggod

fish migrating moro rapidly than smallor fish. Thoro was ovidonco

that tho southorn limit of migration did not include tho most southorly

area of tagging at Magdalena bay in Moxico. Fishoftholatteraroa

wero not recovorod in tho major fisheries. Vertebral data olse suggestod

that those fish wera an ossentially discroto group. Hart pointed out

that there wore indications the.t although tho main body of fish left

British ColumbJa fi~ing grounds in autwnn, Mmo remainoc throuShout tho

wintor in the inlets, cut off from gonoral migration by local conditions.
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Tagging and recovery of herring in British Columbia wat~!·s was

begunin1936andisstillgotngon. Fisharetaggedincernallyin

the spring spawning season and are recovered in the sUbsequent fa11

and winter fisheries by means of tag-detectors and magnets in the re-

ductionplante. Analyeisoftherecoverieshasbeenpublishedannually

in the Reports of the British Columbia Fishsries Department. As a re-

eult of these studies the major herring populations of British Columbia

have been fairly well delineated with respect to the area of their spaw-

ningmigration. Intensive tagging on the populations of southern

British Columbia in recent yoars hes given rather precise data relat-

ing to movement within ar.d between populations, and a.program is n~..

underway in the north to give more accurate information on tile ext ent

of the northern populations.

l.Iucheffort has been devoted to the study of the west coast of

Vancouver island herring populatione in recent years. Approximately

140,000 fish were tagged duringthelaet five years inthie population.
I

Percentage recovery hae varied from 1 to 8 per cent, the recovery from

individual taggings of lots of 2,000 to 3,000 fishve.rying froUlnil

to 13 percent. It was found that only a relatively slll!lll amount of

intermingling occurred between fish of this population and fish of the

other major popUlations which et;.pport fisheriee along the lower, eaet

coaet of Vancouver island, Queen Charlotte strait, the central coast-

line, etc. The greatest intermingling occurred with herring of the

lower east coast of Vancouver island population, but the dat'\ indi-

catedthat only about 5 per cent of the fish of each populc.tion



(on the average) were involved (Teeter and stevenson, 1947, 1948;

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

from ths west coast population occurs at the southern extremity of

thepopulationrallge in the general vicinity of Be.rkley eound. The

excepHonallygreat exploitation of this section of the population in

1949-50 might hnve been responsible for the apparently increasedin-

termingling of west coast and lower east coast fish noted in that

season (Stevenson and Lanigan, 1951).

The extent of diepersal of tags from tagging areas to othsr areas

within the range ofthewsst coast ofVancouverislandpopulation

is rather great, involving on the average about 45 per cent of the

fish (Tester, 1948). The greatsst miJlture is found to occur between

runs of adjacent areas. Thus although each of the runs to the five

areas on the west coast of Vancouver island showe a certain relatively

small degree of independence, they are considered to be eseentially

a seriee of intergrading unite within the major population.

l.Iuzinic (1940-49, 1950) reports on initial tagging studies on

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

Vlhethersardinescaught on the eastern coast of the Adriatic constitute

a homogeneous population or whether the intermingling of distinct

populations is involved. Inthesummersof194&and1949,hetagged

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

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

was greater during late !.lay and early June than at any other time

during the summer. At that time movement of sardines wae



ger:erally from the offshoro islands towards the mainland shore.

causo there was a considerable loss of tags caused by wearing off

ofthetissue,rec07criescouldnotboobtainedinfollouingyoars.

No rocoveries ",ero oaten outsido tile mid-De.lmatiQIl region v:here the

tagging vms carric': on.

In the St. kl"Te.nco from 1945 to 1948, Vladykov (1948) curriod

out tagging ClCper1lll0nts on anothor clupeid spocies, the shed. Ho

found that a:'tcr si-endings fivo or SilC winter menths in the. Atlantic,

tho shad in !.lcy appr~' 'hos Ccnso strait end onters tho eulf of St.

Lawronce. Thorott;Tntothesoatakosplaceinlatosur,1I'Wl'.

Mip;rutions of_th~ ?.:cHic halibut

Tagging of tho Pacific halibut in thQ 1920's gave pertinent in·

formation on tho Jaovcmcnt end delinoation of halibut stocks (Thompson

and Horrington, 130). Ir. all, about 12,000 fish woro tagged with

operculertags.It'lRsfoundthatcap<3Sponcer,noarJuneeu,Alaska,

soparatod two grot;ps of halibt;t which worc practically indopondent of

eachothor.Only5percontofthofishtaggodnorthandnostofcape

Sponcer(il:tJ:JarearoforrJdtoasthel/ostBanks)wororecnpturod

S'outh of capo Sponcer (the South Banks). Movemont in the rovcrso

dircction was prect~cally nogligiblo.

On the South I'·c.nks migration was slight, avoraging 22 l..ilcs,

greatost in spring and fall, and ShCMOd no dofinito movemon'; in any one

diroction. Inono.lrootl>orov:asatendencytowardsconcontration, tho

migratinns boing 0lOPosed in not diror:tion from tho olCtror.los to the
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On tho othor hand, miGration Has rathor oxtonsivo on tho

Wost Banks, avoraging 209 milos. Thoro, tho movement was docidedly

westward, aLd the dispersion wes groator in the summer than in tho

spring and fall. It was concludod that thoro was a froo intorchango

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

Migrations of tho Pacific mackorol

Fry and Roedel (1949) reperted the rosults ef tagging studios en

tho Pacific mackorol which supports on intonsive fishery off southorn

California. Botwoon 1935 and 1943, 76,000 mackerol wero markod off

contral and southorn California, and in Moxicnn wators. In addition,

a small numbor (olovon) woro markod off tho Orogon coast. In sovoral

rospocts, the roturns gavo rosults similar to thoso rolatod previously

for tho pilchard. An oxtonsivo north-south intorchange of fish was

demonstratod. Mackorol from as far north as Orogon and as far south

as the contral part of lovlor California, Mexico, ont<3rod tho south

Californian fishery. TheroVioreindicationsofagradualdisporsal

ovor a poriod of yoars from the points of tugging. Tho srnnll number

of roturns from the control part of lowor California suggosted that

thataroacontributodlittletothcsouthCaliforniafishory. It

was considorod that tho main boo.y of fish which ontors tho fishery

movos southerly during tho poriod of tho yoar thet the fishory is

not in progross. The noed for further tagging in Mexican wators to

detormine tho southorn limits of the main population was pointod out.

There was somo ovidence of a difforontial southerly movomont with res-

poet to sizo in fish taggod in contral California and rocovorod in



southern Calitornia. largo sizes of fish tondod to bo rocoveroo.

Mi6rations of the stripod bass

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

1941) is notoworthy. From April, 1935 to Juno, 1938, about 4,000

stripod buss, including some young, wero marked uith extornal disc

tags or internal bolly tags. Taggings were carriod out from Connec-

ticut to North Carolinu. Roturns (which avoragod about 20 por cont)

showed that thoro vms a mass migration to tho north in the spring,

and to the south in tho fall, and that tho population in tho northorn

wators was stationary in tho summor. It VICS concludod toot thoso

migrations took plEc') chiofly botwoon Massachusotts and Virginia, and

~hat tho groatost intonsity of migration was along the southern Now

England and Long island shores. It was also feund toot not all of

the fish migrate since some were caught throughout the s=er in

seuthern waters and in the winter in northern waters. Coastal mig-

rations Vlorenot undert!l!cenbybass less thantvlOyears old. Tagging

in North Carolina showod toot bass from that region contributod

diroctly only a small percontage to the population in tho moro

northerly waters. In contrast to this situation in tho striped bass

of the Atlantic, Clark (l935) reported that tho introduced population

in California waters shoVled by tagging oxperiments to undertake "no

definite migrations, but simply a diffusion from the localities in

which thoy wero tagged".
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Migrations of the cod in the Atlantic

A considerable amount of study has been devoted to the etudy of cod

migration on both sides of the Atlantic. This review will be limited

to the work done ontheweeternAtlantic coaet by Schroeder (1930),

McKenzie (193& and 1940), and Thompson (1943). Schroeder tagged ever

40,000 fish in the period 1523 to 1529 fromnorU.ofcape Cod to the

New Jereey coast. From the returne, which amounted to about J per

cent,heconcluded_hatthestockotcodlifingonNantucketShoals

was for the most part distinct fro,n that found to the north and east of

southernl4assachusetts(capeCod). He further found that a large part

cf the Nantucket Shoals cod population makes a fall migration to the

Rhodes island-North Carolina region, but that only a relatively s mall

nuu,ber of tish north and east of cape Cod ruakes "this same migration.

The return movement takes place in the spring.

Inthespringoi1937I4ackenzie(193&)taggedcodon"thebanks

off NOiaScotia. Tag returns obtained from June to September showed

considerable movement of fish, ,"ecoveries having been taken on the

GrandBank,offthesouthshoreofNewfoundland,andtowardsthe

gulf of St. Lawrence as far as Gasp(,. By fall most of the recoveries

were obtained near the banks in the vicinity of tagging, suggest inga

return migration. :Jo tags were recovered west or southwest of the tag-

ging area. Results from tagging cod in inshore waters off Halifax

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

of that area were ·'upu.nr l:ative resident fish" (MoKenzie, 1940).



Thompson'e study (1943) .f the cod of the Newfoundland area from

1933 to 1937 suggested that prior to maturity there was insufficient

movement to cause significant intermingling .f 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 inshore.

No great degree of interchange of cod between the banks and coasta1

areas was demonstrated, but in certain cases some movement occurred, as

for instance from Grand Bankaand from st. Pi.erreBankto the coast.

Some interchange was found between these two banks. and also between

the 'Newfoundland banks and the Nvva Scotian banks. Thompson tagged

a total of 8.700 fisn and received a return of about 11 per cent.

Migrationsofsalmonidfishee

There seems to be ·no doubt that the salmonids have been subjected

to more marking than any other group of fishes. Anextensiveliterature

has been built up on the results of such studies in various pe.rts of

the world. As examples of the work done on the Atlantic salmon there

is the tagging of salmon of the Yargaree river on cape Breton island

(Huntsman. 1938), and to the tagging experiments carried out on Nn-

wegian salmon (Dahl, 1938).

The Margaree study involved the tagging in the fall ofabout3.5.r

salmon which were spent and ready to return to sea. The program ex-

tendedfroml913to1936,andresultedintherecaptureofmbout6

per cent of the marked fish. It was found that 70 per cent of there-

coveries were taken in the general lde.rgaree river area in the firet and



second years after tagging, andthllttheremaining30per cent, mo st

ofwhichwererecapture<linthesecondyearaftertagging,hadspread

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

coast. The migration to Newfoundland differed considerably from

year to year, and 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 1530 all six

Newfoundlandrecoveries were taken on the east coast of the island,

and the three returns in 1935 came frolLtheBelle Isle strait area•

Dahl (1930) reports on the results from the tagging of l,500 sal-

monatfourmlljortaggingstationsalongtheouterNorwegiancoast

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 salmon undertake great migrations in northern European waters.

The data proved for the firet 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 ScotlllDd was recaptured off Norway (the early scale

growth etrongly suggested that this fish had come origlnally from Nor-

way). The extreme range of salmon tagged on the Norwegian coast was

from England to the river PetchorainSovietRussia, which is coneidered

to be the ellsternlimit of the species. Thegreatspeedofmigrlltion

wasnoted,asmuchasl,lOOkilometresinelevendlly:;. O!'twooccasions

Ilfishwllsmarkedatonestation,retaken,andre-markedatllnotherstation,

andsubsequentlycRuBhtagain. Bothinstanceeprovedthatmigratingfish



do not necessarily take the shorteet route between place oftagging

and place of recapture. Thedirectionofmigrationwasfoundtobere_

versed after the fish were liberated a second time.

There are many papers d~aling with the results of tagging and

fin-clipping experiments on the Pacific salmons. Clemens, Foerster,

and Pritchard (1939)concludedthattherewasadefinitetendencyfor

fin-clipped spring, pink and sockeye of British Columbia to returnt 0

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

distancesinthesea,andforthisspeciestheypostulatedanorth-

west feeding migration and a south-east spawning migration on tho

waybacktothenatnlColumbiariver. Further tagging experiments in

1949 and 1950 (Milne, 1951) suggeBt that in recent yearBthe Bpringsal-

mon population off the "est coast of Vancouver island has changed,

poesibly cont"ining a smaller proportion of Columbia fish at the pre-

sent time. StudieBhave shown that coho tend to become more dispersed

and undertake less extensive migrations than spring salmon.

In 1943 and 1945 tagging operationBwerecarried out on pink Bal-

mon along the southern British Columbia coast and in 'iashin~ton waters

(Pritchard and DeLacy, 1944; DeLacy and Neave, 1947). Returnsvaried

from 19 to 51 per cent in individud tagging (De Lacy and Neave, 1947).

The studies showed a wide dispersal of tagged fish except in the ca se

of those released in Puget sound. FishtaggedoffshoreatSwiftsure

Bank moved through the strait of Juan de Fuca to all important fish ing

areas of Puget soundar.d Boutheln"ashington.



Tagging was used by Milne (1950) to show the effect of I.lorice-

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

B.C. He found that sockeye, coho, pink,andspringsallllonwereeffec-

ted,andthatpinksweremostseverelyhindered.

In northern C"lifornia from 1931 to 1937 fin-clipping and tagging

studies were conducted on steelhead trout and silver (coho) salmon

(Taftand6hapovalov,1938). 'lbesestudieswere carried out in two

coastal streams (Waddell and Scott creeks), and in certain tributaries

of a large river systelL, the lO.amath. It was found that about 98 per

cent of the tagged and fin-clipped steel heads returned to thearsa of

marking,onlyveryfewwanderingfromonocoastalstrsamtotheother

or from one tributary of the lO.arJath to another. The degree of wander-

ing of the fin-clipped silver salmen from one coastal strearr, to ths

other (about 20 per cent) was somewhat greater than in the case of the

steelheadtrout. It was concluded that even within a large drainage

basin, eueh as that of the lO.amath, the amount of straying among sea-

run steelheads was not ouch greater than between small coastal streams.

Calhoun (1944) used fin clipping to show that in 1941 a signi-

ficantportionoftheblack-spottedtrout(Salimo~henshawi)

inBluelake,California,didnotr:.igrateintothestreamsduringthe

spawning period. This was done by marking all the spawning run each

year and examining fish caught in the lake during the spawning period •

Itwasexpectedthatin1941,asin1940,the·numberofunmarkedripe

fish caught in the lake would become negligib~e by the end of spawning,

but actually after spawning was complete 16 per cent of the fish
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caught in the lake were ripe urucarked ftsh, i.e. Clature :'ish "hich had

not ascended the river. No spawning was found in the lake.

Migrations of fish in the Great La~es

Some of the more important marking and xecovery studies on fresh-

water fishes have been carried out in the Great Lakes. In l:lke Erie

in 1936,1939, and 1940, Doan(1942)taggednearlY3,800fishofvarious

species and recovered slightly over 2 per cent. He found th_t most of

the!llarkedfishdidnot travel veryfc.r in the first two w€c::s after

release, the rGost £.ctive speciec, the small-"lOuth bass, travelling an

average minimum dist.nncs of nino miles .. The average distarc6S of wove-

ment increased up to six months after release, and decreassd between

six months and a year. The decreao9 v!us considered to ~ a result of

the yellow pickerel (St,zns~~~ti:!!:~vitreum)andbl"e;>ike(Stizo­

~vitreu!E~)returningtothelocalitiestheyvisitedat

the tin.e of tagging. It was foundth"t the blue pike tendod to'uove

westward frora centrul lake Erie in autumn and winter, shorc..,·::.rd in spring,

and to deep water in sUWlller--apparently in response to temperature

changes. From the west central part of the lake the movemen~ was east-

ward in spring and surr.wer. Yellow pic;,erel tended to rer",,' " :n western

laksErie, suggestingthattheywereruoretolerantofwl:.:·liJerwater.

other species of fish V!0re less intensively tagged than these two, but

some general information was obtained on mOV8[aents.

At port Washington on the mid-western shore of lake Michigan,

6mith and Van Ooste'! (1940) ta ged 2,900 fish of various sp,cies from

1929 to 1931, 'llld nht'lined p 13 percent reccver)"_ Most of t.he rsturns,



r·
about80percent,weretakenwithinaradiusoftwenty-fiverJilee

frolLthepoint ofhgging. It was found that lake trout, rainbowtrou\,

and sturgeon migrated more extensively than lake herring, whitefieh,

ohube, pilote, and perhape perch. Lake trout, herring, and whitefish

tendedtoldoveinanortherlydirection,perchsoutherly,andrainbow

trout eastorly towards the opposite or Michigan shore of the lake.

SturgeonappearedtorolllJalloverthelake.Itwasfoundtotakethree

years for the trout tobeconefairlywell scattered through the 1ake.

In studies conducted at South Bay in lake Huron, Fry (1947)

found that rJove@ents of sc,all mouth bass during July and August were not

Migraticns of fish in streams and etlall lake.§.

DequineandHall(1950)givetheresultsoftheirstudiesonthe

movenent of Florida lerger..outh bass in six connected lakee in central

Florida. FroiLtheir tagging of over 1,600 bass in late 1947 and early

1948 they received u return of 23 per cen:t. Considerableoover.Jentof

base was shown between the .r.ore closely connected lakes but no definite

pattern or direction ofrtigrationwas discernible.

Manges (1950) providss inforlLlltion on the Lligration of fish in

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

frorJ 1947 to 1949 in four reservoirs and one L.ainstren;J i@poundclent on

the Tennesseerivor, and 13 per cent oftheJ:l8rkedfishwererecevered.

Itwasshownthatwalleyes(~!'~)'andsaugers(Stiz_

~clUl"-donse)movedluoreextensivelythanthebassesandcrappies.

F\lrthernore, it was found that the sauger and walleye Lloved Llost exten-

sively in late winter and early spring. It was not known whsther this

r.loveUJentwas directlyaseociatedwith spawning.



The n:ovement of walleyes in the Wolf river, Wisconsin, was given

attention by Hsrman (1947). Approximately 3,700 walleyes from the

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

theti'ueofwritingin1947 partialrsturns had amounted to about 9

per cent. The data indicated that the majority of walleyes returned

alr"ost illlWediately to lake Winnebago aftsr spawning, but a smaller

number moved further upstreaIl'. Several of the fish arrived at the lake,

adistanoe of ,fifty to sixtymilss downstream, in ten days.

Ban~"a..; and Bennington (1938) taggsd 487 fisr, of various speciss

in the summer of 1937 at three stations located on two Ohio streams.

Periodic seining at the stm;ions was employed to capture fish for tag-

ging and to recapturs fish taggsd in prsvious seinings. Fishermsn

also recaptured a few of the tagged fisl'. Movsment was generally small.

No marksd fish were taken except nsar the station whers ths tagging

was carried out. At each station more recaptures were made within

two wseks after tagging than in later seining trips, but a fewfish

tagged sarly in the season were recovered late in the summer in the sams

mile of stream. The results of this study did not agree ",i.th those of

Wickliff (1,38) IJhic" illQioated that returns of marked fish planted in

Ohio streams showed decided downetream migration. Since two of the sta-

tions in Bangham and Bennington's experiment were on the same stream,

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

noted if it had occurred. Smith (1941) _ho taggsd plantsd brook trout

in the SalmonTrout river in northern Michigan concluded that migration

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

tendency.
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From these exanples of marking and recovery experiments it is

evident that a great deal 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 cfdiscreteness ofthevariouspopulationshas been

fairly well established by marking studies, andmuchpertinentinfor-

games fishes. Without doubt this knowledge has permitted a closer

approach to t'le ultimate goal of effective fisheries management.

Nevertheless the ar.-.ount of data available on fish migration is

for most fish still far from complete. Major problems of migration

reuain unsolved in many fisheriee, v/hile in othereinformation is re-

qUired on n large number of details of rr,ovement. Frequently little

is known of the location ofthefishbetweenthetilile of marking and

the time of recovery. Unfortunc.tely, it is usually neceseary to under-

take large, costly m"rking and recovery programs and to contknue them

for a period of s6veral years to obtainreaBonablyconclusivereeults.

Also,thereareinvolvedinthetechniquevarioustechnicaland

theoretical d eficiencieJl which are difficult to overCOlUe. But,in

spite of the difficulties it appears that the marking and tagging of

fish has a bright outlook. The ethodwillbeiuproved,willhavestill

wider application, and will produce more data for the advancement of

fisheries kn01illedge--which perhaps will constitute suitabletribute

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

ago c.arked andrecovered a solitary pike.
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