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Even i n  the daye of Izaac Walton fishermen spemlatad on where and when 

the salmon moved, and Walton (1653) mentions t ha t  som an$lesmore ourious than 

the others t i ed  ribbons around the  t a i l s  of e a h n  they had caught so tha t  they 

might be l a t e r  ident i f ied,  A s  time progressed, i n t e r e s t  i n  the habi ts  and lit@ 

his tor ies  of m y  conmnsrcially important apealee of f i s h  was stimulated, and it 

b e m e  necessary to  know with scam exactness where and a t  what time movements 

of the species ocmrred,  Fisher ies  biologis ts  developed mans  of marking whi& 

were be t t e r  adapted to  the work a t  hand than those first originated,  and the 

r e su l t s  of t h e i r  experiments became more exact, This development of the teahnique 

of lnarking has been re la t ive ly  rapid, a s  it has taken place within the l a s t  60 

years, Marking experiments are nor recognized as instrumants of research f o r  

use i n  solving other problems than those of migration and growth ( a s  w i l l  be 

pointed out l a t e r  i n  t h i a  paper)* It was therefore natural  tha t  the progressive 

Michigan Department of Conservation has sponsored researah wi th  and on the tag- 

ging method i n  its ef for ta  t o  solve biologioal problem oonneated with the sport  

f i sher ies  of the s ta te .  

During the s i x  yeare from 1928 to 1933 inolusive, D r .  Jan Metzelaar and 

l a t e r  the s ta f f  of the  In s t i t u t e  for  Fisher ies  Reaearoh tagged varioue speoies 

o r  f i ah  f o r  the Miohigan Department of Conservation. O f  more than 20,000 r i ah  

tagged, recioveries from anglers were obtained on only 2.1 per mnt. These re- 

ooveries needed t o  be analyzed, and it was hoped tha t  the comparatively smal l  

percentage of returns from the  ear ly  experiments might be inoreaaed i n  tuture 

tagging s tudies  by different  methods of marking the f i s h  and by o ther  methods 

or  recoveryr To these ends the author was assigned the study of the biology 

of Wohigan game f i shes  by the tagging method. The aocumulated mass of l e t t e r s  



and notes were analyzed by the author to  find what information aonoerning 

lliigration of game f ishes i n  Michigan waters was available from the f i r s t  ex- 

periments. The r e su l t s  of t h i s  analysia are  preeanted on pp. y3 t o  dB(. 
In  1934 the writer began tagging experiments both i n  hatoheries and i n  

natural waters. The hatohery experiments were designed to fur ther  t ea t  the 

e f f eo t inness  of the jaw3ag method of mrking trout (p$q, while fie14 

experimnts were aarried on using the jaw-tag method of marking, par t icular ly 

on the North Branah of the Au Sable River, t o  learn more f a c t s  concerning the 

l i f e  history of the brook trout.  5 l l e r  marking experirents have been oon- 

duoted a t  Aintergreen Lake on the Kellogg Bird Sanctuary (p.73), and i n  the 

t r ibutar ies  of the Pine River i n  Osoeola and Wexford oounties ( p  .by ) . The 
work on the North Branch of the Au Sable River and a t  Wintergreen Lake may be 

eonsidered to  be still i n  progress, as  returns from marked f i s h  w i l l  undoubtedly 

be made during the  coming trout and bass seasons of' 1937, 

The r e su l t s  of these several studies,  together wi th  conclueions are  here- 

with presented, 
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There have been two eouroee of f i s h  f o r  tagging experiments conducted i n  

ldlchigan waters. I n  the ea r l i e r  experiments ( p p . q .  t o  @), rainbow trout,  

walleye, northern pike, suckers and peroh were obtained from natural waters; 

some of the brook t rout  tagged rere  also wild f ish.  Brown t rout ,  most of the 

brook trout tagged, and mat of the small-mouthed nsass tagged were of hatchery 

stoak, In  the experiment8 on the North Branch of the Au Sable River mnducted 

by the author, a l l  but 500 of the 4300 trout tagged were wild f i sh ;  t h i s  

par t iaular  l o t  of 500 were brook t rout  from the stock of the S ta te  Eatchery a t  

Par i s  , M i  c h i g ~  r 

Wild f i s h  were captured f o r  marking purposes with seines of different  

mesh s ize and different  length, In  the North Branch, a re la t ive ly  wide and 

shallow trout stream, the most successful net waa found to  be one of 40 t o  60 

f ee t  i n  length and 6 fee t  deep with a 4 inoh mesh (bar m6asuremsnt) . The pools 

o r  section8 to  be seined were selected by cruising the atrean carefully to  

locate oomparatively heavy concentrations of trout i n  water that was not too full 

of snags. With the exoeption of a few quiet water poola, most of the seining 

had to  be downstream and across the current, 

Captured f i s h  were plaoed immediately i n  a waehtub half f u l l  of water, o r  

were meaeured and tagged d i rec t ly  fron the seine, Meaeuremsnts were taken on 

a ageoially constructed board on which rulers  had been inset  (l?ig.Y ). Total 

length8 only were reoorded during 1934 and 1935, but sinoe May, 1936, standard 

and t o t a l  lengths, and also the length to  the point where the caudal f i n  forks, 

A l l  measurements were made to  the nearest eighth of an inoh. 

Careful notes, made both a t  the time of tagging and a t  subsequent recovery 

cover the following itena: date,  exact local i ty ,  lengths, speoies, tag nmber. 

During the s\tPmner of 1936, scale samples have been taken from a l l  f i s h  tagged 



and reuovefede Field data were remrded on C*B,A, Tabulating pads (@ x. 11 

inches) These pads f i t  conveniently in to  a s t e e l  notebook cover of similar 

dimensionrs, and the pads a r e  well-apaced and divided f o r  s e r i a l  tabulation of 

data, 

Laboratory proaedure consists of recording each reaovery on a separate 

card ( ~ i g . 2 )  which provider a spaae f o r  a l l  information r e l a t i ng  t o  the tag- 

ging and the reaovery of the f i s h  bearing any par t icu la r  t ag  number, This wqa 

found t o  be the most convenient method by which to  f i l e  infomation on reoovered 

f i s h ,  and f a c i l i t a t e d  the compilation of a l l  data. 

The jaw-tag method of marking (Shet ter ,  1936) aaa employed i n  the ex- 

perilaent on the North Branch of the Au Sable, and on the t r i bu t a r i e s  on the Pine 

River, A var ia t ion of jaw-tag method was used i n  the  experiments a t  Wintergreen 

Lake; most of the centrarahids i n  t h i s  lake were tagged by rin$ing the maxillary 

instead of the mandible with the s t rap tag. 

The *strapR type of ta&, a s  manuiactured by the Sa l t  Lake Stamp Company of 

Sa l t  Lake City, Utah, has been used i n  a l l  Uchigan tagging experiments i n  

natural  ra te rs .  These tags a r e  made i n  several  d i f fe ren t  s izes ,  but the ones 

most frequently used have been the YingerlingW size  and the No. 3 s ize  s t rap  

tags  (~ig. / ), The f inger l ing s i ze  tags are made from monel metal, while the 

No, 3 tags are made from Duralumin, both of which a r e  very l i gh t  and both r e s i s t  

the corrosive action of water. 

g f t e r  hatohery experiments during 1932 and 1933 had demonst~ated tha t  at-  

tachment of the tags t o  the g i l l  cover was unsatisfaatory ( p p . 2 2  t03/ ) marking 

t rou t  by means of ringing the mandible with the strap tags waa adopted f o r  use 

i n  the f i e ld ,  The attachment of the tag t o  the jaw of the f i s h  i s  a re la t ive ly  

si@ple operation. A mall slit is made with a scalpel  under and inside the 



mandible. !Phe ehort  end of the tag i s  then inserted through the aperture and 

ulawped through t he  lock-hole on the  opposite end of the  tagr This projecting 

abort piece is pinched down firmly with jeweler's p l i e r s ,  looking the tag, To 

allow f o r  growth of the jaw, the  resu l t ing  elongate oval i s  spread t o  an approx- 

imately o i rcu la r  shape by pressure exerted on both ends of t he  oval  by man8 of 

the  p l ie r s .  The t a g  as it is  carr ied by the f i s h  is shown i n  Fig,  10, The pro- 

aedure may a t  f i r s t  be somewhat slow f o r  one not experienced i n  the  teohnique 

of marking f i s h  on the  lower jaw, but with a l i t t l e  pract ice  i t  soon become 

quite rapid,  From 75 t o  100 f i s h  can be marked i n  one hour when one man measures 

and tags f i s h  while another reuords the data ,  

I n  the  course of the  researuh attempts were made t o  develop a nark whiah 

might be both permanent and easy t o  apply t o  the  jaw of f i s h ,  After considerable 

experimentation, a tag not unlike t he  nose r ings  placed on hogs was t r i ed ,  P l i e r s  

f o r  uae i n  applying t he  tags were machined by the  University of Michigan Instru- 

ment shop, and i n  3936, The S a l t  Lake Stamp Company kindly furnished 300 unnumbered 

tags of the  experimental speaificationa,  

Theee erperimsntal marks were of the  same dimensions and materials  a s  t he  

regular NO. 3 s t r ap  tag furnished by them, but had no lock-hale o r  lock-piece, 

and were bent a t  a d i f f e r en t  angle, Their holding a b i l i t y  is derived so l e ly  from 

f r i c t i o n  and the  inherent spring of the  metal. This tag has, as ye t ,  been used 

only experimentally; it wae employed a t  the  State Hatahery at  Par i s ,  Michigan, 

an4 has demonstrated t h a t  i t  w i l l  remain attached to  brown t rou t  over a six-mnths 

period (pp. 16 t o 3 1  ) . The exger imnta l  nark might have given b e t t e r  r e s u l t s  had 

the edges been milled o r  tumbled more smoothly. Sinae t h i s  t ag  requires  almost 

the  same e f for t  to  apply i t  t o  the jaw of the f i s h  a s  does the regular s t r ap  tag, 

it presents no great  advantages over the s t rap  tag as i t  i s  now used i n  the  jaw-tag 

method of mark1 ng . 



EARLY HISTORY OF FIm h!aKm 

Steinmann (1931) i n f e r s  t ha t  the  marking of f i s h  so t h a t  they d g h t  be 

recognized on subsequent reoovery may have i ts roots  i n  Orienta l  ant iqui ty ,  

He quotes fm an ancient volume on f i s h  by G, T, Wilhelm ('(Unterhalten aus 

d m  Tierreioh,  Fische, No, 1, Augsburg, 1799 as follows: *In another plaoe 

the  author writes: Oriental  princes mark ce r t a in  noteworthy f i she s  with a 

s i l v e r  o r  golden neck-band and then l i b e r a t e  them, By these ban88 they may be 

recrognized on l a t e r  recovery," BQr. Wilhelm a l s o  marked aalmon by "providing them 

with a oopyer r ingw on l ibe ra t ion ,  Of  twelve salmoh so marked he was able  t o  

r e  cover eleven, 

wThe Compleat Anglern, by I saac  I a l t o n  (1653), oe r r ies  the  e a r l i e a t  known 

reference t o  f i s h  marking, Walton mentions t ha t  ce r ta in  f i s h  were marked by 

tJTPing ribbon a20und t h e i r  t a i l s  (p./39). I n  these e a r l i e r  days i t  is  quite 

probable t ha t  t he  marking of f i s h  was carried on more as a form of amusement by 

the  nore wealthy salmon fishermen of the Br i t i sh  I s l e s .  Caldernood (1902) lists 

the  experimental work done on the  Sco t t i sh  salmon (Salmo s a l a r )  previous t o  

1902 a s  follows: 

1823 - Gri l se  k e l t  marked with brass wire by EfcKenzie of Andross, Recovery 
effeoted a year l a t e r ,  grew fmra @ t o  7 l b ,  

1824 - MoHenzie marked another g r i l s e  with brass wire around the  t a i l ,  
This was a lso  out  a year and doubled i ts weight. 

1829 - Braser clipped t h e  adipose f i n s  of salmon, One was recovered, 

1830 - Eraser marked a salmon by wiring i t d a i l ,  He reoovered one s i x  
llbonths l a t e r .  

1834 - Shew a t  Dmtmlamig, marked 524 sea t m u t  by cl ipping t h e i r  f i n s .  
68 were recaptured i n  1835, 

l a 5  - Shaw marked 60 sea t r ou t  with oopper wire on the dorsal  f i n .  He 
also marked 60 t rou t  with copper wire around t h e  maxillary bone. 
5 of the  l a t t e r  marking were recovered i n  1836, 



1845 - 1854 - The Duke of Athol turned i n  6 autheatic reports  of marking 
and subaequent recovery, 

1851 - 1864 - The Eqerimental  Conaslittee of the Tweed Cormaissioners marked 
a largs number of salmon, 

1859 - The Duke of Athol marked salmon i n  the River Tag. He used a nuiw 
bered copper d i sc  1 inch i n  diameter, o r  a gutta-percha t i cke t  
fastened by copper wire around the t a i l ,  5 were recovered, but there 
was no reoord a s  t o  the number tagged. 

1870 - 1872 - The Tweed Experimental Cornittee again conducted an ex- 
periment i n  which 1295 salmonids were marked. 31 of these 
were recovered, but no conclusions were offered, 

On the western side of the Atlantic,  one early attempt a t  f i e h  marking 

has been reported, A 8  indicated by Kendall ( 19141, g . 90 ) , the Borest and Stream 

Magazine f o r  November, 1877, published an account of brook t rout  tagging which 

was begun i n  1870 by the Oquossoc club on the Rangeley Lakes i n  Maine, Under 

the direct ion of G. 9. Page, platinum wire was cut in to  one and one-half inoh 

lengths and f la t tened a t  one end. Varioua number8 from 4 t o  4 (indictating weight 

i n  pounds) were stamped hereon, together with the date  ('70, '71, '72 e t c . ) ,  

The only  one of these f i s h  recovered was one t a ~ e d  $ - '71. Sinoe t h i s  f i s h  

weighed 2* pounds when caught i n  June, 1873, it had gained approximately 1 3/4 

pounds in 2 years. These tags  were attached t h r o u ~ h  the f l e sh  just under the 

adipose f in .  This represents the f i r s t  known attempt a t  marking t rou t  i n  the 

United States ,  



THE DEVELOJ3dENT OF W I N G  BS AH -TBL UTHOP 

The first aystematio tagging experiments were oonducted by Atkins (1876, 

1885), shor t ly  a f t e r  the  establishment of the  U. S. Bureau of Fisher ies  i n  1871. 

Atkins experimented with three  methods of marking Atlant ic  salmon (Salmo s a l a r )  -- 
on the  Penobswt River a t  Buaksport, Maine. He first t r i e d  branding, but aban- 

doned t h i s  method a f t e r  operating on one salmon, In  t he  same year Atkins tagged 

salmon by fastening t h i n  aluminum p l a t e s  (l* x 1/4 inches) t o  the oaudal peduncle 

by mans of rubber bands. ~ 2 k i n s  gave no statement of the  number marked i n  

t h i s  manner, but none were reoovered, and the experiment waa not repeated, 

Atkina had f a i r  sucaess by at taching platinum o r  aluminum tags  t o  the  

pos te r io r  margin of the d o r ~ l a l  f i n  with platinum o r  aluminum wire, Platinum 

seemed to  be the  best  material .  A reward f o r  re turn  of tags with information 

croncerning the  r e ~ b v e r y  was a l so  a part of h i s  program. A summary of Atkinta 

reau l ta  follows : 

Year Tagged 

1872 

1873 

Number Tagged Number Rewvered 

Not given 0 

357 "a wnsiderable  
number i n  187en 

3 i n  1877 

In 1885 Archer (1893) a ta r ted  marking Norwegian salmon with a numbered 

t r iangular  platinum labe l  ( 7  rnn, on a s ide)  by attaohing t h i s  mark t o  the  adipose 

f i n  with platinum wire (0.15 m, i n  tiitmeter). Oblong s i l v e r  l abe l s  a t t a c h ~ d  

with a i l ve r  wire were aleo t r i ed ,  Later  experiments i n  t he  Sands River, Scot- 

land, wherein the  s i l v e r  l abe l s  were paased through the  dorsal  f i n  membrane and 



the ends of the label  fastened together with s i l v e r  w i r e ,  were deemed t o  be 

the -st S U O C ~ B S ~ U ~ .  

Fulton (1890, 1893), a Soottieh fishery worker, catered the f i e l d  of f i s h  

marking i n  1889 when he marked ten different  species of f i s h  i n  Saint  Udrews 

Bay and i n  the F i d h  of Forth by tying numbered brass labe ls  around the caudal 

peduncle with aluminum w i r e  o r  s i l k  thread, Few recoveries were made, but 

returns were a l l  from f i s h  which had been marked using s i l k  thread to  attaoh 

the label ,  

Methoda of marking l a t e r  tested by Fulton were: 

( a )  the use of pignients; 

(b )  the fastening of small oblong tags t o  the operole; 

( c )  the fastening of a smal l  tag t o  the shank of the f i s h  hook and 

ineerting the hook i n  the f lesh  of the f i s h ;  

(d) herring wese marked by punohing a t r iangular  hole i n  the f i ne  

with a special  punch; 

(a)  an oval braas d i sc  was fastened to  the oaudal peduncle with s i l k  

thread, 

The l a s t  named method was considered the most sucoessful of any tha t  were 

tr ied.  

n l t o n  alao submerged leather ,  gutta-peroha, india-rubber, lead, copper, 

zinc, and brass i n  sea water i n  an e f f o r t  t o  determine the resistanoe of the 

several materials to  corrosionb Bmse was found t o  be superior t o  others. 

These e a r l i e r  methods of attaching the mark to  the f i s h  have been out- 

moded, and have seldom been used i n  more modern exgeriments. One of the bet- 

t e r  types of tags, developed i n  1893 by C. G. J b  Petersen (1894) of Denmark, 

ooneisted of two bone buttons joined by a s i l v e r  wire which pasaed through 



the t i s sue  of the  f i a h  just  below the dorsal  f i n ,  so tha t  a button lay  on each 

side of the  f i s h ,  Later  vulcanized rubber was subst i tu ted f o r  the  bone, Thisc 

type of tag  has been widely used i n  European waters with good r e su l t s ,  especia l ly  

on the  f l a t f i s h  (Pleuronectidae) . 
This par t i cu la r  type of tag  i n  its present form (Pearson, 1934) i s  made c t  

red and whits buttons of laminsted cel lu loid ,  held together with nickel  wire, 

One button oarr ies  a s e r i a l  number, the  other  ca r r ies  the addrees t o  which in- 

formation concerning the  recovery i s  t o  be forwarded. When these tags  a r e  used 

i n  marking salt-water f i s h  there seems t o  be l i t t l e  infect ion of the f l e sh  it 

the d i scs  a re  not held too t i g h t l y  against  the sides of the  f i s h ,  Losses 

are s l i g h t  i f  these tags  a re  not carried by the  f i s h  f o r  too long a period. 

However, when the  f i s h  grow considerably i n  g i r t h  a f t e r  the  placement of the  

tag,  the wires holding the  buttans tend t o  move out from the  f l e sh  and be l o s t ,  

Several va r ia t ions  of the "button typew of tag have been attempted, but 

none has proved any more successful than the  o r ig ina l  model, The more important 

var ia t ions  a re  l i s t e d  by Graham (1929) a s  follows: 

Lofting's --- mark f o r  salmon consis ts  of a f irmly uni te3 b i s c  and pin,  with 

an aooompanying diso  t o  be plaoed over the  head of t he  pin, Flaps on the head 

of the  pin a r e  then bent over t o  hold the second d i s c  i n  place against  a shoulder 

on the pin. Graham classed t h i s  a s  an unsatisfactory mark, a t  l e a s t  when in- 

ser ted through t he  operculum, 

Heincke's ebonite plaioe mark is shaped much l i k e  a co l l a r  button, having 

m enlarged head over which a rubber washer is  f i t t e d .  The mark is attached by 

inse r t ing  the  "col lar  buttonH through the  f l e sh  o r  f i n ,  and then for)cef'ully 

applying the washer t o  the  head of the tag. 

o r t  s i l v e r  cod mark consis ts  of two s i l v e r  d i s c s  joined by a s i l v e r  pin, L--- 



It is attached through the operaulum. The Namay mark i s  almost the same, - 
except t ha t  the  connecting piece i s  s i l v e r  wire instead of a stiff pin, Graham 

e t a t e s  t ha t  t h i s  type of tag i s  frequently l o s t ,  because of a break a t  t he  

point where the  wire was r iveted t o  the tags ,  Losa by suppuration i a  r a r e ,  f c r  

the  wounds a r e  healthy and without ser ious  enlargement , 

Archer's salmon mark i s  a modification of the connected button principle. -- 
I n  this ,  two wires a r e  used t o  connect two oblong p l a t e s ,  one of oxidized s i l ve r ,  

t h e  other  of cel lu loid .  The wires a r e  passed through the  dorsal  mscu la tu re  

a t  t he  base of the  dorsal  f i n ,  then through holes i n  the  cel lu loid  p la te ,  The 

ends of the  wire a re  then firmly twisted together, 

About 1320, Gi lber t  adapted the  ear  tag  used by sheep ranohers and cat- 

tlemen f o r  use i n  marking investigations,  This "strapw o r  *clip-typew tag is 

made from monel metal o r  duralumin, and i s  shaped much l i k e  an isosceles  t r i ang le  

open at one end of the base, On the  long s ide  opposite the  shor t  base is  a 

lock-hole. To f t s t e n  the  t ag  f irmly,  the  base of the  t r i ang le  i s  passed t h r o q h  

t h i s  lock-hole (Fig./ ) and bent down f lush  with the  long s ide  by mean8 of 

specia l  p l i e r s  designed t o  cl inch the  tag t o  some par t  of the  f i s h ' s  body i n  a 

s ing le  operation. Many tb~usands  of the  various species of the salmon i n  the 

Pac i f ic  have been marked by at taching theae tags to  the  gil l-cover o r  the  caudal 

f i n  rays,  and a l so  large  numbera of cod along the New Englznd coast. The use 

of the tag has been considered successful i n  both l oca l i t i e s .  

The most recent development i n  marking techniques i s  the bel ly  tag,  de- 

vised by R. A .  Neabit (1933). The "bellyw tag consis ts  of a th in  s t r i p  of 

cel lu loid  on which a s e r i a l  number i s  pr inted,  along w i t h  an address t o  which 

information concerning the recovery i s  to  be forwarded. The tag is inserted in 

aoelom of the  f i s h  by an incis ion from the  exterior.  



Another method of marking f i s h  so tha t  they may be ident i f ied on possible 

recapture i s  to  c l i p  two o r  more fins. This w i l l  not yield individual data,  

but w i l l  provide information of a mass nature, It is a method which has also 

been widely used i n  many salmon and t rou t  investigations on the Pac i f ic  coast, 



3uM?cI;fiY OF b4ETHODS DEVELO?rn - 
Although the  general method of marking salmon employed by Atkins and Archer 

yielded l a i r  r e su l t s ,  it must have been a ra ther  cumbersome and time-consuming 

task  t o  a t t ach  the  tags  by means of small wires, The appl icat ion of the  tags 

t o  the Fins was not the most pemanent location on the  body of the  f i s h ,  and 

many tags must have been l o s t  once the  f i s h  were freed,  Since At t lns  found 

t ha t  aluminum tended t o  become b r i t t l e  when immersed i n  sea-vater, and sub- 

s t i t u t e d  platinum f o r  his mark, the uost of the  tags must have become almost 

prohibit ive,  The best  development of ti:is type of t ag  i s  represented by the  

so-called "modernn Archer tag f o r  salmon, a c c ~ r d i n g  t o  Graham (1929), Calderwood 

used a s l i gh t  modification of t h i s  t ag  i n  marking Scot t ish  salmon i n  a s e r i e s  

of experiments i n  the  ear ly  1900's. Except i n  t h i s  pa r t i cu l a r  work, t h i s  type 

of tag has not seen very much use, 

The nbuttonw type o r  w d i ~ o n  type of t ag  i n  its several  forms has been 

widely used with considerable suocess, especia l ly  i n  the f l a t f i s h  inveatigatiomna 

of the  North Sea, the  Ba l t i c ,  and i n  Icelandic waters, This type of t ag  is car- 

r i ed  by flounders ra ther  permanently, and without injury t o  the  marked f i sh ,  

beoause the flounders a r e  hardy and tau$-skinned. There i s  l i t t l e  danger of 

infect ion t o  the wound, and t he  tag can be eas i ly  seen, Toaning (1933) described 

an a id  t o  the  appl icat ion of the  button tag which consisted of a hollow needle 

through which the  connecting wire oould be threaded, thus making it ea s i e r  t o  

pieroe the  g i l l  covef or f l e sh  of the  aubject. 

The nstrapw o r  wclipll  type of tag  was not changed i n  form from tha t  used 

by the  crattlemen and the  sheepmen, though smaller s i z e s  a re  made for use i n  tag- 

ging f i s h ,  It is r e l a t i ve ly  easy t o  fas ten  t o  the  f i s h  and r e s i s t s  the  act ion 

of sea water very well ,  especia l ly  when made of monel metal. This tag  when iully 



l e t te red  and numbered var ies  i n  cost ,  depending on the s ize  of tag,  from $15 to  

$35 per thousand. 

The in te rna l  tag o r  nbelly tag* as developed by Nesbit is no doubt the 

best method f o r  tagging cer ta in  species of f i s h  which have de l ica te  external 

features,  such a s  the Pacif i c  Herring ( Olupea pa l l a se i i  ) . Rounsef e l l  and 

Dahlgren (1933) found it t o  be the best suited f o r  t h i s  species. They also 

evolved a unique method f o r  recovering s t e e l  bel ly  tags from the o f f a l  of the 

packing plants  by mean8 of powerful electro-magnets, 

According t o  an a r t i c l e  i n  the Journal du Conseil (Anongmous, April ,  1932) 

there were a t  the date of publication some 27 in s t i t u t i ons  i n  14 countries of 

the world engaged i n  the marking of f i s h ,  The types of tage i n  use were divided 

a8 follows: 23 of the  "tie-onn or  "twist-onw var ie ty  (now outmoded) ; 6 of the 

nbuttonR type; 7 d i f fe ren t  kinds of nstrapw o r  "clipn t a g s ;  3 di f fe ren t  kinds 

of in te rna l  tags;  1 external celluloid tag  of the s t rap type. It should be 

noted that  a l l  orgmizationa reported ae engaged i n  marking at  tha t  time offered 

a reward f o r  infomation concerning the reoovery of any marked f i sh ,  



'IW RELATIVE ADEQUACY OF THE: VARIOUS METHODS OF MARKING FISH 

Tho chief aim of t h i s  diacuasion i e  t o  compare the  p r ac t i c ab i l i t y  of the  

various types of tag8 a s  used i n  the  solut ion of problem i n  t he  natural  his- 

tory  of f ishes .  The types of t ags  discussed a re  the  *buttonw type, the  wetrap" 

type, and the  *bellyn tag. The advantages and disadvantages of marking by f i b  

cl ipping a r e  a l so  presented, Lastly, the  jaw-tag method of applying the wstrapW 

t ag  i s  reviewed, and ce r ta in  hatchery experiments concerning the jaw tag are 

desoribed, 

The r e s u l t s  of various workers who have tagged f iahes  show tha t  no one 

mark o r  mans  of applying the  mark may be used on a l l  spmies  of f i s h  with 

equal suaoess* Sbhroeder (1930, p. /$ ) tagged cod on the  lower jaw (not des- 

cribing the  d e t a i l s  of t he  wthod ,  however), but obtained no be t t e r  r e s u l t s  than 

by tagging on t he  oaudal peduncle; the  same general method has given the  best  

r e su l t s  i n  the Michigan investigationer. Pac i f i c  Coast salmon invest igators  had 

excellent  reoovery peroentages by using the  s t rap  tag attached t o  the base of 

the  caudal f i n  though they had r e l a t i ve ly  Few reooveries on f i s h  f r e e  over 200 

days; Greeleyt s experiment on brook t rou t  (pp a&) , using the same manner of 

attaobment, indicated t ha t  t h i s  method was a f a i l u r e  where brook t rou t  were 

concerned, Dahlgren (1936) has demonstrated t h a t  the  *bellyw tag aa applied 

and recovered by the means at h i s  cornand is  the  only possible way of o b t a i n i ~  

migration and survival  data on the Pac i f ic  herring; it  i s  doubted tha t  many 

"bellyw tags  would be discovered by the fishermen i n  Michigan, and the chance 

of freshwater f i s h  ao marked becoming infected would p r eeuab ly  be g rea te r  than 

of marine f ish.  

I n  marking sxperinents t he  invest igator  should consider just  what results 

a r e  t o  be sought, how r e s i s t an t  the  species t o  be marked i s  t o  handling, how 



many a re  t o  be marked, and by what method and how long a f t e r  marking i t  is 

expected t ha t  the  f i s h  may be reoovered, One method of mrk ing  w i l l  doubt- 

less be b e t t e r  than the others, Par t  of the  invest igator ' s  problem is  t o  de- 

termine which method i s  the  be t t e r ,  I n  ldichigan the  answer to  t he  problem 

has been found i n  the jaw-tag method of applying the s t rap  t ag  (p .6  1, and 

i n  fin-clipping, It is not olaimed tha t  these methods represent the highest 

developments i n  marking teohnique, but the  jaw-tag method of marking has yielded 

b e t t e r  r e s u l t s  than prevfously obtained i n  the s t a t e  by other  methods of applying 

the "strapu tag. 

The+%uttona o r  "DiacU Type of T q  

The wbuttonw tag has been uaed most aucceastully on marine riabee,  chiefly 

i n  the  North Seas and adjacent areas,  It has been used mostly on f l a t - f i she s  

of the family Pleuronectidae, The var ia t ions  of the button t ag  are numerous 

(See Journal du Coneeil, 1932, Vole VII, No, 1) , but the  best  cornlrinations seem 

t o  be ebonite o r  vuloanized rubber, or cel lu loid  d i scs  connected by s i l v e r  wire, 

or nickel  pins. 

The most sucbessful points of appl icat ion appear t o  be i n  t he  dorsal  

musoulature of the  f i s h  just below the dorsal  f i n  o r  the  bony g i l l  covere I n  

order t o  a f f i x  the  t ag ,  the  f l e sh ,  o r  bony g i l l  cover is  pieroed for t he  s i l v e r  

wire o r  by the  pin. I n  a a l t  r a t e r  t h i s  operation does not l ay  the f i s h  open 

t o  infection8,  but it i s  fenred tha t  freshwater f i s h  so tagged would of ten b e m m  

diseased. For t h i s  l a t t e r  reEson, t he  button tag has not been used i n  the  ex* 

periments i n  Xichigan waters. 

Theustrap* Type of Ta& 

The s t r ap  tag has been more widely uaed i n  North Bmerican waters, pos s ibu  

sinoe i t  waa manufactured on t h i s  continent o r ig ina l ly  f o r  sheep and c a t t l e  



marking, and was ea r ly  applied t o  the marking of fish by Gilbert .  Several dif- 

fe ren t  s p e ~ i e s  of f i s h  have been marked i n  various ways, by means of the  s t rap  

tag  with varying degrees of sucoeaa. Pao i f ic  salmon were marked by Gilbert  

(1923), Rich and others  by applying the  *strapn tag to  the dorsal  port ion of 

the  basal  rays of the caudal f i n .  I n  one of t h e i r  experiments a recovery per- 

oentage of 3% was obtained (Gilbert  and Rich, 1925). Sohroeder (1930) who 

market cod off t he  New England coast by applying s t r ap  tags t o  t he  oaudal f i n ,  

obtained a t o t a l  recovery percentage of 3,5 per cent from 24,739 marked cod, 

Pae i f i c  halibut  were marked by at taching the "strapn tag  t o  the  opercular bones 

on the  eyed s ide  of the f i s h  (~hompson and Herrington, 1930), A t o t a l  re- 

covery peroentage of 22.7 per cent was made on 9,289 tagged hal ibut  between 

1925 and 1928. 

I n  t he  e a r l i e r  tagging experiments i n  Michigan (pp 43-bd) , the s t rap  tag 

was used, and applied through e i t he r  the base of the  oaudal f i n  o r  the  g i l l  

oover. The g r ea t e r  number were tagged through the  operole, especia l ly  i n  the 

later years, Of the approximately 20,800 Michigan f i s h  thus marked, only 2.1 

per  cent were remvered (by sport  fishermen), 

The wBellyw o r  In te rna l  T q  

Tbe be l ly  tag ,  developed by Nesbitt (1933), has been used with f a i r  auo- 

cesa on marine f i she s ,  especia l ly  the Pacif i c  herring (Olugea p a l l a s s i i )  . In  

experilaental work on t h i s  f i s h ,  i n t e rna l  tags a r e  inserted through a slit i n  

the abdominal wall. These t ags  are made of nickel-plated iron whiuh can be 

picked up by a strong electro-magnet located i n  the  reduction p lan t s ,  l b r t a l i t y  

wa6 found t o  be s l i g h t  ( ~ o w s e f e l l  and Dqhlgren, 19331, and the nbellyw t ag  ha8 

proven by experiments t o  be the  best  method f o r  use on herring, 



The l a t e s t ,  and aer ta inly the most s c i en t i f i c  method f o r  recovering tag- 

ged f i s h ,  has been developed by Dahlgren (1986) fo r  dsteoting nbellyw tagged 

Pac i f ic  herring. Several mill ion herring a re  handled da i ly  i n  reduction plan$, 

and the examination of the catch f o r  marked specimen8 by hand-cleaning would 

be impossible, With the aid of Dr .  C. E. Magnusson, Professor of Elec t r ica l  

Engineering a t  the University of Washington, Dahlgren de~eloped the "electronic 

deteetorn,  by which the metal tag i n  a f i s h  unbalances the elactro-magnetic 

f i e l d s  of two s e t s  of paired co i l s  previously arranged i n  balanaed opposition; 

t h i s  ndisbalancingw is amplified and relayed t o  a control c i rcu i t  whioh op- 

e ra tes  a mechanical device f o r  i so la t ing  the tagged individual. 

Although the bel ly  tag gave sat isfactory resul t8  i n  one short-time ex- 

periment on trout i n  Conneoticut (Cobb, 1933), t h i s  author reported tha t  155 

of 200 controls i n  which the oelluloid *bellyw tags were inserted died, many 

of then from gonadal inflammation caused by the tags. I n  experiment8 with t x e  

nbellyw tag; oonductgd a t  the I'ederal Hatchery looated a t  Northville, Miohigan, 

i n  the spring of 1933, several  bel ly  tags inserted aa direoted by Cobb (1933) 

were found t o  have been forued out through the ventral  body wall of the rainbow 

t rou t  within a period of l eas  than one month, although the t ag  inaiaion had 

healed psrfeatly,  A be t t e r  controlled experiment conducted by Greeley i n  1932 

and 1933 (data unpublished) a t  the S t a t e  Hatchery a t  Harr ie t ta  was complioated 

by an at tack of farunculosis which k i l l ed  both belly-tagged f i s h  a d  controls, 

The r e su l t s  of these experiments, given i n  more d e t a i l  on pp, )2-3( ,  suggest; 

that  i n  t h i s  method of marking the neoessary incision may be a focus of in- 

f ect  ion, 

Another disadvantage i n  the use of the belly tag on game f i shes  i s  the 



f a o t  t ha t  it is not external ly  vis ible .  This disadvantage is  pa r t i cu l a r l y  

great  where a l l  o r  pa r t  of the  re turns  a r e  made by sport  f i shemen,  Dahlgren 

(1936) surmounted t h i s  d i f f i c u l t y  with h i s  magnetic detectors ,  and Cobb suc- 

oessfully conducted a l o t t e r y  to  encourage the re turn of tags;  but nei ther  of 

these methods of obtaining recoveries would be praoticable f o r  Michigan, Belly 

tagging was therefore not considered a s  a feas ib le  method t o  be used i n  the  

tagging work i n  Michigan, 

Fin-Clipping a s  a Marking Metliod 

Marking f i s h  by cut t ing off one o r  preferably two o r  more f i n s  has been 

practiced extensively i n  several  Facif'ic coast salmon investigations,  The 

method consists  simply of the excision of the f i n s ,  cut t ing very close to  the  

base of the f i n s  t o  preclude regeneration, It i s  desi rable  theet two f i n s  be 

clipped so as t o  make the  recognition of the  marked f i s h  easy and cer ta in;  it 

has been found (Marsh and Cobb, 1909) t ha t  i n  nature as many as 11 of 12,700 

mature red salmon had t h e i r  adipose f i n s  missing o r  imperfect. Several speoiarens 

were a lso  observed which h ~ d  e i t h e r  t h e i r  right o r  l e f t  ven t ra l  f i n s  misaing. 

During the f a l l  of 1936, I observed tha t  8 out of 5,000 hatchery-reared rain- 

bow t rou t  f inger l ings  examined hnd no adipose f ins .  Davidson (1934) has very 

adequately demonstrated tha t  fin-clipped pink salmon do not regenerate t h e i r  

f i n s  su f f i c i en t l y  so that  they w i l l  not be recognizable a s  marked f i s h ,  

m e n  data  of a mass nature i s  desired,  f i n  clipping has been demonstrated 

t o  be a su i t sb l e  method, The only equipment involved i s  su i tab le  cl ipping 

too l s ,  such a s  a high grade pair of manicure shears* Two workers can mark 25@ 

o r  more f i s h  i n  eight houra, However, recovered f i s h  can be recognized only 

a s  one of many individuals from a s ingle  marking, k t  the  present time two 

experiments involving t h i s  method of marking a r e  i n  progress i n  Michigan waters 

pp / 3?-lPd* 



Experiments on Tagging Methods 

I n  the ea r ly  tagging experiments i n  the natural  waters of Michigan (pp.*$f) 

the  s t rap  tag  (No. 3 s i ze )  waa a?plied with r e l a t i ve ly  l i t t l e  succeaa to  the  

caudal f i n  o r  gil l-cover of the  f i s h .  Therefore Dr, John R, Greeley began 

some hatchery experiments t o  attempt t o  f ind a method of applying, the s t rap  

tag which would not be detrimental t o  the wellbeing of the fish, and which 

would remain attached over longer periods of time, 

I n  September, 1931, D r .  Greeley and Gerald McCrirmnon marked 650 brook 

t rout  yearl ings and 698 brook t rou t  f inger l ings  a t  the  S t a t e  Hatchery, Har- 

r i e t t a ,  Michigan i n  the following ways: 

(a)  A11  f inger l ings  were marked with the f inger l ing s i z e  "strapw tag 

on the  r i gh t  g i l l  cover; 

(b)  100 yearl ings were marked with f inger l ing tags on the l e f t  g i l l  

cover and No, 3 t ags  on the r i gh t  g i l l  cover; 

( c )  100 yearl ings were marked with No, 3 tags  on the l e f t  g i l l  cover; 

( d )  100 yearl ings were marked wi th  f inger l ing tags on l e f t  g i l l  cover; 

(e )  100 yearl ing brook t rou t  were marked with fingerling tag& l e f t  

suboperole ; 

(f) 100 yearl ing brook t rou t  were marked with 180. 3 t ag  between subopercb 

and preopercle; 

(g) 50 year l ing brook t rou t  were marked with f inger l ing s i z e  tags a t  the  

dorsal  base of the caudal f i n  rays; 

( h )  50 yearl ing brook t rou t  were marked with f inger l ing s i ze  tags a t  the 

ven t ra l  base of the caudal f i n  raye; 

(i) 50 y e a r l i w  brook t rou t  were marked with f inger l ing  s i z e  tags  on the 

dorsal  f in.  



A l l  of the tagged f i s h  Were misadvertently placed i n  one large  pond with 

5,000 u n t a ~ e d  bmok t rou t ,  many of which were 10 to 12 inches long; consequently 

there probably occurred considerable l o s s  from cannibalism, No da i ly  m r t a l i t y  

records on the  experiment were kept. lhen the  large  holding pond was examined 

i n  May, 1932, none of the  tagged f inger l ings  were found, That a large number 

of yearl ings had l o s t  t h e i r  tags ,  was evidenced by scars.  Of the 59 brook t rd t  

tha t  st i l l  bore t h e i r  tags ,  20 were rnarked with No. 3 t ags  and 39 with finger- 

l i n g  tags. A l l  were tagged on the g i l l  cover; none of the  f i s h  tagged a t  the 

base of the caudal f i n ,  o r  on the dorsal  f i n  were recovered, Many of those 

tagged on the  g i l l  cover were found t o  be carrying the  tag quite loosely, and 

i n  some, holes i n  the  opercles had been worn so large t ha t  the  tags  were about 

t o  be lost, Some of the  tagged f i s h  were undoubtedly planted out by the  hat- 

ohery, since one of them (No, 15843) was reported as recovered i n  Bear Creek, 

Manistee County, on May 11, 1932, 

I n  a subsequent experiment carr ied out a t  the  Har r ib t t a  Hatchery, Dr .  

Greelsy obtained more conclusive resul ts .  The f i s h  were tagged i n  October, 

1932, and were examined i n  Eay, 1933, Yearling brook t rou t  4 t o  7 inches long 

were tagged with the cel lu loid  be l ly  tag ,  the No, 3 atrap tag ,  and the  finger- 

l i n g  s t rap  tag,  and were retained i n  two concrete-sided hatchery ponds approxi- 

mately 18 x 75 f e e t  i n  s ize ,  Daily m r t a l i t y  reeords were kept, The 844 tag- 

ged f i s h  were held i n  the  upper of the two ponds, while 619 untagged f i s h  were 

kept a8 controls i n  the  lower pond. Brook t rou t  were tagged as follows: On 

the  g i l l  cover, 443; around t he  jaw bone, 97; through the jaw bone, 103 ; "belly " 
tagged, 201, The r e s u l t s  of these respective tagging8 a r e  preeented i n   able 1. 



Table 1 

SlkfMARY TAi3LE TO SHOE THE RESULTS OF BROOK TROUT TAWNG 
EXPERUEWB AT THE HARKCETTA EfATCHERY, 

1932-1933 . 
Loas of tag was indicated by scars ;  those with unoertain 
aoars are  inoluded, but of the t o t a l  marked the percentage 
with uncertain soars is  indicated by inf'erior f igures.  

Point of Size of f i s h  No. Per sent Per cent of indivi- 
apglieation when tagged of dead from duals on May 19, 1933 
of tag  00%. 24, 1932 f i s h  No~,-Apr. Miss- Dead, A l l ? @  

tag- Tag %i th  ing tag Tag With 
inches ged lost Tag loa t  l o i t  tsq 

Body cavity 4 t o 8 1 / 8  201 8 84 16 0 0 0 

Left g i l l -  
oover @ to 7 314 4421 0 24 1% 5412 I 

Through jaw- 
bone * t o  ? 103 23 24 16 0 37 0 

Around jaw- 
bone 4 3/8 t o  6 97 2 37 5 0 s$/ 47 

%ew bone broken. 

I n  t h i s  experiment, the belly-tag method of wrk ing  was a complete f a i l u re  

(Table 1) due t o  an epidemic of f a m n u u l o s i s ~  The mortali ty of the f i s h  so 

tagged was much higher than the death of the c o n t r ~ l s  o r  of the f i s h  tagged by 

other methods, The resu l ta ,  however, c l e ~ r l y  demonstrated tha t  where there is 

a mneentration of disease germs i n  the water, belly-tagged f i s h  are  ea s i ly  

infeoted, a s  the belly-tagged f i s h  showed t i s sue  degeneration charaater is t io  cf 

farunculosia about the point of inser t ion of the belly tags.  

Considering the number of f i s h  a l ive  st the conalusion of the experiment 

and s t i l l  aarrying t h e i r  tags,  gill-cover tagging was a lso demonstrated t o  be 

almost a complete f a i l u r e  (Table 1). Concerning the e f fec t  of the tags on the 

g i l l  oonrs, Greeley wrote (or ig ina l  reyort ,  unpublished): 



*Some of t he  f i s h  had succeeded i n  tear ing the tags loose, I n  mang 
other  instances the  l o s s  can be in terpreted t o  r e s u l t s  of a continual 
i r r i t a t i o n  of the  bone which develops a sore with some mucous. The 
hole i n  t he  bone gradubilly enlarges u n t i l  the  t ag  f a l l s  out ,  Larger 
t r ou t  with tougher bone might be expected t o  r e t a i n  a tag longer 
than those used i n  t h i s  experiment, but i r r i t a t i o n  of the  bone might 
be expected wherever bone i s  pierced by metal, It i s  probable t ha t  
t he  deaompoaition of the opercle leading t o  l o s s  of tags involved baoter la l  
aa t ion and t ha t  t he  bac te r ia l  ac t ion was accelerated i n  the  hatohery 
pond because of crowding and contagion. Much evidenue is avai lable ,  
however, t o  indicate  t ha t  f i s h  i n  na tura l  waters lose  t h e i r  g i l l -  
cover tags through a s imilar  wearing away of the  bonew, 

Creaser and Delavan ( repor t  unpublished) had s imi la r  d i f f i c u l t i e s  i n  

making tags hold more than two months on the  g i l l  covers of northern pike, 

Wunder ( 1935) a l so  reporta a s  unsuccessful experiment i n  g i l l -  cover tagging of 

aarp and tench with metal and cel lu loid  button tags, 

Since the  jaw bone o f f e r s  an even f i m e r  point of attachment then the  g i l l -  

cover, tags were fastened t o  103 f i s h  so t ha t  the  tags penetrsted but did not 

enc i rc le  the  jaw bone. This method of a?pl icat ion was a l so  proven t o  be a 

f a i l u r e  (Table 1). Apparently, no matter how firm the  bone, i f  i t  is  pierced 

by metal an i r r i t a t i o n  d caused which eventually wears away the  bone and 

causes the t ag  t o  be los t .  

Encircl ing t he  lower jaw bone w i t h  the  s t rap  tag so t ha t  i t  hung downward 

but d id  not pieroe t he  bone gave the  best  r e s u l t s  (Table l),  The number of 

surviving f i s h  bearing jawwtags a t  the  conclusion of the  experiment is much 

higher than f o r  any of the f i s h  marked i n  other  ways. A 1 1  were subject  t o  the  

sams conditions, since a l l  tagged f i s h  were kept i n  the  same pond f o r  the  

duration of the  experiment. 

Again I quote from Greeley? s or ig ina l  repor t  (unpublished) ; 

m e r e  the  tags had not been spread, i r r i t a t i o n  of t he  jaw-bone 
was always noted, o e n  the f i s h  had grown the  aw was inched, and i n  i E ~X~M)IBCI case. had given amp, leaving the f i s h  w i  h a bro en jaw. 
Spreading of the  tag appears highly desi rable ,  Most of the  l o t  ahiuh 
had the  tags  opened out t o  give more space showed prac t ioa l ly  no ir- 
r i t a t i o n  t o  the  jawen 



Despite the  epidemio of farunculos is  which ompl ica ted  the  i n t e r p r e t a t i o n  

of t h e  r e s u l t s  of the  experiment, t h e  jaw t a g  method of mxking brook t r o u t  
A 

stands out  as superior  t o  the  o the r  methods t r i ed .  Coneequently t h i s  method 

of tagging was followed i n  the  subsequent work i n  Michigan, including a l l  of 

t h e  in tens ive  experiments on the  North Branch of t h e  Au Sable River, 

I n  October 1, 1933, D r ,  Greeley and I f u r t h e r  t e s ted  the  jaw-tag and belly- 

9tyl 
tag methods of marking f i s h ,  A& the  experiments conducted a t  t h e  Federal  

Hatchery a t  Nor th r i l l e ,  Michigan, f i e  f i s h  used were rainbow t r o u t  9.5 t o  

11.87 inohes long, averaging 10.8 inches ( total  l eng th ) ,  F i f t e e n  t r o u t  were 

tagged around t h e  l e f t  jaw with the  f i n g e r l i n g  s i z e  tag;  15 t r o u t  were s imi la r ly  

tagged with the  No, 3 size tag;  and 15 were marked with t h e  b e l l y  tag  (10 more 

were l a t e r  added t o  t h i s  group), A l l  belly-tagged f i ah  were marked f 'urther by 

means of a No. 3 size tag on lower r i g h t  jaw, Care was taken t o  spread a l l  

t ags  applied t o  t h e  jaw, a f t e r  locking them t o  allow jaw growth, No l o s s  of 

jaw-tags was noted except i n  the f i n g e r l i n g  t a g  experiment (Table 2 ) ,  i n  which 

3 f i s h  were found t o  have l o s t  t h e i r  tags  when examined on January 11, 1934, 

U n t i l  t h i s  time a l l  tagged f i s h  had been retained i n  one pool without any other  

f i s h ,  so they were read i ly  avai lable  f o r  counting, The condition of t h e  b e l l y  - 
tagged f i e h  on January 11, 1934 was excel lent ,  A11  the  wounds had heeled, It 

i s  of i n t e r e s t ,  however, t h a t  two *bellyn tags  were found on the  bottom of 

the  re ta in ing  pool, and one f i s h  was observed t o  have the  t ag  protruding throtgh 

t h e  midline of t h e  b e l l y  well ahead of t h e  pelvic  f i n s .  On handling, t h e  t a g  

was foroibly  e jec ted  by the  f i s h ' s  efforts t o  escape. Same of the  rainbows 

were r i p e  a t  t h i s  time, many of the malea yielded milt while being handled, 

Pressure r e s u l t i n g  from enlargement of the  gonads may have been t h e  oause whiQ 



foroed the tags from the f i sh ,  

On June 8, 1934, an attempt was made to  check the condition of the  tagged 

fieh, but unfortunately the tagged rainbow had been moved from t h e i r  o r ig ina l  

pond, Some had been plaoed with untagged stock and others had been removed 

t o  la rger  ponds whiah could not be examined, 

A f i n a l  attempt t o  oheck the tagged f i s h  was made on November 1, 1934, a 

f u l l  year o r  more a f t e r  the date of tagging* Some of the rainbow atoak had been 

removed to  large earthen wintering ponds which could not be drawn down or  seined, 

The remaining tagged f i s h  were mixed with uatagged f i s h  i n  one retaining pool, 

Thia nixed stock was examined a s  carefully as possible f o r  f i s h  bearing tagr or  

scars  from tags* BQr, Vidmeyer, Hatchery Superintendent a t  Northville, stated 

tha t  no xnortality of tagged f i s h  had been found, Since a l l  the tagged f ieh 

could not be examined, the r e su l t s  indioated i n  Table 2 are mini- figures, 

erpeoially f o r  the f i s h  marked on the lower jaw with No. 3 s t rap tags. It i s  

as/ very l i ' ie ly  that  even more than the observed 47 per cen of the f i s h  marked 

above the jaw with t h i s  s ize  of atrap tag retained t h e i r  identifying mark thruugh 

the intervening year, The lower indicated survival of f i s h  tagged about the 

jaw with the f inger l ing s t rap tag  (33 per cent)  suggest ra ther  strongly tha t  

these small tags f i t t e d  too alosely a t  the time of applioation t o  the jaw of 

the ten-inch trout.  Several of these f i s h  on subsequent examination had the 

jaw broken by the oonstricting tag; none of the f i s h  bearing No, 3 tagr had 

broken jaws, If the jaw is not broken, its growth probably forces the tag  to  

open and become lo s t ,  

To determine what effect  the in te rna l  tag8 had on the organs of the f i eh ,  

d i n e r  a l l  belly-tagged f i s h  carried Jar tags on t h e i r  r igh t  jaw t o  
ident i fy  them as belly-tagged f i s h ,  these may also be considered i n  the jaw 
tag ~rurvival, This gives a t o t a l  of 40 f i s h  bearing Mo. 3 s t rap tags on the 
jaw; of these 40 I was sb le  t o  examine 19 on November 1, 1934. 



one of the  belly-tagged rainbow t rou t  was k i l l e d  and examined on November 1, 

1934, The f i s h  chosen was a female 12 5/8 inches long ( t o t s 1  l eng th) ,  having 

g r o m  1 5/8 inches a f t e r  being tagged on October 17, 1933, This f i s h  was s l i t  

from anus t o  isthmus and opened. The tag  was found looated i n  an anterior-  

pos te r io r  plane, The an te r  end of the t ag  barely touched the  pos te r io r  ends 

of the  pylor ic  caecae, S l igh t  adhesions had formed between the tag and the  

vasceral peritoneum i n  the  region of the caeoae, The poster ior  port ion of the  

t ag  l ay  alongside and i n  contact with the developing eggs which p a r t i a l l y  f i l -  

led the  coelom a t  t h i s  time, However, not a l l  tags were so sa t i r r factor i ly  placed 

as t h i ~  one, sinoe three t ags  a r e  known to  h ~ ? e  been forced out  of the f i s h ,  

These r e s u l t s  a re  consistent  with those of Cobb (1933), 

Two other  hatohery experintents gave even more conclusive evidence t ha t  the  

jaw-tag method of marking t rou t  would yie ld  a r e l a t i ve ly  high sulrkival of taggad 

f i s h  over a t  l e a s t  a 6-month period. On October 7 ,  1935, 100 hatchery brook 

t rou t  f inger l ings  i n  the  Northvil le Hatcher: were measured and marked with the  

nf inger l ingH tag by the jaw-tag method, 100 f i a h  of the same stock were taken 

a t  random and measured but not tagged, The average t o t a l  length of both l o t 8  

of untagged and tagged f i s h  was 4.00 inches. On April  2,  1936, 83 of the  tag- 

ged f i s h  were found, The 17 missing f i s h  were probably taken by merganser 

ducks during the severe winter weather, as the re ta ining pool wae only p a r t i a l l y  

wvered,  and Hatchery Superintendent Widmeyer reported tha t  several  mrgansers  

had been seen feeding i n  the  hatchery pools during January and Febmary, 1936. 

The average s i z e  of t h e  tagged f i s h  on Apri l  2, 1936, was 6,8 inches t o t a l  lergth.  

The surviving f i a h  were i n  good condition, and very l i t t l e  inflammation of t he  

jaws muld be noted, The average s i z e  of a random sample of 100 untagged f i a h  

on April  2, 1936, was 6.6 inches, 



Table 2 

S W U i Y  OF BmYwTAGGING L l N D  JAW TAGGING EXEERIB6ENTS 
ON RAINBOW TROUT AT FFJBDAL HATCHERY, NOmHVILLfe, 

MICHIGAN 

Fish tagged October 1 and 31, 1933 - last  examination 
November 1, 1934, 

Number n 
mere tagged tagged Oct. 10,1933 Jan* 11 June 8 Mov, 1 of 

Oct. 1,1933 1934 1934 1934 t o t a l  
marked 
found 
Nov. 1 

Abdominal cavity 
and around jaw 
bone 15 15 2a 19 16 64 

Around jaw 
bone (#3) 15 15 15 7 3 20 

Around jaw bone 
(Finger) 15 15 12 9 5 33 

-- -- 

Total  45 45 52 35 24 44 

&en more f i s h  had been bbelptagged on Oct. 31, 1933, a l l  25 belly-tagged 
f i s h  were then tagged around t h e i r  r igh t  jaw s o  t ha t  they could be iden t i f i ed  
as belly-tagged fish, 

@atire tagged stock not avai lable  t o  eramination be cauae of hatchery 
work i n  progress. 

I n  another experiment i n i t i a t e d  a t  the  Pa r i s  Hatchery January 4, 1936, 202 

yearl ing brown t rou t  of an average t o t a l  length 8.8 inohes were marked and placed 

i n  a covered conorete raceway with 53 unmarked y e a r l i w  brown t rou t  of an average 

to ta l  length 8.7 inches. The jaw-tag method of marking was used, but the  t ag  was 

of s l i g h t l y  d i f fe ren t  oonstruotion f r o m  the  usual  ns t rapn t ag  (see p.  7 ) *  

These f i s h  were exanined i n  March, 1936, and again i n  June, 1936 (Table 3 ) .  Of 



the  202 f i s h  marked, 24 had died between Januar j  an8 June, leaving 178, o r  a sumri- 

va l  of 88 per  aent. The morta l i ty  was highest (23 deaths) during the severe 0018 

weather of February, 1936, and was possibly aided by the  rough edges of the  ua- 

milled exper iment~ l  tags, Despite these  f ac to r s ,  however, t h i s  experiment gave 

the  highest survival  rate of any of the  hatchery experiments thus f a r  conducted, 

From the  r e s u l t s  of these tagging experiments oonduoted a t  the  Northville, 

Har r ie t t a  and P a r i s  hatcheries,  it  i s  concluded: 

1. Strap tags  applied t o  the  basal  rays of the  aaudal f i n  of brook t rou t ,  

o r  t o  the dorsal  f i n  do not long remain i n  place, 

2. The belly-tagging method of marking t rou t  is feas ib le ,  but has the  fol -  

lowing disadvantages: 

(a) The be l ly  tags cannot be seen external ly ;  

(b )  The tags  may be foroed from the  body cavity and l o s t ;  

( o )  The operation of incis ion permits any pathogenio miomorganism pre- 

sent  i n  the water easy entranee t o  the in te rna l  organs while the  

round is healing, a s  demonstrated i n  the  Har r ie t t a  experiment of 1932- 

1933 

(d)  Belly tag8 a re  not easy t o  apply t o  t rou t  beoause of the extreme 

a c t i v i t y  of the  f i s h ,  

3, The jaw t ag  method of encirc l ing the s t rap  tag around the  mandible has 

proven f a r  superior t o  the e a r l i e r  method of at taching the s t rap  tag  t o  the  g i l l -  

cover (Tables 1, 3 ) .  

4. If s t r ap  tags  of suf f io ien t  s i z e  are affixed by the  jaw-tag method, they 

w i l l  be carried by the f i s h  f o r  periods of one year o r  longer (Table 2)  , Fie ld  

experience has subsequently shown tha t  t r ou t  ranging from 3 t o  6 inches can be 

succeashrlly jaw-tagged wi th  f inger l ing s i z e  s t rap  tags,  Larger t rou t  carry a No, 3 

s i ze  s t rap t ag  succeesfully. 



Of the methods of fish-marking t r ied ,  those which present most advantages 

and fewest disadvantages a re  the jaw-tagging method and the f in-clipping method, 

Both methods are  now i n  use i n  Michigan tagging experiments, the choice depending 

on whether data of detailed o r  of a mass nature are desired, The button tag has 

never been t r i e d ,  since i t  was assumed tha t  the inser t ion of the tag i n  the f lesh  

would present an open avenue f o r  infection. The wbellyw t ag  has not been used i n  

the f i e l d  experiments f o r  the aame reason, and also f o r  other  reasons outlined 

above, 

Eifeot of Jan Tags on Growth of Trout --- .I--- 

The effect  of tagging on growth present8 a problem tha t  should be oonsidered 

i n  the  use of tagging a s  a method f o r  studying the growth of f i s h ,  Two Buropean 

workers @under, 1935; Debroseee, 1935) have expressed the opinion that  tagging of 

carp (Cpprinus carpio),  and rouget (Blktllus barbatus), on the gill-cover and on 

the caudal peduncle respectively, had slowed the growth of these species, An 

analyria of the effeot of jaw-tagging on the growth of t rou t ,  i n  experiments con- 

ducted a t  the Federal Hatchery a t  Northville, and a t  the S t a t e  Hatchery a t  Pa r i s  

indicate,  on the contrary, tha t  the jaw-tagging method of marking t rou t  does not 

slacken t h e i r  growth, 

The de t a i l s  of these experiments hare already been presented on pp a t o  g d  . 
Both experiments showed l i t t l e  difference between the growth of the tagged and un- 

tagged fish over a s i x  month period and the differences noted favored the tagged 

individuals, From these r e su l t s  (Table 3) it appears aafe t o  oonclude that  jaw- 

tagging doe6 not in te r fe re  wi th  the growth of brook and brown t rou t ,  at l ea s t  

under hatchery conditions. Th i s  may o r  may not be t rue  i n  natural  waters, Insofar 

as could be d e t e d n e d  from a study of the l i t e ru tu re ,  t k i s  is the f i r s t  systematic 

study of the  effect  of tagging on the growth of marked f ish.  



Table 3 

RESULTS OF HATCHERY EXP-S TO DBTER6II:INX TLIE EFE'ECT 

OF JM-TAGGING ON GROWTH RATE. 

~agged ~n tagged G 
ESumber Av, Total  Number bv , Total  

length 
( inches)  

length 
( inches) 

Nor thvi l le  Hatchery Brook 
Trout 

Measured Oct, 7 ,  1935 
Bemeaaured Apr, 2, 1936 

P a r i s  Hatohery Brown Trout 

Meaaured Jan. 4, 1936 8.8 53 8.7 
Remeasured Mar, 18, 1936 8.9 8,8 
Remeasured June 19, 1936 17# 9.5 v 9.1 

g7 f i s h  probably l o s t  through merganser predation. 

tagged f i s h  and 1 untagged f i s h  los t  during severe winter  weather i n  February. 

%ne tagged f i s h  died i n  June. 

&idently raoeway not  f i ah - t igh t  , and 4 brown t rou t  jumped over r e ta in ing  Boreens 
onto the  experimental raoeway, 

Fh.1 uutagged f i s h  ohosen a t  random from same stock as t h e  tagged i i ah .  



TAWDIG BM) MAHUNG FISH AS A NBTHaP IN BIOLOGICAL I W T I W I O N  

Several important kinds of data pertaining to  f i a e r i e e  may be obtained most 

readi ly  and with greates t  accuracy by marking experiments, The percentage of the 

population removed bJla f ishery can often be computed a f t e r  marking a portion of 

the population. The known number of marked individuala placed i n  the water, and 

the percentage of marked individuals i n  the catoh, provide a baais f o r  the cal- 

culation of the t o t a l  stock and of the percentage of the stock tha t  i s  removed by 

the f ishery over a given period of time, Population estimates may be computed i n  

other ways ( she t te r ,  1937), but a t  l e a s t  i n  the sea and i n  large inland bodies of 

water, tagging o r  marking experiments probably w i l l  prove most feasible  from the 

standpoint of time and expense involved. Although migrations and movements of 

cer ta in  stocks of f i s h  have been determined by other means, such a s  the analysis 
n 

of scale  character is t ics  (Runnstrom, 1936), posit ive and c lear  cut  data on m i -  

grations is obtained more eas i ly  by marking experiments. Growth may be determined 

by measuring the same population of f i s h  a t  several di f ferent  times and comparing 

the average measurements a t  the dif ferent  periods, o r  by aomputations from scale  

measurements. A more d i rec t  mezns of studying the growth, however, i s  to  d i rec t ly  

compare the lengths of marked f i s h  on recovery wi th  t h e i r  leagths a t  the time of 

tagging. This method of growth determination presupposes tha t  the r a t e  of growth 

of the f i s h  is  not a l tered by the marking process. This seems to  be t rue  of 

t rout  ( see pp. & t o  30 

It is nei ther  within the scope nor purpose of t h i s  thes i s  t o  attempt a re* 

view of the many valuable tagging and marking experiments which have been conduotd 

i n  the past. Some of the  more outstanding work w i l l  be reviewed br ie f ly ,  however, 

t o  i l l u s t r a t e  the use of tagging and marking experiments i n  solving problem of 

migration, growth, fishillg mortali ty and population estimates* 



bairnat ion 

A t  Wood's Hole, biaasachusetts, Smith (1902) tagged adul t  cod with a m a l l  copper 

tag8 attached t o  the  f i s h  by a wire through t he  bases of the  f i n s .  Of the  4,019 

cod tagged, 140 o r  3,5 per  cent were recaptured between 1897 and 1901, From t h i s  

experiment Smith conoluded tha t  cod of Long Is land Sound i n  the  Nantucket shoals 

area did not migrate north of Cape Cod, but tended t o  move south and west toward 

the  New Jersey coast during the  winter months, 

Schroeder ( 1930) repeated the  work of Szni t h  i n  a more extensive experiment, 

marking 24,739 adul t  ood caught chief ly  by hand l ines .  The "strapn tags  were at-  

tached t o  the base of the caudal f i n ,  Of those tagged, 858, o r  3 r 5  per  cent were 

recaptured, These recoveries confinned the f indings of W t h ,  and fur ther  def- 

i n i t e l y  established the  winter migration of southern New England cod as  f a r  south 

as the  Carolinas. 

The ood migrations of t he  northwestern At lant ic  have been worke4 out i n  

considerable d e t a i l  by Hansen, Jensen, and &ing (1935) and by ~ & l i n $  (1934). 

Many other  excellent  migration s tudies  of commeroially important species of Ice- 

landi o and Danish waters were alao summarized i n  theae same papers, &ins sum- 

marized marking experiments on the  cod i n  the  region of the  Faroe Is lands ,  i n  the 

region of Iceland and i n  tho region of Greenland, The f i s h  were marked with the  

button t l p e  of t ag  made of ebonite, Of 6183 f i sh  marked i n  the region of the  

Faroes between 1904 and 1932, 35 per  cent (2189) were recovered, none more than 

100 miles dist~nt. Since only 2 of the cod marked a t  Iceland o r  Greenland have 

ever been recovered a t  the  Faroe f i sh ing  grounds, t h i s  lack of recoveries from 

Icelandic waters may indicate  that  the mature cod stock i n  the  Fame Islands is  

indigenous t o  t he  loca l i ty .  

I n  the  region of Iceland, 6420 cod and oodlings were marked between 1905 and 



1933, 3803 on the  spawning grounds and 2617 outside of the  spawning grounds, O f  

the  former group 8 per  oent were recovered, and of t h e  l a t t e r ,  22s. None of the  

f i s h  marked outs ide  of the  spawning grounds were recovered anywhere outside of 

Ice landic  f i s h e r i e s ,  Sixteen of t h e  cod marked on the  I c e l ~ n d  spawning grounds 

wandered extremely far; 12 were recovered on the  West Greenland Coast, 1 of f  New- 

foundland, 1 between Iceland and Greenland, and 2 off  the  Faroe Islands.  It i s  

contended by ~ 8 n i n ~  (1934) t h a t  the  f i s h  migrating westward between the  two is- 

lands follow the  Ioeland-Greenland r idge ,  which separa tes  the  cold po la r  waters 

from the  warmer A t l a n t i c  currents ,  This westward migrztion is  in te rp re ted  as a 

food-seekine migration. These far-reaching movements of cod tagged i n  Ice landic  

spawning waters suggest t h a t  the waters off western Iceland a re  the  center  of 

d i spe rsa l  f o r  the  cod, and tha t  much of t h e  cod supply of the  northwestern At lant io  

i s  supplied by these  breeding grounds. 

Cod tagged i n  the  waters of Greenland have shown a reverse  movement (Hansen, 
0 

Jensen and Taning, 1936) t o  t h a t  of t h e  Iceland stock. 9etween 1924, and 1933, 

6811 cod were marked i n  many l o c a l i t i e s  of West Greenlmd, and 772 i n  East Green- 

land. O f  these 2 groups 5.2 per cent and 1 per  cent ,  respect ively  were recaptured. 

Of the  cod tagged i n  Vest Greenland, 197 were recovered on Ice landic  f i s h i n g  

grounds, bu t  only 6 of t h e  f i s h  tagged a t  East Greenland migrated t o  Iceland,  The 

remainder were taken looa l ly  i n  Greenland's f i s h e r i e s .  The majori ty of r e l a t i v e l y  

s t a t ionary  recoveries were made from f i s h  tagged i n  Greenlend f jo rds .  r he mi- 

gra t ion  south and then eastward t o  Iceland usual ly  took place between October and 

April.  Theae r e s u l t s  f u r t h e r  strengthen theor ies  already adv::nced by ~hilrg (1934) 

concerning cod migration between Greenland and Iceland,  and a l so  show t h a t  Green- 

land probably has a l o c a l  s tock of cod which spawn along t h e  southwestern co:-!st of 

the  island. 



The migrotom hab i t s  of the  5 Specie8 of Pac i f ic  salmon which inhabit  the  

~ l a s k a n  waters of the  Pac i f i c  from the  Alaskan Peninsula t o  the Alaska-Britieh 

Columbia bouadary have been studied i n  d e t a i l  f o r  many years by tagging experiments, 

From the  r e su l t s  of these numeroua experiments (Gi lber t ,  1923; Gi lber t  and Rich, 

1925; Rich, 1926; Rich and 3uomela, 1927; Rich and Morton, 1929; S. H. Thompson, 

1930; Rich, 1932 and o thers )  the migration routes of the  several  species of salmon 

i n  various l o c a l i t i e s  have been determined, so tha t  t he  source of the stock upon 

which the  local  f i s h e r i e s  am proseauted i s  known, Since the salmon are an im- 

por tant  natural  resource to  both Canada and Alaska, knowledge concerning t h e i r  

eource and migration routes  i s  valuable, i n  t ha t  it supplies data  needed f o r  sound 

regulation of the  f ishery.  

Recoveries from salmon tagged i n  Canadian waters of t he  Pac i f i c  have yielded 

supplementary information a s  t o  the  migratory habi ts  of the  adul t  f i s h ,  The re- 

coveries from tagging experiment9 of Vllliamson and Williamson and Clemene (1927, 

1932) demon~trated t ha t  the  spring salmon might need be protected by l eg i s l a t i on  d 

in ternat ional  scope, since the  f i sh ing  conduoted a t  any one point on t h i s  f i s h ,  

if not controlled,  might seriously deplete the  supply of several  areas,  

Several  s tud ies  on the migration of the  salmon from the f r y  stage t o  maturity 

have been made i n  salmon streams of the United S t a t e s ,  Alaska and Canada, s ince  

no type of t ag  which could be applied t o  the  f r y  would remain attached through the  

l i f e  apan of t he  f i s h ,  f r y  marking has been, and a t i l l  is carried on by means of 

olipping two o r  more f i n s ,  Experiments ( ~ i c h  and Holmes, 1929; Davidson 1934) 

have proven t ha t  the clipped f i n s  w i l l  not regenerate i f  properly excised, ~ i o h  

. and Holmee experimenting on Columbia River Chinook salmon noted, a s  evidenoe favoring 

the  *parent streamu theory, t ha t  marked fish were meovered from the  streams where 

they were plaaed a s  marked fry. The authors in fe r  (peg@ tha t  m tu rn iW adul t s  



w i l l  ooms back from the  sea t o  the main stream of t he  r i ve r  system i n  which they 

spent t h e i r  f r y  period, but ,  aa  borne out by recoveries from some of t h e i r  marking 

exgeriments, some of these f i s h  may not choose t o  spawn i n  t he  t r ibu ta ry  where 

t h e i r  f r y  period was spent. None of the  632,500 fin-olipped Chinook salmon marked 

b~tween  1916 and 1927 were retaken i n  any other  stream than the  Columbia o r  its 

t r ibu ta r ies .  

Migrations of the  pink o r  humpback salmon have been studied by Davidson (1934) 

i n  both United S t a t e s  and Alaskan watera; fin-clipping was used by Davidaon as a 

means of identifying specimens from h o r n  hatchery releases. From 86,000 marked 

pink salmon released, 33 were recovered on the  apawning migration 2 years a f t e r  

marking, Davidson concluded t ha t  the  re turn of the pink salmon t o  t h e i r  parent 

~ t r e a m  was dependent on the  number of s t r e a m  su i tab le  f o r  t he  spamil@ of pink 

salmon i n  the  immediate v i c in i t y  of the t r ue  parent stream, This was borne out 

especially by 2 recoveries made from 2 neighboring streams i n  addit ion t o  8 re- 

coveries from the  Puckabush River (Washington), i n  which t he  marked fry were 

o r ig ina l ly  l iberated.  I n  the  Alaskan experiment, marked f i ah were recovered only 

i n  the s t r e ~ m  where marked. Thia pink salmon stream, Snake Creek (on Eto l in  

Is land)  ra8  r e l a t i ve ly  remote from other  pink salmon streams of the  region. It 

mst be remarked tha t  far-reachin2 conclusions regarding the  re tu rn  of marked f i s h  

t o  t h e i r  parent streama have been made on the  bas i s  of the recovery of very few 

Growth Studies -- 
Although growth r a t e s  of most f i she s  may be determined through a study of the  

scales,  comparison of measurements msde on tagging and on recapture probably afford 

a more accurate measurement of the  growth i n  the  intervening period, espeoia l ly  

where sca le  readings a r e  d i f f i cu l t .  The growth r a t e  month by month during the  warm 



season may be determined by the  use of marked f i s h  but not by the s w l e  methods 

whiah r e l i e s  on t he  annuli b i d  down i n  the  winter o r  spring, After  determining 

the growth r a t e  of ood by both sca le  s tudies  and from measurements on recoveriee 

of tagged cod, Schroeder (1930) regarded the  l a t t e r  method a s  the  more accurate, 

He found t ha t  cod between 17 t o  24 inches long grew approximately 4 inches yearly, 

while cod 25 t o  35 inches long grew approximately 2* inches per  year, He dis-  

covered a l so  t ha t  the growth during the  summer was f a s t e r  than the  growth from 

the  f a l l  t o  the  following spring. 

Peterson (1894, 1896) was one of the  e a r l i e s t  f i s h e r i e s  b io log is t s  t o  make 

use of marking f i s h  to  learn  t h e i r  r : te  of growth. He conclusively demonstrated 

by marking experiments which port ions of the Limijord i n  Denmark produced the  

f a s t e s t  growth of p la ice  a f t e r  the  transplantation of t ha t  species from the North 

Sea, 

Similarly,  Borley (1912) demonstrated by a 26% recovery on 1,003 tagged f i s h  

t h a t  p la ice  which had been moved from the  Dutch Coast t o  the  Dogger Banka i n  the  

North Sea grew i n  length no l e s s  than twice aa much a s  f i s h  of the  same age whiah 

had not been moved from the  Dutch coast. Their weight was 3 i  times greater  than 

i t  would have been had they been l e f t  i n  t h e i r  native waters. I t  was estimated 

t ha t  t h i s  t ransplanta t ion doubled the  monetary value of these f i sh .  Experiments 

of l i k e  nature were conducted by Lee and Atkinson (1912), Garstang (1912) and 

Johanaen (1915) . 
Mortali ty due t o  the Fishery --- 

Eapeoially i n  commercial species,  information on morta l i ty  due t o  the f i shery  

i s  of great  value i n  regulating the i n t ens i t y  of the drain  on the  stock o r  i n  plam 

ning measures t o  meet t h i s  drain, Petersen (1896) marked approximately 1 of every 



7 of 82,500 transplanted pla ice  put i n to  Thisted Broad i n  the  L i d  jord, Fishermen 

recovered marked and unmarked f i s h  i n  the r a t i o  of 1 t o  5, which c lea r ly  indicated 

tha t  v i r t ua l l y  the  en t i r e  stock of plaioe i n  Thisted Bmad was derived from the  

transplantation,  

Plaiae-marking experiments by Johansen ( 1915) showed t h a t  Danish, English, 

German and Dutch fishermen removed approximately 57 per  cent of t he  pla ice  stock 

off  the  \Vest Cocst of Jutland i n  the  North Sea, because 720 recoveries were ai- 

fected on 1350 button-tagged p l a i ce ,  marked between 1903 and 1912, The Danish 

fishermen captured 85 per cent of the  recoveries, t he  English 9 per  cent, the  

German8 5 per  cent ,  and the h t t ch  1 per  cent ,  Lee and iitkinson (1912) estimated 

the  morta l i ty  due to  the  f i shery  on the English plaioe grounds by marking experi- 

ments, and placed t h i s  mortal i ty a t  approximately 37 per cent, s ince 504 mrked 

fish were recovered from 1372 tha t  had been l iberated* The r e s u l t s  of Borley 

(1912) indicated 8 f i sh ing  mortal i ty of 26 per cent on the  Dogger Bank, 

Recoveries of tagged salmon i n  Alaskan waters have shown tha t  oommeroial 

f i she r i e s  place a ra ther  heavy drain  on these species on the way t o  t h e i r  spawning 

grounds, Gilbert  and Rich (1925) estimated from the r e s u l t s  of mrk ing  red salmon 

along the  Alaskan Peninsula t ha t  a t  l e a s t  36 per cent of the  spawning runs of 

mature adu l t s  were being taken by coxnercial fishermen, I n  southeastern Alaska, 

Rich and Morton (1929) showed tha t  commeroial f i she r i e s  took approximately 45 per  

oent of the Karluk River red salmon run, a s  317 tagged red salmon were recovered 

by commercial f i shemen from a t o t a l  of 700 marked f i s h ,  

Estimation -- of t he  Pogulation 

The approximate t iah  population of a body of water may be calculated i f  the  

invest igator  knowa how many marked f i s h  have been placed i n  the water, how many 

marked f i s h  were recovered, and i f  he a l so  knows how rrmay unmarked f i s h  were caught 



at the same time during which the  marked f i s h  were recovered. Schroeder (1930) 

estimated the average adul t  cod population of Nantucket Shoals t o  be between 

3,000,000 and 4,500,000 f i sh ,  Population estimates could a l so  have been mde  on 

the  pla ice  i n  various port ions of the North Sea had the  invest igators  cared t o  do 

s o ,  s ince the  essential data were avai lable  from t h e i r  numerous marking experiments. 

Smith (1902) estimated the poundajie of cod present between southern New Jersey 

and southern Massachusetts aa 500,000,000 pounds, based on the  known commercial 

take,  the weight of the  t o t a l  number of cod tagged, and the  known weight of the 

recovered C O ~  r 

Needham (1936) has used a s imilar  method t o  estimate t he  rainbow t rou t  pop- 

ula t ion of Convict Lake i n  California,  Planted f i s h  were marked by clipping the  

adipose and l e f t  pelvio f i n s ,  The number of marked and unmarked f i s h  was ob- 

tained from an intensive c ree l  census of the anglers using t he  lake. Needham 

estimated t ha t  there  were 3653 rainbow t rou t  i n  Conviot Lake af ter  the hatahery 

f i s h  had been planted, Population est imates of a l i k e  nature a re  discussed fur ther  

on g p . 6 a n d  74 . m e  combination of marking with an intensive  creel census should 

be used more of ten i n  connection with the  analysis  of spor t  f i s h e r i e s  s ince  angling, 

together with hunting, is  the  ind i rec t  s o u r c ~  of income f o r  many otherwise non- 

productive seotiona of the  country. Both the a ~ o u n t  of theae resources and t he  

annual dra in  on the  resources should be known, i n  order t ha t  proper management may 

be practiced,  

Determination of the  Proper Time t o  Plant  Hatohery - Fish  

Prcun marking experiments on both H f a l l n  and"springn run chinook f i ~ l g e r l i n g s ~  

Rich and Holmes (1928) proved that  hatchery f i nge r l i n s s  reared from '%pringW f i s h  

returned i n  l a rger  numbers when held for a year before re lease ,  Hatchery finger- 

l ings  reared from " f a l lw  run ohinooks returned i n  l a rge r  numbers when released as 



soon a s  the  xlk sac was absorbed than did those released during the  following 

a m e r ,  This same experiment ra ther  conclusively proved tha t  the  time of enter in8 

frerrh water is  a her i t ab le  character, This waa proven by hatching eggs from 

nspring* run chinook s a h n  i n  creeks lcnoffn t o  support previously only " f a l l n  run 

atook and marking the  f i n ~ e r l i n g s  hatching f r o m  these eggsr The recoveries of 

these marked f inger l ings  a t  maturity occurred only during the  nspring* me The 

reverse operation was performed with the n f a l l w  run chinooks, and they were re- 

covered only i n  the  f a l l  of the  year. 

In Germany, Bahr (1935) has meomonended t ha t  i n  the  stocking of sea t rou t  and 

baown t rou t  i n  G e m n  ooastal waters only f i s h  tha t  a re  a t  l e a s t  2 summers old be 

used. This recommendation was based on the  r e su l t s  of several  marking experiments 

i n  which brown t rou t  and sea t rou t  of d i f f e r en t  ages were marked and released; a 

much higher percentage of marked second-sumner f i s h  were recovered than of marked 

first-surmaer f i s h ,  

I n  many s t a t e s  including Michigan i t  i s  the  present policy t o  plant  most of 

the  hatchery output of brook and brown t rou t  i n  the  f a l l  of the  year (or ear ly  

winter)  a s  advanced f inger l ings ,  since the  cost of feeding and the r i s k  of carrying 

these f i s h  over the  winter i s  ra ther  heavy, The I n s t i t u t e  f o r  Fisher ies  Research 

has an experiment i n  progress a t  the  present time t o  deternine whslt percentage of 

hatchery brook t rou t  planted i n  the f a l l  survive the  r igors  of the  winter and late! 

maoh the angler's creel .  A p p r o x i ~ ~ t e l y  9,700 hatchery brook t rout  f inger l inC7s  were 

fin-olipped before plant ing i n  the North Branch of the bu Sable River i n  crawford 

~ o u n t f ~ ,  Recoveries of marked f i s h  by seining sill be carried on during the  coming 

years,  and t he  projected c ree l  census on the stream should furnish  data  on the  nlmr 

ber of hatchery f i s h  taken by the  angler. Other inf'ormation w i l l  be avcsilable from 

t h i s  study, f o r  instanae, population est imates,  d i ~ p e r s a l  from point of p lant ing 

and Average r a t e  of growth. 



-42- 

The investigations i n  Michigan, disoussed later  i n  thia report, provide 

further examples of the solution of fishery problems by means of tagging experiments. 

These demonstrations, confirming such results  a s  are outlined above, give ample 

svidence of the successful use of various marking method8 i n  biologioal  investi- 

gat ions, 



WILIER TAGGING 7ORK IN MICHIGAN WA!ERS -- - 
The tagging of f i s h e s  i n  t h e  publ ic  waters of Michigan waa s t a r t e d  i n  1928 

when D r .  J an  Metzelaar began t o  mark the  three apeoiee of stream t r o u t  i n  an at- 

tempt t o  l e a r n  something of t h e i r  migratory hab i t s  i n  the  waters of t h e  s t a t e .  

Unfortunately h i s  a c t i v i t i e s  were cut  shor t  two years l a t e r  by h i s  untimely death, 

Thereupon t h e  tagging work was carr ied  on by D r .  John R. Greeley and Gerald 

McCrinrmon of the  s t a f f  of t h e  I n s t i t u t e  f o r  Fisheries Researoh, which was Formed i n  

1930. ljeveral of the  hatahery supervisors and various of the  f i s h  and game clubs 

of the  s t a t e  a l s o  aided i n  the  tagging program. One excel lent  marking experiment 

on northern pike was carr ied  on under the  d i rec t ion  of D r .  Charles W. Creaser of 

Wayne Univers i ty ,  and Charles Delavan of nlma, Michigan, on the  Pine River i n  

t h e  v i c i n i t y  of Alma, 

S e r i a l l y  numbered s t r a p  tags  were used i n  a l l  these e a r l i e r  experiments. 

U n t i l  the  "f inger l ingw s i z e  s t r a p  tag was developed by the  S a l t  Lake Stamp Company 

a t  the i n s t i q a t i o n  of D r .  C. L. Hubbs i n  1930, the  t a g  most commonly used was the  

No. 3 s i z e  (Fig,  1). During t h i s  e a r l y  work the  t ag  was attached through the  basa l  

rays of the  caudal f i n ,  o r  through the  g i l l  cover of the f i s h ,  For l a r g e r  f i s h ,  

eapecia l ly  the  rainbow t r o u t ,  i t  was found necessary t o  punch a hole i n  the  heavy 

gil l -cover with a paper punch o r  a shoe-makere awl before i n s e r t i n g  the  tag. 

Prom 1928 t o  1933 inclus ive ,  20,023 f i s h  of t e n  d i f f e r e n t  species found i n  

Michigan weters were tagged. Of these ,  415 o r  2.1 pe r  cent were l a t e r  recovered. 

These recoveries,  and t h e  repor t s  thereon, were furnished through t h e  cooperation 

of t h e  fishermen and of the  spawn-taking crews a t  various of the  power dams on the  

west s ide  of the  s t a t e .  Table 4 l i s ts  f o r  each species  the  number of f i s h  tagged, 

the  number of f i s h  recovered, and t h e  percentage of racover j  obtained i n  the  

e a r l i e r  experiments. 



The experiments which had suf f ic ien t  returns of marked f i s h  on which t o  

base any conclusions w i l l  be described i n  more de ta i l .  The more successful ex- 

periments were those on the  wall-eyed pike i n  the  Inland l a t e r  Route, on the  

raiabow Trout i n  the Manistee River system, on the  brook t rou t  i n  the t r i bu t a r i e s  

of the Maniatee River system and i n  the Au Sable River system, and on the  

northern pike i n  the  Pine R ive r  i n  S ra t i o t  County. 

Table 4 

SuMURY OF FISH T A G 0  AID RECOVEXEZI 1928 TO 1933. 

Nmb e r  Number Re covery Speoies tagged remvered per centage 

Rainbow t rou t  
Brook t rou t  
Brown t rou t  
Lake t rou t  
Wall-eyed Pike 
Northern Pike 
Small-muth bass 
Perch 
Suckers 
Muskellonge 
Crappie 

Td t a l s  20,023 415 2*1 

6 6 5  a d i i t i o ~ l  northern pike were tagged, but the recovery data on these f i s h  
are not available,  



Tagging Experiment8 on Adult Rainbow Trout i n  t he  Aknistee River System, 

Tagging experiments on the  rainbow t rou t  were carried on i n  1929, 1930 and 

1931, ohiefly on the Maniatee River system, Most of the  f i s h  tagged were wild 

spawners captured i n  a f i s h  t rap  located a t  the  foot  of Junction Dam i n  &anistee 

County, on t he  Big Manistee River, From t h i s  point they were transported t o  

Hodenpyl Dam above Junction dam, o r  to  t he  Stronaoh Dam on the  Pine River ( see  B%ap 1) 

where they a r e  tagged and released, Spawning f i s h  were a lso  captured a t  Pine 

Creek, another t r ibu ta ry  of the  Big Manistee i n  Manistee County, below Junction 

Dam, On the  L i t t l e  Maniatee River, apawning f i s h  were captured and tagged a t  a 

weir operated f o r  spa~nr t&ing  a t  Fox's Bridge i n  the  northwest corner of Lake 

County. The f i s h  tagged were not str ipped.  They were &d by at taohing the  

No, 3 aize s t rap  tag on the  opercle. 

The number of trout  tagged eaeh year a t  the 5 most important l o c a l i t i e s  is 

shown i n  t he  upper pa r t  of Table 5 .  O f  the  4,341 fish marked, 166 reooveriee 

(3.e) were reported, 137 i n  the  Manistee stream system and 14 i n  Lake Michlgan 

o r  o ther  streams t r ibu ta ry  t o  Lake Miohigan; 15 were found dead near the  point 

of re lease  o r  were reported with insuff ic ient  data, The routea followed and the  

approximate distances t rave l led  by these tagged rainbow t rou t  a r e  indicated on 

Map 1, which shows t h e i r  d i s t r i bu t i on  within t he  Manistee River system a f t e r  re- 

lease, and on Map 2, w h i ~ h  show8 the  d i s t r ibu t ion  of the  individuals which were 

recovered i n  Lake Michigan and i ts  t r i bu t a r i e s  other than those of the  Manietee 

~ y ~ t m r  

A more de ta i l ed  analysis  of the  recoveriee of the  tagged f i e h  eaoh year a t  

various points i s  given i n  t he  lower par t  of Table 5. I n  the  following paragrapha 

separate discussions a r e  given of the tagged f i s h  tha t  were released a t  severs1 

loaa l i t i ea :  Junction Dam and Hodenpyl Dam on the  Big Manistee River, Stronach Dam 



on the  Pine  River, Pine Creek Rearing S t a t i o n  on Pine Creek, and FOX* 8 Bridge on 

the  L i t t l e  Manistee i n  Lake County ( s e e  Map I.). 

Hodenpyl - Dam Releasee,--The t o t a l  recovery percentage f o r  the  200 rainbow 

t r o u t  tagged and released above Xodenpyl Dam was 2.55. of the  5 reoaptures,  1 

was cau@t i n  F le tcher  Creek, a t r i b u t a r y  of the Big Maniatee enter ing above 

Hodenpyl Dam; 2 were reaaptured i n  the  b a c b a t e r a  of Junction Dam, and 2 were 

caught jus t  below Hodenpyl Dam. A 1 1  theae f i s h  were recaptured within the  year 

of tagging and re lease  (1931) all except t h e  1 retaken i n  F le tcher  Creek must 

have passed downward over Hodenpyl Dam o r  through the  turbines,  

Stronaoh Dam Releasea,--The t o t a l  recovery percentage f o r  the  1119 tagged 

rainbow released above Stronach Dam on Pine River waa 7,776, Of t h e  86 f i s h  re- 

captured (1 with incomplete d a t a ) ,  only 16 had gone downstream over o r  through 

t h e  power dam. O f  t he  69 recovered above the  d m ,  33 were taken from t h e  back- 

waters of the dam, 21 a l i v e  and 1 2  dead, and 36 were secured from * t o  40 milea up- 

stream, whence they had obviously moved t o  spawn i n  the  Pine River o r  its upper 

t r i b u t a r i e s  ( s e e  Map 1) . Some of t h e  t r o u t  recovered i n  t h e  backwaters above the  

dam had prob.ibly migrated upstream t o  spawn and had then returned t o  the  pond, 

One of the  f i s h  taken upstream wae recovered a year a f t e r  r e lease ,  and one two 

years afterward, These 2 f i a h  has presumably spent t h e  in te rva l8  between spawning 

perioda i n  t h e  pond above Stronach Dam. 

Of t h e  16 recovered t r o u t  that  had moved downstream over o r  through ~ t r o n a c h  

Dm, 2 were caught just  below t h i s  dam; 5 were caught above ~ u a o t i o n  Dam on the 

Big Manistee; 3 were taken below Junction Dam (one of these ,  taken a year l a t e r ,  

had made so  considerable a growth a s  t o  ind ica te  t h a t  it had probably moved out  in to  

Lake Qdichigan and back) ; 2 were taken i n  Pine Creek, showing they had passed t h r o u a  



or  over both Stronach and Junction Dams and had continued down the Big Maniatee 

and up by Pine Creek; 3 were taken i n  the Big Manistee above i t s  confluence with 

the Pine River ( t h e m  went down the Pine River over Stronach Dm! and then up 

the Manistee River to  the point of capture) ; 1 f i s h  taken on the Wisconsin s ide 

of Lake Michigan had nsgotiftted both dama before swimming aoross o r  around Lake 

!4i chi gan, 

Junotion Dam Releases.--The t o t a l  recovery percentage f o r  the 1902 rainbow -- 
t rout  released a t  Junction Dam, looated just below the confluenoe of the  Upper 

Manistee and Pine River was 2 . q .  O f  the 519 released during the 3 years below 

t h i s  dam, the 2 tha t  were recovered were both caught i n  Pine Creek, which enters  

the  Manistee below Junction Dam, Most of these f i s h  orobably migrated down in to  

Lake Michigan mon a f t e r  t h e i r  release. O f  the  46 recaptures of the 1183 marked 

t rout  released above the dm,  6 were reoovered below Junction Dam, and 38 above it 

( 2  had no data) .  The marked f i s h  t ha t  had stayed above the d m  distributed them- 

selves a s  fo l lo rs :  3 were caught a t  the foot of Hodenpyl Dm, the next bar r ie r  

upstream on the Big Manistee; 2 were caught i n  Slagle Creek, a t r ibu ta ry  entering 

the Big Manintee between the two dams; 16 were caught a t  the foot of Stronach Dam 

on the Pine River; and 17 were caught i n  the backwaters of Junction Dam on the Big 

Manistee. Two of the l a t t e r  were taken approximately one year la te r .  

The 6 recovered f i ah  which had moved downatream through o r  over Junction Dam 

were recaptured a s  follovm: 3 just below Junction Dam; 1 i n  Pine Creek, a tri- 

butary of the Big Idanistee entering doanrtream from Junction Dam; 2 i n  Lake 

Uohigan, 1 off Oostberg, Wisconsin, and 1 i n  Pentwater Lake, on the Michigan side. 

Pine Creek Releases.--Be to ta l  recovery percentage f o r  the  346 rainbow tag- -- 
ged and releaaed a t  Pine Creek Stat ion waa 1.4%. Only 1 of the 5 reooveries was 

made i n  Pine Creek. The 4 other recoveries were obtained i n  Lake Bdichigan o r  i n  

t r i bu t a r i e s  t o  Lake Michigan other than those of the Manistee drainage. There 



were no dams t o  in te r fe re  with movements of the f i s h  between Pine Creek and Lake 

Mi chi gan. 

Foxte Bridge Releases.--F'oxTs Bridge is  located i n  the  northwest corner of - 
Lake County on the L i t t l e  Manistee River. No dams which a r e  bar r ie rs  t o  f i s h  

migrations a re  located on t h i s  stream. Tagging was carried on here only i n  the 

ear ly  spring of 1929. 

The t o t a l  recovery percentage on the 374 rainbow t rou t  tagged and released 

a t  Fox's Bridge was 2.35. O f  the 22 tagged f i s h  r ~ w v e m d ,  8 were secured upstream, 

one as f a r  a s  the dam a t  Luther* Four of these 8 f i s h  were recovered more than 

a year l a t e r ,  indicating that  they had quite l i ke ly  returned to  the L i t t l e  Maniatee 

t o  spawn a f t e r  having gone back t o  Lake Uiohigan i n  la te  smer*  Of the 7 caught 

i n  the L i t t l e  Manistee below the point of tagging, a l l  exoept 1 were taken i n  the 

year of tagging, probably a s  they were dropping back t o  the lake a f t e r  spawning, 

The I other individuals, recovered a t  various points along the ahore of Lake Mloh- 

igan, showed the widest spread of any of the releases,  fo r  they were returned from 

Kenosha, Ooatberg, and Manitowoc, Wisconsin, and from Grand Traverse Bay, North 

Panitou Island, Pentwater Lake, and PII h i t e  Lake on the east  aide of Lake Michigan. 

Conclusions -- from the T a g g i a  Experiments on Adult Rainbow Tmut,--The migra- ---- 
t ion  r o u t e ~  portrayed on Maps 1 and 2 and the preceding discussions of the various 

releases lead t o  the following conclusions on the migratory habits of adult  rain- 

bow trout  i n  Great Lakes waters: 

1, The rainbow t rou t  migrates more widely i n  both stream and lake than any 

other of the  Michigan f i shes  studied, 

2, Releases above impaseable dams suah a s  Junction Dam on the Big Manistee, 

and a t  Stronach Dam on the Fine, show tha t  spawning f i s h  w i l l  seek out renote 

t r i bu t a r i e s  i n  ahikh t o  spawn, i f  these t r i bu t a r i e s  oan be reached* 



3, Rewver ies  a t  points  below dams of tagged f i s h  which had been released 

above these  dams prove d e f i n i t e l y  t h a t  adul t  rainbow t r o u t  a r e  a b l e  t o  a g r a t e  

passively o r  ac t ive ly  over the  dams, o r  through the  turbines.  

4. The f a o t  t h a t  some f i s h  were recaptured i n  the backwaters of ce r t a in  dams 

approximately one year a f t e r  they were releaaed there  mggests  e i t h e r  t h a t  t h e  

backxaters provide a s u i t a b l e  h a b i t a t  f o r  l i f e  between spawning periods,  o r  t h a t  

t h e  dam is a p a r t i a l l y  e f fec t ive  b a r r i e r  t o  t h e i r  downstream movement. The f i r a t  

p o s s i b i l i t y  seems the  more p lauaible  aince a f a i r l y  large  number of recovered f i s h  

had moved downstream through o r  over the  dams. 

5. The upstream r e m v e r i e s  of rainbow t r o u t  tagged a t  Fox's Bridge on the  

L i t t l e  Manistee ind ioa te  t h a t  such streams, having no d a m  i n  t h e i r  courses, pro- 

vide b e t t e r  spawning f a o i l i t i e s  f o r  f i s h  running i n  from t h e  lake  them do the  

atreams which a r e  daxned, I n  t h e  L i t t l e  Manistee, t h e  a d u l t  rainbows a r e  ab le  t o  

f r e e l y  seek ou t  t h e  upper s t r e t c h e s  which provide the  na tu ra l  qawning s i t u a t i o n s *  

Considering t h e  condition of the  fishwaya on the  Junction,  Stronach and Hodenpyl 

dams, euch movements would be scarcely  poss ib le  on t h e  S i g  Manistee River, unless 

t h e  f i a h  were transported above a l l  3 darns. 

6. me rectoveries of tagged rainbow t r o u t  a t  Junction Dam on the  Big Manis- 

t e e  River tend t o  confirm the  "parent streamw theory, which s t a t e 8  t h a t  the  

anadromous f i s h  re tu rn  t o  t h e  stream i n  which they were born t o  perfom t h e i r  own 

spawning. A t  Junction Dam i n  1930, 12 of the tagged rainbows t h a t  were oaptursd 

below t h e  d m  had been tagged and released i n  1929 above Junction Dam (Table 5). 

Their  growth of 2 t o  7 inches i n  t h e  intervening year suggests s t rongly  t h a t  these 

fis4 had a l l  migrated t o  Lake Michigan and had returned t o  t h e  Manistee River t o  

spawn. Fmm the  Stronach Dam re leases  of 1929, 3 tagged rainbow were a l so  taken 



i n  1930 a t  t h e  foo t  of Junction Dan. It i s  very probable t h a t  they too had moved 

t o  Lake Michigan and were attenipting t o  r e t u r n  t o  t h e i r  na tu ra l  spawning grounda. 

Many more of the  adu l t  rainbow t r o u t  marked and released i n  the Manistee River 

system i n  1929 probably returned t o    unction Dam i n  1930, according t o  the  following 

repor t  from J. 2. &arks, then i n  charge of  the  egg taking operat ions a t  Junction 

Dam: 

nWe a l s o  found over 50 f i s h  t h a t  had l o s t  t h e i r  t ags ,  a s  where the  t a g s  were 

placed the  g i l l  cover was infected and t o m  out ,"  There i s  evidence, however, t h a t  

some of the  adu l t  rainbows ins tead of r e tu rn ins  t o  t h e i r  parent  s t r e m  wander i n t o  

o ther  drainages; 2 adu l t  rainbows tagged and released a t  the  Tine Creek s t a t i o n  

i n  1929 a r e  recorded as recaptured i n  1930 i n  2 other  streams, Betsy River, north 

of the  Manistee Biver, and Muskegon River a t  Newaygo Dm, a t  R considerable dis-  

tance from Lake hllichigan. 

7. The recovery of rainbow t r o u t  tagged off P t .  Washington, Wisconsin, by 

Les te r  Smith, a commercial fisherman of t h a t  p o r t ,  lends weight t o  t h e  theory tha t  

western Michigan streams are t h e  usual  spawning grounds of the  Lake Michigan rain- 

bows, Three of these rainbows tagged off Por t  Washington have been recovered a t  

Junction Dam, approximately 125 miles from t h e i r  point  of re lease  on the Nisconsin 

s ide  of Lake Michigan, Two o the r  rainbow t r o u t  tagged by Smith have been recovered 

on the  e a s t  s ide  of Lake Michigan, one off  Xuskegon, and one off  Grand Eaven. The 

l a t t e r  f ieh  trcivelled a t  l e a s t  87 miles i n  7 days. 

Usce l l aneous  Exp.eri ment s - on Rainbow - Trout 

Numerous minor tagginwon rainbow t r o u t  undertaken from 1928 t o  1932 inclus ive  

yielded almost no d e f i n i t e  r e s u l t s .  Usually the  number of f i s h  tagged was too few 

t o  give any reasonable expeotation of an adequate number of recoveries by anglers ,  

e spec ia l ly  since the repor t ing was voluntary and without reward and ainoe the ex- 

periments were sca t t e red  and not vigorously publicized. The da ta  a r e  given i n  Table 6. 



Table 5 

DATA ON RIUI&ASE BMD RECOVERY 0.P TAGGED RAINBOPJ TROUT IK THE W B S m  RIVEEt SYSTEM 

Reuoveries f o r  each category a re  given consecutively f o r  the  years 1929, 1930, and 
1931, The number of f i s h  recovered a t  approximate point of re lease  are given in 
bold face type. Recoveries made upstream are  indicated above the  bold face  
f igures ;  recoveries made downstream, are given below the  bold face  f igures.  sane 
oomplexity is introduoed i n to  t h i s  arrangement beoauae of recoveries and re- 
leases  made i n  t r ibu ta ry  streams, Consult E.fapa 1 and 2. 

Looality where tamed f i s h  were releaaed 
Manisdee!~ineR,  L i t t l e  
R, above above Manistee 
Hodengyl Stronach 

No. of tagged Dam Dam 1 I 1 Foxvs 
f i  ah releaaed : I i j Bridge Total f i s h  tagged: 

193 1 
Totals 

Locali ty where 
re covered : 

Manistee River 
F l e t  oher Creek -,-,I 
Above Hodenpyl Dam -,-,- -1- .... 
Below 0,-,2 - 9 1 9 1  

Slagle Creek ..*.. -,l,- 1,1,- 
Above Junction Dam 

Pond .,.., 3,b-  *... 
Pine River 

Above Stronach Pond ..,,. 
Stronach Pond ,.... 
Below Stronach Dam ,.... 

Manistee River ...*. 
Junction Dam Pond -,-,2 

Below Junction Dam ..... 
Pine Creek 

L i t t l e  Idanistee R. ..... 
Ahove Fox's Bridge 
A t  Fox's Bridge 
Below Fox's Sridge 

Total  recoveries by 
point of reoovery 

Lake Michigan - 9 1 9 -  -2,- 2 7,-,- 9 $3 $0 
Betsy a ive r  ..... .... 1,- - 1,-,a 
Muskegon River st*.t .... 1,- - 1 9 - 1 -  

Died o r  data def ic ien t  1,12,7 - , 2  - 1,14,- 

wtql recoveries by 
point of re lease  5 33,38,10 16,22,3 4 ,  5 ,  22,-,- 80,60,18 



Table 6 

MISCELLANEOUS WNdOW TAGGING m S  I N  bfIC;IIGBN 

(A) - Bdult f i s h ;  a l l  o ther  immature * - Recovered twice, 6 and 12 days apar t  
S - Same l ooa l i t y  
U - Upstream i n  L i t t l e  Muskegon River near 

Howard City 
? - Recovery data  inadequate. 

Year Year Number Rumber Fie cove& 
tag- Re- Stream County tagged Re- per- 
ged covered covered oentage 

1928 1929 Sauble River Mason l ( A )  ) 100 ,O 
1928 - Danaher Creek Lake 9 111 0 
1928 - Baker Creek n 15 .. 0 
1928 .. Bast Twin Creek n 4 - 

w 
0 

1928 .. Tank Creek 15 I) 0 
1928 .. Weldon Creek 1 0 R 

1929 1929 Pere Marque t t e Mason 502 (A)  3? 0*6 
1929 n I 

O 7 4 I 0 

1929 - H d i n  Lake n l(4 - O 

1930 1930 L i t t l e  Se  Br.  Newaygo 4 l* 25 .O 
Pere Marquette 

1930 .. BBiddle Brm. 
Pere Marque t t e 2 I 0 

1930 1930 Li t t le  Idanistee Lake 80 2( 5 )  2e5 
1930 1930 Big Beaver Creek Osoeola 18 2(s) 1 1 , O  
1930 .. Twin Creek 2 .. 0 

1930 .. EEcguffy Creek 1 - 0 

1931 a L i t t l e  Manistee Lake 165 I 0 

1931 - Pere Marquette Mason 4 ( A )  - 0 

1932 1932 Muskegon R. Newaygo 14(A) 1(u)  7 ,1 
 roton on) 

1932 .. h%akegon R e  wecrosta 15 (a) I 0 

(Big Rapids) 
1932 .I Muskegon Re Newaygo WA) 0 

( ~ a d y )  
1932 .. Muskegon R. Newaygo 2 2 b )  .. 0 

(Neway6o 1 
1932 - Burt Lake Cheboygan 100 II 0 
1932 - Sturgeon R. w 99 I 0 

Totals  1160 10 b e 9  
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Brook Trout Migrations -- 
I n  comparison with the  rainbow t r o u t ,  the b P o k  t rou t  of Michigan appears t o  

be a f i s h  of l imited migratory habi ts  (with the  probable exception of bmok t r ou t  

inhabit ing northern peninsula streams flowing in to  Lake Superior) ,  Between 1928 

and 1933, 7,095 brook t r ou t  were marked; of t h i s  number, 153 were l a t e r  recovered. 

The d e t a i l s  of tagging and recovery a r e  summarized i n  Table 7,  

I n  the  Manistee River drainage, i t  w i l l  be noted t h a t  both hatchery a d  wild 

brook t rou t  tended t o  move i n  a r a t he r  l imited manner i n  the  t r i bu t a r i e e  of the  

Manistee River, and d i d  not move down in to  the  l a rge r  stream (see  Map 1) , 

Perhaps the  most s ign i f i can t  recoveries a r e  the r e s u l t s  obtained from the  tag- 

ging of 414 wild brook t rou t  i n  the spawning beds of L i t t l e  Beaver Creek i n  Osoeola 

County i n  the f a l l  of 1930, O f  these f i s h ,  14 were caught by fishermen i n  the  fol -  

lowing f i sh ing  season, 1931, and had dispersed a s  follows: 4 were taken i n  the  

L i t t l e  Beaver, 4 had run down the L i t t l e  Beaver then a shor t  d is tance  up the  Big 

Beaver above the  confluence of the two streams, 2 were caught i n  t he  Big Beaver 

below the  confluence of the two streams, 1 was caught i n  the Pine River below the  

junction of the  Pine and the  Big Beaver, and 9 were captured i n  the Pine R i v e r  

above the  confluence of Big Beaver Creek and the  Pine River. According t o  these 

reeords none of the  f i s h  had moved more than 8 miles ( see Map. 1) , The experiment 

ind ica tes  t h a t  t h i s  spawning area  i n  L i t t l e  Beaver Creek probably serves a s  a 

breedins ground f o r  many of the  wild brook t r ou t  of the connected streams, but only 

within a radius of approximately 8 milea. 

A 1 1  recoveries of hatchery brook t rou t  t ha t  were tagged and released i n  the  

Manistee River system were made i n  the same s t r e an  i n  which they were planted,  

Nearly a l l  recoveries of tagged f i s h  from plantings i n  ~druns,  sopher, and Cedar 

Creeks i n  Wexford County and from the  L i t t l e  Pine River i n  Osceola Couatg were made 

during the f i sh ing  seaaon following re lease  in the  immediate v i c in i t y  of the  point  



of release,  Tagged hatohery brook t rou t  released i n  Bear Creek, Manistee County, 

showed a tendency t o  move more, pa r t i cu la r ly  i n  an upstream direct ion,  but st i l l  

stayed within the  confines of the stream, 

Hatohery brook t rou t  tagged and released i n  the  Au Sable River system showed 

a somewhat g rea te r  tendency to  reove out of the  region of re lease ,  pa r t i cu la r ly  i n  

a downstream direct ion.  !Zwo individual8 made extensive migrations i n  comparison 

with other  tagged brook t rou t  tha t  were recovered, One tagged i n  the f a l l  of 1928 

i n  the  North Branch of the Au Sable migrated i n to  and down the  main Au Sable, then 

up Big Creek i n  Oscoda County, Another, tagged during the winter of 1931 i n  the  

Main Stream of the  Au Sable near the  mouth of t he  South Branch of the  Au Sable, 

moved approximately 25 miles up the  South Branoh of the  Au Sable t o  the tam of 

Ro aoomtanon , 

Recoveries of tagged brook t rou t  released i n  the  headwaters of the  Pigeon 

River indicated t ha t  Wild Brook t rou t  were decidedly non-migratory, whereas) the  

few hatchery f i s h  reaovered had a l l  moved downstream, one as f a r  ss the  mouth of 

the  L i t t l e  Pigeon River up which i t  had proceeded a few milea fa r ther ,  The oontrast 

i e  not very conclusive since reoovery repor t s  were received on only 4 of the  886 

hatohery brook t rou t  tagged, and o n ~ n l y  8 of 290 wild tagged brook t rou t .  

Although 1019 adult  hatchery brook t rou t  were marked and released i n  the Ugpg 

Peninsula i n  6 streams t r i bu t a ry  t o  Lake Superior, only 2 recoveries were reported, 

This very low proportion of return8 tends t o  confirm the general supposition tha t  

the  brook t rou t  i n  the northern drainage of the  Upper Peninsula move out in to  Lake 

Superior when mature, and re tu rn  t o  the  streams i n  l a t e  summer p r io r  to  the  spawn- 

ing eeaeon. The paucity of re turns ,  however, may have resul ted i n  $ par t  from 

the  small amount of f ishing i n  the streams where tagged f i a h  were released, 



of 6 hat&ery brook t r o u t ,  a l l  a d u l t s ,  tagged and released i n  t h e  North 

 ranch of t h e  Boyne River, Charlevoix County, i n  1929, 3 showed no migration, 

and 3 moved A shor t  d is tance  downstream, 

O f  t h e  brook t r o u t  tagged and released i n  numerous o the r  Michigan streams 

from 1928 t o  1933, too few recoveries were reported t o  j t ~ s t i f y  drawhng any con- 

olusioae as t o  t h e  migrations i n  those streams* Most of these experiments yielded 

no reooveries a t  a l l ,  o r  only 1 t o  3 re turns ,  

The da ta  i n  Table 7 make it obvious t h a t  t h e  brook t r o u t  do not migrate a s  

widely as do the  rainbow t r o u t ,  It w i l l  be noted, however, t h a t  some individuab 

wandered muuh f a r t h e r  than most of the  others. Metzelaar (1929) s t a t e d  t h a t  l a rge  

mature hatchery brook t r o u t  tended t o  move the  f a r t h e s t  of any of the  brook t r o u t  

tagged* This view was only p a r t i a l l y  c o n f i n e d  a f t e r  the  recoveries had been 

analyzed ae  t o  type (hatoherg o r  wild)  , and as t o  the size of the  f i s h  and t h e  

d is tanoe migrated (Tables 8 and 9 ) .  Although a large  number of recoveries of 

12 t o  17 inch f i s h  were made between 6 and 27 miles away from the  point  of re- 

l e a s e ,  an even l a r g e r  number of them showed no m i g r ~ t i o n ,  o r  moved only 1 o r  2 

miles. Xone of t h e  recovered wild brook t r o u t  had moved a s  f a r  a s  some of t h e  

hatchery brook t r o u t ;  the  most migrant wild f i s h  a s  indicated by the  records had 

moved only 10 miles,  whereas 7 of the  tagged hatchery f i s h  were recovered f a r t h e r  

than 20 miles from t h e  point  of re lease ,  The few wild brook t rou t  recovered (84) 

showed some cor re la t ion  between the  s i z e  of the  f i s h  and t h e  d is tance  mved;  the  

smaller  ones ( 6  t o  10 inches long) ,  with 3 exceptions, moved 2 miles o r  l e s s ,  

whereas f i s h  10 t o  14 inches long, with 1 exctption,  moved from 3 t o  10 miles 

a f t e r  being tagged and released,  A poss ib le  explanation f o r  the  g r e a t e r  movements 

of the  hatchery f i s h  l i e s  i n  the  method of p lant ing these  f i s h *  %hen the  

hatchery fish were tagged and re leased,  from 25 t o  880 were released i n  a l imi ted  



area, where the  t rout  pogulation already es tabl ished probably occupied the  su i t -  

able  hone t e r r i t o r i e s  f o r  adu l t  t r o u t  t o  such an extent  t h a t  the  introduced f i s h  

were fo roe l  t o  migrate mnsiderably i n  order t o  locate  t h e i r  o m  t e r r i t o r i e s .  

That brook t r o u t  do not spread f a r t h e r  and f a r t h e r  away from t h e  point  of 

r e lease  i s  shoan i n  Tables 10 and 11, i n  which the  distance rnove~ has been com- 

pared with the  days between re lease  and recapture.  The r e l a t i v e  s t a b i l i t y  of the  

brook t rou t  i s  very conclusively indicated.  Yith few exceptions t h e  p lant ings  

and tagging8 were made i n  f a l l  and mid-winter, so no l e g a l  fisherman could re- 

tu rn  them i n  much l e s s  than 75 days. The f - c t  t h a t  the  g r e a t  majori ty were caught 

s o  close t o  the  point  of r e lease  between 75 and 300 days l a t e r  s t rongly  ind ica tes  

t h a t  t h i s  speuies of t rou t  i s  r e l a t i v e l y  sedentary i n  i ts h a b i t s ,  

The summazyof t h e  recoveries of tagged brook t r o u t ,  both wild and hatchery 

f i s h  (Table 7 ) ,  ind ica te  t h a t  about 47 pe r  cent did not move; 28 per  cent moved 

an average of 4.8 miles d o m s t r e m ;  11 peroant moved an average of 3.6 milea up- 

stream; and 8 per  cent moved down one stream and up another f o r  an average d i s -  

tance of 9.6 miles;  6 per  cent had i n s u f f i c i e n t  da ta ,  It i s  t e n t a t i v e l y  concluded 

t h a t  aoout one-half of t h e  t o t a l  population of brook t r o u t  ocmpies  a given 

l imi ted  area  continuously, while the  o the r  hs l f  moves predominantly i n  a down- 

stream d i rec t ion  f o r  shor t  distanoes.  Cobb (1933) , although f inding t h a t  a 

h i a e r  percentage of the  hatchery brook t r o u t  t h a t  were tagged i n  ~ o n n e o t i m t  

were s ta t ionary ,  a l s o  determined, f o r  most streams, t h a t  a l a r g e r  percentage of 

recovered f i s h  had moved downstream than had moved upstream, 



Table 7 

S[QBBddKY OF BROOK TROUT TAGGING AND RECOVERY I N  MICHIGAN %Af.RS, 1928 TO 1933 

I n  the  oolumn headed "Number MarkedN, the  f i s h  tagged a re  distinguished a s  
hatchery (H) o r  wild (W). The numbers i n  parenthesis i n  the following columns 
indicrate the  average distance travelled by the f ish .  

Year Year NO. Direotion and Distance Moved No Total Reoovery 
Tag- Reoov- Stream County marked Down- No UP Dom one stream data number percentage 
ged ered stream migration stream & up another reoovered 

1928 1929 Green Cr. Marquette 99(H) 1(4) 1 1.0 
1928 1929 E. Br. Esoanaba R. w 93(H) 1 (1)  1 1.1 
1928 - Cherry Cr. l# 1 0 0 ( ~ )  0 
1928 - Chooolay R. w 99(H) 0 
1928 .J Yellow Dog R. N 96(H) 0 
1928 - Salmon Trout R. n 562(H) 1 0 
1928 lea9 Main Au Sable maaf ord 217(H) v 4(3) 1 5 2 .3 
1928 1929 Upper Au Sable n 179(H) 1 (5)  8 l ( t )  10 406 
1928 1929 S. Br.  Au Sable Roeaommn u 9 ( H )  1 l (17)  2 1.4 
1928 1929 Big Creek Crawford 98(H) 1 1 2 2.0 
1928 1929 N. Br. du Sable n 229(H) 2(5) 3 1.3 
1928 1929 E. B r .  Au Sable n 75(H) I (%)  1 2 2.7 
1928 1929 Bear Creek Manistee 172(H) 1 (1)  2 8(?11/8) 1 12 7.0 
1928 1929 Sopher Creek Wexford 130(H) 5 5 3.8 
1928 1929 Cedar Creek n 154(H) 7 7 4.5 
1928 1929 Llttz ;: Oaaeola 147 (H) Z(3.k) 7 I(*) 11 7.5 
1928 1929 Wexford 113(H) 1 1 0.9 
1928 1929 Weldon Mason 5(1)  1 1 20.0 
1928 1929 C l a m  River Mlssaukee 78(H) 1(2&) 1 2 2.5 
1928 - S. B r .  Pine R. Wexford 147 (H) 0 
1928 - East Tnin Cr.  Lake 5(w) 0 
1928 ,- K ~ M O  cr. a 14(W) o 
1928 - ~ a n k  C r .  tl 12(W) o 
1928 - Sueetwater C r .  u 7(w) 0 
1928 - Buck Creek Mason a(w) 0 
1928 - ~ l o o d  cr. ~ a k e  14(W) o 
1928 - Manistee R. Crawf ord a(%) 0 

Pigeon River 
Boyne River 
Camp River 
Aame Creek 
E. Br. Black R. 
Wilson Creek 
Bunner Cr .  
w i c k  Cr. 
Bear Cr .  

O t  sego 
Charlevoix 
Emnet 
Qr. Traverse 
hdontmorency 

(I 

Otsego 
O t  sego 
m e t  

1930 1930 Big Beaver C r .  Osoeola 69(w) l (10)  4 
1930 1930 Lincoln Cr .  Lake 
1930 1930 EcDuif y C r  . 15(w) 1 C  15) 

Newaygo WW) 1(8)  



Table 7 (aont.) 

Year Year No. Direction and Distance Moved No Total Reaovory 
Tag- Reaov- Stream County marked Down- No Q? Dom one stream data number percentage 
ged ersd stream migration rtrcsam k up another recovered 

1930 1931 L i t t l e  Beaver Osoeola 414(W) 3(4) 4 7(3) 14 3.4 
1930 1931 Baldwin Cr .  Lake 146(W) l ( 1 )  2 1 4 2.7 
$930 1031 s i l v e r  cr. lI 1 l e ( ~ )  1(P) 1 0.9 
1930 1931 Beaver Cr. Crawford 50(H) 1(8) 1 2.0 
1930 - Barker Cr .  27(w) 0 I 

1930 - Baker Cr. Lake 3s(w) 0 
1930 - Rrin Creek a m  0 0 

1930 I Robinson Cr. Rosoonrmon 48(H) 0 
1930 - Middle Br. P.M. Newaygo 1(w) 0 
1930 - Beat -in Cr. Lake ~ ( W I  0 
1930 - Roxey C r ,  Wexford 55(W) 0 
1930 - Poplar Creek Bedold 2 7 1 ~ )  0 
1930 - Lambert Creek Lake 19 (w) o 
1930 - Sariborn Cr. 4404 1 0 w 

1930 - ~ u t t e r i l y  cr. a 4(W) o 
1930 - Oraeay Lake Cr. Newaygo e(w) 0 
1930 - McCart y Creek Lake 9(w) 0 
1930 - Honey Creek Livingston l(w) 0 
1930 - Goose Week Xalkaeka zl(w) 0 
1930 - L. 5. Br.  P.M. n M ~ l 5 0  2(w) 0 
1930 - Peese Creek e(w) 0 w 

1930 - E. Htdwtra. Kalkaslea 12(w) 0 
Maniatee 0 

1930 - E. Br.  du Sable Crarf ord 74(H) 0 
$930 - L i t t l e  Nanistee Lake 36(w) 

3 18.5 
1931 1931 Upper Au Sable Crawford l e ( ~ )  1(1) 2 2 2.3 
1931 1931 Main Au Sable I a7(H) 1 9 13.2 
1931 1931 S. Br. Au Sable Rosoonm~on t38(H) 6(9) 1 3 7.3 
1931 1931 U. Br. B ig  Creek Oaooda 41(H) 2(7*) 1 4.0 
1931 1931 Beaver Creek ~ r a a o r d  25(H) 1(3) 3 8.6 
1931 1931 Big Creek Crawford 35(H) 2 4 6.3 
1931 1931 W. Br. Au Sable w 63(H) 1(8)  1 5 20.0 
1931 1931 Maniatee R. w Zg(H) 1(2) 4 3 12.0 
1031 1931 ~hunder  Bay R. Montmorenoy 25fH) I( l+) 3 10.0 
1931 1931 Rifle  River Ogtnmw 3O(H) 3 8.8 
1931 1931 Cedar River Gladwin 34(H) 2 0 
1931 - Robinson C r .  Ro scolnnon 25(H) 0 
1931 - Bunuer Cr. Otsego =(w) 0 
1931 - Sweetwater Cr. Lake 127 (1) 0 
1931 - Pere Marquette Ooeana 3(w) 

1(26) 4 0.5 
lQ32 1933 Pigeon River Otsego 886(H) 3(12 l/3) 

available 0 
1933 - Cedar River Gladwin 602 (H) Data not yet 17(8.6) 12(Qo6) 10 154 

7095 
2.16 

Totals 43(4.8) 72 

Hat ohery 
Wild 



Table 8 
RP;LBTIONSHLP BSWEEN TINOti: l'EUB AND THl3 DISTANm MOVED FOR !l!HE 35 RECOVE3UES 

OF TAcEm iVII9 BROOK TROUT 

The numbers i n  parenthesis  i n  the  t o t a l s  indioate f i s h  with de i io ien t  reuovery 
data. 

Miles Time between re lease  and recovery by f ishemen,  in days Totals 
travel-  
led 1-5 &lo 11-25 26-50 51-75 76-150 151-300 

Totals  5 1 - .I 1 - 27(1) 34(1) 

Table 9 
 TIO ON SHIP BETBPElEN TIM3 FFEE AtJD DISTf'SCE irlOVED FOR THE 119 

REXOV'ERXES OF TAGGED UTC,YER'I BROOK TROUT 

The numbers i n  parenthesis  i n  the t o t a l s  indicate  f i s h  with def ioient  recovery 
data,  

f i l e s  Time between re lease  and recovery by fisherman, i n  days 
t ravel-  
led  1-5 6-10 11-25 26-50 51-75 76-150 151-300 Totals  

21-30 1 2 3 
Totals  2 4 lS(3)  18(2)  68(4) 110 (9) 



Table 10 
RBUTIONSHIP BE2wEEN SIZE OF HATEERY BROOK TROUT ON FfECOVERY 

bM) THE DISTMa !i!RAVELLED 

Numbera in  parenthesis indioate recoveries with deficient data. 

Milea Size of recovered fish at time of tagging in  inohes Tatals 
travel- - - 

led 

Table 11 

RELATIONSHIP BlCMEEN SIZE OF WILU BROOK TROUT ON RECOVERY AND 
THE DISTANCE T R A W  

Numbers in parenthesis indioate recoveries with defioient data. 

Miles Size of reoovered f i sh  at time of tagging 
Travel- i n  inohes 
led 6-7 7/8 8.19 7/8 10-11 7/8 12-13 7/8 Totals 



Brown Trout Migrations -- 
Tagged brown t r o u t  t o  t h e  number of 1403 were marked between 1928 t o  1933 

and released i n  about 25 d i f f e r e n t  l o c a l i t i e s ,  but only 25 were recovered 

 able 12) . The l a r g e s t  number of r e tu rns  came f ron the  Sauble River i n  Lake 

and Mason Counties, where 243 hatchery brown t r o u t  were tagged and l ibe ra ted  

i n  1928, I n  t h i s  stream t h e  brown t r o u t  were ra the r  sedentary, a s  8 of the  

tagged f i s h  were caught during the  following f i s h i n g  season (1929) i n  the  gen- 

e r a l  l o w l i t y  of re lease ,  1 had moved s l i g h t l y  upstream (See Map 1). One 

brown t r o u t  tagged i n  McCarty Creek (a  t r i b u t a r y  of t h e  Sauble ~ i v e r ) ,  pro- 

bably on the  spawning beds, was caught the  following spring i n  the  Nain Sauble 

River. Thia recovery may ind ica te  t h a t  the  favorable t r i b u t a r i e s  a r e  used a8 

spawning a reas  by mature f i s h  which inhabi t  the  Main Sauble River during the  

remainder of the  year. 

S ix  reooveriea made from a re lease  of 154 tagged hatchery brown t r o u t  a t  

the  Leelenau-Grand Traverse county l i n e  i n  Traverse Bay showed no movement over 

a period of 105 t o  266 days, The s ing le  recovery from t h e  brown t r o u t  tagging 

i n  Crystal  Lake, Benzie County, had moved a shor t  distanue up Cold Creek, which 

e n t e r s  Crystal  Lake a t  the town of Beulah. 

One of the  wild brown t r o u t  tagged and released i n  the  L i t t l e  Manistee 

River i n  September, 1930, was recovered 264 days l a t e r  a t  the  exact spof't of re- 

l ease  * 

The few recoveries which have been turned i n  seem t o  indioate  t h a t  the  

brown t r o u t  i n  most of the  a t r e a m  of Miohigan i s  r e l a t i v e l y  s t a t ionary  during 

t h e  g r e a t e r  p a r t  of the  year,  and undertakes r a t h e r  l imi ted  apaming migrations. 

More tagging and reaovery of brown t r o u t  i s  necessary before t h e i r  d g r a t o r y  

hab i t s  i n  Miahigan waters can be d e f i n i t e l y  established.  



Table 12 
StWAEiY OF BROWN TROUT TAGGED AND RECOVERED I N  M I r Z G A N  1926-1933 

I n  the  aolumn headed "Number Markedu the f i s h  tagged are  distinguished a s  
hatchery (H) o r  wild (W). The numbers i n  parentheels i n  the following 
columns indicate the average distance travelled by the f ish .  

Year Year No Direction and Distance Moved No Total no. Recovery Time out, 
Tag- Recov- Stream County marked Dom- NO rrP data recov- percentage day 8 
ged ered stream migration stream ered 

Traverse Bay 
Crystal Lake 
L i t t l e  Maniatee 
Sauble R. 
Bear Creek 
Slagle Cr. 
Boardman R. 
N. Br. Linooln 
Maniatee R. 
P la t t e  B, 
Daaaher Cr. 
Baker Cr. 
East Twin C r ,  
Tank Cr. 

Leelanau 
Gr. Traverse 
Lake 
Lake & Mason 
Manistee 
wexiold 
Or. Traverse 
Mas on 
Miseaukse 
Benzie 
Lake 

u 

1929 - Per@ Xarquette Mason 
1929 - Bear Creek IDPmet 

6(W) 
3(W) 

LO S. Br. P.M. 
Little Manistee 
McCarty Creek 
Baldwin Cr. 
Baker Cr. 
Sanborn cr. 
Stoney Cr. 
McDuffy Cr. 
Pettibone C r ,  
N. 92. Manistee 
Beaver Cr. 

Newaygo 
Lake 

u 
(t 

u 
w 

n 

Newaygo 
Oakland 
Kallcaaka 
Craniord 

1 6 3.9 105e266 
1 (2)  1 1.4 a t  l eas t  50 

1 1.0 195 
113Q) 10 40 1 147e177 

1 100 176 
l ( 6 )  1 I r O  217 

1 1.0 187 
0 
0 
0 
0 
0 
0 
0 

1931 - Pere Marquette Oceana l(W) 0 

1933 - Cedar River Oladrin l ( n )  0 

Totals 1403 2(1.5) 19 - 
O(3.8) 1 25 1.78 



Movements of Wall-eyes i n  the Inland Water Route - --- 
The greates t  number of recoveries of tagged wall-eyed pike have been made 

from transference experiments i n  the  Inland Rater Route. The source of the 

wall-eyes used i n  these e q e r i m n t s  was the Cheboygan Darn near the mouth of the 

Cheboygan River, where many of the wall-eyes and northern pike, some amall- 

mouthed bass and a few muskellunge were taken i n  the spring of the year a s  t h e i r  

spawning migration was blocked a t  the foo t  of the dam* O f  the 213 f i s h  caught 
Pv 

i n  1931 a t  the Cheboygan Dm, tagged and released above the dam, 3 ,  M 1.4 per 

cent were reported captured, More extensive returns were obtained from the ex- 

periments i n  1932, when 2,154 wall-eyes c , ~ g h t  a t  the dam, were e i t he r  released 

just above the dam a f t e r  tagging, o r  were transferred by tank a f t e r  tagging t o  

other  points i n  the Cheboygan River system (see Wp 3 ) .  O f  these 2154 f i s h  only 

29 or  1.3 per eent were reported a s  caught, !The 32 individuals tha t  were caught 

i n  both years varied i n  length, when tagged, from 11 to  21,5 inches (averaging 

15,6 inches),  and when recovered had been f r ee  from 9 t o  193 days (average 74,6 

days) . 
The movements of the recovered fish a s  shown on Map 3 indicated that  they 

tended to  disperse i n  a l l  directions from a l l  points of re lease  (except Black 

Lake, the ou t le t  of which i s  dammed, and Douglas Lake from which lakes no re- 

coveries have been reported, although 100 and 90 tagged f i s h  respectively were 

released i n  these lakes) ,  Some of the f ieh  merely transferred over the dam con- 

tinued t h e i r  upatream migration t o  points of capture a s  f a r  d i s tan t  a s  Crooked 

Lake off Ponshewaing. 

The f a c t  t ha t  one marked wall-eye plaoed above the Cheboygan Dam was re- 

oovered west of Cheboygan i n  the S t r a i t s  of Eackinac suggests tha t  a portion of 



the wall-eye population leaves the Inland Water 3oute a f t e r  mawning. This sup- 

posi t ion is oonfimnsd by recaptures of f i s h  made a t  t he  Cheboygan Dam released 

a s  f a r  inland as Ponehewaing on Crooked Lake. 

The amall percentage of recoveries of these tagged wall-eyes i n  the  Inland 

Water Route (Table l3), and t he  f a c t  t ha t  no return8 were reported a f t e r  the  

year of tagging suggests tha t  a l a rge  number of tagged f i s h  l o s t  the  metal marks 
J 

from t h e i r  gill-oovers, o r  t ha t  there  is a heavy mortal i ty of adul t  f i s h ,  o r  

t ha t  a large  number of t h e ' f i s h  which may have been taken by anglers were not 

reported ( t h i s  l a t t e r  pose ib i l i t y  i s  supported by some evidenoe), 

The r e su l t s  of t he  tagging experiments on the wall-eye8 i n  the Inland Vlater 

Route indicate  t ha t  the  yie ld  of the eport f i sh ing  throughout these waters m y  

be increased by transferring the f i s h  over the  Cheboygan Dam during t h e i r  spawning 

run 

Miscellaneous Wall-eye Taggiag FZperiments 

Few o r  no recoveries have been made of wall-eyes tagged i n  other  experiments 

(also l i s t e d  i n  Table 13). One recovery was made from 14 wall-eyes tagged i n  

Hamlin Lake, but the  data  were inadequate. One recovery was made from 177 wall- 

eyes tagged i n  Saginaw Bay shor t ly  a f t e r  the tagged f i s h  were released, i n  the  

same vioini ty ,  O f  the  3 tagged f i s h  recovered from those released a t  several  

points  on t he  Muskegon River, 2 had not moved and 1 had t rave l led  from the  Big 

Rapids Dam Pond t o  below the  Rogers Dam, crossing o r  going through two dams e&route. 

A l l  3 had been f r e e  from approximately mid-April t o  l a te  Ju ly  of the same year, 

O f  the  53 tagged wall-eyes released i n  Van E t t an t s  Lake and 1 i n  Cedar Lake, 

Pllcona County, no returna were obtained, 



Table 13 

SWdUY TABLE, WALL-$P& TAGGINS AND FBXOYERY, 1929 TO 1932. 

Number Number Recovery 
Year Locality County tagged re oovered peroentagea 

Saginaw Bay 
Hamlin Lake 
Cheboygtan R. 
Van Ettan L. 
Cedar Lake 
Cheboygan Re 
system 

Muskegon R. 

- 177 
Maeon 14 
Cheboygan 213 
Iosoo 53 
Alcona 1 

several  2154 
Above Big 
Rapids Dam 17 
Above Hardy 

Dam 66 
Above Croton 

Dam 47 
Above Newaygo 

Dam 42 0 0 
Total 2784 37 1 *3 

Northern - Pike Migrations 

I n  only one l oca l i t y  has tagging of northern pike been successful  (Table 14). 

Of 34 northern pike tagged and released with the  wall-eyes i n  the  transference 

experiment8 i n  the  Inland Water Iloute, 12 i n  the  Pere Marquette River, and 14 

i n  Hamlin Lake, none have ever been reported oaptured. The best  experiment t o  

determine the  migrations of t h i s  f i s h  was oonducted on the Pine River i n  Gratiot  

County by Dr. C. Y. Creaser of Wayne Universi ty,  and John Delavan of Alma ,  

Michigan. The r e s u l t s  of t h e i r  work i n  1932 have been reported t o  the  Depart- 

ment of Conservation and may be sunmrarized, but the r e s u l t s  of t h e i r  work f o r  

1933 and 1934 have not yet  been presented. I n  the l a t t e r  years, 300 and 165 

northern pike were respectively tagged* 

I n  the  Pine River experiment of 1932, mature pike i n  search of spawning 



MAP 3 

MIGRATIONS OF THE WALL-EYED PIKE 
IN THE 

CHEBOYGAN RIVER SYSTEM 

POINT OF RELEASE OF TAGGED WLL-EYE 

+ APPROXIMATE POINT OF RECOVERY OF TAGGED FlSH 
CJINDICATES NUMBER OF TAGGED FlSH CWGHT 

AT POINT OF RELEASE 

LITTLE: TRLYERSE . 

SCALE N MILES 



grounds were captured i n  the ea r ly  spring ( ~ p r i l )  a s  they congregated below an 

impassible f i s h  chute a t  the  A h  Dam. The pike were measured and tagged on 

the  gil l-cover q i t h  a No. 3 s t rap  tag  before being released i n  the  backwaters 

above the dm, Of the 84 pike tagged during the rescue operations i n  1932, 

23 were known t o  have been recaptured by spor t  f i shemen,  

The recoveries i n  1932 showed tha t  the northern pike t r ave l s  rapidly when 

on i t s  spawning migration, Two recoveries were made a s  f a r  a s  25 miles up- 

stream approximately 38 days a f t e r  being tagged. However, the majority of the  

recaptures (19 of 23) were made within a mile of the  dam from 15 t o  20 days 

l a t e r ,  indicat ing tha t  i f  these f i s h  had gone f a r  upstream t o  spawn they returned 

t o  the dam backwaters t o  spend the l a t e  spring and summer months. 

The recovery percentage f o r  1932 of 27.4 suggests t ha t  t he  sport  f i shery  

above the dam a t  Alma was increased by approximately 250 northern pike because 

of the  rescue operations, assuming t ha t  t ~ g g e d  and untagged f i s h  were caught 

i n  t he  same proportions, since 750 northern pike were moved over the  dam. Another 

advantage of t h i s  transference of f i s h  from the S t .  Louis Pond t o  t he  ALma pond 

is tha t  these f i s h  were placed i n  unpolluted waters presumably w r e  sui ted t o  

spawrling, The experiment indicates  t ha t  a large  proportion of the  f i s h  so trans- 

fe r red  remained above the  dam. 



Table 14 

StMhBY OF TAGGING3 AND HEOOVEKXS OF NORTHERN PI=, 1929 to 1934 

Number Number Recovery 
Year Locality County tagged reaover- peraentage 

ed 

Pere Marquette R. 
Hamlin Lake 
Cheboygan R. 
Cheboygan R. 
Inland W. Re 
Douglas LI 
Aduskegon R .  

Muakegon R e  
Pine River 

w n 
H n 

Mason 
11 

Cheboygan 
n 

Several 
Cheboygan 
Above Big 
Rapids ilm 
Above Hardy Dam 
Alma 

n 

R 

0 0 
23 27.4 

Data not available 
Data not available 

Total 144 23 10.0 
465 Data not available 



Misoellaneous Tagging Experiments 

-11-mouthed Bass 

A t o t a l  of 277 small-mouthed bass have been tagged i n  the  public waters 

of Nichigan, but a s  only 1 recovery has been reported no conclusions may be 

drawn concerning t h e i r  migratory habi ts ,  Small-mouthed bass have been tagged 

i n  the  following waters: 

1931-32 Cheboygan River system ..................... 181 

1930 Hamlin Lake, Mason County .................. 5 

1931 Long Lake, Alpena County ................... 39 

. 1931 Cedar Lake, Alcona County .................. 24 

1931 Brownlee Lake, " e . e e e e . a . a * o r e . , e . r e  12 

................ 1931 Guilford Lake, Iosco County 16 

The 181 bass tagged i n  the Cheboygan ayetern i n  1931-32 were a par t  o f  the  

experiment discussed under the  heading of walleyes, The so le  recovery was of 

1 from the 39 tagged i n  Long Lake. 

Perch - 
No recoveries were reported from the tagging of 1151 perch i n  four dif-  

fe ren t  lakes i n  Michigan, a l l  i n  1931, The numbers tagged were: 

988 i n  Birch Lake, .&trim County 

101 i n  Van E t t an l s  Lake, Iosco County 

61 i n  Hubbard Lake, Alcona County 

1 i n  B d  Lake, Cheboygan County, 

The unsuccessful experiment i n  Birch Lake was conducted t o  determine whether 

Great Lakes perch transplanted in to  one point i n  an inland lake survive and 

ore caught, whether they diaperse through the l ~ k e  i n  whioh planted, and whe tb r  

t h e i r  characters a r e  changed by the new environment. 



Lake Trout 

I n  1929, 100 lake t rou t  ranging i n  s i ze  from 8 t o  13 inchee, and about 

a$ years o ld ,  were tagged and planted i n  Glen, Elk and Torch and Leelanau 

lakes,  25 being planted i n  each lake. None were ever reported as recovered, 

as might have been expected, 

Suckers - 
For some reason, 1563 suckers were tagged and released a f t e r  capture a t  

the  Walhalle weir i n  Mason County on the  Pere bfarquette River, i n  April ,  1929. 

None were again reported, 

Black Crappie 

Four black crappie were marked along with northern pike on the  Pine River 

a t  the  Alma Dam i n  1932, but none were recovered, 

Bduakellunge 

One muskellunge was marked i n  the  experiment a t  the  Cheboygan Darn i n  1931, 

but was not recovered, 



EXPEiUENTAL STUDY OF THE MOVWENTS OF RAINBOW TROUT OVER B68VBR --- -.I---- 

DAMS IN T m -  OF rn PINB Fum -- ---- 
I n  the  inves t igat ion of t h e  r e l a t i o n  between beaver and t r o u t ,  a tagging 

experiment was oonduated by J. Clark Salyer  and the  w r i t w t o  determine whether 

o r  not  rainbow t r o u t  pass over beaver dams i n  the course of t h e i r  upstream 

migrations t o  spawning beds, Salyer (1934) had observed dams i n  whioh t r o u t  

had evident ly  been trapped a s  they had attempted t o  s w i m  through t h e  maze- 

l i k e  oonstruction of t h e  base of t h e  dam* For t h i a  experiment 609 rainbow 

t r o u t ,  obtained from t h e  S t a t e  Hatchery a t  P a r i s ,  were tagged by the  jaw-tag 

method, These tagged rainbows were d i s t r i b u t e d  on June 13, 1934 among three  

d i f fe ren t  t r i b u t a r i e s  of the  Pine River,  a l l  of which had beaver dams i n  t h e i r  

oourses (Table 15). Some were plaoed above a l l  the  d m ,  others  were placed 

i n  t h e  dam ponds, and some were plaoed downstream below a l l  the  dams, 

Table 15 

DATA ON TBOGING AND RECOVWY OF JXNBO'J TROUT USED I N  MPERIMiXTAL 
STUDY OF BdOIGBENTS OF RAINBOW 

TROUT Om BEAVER DAMS 

Where planted No No Per  aent age 
planted r e  covered re covered 

Poplar Grove Creek, Wexford Co, 218 
Nigger Creek, Osceola Co* 176 
Sprague Creek, Wexford County 215 

To tsl 609 1?&/ 2.7 

g/o'data ava i l ab le  on the  exact loca t ion  of p lant ing of one of t h e  recoveries. 

None of t h e  reooveries were made upstream from t h e  point  of tagging. Three 

of them, taken i n  the Pine River, had le f t  the  t r ibu ta ry  i n  which they were planted. 
(Table IS ) . 



A l l  of' t he  re tu rns  made on the  tagged rainbows planted i n  Nigger Creek were of 

f i s h  which had been planted i n  o r  above the  severa l  beaver dams on t h i s  stream, 

811 were taken below t h e  dam f a r t h e s t  downstream, and 2 of them were recovered 

i n  Pine River, 

O f  t h e  tagged rainbows placed and recovered i n  Poplar  Grove Creek, 5 showd 

no migration, and 7 had moved downstream. Of' those showing no movement, 4 had 

been placed below a l l  the  dems, and 1 had been placed i n  the  second dam pond, 

Of the  7 showing downstream migration, 3 had been planted i n  the dam ponds and 

4 had been planted below the  dam f a r t h e s t  downstream, The 1 f i s h  on which no 

exact  l o c a l i t y  of p lant ing was ava i l ab le  nus t  a lso  have moved downstream, be- 

cause i t  was taken below a l l  points  of l ibe ra t ion .  

O f  the 17 recoveries made, 12 o r  71 per cent were made a t  po in t s  below the  

dams located f a r t h e s t  downstream on the t r i b u t a r i e s  i n  which the f i s h  was planted, 

The remaining 5 o r  29 pe r  cent were taken i n  t h e  same l o c a l i t y  where they were 

released. Only 1 of these  was recovered from a beaver dam pond ( the same one 

i n  which it had been p lan ted) .  811 the  o the rs  were taken where planted i n  

l o o a l i t i e s  below the  dam f a r t h e s t  downstrearr, No tagged f i s h  were recovered 

upstream from any point  of planting. 

The evidence suggests t h a t  the  rainbow t r o u t  m v e  out of beaver dams by going 

downstream over o r  through the  dams, The f a c t  t h a t  no tagged rainbows were re- 

covered ebove beaver d a m  when planted below beaver dams would a l s o  lend consid- 

e rab le  weight t o  t h e  conolusion t h a t  they are  not ab le  t o  pass beaver d m  i n  up- 
s 

stream movements. The reason f o r  t h e i r  f a i l u r e  t o  surmount the darns l i e s  mot rZ 

probably i n  t h e  gene-a1 construction of t h e  beaver dam, which usual ly  i s  too 

wide and too high and c l u t t e r e d  with debr i s  t o  permit a f i s h  t o  have a long, 

clear run preparatory t o  a successful  f i n a l  leap. 



The results of t h i s  experiment, while not  supported by a large number of 

returns of marked f i sh ,  demonstrate a useful means of applying the tagging 

method to problems i n  the appl ied  biology of fishes. 



iXlWMY TABU OF I N F O W T I O N  ON BCOVERIES OF TAGGED RAINBOW RXUS.ED 

PINE XVER 

A 1 1  tagged rainbows planted on June 13, 1934 

Length Increase 
Planted : TagNo. a t  tag- Date of Days Direction i n  length 

l 3 i e  recovery f r e e  t ravel led (inohes) 
(inches) 

22380 7 500 8/2/34 5 2 y  Downatntam 1.500 
Nigger 22690 8.375 8/5/34 55 Down~ltream 6.125 
Creak 22153 10 500 8/1/34 Downstream 1,750 

22222 6.375 5 - 36 700 Downstrean 6.125 

22333 
22197 
22 188 
22116 
22306 

Poplar 22102 
Grove Creek 22124 

22120 
22491 
22293 
22214 
22302 

Uncertain 22215 

No migration 
No migration 
Downstream 
Downstream 
Downstream 
Downstream 

No migration 
No migration 
Downstream 
Downstream 

No migration 
Downstream 

7/9/35 3 9 f  Downstream 2.625 

&hew r rcore r ies  were made i n  the  Pine River; a l l  other recoveries were i n  
the  stream i n  whioh the f i s h  were planted. 



TAGGING m S  ON WINTliEXEEN LAI(H: - - - 
I n  1931, Dr. Mile8 D r  P i rn i e ,  Director of the Kellogg Bird Sanotuary, 

invited the  I n s t i t u t e  f a r  Fisher ies  Research t o  par t i c ipa te  i n  f i shery  ex- 

periments a t  Wintergreen Lake, a 20-acre lake located on the  sanctuary prop- 

e r t y  i n  northeastern Kalamazoo County, Since t h i s  lake provides an i dea l  

location f o r  controlled marking experiments i n  a natural  body of water, tag- 

ging of some of the  f i she s  in Wintergreen Lake was undertaken as one of the  

p ro jec t s ,  The lake is under the  complete contrel  of the  3anctuary, and a l l  

p a r t i e s  who f i s h  there are  obliged t o  tu rn  i n  a report  on t h e i r  f i sh ing  t o  Dr.  

P i rn ie ,  There is thus an excellent  means of obtaining records of a l l  tagged 

f i s h  caught, and a lso  knowing the  number of untagged f i s h  taken a t  the  same 

time. 

The first marking was conducted on October 27, and 28, 1931, by D r .  John 

R t  Greeley, using 131 large-mouthed bass f inger l ings  furnished by the S t a t e  

Hatchery a t  Hastings , Michigan (Report of the  I n s t i t u t e  f o r  Fisher ies  Rerearch 

No, 102, unpublished) r These bass, ranging i n  s i ze  from 3 t o  8 inches t o t a l  

length, were marked with the  *fingerl ingn s i ze  tags on the  l e f t  sub-opercular 

bone. No reooveries of these bass marked aa f inger l ings  have ever been reporbd ,  

Approximately 100 f i s h  were marked during the f i r s t  week-end i n  Bay, 1935, 

a f t e r  shich date  the  tagging was carried on by D. Lt Allen and F. R. Lyman 

of the  Sanctuary s t a f f ,  a s  opportunity presented, during t he  remainder of the  

mrmer, During 1936, tagging was continued by Homer Bradley of the  Sanctuary 

staff i n  the  month of June, ass i s ted  f o r  4 days by t he  I n s t i t u t e r  A small 

number of the f i s h  marked were tagged on t he  lower jaw following the method 

desoribed f o r  t r ou t  ( p  .b ) , but the  majority of the f i s h ,  whiph were mostly cen- 

t rarchids ,  were marked by applying the  s t rap  t ag  ( e i t h e r  No. 3 o r  *fingerl ingw 



s i ze )  around the maxillary bone, The speoies marked and the number marked 

during 1935 and 1936 a r e  summarized i n  Table 17 ,  

Table 17 

NUWm BE5D SPXCIES OF F1m TAGGJUI IN BINTM@iBN M, 

1936 and 1935 

Year of tagging 
Speeiea tagged 1935 1936 Total 

Large-mouthed baas 

Pumpkinseed 

Bluegi 11 

Perch 

Pumpkinseed x bluegi l l  4 2 6 

Dogfish - 2 rn 2 

Bronn bullhead - 1 1 

Total 682 242 924 

Table 18 

RECORD OF ANGLER'S CATCH BETWXEN AWGUST 3, 1935 BM) 
BPRU 30, 1936, FOR N I N T E B  LgKE 

Number Number of -. 

of lega l  Catch per tagged f i s h  
&a-A -- Q i s h  aaught a c r e v  caught 

a R1Q 1 
sporirou - --- 
Bluegi 11 107 ca - - 
Large-mouthed Baas 

Yellow Per oh 

C o m n  Sunfish 92 4.6 * . m  

ToMla 1604 80 15 

S I ~ n a  of lake 1 20 aores. 



Caloulation - of Bluegi l l  Population 

Since the t o t a l  number of b luegi l l s  tagged was known (Table 17 )  , and a s  

the catch records (Table 18) f o r  the  winter of 1935-1936 were available,  i t  

was possible t o  compute the b luegi l l  population from the r e su l t s  of recoveries 

of tagged f i s h  during the winter f ishing seaeron, The available number of tag- 

ged bluegi l ls  was set a t  202, a s  5 had died o r  had been caught off during the 

summer, and the 7 undersized f i s h  were eliminated from oonsideration because 

almost no undersized f i a h  were taken i n  the winter f ishing. Substi tuting the 

values resulting from markings and reooveries by f ishing i n  the following form 

u la  used by P. R. Needham ( 1936, p . q$) , J! s (q + 2) i, where y = t o t a l  number 

of f i a h  i n  lake, 

a number of marked f i s h  available - 
b - number of marked f i s h  oaught - - 
c ; nw&r of unmarked f i s h  caught, - 

r e  have 

). r 1079 x 202 15,543. 
14 

The b luegi l l  population of l ega l  s ize  i n  flintergreen Lake may be s e t  a t  

approximately 15,543, o r  about 780 legal-sized b l u e g i l s p e r  acre. These f i g m a  

r e s t  on the assumptions that  there has been no loss  of tags  by f i s h ,  and tha t  

both tagged and untagged f i s h  are  caught i n  the same r e l a t i ve  frequency. 

This f igure  of 780 legal-sized b luegi l l s  per aore i n  t in tergreen Lake, 

obtained by a tagging experiment, agrees olosely with estimates of the blue- 

g i l l  population of two other lakes i n  southern Miohigan, obtained by counting 

the b a d  f i s h  a f t e r  an almost complete winter k i l l  during the severe winter of 

1935-1936. These estimates, applying chiefly t o  b luegi l l s  of l ega l  s ize ,  were 

of 650 per aore f o r  Green (Stoffer ' s )  Lake and of about 700 per acre f o r  Mud 



Lake, both on t h e  Water100 B m j e a t  a rea  i n  Jackson County. The estimate8 were 

obtained from counts of the  dead f i s h  along aample s t r e t c h e s  of the  shore,  made 

by Gerald 2 .  Cooper and R. 1. Eschmeyer of t h e  I n s t i t u t e  f o r  F i sher ies  Research, 

and reported by Cooper ( I n s t i t u t e  Report No* 351),  and from measurements of the  

t o t a l  shore-line and acreage of these  lakes  as surveyed by &. Coburn of the  

Waterloo Projec t ,  The win te r -k i l l  counts are presumably somewhat low, because 

any dead f i s h  whiah l a y  on t h e  bottom of deep water were not counted, 

Calculation - of Large-Mouthed Bass Population - 
Many more large-mouthed bass than b l u e g i l l s  were tagged (Table 1 7 ) ,  but 

only 5 (1 marked and 4 unmarked) were oaught during the  winter  ice-f ishing of  

1935-19536 (Table ,181 . Yowever, during t h e  summer of 1936 a l a r g e r  number of 

both marked and umarked large-mouthed bass  were caught, so an  attempt t o  com- 

pute t h e i r  abundance was made on the  b a s i s  of reooveriea made during t h a t  

period, This computation was complicated by the  f a c t  t h a t  the  number of marked 

f i s h  was being increased by continued tagging during t h e  month of June, 1936, 

The, average number of marked f i s h  ava i l ab le  was determined and t h i s  f igure  used 

ins tead of the t o t a l  number of marked f i s h  ave.ilaSle; a l l  da ta  used i n  the  calou- 

l a t i o n  a r e  embodied i n  Table 19, Employing the  l o m u l a  used f o r  t h e  b l u e g i l l  

ca luula t ions  ( the  t o t a l  population of large-mouthed bass of l e g a l  s i z e  

(10 inches t o t a l  length) i n  Wintergreen Lake on August 27, 1936, was colliputed t o  

be 3900, about 195 p e r  acre,  

This pe r  a c r e  est imate compares favorably with ca lcula t ions  of winter-killed 

populations of large-muthed bass i n  two lakes of southern Wchigan. By t h i s  

method Gerald P I  Cooper (Report of the  I n s t i t u t e  f o r  F i sher ies  Research, KO. 

351, unpublished) estimated the  adu l t  layge-mouthed bass population of Green 

(S to r fe r s )  Lake, Jackson County t o  be 197 per  acre ,  and t h a t  f o r  Park Lake, Clintkon 

County, t o  be 188 per  acre,  



Table 19 

Except as indioated i n  footnotes, a l l  unmarked f i s h  caught were tagged and re- 
leased al ive * 

Unnarked 
Date f i s h  caught Marked Marked f i s h  
Fished 1936 f o r  tagging fish a u g h t  available 

June 4 26 1 265 

June 11 18 3 291 

June 15 4 oi/ 4 3 09 

June 16 38 ... 334 

June 17 6 7a/ 10 372 

June 18 

July 3 

July 24 

Bug. 27 

Total 

Sbf these 15 were released without being tagged. 

&f these 3 egoaped unmarked; 5 bearing signs of previou8 tagging were re-tagged. 

3/01 these 2 died, 4 bearing signs of previous tagging were me-tagged. 

4 h e s e  f i s h  were removed by anglers. 

TIRo o ther  winter-killed lakes were estimated t o  have only one-fourth as 
many legal aized- large-mouthed bass per acre. 



Growth of Bluegills i n  Wintergreen Lake as Determined from Retroveries of 

Tagged Bluegills 

Evidence from FA relat ively mall number of adult bluegi l ls  recovered shortly 

a f t e r  tagging (af'ter an average time of 8 days) suggests that  t h i s  species does 

not grow during the early summer (Table 20) . Reooveries made through the ioe 

during winter fishing, of bluegi l ls  that had been tagged fo r  an average of 248 

days, indioate a s l ight  growth of millimeter per 100 days of freedom, o r  ape 

proximately 3,6 millimeter8 per year (Table 21). The ages of the bluegi l ls  when 

recovered by ice f ishing were 5 to  7 winters, which i s  close to  the winnun age 

of bluegi l ls  i n  Michigan waters, Advanced age may explain the small growth 

shown by these part icular  f i sh ,  

Table 20 

ORDKBB OF B L W O U I 9  IN '3PINTEBORBEbl W BElRBWW MAY 3 aM, AUWS91 3, 1936, 
AS INDICBT3bD BY REGO- OF UCWD B~~ 

Five reoords a re  excluded because the i r  measurements a t  time of recovery were 
smaller than a t  time of tagging 

Tag 
number 

Total length Growth 
of tagging IUD, me 

Days 
f ree  

Averages 23 8 0 8 



Four reoords a r e  excluded because t h e i r  measurements a t  time of reoovery were 
m i l l e r  than a t  time of tagging 

Total length Growth Days 430 
Humber a t  tagging mm. m, f r ee  (winters,) 

VII 
V 
a 

V 
V 
m 

V I  
V I  .. 
VI 

Totals 2365 24 2480 VI 

Averages 236.5 2.4 24@ VI 

Growth Large-mouthed Bass as De temined from Rewveries of Tagged Individuals, 

That the growth of legal-sized large-mouthed bass i n  %intergreen Lake is  

slow is indicated by the measurements of 1 2  tagged f i s h  recovered from 355 t o  

420 days a f t e r  being marked. The data (Table 22) show an average of only 2 m. 

per 100 days, o r  approximately 8 millimeters per year, These resu l t s  a re  not 

inconsistent with the oalculations of the growth of large-mouthed bass i n  Winter- 

green Lake mad9 by Qerald PI Cooper by mean8 of the scale  method, Cooper gives 

the average t o t a l  length of 3 bass of age-group III to  be 287 mm,, of 26 bass 

of age group IV t o  be 297 mm*,  of 37 bass of group Y t o  be 305 m. and of 4 

bass of group BI t o  be 323 mmb The annual growth increments are  thus indioated 

t o  be 10 xmn, between age groups 111 and TP; 8 mm, between groups IV and V ( the  

only interval  represented by an adequate number of specimens on e i ther  a ide) ,  

and 18 m, between group V and V I  , 



Little can be said concerning t he  movements of these species,  except 

t ha t  they a r e  observed t o  move i n to  shallow waters along the  shore of the  lake 

i n  l a t e  Apri l ,  May and June t o  spawn, and t ha t  i n  the winter they a r e  oaught 

i n  water ranging from 5 t o  25 f e e t  i n  depth* 

Table 22 

GROlVm OF USE-MOWHXD BASS I N  ? ? I I E E R G m  LAKl AS INDICATED BY 
RECOVERIES OF ?UFiND W S  

Tag Total  length Growth , Day8 &e 
number a t  tagging, rum, mm. free (winters)  
26027 308 1 408 b * b 

27472 250 5 Go I V  
27468 298 I 383 IV 
27521 225 19 375 III 
27526 326 4 369 • * 
27545 384 2 369 * b e  

27561 331 9 372 V 
27583 298 5 355 • • 
27462 282 15 383 IV 
26126 343 13 396 V 
27517 301 l3 376 IV 
27486 270 7 380 e * e  

Totals  Zd 16 100 4586 

Average 381.3 8.3 382 I?/ 



TAQGSNO EXPERIMENTS ON THE: NORTH BRANCH OF THE xlT WI;E HITXI? 

The author 's  marking experiments, designed t o  elueidate fu r ther  the  mi-  

grat ion and growth of wild brook t rou t  i n  Michigan streams, were begun i n  the  

summer of 1934. After some ra ther  unsuccessful attempts t o  seine t rout  f o r  

tagging i n  the Pigeon River and the  West Branch of the  Sturgeon River i t  was 

decided t ha t  the new tagging experiments should not be spread a s  previously 

over the e n t i r e  s t a t e ,  but should be confined t o  one stream tha t  presented con- 

d i t i ons  favorable f o r  the  investigation,  The North Branch of the Au Sable River 

i n  Crawford and Otsego counties waa selected f o r  the  following reasons: 

(1) This t r ou t  stream contains a r e l a t i ve  abundance of brook t rou t ,  aleo 

some brown t rout  and a few rainbow t rou t ,  

(2 )  Sinoe the  stream i s  ea s i l y  seined, the t rout  can be caught i n  large  

numbers f o r  tagging, and individuals previously marked may be readi ly  recovered. 

The conditions tha t  f a c i l i t a t e  seining here a r e  the  shallow water, the  relat ively 

clean bottom and the  noderate current ( f o r  a t rou t  stream), 

(3) Beoause t h i s  stream i s  heavily f ished by sportsmen who appreoiate 

s c i e n t i f i c  work and who a r e  unusually wi l l ing t o  coo7erate i n  the investigation,  

recoveries of tagged f i s h  caught by anglers a r e  obtainable i n  r e l a t i ve ly  l a rge  

numbers. 

(4 )  The "North Branohn has long been famous a s  one of Michigan's bes t  

t r ou t  s t r e a m ,  and is supposed t o  have suffered a great  depletion of t he  t rout  

population i n  reoent years. Therefore any study baaic t o  an improved f i s h  

management of the  stream would be a oontribution of p r ac t i c a l  vLue. 

The North Branch of the  Au Sable River f o r  most of i t s  length runs i n  a 

southerly di reot ion through the  northeastern and eastern  ?or t ions  of Crawford 

County, Michigan. Its headwaters a re  locuted i n  Otsego County a few miles t o  

the eas t  of Otsego Lake. The claim by some tha t  the stream was formerly an 



o u t l e t  f o r  t h i s  lake appears doubtful, A t  present the  upper headwaters a r e  

augmented by the  ou t l e t s  of Chub and Outhrie Lakes i n  Otsego County, and the 

middle port ion receives the  waters of Crapo Lake, just  north of the  Crawford 

Otsego county l ine.  Throughout its course i n  Crawford County the stream i e  wide 

and r e l a t i ve ly  alow-flowing f o r  a t rou t  stream, I n  i ts  course of about 33 milea 

( including a l l  but t he  most minor curves) the  stream drops about 175 f e e t ,  from 

an elevation of about 1250 f e e t  a t  the  headwater8 to  an elevation of 1075 f e e t  

a t  its junction with the Hain Au Sable* The swif tes t  sect ion of the stream i s  

near Dam 4, about 8 mlles below Lovells, 

With the  exoeption of a few small areas of cedar swamp which border the  

atream, the  g rea te r  par t  of the  aountry on both banks o f  the  North Branch con- 

sists of an open jaokpine plain.  The dominant shade t r e e  along the  bank i s  the  

poplar; other t r e e s  present a r e  cedar, jaok-pine and other conifers i n  l e s s e r  

numbers, and a small amount of biroh, Back from the  r i v e r  banks one f inds  the  

t y p i w l  p lan t  assooiations of the  jack-pine a l a i n  a s  described by Davis (1936). 

From about two miles below Lovells t o  about 10 miles above the  town, the  stream 

pa ra l l e l s  an almost unbroken, steep moraine 40 t o  75 f e e t  high, and a t  placed 

runs along the  base of the  sloge. 

ALmost a l l  of the  seining i n  the  North Branch was done between the  town of 

Lovella and Dam 2, a distanoe of approximately 12 miles by road ( ~ a p  4) I n  

t h i s  s t r e t ch  the  stream, var ies  i n  width from 45 t o  140 f e e t ,  and exceeds a depth 

of 5 f ee t  only i n  the pool below Dam 2 and a t  the old lumber m i l l  pool at Lovells, 

The bottom of t he  North Branch var ies  with the  f a l l  of the  r i ve r ,  The 

slower port ions tend t o  be sandy and t o  support a luxuriant  growth of fine-leafrd 

pondweed, Potornogeton f i l i f o m i s .  I n  the shoreward por t ions  of such s t re tches  

the  bottom is  usually black muck covered with de t r i tus .  I n  t he  awifter  reaches 



the  bottom is usually of gravel varying from pa r t i c l e s  s l i gh t l y  l a rger  than peas 

to  stones four  t o  f i v e  inches i n  diameter, Throughout the  whole length of the  

r i v e r  much "downn timber is scattered i n  the  stream bed, and watersoaked saw- 

logs half-covered with sand and muck remind the angler of the  days when lumbermen 

drove t h e i r  winter cut t ings  t o  the m i l l  st Lovells. Below the  town of Lovells 

long, slow flowing, areas of shallow water are  interspersed with shor ter  swif ter  

s t re tches  of f a s t  water, the  l a t t e r  port ions usually being terminated by a hole 

4 t o  6 f e e t  deep, wherever there i s  a s l i g h t  bend i n  the channel, 

The temperature gradient of the  North Branoh of the Au Sable i s  higher than 

i s  usually found i n  a typical  t rout  stream, since i t  i s  an extremely wide s t r e q  

and the  shallower portions a r e  r e l a t i ve ly  unshaded f o r  many hours on a summer 

day, Warm t r ibu ta ry  waters from the  lakes alresdy mentioned probably support 

and increase t o  a cer ta in  extent the  high dci ly  tengeratures which of ten rise 

t o  above 72' F. on hot sumner afternoons. However, the middle port ion of the 

stream between Dam 2 and Dam 4 i s  made habitable f o r  t r ou t  by the  presence of 

auch spring seepage from the  banks and from the many inflowing springs. This 

spring water lowers the  stream temperature during the might t o  a l eve l  more 

su i t ab l e  f o r  t rout .  i n  the lower port ions of the  North Branch, stream examin- 

a t i o n  cards (da ta  unpublished) record temperatures of 70' 2 .  i n  l a t e  June, 1924, 

i n  the  regions of Dam 4 and Kellogs Bridge, Zinter  temperatures of the  North 

Branch vary s l i gh t l y  according to  the sever i ty  of the winter weather. Unless 

there a r e  protonged periods of sub-zero a i r  temppratures ,  the  main channel does 
V 

not f reeze  overu, and the  stresm temperatures may vary during the day from 34 

4 
t o  38' F. Long perios of sub-zero weather, during which "anchor i cen  forms 

4 

and co l lec t s  behind obstructions i n  the current ,  often lead t o  the formation of 

s u d a a e  i c e ;  the temperature of the  stream i s  then close t o  the  freezing point ,  



varying from 32' t o  s l i g h t l y  over 33' F. Data on temperature obeervrrtions on 

the  North Branch a re  given i n  Tables 23, 24 and 25, 

The f i s h  fauna of t h e  North Branch is  r a t h e r  l a r g e  f o r  a t r o u t  stream, and 

va r ies  somewhat i n  the  d i f f e r e n t  sec t ions ,  both i n  the  number and abundance of 

species,  The lower por t ion  i n  the  region of Dam 4 and Kel logts  Eridge was char- 

ac ter ized by Hubbs and Metzelaar i n  1924 (unpublished stream survey) a s  having 

a f i s h  Yauna t y p i c a l  of a swift but medium warn streamn, although some t r o u t  

were taken i n  t h e i r  seinings,  They recommended t h a t  no t r o u t  be planted i n  tha t  

por t ion  of the  stream, The presence of northern pike and brown bullhetid i n  t h e i r  

list of f i s h  aeined suggest t h a t  t h i s  lower por t ion  of the  North Branch may be 

r a t h e r  marginal t r o u t  water. 

I n  the  middle por t ion  of the  stream (between Dam 2 and Dam 4 ) ,  Hubbs and 

Metzelaar recorded a t y p i c a l  t r o u t  stream associa t ion of f i s h e s  from seinings 

a t  t h e  Twin Bridges. Brook t r o u t ,  comon suckers and black-nosed dace were about 

equally abundant, and brown t r o u t  were present ,  Rainbow t r o u t  a r e  infrequently 

taken i n  t M s  sec t ion  by fishermen, 

During the  aeinings of 1934, 1935 and 1936, large-mouthed bass ,  perch and 

rock bass were occasionally collected near t h e  Twin Bridges, These species most 

l i k e l y m d e r  d o m  f r o m  the  t r i b u t a r y  lakes  f o r  which t a r e  a l l  reoorded. 



Table 23 

TBWEElilTJP3 READINGS (FAHH. ) FOR JULY 1 - 27, 1936, AM] AUGUST 

19 - 25, 1936 AT TWIN BRIDGE CAT.P , NORTB B-WCH iiU S&LE Rim 

First figure given is  a i r  temperature, seuond i s  water tan- 
perature 

Tine o f  r~adirrp; 
Date 7:30 A.M. Noad 6:30 P.M. 

Bug. 19 
20 
2 1 
22 
23 
24 
25 



Table 24 

'l!Eh;P~WS1E IUUDINGS ( F m ,  ) FOR OCTOBEZI 27 TO NOlQdBm 

13, 1935 AT M R O N  CLUB, NOftlSI BRANCH OF AU SABLE XVER 

F i r s t  figure given i s  air temperature, seoond i s  water temperature 

Time, of reading 
Date 8:30 Ae26, Noon 6:OO P.16, 

Table 25 

=ERB!FUlB W I N G S  (FPJIRe) FOR FEBRUARY 21  TO FEBRUARY 25, 
1936 AT LOVELIB, NORTH B W C H  OF AU SA3U RIVW 

Time or reading 
Date 7 AeMe Noon 7 P.Me 

19, 34 
19, 33 
36, r r r  

45, 35 



No seining was done by the  wr i te r  i n  the  upper port ion of t he  r i v e r  above 

Dam 2 (Fig, ll), but t h i s  port ion has been carefully obaerved from a boat f o r  

about 3 miles above the  dam f o r  l i ke ly  places  to  se ine  t r ou t ,  Large schools of 

common suckers, many minnowa, and several  rock bass were seen, suggesting t ha t  

the  f l a t  and sluggish stream course above Dam 2 provides a habi ta t  more suited t, 

warm-water f i s h  than t o  t rou t ,  

A chemical analysi r  of the  water near the  Twin Bridgea on July  22, 1934, 

indiaated conditions favorable f o r  f i s h  l i f e r  Samples taken a t  9:00 A.M. when 

the  a i r  was 76' F. and the  water 64O~. ,  yielded the following resu l t s :  dissolved 

oxygen, -11.0 p,p,m.; f r e e  carbon diozide, 4.0 pepam. ; pH, 8,3, 

The following l ist  of f iahes  has been recorded f o r  the  North Branch of the 

Sable River : brook t rou t  f on t i na l i s )  , brown t rou t  f a r i o )  , - 
rainbow t rou t  (salmo - ga i rdne r i i  i r ideus)  , large-mouthed bass (Apli tes salmoides) , - 
rock baas (Ambloplites rmpeetris) , yellow perch (Perca - flavescens) , northern p i l e  

(EIOX -- lucu ie ) ,  Menominee whitefish o r  p i l o t  (Prosopium quadr i l a te r le ) ,  common 

auaker (Catoatomus - c, comersonnii ) , hog sucker IHypentelium nigricans) , common 

shiner  (Notropis aornutus f r o n t a l i s ) ,  black-nosed shiner  ( B t r o p i s  heterolepis) ,  

blunt -nosed (Hybo rhynchus nota tus)  , northern mimic shiner (Notropis 

volucellus volucellus)  , creek chub ( ~ s m o t i l u s  - a *  atromaculatus) , r i ve r  chub 

(Nowmis bigut t a t u s )  , black-nosed dace *(Rhini chthys a t ro tu lus  meleagris ) , long- 

nosed dace (Rhinichthys cataraotae) , f ine-scaled dace ( P f r i l l e  neogaeus) , northern 

daae (Margariecus margarita nachtre ibi j  , brown bullhead (Bmetims nebulosua), 

Johnny da r t e r  (Boleosoma nigrum n i g m )  , rainbow da r t e r  (Poecilichthys cwruleus)  , 
Iowa da r t e r  (Poeci li ohthys - e x i l i s )  , l e a s t  d a r t e r  (Microperca punctata) , brook e t i  ck- 

leback (Eucalia inconstans) , muddler o r  m i l l e r t  s thumb (Cottua - bairdi  i , - Cottua cog- 

natus) , mud minnow (Uinbra lid) , lamprey (Iohthyomyzon f'oesor) , - -- - 





Tagging of t r o u t  by the  jaw-tag method was s t a r t e d  i n  the  North Branch on 

J u l y  25, 1934, and was continued a t  every opportunity u n t i l  November 2, 1936, 

During t h i s  period, 100 days were spent on the  North Sranch i n  e i t h e r  tagging o r  

r ewver ing  t h e  f i s h  t h a t  had previously been tagged, (More time would have been 

spent on t h e  r i v e r  a t  more regular  i n t e r v a l s  i f  o ther  d u t i e s  had allowed), The 

d i s t r i b u t i o n  of t h e  tagging and reoovery a c t i v i t i e s  i n  the  f i e l d  is  shown i n  

Table 26, 

During t h i s  three-year period,  4120 bmok t r o u t ,  180 brown t r o u t  and 10 rain- 

bow trout were tagged (Table 27). Bxcept f o r  500 hatche#fish tagged and placed 

i n  the  North Branch i n  Xay, 1936, a l l  f i s h  tagged were wild f i s h  seined from the  

stream, Of the  f i s h  tagged, 1080 brook t r o u t ,  23 brown t r o u t ,  and two rainbow 

trout were recovered (Table 28) r The t o t a l  of 1105 f i s h  recovered gives the  r a t h e r  

sa t i s fac to ry  recovery of 25,6 p e r  cent,  

The data  on the  brook t r o u t  a r e  discussed first and a t  g r e a t e s t  length be- 

cause most of' t h e  f i s h  tagged and recovered have been of t h i s  species  (Tables 27 

and 28). The d i s t r i b u t i o n  of the  recoveries by year of tagging and by year of 

recovery, and by number of times each f i s h  was recovered, both according t o  the  

two methods of recovery, a r e  shown i n  Table 29, 

d f  500 hatchery brook t r o u t  tagged and released i n  the North Branch i n  May, 1936, 
27 were recovered by fishermen; 21 of the  recoveries were made within 5 days of 
r e lease ,  and 6 recoveries were made from 25 t o  87 days l a t e r ,  None of these  had 
moved mre than an  eighth of a mile from t h e  point  where i t  was released;  t h i r t e e n  
recoveries by seinings during t h e  year reveal  no information regarding t h e i r  move 
ments, a s  there  a r e  too few from which t o  draw conclusions. Because so few of 
these  hatchery f i s h  have been recovered, no attempt has been made t o  analyze the  
data  concerning then separately.  These data  have been included w i t h  those f o r  tb 
wild f i a h  i n  a l l  ca lcula t ions ,  It is hoped t h a t  i n  t h e  fu tu re  b e t t e r  success 
w i l l  be had i n  recovering these f i s h ,  t o  obta in  a comparison of t h e i r  novements 
and growth with those of the wild f i sh .  Such in fomat ion  would be valuable i n  
planning an i n t e l l i g e n t  stocking program. 



Table 26 

HW3ER OF DaYS DEVOTED TO FIEI9 NOHK ON THE NORTH BRANCH OF 
mAIJsABuRImBYMONTHsBM)PEBRS 

Year 
Jan, Feb, Uar. Apr. .my June July mg, Sept, Oct, Kov. Total 

Total 2 4 2 4 4 7 29 16 12 2 18 100 

Table 27 

SWART OF NUMBER OB TROUT T A O  IN NORTH B M C H  AU SASU BY SPECIES 
AND BY YlWB 

Pear of Speoiea tagged W t a l  
tagging Brook Brown Rainbow by years 

Total for 
3 years 4120 180 10 4310 

Table 28 

S D U R Y  OF K E C O ~  ON Ti3OUT TAGGED IN N O m  BRANCil BU SABLE RIVER, 
1834 TO 1936, 

Itern Bpsoiea Total 
Brook Bsom Rainbow 

Total tagged 4120 180 10 4310 

Total recovered 1080 83  2 1105 



Table 29 

a W Y  OF SINGU ANXI UULTIPLZ IUCOVEHIES OF BROOK TROUT BY 
YEC,'i OF TAGGING .'&D 02 IiECOVERY 

The t o t a l  recoveries by seining and by anglers a r e  l i s t e d ;  t h e  recoveries made 
by fishermen are indicated by the i n f e r i o r  figures, 

No. of T-aggi~w year (above) & recovery year (below) Totals Peroentctge of 
timea 1934 1934 1934 1935 1935 1936 1934 t o t a l  
recover- 1934 1935 1936 1935 1936 1936 *35,*36 

Totals 339 7748 44 28040 149 22gz7 21 1O8Ogl5 100 00 
4 3 42 10.9 

Of  the  1080 brook t rou t  recovered 74.6 percent were recovered only once, 17.2 per 

cent twice, 6.8 per cent 3 times, 1.2 per cent 4 times, 0.2 per cent f i v e  tirces. 

dpproxfmately 80 per cent of the recoveries were obtained by seining,  and 20 per 

cent were returned through the courtesy of the anglers. Although the  f ishemen 

were kept informed rega.a;"!he experiment by fre,quent personal contacts and by 

posters  (Fig. 3)  placed along the  r i v e r  i n  the  v i c in i t y  of Lovells, a t  various 

campa and a t  the  bridges i n  the region, and were thus urged t o  turn  i n  reports  

on a l l  tagged fish caught, it i s  believed t ha t  about 20 per cent (probably not 

more than 25 per cent)  of the  l ega l  sized t rou t  they caught were unreported, and 

tha t  most of the  undersized tagged f i s h  caught by them were not reported. 

Movaent of the  Bmok Trout 

Moat information was o b t ~ i n e d  on the  sunnner and f a l l  migrations of the brook 



t rou t  of the  North Branch because more tagged f i s h  were recovered during these 

seasons than during the  winter and ear ly  spring, I n  the  summer, records of tag- 

ged f i s h  were obtained by seining, and addi t ional  records were avai lable  from 

f i shemen during the open t rou t  season; i n  the f a l l  large  numbers of t r ou t  were 

readi ly  seined from the  spawning beds f o r  examination f o r  tags, 

I n  the  treatment of the  data obtained on migration by s u e r  and f a l l  

seining, the data  l en t  i t s e l f  ra ther  conveniently t o  the  calculation of a migra- 

t i on  index, which indicates  the  tendency of the  f i s h  marked i n  a given l oca l i t y  

t o  move t o  another s t a t ed  loca l i ty .  The calculation of such indices and t he i r  

order ly  tabulation presents the t r u e  migrational tendencies of the  species i n  

tha t  body of water, s ince the f i sh ing  e f f o r t  and t he  avai lable  number of marked 

i f s h ,  as well as the ac tua l  number of marked f i s h  caught a r e  considered. 

Schroeder (1930, p 13) realized. t ha t  the in tens i ty  of the cod f ishery on 

Nantucket shoals had a d i r ec t  bearing on the proportion of marked f i s h  recap- 

tured, but had ineuff ic ient  data on which t o  calculate any index figures.  Thompson 

(1930) has demonstrated a de f in i t e  r e l a  tionship between the  ac tua l  number of tag- 

ged halibut  recovered and the possible number of tagged f i s h  t ha t  probably would 

be recovered by the  i n t ens i t y  of the f ishery,  especia l ly  on the  halibut  grounds 

off  the  southern uoast of the  Alaskan Peninsula, Although.the r e s u l t s  of cal- 

oulations r e l a t i ng  t o  brook t rou t  migrations a r e  expressed i n  a manner d i f f e r i l g  

f r o m  that  employed by Thompson, the  basic  f ac to r s  considered have been the a w e ,  

namely, the number of tamed f i s h  recovered, number of tagged f i s h  avai lable ,  

and number of un i t s  of f i sh ing  e f fo r t  used t o  e f fec t  a recovery, 

The proper in te rpre ta t ion  of t he  above-mentioned fac tors  is of considerable 

importance, a. may be i l l u s t r a t e d  by a hypothetical ersmple. Y uppose 100 tag- 

ged f i s h  a r e  released a t  point T on a s t raau,  and assume tha t  i n  t h e i r  dispersion 

70 mve upstream and 30 move downstream from point  T+ I f  the invest igator  now 



makes 10 seine hauls a t  point R downstream and only 1 seine haul a t  point R 1 

upstream, he has a much grea te r  pos s ib i l i t y  of reoovering f i s h  which have mved 

downstream, Assume a l so  t ha t  i n  10 se ine  hauls a t  R ,  20 tagged f i a h  a r e  recovered, 

1 while a t  point R , 5 tagged f i s h  a r e  taken i n  the s ing le  se ine  haul. On the  

bas i s  of the  number of recovered f i s h  alone i t  would appear t h a t  there  was a 

stronger tendency f o r  the  f i s h  to move downstream than upstream. 

I f  the r e s u l t s  just  given r e r e  weighted by the avai lable  number of tagged 

f i s h  and the  number of un i t s  of f i sh ing  e f f o r t  used a t  each locat ion,  the  t r ue  
1 

migration indioes from point T t o  points  R and R would be obtained, I n  deter-  

mining the migration index the  number of marked f i s h  reoovered per un i t  of f i s b  

ing e f fo r t  a t  R eiven point i s  divided by the  number of marked f i s b  ava i lab le  

from a given point of tagging; the r e s u l t  of the  divis ion i s  multiplied by 1000 

f o r  the  sake of convenienoe, This procedure may be expressed a s  a formula, 

suah as: 

i n  which 

bd rrlpigration index from any given point of tagging T 

to  any given point of recovery R,  

&number of tagged f i s h  recovered a t  point R, 

Btnwsber of un i t s  of f i shing e f fo r t  a t  point ll, 

& t o t a l  nunber of f i a h  tagged a t  point  TI 

Subst i tu t ing the hypothetical  values given above i n  (1) we f ind the  migra- 

t i on  index from point T t o  point R downstream t o  be 20, whereas the upstreen mi- 

gra t i oa  index f r o m  point  T t o  point R' i a  50. I n  other  words, instead of a 

g rea te r  tendency toward downstream movement a s  conjectured from the  unweighted 



data, the re  i s  ac tua l ly  indicated 2.5 times a s  much tendency f o r  the  f i s h  t o  

move upstream a s  downstream, 

I n  the  event t h a t  t h e  t o t a l  number of tagged f i s h  ava i l ab le  is changed by 

addit ion of m r e  tagged f i s h ,  o r  decreased by t h e  renova1 o f  tagged fish by 

fishermen, t h e  formula must be modified t o  present the  true conditions, For such 

circumstances, the  formula used i n  deteming the  migration index may be expressed 

= 1000 A ? (2 )  
BC + B C + BZCZ + * * * * * B n C n  

1 1  

where A and M a r e  the same as f o r  (1) and 

B = number of u n i t s  of f i s h i n g  e f f o r t  used i n  attempting 

t o  recover the  o r i g i n a l  t o t a l  number of tagged f i s h ,  

B number of units of f i s h i n g  e f f o r t  used i n  attempting t o  
1 

recover the  o r i g i n a l  t o t a l  number of tagged f i s h  p lus  what- 

ever tagged f i s h  have been added s ince ,  and/or minus the  

nmber  whiuh have been removed, 

B =number of units of f i s h i n g  e f f o r t  used i n  attempting t o  
n 

recover f i n a l  t o t a l  number of tagged fish, 

C Sthe o r i g i n a l  number of f i s h  tagged a t  point  T, 

C ;the o r i g i n a l  number p lus  the  added number and/or minus the  
1 

removed number of tagged f i s h  a t  pointT, 

C,=the grand t o t a l  of f i a h  marked a t  point  T ,  minus the  

numbers removed* 

m o t h e r  hypothetical  example w i l l  serve t o  c l e r i f y  t h e  use of t h i s  l a t t e r  

formula. Suppose the  following conditions e x i s t :  



Trout tagge4 i n  Hole T 

Ju ly  8 47 

J u l y  14 53 - 
100 

Tagged Trout Recovered i n  Hole R 

Ju ly  10 1 t rou t  i n  2 se ine  h e d  ils 

J u l y  11 No t r o u t  i n  1 seine  haul 

J u l y  25 4 t r o u t  i n  1 seine haul 

July 27 7 t r o u t  i n  1 seine  haul  - 
12 

Subs t i tu t ing  t h e  hypothetical  values above i n  ( 2 )  we have 

.#herever t h e  data  p e m i t t e d ,  t h e  fornula  i n  i ts  simplest form (1) was used. 

This was possible f o r  t h e  recoveries made on the spawning beds, during nhich seaaon 

the  avai lable  number of tagged t rou t  remained cona t ra t .  The formula as s t a t e d  i n  

i t s  more complex f o r  ( 2 )  was used i n  the  treatment of s m e r  and e a r l y  fp.11 move- 

ments, s ince  both f i shemen  3nd inves t iga to r s  were sometimes d a i l y  a l t e r i n g  t h e  

ava i l ab le  number of tagged f i s h .  Salculat ion of n lgra t ion indices  on recoveries 

made i n  the  years fo l loa ing  tagging was not a t t a m ~ t e d ,  s ince  so many of t h i s  

category of recoveries were made by fishermen, whose f i s h i n g  e f f o r t  could not be 

evsluated because no in tens ive  c r e e l  census was teken a t  t h a t  time. 

Data on the  winter and ea r ly  spr ing mveaents  have remained sc in ty  despi te  

e f f o r t s  t o  capture brook t r o u t  by seining8 i n  those seasms.  Only 3 recoveries 

a t h e  m n t h  of February, of tagged f i s h  have been made on t h e  North Branch durin, 

usua l ly  the  coldest  nonth of the  winter. I n  the  f o l l o w i ~ 3  discussion of the  

season~lmovements of the brook t r o n t ,  t h e  data  on t h e  summer movements a r e  p r s -  

sented f irst ,  followed by t h e  a v s i l s b l e  information on the  probable movements 

of the  brook t r o u t  i n  winter and i n  ea* sprin@;. 

IdIGRATION 

Summer E igra t ions  

I n  studying the  migration of brook t r o u t  i n  t h e  North Branch of the  Au Sable 



River, reooveries both by fishermen snd by seining were used. The fishermen's 

records were considered to be su f f i c i en t l y  accurate as  to  place of cepture of the 

marked t rou t ,  and were especia l ly  valuable when made ear ly  i n  the  open t rou t  

season, Uany of the  t rou t  t s a e d  during the preceding years were taken by angler8 

a t  t h i e  time of year, 

 he recovery cards f o r  f i s h  caught i n  the  year when tsgged vere first sor t& 

in to  three  groups, f o r  1934, 1935 and 1936 respectively,  Xach of these groups 

was fu r ther  sorted by month of tagging and month of reoovery, For each of the  

l a t t e r  c lasses ,  the  t o t a l  number recovered, t he  percentage mving downstream and 

average miles moved, the  percentage showing no migration, and the  percentage 

moving upstream and the  average miles moved, have been calculated, The resu l ta  

of these sort ing8 and calculations a r e  presented i n  Tables 30, 31 and 32. The 

to ta l  number of f i s h  recovered as l i s t e d  i n  these tables  exoeed the  t o t a l  re- 

coveries shown f o r  the  corresponding time periods i n  Table 28, since i n  order 

t o  use s l l  avai lable  data ,  multiple recoveries were broken down (each recovery 

on a s ingle  f i s h  was used wherever it f i t t e d  i n to  its proper place,  and i t  my 

have f i t t e d  in to  more than one monthly category i n  a s ingle  year period). For 

example, a brook t rou t  taggedkn July ,  1934, and recovered suocessively i n  August 
) 

September and November i s  l i s t e d  i n  three  di f ferent  places i n  Table 11, and pro- 

per ly  80, s ince  the  repeated recoveries represented a minute component of the  

movements of the  population i n  those respective time periods. 

The analysia of t he  recoveries made within the  year of tagging ( ~ a b l e s  30, 

31 and 32) show the  migrational tendenoies of brook t rou t  i n  the ~ o r t h    ranch 

through the  l a s t  8 months of the  year. l i t h  the  exception of January, 1936, pmo- 

t i o a l l y  no recoveries have been made before l a t e  April  i n  any one year.  he 

r e s u l t s  f o r  1934 and 1935 agree well,  but those f o r  1936 recoveries of f i s h  tagged 



i n  t he  same year d i f f e r  qui te  markedly, The di f ference may, I think,  be par- 

t i a l l y  a t t r i bu t ed  t o  the severe heat-wave of aid-July i n  1936, The location of 

tagging work and of the  subsequent s e i n i n g  i n  t h i s  year probably a l so  affected 

the  r e su l t s ,  Therefore, the  r e s u l t s  of the  three t ab les  were combined i n to  one 

t ab le  of grand averages (Table 331, i n  which the  same monthly categories of tag- 

-&?-a 
ging and recovery f o r  the  d i f fe ren t  years a m  combined. 

Table 30, 

DATA ON THE MOTZEENTS OF BROOK TROUT TAGGED AND RECO- I N  1934 

The average distances t r ave l l ed ,  i n  miles,  is  indioated i n  parenthesis  

Percentage of recovery 
Month Month Nmber iie covered Showing no Recovered 
tagged recovered reoovered downstream migration upstream 

Ju ly  Ju ly  36 22 (0.00) 67 11 (1e10) 

Ju ly  m* 13 5 6 (0.35) 83 11 (0.62) 

Ju ly  Sept , 6 2 21 (0.50) 60 19 (0.50) 

Ju ly  NOV. 48 31 (0.40) 11 58 (0.59) 

AUg AUg e 5 7 - - 100 .I - 
Aug . Sept . 53 8 (0.58) 81 11 (0.33) 

NOV, 18 45 (0.40) - Augr 55 (0.30) 

Sept . Sept. 89 4 (0.60) 91 5 (0.10) 

Sep t . NOV 84 15 (0.19) 33 52 (Oe65) 

Nov Nov 6 I. v 6 7 33 (0.24) 



Table 31 

i)ATA ON TlB 1,lOYEENTS OF 3ROOX '!BOUT TAGGED JD I3ECOVEIGD IN 
1936 UD IN ,T+sWAlYY, 1936 

The average distances t ravel led,  i n  miles, is indicated i n  parenthesis. 

Month Month Number 
Percentage of recovery 

Redovered Showing no Re covered 
tagged recovered reoovered downstream migration upstream 

June June 10 90 10 (0112) 

J u ~  July 2 SO (0.25) 50 (1e50) 

June Bug* 35 36 (0.32) 48 16 (0.16) 

June Sept . 8 13 (3,OO) 50 37 (0112) 

June Nov, 33 21 (0.75) 30 49 ( le60)  

Bug , A%* 3 3 

Bug . sep t a  100 

AUg e EOV e 82 

Nov XOV 2 8 29 (0.70) 6 5 7 (O12Oj 

June Jan. 6 16 (0.12) 17  67 (0443) 

Bug. Jan 1 16 37 (0.32) 13 50 (0140) 

Sep t l Jan1 2 50 (1112) 50 (0.06) 

Nov 1 J8n1 5 2 19 (0.31) 54 27 (0.06) 
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Table 32 

DATA ON TEE WV'lB4IW8 OF BROOK TROUT TAGGED AND i i E C O m  IN 

1936 

The average distances travelled, i n  miles, i s  indicated i n  parenthesis 

Peroentage of recovery 
Month Uonth Number Re covered Showing no Reoovered 
tagged recovered recovered downstream migration upstream 

Mrch July 1 100 (0.06) 

July 29 

Nova 6 

July July 142 l5 (0.51) 08 27 (Oe64) 

July a% * 22 31 (0121) 55 14 (OeO6) 

J u l y  Nov 



Table 33 
GRBM) SIBikWi OF BROOK TROUT RECOVERED I N  SAME YE;kR AS TAGOm 

. (UCEPT JANJdRY), 1934, 1935, 1936 
Average distance t ravel led i n  miles i s  indicated i n  parenthesis. 

Percentage of recovery 
Month Month Number Re covered Showing no Reoovered 
tagged recovered recovered downstream migration upstream 

March JuLYB/ 1 100 (0.06) 
J U ~ Y ~  29 86 14 (0,70) 

May AUg s/ 5 20 80 (0.39) 
May NOT. 6 100 

June ~ u n e v  10 90 10 (0.12) 
June ~ u l y v  2 5 0  (0.25) 50 (1.50) 
June A U ~  . % 3 5 36 (0.32) 48 17 (0.16) 
Jwe SePty  8 13  (3,OO) 50 37 (0.12) 
June 

" O V " 5 /  
33 21 (0.75) 3 0 49 (1.60) 

June Jan. 6 16 (0.12) 17 67 (0.43) 

Ju ly  17 8 16 (0.39) 60 24 (0168) 
Ju ly  157 10 (0.28) 79 11 (0.53) 
Ju ly  62 21 (0.50) 60 19 (0.50) 
Ju ly  NOV. 69 26 (0.43) 28 46 (Oe59) 

Sep t . sept$ 89 4 (0.60) 91 5 (0.10) 
Sep t • XOV. 105 14 (0.26) 92 54 (0.57) 
Sep t . ~ a n , p  2 50 (1.12) 50 (0.06) 

y 9 3 4  + 1936 (Tables 11, 13) 
h 9 3 4  + 1935 (Tables 11, 12) 

41934 (Table 11) 

3 9 3 6  (Table 13) 



Summer Movements 

Brook t rou t  tagged and recovered during the  s m e r  of the  same yeartended 

t o  remain i n  the  l o c a l i t y  of tagging, and d id  not move any great  d is tance  durlng 

t h a t  time, seldom more than 1.5 miles,  Both the  unweighted da ta  and weighted 

migration indices  (Tables 34, 35, 36 and 37)  support t h i s  conolusion, Perhaps 

the  bes t  evidence is  shown by the  migration indices  calculated f o r  the  periods 

J u l y  and August, 1934, f o r  September, 1934, f o r  ~ u g u s t  and September, 1935, ad 

f o r  July, 1936. These periods have been so grouped because se in ing was more 

o r  l e s s  continuous, and enough recoveries were mode on which r e l i a b l e  indices  

could be calculated,  and the  periods represented r a t h e r  d i s t i n c t  u n i t s  of tag- 

ging and recovery a a t i v i t y .  A s  the  number of tagged f i s h  ava i l ab le  f o r  reaovery 

was being a l t e r e d  throughout the  periods just  mentioned, the  formula Y = 

1000 A was used (see p . 4 3 )  t o  ca lcula te  the various migration 
BC + B C + .ooB On 
indice&.' That tgere was very l i t t l e  movement between the  holes during Ju ly  and 

August, 1934 (Table 34), i e  evidenced by the  very high indioes  recorded f o r  

f i s h  recovered i n  the  holes where they were tagged* There was considerable 

interchange between t h e  Spring House Hole and the  Spring Xole, whioh possibly 

should have been considered as one l o c a l i t y  due t o  t h e i r  proximity ( s e e  Table 3 4).  

Migration ind ices  oslculated f o r  September 1934 (Table 35) show thn t ,  i n  

general ,  there  was s t i l l  l i t t l e  movment, a s  the  higher migration indices  are 

s t i l l  recorded f o r  f i s h  tagged and recovered i n  the  same hole. However, brook 

t r o u t  tagged i n  the  Is land Hole were beginning t o  move about (probably i n  searoh 

of spawning grounds), and a few of the  S p r i w  Eouse fish were doing likewise, 

n r t h e r  evidence t h a t  t h e  Spring and @r ing  Eouse populations might be considered 

a s  a u n i t  w i l l  he noted here,  a s  t h e  interchange between these l o c a l i t i e s  i s  

p r a c t i c a l l y  the  Same, 

Eigra t ion indices  calculated f o r  t h e  po-iod of l a t e  August and Septmber ,  



1935, à7 able 36) agree well with r e s u l t s  of ca lcula t ions  f o r  the  previous year. 

Brook t r o u t  which had been t a a e d  e a r l i e r  i n  the  summer were found f o r  the  most 

p a r t  t o  be i n  the  l o c a l i t y  of t a g i n % ,  There had been some interchanse between 

the  Island Hole and the  Ranch Hole, and between the  holes i n  the  region of 

Andersons (spr ing House, Spring, xndersons Barn, Turkey Hole) ,  a s  previously 

indicated, 

U g r a t i o n  indices  computed fo r  Ju ly ,  1936, on brook t r o u t  tagged and re- 

covered within t ha t  month d i f fe red  markedly (Table 37)  from r e s u l t s  obtained 

during the swmner months of 1934 and 1935, as considerable s h i f t i n g  between 

holes mas evident dcr ing t h i s  month, This nay have been t h e  r e s u l t  of t h e  ex- 

treme heat during the  month of J u l y   able 23) which undoubtedly f orcsd the 

t r o u t  to move about more than usual  a t  t h i s  season, i n  search of cooler waters, 

xlthough temperature data a r e  not hvailable f o r  the  simmer months of 1934 and 

1935, i t  is  ce r ta in  no such extreme temperatures occurred during the  surrniiers of 

those years. 



Table 34 

JULY-AUGUST BROOK TROUT UGRBTION INDIGES NOFUE BRANCH 

The f i r s t  f igure  i n  the parenthesis indicates the average nunber of tagged f i s h  
available,  the  second number indicates the average number of' tagged f i s h  cap- 
tured per seine haul, 

Where Total 
Re oov- o f m e r e  tagged 
ered Jeine Ranah Is land Spring Spring 

Island 4 2 
(1.000) ( 113.25-0 . 25) 

SP ri w 
House 4(or 3 )  5 
(0.06) (105-0.5) 

spring 3(0r 2) 0 
(109 067-0.0) 

Yiased on 4 seine hauls 

3'' Based on 3 seine h a i d  

%ased on 2 seine hauls. 

#Them f igures  indicate the distance i n  miles between the  l o c a l i t i e s  of tag- 
ging and recovery. 



Table 35 

SIIPTBDIBER, lQOC BROOK mm MIORBTION INDICZLS NORTH BRANCH ATJ Barn Fuma 

The f i r s t  figure i n  the parenthesis indicates the average number of tagged 
f i sh  available, the second figure indicates the average number of tagged f i sh  
recovered per seine haul. 

Where Tot a1 
Reaovered seine Where tagged 

hauls Halsteadts Ranah Island Twin Bridge Slanahard 'a Spriw House Spring Anderson's Bridge 

Halstead* s 1 .. 0 
(0*75)@' ( 123-0) 

Ranch 5 0 10 0 0 
(0,625) (45-0) (122-102) ( 140-0) (8-0) 

Island 5 0 10 113 83 
(0.125) (45-0) (123-1.2) (i4s,e-ie,s) (60.67) 

Tnin Bridge 2 .. 0 I 
(0,500) (122-0) (140-1) 

Spring House 3(  or 4) 0 0 E/ 0 
(Oe06) (45-0) ( 123-0) (201.5-0.5) (8-0) 

Spring 5 0 0 0 0 
(0.125) (45-0) (123-0) ( 181-0) (8-0 

Anderson's 4 0 0 1 0 
Bridge (45-0) (123-0) (209.75-0.25) (8-0) 

$ Based on 4 seine hauls 

Based on 4 seine hauls 

w'Thess figures indicate the distance i n  miles between the loca l i t i es  of 
tagging and recovery. 



Table 36 

MIGRATION INDICES FOR AUGUST-SEPTBBER, 1935, BROOK TROUT NORTfl BRANCH All SABU 

The f i r s t  f igure i n  the parenthesis indicates the average number of tagged f i eh  
available, the second f igure indicates the average number recovered per  seine haul, 

Locality Total Locality of Tagging 
of no. Berger Halstead's Ranch I s land Twin Blanchard's SminniXouse Spring Anderson's Anderson's Turkey $mi. -- - - - - 

Recovery seine Bridge Bridge Barn Hole below 

Halstead's 4 0 119 0 0 0 0 0 0 0 0 0 0 
(0.75) (32-0) (21-2.5) (54-0) ( 93.5-0) (19-0) (22.5-0) (31-0) (126-0) (24-0) ( 6 4 0 )  (29.9) (10-0) 

Island 8 0 0 2 126 0 0 0 0 0 0 0 0 
(0.125) (32-0) (21-0) (554J25) (67-8.38) (28-0) (22.5-0) (21-0) (120-0) (24-0) (95-0) (34.5-0) (10-0) 

Twin Bridge 2 0 0 0 0 85 0 0 0 0 0 0 0 
(0.50) (32-0) (21-0) (47-0) (43.500) (24-2) (10-0) (15-0 (75-0) (24-0) (72.5-0) (42-0) (10-0) 

Blanchard's 3 0 0 0 0 0 33 0 0 0 0 0 0 
(0.375) (32-0) (21-0) (47-0) (49-0) (2&0) (10- 033 (35-0) (126-0) (24-0) (97-0) (42-0) (10-0) 

Spring iiouse 4 0 o o 0 o o 79 7 0 3 v  o o 
(0.06) (32-0) (21-0) ( 54-0 (77-0) (28-0) (2205-0) (164.2) (101-0.75) (24-0) (85-0.25) (35-0) (10-0) 

d" And. Barn 5 0 0 0 0 0 0 0 0 46 8" 0 0 

(0.06) (32-0) [Zl-0) (50-0) (62-0) (26-0) (22.5-0) (19-0) (123-0.25) (24-0) (75-36) (26-0) (10-0) 

Turkey Hole 5 0 0 0 0 0 0 0 0 0 s3/ l 3 9 V  l&' 
(32-0) (21-9) (50-0) (71-0) (19-0) (22050) ( 21-01 (121-0) (24-0) (85-0.4) ( 2 4 4 " s )  (1100.2) 

G s e d  on 4 seine hauls 

%ased on 5 seine hauls 

k s e d  on 5 seine hauls 

d'yi on 3 seine hauls 

d e s e  figurea indicate the distance i n  miles between l o c a l i t i e s  of tagging and 
recovery. 



Table 37 

I4JGUTION IM>.KX OF BROOK TRL,UT T A W i  LND l & k X O m  IN JULY, 1936 

Figures i n  parenthesis indicate t o t a l  number of recoveries except as explained 
i n  the footnotes. 

Hole No. 
where of Number of fish tagged a t  ea.ch given hole 
rewv- seine Halateads Akron I d a n d  Blanchads Spring Spring Barn Turkey 
ered hauls Houae 

1s land 9 
(0,625) 

Barn 4 
(0*06) 

Turkey 2 

dindioes i n  these oaaea determined by using average number of f i s h  available,  and average 
number of tagged f i s h  recorered/seine haul since f i s h  were tagged between various seining8 
i n  these holes. 



F a l l  Movements 

Both weighted and unweighted da ta  r e l ~ t i n g  t o  t h e  pos i t ion  of the  brook 

t r o u t  i n  e a r l y  November, during the  spawning season, ind ica te  c l e a r l y  t h a t  the  

f i s h  had dispersed markedly since t h e  summer. This d i spe rsa l  tended t o  be s l i g h t l y  

g r e a t e r  upstream than down (Table 33). A marked preference was exhibited f o r  

the  Akron Club spawning beds, and f o r  t h e  spawx~ing beds i n  the  region of Bnder- 

son's ( see  Wntnary Table 41) . I n  1934 (Table 38) recoveries of tagged f i s h  a t  

the  lJlrron Club were made from a l l  tagging l o c a l i t i e s  located downstream end from 

one l o c a l i t y  upstream. Recoveries i n  the  region of Anderson's were, with 1 ex- 

ception,  a l l  f i s h  which had been tagged i n  these  closely-related holes. One 

f i s h  tagged i n  t h e  Is land Hole had moved downstream t o  Anderson's Bridge t o  spawn, 

A t  t h e  extreme upper end of t h e  middle sec t ion  of t h e  r i v e r ,  a t  Boute l l ' s  Ford 

(i mile below Dam 2 ) ,  one recovery was made of a trout  tagged a t  11alsteed9s Ford, 

ind ica t ing  a movement upstream of about 5 miles. 

Xn 1935 (Table 39), s imi la r  r e s u l t s  were obtained, even though the  da ta  were 

augmented by an increased number of se in ing and tagging l o c a l i t i e s b  Some random 

d i s t r i b u t i o n  was noted. 

The r e s u l t s  of t h e  seinings i n  November, 1936  a able 40) were inadequate, 

s ince we arr ived a f t e r  t h e  brook t r o u t  had spawned and consequently made few re- 

coveries of tagged f i s h b  However, those brook t r o u t  t h a t  were recovered suggest 

a d i s t r i b u t i o n  s imi la r  t o  t h a t  obtained during the  spawning seasons of 1934 and 

1935 r 

I n  general ,  most of the spawning f i s h  sought spawning a reas  located close 

t o  t h e i r  summer range. Those f i s h  which mved r e l a t i v e l y  f a r  may have had t o  do 

9o beoause of competition f o r  the  avai lable  ?reas su i t ed  f o r  spawning, s ince 

t h e  beet spawning grounds, i n  the  xnderson region and a t  the  Akron Club were both 

t h e  scenes of intense spawning a c t i v i t y .  



- The pos i t ion  of the  s m e r  range as r e l a t e d  t o  the  neares t  and most s u i t -  

ab le  spawning ground mag very poss ib ly  determine the  movement of t h e  f i s h  (up- 

stream or  downstream o r  no movement) when the  spawning season a r r i v e s ,  The 

marked preference f o r  the  Akron Club spawning beds i n  1934 and 1935 a l ready 

mentioned, although no f i s h  were tagged on these beds during t h e  aunrmers of 

those years ,  d e f i n i t e l y  proves t h a t  t h i s  loca t ion  serves as  one of the  best 

nursery s i t e s  f o r  many of the  natural ly-reared brook t r o u t  of the  middle por t ion  

of the  s t r e m ,  The same statement app l i e s  t o  t h e  regior  o ersons. 



Table 
38 

In fe r io r  figures indicate  number of tagged f i s h  recovered 

Hole No, Nutober of f i s h  tagged a t  eaah given hole 
where of BOU- Ber- Hals- Rmch Akron Is- Twin Blan- Spring spr ing - 

recov- seine t e l l ' s  gers  teads Club l m d  Bridge chard's House scn'u 
ered hauls ford Bridge 

Blanchard 2 - .. 
(0,375) 

Spring 
House 
(Oe06) 

Spring 
(0.06) 

Anderson8 
Bridge 4 

d h e s e  figures indicate  number of milus between the tagging and reoovery 
l o c a l i t i e s ,  



Table 39 

NO- 1935 MIGUTION INDICES FOR 9RWK TROUT I N  XOE@H BRkP:CB tiU SABLE 

In fe r io r  figures indicate the number of tagged f i s h  recovered 

Hole Noo, of Number of f i ah  tagged a t  each given hole 
where seine Boutell's Berger Halsteada Ranch Akron Club Island Twin Blanchard's Spring &ring Anderaon's Anderson's !hrkey 
r e  oovered haul8 Bridge House Bridge Barn 

Berger 1 
(5.75) 

Ranch 6 0 0 0 0 - 1 0 0 0 0 0 0 0 
(0.501, 1 

Akron 19 0 0 0.8 - 5 5 3 2 4 2 45 
IOZ5) 1 18 3 2 2 11 1 l3 32 

Island 3 
(0.125) 

Twin Bridge 1 0 0 0 0 - 0 672 0 0 0 0 0 0 
(0.5) 

Spring House 2 
(0.125) 

Anderson's 8 0 0 2 0 .. 0 0 0 0 45 225 87 
0 

Bridge 1 
(0.06] 

Anderson's 
Barn 0 0 0 7 0 25 3 
(0.06) 8 0 0 0 o 0.71 

8 22 22 
21 

0 - "5 0 0 0 
W$Y 1 0 0 0 0 0 

241 

%hese figures indicate the number of miles between the tagging and the recovery 
loca l i t i es .  



Table 40 

UGilliTION INDEX IJOVBdBER, 1936, FOR BROOK TROUT IN NORTH BRANCH OF AU SAXE 

In fe r io r  f igures  indicate  the number of tagged f i s h  reoovered 

Hole No 1 Number of f i s h  tagged a t  each given hole 
where of Be* Hala- Akron Island Twin Blanoh- Spring Ander Tur- Lovells 
recovered seine gers teads Bridge ards sons keg - 

hauls 

Bergers 1 I 0 0 0 .. 0 0 0 0 0 
(6.25)Y 

Island 3 - 
(01125) 

Twin Bridge 4 I) 

(0151 

Blanchards 2 I 

(0.44) 

Anderson's 2 I 

Barn 
(0.06) 

Turkey 

@6&ese f igures  indicate  the number of miles between the  tagging and recovery loca l i t i e s .  



Table 41 

XLGWTION IPUIW NOVbZBER 1934, 1935, 1936, FOR BROOK TXOVT I N  l?OFlX B M J C H  OF AU SABLE 

In fe r io r  f i ~ r e s  indicate the  number of tagged f i s h  recovered 

Hole Total Number of f i s h  tagged a t  each given hole 
where No. Boutell 's Bergern Halsteada Ranch Akron Island Twin Blanchads Spring fIOuse Spring nndersons Andersons Turkey 
reoovered seine Ford Pool Bridge Bridge Barn 

hauls 

28 44 120 191 137 492 45 178 269 356 l36 197 49 

Boutell 's F. 10 0 7 l1 0.51 0 3 
0 0 

( 0 . 3 7 5 ) ~  

Halstead 0 - - - - .. .. - 
(0e75) 

Ranch 11 0 0 0 0051 0 O.Zl 0 
(0.50) 

Akron Club 41 0 0 007_ '14 5 0  243 24 212 '14 '18 0.4 2 0*43 
(0.125) 5 

1 sland 
(0.125) 

Twin Bridge 5 0 0 0 0 0 0 9 
(0.50) 2 

Spring Efouae 3 0 0 0 0 0 0 0 
(0.06) 

3 0 0 0 0 0 0 0 0 5 Spring '6 33 2 0 
(0.06) 

dndersons Be 12 0 0 0.7 0 0 Oms2 0 0 0 5 ~  0 0 9 ~  
1 '13 '14 37 o 

(0.06) 

Bndersons B a r n  1 0  0 0 0 0 0 0 0 O.gl 0 '8 0 1428 2 
(0.06) 1 

Turkey 2 0 0 0 0 0 0 0 0 2 * 0 10 

d h e s e  f igures  indioate the number of miles between the tagging end recovery localities. 



Winter and Early Spring U a r a t i o n s  

The first indicat ion t h a t  there must be some winter  movement of t h e  f i s h  

away from t h e  general region above and below Lovells was obtained by seinings 

on A p r i l  7 and 8, 1935. W l y  two l e g a l  brook t r o u t  and th ree  f i n g e r l i n g  brook 

t r o u t  were taken i n  approxinately 50 hauls  with e. 60 foot  seine,  Air tmpera-  

t u r e s  ranged from 53 t o  40' F.; the  water was 46' 3'. a t  6 P.M. on both days. 

The se ine  hauls  were made as f a r  upstream a s  Dam 2 (10 miles above Lovel ls ) ,  

and a s  f a r  downstream a s  Kellogg's Bridge (about 10 miles below Lovel ls ) ,  and 

a t  a l l  points  between Dam 2 and Lovells where brook t r o u t  had been tagged and 

recovered during the  previous summer. Since D a n  2 i s  an almost impassable bar- 

r i e r  t o  upstream migration of t rou t  i t  seems probable t h a t  the many t r o u t  found 
) 

i n  the  middle port ion of the  stream during t h e  preceding s m e r  and f a l l  had 

moved far downstream during the  winter, 

The capture of 77 tagged brook t r o u t  i n  January, 1936, on o r  very close t o  

the spawning beds indicates  t h a t  these  f i s h  remain i n  t h e i r  s w e r  end f a l l  

range, probably u n t i l  t h e  onset of severe cold weather* A t  the  tirrie of the  Jan- 

uary seinings,  mild temperatures (above 32' F.) prevailed;  during the  month of 

Deoember (1935) the re  had been g r f l c t i r a l l y  no lorn temperatures. An almost un- 

broken period of low temperatures was a parent ly  responsible f o r  an m i g r a t i o n  
( 0  t o  -25 F.) 

of the  t rou t  from the  area  previously occupied* Only about 1/25 as many t rou t  

were captured i n  February as were taken i n  January, and even fever  were causht 

i n  Narch (Table 4 2 ) .  

Since these seinings were made both well above and wel l  below t h e  l o c a l i t i e s  

of tagging (so  fer as time and rond conditions permitted),  as well as near t h e  

spawning beds, it  seems assured t h a t  the trout  had l a rge ly  moved out  of the 

middle port ion of the  North Branoh* 



Seinings i n  ~ p r i l  and May, 1936 (Ttible 42) showed a gradual  r e t u r n  of t h e  

t r o u t  t o  the  area  t h e t  was seemingly deser ted  during t h e  cold m a t h e r ,  Recover- 

i e s  of tagged t rou t  by fishennen during l a t e  Apr i l ,  Uay and June of 1936 i n  

the  regions found barren during the  v i n t e r  d e f i n i t e l y  supported the  conclusion 

t h a t  there  had been a r e tu rn  movement t o  the  middle por t ion  of t h e  streem (Table 44). 

SFmilar r e s u l t s  were obtained f r o n  brook t r o u t  tagged i n  1934 and reoovered by 

fishermen i n  May and June of 1935 (Table 43 , I n  both ltearlyn seasons, from a 

t o t a l  of 76 tagged f i s h  recovered, 40, o r  52.6 per  cent were recovered an average 

d is tanoe  of 3.3 miles d o m s t r e m  from where they mere l a s t  seen i n  the  previous 

year;  16, o r  21.1 per  cent were caught where they were released the  preceding 

year;  and 20, o r  26.3 per  cent were captured an Everage d is tance  of 1.6 miles 

upstream from the  point  where they were l a s t  seec  i n  the  previous year ( ~ r i b l e  45). 

Since the  major i ty  of these "early" season recoveries were made a t  po in t s  

downstream fron! r e l e a s e ,  o r  a t  the  l o c a l i t y  of tegging ( m e r e  p r a c t i c a l l y  no 

f i s h  were found dulling the  wioter  months), i t  i s  concluded t h a t  the  winter  move- 

ments of the  brook t r o u t  a r e  downstream, This conclusion i s  f u r t h e r  supported 

by t he  recovery i n  the  spr ing  of 1936 i n  Big Creek i n  Oscoda County, on the  

southern s ide  of the  Au Sable drainage belom t h e  North Branch, of one brook t r o u t  

t h a t  had been tagged i n  1935 i n  the  North Branch, A s imi la r  migration was re- 

corded from the  earl ier  tagging experiments ( p . q ~ a b l e  7 ) .  The r e c ~ v e r i e s  of 

these  p a r t i c u l a r  brook t r o u t  suggest t h a t  a p a r t  of t h e  brook t r o u t  population 

m v e  d o m s t r e m  during the  minter as  f a r  as the  IJain xu Sable,  a d is tance  of ap- 

proximately 16  miles below Lovells ,  and t h a t  some of them continue t h e i r  winter  

migration some dis tance  down the  AU Sable. 

The a l t e r n a t e  hypothesis t h a t  t h e  t r o u t  h ibernate  i n  t h e  l o c a l i t i e s  where 

they a r e  found during the  summer i s  supported by observations during February, 1936. 



~t t h e  Akron Club, a 10-inch brown t r o u t ,  severa l  f inger l ing  brook t r o u t ,  and 

severa l  black-nosed dace were fotmd i n  a s t a t e  of semi-hibermation under the sur- 

face  i c e  a t  the  mucky weed-choked shorel ine,  d t  t h e  Lovells Road Bridge an 8-in& 

brook t r o u t  was found i n  a l i k e  habi ta t .  Since o ther  s imi la r  hab i t a t s  along the  

r i v e r  yielded no f i s h ,  i t  was concluded t h a t  only a small por t ion  of the  abundant 

po?ulation of t h e  s u e r  wintered over i n  t h i s  sec t ion of the stream. 

b o t h e r  poss ib i l e  explanation f o r  the  disappearance of the  t r o u t  i n  the  aid-  

d l e  port ion of the  North Branch during the  cald weather i s  t h a t  they were consumed 

by the  mergansers which Frequent t h e  stream a t  such a time, Fragments of a t ag  

were taken i n  the stomach of one merganser collected on the  North Sranch i n  Feb- 

ruary,  1936, and mergansers taken on the  t r o u t  streams of the  s t a t e  n t  t h a t  time 

were Found t o  have fed largely  on t r o u t  (Isonard and Shet t e r  , 1937) . 
Further  research i s  cal led f o r ,  t o  deternine d e f i n i t e l y  whether most of the  

brook t rou t  are absent during very cold weather from t h e i r  usus l  summer ranges i n  

Michigan t r o u t  streams l i k e  the  North Branch, and i f  s o  whether t h e i r  absence is  

due t o  death o r  t o  migration, 

Recoveries i n  midsummer and f a l l  of brook t r o u t  which had been tagged i n  th& 

year previous t o  capture,  were usual ly  taken within 1* miles from the  l o c a l i t y  

where they were t a ~ e d ,  These recoveries ind ica te  t h a t  the  bmok t r o u t  population 

of t h e  Lovells region re tu rns  approximately t o  the  same l o o a l i t ~  each Summer 

(Table 46). About 26 per  cent were found upstream from the  point  o r  tagging, 41 

per cent were found where tagged, and 33 per cent were downstream f r o n  where they 

had been tagged t h e  previous year, 

six out  of e ight  of the  recoveries made on brook t r o u t  tagged on the  spawning 

beds i n  November and peaovered during the breeding Sea83n i n  t h e  following November, 

were retaken a t  t h e  same spawning ground (Table 46) 



Of the  S ix  brook t r o u t  which were recovered a f t e r  having been f r e e  over two 

winters ,  one was retaken i n  the  o r i g i n a l  hole where i t  was tagged, 1 was recovered 

only 3/8 of a mile downstream, and the  o the r  3 were recovered 1/8, 5.6 and 11 

miles upstream, 

Table 42 

ABUNDAHCE OF BROOK TROUT IN S E m  HAULS D U A R I N G  ?3D-IUJTW LIM) EARLY 
SPRING, 1936, I N  TKE: HORTH BUYCH OF THE AU SUM FUVEiIl VJCHIGAN 

gonth NO r Total Av. no, 
of t r o u t  t r o u t  Remarks 
haulsk captured pe r  haul  

January 11  bout 900 About 80 Close t o  n o m l  summer size 
range. 

February 12 43 3.0 About 5$ l e g a l  t r o u t  ( 7  inches) 

March 14 11 0.8 A 1 1  l e s s  than s i x  inches 
long. 

Apri 1 15 55 400 about @ l e g a l  f i s h ,  

May 21 336 16eO Less than 10% l e g a l  f i sh ,  

S/nll hauls  were made with a 30' x 6' se ine  with 3/8 inoh mesh, b a r  measurement. 



Table 43 

Month Xonth 30 l Recovered No Re covered 
tagged rewvered of downstream migration up st ream 
1934 1935 recoveries Av,mi* No.-$ kv ,mi~  No.+ AVrd 

Seg t b!&y 1 1-33 0,50 

NoVr ?day 2 1-33 0.75 1133 

Ju ly  June 6 4-67 1.30 2-33 1.50 

Aug June 2 1-50 0.12 1-50 1.75 

Sept . June 11 5-45 0.80 4-3 7 2-18 2.00 

NOV June 8 3-37,5 0.32 3-37 ,5 2-25 0,50 

Ju ly  

Sept . 
Nsv* 

J u l y  

dept , 

J u l y  

Sep t 

NOV. 

hug. 

Auq . 
hug . 
Segt . 
3ep t o 

NOV o 

NOV. 

~ o v o  
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Table 44 

H O B 9 3  BRANCH OF THE AU SABLE EIECOVERIES, T H W  IN 1935* RECOVEU IPS 1936 

b n t h  Month No . Re ~ o ~ e r e d  170 Re covered 
tagged recovered reoooered downst rem m i g r ~ t  ion upstream 
1935 1936 150e-$ Avomi* NO,-% A~eni. NO*&$ AVO& 

June 

Awe 

Sep t . 
June 

AUg 

Sep t . 
NOV. 

Bug * 

Kove 

dep t l 

~ O V .  

A'Jt3 

Sep t , 

Nov . 
June 

A%. 

NOT e 

Apr i l  

Apr i l  

Apr i l  

May 

yay 

&a y 

June 

June 

J u l y  

J u l y  

July 

AUe a 

Sept  . 
NOV 

NOV 



Table 45 

UE&Y SEASON Om TKE YEgR R E C O W = ,  1935 AND 1936 NORTH BRANCH AU SAXE BROOK TROUT 

@nth Month No Recovered Re oovered 
tagged reaovered reoover- downstream No migration upstream 

ed NO*+ AT* mie NO e d  NO, I $ Av. mi* 

June '35 Bpr, '35 1 1-100 0.60 

Aug, '35 Apr* '36 4 2-50 1.60 2-50 

Sept. '35 Aprr '36 2 2-800 0.11 

June '55 May '36 5 2-40 1.13 2-40 1-20 0.13 

Bug, '35 May '36 11 6-55 0,39 1-9 4-21 6 2 , 70 

~ept.9 ~agkf /  6 2-33 12.00 1-17 3-50 1 2 0  

NOV t/ ~ a p  11 9-82 Oe97 1- 9 1-9 3,25 

Ju ly  '34 June '35 6 6 6 7  1.30 2-33 1,50 

i?y" 
AW* June 

9' 8 2-25 0.50 2-25 4-50 le22  

Sept. '94 June '35 11 5-45 0,30 4 4 7  2-18 2.00 

Nov. June 11 5-45 L,35 3-27 , 5 3-27 *5 0 83 

Total  76 40-52,6 3.3 16-21.1 20-26,3 1 6 

3" 
These r e su l t s  obtained by coubination of l i k e  tagging and recoveny periods i n  1934, 

1935 and 1936. 



Table 46 

"UTE" SIEASON O V B l  THE YEAEi RECO-, 1935 AND 1936, NOFtE BR;IWCii AU ShBU BaOOK TROUT 

Month Month No . Re covered No Re oovered 
tagged reoovered recovered downst ream migration upstream 

N O . - $  Av.mi, NO.-% NO* * % AV. mi. 

July '34 hug. '35 5 2-40 1.75 2-40 l r 2 0  0 006 

June '35 S p t ,  '36 2 1-50 1-50 0.25 

July '34 Sept , '35 2 1-50 1-50 1 . 63 

Sept. '34 S e p t ,  '35 2 1-50 0,12 1-50 

July $34 NOV. '35 2 1-50 0 12 1v50 0612 

Total  70 23-33 0677 29-41 10-26 0.60 

h e s o  resulta obtained by ombination of the  tagging and recovery periods i n  1934, 
1935, 1936. 



Growth Rate of Brook Trout i n  the  North Branch of the  Au Sable River 

Since ce r t a in  Xuropean w r i t e r s  (Wunder, DeB-rosses, 1935) have expressed the  

opinion t h a t  tagging on the  g i l l  cover and caud:il geduncle of coarse fishes re- 

duces the  growth r a t e ,  t h e  e f f e c t  of jaw tagging on the  r a t e  of growth of t rou t  was 

t e s ted  i n  two hatchery experiments, a s  de ta i l ed  on p.  dl-32 l The general  r e s u l t s  

i n  these experiments agree i n  indiuating t h a t  the re  i s  l i t t l e  d i f ference  i n  the  

growth r a t e  of tagged and untagged t r o u t ,  a t  l e a s t  under hatchery conditions, 

when the  jaw-tag method i s  used, Certainly,  then, growth s tud ies  by means of t h i s  

tagging method should be considered val id ,  

In studying the  growth r a t e  of wild brook t rou t  i n  the  North Branch, only 

those measurements of recoveries of tagged f i s h  taken by the w r i t e r  o r  o ther  mem- 

bers  of t h e  s t a f f  of t h e  I n s t i t u t e  f o r  F i sher ies  Research were usedb Thus a l l  

recoveries made by fishermen were eliminated, s ince i t  was obvious t h a t  a l a rge  

number of fishermen's measurements were not very a c c u r ~ ~ t e ,  Often a t rout  was 

reported as gaining an inch i n  a week, o r  a s  losing a half-inch i n  three days. 

Nost of the se in ing i n  the  North Bmnch ~ 4 8  done between June and September, 

inc lus ive ,  and i n  November and January* Tagging and recovery were carr ied  on 

a t  the  same time over the  durat ion of the  sxperiment. L o r  t h i s  reason i t  was 

d i f f i c u l t  t o  assemble f o r  many length groups an cdequate number of recoveries 

of t r o u t  which had been f r e e  over similar periods of time. 

The only solut ion seemed t o  l i e  i n  assembling t h e  records of recovery i n  

length groups of two inches and setthe,  UT, three a r b i t r a r y  time periods "summert1 

(June t o  e a r l y  September) ; 'FallH ( l a t e  depternber t o   id-~ovenber) ; an6 "Early 

d i n t e r n  (mid-November to  mid-January). Only recoveries on f i s h  rh ich  had been 

both tagged and recovered within one of these  periods were considered* 

Crowth on these p a r t i c u l a r  f i s h  was c o q u t e d  a s  the  average increase per  

&y, calculated by dividing the  sverage increase of a l l  f i s h  i n  one category by 



the average number of days t h e s e  f i s h  had been f r e e  between t h e  t imes  of 

measuring, (Tables  47, 48, 49, 50, 51, 52, 53, and 54). 

Only i n  January, 1936, was i t  poss ib l e  t o  ob ta in  enough r ecove r i e s  t o  pro- 
- 

vide d a t a  fo r  computetions on "Early Winterw Sromth. F a l l  gnovth was not  com- 

puted f o r  1936 because no f i s h  were tagged a t  the end of the  summer. No d a t e  

a r e  a m i l a b l e  f o r  c a l c u l a t i n g  t h e  growth i n  t h e  e a r l i e r  months of t he  year. 

From Tables  47, $8 and 49 i t  17111 b e  observed t h a t  l~Surcmerl' growth as found 

by measurements of  recovered tagged f i s h  was cons i s t en t  i n  t h e  t h r e e  years ,  

Brook t r o u t  two t o  e i g h t  inches i n  t o t a l  l eng th  ~ i n e d  about 0.1 inch  g e r  t e n  

days  (Table 53). The number of r ecove r i e s  ~ h i c h  were from e i g h t  t o  t e n  inches  

t o t a l  l ength  ,#as considerably l e s s ,  bu t  those u v e i l a b l s  i n d i c a t e  t h a t  these  f i sh  

grew o t  the rate of about 0*07 inch  p e r  13 days, a l though t h e i r  growth var ied  

i n  t h e  t h r e e  d i f f e r e n t  surrmers, 

Measurements on the  f a l l  r ecove r i e s  (Tables 53, 51  and 53) show t h a t  t h e  

r a t e  of growtli i s  l e s s  thsn  t h a t  of t h e  s x m e r  period,  Recoveries made i n  January, 

1936, show that t h e  e a r l y  minter  growth i s  t h e  l e a s t  of a l l ,  There was, however, 

a measureable i nc reaen t  of growt3 between t h e  s2awning sezson und mld-January 

(Table) 52) of about 0.02 t o  0.03 inches  p e r  10 days. The r a t e  of growth f o r  

t h e  e a r l y  win ter  per iod seems t o  be s t o u t  t h e  s-me fo r  311 leng th  groU?s. 

Table 47 
llm'ER* GROWTH, 1934, OF THE; BRWK THOUT IN 'TKE U O 2 l 3  B U j C t 3  OF TH& XU SktiU 

Inc rease  i s  g iven  i n  one hundredths of an inch,  

Length 140, of  t r o u t  AVO no. Av,  i nc reaae  per day 
&ro u? re covered days ou t  p e r  f i s h  x 10 



Table 48 

n We=, 1935, OfP THE BAQOK TRWT IN !TI33 E33HTFf B ~ L N C H  OF TI& ~ L U  3A9U 

Incrrraae i s  given in one hundredths of an inoh, 

--C--.IcIL- 

Lerngth Hoe of trout AVr days out Av, inoreaar aer b y  
P U P  re mverrad per f i6h  x 10 

Table 50 

wAUIUW" (ZEK,FJTB, 1934, 03' THE BROuK TROW IN 'IZlb: NORTH B W C d  OF TBE AI1' SABU 

Inarea86 is given in one hundredth8 of an inah, 

-I 

?he of trout Av, no. day6 out Ave inorease per day 
@'OUR reaovered per fish x 10 



Table 49 

''SJWBEl" GROWTH 1936, OF THE BROOK TROUT IN THE 1;OilTH BRANCH OF Ta nU SBaU 

Inorease I s  given i n  one hundredths of an inch, 

Length AV, no* days out  No 0 of t r o u t  hv, increase p e r  day 
group recovered per  f i s h  x 10 

Table 5 1  

" A m  GROrinH, 1955, OF THE BROOK TROW IE THE NORlZT BW& UF 'IEi AU S x B U  

Inorease i s  given i n  one hundredths of an inch, 

Length NO* of t r o u t  Av. no. days ou t  AV, inorease per  
QrOuP reoovered day pe r  f i s h  x 10 



Table 52 
"EARLY i7r'lNT'mH GROWTH, 1935-36( OF THX B M O K  TROUT I N  !lEi N O t m  BRANCH OF THE AU SBSLE 

Increase  i s  given i n  one hundredths of an inch* 

Length No, of t r o u t  Av. no. days out  Ave increase per day 
~ r o u p  recovered per f i s h  x 10 

----- 

Table 53 
mum AVX:~LGE OF "SUMDSEH~' GHO:ITH OF BROOK TBOLT XN m riom 

BRANCH O F  TKE AU SkBLE(1934, 1935, 1936 DATA COBINED)  
Increase  i s  given i n  hundredths of inches, 

Length No, of t r o u t  Ave no day8 Ave increase per  
group recovered day per  f i s h  x 10 

Table 54 

GIliLND AVXWGP OF "FALLn GROr'TIi OF BiiOdK TROUT IN TH3 NORTH 
BUNCH OF TXE AU SABLE (1934, and 1935 3hTA COXBIIBD) 

Inarease i s  given i n  hundredths of inches, 

Length No, of t r o u t  AT, no, days BV, increase  per 
POUP recovered day per f i s h  x 10 



Calculation of Population by mcens of Tag Recoveries 

Since the  t o t a l  number of brook t r o u t ,  both tagged m d  UL-tagged, was re-  

c o d e d  f o r  13 representa t ive  se ine  hauls  during the  spawning season of 1935 

(Nov. 1-14) , on attemyt may be made t o  c.:lculate the brook t r o u t  population of 

t h a t  por t ion  of the  North Branch i n  nhich these se ine  hauls  mere made. The 

number of tagged brook t r o u t  i n  the  stream a t  the  t i n e  of the  1935 spawning 

season m y  be s e t  st 2,437 i f  the  following assmpt ions  

( a )  no tags  were l o s t  from the f i s h ,  

(b) no tagged f i s h  died, 

( c )  a l l  tagged f i s h  captured by f i shemen  were 
reported, 

From 13 careful ly  counted se ine  hauls  a t  several  d i f f e r e n t  points  within 

1 3/4 miles 483 untagged brook t rou t  and 69 tagged brook t r o u t  were captured, 

The est imate of the  brook t r o u t  population of t h i s  1 3/4 miles of r i v e r  i s  made 

by means of the  following comjlutetion, using the  formula explained on p . 7 6  

Estimated population of brook t r o u t  ( 4 t o  10 inches 1ong)in 1 3/4 miles 

of stream seined 

(483 4 69) (2497) : 19,496 
J &  69 

From t h i s  r e s u l t , l s  determined t h a t  the  number of 4 t o  10 inch brook t r o u t  

pe r  mile of atream i n  the  region of the  Twin ar idges  a s s  (approximately) 11,140. 

Using t h i s  f i g u r e ,  and the  approximate average width of the stream as detemined 

i n  the  f i e l d  work, the  number per  ac re  of brook t rou t  of the  same s i z e  range i s  

estimated t o  have been approximately 800. 

/ 

g i r n  the  three  years spent on the  stream only one f i s h  bearing a t ag  has been 
found dead, and only one has been found r i t h  a broken lower jaw ind ica t ing  the 
loss of the  t ag r  



Population est imates f o r  the  years 1934 and 1936 were not made. I n  1934, 

although the  number of tagged f i s h  was known, accurate informetion on the  

number of u n t a g e d  f i s h  i n  the  se ine  hauls  was not kept* I n  1936, comparatively 

few recoveries were made because the  w r i t e r  was not on the  stream i n  time t o  

oatch the  spawning season a t  i t s  peak, Any calcule t ions  of t h e  population 

i n t e n s i t y  made from such meager data  would not be r e l i a b l e ,  

'Dill ANGLING HISTORY 03' T!kE NOKLH BRkNM, rYITH C ~ ~ A T i 0 E J S  ON TiE P E R ~ A G E  OF 

THE LEGAL BROOK TROUT PORTIATI3N REWVED BY ANGLERS* 

The Ulinp; History of the  North Branch of the  Bu Sable 

P r i o r  t o  1880, t h e  Au Sable River System was famous f o r  grayling (Thym~llus 

t r i c o l o r )  f i s h i n g  it afforded the  sportsman of the  United S ta tes ,  Brook t r o u t  

were not na t ive  t o  the  iiu Sable System, according t o  the  uniform testimony of 

old-time res iden t s  and of e a r l y  wr i t e r s ,  Hellock (1873, p.2~g) ,  f o r  instanoe, 

wrote tha t  brook t r o u t  d id  not occur i n  t r i b u t a r i e s  of Lake Zuron south of Thunder 

Bey, which i s  north of the  mouth of t h e  Au Sable River, 

It must have been sbout 1884 t h a t  t h e  gra:rling v i r t u a l l y  disappeared from 

the Au Sable System, because i n  the  $?ring of t h a t  year Rube Babbitt  attempted 

t o  capture mature males and females f o r  a r t i f i c i a l  cu l t iva t ion ,  but could not 

obta in  a s ing le  adul t  f i s h  i n  a 20-xile s t r e t c h  of the Wain Au Sable below Grayl 

l i n g  (Sixth  Biennial  Report of t h e  S t a t e  3oerd of Fish Commissioners f o r  1883- 

1884, p.  33). Probsbly one of t h e  l a s t  grayl ing caught waa taken i n  1300, and 

sent t o  the  Iduseurn of Zoology of' t h e  'Jniversi ty of Michigan, ~ e v e m l  f a c t o r s  

probably contributed t o  the el imination of t h e  grayling,  such a s  l o g - w i n g  

during the  spawning season, snd poaching ( s i x t h  Biennial Report of the  s t a t e  

Board of Fish  Comissionera f o r  1883-1e81, pp, 33-84), lidershon f1923), observfng 



the  grayl ing from t h e  fisherman's viewpoint claimed t h a t  competition and pre- 

dat ion from the  rainbow and brook t r o u t  was the  deciding f a c t o r  i n  t h e  elimination 

of t h e  grayling, (~./70-/7/ ) , and a l s o  mentioned t h a t  orer-f i sh ing  played s p a r t  

ip* l7D 1 

With grayl ing f i s h i n g  on the  dec l ine ,  the  Xichigan Fish  Commission (Six 

Biennial Report of the  S t a t e  30ard of F i sh  C o d s s i o n e r s  f o r  1803-1884) decided 

t o  stock brook t r o u t  i n  the  Au Sable ,Piver System, and i n  Earth, 1885, Rube 

Babbitt  planted 20,000 brook t r o u t  f r y  i n  t h e  Mein Stream a t  Grayling, Uichigan 

( 7 t h  13iennial Beport of t h e  S t a t e  Sosrd of F i sh  Commissioners from Deo, 1, 1884 

t o  Dec, 1, 1886, p e  114),  Idany thousands have since been planted by S t a t e  and 

Federal  agencies. 

It was approximately a t  t h i s  time t h a t  rainbow t r o u t  (Salmo ga i rdner i i  

irideus) were introduced i n  l a rge  numbers ( ~ o w e r ,  1911, p r  197) i n t o  the  RU B b l e  

River System, although Bower mentions a m a l l  planting of rainbow i n  the  "middle 

sevent iesw,  vhich a r e  recorded ne i the r  on S t a t e  nor Federal  p lant ing records, 

They probably were planted,  however, s ince  L. D. Norris  of Ba t t l e  Creek, Xichigin, 

i s  credited with having caught several e i @ t  inch *salmontt during the  s m e r  of 

1877 (Kershon, 1923, p. 179). 

Brown t r o u t  (Salmo f a r i o )  nere f i r s t  planted i n  the  Au S ~ b l e  2 iver  System 

i n  1891 (Tenth Yiennisl  Report of t h e  S t a t e  Board of Fish  Conmissioners f r o o  3ct .  1, 

1890 t o  Dec, 1, 1892, p.  203). 30th brown and rainbow t r o u t  have been heavily 

stocked i n  n.ny p a r t s  of t h e  iiu Sable System, 

A l l  th ree  species  of t r o u t  a r e  now caught i n  the North Branch of the a u  

a b l e ,  although the  numbe- of b r o w  t r o u t  caught has increased, end the  number 

of rainbow has decreased, according t:, the  c r e e l  census records and angler's 

reports.  



AccoKiing t o  Lilershon (1923),  rainbows were not cornon i n  a n g l e r s t  catches 

even i n  1900 on t h e  North Branch. fie records  t h a t  on ilay 12-14, 1900, of 1,038 

t r o u t  taken a l l  were brooks except f o u r  rainbows, ~ n d  these  rhinbow were csught 

3 miles below 3a11 4 (p.  lbd) .  It i s  unfor tuna te  t h e t  ?Iershont s records  were not: 

more d e t a i l e d ,  bu t  betveen 1900-1310 he d i d  no t  record h i s  t r o u t  catches by 

spec ies ,  One e n t r y  i n  BiOers3on7s personal  d i a r y  i n  1913 shows tha.t t h e  rsixbow 

had ev iden t ly  increased ,  s i n c s  i n  t h a t  yenr t h e  AU Sable Trout and p m e  Club 

took 449 brook t ~ o u t  snd 445 rainbows dur ing  t h e  onen season. 

3y 1926, t h e  r a t i n  of b ~ o o k  t o  r s i n b o ~  hsd changed t o  4 t o  1, according t o  

t he  records  of iJ, 3.  Trautman, ~ s s i s t a n t  Curator  of P i shes ,  Un ive r s i t y  of  1:ichigan 

b~useumb i t  was a l s o  about t h i s  t i n e  t h a t  Xershan ind ice t ed  12 h i s  d i a r y  t h e t  

t h e  brown t r o u t  was beginnin.? t o  show up i n  t h e  s n g l e r s  ca tches  - s f a c t  t h 3 t  

he and muny s ince  h:-ve long and v i o l e n t l y  bemosned, 

iit p re sen t ,  t h e  fisherman's ca tch  i n  t h e  North Branch ebovc L o v e l l s  c s n s i s t s  

almost e n t i r e l y  of broo!c and brown t r o u t  i n  t h e  a,jp~oxirriste r e t i o  of 4 t o  1, 

aocording t o  ang le r s*  Only occas iona l ly  ere rainbows s t i l l  taken ,  O f  approximately 

3810 wild t r o u t  caught snd t e . s e d  a'bove Love l l s ,  only 160 were brown t r o u t  and 

10 were minbows (Table 27) .  The m a l l  l ie t io  of b:ai)fln t r o u t  seined may be a t -  

t r i b u t e d  t o  t h e i r  warinsss  and t o  t h e i r  h a b i t  of l y ing  i n  r e l a t i v e l y  u n s e i n ~ ~ b l e  

water,  

iJlershonfs d i a r y  save y e s r l y  reco..de f o r  t he  ca t c3  of  h i s  lo;ge, and these  

records a r e  here  reproduced  a able 5 5 ) ,  by h i s  permission. 

Hershon s l s o  t r i e d  t o  estim,?te t h e  f i s h i n g  y i e l d  of  l ega l  t r o u t  per g e m  

f o r  t h e  Xorth Elranch f o r  t h e  year 1909-1913 inc lus ive ,  These e s t i n a t e s  were 

made by contact in^ various c lubs ,  p r i v a t e  lodges ,  m3. t h e  h o t e l  a t  Lovells.  I 

be l i eve  them t o  be f a i r l y  accu ra t e ,  s i n c e  fewer poople by f a r  f i s h e d  t h e  r i v e r  



than i n  recant y w r ,  These e r t b o t e s ,  showirtg great fluotuation w i Q  a, large 

oatah evmy other yeax, are shorn in Table M, 

Tho only preeent-day figwse rnvaill~ble t o  ocappam with raaorde kept by 

Bderrshon are thoee of the Wnerml &&el Cenewa, ahiuh elnm 1988 has y a w 4  in- 

cluded entrise for the North 3moh. Them mtah reoordr of indirt4ual anglers 

were obtain& by a preawbly m4on  eamplfng, but i n  come years a Paw reuorlr 

were taken, or the entries were not diatributell evenly over the ea$lre trout 

neasons. Although the areel oemus reoarde (Table 57) are not dimotly oompareble 

with the re~orCP~l of Msrshan (Table 551, they met wrtafnly indfoata, that more 

fisrh were aau@t per fishremn i n  the early 19UOfe thaa are aa-t by the anglers 

of today. It i o  poasibls that the tofa1 oatoh l a  as great, but i t  is probably 

spread aver a greater number of oreels, Certainly the strew ie fished by m 

greator! nuwber of i l~hemen t h n  in the tine treated by Me~rhan~a reaorde. The 

projected Intensive orrel wmrr on the Ror'Gh Brnuoh w i l l  provide data on the 

total mtoh that will be taluabls for  omp par is on rrith Merslhonve iiguree. 
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T W i L Y  G A T S  OF U W  WUY! FOR KlW WE5 b3WE, i?OR%8 BRANCH OF AU 3ABM 91VBCR 

Tden from the reoorde of d ,  B, Marshon. fishing during the month of June, 
aooordiq to reoords. 

8 inch 
n n 

( 1  

W n 

1+ Sf 

w It 

7 inoh 
II tt  

tt n 

n n 

limit - fliea only, 
n ct w 

w a l l  bafts 
n u w 

limit - all baits 
w I( ft 

f l i ee  only 
a l l b a i t s  

limit a l l  bnita 
t1 w w 

fi' t o  9 f'iahrmm uaually f ish& i n  this month, but their aotual f'iabing ti- 
was not reciorded. 

/ 

/ 

Be0ord8 state that rarely mre than 2 people ffshrd i n  these  month^. 



Table 56 

I 

S6asan Total trout oatoh 

%hi# year, the 4u Ssble hout and Ome OLub reoordscl 449 brwk tmut, 44B 
mi nbow trout. 

Table 57 

T m t  P i  rhs~m4,n Reoorileil oatoh of Legal, tmu-t Cat ah par hcmr 
beason hour6 %%x- lhKnnrm Rainbow 

Total. 871.28 -469 PO8 20 Z .O 



f i a h i w  Iltlart8198 on the Sarth Branpcb o f  thr >%ti sable ;:i?er cs Qonputed from 

8@oovariss o f  Tagged aroole Trout by F i s h a m  

0o~y;utatione btjeard on the maovaries of marked .trout by r tq lera  an the 

taorfb B,-anoh may be *kan t 3  indictit6 the fiahing i n t e a9 i t y  on t h i s  8tmam. 

X t  is true %hat nst all recoverisa of &%irked f i sh  hcve been reported, but It 

is believsd tbt ct least 75 per cent have been mtwxied. 

Far thea yraure 1934, 1935 and 1836, it  is o~ilaulete2 that 4t3, 29, 11 per- 

o a t  rerpeoti'sely of the ruhrrke3 legal brook trout wese cuugth by the fiaharrmen 

(Table 6%). Tbeae oomputationra are based ~ a l s l y  on fish whioh were o~ l e e 1  

aim (7  inohes or Longer) a t  tber tinre of tagging a d  which were reoovered during 

the 8 8 ~ ~ 0 2  IIT whtoh they usre taggad, einoa i t  wae not aertain how mnp under- 

sized f i s h  *auld poa $0 legs1 s f z s  huriag tho courso of' thb season. The reaeone 

f o r  the, dscline in the percentage (31 trout  raw^& my be that the numbeL1 of 

Pleohemea-dsys deore~s& 133 ~ef&xanca) to the p a ~ u l a t i o n  of bmok trout, or that 

the Pish@rnen duriw Ihe period rere less suooekaful in witching; brook trout,  

or that  fewer f i g s  ware reported finom year t o  year. However, %hi8 decline i a  

so brga, tte t o  lndiolitte tkt  there ?robably oammd o ds i in i t e  taamese fn the 

stock of fi$h. 

The percentage of t ag~ed  f i e h  (af lugs1 atee when trqjgczd) that ware ttrken 

by fiohermen d u q z g  t h ~  oeuuon following that o f  tagging aas also oo~nputed (Tabtu 

59). In the 1938 tmu t eeaasn, 439 Legai brook trout were euppaeedly timi lable 

from 1934 tagging sctivitleli~; of these 24, or 5.8 per oen* wsm muat. Zn the 

1936 trout aetison, or 467 l~gal. brook trout l&eoretiwll;r available fmm 1038 

teggiage, 19, or 4.1 per oent repa, take& by aaglase. 

&ppmximately 29 per cent aP iho lwul fish urailuble s e n  oclptwsd in 1988 

(Table 58). If it is assunred that the percentage of manoval would be o a n ~ t a n t  

for legal fleh tagged i n  1934 and reaorerd in 1935, 8% per cent or 127 of tho 



439 a v a i l a b l e  l e g a l  tagged f i sh  should hsve been recovered i n  1935, However, 

fi s h e w n  repor ted  t h e  capture of  on ly  5.5 per cent (24 of 459). This  die- 

crepancy (Table 53) poas ib ly  i n d i c a t e s  a roo r t s l i t y  of  81 p e r  cent  of t he  l e g a l  

s tock  between one f i s h i n g  season and t h e  next.  3'rorn r ecove r i e s  of l e g a l  f i s h  

i n  1936 tagged i n  1335, by s i m i l a r  c a l m l a t i o n s ,  a n o r t a l i t y  of 63 pe r  cent i s  

indica ted ,  

Bny conclusions from t h e  deta j u s t  presented a r e  rendered unce r t a in  by the  

fo l lowing  f a c t o r s ;  

(a )  Migrat ion by f i s h  o u t  of t h e  a r ea ,  This source of  e r r o r  i s  r e l a t i v e l y  

unimportant beasuse of t h e  many r ecove r i e s  of tag@ f i s h  taken i n  t h e  same 

gene ra l  l o c a l i t y  a s  much AS one Yesr lr-i tcr,  2nd t n e  i n s i g n i f i c a n t  number of re- 

t u r n s  f r a n  g rea t  d i s t f inces .  

( b )  Loss of t a g s  from t h e  f i s h .  This  ob jec t ion  i s  p a r t i a l l y  v a l i d ,  s ince  

t h e  smll f i n g e r l i n g  t a g s  were ex tens ive ly  used i n  1934 t o  t a g  both l e g a l  2nd 

under-sized f i s h  ( s e e  p d 7  ) . 
( c )  Incorqplete re tu .ms  from t h e  fishermen. It i s  known t h h t  no t  a l l  re- 

t u r n s  were repor ted  by fishermen, 

No d e f i n i t e  conclusions a r e  draw11 from t h e  da t a  under d i scuss ion  i n  t h i s  

s ec t ion ,  However, t h i s  d i scuss ion  has been presented t o  o u t l i n e  a p o s s i b l e  

method f o r  t h e  eva lua t ion  of t he  e f f e c t  of t h e  s p o r t  f i s h e r y  on a s tock  of f i s h .  

The proper  way t o  so lve  t h i s  genera l  problem of " f i sh ing  take" would be t o  con- 

duct  an intensive c r e e l  census i n  conjunct ion with t h e  marking experiments,  This 

j o i n t  s tudy would y i e l d  a c lose  e s t i m t e  a s  t o  t he  number and p e r c e n t a e  of l e g a l  

f i s h  removed from t h e  s t r e m i  dur ing  t h e  coilrse of t h e  season'  



Table 58 

C Q L a L " E L )  PERCENTAGE: OF THE LEGAL (7 i n h e s )  TROUT POPULATION IWdOVED 

BY A N G W  I N  1934, 1935 and 1936, 

Calculations based only on trout which were lega l  ( 7  inches] a t  time of tagging 
and which were recovered i n  the same f ishing season, In fe r io r  f igures  indicate 
numbers of days f ro2 rhich the percentages are derived. 

Number of Number of l ega l  Percentage of t o t a l  Calculated per- 
Year legal  brook brook t rout  tag- no, of tagged f i s h  centages of a1 1 

trout  tagged caught taken by anglers l ega l  t rout  a u g h t  

Table 59 

CALCULbTE3 2BHCmlicE OF THE UGAL iTiOUT P O F L i T I 3 N  LOST TO THE 

Infer ior  f igures  a r e  percentages of the t o t a l  number of tagged f i s h  available, 

Total no. of ExpeoteWtotal  kctual catch Not Calculated 
Year legal  tagged catch tagged legal  f i s h  re- per cent age 

f i s h  available f i s h  from pre- tagged d u r i n ~  3orted legal  f i s h  l o s t  
from preoeding yre  ceding year preceding yre  t o  anglers 

/ 

&hem percentages a re  derived from Table 58 assuming tha t  the peroentage 
as indicated should apply to  . a l l  l ega l  f ish.  



W M T S  AND GROWTI OF Tilfi BROVN iQ4D fi~i?BOd TROUT U Tm N O A m  B h U C H  

OF THF: AU SABLX AS DETEiKtNii BY TAGGING mmWS 

only scant  i n f o - m t i o n  was obtained concerning the  migration and growth of 

bmwn t r o u t  i n  the North Branch of the  nu Sable River, because only 180 indi- 

v iduals  of t h i s  speces were tagged, and because the  percentage of r e tu rns  

(12.8 per  cent)  was only hal f  t h a t  recorded f o r  the brook t rou t ,  None of the  15 

brown t rou t  recaptured durin.,: the year of tagging showed any migration whatsoever, 

They were usual ly  captured only a few days a f t e r  tagging, and f o r  t h i s  reason 

l i t t l e  c o a  be learned of t h e i r  growth. 

Eight reoaptures made during the  f i s h i n g  season following t h e  one i n  which 

they were tagged showed t h a t  the  brown t r o u t  grew considerably i n  length between 

November and the  following June (Table 60) It w i l l  be noted t h a t  two f i s h  

were recovered 300 days l a t e r  i n  the  exact  hole where they were released a f t e r  

tagging. A s imi la r  record was found i n  the  e a r l i e r  tagging work on the  L i t t l e  

Idanistee Riv&re These s imi la r  reoords suggest t h a t  inBividual f i s h  may hsve 

f a v o r i t e  home ranges t o  which they re tu rn  each y e w ,  o r  i n  which they spent t h e  

e n t i r e  year. 

The recovered brown t r o u t  which had been f r e e  f o r  the  longest  time had 

grown from 8 inches t o  14 inches i n  660 days, and had moved downstream about 3 

miles i n t o  deeper water i n  the  Old Xi11 pool a t  L o ~ e l l s r  

Of the  10 rainboa t r o u t  which were tagged i n  t h e  course of the  inves t igat ion 

on t h e  North Branch, only 2 were recovered, both i n  1935, Both had been t a a e d  

i n  June, One recovered i n  September had grown from 6.75 t o  7.875 inches; the 

o the r ,  recovered i n  November, had grown fI'Om 6.25 inches t o  8.00 inches* Both 

were cau&t i n  the  hole where they were tagged* 



Table 60 

CrRO\lITfl AND ~ O ~ T S  OF TxGGd BdOvJN TROUT OVXR THE WINTER 

Directions a r e  given as  downstrean (D) , upstream (u) and No migration (0) 

Dateo f  D a t e o f  Days Original  Increase Direct ion and 
tagging recovery f r ee  length i n  inches miles moved 

296 6493 3.5 Average 

%his recovery made by I n s t i t u t e  l o r  Fisher ies  R e s e ~ r c > ~ ,  a l l  o thers  by fishermen. 

&his recovery not included i n  sverages. 



BE;AFi;iNG OF TAGGING lD2rUmTS: 3N #LSH CULLUilE 81s MA- 

it has been previously pointed out t ha t  narkins experiments were f i r s t  

conducted chief ly  because of curiousitg concerning movements and growth of fish. 

However, aside from being a t oo l  f o r  na tu ra l  h i s to ry  study, marking experiments 

can and should be more widely used i n  attempts t o  c l a r i f y  problems which a r e  

e s s en t i a l  t o  the  e f f i c i e n t  managment of the  game f i s h  supply. Such experiments 

a r e  pa r t i cu la r ly  needed t o  place stocking po l ic ies  on an e f fec t ive  and prediut- 

able bas is*  

mough has Seen learned from the researches i n  Xichigan and elsewhere t o  

warrant the  de f i n i t e  expectation t ha t  tagging o r  rcarking experiments, coupled 

with a d e q u ~ t e  recovery of marked f i s h  by in tensive  c ree l  census o r  by seining,  

w i l l  prove a practicaSle means of answering such questions as the following: 

What re turn  t o  the engler ' s  c r ee l  can be expected of t rou t  stocked a t  d i f f e r en t  

times of the  year? What percentage of the  advanced f inger l ings  stocked i n  the  

f a l l  i n  d i f f e r en t  streams a r e  l o s t  over the  winter and ea r ly  spring? W hat 

would be the  increased r a t e  of survival  ( i f  &yj i f  the f i s h  were stocked just  

before o r  during the f i sh ing  season? 

I f  t h i s  question were adequately anewered, i t  might be determined whether 

a change i n  the stocking 2ol icy  wo-.~ld j u s t i f y  the  added cost of re ta in ing the 

f i s h  i n  rearing s t a t i ons  over the  winter, 

Results  of marking experiments t o  deternine the  survival  and growth of 

small f inger l ings ,  o r  even fry, i n  ce r ta in  feeder s t r e m s  might warrant the 

u t i l i z a t i o n  of these feeders  a s  na tu r a l  raceways. I f  favorable r e s u l t s  were 

obtained from such experiments, the  stocking program of o hatchery might be 

more economically spread over the e n t i r e  ye??, and put i n  charge of a man 

spec i f i ca l ly  t ra ined and responaible f o r  the  stocking ogerations. 



%hat length of time a f t e r  p lan t ing  i s  re tp i red  f o r  a l iver-fed hatchery 

t r o u t  t o  assume the colors ,  hab i t s ,  and perhaps t a s t e  of a wild f i sh?  mat 
number of t r o u t  should be stocked i n  a given s t r e a n  t o  avoid diminishing re tu rns  

that r e s u l t  from overstocking? What percentage of the  anglers1  catch of t r o u t  

i s  the  r e s u l t  of na tu ra l  reproduction r a t h e r  than of stoaking? iioa ef fec t ive ,  

therefore,  i s  fish cu l tu re  i n  maintaining the  stock? What increase  i n  n a t u r a l  

reproduction can be e f fec ted  by stream improvement? To whet degree can the  sum 

viva1 and growth of t r o u t  i n  the  stream be increased by improvement methods? 

The answers t o  these  quest ions a re  of v i t a l  importmce t o  the f i s h  c u l t u r i s t  

and f i s h e r i e s  technician,  and tagging and marking experiments, properly q p l i e d  

present  a means f o r  t h e i r  solut ioo.  

From the  ana lys i s  of the  recoveries on both wild and hatchery brook t r o u t  

t h a t  mere tagged and released i n  t h e  e a r l i e r  Zichigan experiments, and from the  

r e s u l t s  of t h e  migrat ion s tud ies  on the  North Branch, it is evident t h a t  the  

legal-sized brook t r o u t  of t h e  Lower Peninsula ure very r e s t r i c t e d  i n  t h e i r  

migratory movementu~ 

Ln order t o  insure  a wide d i s t r i b u t i o n  of planted fish of 1 e p . l  o r  nebrly 

l e g a l  s i z e ,  it mould the re fo re  seem neceasar; t o  d i s t r i b u t e  the  planting5 ex- 

tens ively  up and down the  streai i  bein,;. stocked* ;&ether f r y  o r  f i n g e r l i ~  

t r o u t  planted at  one point  d isperse  widely through a s t r e a n  s y s t e -  has not ye t  

been learned,  but could read i ly  be deter r ined by well-planned and executed ex- 

periments involving t h e  marking of the  f r y  or f i n g e r l i n ; ~  a d  adequate recovery 

of t h e  marked f i s h  a f t e r  they have grown t o  l ega l  s ize.  

Markine and t w g i n g  experiments nor i n  progress i n  E i c h i g m ,  o r  ~ l a n n e d  f c r  

the  immediate fu tu re  w i l l ,  i t  is how3 w & S  answer some of these quest ions con- / 

cerning the  s t o c k i g  of t r o u t  i n  Zichiean streams. On the  south   ranch of the  



Pine River, located i n  t h e  Xuiuron National Fores t ,  f a l l  (1936) and spring (1937) 

planting8 of severa l  hundred marked hatchery brook t r o u t  have been made and by 

means of an in tens ive  c ree l  census during the  1937 t r o u t  season da ta  on the r e h  

a t i v e  ef fec t iveness  of p lan t ing  d i f f e r e n t  s i z e s  and a t  d i f f e r e n t  seasoris, i n  

terms of f i s h  tzken by t h e  angler ,  shoilld be obtained, The North Branch of the  

Au a b l e  w i l l  a l so  be subjected t o  an in tens ive  c ree l  census over about 8 miles 

of the  stream, It i s  hoped t o  obta in  f u r t h e r  data on the  ef fec t iveness  of f a l l  

p lant ing,  a s  9700 hatchery brook t r o u t  f i n ~ e r l i n g s  were released i n  the  North 

Branch l a s t  October, 

Another tagging experiment i a  projected f o r  the Pine River (south Branch 

of the Big Banistee)  during the  summer of 1937, Twelve thousand adul t  t r o u t  

w i l l  be planted i n  severa l  ways i n  May, June, J u l y ,  and August, Walf of these 

f i s h  (4,000 brook t r o u t  and 2,000 rainbow t r o u t )  w i l l  be tagged, I n  conjunction 

with the marking experiment the re  i s  t o  be an in tens ive  c r e e l  census on the 

sec t ion  of t h e  r i v e r  i n  which the  p lant ings  a r e  t - ~  be made, so t h a t  an accurate 

est imate should be obtained of the  catch by f i shemen  of legal-sized t r o u t  

planted d-ning the  season, 

Inves t iga to r s  concerned with lake  and stream improvement have found tha t  

increased food production and s h e l t e r  have resul ted  from t h e i r  e f f o r t s  t o  a l t e r  

the  eoologirral oonditions af lakes and streams, but a s  yet  there  has been no 

clear-cut demonstration i n  Michic~in t h a t  the t o t a l  game f i s h  population o r  

aatch of sny -roved lake o r  stream has been increased throughout i t s  area  

o r  length as a r e s u l t  of ~ l t e r e d  environmental conditions. A ca re fu l ly  glan- 

ned ond well-conducted marking experiment, conducted before and i f t e r  t he  i n s t a l -  

lment of improvemefig devices, would f'urnish d e f i n i t e  evidence as t o  the  changes 

in the  f i s h  population if any does occur. I ' r r ?pruSl :  the fish p o p ~ l h t i o n  should 



be est imated from t h e  r e s u l t s  of marking experiments t o r  st l e a s t  t h r e e  years  

before  t he  iuprovernent devices  are  i n s t a l l e d ,  and f o r  t h r e e  y e a r s  a f t e r  t h e  in-  

s t a l l a t i o n ,  t o  avoid eornplicstions which might be introduced through n a t u r a l  

f l u c t u a t i o n s  i n  t h e  po?ulations.  

S'here accu ra t e  knowledge on t h e  percentage of the  f i s h  popula t ion  taken 

by angl ing  i s  d e s i r e d ,  it w i l l  be necessary t o  cgnduct an i n t e n s i v e  c r e e l  census 

j o i n t l y  with t h e  nark inq  experiments, The au tho r ' s  s tudy  on t h e  lJorth Branch 

of t h e  ku SaSle furn ished  a rough es t imete  of t h e  percentage of t he  t o t a l  l e g a l  

brook t r o u t  populs t ion ,  but  more accu ra t e  f i g r e u  than  obta ined  f o r  1934, 1335 

and 1936 would be des i rnble .  To d . t e ,  i n t e n s i v e  c r e e l  censuses i n  Eichigan hzve 

l a r g e l y  been confined t o  l akes  ( E s c h e y e r  1935). They have cont r ibu ted  much 

i n f o m a t i o n  on the  f i s h  caught by ang le r s ,  rnd t h i s  i n f o m a t i o n  hcs proved t o  

be of guners l  i n t e r e s t  and of v'?lue i n  f i s h  management, Such i n t e n s i v e  Inven- 

t o r i e s  of the  c s t c h  should be extended t o  t h e  s t re:ms of' t h e  s t a t e ,  o r  t o  the  

herrvil:r f i shed  por t ion5  sf the  F i 0 l . Q  i i? i~o~!t  ilt - t reanb ,  ;IUGe l i t t l e  is icnom 

coxrcerriinfz t h e  cctut l l  nuqber oi' t rou t .  n m  being rexoved. The t o t a l  ac tual  cat&, 

inc luding  t h e  nunbar of' marked f i s h  cq i~gh t ,  s h o ~ l i i  provide the  maens of es t imat ing  

the  d ru in  on t h e  e h c k  of l e g a l  f i s h  by t h e  angler ,  

A &nor oon t r ibu t ion  t o  f i sh-oa l tur t l l  p r a c t i c e  w i l l  be m d o  during the  

cot xi^^: year  by tagging  t h e  males of t h e  brood bass n t  the  Sa igh t  Lydel l  S t a t e  

Bat chery a t  Cornstock Park, bpiahi<:an. Heretofore,  on ly  an exper t  could d i s t i n g u i s h  

the  sexes before  t b i s  spec i e s  reached t h e  gsak of matur i ty ,  tind hhtcilery operat ions 

were some times complicated and product ion  lomered bec$~.se of i n a b i l i t y  t o  

segrega te  t h e  sexes c o r r e c t l y  t o  t h e  spwiiniug boxes, The m r k i i ~ g  of t h e  w l e  

b r o d  s tock  dur ing  t h e  coxing spwning  se-son ;;ill e l i n i n b t e  this d i f f i c u l t y  i n  

the  fol lowing yesr .  Obviously t h e  t a g i n ;  of b r o d  f i s h  would be  vul l lable  i n  

experiments involv ing  s e l e c t i v e  breeding, 



It has been demonstrated by t h e  i n v e s t i g a t i o n s  on the  l ior th 3ranch t h a t  

t h e  seasonal  h i s t o r y  of a s tock  of f i s h  ~ 9 ; r  be followed c l o s e l y  by c a r k i n ~ s .  

A s  a r e s u l t  of t h e s e  p~e l i r r i i n r ry  exper iuents ,  c e r t a i n  d i f f i c u l t i e s  i n  f i e l d  

p r a c t i c e  and i n  t h e  a n a l y s i s  of t he  r e s u l t s  have a r i s e n  t h a t  suggeat t h e  f o l -  

lowing procedures i n  f u t u ~ e  work s l o n ~  t h e  same l i n e :  

(1)  If poss ib l e ,  > l a c e  a l l  marked f i s h  i n  the water a t  a  g iven  time be- 

f o r e  any recovery e f f o r t s  a r e  made, 

(2 )  Determine by t r i a l  o t  3~hich  ;]oints f i s h  (bo th  mzrked and u m r k e d )  

a r e  l i k e l y  t o  be captured,  both n e s r  t he  po in t  of l i b e r a t i o n ,  and a t  g r e a t e r  

d i s t a n c e s  fram t h i s  po in t ,  Sample all such l o c v l i t i e s  a t  r e g u l a r  i n t e rva l s .  

By so doing, c a l c u l a t i o n  of r e t e  of growth on t h e  t~gged f i s h  recovered a t  

sampling i n t e r v a l s  m i l l  be e c s i l y  and accu ra t e ly  c o q u t e d ,  s i n c e  more recover ies  

w i l l  f i t  a fewer nunber of t ime i n t e r v a l s  on ah ich  zromth w i l l  hnve t o  be 

oa lcu la ted ,  Determination of migra t ion  i n d i c e s  w i l l  a l s o  be s imp l i f i ed  because 

t h e r e  p i l l  be a cons tan t  (except  f o r  f i s h  renloved by a n g l e r s )  number of tagged 

f i ah a v a i l a b l e  , 

(9) I n  o rde r  t o  eva lua t e  more c lose ly  the  m o r t a l i t y  of  marked f i s h  i n  

n a t u r a l  waters ,  cont ra1  experiments should be conducted a t  h a t c h e r i e s  concur- 

r e n t l y  with t h e  f i e l d  experiments,  involv ing  narked and unmarked f i s h  of t h e  

same s i z e  and s tock  which were narked and r e l e s sed  i n  nature.  

(4) Marking experiments designed t o  eva lua t e  f i s h  c u l t u r a l  and f i s h  

management p r a c t i c e s  wsuld be b e s t  confined t o  smal le r  s t reams,  o r  t o  -11 

s e c t i o n s  of long s t r e w ,  s i n c e  t h e  t ime,  expense, and e f f o r t  requi red  t o  sample 

e n t i r e  s t reams by i n t e n s i v e  c r e e l  censuses o r  by n e t t i n g  ~ o u l d  be very g rea t .  



; i W Y  - 
From marking experiments conducted a t  f i s h  ha tcher ies ,  it has been proven 

t h a t  the  jaw-tag method of marking t r o u t  i s  superior  t o  the  methods of tagging 

which were previously used i n  Michigan, I i e s ~ ~ i t e  the  f a c t  t h a t  some of these 

hatahery experiments were complicated by disease and hatchery operat ion,  resulhs 

were obvious enough t o  warrant f a i t h  i n  the  method. Later  the  adequacy of t h i s  

method was subs tant ia ted  by r e s u l t s  from experiments i n  the  na tu ra l  wate-s of 

the  s t a t e ,  However, more control led experiments on the  su rv iva l  of marked 

and jaw-tagged f i s h  over periods of t i n e  as long as 2 years  o r  more would be 

des i rable ,  

The e a r l i e r  tagging work i n  Michigan waters i n  which the  s t r a p  taqs  were 

a t t sched t o  the  gi l l -cover ( o r  e a r l i e r  t o  the  caudal f i n  rays) ,  and i n  which r e  

coveries mere obteined through the  unrewarded cooperstion of ~ n g l e r s ,  y i e ld  

r e l a t i v e l y  l i t t l e  d a t a ,  f o r  only 2.1 per  cent of  the  tagged f i s h  were recovered, 

Resul ts  of an i n t e r e s t i n g  nature  were obtained even though these methods of a t -  

taching the  mark wers l a t e r  proven t o  be i n f e r i o r  t o  t h a t  of j:,w-tagging, A 

b r i e f  resume of the  migaatory h a b i t s  of those species marked from which s u f f i c i e n t  

r e t u r n  have been uade i s  here  pl*esented. 

Edovezlents of  d u l t  Rainbow Trout (See Maps 1 :-nd 2 ,  Table 5). 

The lrature adul t  rainbows move i n  from Lake Xichican e a r l y  i n  the  anring .tD 

seek s u i t a b l e  gravel  spawning beds i n  the  t r i b u t a r y  streams, usual ly  i n  the  mid- 

d l e  and upper reaches of the  streams* The time spent i n  the  stream a f t e r  spawning 

appears variable.  Once spawnin(: has been completed they r e t u r n  t o  l a k e  Kichigan, 

as  evidenced by the  recoveries of f i s i i  a t  var ious  po in t s  i n  Lake Xichigan marked 

a t  the  various dams and spawn-taking atllitions. The rainbow probably r e t u r n  

a s  a r u l e  t o  the  s m e  s t r e m  t o  spawn, but not always, a s  evidenced by recoveries 



of marked f i s h  i n  s t reams o t h e r  than  t h a t  i n  which they  were tagged, Some 

evidence has  been accumulated t o  i n d i c a t e  t h a t  t h e  rainbow a r e  incapable of sup 

mounting b e ~ v e r  d m s  i n  t h e i r  spawning run. The recovery i n  t h e  Manistee a i v e r  

of rainbow t r o u t  tagged nea r  P o r t  ;'iashington, ; V i  sconsin f u r t h e r  s t r eng thens  

t h e  conclusion t h a t  t h e  streams of western Michigan se rve  a s  t h e  breeding grad 

f o r  t h e  rainbow t r o u t  s tock  of Lake Michigan. 

L i t t l e  i s  known ooncerning t h e  movements of  immature rainbow t r o u t ,  s i n c e  

r e l a t i v e l y  few were tagged o r  ~ e c o v e r e d .  I n  h i s  s t u d i e s  on t h e  breeding h a b i t s  

and growth of  rainbow t r o u t  i n  tvlichigm, Greeley (1932, 1933) denonstrated by 

s c a l e  s t u d i e s  t h a t  t h e  young of t he  rainbow u s u a l l y  spend two y e w s  i n  t h e  

s t ream of b i r t h ,  bu t  may spend a s  long a s  3 o r  4 yeass  before  migrat ing t o  Lake 

Michigan. The time of t h e  movement t o  t h e  l a k e  was s t a t e d  by S ree l ey  t o  occur 

dur ing  t h e  f a l l  months, bu t  poss ib ly  a s  l a t e  as Kay ( p . 3 6 a .  The size reached 

by t h e  m a t u r e  rainbow i s  of i ~ ~ l p o r t a n c e ,  s i n c e  i t  i s  t h e  f i s h  of t h i s  group 

which a r e  more a v a i l a b l e  t o  t h e  s p o r t  f i s h e r y  i n  the  s t reams than  they  a r e  as 

a d u l t s  when s c a t t e r e d  over  t h e  l a r g e r  lskes.  I n  many s t r e w  they  do reach 

l e g a l  s i z e  (7  i nches )  before  moving domnstrean, bu t  i n  t h e  L i t t l e  Xanis tee  River  

t h e  number of under-sized f i s h  f a r  outnumber the  l e g a l  rainbow, 

Movments of x d u l t  Hatchery and d i l d  Brook T r m t  

Although m~rlred hntchery f i s h  tended t o  rove  somewhat f a r t h e r  than d id  

marked wild f i s h ,  a s  e g e n e r a l i t y  t he  brook t r o u t  my be said t o  be r e l a t i v e l y  

non-rnigrktory, during the  Warner seasons, e s p e c i a l l y  i n  t he  Yanis tee  River  system 

(dee Xap 1). Shor t  migrh t ions  a r e  probably made i n  search of s u i t a b l e  spami= 

t e r r i t o r y  i n  t h e  f a l l  of t h e  year ,  a s  demonstrated by t h e  marking experinent  

on wild f i s h  i n  L i t t l e  aenver Creek. The tendency of :.dult hntchery f i s h  of l a r g e  

s i z e  t o  move f a r t h e r  t han  smal le r  v i l d  f i s h  hns been a t t r i bu ted .  t o  t h e  method of 

p l an t ing  t h e s e  f i s h ,  i n  l a r g e  nur~bers  i n  waieyr ? r o b ~ b l y  s l r e ~ d y  occu7ied by r 



popl- lat ti on of fi.311. I n  these  e a r l i e r  s t u d i e s  only  i n f e r e n t i 2 1  evidence i s  ava i l -  

ab le  on win ter  moveaeu%s. S ince  i n  a l l  t h e  e q e r i m e n t s  on t h e  Xar,istee I-iiver 

aystern, t h e  ha tchery  f i s h  were ta rged  end p l m t e d  i n  the  f e l l  and recovered 

(wi th  t h e  except ion of Bear CrL:ek) a t  t h e  po in t  of r e l e a s e  e a r l y  i n  the  fol lowing 

f i s h i n g  season, i t  is concluded t h a t  t h e  f i s h  r e m i n e d  fit t h e  ~ o i n t  of 2 l an t ing  

dur ing  t h e  win te r ,  o r  e l s e  re turned  t o  t h e  ? o i n t  of p lhn t ing  followin: t h e  onse t  

of spr ing*  ??one of t h e  marked brook t r o u t  i n  aay experiment were recovered 

f a r t h e r  t han  30 n i l e s  from t h e i r  ? o i n t  of  r e l e a s e *  

Uovements of t h e  Brown Trout 

The few recove r i e s  made of tagged brown t r o u t  suggest t h a t  t h i s  spec i e s  

i s  a l s o  s t a t i o n a r y  i n  i t s  h a b i t s ,  pos s ib ly  novine i n  t he  f e l l  of t h e  year  i n  

search  of s p a m ~ i n g  grounds* 

Movements of ~Jtill-eyed Pike i n  t h e  Inbland i4ater Route 

Recoveries of wall-eyes captured a t  t he  Cheboygan 3am on t h e  e a r l y  sp r ing  

- ~ p @ W p i n g  run, and then marked and r e l eased  tit seve ra l  p o i n t s  throushout t h e  

Cheboygen 3 i v e r  systen;, d e f i n i t e l y  i n d i c a t e  t h a t  the  wall-eyed p ike  d ispersed  

ind i sc r imina te ly  t h r o u ~ h o u t  t h e  In land  Water Route a f t e r  r e l e a s e  some moving a s  
1 

f a r  a s  35 miles*  Marked f i s h  r e l ea sed  i n  Clrooked, and ldul let  ltlkes and l a t e r  

caught a t  t h e  Cheboygan Dm suggest t h a t  some of t h e  w a l l ~ e y e d  r e t u r n  t o  Lake 

Huron a f t e r  spawning, This  evidence is f u r t h e r  supported by t h e  recovery i n  the  

S t r a i t s  of Kackinac of a marked f i s h  which had been l i b e r a t e d  above t h e  Cheboygan 

aam, ?'he continued s ~ o r t  f i s h e r y  for  t h e s e  f i s h  i n  a l l  p e r t s  of t h e  Inland Water 

Houte sugges ts  t h a t  t h i s  sgawning run  i n  t h e  Cheboygan River  a u g m n t s  t h e  wall- 

eye s t o c k  i n h a b i t i n g  these  waters ,  and the  s tock  now present  i n  t hese  l s k e s  m y  

have o r i g i n a t e d  from spawning runs of :isll-eyes t h a t  normally re turned  t o  Lake Huron, 



Movements of Northern Pike  

Northern pike migrations a l s o  occur ch ie f ly  i n  the  spr ing ,  usua l ly  i n  the  

mmth of u i r i l ,  when t h e  mature individuals  s t a r t  to  search. f o r  shallow, seedy 

marshes i n  which t o  conduct t h e i r  breeding a c t i v i t i e s .  I n  t h e  Pine  River i n  

, Cra t io t  County, t h i s  novement takes  p lace  i n  an upstream d i r e c t i o n  and marked 

individuals  moved 8s f u r  a s  25 niles above the  point  of tagging. The majori ty,  

however, evident ly  spawned i n  the  d m  backwaters above Alma, as many were caught 

by f i s h e m e n  at t h i s  point  shor t ly  a f t e r  t h e  opening of' the  fishing season, 

Northern pike inhabi t ing  lakes  probably seek out  the  neares t  s u i t a b l e  mhrsh con- 

nected with the lake. 

Tagging Experiments on Fiintergreen Lake have yielded a small amount of 

information on the  srowth of t h e  b l u e g i l l  and the  large-mouthed bass,  but  t h i s  

information should be s u ~ p o r t e d  by f u r t h e r  marking experiments on younger, m l l e r  

f i s h ,  a s  the  f i s h  recovered were a l l  a d u l t s ,  nearing the  maximu f o r  age, The 

populat ion of l e g a l  s ized b l u e g i l l s  ( 6  inches o r  lon;?er), and legal-sized large- 

mouthed bass ( L O  inches o r  longer)  was calcula ted  from the  ava i l ab le  c r e e l  census 

data  involving the  number of marked and unmarked f i s h  caught, The populction 

of l e g a l  s ized b l u e g i l l s  was estimated t o  be auproximately 780 pe r  a c r e ,  and the  

legal-sized bass population was estimated t o  be spr~roximately 195 per  acre,   he s e  

ca lcu la t ions  oompue f a v o r ~ b l y  mith es t imates  of the legal  s ized large-mouthed 

bass  and b lue -g i l l  populritions msde on o the r  Southern Nichigan lakes  ~ f t e r  the  

severe f i s h  mor ta l i ty  during t h e  r i n t e r  of 1935-1936. 

The experiment8 on the  North Branch of the  uu Sable River, dea l ing  with bmok 

t r o u t  almost exclusively showed t h a t  the  movements and growth of a s tock of f i s h  
1 

can be followed over n period of time by marking and repeated seining,  Ter iodic  

sampling, a s  by seining, i s  much more des imble  then c o m ~ l e t e  dependence on t h e  



co-operation of t h e  f i s h e m e n ,  because more accu ra t e  and more ex tens ive  r e t u r n s  

o r e  obtained. Fisherman's r ecove r i e s  a r e  probably more important i n  determining 

t h e  ex t r ene  limits of wandering of t h e  s took ,  however, 

It has  been e s t ab l i shed  t h a t  t h e  brook t r o u t  popula t ion  of t h e  Korth aranch 

i n  t h e  reg ion  of Love l l s  i s  r e l a t i v e l y  s t a b l e  during the  whmer aonths  of t h e  

year ,  and t h a t  j u s t  before  t h e  s?aming  season (~iovember) a movement s l i g h t l y  

upstream u s u a l l y  occurs ,  depeuding on %lie l o c a t i o n  of t h e  nea re s t  spawning 

grounds. The a d u l t  f i s h  nay rernain on o r  n e w  t h e  sp3wning beds u n t i l  severe 

cold wather b&ns. On the  b a s i s  of e a r l y  seasan r ecove r i e s  by fishermen i n  
4 

t h e  yea r s  fo l lowing  t a ~ g i n g ,  s downstrean mo77ement of t h e  t r o u t  poguls t ion  is  

pos tu l a t ed ,  supported by t h e  g r e a t  decrease  i n  t he  number of t r o u t  caught per  

s e i n e  hau l  i n  a r e a s  where ttri;ged f i s h  w e  taker1 durin,; t h e  warraer months, a l s o  

by one recovery repor ted  f r o m  a s t r e a n  on t h e  south s i d e  of t h e  Uain AU j ab l e ,  

That they r e t ~ l m  t o  t h e  same tiretLs i n  t h e  season fo l lowing  tagging has a l s o  

been de~nonatruted by t h e  recovery of un a d e q ~ a t e  number of marked f i s h  i n  t h e  

p l a c e s  where they  had been t+,gged i n  t h e  previous yeqr ,  The cioven~ents of the  

brook t r o u t  i n  t h e  North Branch my be l imi t ed  by t h e  presence of 3 m  i upstream, 

and by t h e  w a n  w a t e ~  Taunu and eco1ogic:ll h b i t a f  Paown t o  e x i s t  i n  the  lower 

s t r e t c h e s  of t h e  r iver ,  

The growth o f  brook t r o u t  wi th in  t h e  year  of tagging ( u s u c l l y  between June 

and ~ ~ v a m b e r j  was determined f o r  t h r e e  d i f f e r e n t  a r b i t r a r i l y  designeted,  useasonsn,  

as explained on 9./0?/, Brook t r o u t  2 t o  8 inches i n  l eng th  nade Ln avi.ra~.a 

e c i n  about C.1 inch  p e r  t e n  days dur ing  t h e  ltsummern per iod ,  and the  few f i ~ h  d 

8 t o  10 inches  i n  l eng th  made dn sverage g ir. of about 3.07 inches ? e r  10 '.iys 

Of " S ~ ~ ~ ~ t ~ r  i tFa l l "  growth was s l i g h t l y  rue-e t h sn  h*?lf of t h e  ' ' s u r r ~ ~ s r ~  ,rokith, 



as it  was about 0.06 inches j e r  10 days. "Lurly $ in te r1!  growth t ? 3 u n t  very 

sn3?'i., \;as aeas~rh ' . ; l e ,  a: l * ~ c i ) v e ~ i e ~  made i n  Janu.:ry, lP36,  ne re  found t o  have 

grown between 3.02 snd 0.03 inches :,ar 10 days s i ~ i c e  the  preceding Moverber, 

No con_3utations were made on f i s h  recaptu-ed iri t he  yen:r t l r t e r  tagzing, 

s ince  t h e r e  Pere not en3ush f i s h  ~ h i c h  could be grouped i n  similsr tagging and 

recovery ?e r iods ,  x l l  d a t a  on which growth was com2uted were obtained from 

measureruents nlr;de by t h e  same i n d i v i d u r l  on t h e  r,.r!cd f i s 3  v~hen 6 i i i ve ,  

elirrdnating any chsnce of e r ro?  ~vkich n igh t  b e  invdlved i n  shrinkage a t  death.  

The c a l c u l s t i o n  o? t he  brook t r o u t  populat ion provides an est i rnzte  of t h e  

d e n s i t j  of t3is spec i e s  i n  t h i s  p a r t i c u l a r  s e c t i m  of t he  a t r a m .  It was 

estiruated t h a t  pe r  a c r e  t h e r e  vere approximately 800 brook t r o u t  4 t o  10 inches  

long* This  e s t ims te  i s  open t o  c r i t i c i s m ,  s i n c e  i t  i s  p o s s i k l e  t h a t  the  knolvn 

number of tagged t r o u t  i n  t h e  s twarn u t  t h e  t ine of s e in ing  i n  !:ovember wss 

miscalculated because of dea th  t o  tageed f i s h ,  l o s s  of tags from f i s h ,  and because 

not  a l l  tagged f i s h  caught i n  t h e  sur;ler previous were reyor ted .  The l a t t e r  

source of e r r o r  13 ?robc?bly t h e  n o z t  s e r i o u s ,  nnd t h e  f i r s t  two a r e  probtlbly 

almost n e g l i g i b l e e  

The angl ing h i s t o r y  of t h e  Korth a r a c h  was preuentecl, bssed l s r g e l y  on 

records  obts ined from the  persons1 cii:-lry of ' t i .  B, Xsrshon. I f  t h e  records  of 

t h i s  gentlemm a r e  c o r r e c t ,  t r o u t  fishing i n  t he  days gone Sy was s e v e r a l  t imes 

b e t t e r  than it i s  now, 

Data fu ra i shed  by t a g  r e t u r n s  fran fishermen f o m e d  t h e  basis f o r  t e n t a t i w  

conclusions concern in^ the  l o s s  of t h e  n a t u r a l  s took of brook t r a u t  t o  t h e  f i s h e r -  

men f o r  t h e  years  1934, 1935 and 1936, I n  these  yes r s  i t  was com7uted t h a t  49, 

29 and 11 g e r  cent  r e spec t ive ly  of t h e  f i s h  w , i ch  were l e g a l  -t t he  s t a r t  of the 

season were zemoved durind t h e  seasan. This  dec l ine  sugges ts  verjr s t rong ly  that  

t h e r e  was an increbsa  of the  brook t r o u t  popu1:ition thraugh these  t h r e e  years .  



By sirnilrir c a l c u l a t i o n s  on lega l -s ized  f i s h  b r o ~ k  t r o u t  tagged i n  1SZ4 

and 1935, and recovered i n  1935 and 1936, a n o r t a l i t y  betvseen the  respec t ive  

seasons of 81 and 63 pe r  cent  was ind ice t ed .  Fac to r s  which complicate these  

c s l c u l s t i o n s  were ou t l i ned ,  

The inovenent and grawth of t h e  brown and rainboer t r o u t  i n  t h e  Eor th  Braah 

were discussed b r i e f l y ,  s ince  t h e r e  were not  an adequate number of r ecove r i e s  

on which t o  rriake any d e t a i l e d  untilysis,  

A d i scuss ion  on t h e  bearing of tagging  experiments on f i &  c u l t u r e  ~ n d  

f i s h  msncigenent was presented.Ln t h i s  d i scuss ion ,  i t  was pointed out  t h a t  tag- 

ging and marking exyx imen t s ,  p roper ly  app l i ed ,  c8n so lve  many of the problems 

v i t a l  t o  the  oontinued success  of a sound and economical f i s h  management pro- 

gram. Suggest ions f o r  t h e  gene ra l  opera t ing  procedure whereby recovery da t a  

i r iqht  be more accu ra t e ly  and rcore e a s i l y  analyzed were a l s o  of fe red .  
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Figure 1. No. 3 strap tag (upper) , and f inger l ing  tag (lovier.) 
About 7/8 l i f e  size.  leight of No o. 3 tag approximately t gam, 
of fingerling tag,  about 1/7 gram. (Photo by Ouradnik) 
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pigwe 2. Cards used f o r  f i l i n g  information on recovery 
of a tegged fish; size 3 x 5 inches. (Photo by Ouradnik) 



ATTENTION 
FISHERMEN!! 

Over 3,000 Trout have been tagged in the 
North Branch. If you catch a tagged fish, 
please report tag number, length of fish, 
exact location caught, and species (brook, 
brown or rainbow) to 

CCC. CENSUS C L E R K  -OR 

Conservation Department or Post Offiqe 
Lansing, Michigan Lovells, Mich. 

.or* 
Institute for Fisheries Research 

University Museums 
Ann Arbor, Mich. 

REASON FOR TAGGING 
The tagging of the fish is done for your benefit!! Through tagging returns, the 
movements and growth rate of trout can be worked out. These facta should 
make possible more practical dads of stream improvement and etockng. 
Every Fieherman can aid this work by turning in tag numbers from any tagged 
fish caught. LET'S WORK TOGETHER FOR BETTER FISHING1 

Figure 3, Posters used on the North Branch of the au Sable* 
(Yho t o  by Ouradni k) 



Figure 4. Bquiprnent used in t h e  experimental work, se ine ,  
measuring ,o:irO, s c a l e  enve lo~es ,  b?lgnces,  e t c ,  (Photo by 
the  au thor )  

Figure 5 ,  Drawing the  60 f o o t  s e ine  n t  t h e  Island Hole 
d e f l e c t o r ,  (Photo by Jack Van Goevering) 



- .- - ---- -- -- - 
Figure 6, Inspecting the  catch, (Photo by Jack Van Goevering) 

gure 7. T he seine is  baaed and t h e  f i s h  gent ly  moved 
a convenient place t o  sor t  them, preferably  near a springe 

  lo to by Jaok Pan Coevering) 



Biguse 8, T h i s  p a r t i c u l a r  brook trout mas recovered i n  
the se ine  haul ( F i g r e  5)* It had been tugged approxhately 
1 year before. (photo by Jack Van Coevering) 

-- -- - -- -. --- 

Figure 9. Tagging operat ions on the  unmarkad f i s h  asptured. 
(Photo by Jaak Van Goevering) 



Figure 10. Srook t rou t  showing the I<o. 3 s t r a p  tag 
anpl ied  by the jovi-tag method. (Photo by ~uradnik)  



Figure 11. Borth Branch of the  iru $able looking upstream 
frou Dam. 2. (photo by the au tho r )  

Figure 12. North Branch of  the  Au Sable looking dorm- 
s t r e a u  f r o m  Dm. 2. (Photo by t h e  author) 



Figure 13, Looking apstream from hde r son ' s  Bridge, lTote 
the  extensive stream improvevent i n  t h i s  and i n  t h e  next 
f i r e  (photo by the suthor) 

Bigure 14. looking downstream from xnderson's Bridge. 
Uote the  extreme width of the  r i v e r  here, (Photo by 
the author)  



Figure 15. The is land ffole,  ahere Illany t rou t  were tugged, 
and l a t e r  recovered by fishermen. (Photo by the author)  

Figure 16. Looking downstream from the "Gravel P i t  ,Ii a 
favor i t e  s?ot t o  m n y  of the  fishermen on the  Korth 
Branch, (Photo by the  ~ u t h o r )  
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8 PT ABCDEFGHlJKLMNOPQRSTUVWXYZabcdefgh~jklmnopqrstuvwxyz, ", 1?$0123456789 
10 PT ABCDEFGHlJKLMNOPQRSTUVWXYZabcdefghi~klmnopqrstuvwxyz;:",/?$Ol23456789 

Times Roman 
4 PT ABCDEFCHIJKLhl\UPQRSTU\NhYZah d r t j h  kmnopq u ux>z 10 2 4 5 6  I Y  

6 PT A B C D E F G H I J K L M ~ O P Q R S T L V W X Y Z ~ ~ C ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ O ~ ~ ~ U X Z  11$0121456789 

8 PT A B C D E F G H I J K L M N O P Q R S T U V W X Y Z ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ O ~ ~ ~ S ~ U V ~ ~ ~ .  ". /?SO123456789 

10 PT A B C D E F G H I J K L M N O P Q R S T U V W X Y Z ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ O ~ ~ ~ ~ ~ U V W X ~ Z ; : '  ',./?$0123456789 

4 PT 
Century Schoolbook Bold 
A B C D E F G H ~ ~ K L M * I O P Q R ~ T ~ ~ ~ ~ X Y Z Z ~ ~ ~ ~ ~ ~ ~ ~ ~ I I ~ ~ ~ ~ ~ L ~ Y Y ~  78012845818B 

6 PT ABCDEFGHIJKLMNOPQRST~Zabcdefgh~jklmnopqr~tuvwxyz;:",./?$Ol23466789 

8 PT ABCDEFGHIJKLMNOPQRST~Zabcdefghijklmnopqrstuvwxyz;:",./?$0123456789 
10 PT 

Bodoni Italic 
1RCl)t . t~, l iIJhLM\OI'~RRil  t l i  X ~ Z ~ z b r ~ i ~ , r h u h ~ r z ~ ~ o j ~ , p ~ , f i ~ ~ ~ x ~ z ,  ". .? l l l l i i ih 'R' i  

. 4 B C D E F G H l J K L M V 0 P Q R S T L ~ 1 ' A A X Y Z ~ b ~ ~ 1 ~ f ~ h i j 1 . ; " . . / ? S 0 1 2 3 ~ ~ 6 ~ 8 9  

ABCDEFGHIJKL.~.~OPQRST~1.'WXYZabcdefghklmnopqrstuz;: ",.1?$0123456789 
ABCDEFGHIJKLMNOPQRSTCVWXYZabcdefghijklmnopyrst 
Greek and Math Symbols 
4 B ~ d E I Q H I K h M V O ~ ~ P L P l ~ l ~ l ~ ~ ~ 6 ~ ~ 6 ~ ' 1 ~ ~ i . ~ i l o i ~ p ~ ~ ~ ~ l y ~ > z '  S=r'>tr 

A B T A E E O H I K A M N O ~ ~ P I T Y R E Y Z ~ ~ ( ~ E ~ ~ ~ I ~ ~ K A ~ V O ~ $ ~ ~ ? U ~ ~ ~ ~ ~ ~ " ,  ./<=#5<= 

ABTAEZOH1KAMNO~@PC~Q~YZc1P1~F~~0~tcp~?ipvon:@po~ 

White Black Isolated Characters 

6543210 
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MESH 
I 

65 11'1111113 
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6543210 


