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ABS'lRACT 

A preliminary assessment was made of the effect of a controlled 

flow spawning channel on Atlantic salnxm parr production in Indian River, 

Newfoundland. 

Fry production, in the channel, was compared with that in the 

river, under natural con:iitions, and found to be substantially higher. 

Post-hatching migration of fry was restricted to within two miles of the 

channel. Underyearling density is higher in the area of direct channel 

influence than in any part of the river where fry are provided solely on 

the basis of natural production. Underyearling to yearling survival in 

the area of direct channel influence was 9.7 percent, compared with 85.9 

to nearly 100 percent in other areas. Parr density in the same area was 

13 per unit compared with 19 per unit for the river as a whole. Parr 

densities ranged from 8.0 to 35.6 per unit. Parr production was 

correlated with predominant bottom type. Highest densities occurred in 

areas where large stones and boulders predominated. 

Evidence is presented to show that the controlled flow spawning 

channel at Indian River can be best used for salmon management, if fry 

produced there are distributed to areas of the river which offer an 

;. abundance of good parr rearing area. 
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I. Drl'BODUCTION 

A.. A. 1IUEF REVIEW OF A.T.LlRTIC SAIJI)H HARA.Giil4Etn ATTEMPTS 1 

WITH SPECUL REFEUHCE TO BDIFOUNDLlHD 

UDdertaken on behalt ot 

treehvater g&IIIIB fishes in HewtoUDdland is given by Mr. V. R. Tqlor in bis 

Foreward to Scott and Crossman (1964). Referring to the islaM of 

HewtonJ¥'11 and, Hr. Tqlor reports that in the ear 17 1880's interest, and 

perhaps even concern, was being evidenced for the wel1'are of gaJIB fish 

stocks in freshwater areas. The Crown Lands Act of 1884 - 1885, Section 19, 

sqs, "lt is eD&cted tbat tor encour&&iDg the breeding of fish, the right to 

use ponds, lakes and rivers mq be leased together with neces15&17 adjoining 

laud". This Section hae bad an important effect on the freshwater tiah 

fauna ot the .l'f&l.on Peninsula, in particular, as it vas UDder this pro

vision that HewtoumlaDd's .tirst and onl.y game tish hatchery vas establiabed. 

As a result, senral species ot non-Dative fish were introduced. 

UDder the Act referred to, a society known as the Game Fish 

Protection Society was established. The exact date ot its establishment 

is not clear but a report in the St. John's Evening Herald, dated 

February 23, 1892, advises that the first importation ot eggs tor public 

purposes took place in January, 1886. This would iudicate that the 

Society had alread7 been formed and was functioning according to the 

provisions ot the Act of 1884 - 1885. This account refers to the first 

importation of eggs for public purposes as taking place in January, 1886, 

but other records t1.x the likel7 date of the establishment of the hatcheey 

as 1885, since it is assumed that it would not have been built prior to 

passage of the Act. 
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!he a.. FJ.ab Protection Societ7 aubaequentl.7 obtai ne4 rights to 

Hvrq•a aDd B\ttler•a porda on wbat ia DOW the Portugal Cow Boad aDd tlle 

llatcher7 waa m'ftd to the Hurrq1 a Polld location ao• JUr• later 

(1895-189'1). For r1gllt.a to the waters ot these porda, the Soc:l.et7 paid an 

&DDual rental ot 10,000 tiell fr7 which the7 were required to liberate in 

public waters. 

Dr. C. W. hdrewa, who has euvdned the recorda of the au. Fish 

Protection Societ7, ad'fisea that a~~&lt (Oaarua mrclax Mitchill 1815) eggs 

were ~rted troa Hew York in 189.3 aDd. 1895, aDd pl.antecl as forage tiahes 

in ao• local vatera. It ia also recorded that sticklebacks wre planted 

tor the • ._ reuon but it is not clear whether these were imported or 

collected. l.ocal.l71 nor is the species inwlftd lmoV11 to ua • 

.la a result ot theee introd.uctiona, populations o! broVI1 trout 

(Sal'! trutta Linnaeua 1758), inclu:liDg JU.117 aea-rlUl populations, aDd 

ra1 nbow trout (Sal wo gairdneri R:l.chard.aon 18.36) exist in the water a ot the 

.l"t'&l.on PeDiDaul.a. One population o! vb.itetiah (Coregonus clupe&toi"Jil.a 

Hitohill 1818) is also kDovn to haw beco• establiahecl. The Game Fish 

Protection Societ7 is atU1 acti w (as the Hew!ourdl&Dd. aa. Fish 

Protection Society) 81¥1 their hatcher7 rev1na operatin, thoup it aeeu 

that Bince the earl.7 1900's oD17 rainbow trout haw been haDdlecl. 

The Crown Lards Act o! 1884-1885, which Jllde possible the 

acti'fities ot the Gue Fish Protection Societ7, marked the beg:lnn1q ot 

tiahes on the IalaD::l; although, o! course 1 so• regulations were in torce 

prior to that U.. lllether or not this was "wise a lii&D.I.geliiSDt is an 

academic question at this tiJDe since the results ot these introductiou 
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are with u Uld DD doubt vill re-.iD. 

The •xt reoord.ecli.Jatereat 1n ••uge•nt• ot freshwater areaa, 

other than replato17, occurred 1n 1896 when 11e1aoa, SuperinteDOlerat ot 

Fi.ahvieS fOI" the JlevtovnctJ and Pi8MI7 eo-.eeiOD (eai;abliehecl about 1889) I 

sugeetecl tbe coaat.ruot.ion ot tillnfaJa tor audromu aal.sn (Sal.m salar 

Linueu 1758) on the !erra Ron Ri:nr aid aleo the introduct.ion ot 

species ot Pacific ealmn to Bewtotail aDd waters. E'fidentl¥ DO action vaa 

t&Dn on either aucaestion at the U.. Both haft been carried out, or 

attupted, in relatiwq recent JW&ra. 

In the JMnrtoWJdl 1Dd Gaicle Book ot 1911, Prowee refers to the 

auoceaa ot the batehe17 practicea carried out b7 the aa- Fish Protection 

Societ7 earlier aDd .U.a reference to Millais who, it sqa, reported 

catching brovD trout 1D a pond Dl&r Terra Hon. It tbia report vu correct, 

aDi it haa aot been co~ to date, it wollld be the tiret conti.med 

record ot thie species ott the .lftlon Peninaula. 'l'he aue book &leo retere 

to a ••• white trout., aa ga. aa ealmn ••• beiDa taken Dear 'lhitbovne. 

These were probablT ouaM.Di che since the7 are known to exl.et in that 

"ri.c1D1t7. 

In 1930, Mr. w. L. Calderwood, a for.r otticial ot the Scottish 

Fiehe17 Board, JUde a brief eumnation of a tfftl ealmn riftre on the 

Island. A published report on this "fiei t dealt u1JU7 vi th J)h781cal 

obstructions in eo• ot the ri wrs aDd. also ade reference to wastes troa 

the pulp and paper Jlill at Gl-and Falls, EJrploite Riwr. Although hie 

at'Ud.J' was a.l..met ez1usi 'f8l7 on sea-run aalmn ri ..ere, he also Jl&kea 

reference to onanani che in Terra NoTa Lake. Hie report recommeDOled 

reJiedial action at obstructions in aeTeral streams, notabl.T Terra Hoft 
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tiwr, Expl.oite Biwr, Soata kat Placentia Biwr, LeMancbe tiwr aDii 

Rocq ti wr •ar Colillet. So. o~ t.heee reco .. Diations were act.ecl vpon. 

Prost, vritiD& ill tbe Avnnel Report o~ tbe Fisheries Research 

Laborator7, 1936-37, stated tbat prior to 1936 110 treahvater work had been 

doDe other tban a ~- ~D towa. • • • Ill the S-r 0~ 19,361 hovewr •• • 

so• preliwt n•'7 wrk was atte.ptecl inclwti.ug a aeries of plankton towa 

and a detailed east uUon o~ MDT mud trout. • • • A prograa of inwst.i

gat.iou vu drawn 11p (Frost aaicl) to cletend.De such things u li~e histoey 

(tor regal.ator7 purpoMs), beat poD! aDd. toocl tJPe• aDd the eCODOJV ot 

ezist.ing hatoher7 and reatockiDg •thocls. TheM studies were carried out. 

at Kurrq•s am Butler's ponds, Mar St. John's, aDd included the 

collection ot Yariou plqaical aDd. chemical data. Johnson, in the ... 

report, aaicl tbat atudiea wre also beiDg .ade ot the juwnile atages ot 

sea-run aalEn at Sal.mDier Riwr, St. Kar71s BaT· 

Karine Nlmn bad b7 DOW beg\111 to be recopisecl as a valuable 

resource but oDe tbat vas leaa productiw than in tor.er 7ears. Thus, ill 

1937, the ProT.lnce ot ~bee established the Quebec Salmu Comlli.asion to 

stwi7 the aalmn o~ the Gulf ot st. Lawrence in co-operation with the 

GowrDJEnt ot BevtoUDd land and t.hat ot o'ther i.D.terested pro'Yillces o~ 

Caraada. To carr7 out these inwst.igaUona, stud7 areas were aet 11p in 

lewtotmdl•nt at Port aux Basques, Bq St. George, St. AntboDT and 

Placentia. It. seeu, howewr, that moat of the effort of this Co-.ission 

vas de"VOtecl to tagging atldies i.D. the aea. Four reports were published by 

Bel d1 ng aDd Pre~ontaine .troa 1938 to 1961 adding consiclerab~ to knowledge 

o~ the urine migration routes of stocks of sa.l.Jion in the Gul~ • 

Studies on purel.7 freshwater species were begun in 1936 b7 the 
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Fiebery leMarch Laborato17. Thie., together with the salmn inwsti

caUons o! 1931., urb !or llevtovnctland what Bd.gbt. be called the D8gjnning 

o! scient.i.!io il:lftetigatlon 1Dto uwlromua au:l treehwater !ieh et.oca. 

There ie., t.hen., eoi8What ot a gap in. treehwater stllliies., though 

in 1942 a brief etllll7 o! pulp aDd paper .ul vaetes on the Exploits and 

Hu.ber riwre wae carried out. So• et!ort vas aleo beiq extended to the 

freshwater au:l uri• et.aps o! Atlantic efll.mn. In the freshwater areae 

this seeu pr1aril.T to haw been on riwr obstructions aDd on the 

co-rcial sa.J..n !1ebe17. There has been DO significant break in 

Atlantic sU..On stud.ies since that tiM and auch published and uapublished 

data has been aoc•alated b7 the succes.ors to the Bew!oUDdl.aDd Fisheries 

Laboratory 8II.Cl b7 tile Depart•nt o! Fillberies ot CaDada, as well ae b7 

other org&Diu.tlou. 

In 19491 Jlewto'Uldland joined the Cuaadian Confederation &Dd., 

UDder the BE"it.ish lorth '-eric& Act, all sea coast and inland fisheries 

ca. vi tbiD the eBluei ve legislati w jwiadiot.ion o! the seDior gowrn

•nt. The Depart•nt o! Fisheries o! CaDad.a, therefore, Uld ite 

ecientitic research ara, the Fieberiea Beeearch Board. ot Canada., took 

oyer the reeearch aDd man•ae•nt tmctions predoue}T aeelllllll8d b7 former 

Departments ot the Gownment ot liewtomxUaDd. UDder this arraragement, 

the successor to the former IJew!oum:JJand Fisheries Wborator;r became 

respouible tor fisheries research and the DepartlEnt o! Fisheries ot 

Canada aseu.d the major management and adm nj strati ve tunctiou. An 

exception was :made in the case of purel7 freshwater fishes, where it was 

agreed that administration and management of this resource would be UDier

takBn by the new Province. 
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In 1949, the HewtoUIIdl.Uid Department ot Jiatural B.eaow-cea 

iDitiatecl a brief 8llrft7 ot 10M ot the ujor freshwater areaa on the 

Ielald, priuril.7 in the aature ot a eupliq ot their tiab popul.atioua. 

The 11&iD a1a ot the aune7 vae to determine species present Uld whether or 

not collditione Dd&ht be suitable tor establishment ot coJIIDBrcial fishing 

operations (pers. co-., H. w. Walters). The sune;y did not i.Ddicate that 

such operations would be teaeible. W&tere eXBDiined incl\ld.ecl Mobile Big 

PoDd, Hawco•a Pom, Gull PoDd, Oxle;y•s Pond, Dildo Pond and Ocem PoDd -

all on the Aftl.on PeDi.neula. llio euminecl were Gamier Lake and South 

TviJl Lake in ceatral levtonndl ami, aDCl GL-aDd. Lake on the West Coast ot the 

Islud. The .,st illport&Dt intoraation brought out b;y the sune;y vas 

perhapa the diacowr7 ot landloc:Dd Arctic char (Salwlinue alpinus 

LiDDaeue 1758) in aewral or these waters, as well as the presence ot land

locked sal.Ja)n aDd 1&Ddloclald smelts. 

In 1951, the St. John's Biological Station ot the Fisheries 

Research Board of CaMcia began an investigation ot the major eal.Jaon rinrs 

of the Isl&Dd.. These inveatigationa, which emphasised enu.ration ot adult 

aDd jUTeDi.le rune ot anaclro.ous salmn, also included investigation ot up

streaa areas ot the riwrs inwlved and aaapling in labs and poDia. 

Surw;ys of the Terra NoYa R1 wr SJstem and the Bq du Nord R1 ftr 

were carried out in 1952 am 1953. Inwstigations of tbe LittJ.e Codro;y 

River began in 1953 aDd atlliies there haw continued to the present time. 

Atter Contecleration with Canada, research activity into the fiaher;y 

resource became a function of the Fisheries Research Board of CaDada aDd 

resource arlmi ni stration and management a responeibilit;y of the Depart.ent 

of Fisheries proper. Thus the Depart•nt' a Conservation and Denlop•nt 
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Serdce uslm8d. auch ti.shvq construction as well 

as routine protection aDi regulation entorce•nt. These functions were 

carried out b7 the Protection Branch of the ConaerT&tion and DewlopMnt 

Serdce until 1954. when the nucleua of a Fish Culture Dewlopment Branch 

waa established. Wbile the Protection Branch is~ priJaaril.3' ~ an entorce•nt 

ana of the Senice, the Fiah Culture Develop•nt Branch (staffed b7 

biologists~ engineers and technicians) is an inwstigat.i w ana designed. to 

deal with!&!~ probleu affecting the reaource aDi to reco.merd re:.dial 

aDd deTelop•nt •asures based on the best iD£ormation available trom 

research sources. The Fish Culture Branch (in llewtoUDdland) concerns itself 

primaril7 with the treabwater phase of &Dadrosue fishes as well as with 

pureq freshwater fishes. This latter function was not assUJ:Ed until 1956 

when, b7 agreeJEnt between the two gowrDD~tnts, management and investigation 

ot freshwater species was relinquished b7 the Provincial Government and 

assumed b7 the DepartJEnt or Fisheries of Canada. 

Perhaps one ot the most significant things brought out in the 

foregoing paragraphs is that there is still much to be learned about the 

freshwater areas of the Isl&Dd. of Newfoundland and their fish populations. 

It is onl.7 in recent times that the existing and potential value ot this 

resource has begun to be realized. This, of course, is the reason for the 

interest in it now - to make possible wise eJq>loitation of what exists and 

where feasible, to develop its productive capacit7 to even higher levels. 

Elson (1962-a) states, nrn Canada, the supply of Atlantic salmon 

has for over a cent.ur7 been less than the demand. Public concern o"Ver 

supposed!J" decljning stocks was noted by Perle7 (1852). The general 

situation does not appear to have chan.ged much since then. During this 
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tt. Canada baa eatabliehed. one ot the mat extenaiw SJBteu in the world 

tor hatchiD&, reariD& aDd d.istributi.Dg 701Dl& salaon. Artificial propa

gation ot salmn, aa clenlopecl 'b7 Suae1 Vll.,t (1869), vas viewed with 

auch optild.• u a •t.hocl ot i.lp'oTiDg Canadian sal.mn fisheries (W:i.lmot, 

1885). Increaai ngl;r aenre legal reatrictiou on the takiDg ot salmn wre 

broupt into practice in the hope ot aeauring greater n\JIIbers ot &p&WD8rs 

aDd hence mre eggs aDi JQ11D8 u.J..on iD the rearil'lg groUDda. But salmn 

cat.c.hes continaed to tl\lCtuate owr a vide r&DP. Indeecl., duriag the second 

qurter ot the preHnt centar7 these tlllctut.iona haw taken the tol'lll. of a 

rather atead7 clec)ine, cleepite increased application ot both the abow 

•thode ot •eup•nt (Elson, 1955). lll.th recognition ot the tact that 

such •as urea alone wre DOt. sutticient 1 110re &Dl more ettort has been 

directed towards cliscowriDg tactora which lild.t sal.mn stocks, so that 

appropriate new proceclures tor Mnagement coulJ:l be clewlopecl. • 

The Fish Culture Deft1opm9nt Bl-anch in Jlewtoundlam, vhich is now 

called The Resource Dewlop.nt SerTice of t.he Ca.Dada Depart.•nt of Fisheries, 

is inti.ate~ inwl 'ftCl vi th the dewlopasnt ot appropriate new procedures tor 

man•ge•nt which will protect our stocka ot sa- tillb (especial.q Atlantic 

sal.mDn) froa the perils ot encroachiug ci 'filisation. 

ODe such manage•nt tacilit7, which is COJIParatiwl.T recent ill 

clewlopment, is the "controlled tlow sp811Di.Dg chanM1'1• Lucas (1960) states 

that man-made apavniDg channels are a wr7 recent adnnce iD the field ot 

fisheries conaervation au:t deftlop•nt. The first large un-made spawning 

cba.nnel, according to Lucas (1960), was constructed at Jones Creek near Hope, 

British Columbia, 1D 1954. Since that date, controlled flow spavni.Dg 

channels have come into viclesprea4 use iD the Pacific area as a tacilit7 to 
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iac:reaH tiala atocka, an achieft•nt that could. not, apparentl7, be realizeci 

with the use ot collftntial hatcheries (Forester, 1938, aDd El.aon, 1957) • 

.A oontrolleci flow ..,awing channel ie baaical.l7 a Jl&ll-made apa'WD

iq area ill vbich epalfD1ng fish are pro'f'ided with the beat collditiona in 

which tbe ega C&D. be deposited aDd Ullderso clewlopment through to eMrgence 

troa the craftl u fr7. 

Two such controlled flow epaliDing ch&DDela haft been constructed 

iD Revto\IDdlanci to date. 0. vaa coutructed on Hoel Paul's Brook, in 

ceatral JlewtowlaDd during 1966-67 aa part ot a ache• to deftlop the upper 

part ot t.be E:lploita Riftr tor aal.a:»n production. The .t.l.rat contzoollecl tlov 

..,&VDiDg clwmel tor .Atlantic aal.Jion vaa buUt on Imian Ri:nr duri~~g 

1962-63, u a vn-.mant tacilit7 deeigDed. to ottaet the possible ettect: 

that a !Qd.ro-deftlop•nt prograa on the upper reaches ot that ri wr (see 

pap 17) wu e~cted to haw on ita .AtJ.antic salmn population. 

This theaia represents a preHwl D8J7 surw7 UD:iertaken b7 the 

writer, on behalt ot the Departaent ot Fisheries ot Cauda, to analyse the 

i..mllediate ettects ot this controlled flow spaWDiDg channel on salmon pro

duction in IDiiian Ri wr aiJd to suggest wqe that cbaDnel use 'M7 be illpro"f8d 

it it is not, at present, aatietactoq. 

B. IIIDUI R.I1'!2 

1. General 

Im1 an Ri wr {Fig. 2) is a .cliua sise stream tloving into Hall's 

Bq, HevtoUDilaJ:d. It is made up of three larger tributaries aDd a allllber 

of alll&l.ler oms. The three larger tributaries are: Upper Indian Riwr, 

Black &-ook aDd Burnt Berey Brook. Upper I:adian Ri wr, until 1962, was 
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accessible to Atlantic salmon up to a point about one mile above its con

fluence with the brook draining out of Gillard a Lake. Black Brook and Burnt 

Berry Brook are accessible for only one mile from their mouths., at which 

point impassable falls present a total obstruction to salmon migrating 

upstream. or the lesser tributaries; North Brook., Twenty-Three Mile Brook., 

Little Black Brook., Whitehorna Brook and Shoal Pom Brook are known to 

contribute to Atlantic salmon production. 

A falls., which acts as a partial obstruction., is present on the 

main river about three miles i'rom its m:::»uth. A fishwq constructed at 

this location in 19.58 makes upstream movement easier tor salmon and trout. 

A combined smolt-adul t counting fence was constructed on the main river in 

1967 at a point about six miles from its mouth. Construction of the 

controlled tlow spawning channel on Upper Indian River about tbree miles 

above Indian Pond in 196.3 made it impossible for salmon to migrate beyond 

this point. 

2. Geographical Description 

The drainage basin of Indian River includes .500 square miles. 

The total river length., not including sta.Ming water., is about 180 miles 

of which about 80 miles are accessible to Atlantic salmon. 

The river has its source in a ph;ysipgraphic region called the 

"High Central Plateau" by Twenhofel and MacCl.intock (1940)1 and flows in a 

general northeasterly direction following the axis of a zone of Palaezoic 

faults ani the paths of Pleistocene glaciers. 

The rocks of the region range from Precambrian to Pennsylvanian 

with most of the intervening periods being represented. The stratigraphic 

and geologic sequence of the various rock formations are described by 
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Heale &Dd lash (1963). 

The whole of the ID4im R:i wr watershed area is part of the boreal 

forest foru.tion. Within this context, it is hi&IUT dinrsitieci in plant 

&@__80ci.at1ons that 'Y8Z7 from pure birch (.BetuJ.a papzrifera) and spruce (Picea 

uriana aDd Picea slauca) stands to bog and spruce saY&DD&. In the 

deciduous stands aDd. 1D urglnal cou.nmi.ties, the herb l.Qer is prolific in 

species and. luxuriant in growth. The dominant species whether tree, shrub 

or herb, are -.bars of the followiDg families; Pi.Daceae, Corzlaceae, 

Salicaceu. Cmraceu, El-icaceae, Rosaceae and. Co!pOsi tu. 

An abnJ¥' ance of what lligbt be termed good spavniDg area (i.e. areas 

ot loose coarse graft!) is foUDd. in the ll&iD rinr below Indian Pom and in 

Upper Indian Ri wr. Burnt Berr7 Brook is quite aiJii.lar to the main r1 wr 

with respect to bottom co~sition. The bottom composition of mack Brc>ok 

is quite different, being composed u1n17 of large rubble &Del numerous 

boulders, with frequent outcrops of bedrock. .All of the minor tributaries 

are similar to Black Brook in bottom composition. 

The seasonal pattern of runoff for Indian Ri.nr is presented in 

Figure 3. It cu be seen that the highest water le'ftl occurs between AprU 

and. June, with Jul.1' and .lugust, aloq with Januar;r and. Februa17, being the 

months of lowest water level (The umual sDDlt run commences with recediDg 

water lewl in late Mq and the riee in water level in September appears to 

act as a stimulus which induces a~n,resting in pools in the lower reaches 

of the rinr, to move upstream to the spawning grounds • . Localized freshet• 

during July and .lugust appear to have the same effect. Hqea (1953) showed 

that freshets caused an increase in the n\DIIber of salmon mo-dng upstream in 

LaHaw River, Nova Scotia). 
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C. fiSH SPECIES II IJI)UJr B.IVi2 

Six tillh apeciee are kDowa to occur in Indian Biwr, these bei.Dgs 

Atlantic aal.Jmn (*'lm ealar Linueua 1758), Eastern Brook trout {Sal:nlillua 

tontiu11 e K:i.tchill l8lS), A.erican Ml (.tngnilla roatrat& Lee•ur 1817), 

Threeapi.De stickleback (Guteroeteu aculeatua Linneeua 1758), Arctic char 

(StJ.wlinua al.pinu Linnuua l7S8), aDd. American smelt (Oe•rua J!)£dax 

M1 tchlll lSl.S). 

Atlantic eal.Jmn (parr) aDd brook trout are most nu.roua, with 

salmn parr being mre abUD:iant. Brook trout are conti.Ded meinly to the 

euller trib•tarT •tre-. Eele are toUDii ill Jmd.erate nUIIbere throupout 

tbe whole riwr, aD1 are met ablllldallt in areae 1Chich otter aoocl cowr, 

such &I bo\Uder1 or thic~t aquatic wptation. St1ckleb&cka are toUDd a1 nl7 

in areal ot quiet water, lika ...U pou:la ..t,Jo1 n1 Dl the ri wr. .&.rican 

-lt aDd Arctic char were first DOtecl 1D IrwHua BiTer dviDg the SpriDg ot 

1967 when one ot the latter aJ¥l twlw ot the former were taken in a emolt 

co11Dt1Dg trap beiq operated about e1x .Uea troa the riTer muth (Fig. 2). 

D. THE SALMON OF IIIDIAR RIVi2 

To discus aU.,n production, one DIWSt haw a general graep of the 

fish 1 s lite histor7 (Eleon, 1962-a). For IDCliaD RiTer salmon, apawn:i.Dg 

occurs in late October and earl¥ JioyeJiber. Taggi ug studies on !p!llt sal.Jmn 

or alta haW ShOlfD that aft.er ap&WD:ing these fish begin to IIIDW ciown

riwr. HaD7 haw been obeerwci paaaing throusb a smlt-comt1Dg fence, 

located about six lli.lea troll the ri wr muth (Fig. 2), 1D earl¥ Spring, on 

their W&7 to the sea. .lnal¥sis ot taa returna shows that mat kelts are 

caught 1n the coJDercial fishery d:uriq the SUIIIIIBr following their spawning· 

Very few return to Indian RiTer to spawn again. 

' I 

I 
; .I 
! I . : 
I ; 
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'!'be alew p• hatch n-om tbe egs arolmd late April or earl.7 Hq 

aad lEZ ••rae troa t.be epalt'lliDg grawl in earl.7 June., the tiae ot e•raence 

clepeiXI1q apparentl7 on the epri~ vand.Dg of the riwr water. Host of 

these JOllllg tish (about 68 percent) epelld three Jears as ri wr dwelling 
t 

parr, before Jld.&r:"atiq to sea aa SDDlts, at the beginni B.g of their fourth 

78&r. Stvp (1966) toUDd that. Jm&t 701mg salmon in Tote Brook., 

HewtoUDfilallli, migrated. as SJmlt.s after epeJ¥11ng three 78&rS ill the ri-.er. 

ADdrews (1965) describes siwilar colld:it.ions tor the Ga.ncler Riwr., aDi Murra;y 

(1967) obt.ainecl similar results tor Little Coclro7 ltl.wr. So• (about .30 

percent) aigrate as SDD~ts after speMi ng onl..7 two Je&rS in the ri -.er and a 

'Yer'7 amall percentage ml.grate as emlt.a after speu:Ung ae little as one or 

as JII8DT as tour Jears iD the riftl". S.O~t.s mi&ratiDg ~. IDdi.an Ri-.er in 

1967 had an awraae fork ~eugth of six inches. 

Sm:>lta, vbich were taggeci on their doVD8t.realll migration in IDdi.an 

Ri "f8r., have been taken b7 tiahermen ( usua.ll7 caught b7 tag entanglement in 

co.-rcial DBte or b7 angling) at arious locations iD lfotre D81118 Ba7 as tar 

ava;y as SDOOk's .Ara aDCl Beaumnt (Fig. ~). 

Hatve sal.Jmn retUl"Ding to lDdi.an River tor their first. U. do so 

IIOSt.ly as sz:ilse. a little more than a Jear atter going to sea as smolt.s. 

These adults begin to pass through IDdian Ri"f8r fishlf87 (located at ·a 

partial obstruction about. three lliles trom the ri "f8r DIOUt.h) around t.he first 

of Jul.y and continue to do so until so•ti.me around t.he middle of September, 

reaching a peak in late Jul.T (Table VIII, Appendix). They are then about 

20 inches (50 centimeters) long (Table IX., Appendix) and weigh an a"terage 

of 2.5 to ,3.0 pounds. 
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Fig. 1. Map of Ne,.>~foundland showing place names nentioned 
in the text. 
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Fig. 2. Indian River and adjacent watershed showing location of electrofishing 
stations 1 - 24, and place names mentioned in the text. 



62 

48 

44 

0 
z 
0 
u 40 &1.1 
(I) 

a:: 
&1.1 
~ 36 
..... 
&1.1 
&1.1 
~ 

32 
u 
iii 
::> 
u 28 

~ 
0 

24 
(/) 

0 
&1.1 
a:: 
0 
z 20 
::> 
:l: 

16 
z 

3 12 
0 
-' u... 

8 

4 

0 

- 16 -

---------UPPER LEVEL OF CONFIDENCE 

- -------MOST PROBABLE MEAN 

,------LOWER LEVEL OF CONFIDENCE , , 

J 

Fig. 3. Most probable mean monthly runoff and the 95% 
confidence range for Indian River, Newfoundland, 
1954 - 1964. Data from gauge at Indian Falls. 

. ~ 
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E. A SPECIAL PHOBia BELlTIIG TO SWI)JIWIA.GEHEIT D1 IIDIAII Jli'lm 

In 1961, the Depart•nt ot Fisberiea ot Cuwia waa approached by 

Bovater•a Pulp aDd Paper CompU7, Lild.ted with a plan !or power dewlopEnt 

to svppJ.7 new Dd.Ding areas coJI:i.DI. into productioD on the Baie Verte 

PeDiuula. For t.hia dewlop•nt the COJIIP&II1' ld.lhed to di'ftrt part ot tbe 

flow o1' Ialiu Ri wr into B1rc!J7 LakB. The plan, which was subaequent:q 

g:l:ven Depart.ent.al appron.l., resulted in the construction (Fig. 2) o1' a 

di nrsion daa acrose Upper lDdian R1 wr and a canal fl'oa Upper Ialian River 

to Blrcq Lake. In addition, a caul was built to CODDect Upper Indian PoDd 

to Upper IDdian Riwr, aDd a dam was coDStructed at the outlet ot Micmac 

Pom. This arrange•nt call8ea water 1'roa the Upper Imian PoDd--Hicac PoDd 

COJIPle.x (which 1'or•rl7 !lowed into Black Brook) to !low into Upper IDdian 

Ri wr aDd subaeqllent~ into Blrch7 Lake. 

It was known that a aisable portion o1' the Atlantic sal.JIK)n run to 

IDdian River utilized Upper Indian River as a spawning area. The Department 

of Fisheries ot Canada reasoDed that with the completion ot the dinrsion 

project ~ny o1' these sal.DDn would be deprived o1' suitable spawning area in 

Upper IDiian Riwr. As an e1'1'ort to ensure th~t such would DOt become the 

case, a controlled !low spawning channel was constructed at. a point 2.8 

miles abo'fe Indian Pond on Upper Indian River. (This controlled !low 

spavning ch&Dilel is subsequently referred to as 11the channel•). 

The channel, located Dine miles downstream trom the Bowat.er •s 

Diversion Dam, was completed in 196.3, being ready' to receive salmon in 

August of that. ;year. It. is appro.xi.Ju.te~ 1,100 teet in length, running 

parallel to Upper IDdian Ri. wr (Fig. 4) and proTide a some 10,000 square 

teet ot spa'Wlling area. A. dam (Fig. 5) placed across the river pro"fides a 

i 
I 
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I 
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head pond tor water regulation, vhile a water intake nl:n (Fig. 6), situated 

abow the clam, controls now, depth aDi velocit7 ot water enteriq the 

ch&IUlel. A woocien plattorm aDfi counting trap plac6d. !Pot the dolfD.Stre8Jil con

tluence ot the r1 wr aDfi channel make possible the capture and retention ot 

salmon lligrating gpetream. Upetream migrants are diwrted into the channel 

b7 a tence placed across the river aear the dOWDStream end ot the channel. 

SpawniDg rittles run the length ot the channel with ti. w holding pools inter-

spersed at regular interTals. Gl-awl placed in the channel was screened. of 

11tines• below one halt inch. H7draulic teatures incorporated in the channel 

design are as tollowa: 

(a) Ch&DDel discharge ••••••••••••••• 15 - 50 cubic teet per second 

(b) Rittle wlocities ••••••••••••••• 1.0- 2.5 teet per eecond 

(c) Bittle depths ••••••••••••••••••• 0.5- 2.0 teet 

(d) Holding pool depths............. 3 - 6 teet 

The channel, in essence, was designed to prortde nearlJ' ideal 

confiitions for adult spawniDg aDfi incubation ot eggs. Figures 4, 5, 6 and 

? show soma of the plQ'sical features of the channel. 

; . 
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ig. 4'0 View o::f Indian i ver Controlled 
low Spawning Channel. 

Yig. 5. ~~oden control dam, at channel 
head'WOrks, Indian River. 
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--- ---- - -

Fig. 6. ater intake structure> Indian 
River Spawning Channel. 

Fig. 7. -ater diffuser situated at lower end o£ 
water intake structure, Indian River Channel. 
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II. WHAT USE SHOULD BE MADE OF alANNEL PRODUCED :mY 

Each year, since it has ·been in operation, the channel has pro-

duced a sizable number of fry which have been available for contribution to 

the sa.lJJM)n stOck of !Mi.an River (Table IV). 

Before the beginning of this study, it was the policy of the 

Departmen-a of Fisheries of Canada to allow these fry to migrate out of the 

channel into the 2.8 mile section of river between the channel and Indian 

Pond (Fig. 2) where they would necessarily enter into competition with fry 

that were produced from natural spawning in this area. Graduall.y, it 

became apparent that this might not be .the best policy, considering that in 

the average year as many or more adult salmon spawn naturally in this area 

as in the channel. 

It was decided, therefore, to initiate, during the summer of 1966, 

a field survey designed to provide 8J1 answer to the question of what was the 

best way to utilize the, fry be~ produced in the channel. 

The problem was approached in two wqs: 

(a) It was necessary to determine the extent of fry migration after 

they left the channel, to ascertain whether or not they were 

staying in the area between the channel and Indian Pond, or if 

they were distributing themselves throughout the river system; 

(b) It was necessary to determine the parr density between the 

channel and Indian Pond and to compare parr density in this 

section with parr densities in other sections of Indian River, 

so that the probable effect of channel fry prcxiuction on parr 

production in this section could be assessed. 

\' 
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During the summers of ~966 and ~967 1 a systematic study was made 

of all fish species living in Indian River. The method of study is des

cribed on page 24. To facilitate study of the changing abundance of fish, 

a ''Population iD:iex11 has been calculated as the average number of fish 

per 100 square yards of _stream. (This area is subsequently referred to 

as a "unit"). Such an area is l.arge enough that indices can be considered 

to only one decimal point without. getting any grossly wrong impression~ 

unless ti9h are very sparce imeed (Elson, ~962-a). 
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m. MATBRIAIS .AID METHODS 

A. FRY MICIU.TIOH OR DISPDlSAL 

Ae rry DID.,. out of the channel the7 were captured for enUJIIBration 

with the aid. of a Dl)dified. li:>lte trap (Wolfe, 1951) which wae installed 

annual.J.7 at the downetream eDd of the cba.nnel (Fig. 8) before the start of 

the annual fr7 Jdgration. Fr7 were counted visual.l.7 until the;y became too 

nu.roua, at which time the7 were estimated wllUIBtricall.7. A 1000 ml. 

graduated qlillier was filled with water to the 900 ml. u.rk, and trr were 

added 11Dtil tbe water lewl in tbe c;yliDler reached the 1000 al.. mark. 

Ewr7 ti.tth c7li.Dder of f'rT vas comted and noted. It vas assWIBd that the 

four precediDg eyl.iJI:lere contaiDeci the aa. number of fr7. 

To follow the downetream migration of rr7, two •thode were 

employed: (a) Special traps nre constructed. &Dd. placed in the river at con

wnient l.ocationa to captur'e aDd en\118rate b-7 &8 the;y :adgratecl doWDStream. 

These traps were easential.l1' diagonal screen fences (Fig. 9) constructed of 

wood aDd 1/4" o'Rl Msh nylon netting with holding boDs to retain tish. 

During 1966, three traps were ueed, aDd during 1967 two were used. The 

location of these traps is shown in Figure 10. Durill& 1966, traps 1 and 2 

were desigDed to capture onl7 a porUon of the fey moving doWDStream, vhile 

trap nlmlber 3 was set to capture all downstream migrants. In 19671 both 

traps were designed . to capt1re onl.7 a portion ot the run. So that rr;r would 

be identified ae channel proge~, appro.ximatel.T 10,000 rr;r were marked each 

year, b;y removal of the dorsal tin, before being released below the channel• 

(b) Known numbers of fey were distributed manually in two areas of Upper 

Indian River which were inaccessible to spawning adults. Fry were placed in 

ten gallon containers along with a suffi cient supply of fresh water and. 
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transported by truck to these points. These try were released at a point 

i.Dmediately below the .Bowater Diversion Dam and a point approJd.mately one 

mile downstream from the diversion dam, where Hewlett 1 s Road crosses Upper 

IDiian River (Fig. 2). Approximately two moths after fry were released in 

these areas, electro fishing gear was used to fish at regular intervals of 

"one-tenth mile" downstream from the release site to determine how far fr7 

had migrated downstream. B7 continuous fishing at one-tenth mile intervals 

from the point below Bowater 1 s Diversion Dam to the point at Hewlett 1 s Road 

crossing, it was also possible to determine if any upstream migration had 

o.ccurred. In 1966, approximately 6,000, and in 1967, approximately 3,000 

fry were released at each site. In addition, the observed decrease in fey 

density between the channel and Indian Poi:Xl {Fig. 13) during electro fishing 

studies in 1966 and 1967 contributed to lmowledge of fry migration. 

The electrofishing gear used to determine population indices was 

operated. at an output of approximately 350 wlts pulsed. D.C. at approxi-

mately 0.5 amps. 

B. POPULATION INDICES 

To determine parr {as well as other fish) indices in Indian River, 

twenty-two stations were fished quantitatively in 1966 and twenty-four in 

1967. Fishing was done with the aid of barrier nets and electrofishing gear. 

An attempt was made to choose these stations to represent the whole of the 

Indian River system and the interpretation of data depends on the reliability 

of the assumption that this was accomplished. 

The station to be fished was approached and secured at both the 

upstream and downstream end by means of barrier nets constructed of 1/4 inch 
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oval IIBah IJ1'lon nettin&, so that no rish could .etmigrate or iwrrlgrate once 

fishing began. 

When a station had been seclJl"ed at both ends by barrier nets, a 

man holding the positive electrode or the electro.tishing gear would walk 

the leDgth ot the station moviq the electrode back aDd. tortb across tbe 

width of the stream as he walked, so as to cover the entire area of the 

station. (This action is referred to as a "sweep•). As fish were narcot

ized b7 the current, they were retrieved b7 aDOther man using a dipDet aDd 

placed in a buckat of water. Each station vas gl ftD at least three sweeps 

with the usual number being tour. Figure 11 shova the electrotishing crew 

at work. Ths nlDiber ot each species captured. during each sweep vas recorded. 

During the 1966 field season, all sal.a:>n parr larger than \Uideryearlings 

were scale sampled, before being returned to the stre&JD., to determlbB the 

age structure ot the population. Ellperience gained in 1966 eJ;~&bled us, in 

19671 to detend.De how JII&D1' parr were l+ aDi 2+ by reference to the length. 

During 19671 only those parr that were COJlBiderecl to be older than 2T vere 

scale sampled. Arter a station hacl been completed, most of the fish were 

returned. to the riwr. A sample was kapt tor future study of length, 

weight 1 sex &Dl tood.. 

Because time in the tielcl was usuall7 limited, it was decided not 

to attempt to catch all the fish within a particular station, but to 

estimate the total index by a catch per Ulli. t of effort regression method, 

described. by DeLury (1947) aDi Ricker (1958). 

The essence of this method is that as fish are relJI)ved from a 

closed population by successive units of fi.ehing effort, the catch per unit 

of effort decreases in proportion to the population remaining at the time 
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Fig. 8. Modified 1Jol£e trap, located at lower 
I 

end o£ channel, used to capture fry 
as they move out of channel. 
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Fig. 9. Trap used to study downstream migration 
of f:ry. 
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Fig. 10. Map of Iniian River, between Indian Pond and the channel, 
showing location of traps used to study downstream 
nd.gration of fry. 
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each ettort is applied. Sewral eweeps of each area were made with the 

elect.rotiahing par. The eewral swepa ot the electrotJ.ehiDg procedure 

represent ftr7 nearlT unifora efforts to catch fish. Hence the capture 

tigaree tor each eveep can be treated aa catches per \llli.t of tiahiDB 

ettort (Elson, 1962-a). 

A geDBral outline of the Mthod1 as d.eacribecl b7 Rickar (1958) 1 

is presented here, with a t;rpical example taken trom electrotishing clata 

obtaiDBd. at Station s, lDd.ian Ri:nr, cluriD& 1966. The concepts IUKi eJ]Ibola 

employed are ae follova: 

)I -0 

Nt -
ct -
Kt -
c -
c -

-
-
-

f -
-

Original population size 

Poplllation surT.l T.lng at the start of time t 

Catch taken during tiE iDtenal t 

Cumulati w catch, to the start of ti..a t 

Total catch (sua of Ct) 

Catchabili t7 - the traction of the population taken 

b7 l UDi t of tishiq effort 

l - c: the co~pl.iatnt of catchabilit7 

Fishing effort during time t 

Cumulative fishing effort, up to the start ot 

Total tilhing effort tor the whole period of the 

e~iment 

Catch per unit of effort during tiJD1 t. 

By" detini tion, the catch per unit of effort during time t is 

approJd.mately equal to the catchabilit7 multiplied b7 thepopulation present 

at the beginning of that time: 
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The populat.ion at the start ot time t is equal to the original population 

lees the catch to date: 

--
The latter equation iadi.cates that catch per unit of effort cluriDg time t, 

plotted qaillet cuaulatiw catch \1p to the start of tilE t, should. giTe a 

straight line whose elope is the catchabili ty, c. Also, the X - axl.s 

intercept is an esti.Ju.te of origt nal population, N 1 since it represents 
0 

the cu111d atiw catch it Ct/ft' aDd hence the population also, were recluceci 

to zero b7 tishi.Dg. The Y - axis intercept is the product ot the original 

population, N
0

, aDd the catchabillty, c. 

A special case of this •thocl occurs when equal units of effort 

are usecl to make the succeesiw catches, so the latter can be plotted 

ciirectl7 ap1 n•t C\Uilulati ve catch: 

-
Since the nature of the gear used. in this study' was such tbat Tari.ations in 

unite ot ettort, ued. to make the succesaiw catches, would be at a wtni•Uil 

or non-existent, it is assumecl that ours is an eJaL~~>le of this special case, 

and the data has been treated as such. 

A roU&h estimate of N is gi Ten by the intercept of a straight 
0 

line (fitted by eye to the plotted points) on the Kt axl.s. This procedure 

is not reco:aaended, however 1 since large errors ma:r be made in locating 

the line. When accuracy is desired, the line should be tit ted by the 

methocl of least squares, Delm-y (1951). 

The following eXB.~~ple is taken from the parr collection data for 
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Station nu.ber 5, lndiq Ri.wr, 1966. The clata is conwD:l.ent4 arraqecl 

in Table I below. 

Table I. CoJIII)utation ot the resression l:i.De UHCi in the estimation 
ot total nllllber ot parr ill Station number 51 IDClian Riwr, 
1966. Ct • Ct/tt • catch per unit of ettort, Kt • cua1atiw 
catch, n • number o! sweeps. 

1:2 c2 
Sweep lo. t J[t ltCt ct t 

1 

2 

3 

4 

Totals 

(x2) 

0 

1225 

.3249 

5329 

9803 

(X) 

0 

.35 

57 

7.3 

165 

(XI) (Y) (y2) 

0 .35 1225 

770 22 481. 

912 16 256 

949 13 169 

86 2134 

Representing the Kt values by X aDi ct Tal.Ues by Y, aDd represent

ing the same quanti ties, JIIB&sured. from their •ana, by x and 7, the formulae 

!or the squares, products aDd prilaary' regression statistics are as below: 

sumo! %I - sum ot (XY)- (sum o! X} (sum ot Yl 
n 

sum ot x2 - sum ot (x2) - (sum ot x}2 

n 

sumo! y2 - sum ot (y2) - (sum of Y)
2 

n 

" Slope - b - BUill of M. 
. 2 
BUill ot x 

Intercept -= 
,.. 

(eum. of I) - b ~sum ot X} a - n 
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The Du.rical statistics are as follove: 

s\Dil of x2 - 9,803 - (165)2/4 - 2996.75 

sum of..; - 2,1)4. - (86)2/4 - 285.00 

BUll of q .. 2,631 - (165)(86} - -916.50 
4 

" -916.50/2996.75 b - a -o.,306 

~ -86 - (-o.JgjH162l - )4.123 
4 

These quantities detel"'lline the equation: 

- )4.123 - 0.3()6 ~ 

1\ " Catchabilit7 - c - -b - 0.)06 

~0 - ~t .. )4.123/0 • .306 - ll2 

1. So• Precautions 

The question of &ear efticienc7 is an illportant om when this 

•thod. is beiDa eqU.oJ11Ci. To wse Ct am Ct/ft interehangeab}7, it is 

necesaa17 to uau.e that catchabilit7, c, is cout8Dt throughout the fish

ing period. To make c constant, the efticienc7 ot the gear must remain 

const8Dt throughout the fishing period.. To ensure that gear ef'ficienc7 

reuiDs constant throughout the fishing period, it is neceSHrJ' that the 

current output of the gear remain conataDt and the technique used in tish-

ing remain the same. Our ellperience, during e1ectrotishing stlldies on 

Indian Riwr, was that the electrofiahing gear fished with approJd.Ju.tel.7 

the same current output throughout the 11ebi ng period, but variations in 

ef.ticienc7 did occur a.t di1'ferent stations. This is to be e:xpected because 

of variation in such factors as water comuct.ivit7, size of station, ease 
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Fig. 11. Electrofishing crew at work. (Barrier net 
can be seen at left centre). 
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CUMULATIVE CATCH (Kt) 

Fig. 12. Regression line, fitted by method of least squares, 
to parr collection data, station number 5, Indian 
River, 1966. 
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ot movements, etc. However, since it is constant efficiency- within the 

station that .atters, the variation from station to station has no influence 

on the reaulta obtained at 8D1' particular station. An effort was Jl&de at 

all t.illea to bep the fishing technique constant so as to eliminate or 

reduce to an absolute minimum any possibility- ot efficiency- variation with

in station•. 

EquaJ.l7 important is the &BSUJIIption that the population is closed, 

that ie, recruitment, J1Drtalit7 aDd the like '1'JJB.7 be ignored. The fact that 

our sampling stations were secured at both ends b7 small mesh nets, through 

which no !ish could move, el 1 m1 nates this as a source of error. 

If these two aesUIIpt.ions hold, the line fitted to the collection 

data (as in Figure 12) will pass through all the pointe. To quote DeLur7 

(1951), "It liJ&7 be e.xpected, therefore, that i.f' observed (Ct, Kt) nl.ues 

satist;y reasonabl7 well a linear relation, the assumptions are supported 

and estimates o.f' eN and c, aDd hence N are obtained from this straight 
0 0 

line". 

Obsernt.ion of the data collected at Indian River during 1966 and. 

19~7 show that in all cases the obser'fed values of Ctand Kt did conform well 

to ~ straight line. It is assumed, therefore 1 that the above mentioned 

assumptions were reasonab~ well satist.ied. 

Ricker (1958) states that an obviously important colliit.ion for 

application of this method is that the TUlnerability of the population 

should DOt exbibi t significant seasonal trends, within the ti.llle of the 

experiment. This situation might apply to a population which is being 

fished over an extended period, but it seems reasonable to assume that 

there were no variations in vulnerability- with the sampling ~tbod used 

. 
J' 

I 

7 
• : 
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at IDdian Biwr, where a &J18ll area was enclosed and fished entirel.¥ 1n a 

atter of a coup1e of holJl"s. Ricker (1958) also states that equall7 im

portant is the condition that the whole of the population shall be &Tail

able to capture or, if' not, adjustment for the different Tulnerabilities 

ot different sections of the stock must somehow be applied. It seems 

reasonable here to assume that with sucb a small area and such a small 

population that was usual.l7 fished, this condition warrants little con-

sideration • 
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IV. DESCIUPTIOH OF THE STATIONS FISHED 

Descriptive details, concerning each station fished. during the 

SUDIIIISrs ot 1966 aDi 1967, are given in Table II. It is considered 

desirable to present this description in tabular torm to maintain clarity 

in what might otherwise be a long, in-volved description which could be 

contusing. Location ot each station (numbers 1 - 24) is given in 

Figure 2. 

.. 
J; 

r· • 



Station Ave. .A.w. 
nllllber I ear 1eqth width 

(Jd.) (,U.) 

1966 84.7 10.4 

1 

1967 40.0 8.7 

1966 98.0 22.8 
2 

1967 ,40.0 

1966 46.6 22.4 

3 

1967 40.0 20.0 

1966 43-4 22.1 

4 
1967 40.0 27.3 

1966 44.0 14.9 

5 

1967 4().0 15.7 

"'"~· ·' ... .]'!N , .. I ' . 
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Table II. Description ot electrotiehiDg et 

DeJ2th ~tt-l 
Area ltin. Ave. Max. 

(sq. ,U.) 

880 0.25 1.03 2.00 

350 0.50 1.04 2.00 

2,230 0.33 1.06 2.42 

790 0.30 0.83 1.50 

1,040 o.so 1.21 2.25 

800 1.00 2.16 3.40 

960 0.25 0.85 1.67 

1,090 o.so 1.21 1.80 

660 0.25 0.81 2.00 

630 o.so 1.37 2.50 

Surface 
ve1ocit;y 

(tt./eec.) 

2.12 

2.07 

1.00 

0.58 

0.72 

1.00 

1.33 

1.89 

1.29 

Mostl 
tine 
tine 
eper1 

Consi 
fine 
No rll 

Varie 
co are 
rubbl 
Ma.i.nl 
gran 

Varie 
co are 
tine 
A bUDd 
veget 

Varie 
co are 
tine 
Abund 
veget 
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shing stations, llldian River, 1966 and 1967 

) 
Bottomt7Pe 

Mostly coarse gravel to 
tine rubble, with some 
tine gravel al¥1 inter
spersed boulders. 

Consists entirely o.t 
tine to coarse gra-.el. 
No rubble or boulders. 

Varies from sllt to 
coarse grawl; no 
rubble or boul.d.ers. 
Mainly sam ami tine 
granl. 

Varies from silt to 
coarse gravel. Moetl7 
tine gravel ami sand. 
Abundant aquatic 
vegetation. 

Varies from eilt to 
coarse gravel. Mostl7 
tine gravel, and sand.. 
Abundant aquatic 
vegetation. 

Predominant 
surrounding 
vegetation 

Dense alder beds on i.mmed.
iate shoreline. Le.tt bank 
supports dense growth o.t 
paper birch ancl balsam 
.tir. 

Lett bank supports denae 
alder beds. Right bank 
supports dense growth ot 
paper birch, black spruce 
and balBIJI fir. 

Denae alder bed conring 
upper part o.t ri&ht bank. 
Left bank supports dense 
sta.M o.t paper birch on 
lower hal!. Upper left 
bank supports good growth 
ot swamp grass. Lower 
right bank is open. 

Both banks support dense 
alcier beds. Bed. on right 
bank is about .30 teet 
back from ri~r. 

Both banks support dense 
alder beds. Bed on right 
bank is about 30 teet back 
.trom river. 

Location 

Situated about 180 yarcis 
dovnetream from the 
chamlel. 

Situated about 700 yards 
downstream !rom the 
channel. 

Situated about 1 1 500 
yards d.ownstream from 
the channel. 

Situateci about 2,100 
yards dovn.etream from 
the channel. 

Situated about 4,000 
yards downstream from 
the channel. 



Station Year .A:ve. An. 
nUIIber length viclth Area 

(l!i.) (D.) {sq. zd.) 

1966 121.3 2.9 350 

6 
1967 40.0 2.3 90 

1966 55.4 8.1 450 

7 
1967 40.0 6.8 Z/0 

1966 50.0 2.30 

8 

1967 40.0 

1966 50.0 11.0 555 

9 
1967 40.0 8.0 320 

De~th ,.tt.} 
Min. Aw. Max. 

o.so 0.84 1.50 

1.00 1.00 1.00 

0.50 0.67 1.00 

0.50 0.77 1.00 

0.25 0.54 1.00 

0.50 0.58 0.67 
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Table n. 

Surface 
wloc.ity 

(.tt./Hc.) 

1.63 

2.40 

1.66 

1.03 

(Cont•c 

Be 

stream 1 
coarse j 

rubble. 
ahorelil 
fair ai: 
stream 1 
chaJ:mel: 
dozer. 

Consiat1 
rubble l 

Consiat1 
coarse l 
boulder1 

Consist1 
17 ot C4 
boulder 
amount c 
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a. (Cont •d.) 

) 

BottomtJPe 

stream bottom is mstl7 
coarse grawl al¥i tine 
rubble. TJWDAdi.ate 
shoreline consists of 
fair size boulders. 
stream bed has been 
cha.Jmelized b;y bull
dozer. 

Couists of ~arse 
rubble &Dd bo\Wiers. 

,. 

Consists entirelJ' ot 
coarse rubble'and 
boulders. 

Consists almost entire
ly of coarse rubble and 
boulder, with a small 
SJII)UDt ot bedrock. 

Predoud nant 
surrouDdi ng 
vegetation 

Both banks support 
TerJ' little wgetation. 
Highly" disturbed area due 
to construction of 
di "Version dam, aDd cut
over. Repr.ration is 
DIDStq balsam fir. 

Because of bul..ld.ozer 
action in channe~zing 
ri nr bed, DO ntptation 
on i.Baediate ba.nks. 
SurroUDiiiug banks are cut
over vi th regeneration ot 
balsam t.ir &Dd black 
spruce on lett bank. 
Alders predominate on 
right bank. 

Both banks are adjacent to 
cutoTer. Immediate sbore
l.ille on right bank con
sists mostl7 ot alders. 
Sparce growth ot black 
spruce and paper birch 
occupies lett bank. 

Both banks are high and 
steep. Both banks are 
cutowr, with paper 
birch, pin cherry, black 
spruce aDd balsam fir 
being the dominant 
regeneration. 

Location 

Situated immediate.l.T 
below Bowater•s Diversion 
Dam in chamlelized 
portion of stream. 

Situated about 2 miles 
dolfJ18tream trom the 
diversion dam. 

Situated on North &-ook, 
about one :ad.le trom where 
this tributary novs into 
Indian Ri wr. 

Situated on North .Bl"Ook, 
about one-halt mile up
stream trom Station 8. 

' 



Station .Aw. Ave. 
nUIIber Year leagth viclth Area 

(Jd.) (Jd.) (sq. JU.) 

1966 50.0 12.9 650 

10 
1967 4().0 7.3 290 

1966 33.3 20.4, 680 

11 
1967 4').0 17.3 690 

1966 28.3 19.3 550 
12 

1967 40.0 44,.0 1760 

1966 36-7 24-7 900 
13 

1967 40.0 23.7 950 

1966 20.0 670 

1967 4,0.0 1370 

DeEth ~tt.l 
Min. Aft. Max. 

0.50 0.79 1.25 

o.so 0.59 0.75 

0.50 0.89 1.50 

0.40 1.06 2.20 

0.50 1.08 1.67 

0.20 0.,38 0.50 

0.17 0.50 0.83 

0.50 1.11 1.50 

0.83 1.66 2.50 
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Table II. 

Surface 
velocit7 

(tt./sec.l 

1.50 

2.00 

1.82 

1.70 

0.98 

1.14. 

2.50 

(Cont'd 

Bo 

Consists 
tine to 

Consista 
coarse r 
boulder. 

Varies b 
rubble a 
mostl7 c 

Varies f 
gravel. t 
JJM)8tl.7 r 

Consiste 
rubble s 
JJM)Stl.y r 

1.00 1.50 2.00 2.61 



-40-

II. (~nt'd.) 

) 

Bottom type 

Consists entirely ot 
fine to coarse rubble. 

0 

Consists ent~ely of 
coarse rub~e, aDi 
boulder. 'I 

I 

Varies between granl, 
rubble aDd boYJ.d.er, 
mostly coarse rubble. 

Varies .trom coarse 
gravel to boulder, 
m::ustl;r rubble. 

Consists entirely ot 
rubble and boulders, 
mstl;r rubble 

Pred.omiDBDt 
aurroUDdiDg 
vegetation 

Lett bank is hi&hl;r dis
turbed b7 cutover 8.lld an 
access road. The right 
bank supports good growth 
o! black spruce, balsam 
fir 8.lld paper birch. 
Alders predominant at 
river edge. 

lbth banks support good 
stands of ~ack spruce, 
bals8Dl t1r am larch. 

Black spruce, balS&lll fir 
8.lld larch are dollinant 
species. 

Some dolld.nant species, as 
mentioned in ll am 12 
cover lett bank. Right 
bank is on aul.l islaM 
vi th oo significant 
vegetation. 

Right bank is cleared for 
a cabin site. Predominant 
species on left bank is 
paper birch, with some 
black spruce and balsam 
fir. 

Location 

Situated on Upper IDdian 
Riwr, about one-halt 
Jll:i.le abow the channel. 

Situated on Black Brook, 
imlled:ia t.el.1' below tails, 
about 1.3 miles !rom. 
Indian Pom. 

Situated. on Black Brook, 
about 0. 7 miles .troa 
Indian Pom. 

Situated on Black Brook, 
i.Dmlsdiat.el.1' upstream 
!rom. IDii.an Pom 

Situated on main river 
about 1.3 miles below 
Irdi.an Pom. 

' 
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Table II. (Cont' 

Station Aft. Aw. DeJ!th ~ .t't ·l Surface 
number Year length width kea Min. Aft. Max. velocity Bo 

(Jd.) (,U.) (sq. yd.) ,- (ft./sec.) 

1966 -so.o .3.0 150 o.so 0.66 1.00 Varies f 

15 to coars 
boulder a 

1967 Jt,.O ).0 120 0.50 1.00 1.50 0.60 rubble. 

Varies f 

1966 0.58 
fiDe gra 

so.o ).0 150 0.25 1.00 rock bei 
16 prew.l.ell 

1967 4,0.0 2.1 80 o.so 0.60 0.80 0.92 

Varies 1 
1966 4J.,.O 12.0 5.30 0.30 1.07 1.50 1.00 coarse r 

17 dominant 

1967 4().0 11.2 450 0.50 0.75 1.00 1.20 to coare 

Ranges f 

1966 5Q.O ).0 150 0.50 0.78 1.00 0.90 boulder, 
percent 

18 
1967 qo.o 2. 2 90 0.50 0.50 o.so 0.50 

Ranges f 
am sand 

1966 60.0 Jt,.O 0.50 0.50 o.so 1.50 with gre 

19- rubble. 

1967 40.0 4,.6 180 o.so 0.75 1.00 1.50 
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.e II. (Cont•d.) 

Bottom type 

Varies from .tine grawl 
to coarse rubble aDCl 
boUl.d.erS I mai nJ7 
rubble. 

Varies from bedrock to 
fiDe granl, with bed
rock bei.Dg q~te 
pren.lent. 

Varies from mUd to 
coarse rubble,. Pre
dolld.nantl7 fine rubble 
to coarse gravel. 

I 

Ranges from mUd. to 
boulder, with about 20 
percent being boulder. 

Ranges trom fine gravel 
am sand to boulder, 
with greater part beiD& 
rubble. 

- );.~ ... -· 

Predominant 
surroUDdi.D& 
vegetation 

Both banks support dense 
stands of paper birch; 
SOJIIB balS&IIl fir and 
black spruce occur. 

Owrhanging left bank 
supporting good growth of 
paper birch with some 
balsu fir aDd black 
spruce. Right bank 
supports luxurient 
alder growth. 

Left bank adjacent to 
small isl&Dd. No immed
iate vegetation. Right 
bank supports good 
growth of alders. 

Both banks support good 
growth of alders which 
overhang stream bed. 

Disturbed b;y road con
struction. Both banks 
beiD& devoid of vege
tation except at extreme 
lower end where good 
growth of spruce and 
fir occurs. 

Location 

Situated on 'l'went;y-Three 
Mile Br-ook, il1Ediatel7 
above Trana CaMda 
Highwq. 

Situated on Little Black 
Brook, imaleciiatel7 up
atream .from Old .Ba7 Verte 
Road about one-halt mile 
.from where this streu 
enters Indian Ri wr. 

Situated on Black Brook 
where .Ba7 Verte Road 
crosses, about 5.0 milea 
upstream trom IDdian Pond. 

Situated on Twent;y-Three 
Mile lrook where old high
road crosses, about 2.0 
miles from Wbere this 
stream enters Imhn 
River. 

Situated on Whitehorn's 
Brook where highway 
crosses it, about 0.3 
miles from Indian R1 ver. 



Station ATe. Aw. 

number lear leqt.h vid.th 
(;,d.) (Jd.) 

1966 so.o 6.0 
20 

1967 4().0 5.1 

1966 so.o 4(>.0 
21 

1967 40.0 71.1 

1966 5.3.0 .35.0 
22 

1967 40.0 .35 • .3 

1966 
2.3 

1967 40.0 7.3 

1966 

24 " 
1967 40.0 

-·--- - - h····---- -----------.-- .---

Dei!tb ,ft..) 
Area Kin. An. Max. 

(eq. 111·) 

.300 o.so 1.19 2.00 

200 0.50 0.75 1.00 

2000 o._so 0.72 1.00 

o.so l.ll 2.00 

1860 0.7 5 1.28 2 • .50 

1410 1.00 1.67 3·.50 

290 o.so 0.61 1.00 

630 0.50 0.15 1.00 
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Table n. (Cont 'd. 

Surf' ace 
wlocit7 . 

(tt./sec.) 

1 • .3.3 

0.29 

1.50 

1.07 

1.00 

0.21 

Bot· 

Ranges f'r, 
coarse gr. 
domi.Da.ntl; 
gravel. 

Varies f'r, 

gravel to 
rubble, w: 
being pre 

Ranges fr, 
rubble, w 
gravel be: 
inant. 

Ranges .tr. 
to boulde: 
and coar& 
pred.omina 

Consists , 
coarse rli 
boulder. 
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I n. (Cont 1d.) 

) 
Bottom tJPe 

Ranges fl"om mud to 
coarse granl, pre
dominant17 fine 
gravel. 

Varies fl"om ~ne 
gravel to coarse 
rubble, with rubble 
being predomi.Dant t;rpe • 

Ranges from ..,_ to fine 
rubble, with coarse 
gravel being predom
inant. 

Ranges trom .tine rubble 
to boulder, with tine 
and. coarse rubble being 
predominant. 

Consists entirel7 of 
coarse rubble and 
boulder. 

Predominant 
surrounding 
vegetation 

Lett bank supports dense 
growth of alders. Right 
bank also supports denee 
alder growth about 10 
feet back from the 
shoreline. 

Both banks support shrub 
spruce and alders about 
20 feet back .tram river 
bank. 

Both bB.Dks are heavil7 
wooded with black spruce. 

Immediate bank supports 
no ngetation. Borth 
bank is adjacent to cut
over. South bank baa 
eoms growth of birch. 

No vegetation on immed
iate shoreline; North 
bank is adjacent to 
cutover. South bank 
supports good growth of 
alders and spruce. 

\ 

Location 

Situated on Shoal Pond 
Brook jwst upstream from 
where this stream enters 
Indian River. 

Situated on Main Ri nr 
below Indian Pond about 
8.5 miles from river's 
JK)uth. 

Situated on Main River be
low Indian Pond about 7 .o 
miles from the ri nr 
a)Utb. 

Situated on Upper Indian 
River about one mile 
below Hewlett's Road 
crossing. 

Situated on Upper !Mian 
R1 ver about 2 miles below 
Hewlett's Road crossing. 

\ 
\ 
\ 

\ 
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V. DES<JUPTION OF EACH SECTION 

To ma:l.ntain clarity in diacuaeion, Indian River has been divided 

into eight arbitrary sections, each containing a number of electrofishing 

etatione. Thie di'ri.eion makes possible a comparison of abunclance indicies 

in different areas of the river where; 

(a) try are produced natural.l.y and large numbers of fry have been 

introduced trom the channel, 

(b) no b-7 are produced b7 natural spawning but limited numbers of 

tr7 have bee!l introduced from the channel, 

(c) b-7 are produced from natural spawning but none have been intro

duced trom the channel, 

(d) no tr7 are produced from natural spawning and none haw been 

introduced from the channel, but parr are able to migrate into 

the area, 

(e) no b-7 are produced naturall7, none have been introduced f.!:oom the 

channel and no parr can migrate into the area. 

Section One includes electrofiehing stations one to five, &Dd is 

representative of the situation mentioD9d in V (a). A. summar7 of the 

number of try produced naturally ani the number introduced annually from 

the channel, since 1964, is presented on page 49 (Table V). 

Section Two is comprised of electrofishing stations six and seven. 

This section is best described by the situation mentioned in V (b), and 

represents that part of Upper Indian River between the channel and Bowater •s 

Diversion Dam, which was relXiered inaccessible to adult sa.l.Joon with the 

completion of the channel in 1963, but where limited numbers of fr7 have 

been introduced. Prior to 1963, migrating sa.lDx>n could, and did, move 
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readily into this section ot river to spawn. The number ot try introduced 

into Section Two, since the channel went into operation in 1963, is given 

in Table III. 

Table III. lumber ot fr7 introduced from the channel into section two 
since the beginning ot channel operation in 1963. 

Year or 
release 

1964 

1965 

1966 

1967 

Number ot try introduced at 

Bowater' s Diversion Dam 
(Electrotishing Station 6) 

0 

20,000 

6,000 

3,000 

Hewlett's Road Crossing 
(Electrotishing Station 7) 

0 

18,000 

6,000 

3,000 

Section Three repre•ents the one and one-halt miles or river, on 

Black Bl"Ook, between Indian Pond and Black Brook Falls. This section is 

representative or the situation described in V (c) ani includes electro-

fishing stations eleven, twelve and thirteen. 

Section Four incl\Xles electrotishing stations fourteen, twenty-

one and twenty-two. This section represents the main river below Irdian 

Pond and is considered representative mainly ot the situation described in 

V (c), although 10,000 try were introduced near station twenty~ne in 196;. 

(This is, however, considered insignificant because ot the large area 

represented by section tour). 

Section Five is representative of the situation mentioned in V (b). 

This section includes electrofishing stations eight and nine, aJ¥i is 
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considered representative of amall tributary streams where limited numbers 

of !r7 haw been introduced trom the channel. Approximately three thousand 

t'q were released near station eight in 1965 and another three thousam were 

released here in 1967. 

Section Six includes electro.tishiDg stations fifteen, sixteen, 

nineteen and twent7. These stations are all located on sll8ll tributar;y 

stre&JU where a few salmon are known to apawn in the lower reaches, but 

where parr are tree to move various distances upstream. This section is 

considered to be wainq representative of the situation •ntioned in V (d). 

Section Seftn, incllliing electrotishiDg stations seventeen and 

eighteen, represents that part of IDiian River which is characteristic or 

the situation described in V (e), i.e., those areas ~ich are inaccessible 

to Atlantic salmn. 

Section Ei&ht, including electrof:l.shing stations twenty-three, 

twent7-fOur am ten, represent that part of Upper Indian River, between the 

channel and Bowater • s Diversion Dam, which is best described by the situation 

mentioned in V (d). Less than three thousand tr7 were released near station 

ten in 19651 but this is considered insignificant. 
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VI. FRY PBODUCTIOJi 

A. IH THE awiHEL 

UDder the coDdi tiona provided 1n the channel tor egg incubation, 

egg-~ euni'Y&l. rate has ranged !roa 29 percent in 1963-64 to 65 percent 

in 196.5-66. Details concerning egg-try survival rate &Di the nwaber ot 

fr7 produced annual.ly in the channel are gl "Yen in Table IV. 

Tabl.e IV. Annual eg-fi'T suni.T&l. and fr7 production in the channel, 
196.3 - 1967. (Humber of eggs deposited is calculated on 
tbe baeie ot 700 eggs per pound ot temal.e tish and an 
awrage weight ot three poUDds per tish, as determined 
by direct egg counts and weighing ot selected &a~~>les). 

Year No. ot females No. ot eggs No. ot £ry Percent egg-
in the channel deposited produced £ry survival 

196.3-64 76 160,000 46,000 29 

1964-65 201 425,000 168,000 40 

1965-66 110 2.30,000 150,000 65 

1966-67 ll4 240,000 90,000 38 

B. IN THE RI.Vm 

To study J:ry production in the river is difficult to say the least. 

Unlike in the channel, where the adults haft spawned in a concentrated area 

and from which try migrate 11en masse" each Spring, there is rarely, if any, 

such concentration of spawning in the river under natural conditions. Con

sequently, there is no clear-cut migration of naturally produced £ry that 

can be counted with the aid of traps. Also, during the period of try 

; 
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e.argence tl'oa the grawl, high water leve1s ma.ke estimation of tr;y ind.icies, 

by- electrotishi.Da or seining, impractical. Conaequentl7, no detin:ite inform

ation is available on the nUIIber o! trr produced naturall7 in Indian River. 

It is possib1e, however, to estimate, within reaaoD&ble limits o! certaint;y, 

the number o! tr7 produced 'UDder natural conditions. This has been done 

!or section ODB o! Indian River. The results are presented in Table V. 

The anrage egg production !or Atlantic salmon has been reported 

at approxl.mat.e}¥ 750 eggs per pound o! female fish b;r Calderwood (19.30) and 

Belding (1940). Dq (1887) est.iaated that Atlantic aa.l.mn produced about 

900 eggs per pound o! bod;r weight. Jones am King (1946) !oUDd a range of 

418 to 770 eggs per poUDd o! bod;y weight !or two !ish. Jones (1959) con

cluded that the accepted average is 650 to 700 eggs per pound of bod.7 weight. 

Elson (1957) has quoted 800 eggs per poUDd.. Meister (1962) used 750 eggs 

per poliDii o! female tiah for Cove Brook, MaiDe. Egg counts on ripe female 

salam in IJ¥11 an Ri wr Spawning Channel indicate that 700 eggs per pound is 

the best figure to use for Indian River salmon. This latter figure has 

been used !or calculations in Tables IV am V. 

Water levels am bottom composition in section one make it quite 

feasible to count the nUIIber of "redds• constructed, b7 spawning females, 

during the spawning season. Pratt, J.D. (personal coJIIIIIUDication) working 

on the spawning beharlor of Atlantic sal.mn in Indian River Spawning Channel, 

has determined that the construction of one 11redd" can be attributed to one 

female salDJ)n. It is quite possible that sewral .females J1JB.'3 haw deposited 

eggs in a.ny one "redd", but on the average, the number of "redds" constructed 

in an;y particular area is equal to the nWiber of females spawning in that 

area. Thus, by- counting the number of redds constructed between the channel 
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and Imian PoDd., aDd assuming that the mean weight and fecundity of females 

spawning iD this area is the same ae iD the cbanne~ (there is no reason to 

suspect othend.se), it ie possible to compute Tab~e V. It is also assumed. 

that egg-fr7 survival UDder natural conditions lies somewhere in the range 

ot ten to tbirt7 percent. Table II shows that egg to mid-eUIIIIIer JOUDg~t-

tbe-,aar surwi, val iD ae\(,; t.ion one ie about fourteen percent. Considering 

that the period vhen fry are emerging trom the gravel is one of relatively 

high mortalit;r, it eeeme reaeonab~e to assume that egg-tr;r surrlval, under 

natural collditione, in section one ot Indi&D RiTer is around twenty percent. 
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Table V. Estimation o! the nwnber o! !ry produced naturally, and the total 

No. o! try No. o! redds Estimated no. o! l 

released constructed eggs deposited 
~ f:rom channel in section one in section one 

~ 

1963-64 46,000 123 260,000 26,0< 

1964-65 90,000 240 505,000 5l,OC 

1965-66 130,000 130 275,000 28,0( 

1966-67 17,000 85 180,000 18,0C 

.. - - ... ··-- .:....:.· ___.:____.:____:__c__...:_:_~_:_:-------~~~ 
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i the total number of fry present in section one, Indian River; 1963- 1967. 

Estimated no. of fry Total no. of fry 
produced naturally deposited in 

in section one section one 

Min. ' Mean Max. :tt.d.n. Mean Max. 

26 000 : , ' 52,000 78,000 72,000 98,000 124,000 

5l,OOO ; 102,000 153,000 141,000 192,000 243,000 

28,000 1 55,000 83,000 158,000 185,000 213,000 

18,000 36,000 54,000 35,000 53,000 71,000 

--~~- -- - .. :..~ - , 
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VII. FRY DISPERSAL AF'l'ER LEAVING THE CHANNEL 

Table VI preaents a sum:mary of the number of fry~ taken in the 

"try migrat.ion traps" {Figa. 9 and 10), as they moved downstream from the 

channel during 1966 and 1967. One hundred thirty thousand fry were released 

below the channel in 1966, appronmately seven thousand of which were 

marked by removal of the dorsal tin. In 1967 approximately seventeen 

thousand rr,, ten thousand of which were fin-clipped, were released below 

the channel. 

Table VI suggests that, although eome fry do move the 2.8 miles 

from the channel to IDiian PoDi, most of the fry released from the channel 

limit their distribution to within one to two miles of the channel. 

Although trap number two was not operated on the nights of June 

16~ 17 aad 18, aDd trap number one was not operated on the night of June 16 

during 1966, the data for that year indicate that there was a progressive 

downstream movement of fry, with the daily number taken in each trap 

decreasino as distance downstream i'rom the channel increased. In 1966, the 

low number of i'ry taken in trap number three, which was designed to capture 

all downstream migrants, indicates that not mai1fi'rY migrated this far down-

stream. 

Traps one and tvo were removed in 1966, early in Jul.¥, but trap 

number three was operated until around the last of Jul.¥ when a local freshet 

washed it out. Both traps were removed around the middle of July in 1967. 

No i'ry were captured after the last dates listed in Table VI. 
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'!'able VI. Number of fry taken in 11fry migration traps" at Indian River, 1966, 1967. 
(- indicates trap was not in operation) 

1 2 6 6 1 2 6 z 
Date Total no. of fry No. of marked fry 

~ 
Total no. of fry No. of marked fry 

caught in trap no. caught in trap no. caugpt in trap no. caugpt in trap no. 

1 _2_ _l_ _l_ _L_ _l_ _l_ __L_ _1 _ 2 ·'· 

June 16 10 0 June 22 8 0 0 0 I 
June 17 865 6 2 0 June 23 24 0 0 0 

1;, 
/'!' 
I . , .. 
f\ 

June 18 273 0 6 0 June 24 2l 0 0 0 '~ ' 
June 21 June 

I 

1J 
0 435 ll 0 1 1 25 4 0 0 0 Vt ..... 

June 22 1 98 57 June 26 
~·, 

0 1 2 0 5 0 0 I t ~ 

f:.' 
June 2.3 0 44 52 0 0 0 June 27 0 1 0 0 

i: 

June 24 0 70 0 0 2 0 June 28 1 1 0 0 

June 25 0 2 5 0 0 0 June 29 1 1 0 0 

June 26 0 1 1 0 0 0 June 30 0 0 0 0 

June 28 0 0 6 0 0 0 July 1 0 0 0 0 

June 29 0 0 5 0 0 0 July 2 0 0 0 0 

IV\. u. 1""4. L I !.J ; --- ..---........... I 
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Figure 13 summarizes abundance indicies of underyear1ings (mid

sWIIID8r young-of-the-year) in Section One of Indian River during 1966 and 

1967. The obvious decrease in density of underyearlings with distance down

stream from the channel indicates that fry restrict themselves to a limited 

distribution. Elson (1962-a), studying dispersal of underyearlings from 

planting sites in Pollet River, Nova Scotia, conclu:ied that, in the main 

river, underyearlings distributed themselves fairly uniform.ly over the stream 

bottom for about one-half mile above and one mile below planting stations 

within about ten weeks. White and Huntsman (1938) found that newly-planted 

fry in Apple River, Nova Scotia, had little tendence to move through pools 

during their first swmner. Mills (1964) however, concluded that, in the 

River Bran, Scotland, there was considerable dispersion of fry after planting, 

with the fish tending to distribute themselves over the available river and 

stream beds. Mills does oot state definitely if dispersion took place 

mainly c;.s underyearlings or older parr. 

Mills (1964) further suggests that downstream migration of fry, 

which he observed in two tributaries of the River Bran after fry had been 

planted there, was related to the stocking density. It should be noted, 

however, that Mills stocked fry at extremely high densities of about 1,200 

per unit, in his study area. This is about 4 to 6 times as great as the 

stocking density of fry in Section One of Indian River. 

Further information pertaining to fry dispersal is contained in 

Figure 14. Electrofishing studies at the Hewlett 1 s Road crossing point and 

below the Bowater Diversion Dam suggest that no fry moved more than one-half 

mile downstream from the release point and that upstream migration is 

limited to rr.uch less than this. 
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Fig . 13 . Dcnsi ty of underyear lings between India.n Pond and the 
channel; 1966, 1967. (Each vertical bar repr esents 
one electrofishing station). 
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Fig. lh. Density of underyearlings near fry-release points at Bowater 1s Diversion Dam 
and Hewlett's Road crossing, In:iian ?..iver; 1966, 1967. (Fishing was done 
approximately three months after fry were released). 
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Even further evidence of limited fry dispersal is presented in 

Figure 19 • Three thousand fry were released near station eight on North 

Brook during the summer of 1967. Electrofishing stooies approximately one 

month later showed a very high fry index (448) at station eight, while at 

station nine, 'Which is not roore than a half mile upstream from station 

eight, there were no fry present. Unfortunately no fishing was done on 

North Brook, below station eight. 

Mills (1964) states that some of the reasons for the downstream 

movement of i:ry are suggested by the observations made by Kalleberg (1958) 

in a stream tank. He fouzxi that sal.Ioon fry tend to disperse when they 

begin to feed, that feeding was common aJOOng the fry thr·ee to four days 

after emergence from the gravel, and that during the first two weeks the 

feeding behavior exhibited an increasing specialization by being directed 

towards open water. LeCren (Freshwater Biological Association, Twenty-

nineth Annual Report, pp. 33-4 (1961)) found that experimental populations 

of brown trout fry also tended to disperse in the limited area available 

to them and considered that dispersal was probably more important under 

completely natural conditions. Wynne-Edwards (1962) discusses the effect 

of shortage of food on a population and states that instead of this 

resulting in a general and uniform debilitation of all the members of the 

Society alike, and perhaps their ultimate exti nction, the dominant animals 

are given a preferred chance of sustaining life and vigour throughout the 

period of famine. 1 This dominance behavior 1 , he says, 1 ensures that only 

as many as the remaining sources can sustain are allowed to partake of the 

food •••• ; the excluded subordinates either perish quickly or emigrate to 

search for subsistance elsewhere 1 • Hills (1964) further found that 
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increasing the density of fry in a given area resulted in a sharp increase 

in downstream migration. 

Kalleberg (1958) found that, at moderate population density and 

normal current velocity, all juvenile salm:m in an aquarium occupied 

territories and suggested that the reason why territories were finally 

abandoned might be either, increasing competition within the population 

because the individual had outgrown its environment, or changes of water 

current. He suggested that the velocity of current influences young 

salmn by: 

(a) Forcing the fish to leave exposed stations, and so acting 

directly on territoriality, and 

(b) Affecting the special adjustrent of juvenile saliOOn and trout 

to drifting prey. 

He found that, in an aquarium, if fry density exceeds a critical limit, 

the population splits into two fractions, one occupying territories and 

the other, with no territories, being markedly unstable. This suggests a 

critical density for stocking fry an::l is supported by LeCren 1 s results 

(1961). Saunders and Gee (1964) found that fry were most numerous in 

shallow riffles and appeared to remain within small areas of the stream 

during summer but moved into parr habitats, the pools and deep riffles, 

in the autumn. In Indian River available information supports the idea 

that, during the first summer of life, fry tend to limit their distribution 

to a range of one-half to two miles. The fact that only eight fry were 

t aken in 11fry migration trap" number two (Table VI) in 1967, and that fry 

i ndicies drastically decreased {Fig. 13) treyond one mile downstream from 

the channel in 1967, suggests that the degree of dispersion is influenced 

by the s tocking density. 
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VIII. f.H.ODUCTION OR STAJ."'{DING CROP 

A. GENmAL 

Elson (1962-a) states, "Our dictionary meaning of production is 
1bear 1 or 1yield 1 • tie are all familiar with the idea of production 
from a factory, or a farm, or even the production of hay or grain 
from one field of a farm. By good management we can increase 
production. But we must know Nhat we are about. Planting more seed 
is not always the answer. An acre of good land will produce rore 
oats if seeded at l to 2 bushels per acre than if seeded at 10 
bushels per acre. With too heavy seeding the young plants tend to 
sroother themselves and we end up with a smaller crop than if we 
seeded properly. A salmon stream is just some rather stony land 
covered by flowing water. It can produce just so much plant life 
which in turn can support just so much animal life per acre. \iith 
good management we can get the most production 1rom our underwater 
1 field 1 • But, to accomplish this we must know enough about production 
possibilities of our 1fieldt that we do not either expect something 
impossibly large or settle for something far below what we might get. 
i-ie must also know what form of management to apply and how to apply 
it". 

B. STANDING CROP OF PARR IN EACH SECTION 

Abundance indices for juvenile salmon are presented, according 

to section of river, in Table VII and Figures 15 to 2l inclusive. Tables 

I and II of the appendix present the same information not arranged accord-

ing to section. 

Although these graphs and Table VII are self-explanatory, some 

features are worthy of special note. Perhaps the most striking feature is 

that, in spite of the fact that large nun~ers of channel-produced fry have 

been released into section one since operation of the channel began, this 

section is relatively poor with respect to parr production. Of all the 

parr-producing areas of Indian River, only section four has a lower mean 

parr index than section one (section 7, it ,.,Qll be remen:bered, is 

i naccessible to salmon). It is also notevrorthy t~at all sections except 

section one have depended, since 1963, on natural production, manual 
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Section 

Year 

No. of 
stations 
fished 

Underyearling 
mean index 

Parr mean 
index 

Average of 
under year-
ling mean 
indices 

Average of 
parr mean 
indices 

Table VII. Indices of abundance of juvenile Atlantic salmon in Indian River, 1966, 1967. 
(Data has been arranged according to sectionj 

1 2 3 4 6 7 

1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 

5 5 2 2 3 3 3 3 2 2 4 4 2 2 

76.5 28.9 33.2 30.4 8.6 14.6 9.2 7.3 0 224.0 0.8 8.8 0 0 

12.7 13.3 28.9 42.2 20.5 17.1 9.7 6.3 18.2 19.9 22.4 15.6 0 0 

52.7 31.8 ll.6 8.3 112.0 4.8 0 

13.0 35.6 18.8 8.0 19.6 19.0 0 
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STATION'# 6 

STATION :# 7 

AGE (YEARS) 

11-1966 

D-1967 

Fig. 16. Indices of abundance of juvenile Atlantic 
salmon in section two, Indian River; 
1966, 1967. 
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Fi g . 17. Indices of abundance of juvenile Atlantic 
salmon in section three, Indi~~ River; 
1966, 1967. 
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Fig. lS. Indices of abundance of juvenile At lantic 
salmon in section four , Indian River; 
1966, 1967. 
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Fig. 19. Irxiices of abundance of juvenile Atlantic 
salmon in section five, Indian River; 
1966, 1967. 
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Fig . 20 . Indices of abundance of j uvenil e Atlantic sal!IIOn i n section six., 
I ndia n River; 1966, 1967. 

!V,. v . 1 ~ . 
.. : . :: =t. .w·; ,, • . .. ~ \ . 



en 
0 
Cl: 
~ 
> 

r..J 
Cl: 
~ 
::::> 
0 
en 

0 
0 

Cl: 
r..J 
Cl. 

0 
z 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

4 

3 

2 

0 

6 

7 

6 

5 

4 

3 

2 

0 

- 65 -

1119 6 6 

01967 

STATION * 10 

STATION #:23 

STATION # 2 4 

AGE ( YEARS) 

Fig . 21. Indices of abundance of juvenile Atlantic 
salmon in section eight, Indian P~ver; 
1966, 1967. 
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distribution of channel fry, or recruitment of parr from other areas of 

the river. It is also interesting to observe that although only 17,000 

fry were released in section one in 19671 the mean underyearling index in 

this section in 1967, compared favourably with und.eryearling indices in 

any of the other sections except section 5 where survival of 3,000 fry 

released here during 1967 appears to have been extremely high. Comparison 

of the mean parr index in section one during 1966 and 19671 by the t - test 

(·rable V, appendix), indicates that there is no significant difference in 

the parr indicies recorded during these two years. This would indicate that 

the highest level of production of parr that can be expected from this area 

is in the order of 13 per unit. These observations suggest that the large 

numbers of channel-produced fry which have been released into section one 

since operation of the channel began, have not added much to parr 

production. 

This situation is by no neans confined to Indian River. Larsen 

(1942), writing about sal.mon and trout fry liberations in Denmark, states, 

11.Li.berations of fry with government grants by fishermen's associations 
and more or less philantropic societies for the advancement of fish
eries were formerly carried out from the principle; the more fry the 
better - a rather objectionable principle from our present knowledge, 
though it is still followed in some few localities". 

Elson and Kerswill (1955) state that maximum smolt yield in 

~ollett River, Nova Scotia, could be obtained by planting hatchery finger-

Elson lings at a rate of about 30 per one hundred square yards of river. 

(1962-a) showed that plantings of underyearlings in Pollett River, Nova 

Scotia, at a rate greater than 20 - 30 per unit of stream did not increase 

smolt production. Rounsefell and Everhart (1953) states, "The total 
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productivity of any body of water is limited. This fact sets a very 
positive theoretical limit to the maximum abundance obtainable by 
any speciesu. 

All things being considered, then, it seems unlikely that 

favourable results can be achieved by stocking large numbers of fry in 

section one of Indian River. 

C. STANDING ClWP OF ALL SP .J!;CIES IN EACH SECTION 

Indices of abundance for all species are presented in Table I 

of the appendix, and in Table VIII according to section. 

It can be seen that eels and sticklebacks are minor contributors 

to the standing crop in Indian River. Trout are a major contributor to 

total standing crop in the smaller tributary stre~ns, but contribute 

relatively little to production in the main river. This is not surprising, 

since trout tend to concentrate in smaller, cooler stre~ns during the 

summer. Rounsefell and l!:verhart (1953) state, 11Th us on Atlantic salmon 
rivers, the brook trout (Salvelinus fontinalis) cannot endure such 
high temperatures as the sa.lnon parr. In mid-s1..Ulliiler, while parr 
are thriving in the main stream, the brook trout desert these warm 
waters and gather in cool spring holes or enter cooler spring-fed 
tributaries u. 

Elson (1962-a) states that the tributaries of Pollett liiver are 

small trout brooks. Studies on Twenty-three Hile Brook during the summer 

of 1967 showed that large numbers of trout rroved from the main river into 

this tributary during the period of water warming from Jillle l to July 15. 

Lin the smaller tributaries, it was noted that trout were particularly 

abundant upstream from obstructions that would perhaps block upstream 

;;rlgr ation of salmon parr. For example, on Twenty-three 1-li.le Brook, there 

i s a small falls about one and one-half miles above where this stream 
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Table VIII. Indices of abundance for all species in Indian River; 

Section 1 2 3 

Year 1966 1967 1966 1967 1966 1967 l ' 

No. of stations 
5 5 2 2 J J fished 

l.fean underyearling 76.5 28.9 33-2 )0.4 8.6 14.6 
index 

Average of 100an 52.7 31.8 ll.6 
underyearling indices 

Mean parr irxiex 12.7 lJ.J 28.9 42.2 20.5 17.1 

Average of 100an lJ.O J5.6 18.8 
parr indices 

hean trout index 1.9 1.0 1.6 1.7 1.2 0.1 

Average of mean 
trout indices 1.5 1.7 0.7 

l•iean eel index 0.4 0.4 4·4 5-9 0.7 0.7 

Average of mean 
5.2 0.7 eel indices 0.4 

Mean stickleback 
0.9 0.1 0.2 index 1.6 2.0 2.7 

Average of 100an 
1.8 1.7 0.2 stickleback indiceb 
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1 River; 1966, 1967. (Data has been arranged according to section). 

4 5 6 7 8 

.967 1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 

.3 .3 .3 2 2 4 4 2 2 1 .3 

9.2 1 . .3 0 224.0 0.8 8.8 0 0 0 0 

8 • .3 112.0 4.8 0 0 

.7 .1 9.7 6' • .3 18.2 19.9 22.4 15.6 0 0 23.9 10 • .3 

8.0 19.6 19.0 0 17.1 

0.1 0.2 0 6.5 21.0 .34.7 4.3-2 44 • .3 89.0 0.) 0 

0.1 1.3.8 39.0 66.7 0.2 

0.7 0 • .3 0.4 0 0.2 0 0.8 0 0 1.7 1.6 

0.4 0.1 0.4 0 1.7 

0.2 ,3.1 0 • .3 0 0 1.8 2.1 0 0 0. 5 0.1 

1.7 0 2.0 0 0 • .3 

,-
. - ,, 



- 69-

drains into Upper Indian River. In 1966, trout production below the falls 

(electrofishing station 15) was 37.4 per unit, and parr production was 

39.4 per unit. Above the falls (electrofishing station 18) trout pro

duction was 75.4 per unit and parr production was nil. In 1967, trout 

production below the falls was 68.3 per unit and parr production was 22.5 

per unit, while above the falls, trout production was 162.2 per unit and 

parr production was nil. 

Table IX. Indices of abundance for trout and salmon parr in five 
tributary streams of Indian River. Data obtained by 
e1ectrot.ishing 1966, 1967. 

hlectrofishing 
Tributary station Parr index Trout i ndex 

1966 lli1 1966 lliZ 
North Brook 8 17.0 26.0 9.1 26.0 

9 19.3 13.8 3.8 15.9 

Twenty-three 15 39·3 22.5 41.1 68.3 
Ni l e Brook 18 0 0 75.4 164.0 

Little Black Brook 16 10.0 23.7 52.6 77.5 

'\·Jhi tehorn' s Brook 19 17-5 2.2 26.2 25.0 

Shoal Pond Brook 20 22.6 14.0 18.7 2.0 

except near the mouth of Shoal Pond Brook (el ectrofishing st at i on 20 ). 

th t hat Parr living in the tributary st reams 100ve upstream from see!!l.5 , en, . 

. .. ... 
' ... 
. ,.. 

)' 
.. , I .,. 
-· 



: ~ 

- 70-

the main river or irom regions near the mouth of the tributaries, where a 

few redds have been located. Upstream migration of parr seems to be 

effectively stopped by small obstructions. Taole IX, which has been com

puted from Table I of the appendix, indicates that parr living in the 

smaller tributary streams must compete with brook trout for living space 

and the available food supply. 

D. PHODUCTION IN INDIAN RI'Im OOMPARED TO THAT IN SOME O'!Hm STREAMS 

Elson (1962-a) quotes Hayes (1953) as suggesting relative values 

of aburxiance of fish in the salmon rearing grounds of .LaHave River, Nova 

Scotia as being: salmon underyearlings - over 3, parr - about 1, speckled 

trout - about 3, and coarse fish other than eels - about 50 per unit. 

Larsen (1955) has given figures for a number of small Danish trout streams. 

Average numbers per unit according to his observations are: indigenous 

salmonidae - 44 (brown trout being the dominant); eels - 7; minnows, etc. -

5. l!J.son and Kerswill (1955) show 39 and 53 parr per unit for native 

stocks of the ¥dramichi, the latter occurring after Merganser and Kingfisher 

control had been initiated. Elson (1962-a) quotes values for the Pollett 

River of 20 - 30 young salmon, of all age classes, per unit, presumably after 

bird control had been initiated on that river. ~1urray (1967) estimates parr 

production in Little Codroy River to be about 15 per unit. (This figure 

does not include underyearlings). heister (1962) estimates average 

st anding crops of young sa.lloon (including underyearlings) in Cove Brook, 

l1aine, to be 56 per unit in 1956, 60 per unit in 1957 and 22 per unit in 

1958. Saunders (1960) found that parr indices i n Ell erslie Brook, P.E.I., 
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ranged from less than 1 to 70 per unit. Saunders (1960) quotes Keenleyside 

(1959) as showing parr production in Northwest 1:'-.d.ramichi, in 195.3, to 

average JO per unit, with bird control. 

Indices of abundance for young salmon and all other species, in 

Indian River, are presented in Table VIII, and for young salmon only in 

Table VII. 

Parr production in Indian River compares favourably with production 

in the Danish streams listed by Larsen (1955), is about the same as that 

listed for Cove Brook (Meister, 1962) and Ellerslie Brook (Saunders, 1960) 

ani is perhaps a little better than that listed for Little Codroy (Hurray, 

1962). It is below that listed by Keenleyside (1959) and ~son and 

Kerswill (1955) for the Miramichi. It does, however, rate far above that 

listed for LaHave River by Hayes (1953). It is generally lower than that 

listed for the Miramichi and perhaps higher than that cited for the Pollett. 

In Table X, the number of fish per unit in Indian River has been 

converted to pounds per acre so that Indian River standing crop can be com-

pared to standing crops of other rivers as reported by other authors. The 

average standing crop in Indian River of about 35 pounds per acre appears 

lO\i compared to Elson's figure of 70 pounds per acre for the Pollett 

(Slson, 1962-a), and 170 pounds per acre for Ellerslie Brook, Prince Edward 

I sland, as quoted by Saunders and Smith (1955). However, only one-third of 

the trout streams listed by Carlander (195.3) had standing crops of more 

than 70 poun:ls per acre, while about one-half had standing crops of less 

than .30 pounds per acre. Elson (1962-.~ ) concluded that the Pollett should 

be classed as a moderately productive stream and that it probably rated 
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well up in a listing of Atlantic salmn streams. }IJills (1964) lists parr 

population densities in the River Bran (Scotland) and its tributaries as 

being similar to those in the Pollett after bird control was started. 

It must be renembered that Elson's figure of 70 pounds per acre 

1'or the Pollett was obtained after bird control had been in effect for 

.four years. Before bird control was started, total weight of standing 

crop on the Pollett was in the order of 15 pounds per acre, while parr 

standing crop averaged about 5 pounds per acre. On this basis, it appears 

that Indian River is a moderately productive stream. As a producer of 

Atlantic salmon it would rank better than the Pollett, before bird control 

was started on that river. 

- ·--- .. .. --------- -·- -------------- . ------ --- - . 
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IX. SURVIVAL STUDIES 

Elson (1957) reported a survival of 6 to 8 percent from egg to 

late summer young-of-the-year for naturally produced native salmon in the 

Pollett aDi Miramichi Rivers. Reported survival of native young-of-the

year to 1+ parr was in the neighbourhood of 54 percent for the Follett 

River. Elson (1962-b) has given the following figures for survival rates 

of Atlantic salmon based on the average of several rivers which he studies: 

Potential egg deposition to underyearlings •.•••..•••• 6% 

Underyearlings to small parr •••••••••••••••.••••••... 60% 

Small parr to large parr •••••••••••...•..•..••••..•.• 40% 

Large parr to smelts •••..••.•..•••..•.•.............• 40% 

Slnf:>l ts to ad \ll. ts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8% 

Meister (1962) reported survival rates for Cove Brook, Maine. 

Survival from egg to midsummer young-of-the-year was nine percent in 1956 

and eleven percent in 1957. Survival from midsummer young-of-the-year to 

l+ parr was about 59 percent in 1957 and 41 percent in 1958, and survival 

from 1+ parr to 2+ parr was 25 percent in 1956 and 38 percent in 1957. 

l'.d.lls (1964) studied survival of fry planted in three tributary streams of 

the River Bran, Scotland. In 1960, he found that just over one percent of 

the fry planted four months earlier were present in his study area at 

sampling time. In 1961, he found that the number of fry present, some four 

months after planti ng, ranged from 0.2 to 1.3 percent of the number that 

had been planted. Mills showed that, allowing for the fry 1-1hich moved out 

of his study area, mortality, four months af ter planting, was over 98 per

cent in 1960 a nd as high as 99.6 percent in 1961. He suggests that the 

.... · · - ·-···· ··--· ···-··· ... 
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heavy mortality which occurred in these streams may well have been due to 

the high rate of stocking, ani quotes l.e Cren (1961) as :finding roortality 

as high as 97 percent in brown trout populations if the stocking rate were 

very high. Horton (1961) also :found a DX>rtality of between 92 arxi 96 per

cent between the alevin ani yearling stages of brown trout under natural 

conditions. Mills (1964) quotes .Le Cren as finding that deaths probably 

occurred mainly between 20 and 40 days a.fter the fish began to :feed, and 

states th~t, in one of his study areas, less than one percent of the :fry 

planted in 1961 remained 60 days a.fter stocking. Mills (1964) suggests 

that the period of heavy mrtality in young salroon may well be similar to 

that for young trout. 

Survival of young salmon in Indian .River is discussed here mainly 

in connection with results obtained in section one, since this is the area 

where management attempts have been concentrated. Survival is discussed 

only to the 2+ stage, because relatively little information exists on smlt 

production and migration, which occurs mainly a.fter the 3+ stage has been 

reached. Survival :figures were calculated as percentages of fish remaining 

from the preceding year's estimates :for each class. The figures given :for 

survival to the l+ ani 2+ stages should not, therefore, be considered 

strictly as survival rates since some fish migrate as siiX>lts at age 2+ and 

there is evidence that sorue parr move out of the area before reaching the 

1+ stage. (The presence of 1+ and older parr in tributary streams such as 

Twenty-three ~ule Brook and Little Black Brook, and in Indian Pond, suggests 

that this is the case). Survival rates which have been computed for section 

one are presented in Table XI. 

----....:.. · -~·--- -· ---- ·· ·- --·· ·-------- --- ---- ---·---- ---- -
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Table XI. Calculation of survival rates (percent remaining in study 
area) for young Atlantic salmon in section one, Indian River. 

1stimated number of eggs deposited in 
stuciy area • . • • • • • . • . • . • . . . . . . . . . . . . . . • . • . . . . • . . . • . . 180,000 

Estimated number of midsummer young-of-the-year 
present in study area •••••..••••••..•••..••.•.••... 

Bstimated number of 1+ parr present in 
stlliy az-ea •...•..•.•..•.•.........•....•........... 

Estimated number of 2+ parr present in 
stud.y area •.••...••••.........•.... ~ ..............• 

Survival rates 

Egg to midsummer young-of-the-year (1966- 1967) .••• 

Midsummer young-of-the-year to 1+ parr •••••••••••••• 

1 + parr to 2+ parr ••••••••••••.••••••••••••••••••••• 

67,000 

9,200 

1,700 

25,000 

6,500 

4,600 

13.8% 

9-7% 

50.0% 

In section one, Indian River, survival from egg to midsummer young

of-the-year was l4 percent. Survival from midsumner young-of-the-year to 1+ 

parr was 10 percent, and survival from 1 + parr to 2+ parr was 50 percent. 

One hundred thirty thousand fry were released from the channel 

into section one in 1966. An estimated additional 55,000 were produced 

naturally (Table V) in the sane area, comprising a total of 185,000 fry· 

Electrofishing studies sho,~d that by midsummer of 1966, 67,000 of these 

fry remained in the area as midsummer young-of-the-year. No fry were 

observed moving out of the area during this period. Therefore, it is 

:L ..... 
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estimated that there was 36 percent survival between fry and midsummer 

young-of-the-year. In 1967, an estimated 36,000 try were produced naturally 

in section one (Table V). An additional 17,000 were released from the 

channel into this area, 10,000 of which were marked by removal of the dorsal 

fin. Only three marked fry were recovered during electrofishing studies in 

1967. It is assumed, therefore, that mortality was extremely high on 

marked fry, ani only 7,000 of those released from the channel in 1967 are 

considered in survival calculations. During the electrofishing period in 

1967, an estimated 25,000 m.ids\l.lllller young-of-the-year reuained in section 

one. It is estimated, therefore, that 58 percent of the fry present in 

section one in 1967 survived to the midsUllliii:!r young-of-the-year stage. 

These figures are much higher than those listed by Mills (1964), suggesting, 1 
' 

as Mills states, that survival of fry is dependent on the stocking density. 

Valls stocked fry into his study area at a density of about 1,300 per unit. 

Stocking density in section one of Iooian River in 1966 (incluiing 

naturally produced and channel-produced fry) was about 400 per unit, and in 

1967 was less than 100 per unit. 

Survival of un.ieryearlings to the 1+ stage is considerably lower 

than the figures listed by Meister (1962) and Elson (1962-b), suggesting 

either that there is high mrtality on young salmn in section one of 

Indian River at this stage of their life cycle, or there is considerable 

emigration of young salmon from this area between the underyearling and 1+ 

stages. Figure 15 is also suggestive of this. It is possible that some 

parr may migrate into Twenty-three Mile Brook and Little Black Brook, and 

that some may move into Indian PoiXi between the underyearling and 1+ stages. 

. 
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No information is available on how many 1+ parr inhabit Indian Poni, since 

quantitative fishing for parr in such a large body of standing water is 

impracticle if not impossible. During limited electrofishing studies and 

seining along the shorelim of this pond, however, sizeable nwnbers of 1+ 

parr were caught. Saunders (1960) showed that a small pond on Ellerslie 

Brook, Prince Edward Island, acted as a rearing area for parr. Huntsman 

(1945) conclu::l.ed that lakes, as well as irmer fresh or brackish parts of 

estuaries, may become populated with parr, through descent of a portion 

of the stock in streams. The number of l+ parr living in Twenty-three 

Mile Brook and Little Black Brook would not improve underyearlings to l+ 

parr survival by much more than 2 percent. It is also possible that young 

sa.lloon migrate upstream from the charmel, between the underyearling and 1+ 

stage. This possibility, however, seems to be ruled out by that fact that 

no 1+ parr were found, during electrofishing, in areas above the channel 

other than those near which fry had been distributed during the preceding 

year. l+ parr were founi at electrofishing stations 6 and 7, in both 1966 

and 1967, but fry were distributed at these locations in 1965 and 1966. 

1+ parr were found in North Brook (electrofishing stations 8 and 9) in 1966 

but none were founi there in 1967. This can be e.JqJlaired by the fact that 

some 3,000 fry were released near station eight in 1965 while none were 

released t.here in 1966. In 1965, some 3,000 fry were released near electro

fishing station 10. None were released there in 1966. This accounts for 

the fact that, while this station is only about half a mile above the 

channel, only one (0.3 per unit) 1+ parr was found there in 1967 although 

121 (18.8 per unit) were found there in 1966 (presumably survivors from 

fry introduced there in 1965). No fishing was done at electrofishing 
·~ 
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stations 23 and 24 in 1966, but in 1967 no 1+ parr were taken at station 24, 

although some were taken at station 23. (This is probably due to the fact 

that station 23 is only about one &.nd one-half to two miles downstream from 

station 7, where fry were released in 1966). 

Comparison of the survival rate of underyearlings to 1+ parr, in 

section one of Indian River, with survival rates in other areas of Indian 

River further irriica.tes that, Wlless there is considerable emigration of 

young salmon sometime between the underyearling arri 1+ stage, unusually 

high mortality occurs at this stage of the life cycle in section one. 

Table XII summarizes unieryearling to 1+ parr survival for four sections 

of Indian River. The survivals listed for station six and section three 

are undoubtedly too high. This is probably caused by the nature of the 

bottom composition in these areas. At station six, the river bed has been 

channelized by bulldozer. Large rubble and small boulders lie on the 

immediate shoreline. When fry were narcotized by the electrofishing gear, 

some of them drifted under these rocks and were impossible to retrieve. 

Consequently, it is suggested that the underyearling estimate for this 

station in 1966 is too low. No difficulty is eJq:>erienced in retrieving 

1+ parr, hence the high estimate of survival. This also may eJq)lain the 

unrealistic survival listed for Black Brook (section 3) in Table XII, 

except here the whole river bed is covered with rubble and large boulders. 

It is also possible that yearling parr (1+) may migrate into Black Brook 

from Indian Pond. These parr may have moved out of Upper Indian River 

between the underyearling and y earling stage. Unfortunately no information 

exists to substantia te this point. Huntsman (1945) concluded that some 

. 
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Table XII. Comparison of survival (underyearling to 1+ parr) in 
section one of Indian River, with other areas of 
Indian River. 

Location 

Section o11e . .......................•.......... 

Section three ••••••.••....•• . • •••••••••••••••• • 

Underyear ling to 1 + 
parr survival 

9.7% 

130.0% 

(Station s1x •••••••••••••••••••••• about 100.0% 
Section two ( 

(Station seven.................... 58.5% 

Section fol,Jl'- . ..•.•...•........•....•.......... 35.9% 

salmon parr descerxi streams, particularly during freshets, to populate 

lower waters such as lakes arxi fresh or brackish parts of estuaries. 

Thence, they ascend and populate available streams for variable distances, 

depending upon conditions, such as falls. 

From Table XII, however, it is quite apparent that, unless parr 

move out of section one before reaching the 1+ age group, mortality is much 

higher than in other sections of Indian River. It is suggested, therefore, 

that releasing fry from the channel into section one results in over

crowding which, in turn, may be responsible for unnecessary mortality. It 

is difficult, under these conditions, to envisage how the channel can 

contribute much to parr production in Indian River. 

~ - ./ 
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X. SOME FACTORS AFFECTING PARR PRODUCTION 

A. MIGRATION OF FRY 

Referring to movements of fry, Saunders and Gee (1964) state, 

"The observed tendence of young saliOOn to remain within narrow limits may 

have an important application in the managerrent of this species". Mills 

(1964) states that the heav,y mortalities experienced by fry, which he had 

stocked in three tributaries of the River Bran, may well have been due to 

the high rate of stocking. Mills suggests also that the availability of 

territories affects the Sln"vival of fry. It seems quite likely, though, 

that the reasons listed by Mills (1964) for heavy fry mortality in his 

stlrly area ms:y be directly related to fry migration. Certainly, it appears 

likely that competition for available food and territories would be less 

severe if fry undertook extensive migrations. Available evidence, however, 

seems to imply that fry have an inborn tendency to remain within a given 

area of stream (Elson, 1962-a). This being so, it can be expected that no 

beneficial results will come from stocking fry in a particular section of 

stream beyond a certain maximum density which the stream is capable of 

supporting. 

B. HIGRATION OR IJISP.I!RSAL OF PARR 

wnile in fresh water, salmon parr are often observeci defending 

territories in flowing water (Kalleberg, 1958; Keenleyside and Yamamoto, 

1962) but few observations have been reported on their movements outside 

of these territories (Saunders and Gee, 196h). In a review of the subject 

of restricted movements of fish populations, Gerking (1959) lists four 
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saluxmid species believed to have limited mve~nts within streams. Carlin 

(personal comnunication, cited in Kalleberg, 1958) observed that juvenile 

Atlantic salmon have restricted move112nts. Saunders am Gee (1964) found 

that throughout the SU!IIIOOr parr tended to remain in a small area of stream, 

some parr were known to return to a particular area after being moved up 

river or down river as much as 700 feet. The same workers observed that 

parr tended to be scarce in autumn in areas where they were abundant 

during the sUillm:lr. 'l'hey suggest that this may be because the parr had 

hidden axoong the gravel from which it was difficult to dislodge them or 

that they may have mved out of the study area. Allen (1940) states that 

when water temperature is below ~C., young salmon remain quiet in deep 

pools; when water temperature is higher, they lead an active life in 

shallower water with a moderate current. Saunders and Gee (1964) state 

that l..indroth (1955, and personal communication) observed that salroon parr 

in winter may be found in the gravel below the surface of the stream bed. 

Pratt (personal communication) has reported seeing parr emerge from 

rubble after being disturbed by workers searching for salmon redds, in 

I ndian .iti.ver, in autumn. This writer has, with the use of electrofishing 

gear, found. parr on riffles d urin.g the winter 1oonths i n Indian River· All 

parr caught during the winter months appeared to be well hidden under 

rocks. 

Jones and King (1948) observed t hat male parr move upstream t o 

areas whe re adults are spawning . At Indian River, ripe mal e parr have been 

observed moving i nto the channel prior to spawning t Lne . Saunder s (1960) 

r epor t s that from 10 - 20 pe rcent of t he r esident popula t ion of salmon 

'!.!. . .. 
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parr in Ellerslie Brook, Prince Edward Island, moved downstream in autumn 

and these migrants were predominantly ripe males. Meister (1962) observed 

in Cove Brook, Haine, that :many more salmon moved downstream in autwnn as 

parr than in spring as smolts. l•lills (1964) showed that in the River 

Bran, Scotland, there was a dm-mstream mvement of parr in spring and 

again in autumn. Reference has already been made to Huntsman's (1945) 

conclusion that some parr descend streams to populate lower waters such 

as lakes and fresh or brackish parts of estuaries from where they ascend 

and populate other available streams. Mills (1964) stated that even in 

those streams where up to 1959 no salmon fry had been planted, the salm:m 

population which had moved upstream from the main river, outnumbered the 

trout. Hurray (1967), connnenting on the suitability of gravel covered 

stream bottom as parr rearing areas, states that areas with small stones 

provided shelter for small parr only; the larger parr may have migrated to 

more suitable habitats elsewhere in the river. 

The presence of sizeable numbers of 1+ and 2+ parr at electro-

fishing station 15 on Twenty-three Mile Brook and station 16 on ~ttle 

Black Brook suggests an upstream migration of parr in these streams. No 

underyearlings were found during electrofishing studies at either of these 

stations in 1966 or 1967. Salu.:>n redds were observed in the lower half 

mile of Twenty-three ~dle Brook in the autwnn of 1966 but none were seen 

in Little Black Brook. The presence of 1+ and older parr at electro

fishing stations 15 and 16, then, indicates that there is an upstream 

migration of parr either from the lower reaches of these brooks or from 

the main part of Upper Indian River. The presence of 3+ parr at station 10 

,. .. 
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in 1966 and 1967 suggests that there is a 1110vement of older parr into this 

area. The presence of almost no 1+ parr at station 10 in 1967 suggests 

that there is limited migration of young parr into this area, since the 

channel is only half a mile below this. 1+ parr at station 10 in 1966 

were probably survivors from fry introduced near there in 1965. At 

stations 8 and 9, on North Brook, 1+ parr were found in 1966 but none were 

observed in 1967. It is probable that 1+ parr found at these stations in 

1966 were survivors from fry introduced near station 8 in 1965. The 

presence of 2+ parr there in 1966 indicates that these parr moved into the 

area from elsewhere, since any 2+ parr found in 1966 were offspring from 

adults which spawned in 1963, and no adults moved above the channel after 

1962. Also, 2+ parr found at stations 6 and 7 in 1966, must have migrated 

from other areas of the river. In North Brook, in 1967, the number of 2+ 

parr caught was greater than the number of 1+ parr caught in 1966. This, 

too, is in:iicati ve of parr migration. The high number of 3+ parr caught 

in North Brook in 1967 also suggests that parr moved into this area from 

other sections of river. These observations indicate that there is some 

migration of parr from one area of stream to another. 

The information collected at Irxiian River suggests a general 

pattern of migration for young salmon. It appears that urxieryearlings tend 

to remain in or near the area where they were hatched, or distributed. 

Sometime between the UDieryearling and yearling stages, parr undertake 

limited migrations. The presence of 1+ parr in Twenty-three lidle and 

Little Black Brooks, and Indian Pond, which adjoin section one, and the 

absence of 1+ parr in North Brook, which is located a considerable 

dis tance away from any area where fry are living, is suggestive of this. 
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As parr become older, they appear to undertake more extensive migrations. 

Tne presence of sizeable numbers of 2+ and older parr in North Brook in 

1967 is suggestive of this point. 

The question of utmost importance to workers engaged in manage

ment of Atlantic sa.l.loon in Imian River is whether or not maximum parr 

production is being realized in those areas of Indian River which depend, 

for stocking, on parr migration. (i.e. Is it good managenent procedure 

to release large numbers of fr.y into any one section of river and hope 

that these fry will distribute themselves as older parr throughout the 

river to occupy, fully, areas which are now under stocked?). Based on the 

evidence collected from this survey, the answer must be a qualified 'no'. 

This is best seen by referring to Figure 16. (Although upstream migrating 

adults are prevented from moving into that section of river between the 

channel and Bowater 1 s Diversion Dam by a diversion fence located near the 

channel exit, parr can llX)Ve freely through this fence and should e::xperience 

little or no difficulty in migrating upstream from the channel). In 1966, 

at stations six and seven, there were less than two 2+ parr per unit. 

Any 2+ parr found at these two stations in 1966 had to come from some other 

part of Indian River, since no adults moved into this area (i.e. the river 

area between the channel and Bowater 1 s Diversion) after the autumn of 1962 

and no fry were distributed there until the sumrll:lr of 1965. Offspring from 

adults, which moved into this area prior to 1963, would be at least 3+ parr 

and survivors from fry introduced there in 1965 would only be l+ parr. 

That this area can support zoore than two 2+ parr per unit i s shown by the 

s ubstantial increase in 2+ parr indices at stations six and seven in 1967. 

~

~---· 

! 

I 



- 86 -

The 2+ parr .found at stations six ani seven in 1967 were, undoubtedly, 

survivors from .fry introduced there in 1965. Figure 19 shows that in 1967 

there were no 1 + parr living at stations eight and nine. In 1966, a .fair 

number of 1+ parr lived in these areas. These are believed to be survivors 

.from J,OOO .fry which were introduced near station eight in 1965. !uso, 

from Fieure 21, it can be noted that while there were almost no 1+ parr at 

station 10 ih 1967, when this station depended on parr migration .for its 

stocking, there were almost twenty 1+ parr per unit there in 1966, after 

.fry had been introduced near this station in 1965. Similarly, the almost 

complete lack o.f younger parr at stations 23 and 24 which have depended 

entirely on parr migration for stocking since 1962, can be seen .from 

figure 21. These observations illiicate that stocking o.f a section of river 

is incomplete when that section has to depend on natural migration of parr 

as its stocking source, and that parr indices in such areas increase 

substantially after fry are introduced. 

C. NATURE OF .BOTTOH OOMPOSITION 

Kalleberg (1958) .found that, at moderate population density and 

normal current velocity, all juvenile sa.lm:m in an aquarium occupied 

territories and he suggested that the reason why territories were .finally 

abandoned might be increasing competition within the population because 

the individual had outgrown its environment. Mills (1964) concluded that 

availability o.f territory is an important limiting .factor in parr pro

duction. Kalleberg (1958) has sho~~ that in streams with large stones 

there are more but smaller territories available to .fish owing to .fish 
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being out of sight of each other, while in streams with only a few stones 

on a substratum of gravel, territories were necessarily large due to the 

antagonistic behavior of neighbouring fish. This suggestion is further 

corroborated by Gilson's statement (1961). Referring to young trout, he 

states that there was evidence from the study of stream populations and 

their behavior •••• that the capacity of a river to produce trout depends 

not only on the food supply, but often to a gl"eater extent on the number 

of nooks and crannies where fish can lie. Murray (1967), referring to 

parr production in Little Codroy River, states that areas of stream with 

moderate flow over rubble (stones three to twelve inches in diameter) 

had the best parr populations. These, he suggested, were ideal habitats 

because the rubble provided excellent shelter not only for parr but for 

aquatic insects. Saunders and Gee (1964) concluded that pools are suit-

able habitats for young sa.l.Ioon. The writer has watched salzoon living in 

pools at Irxtian River, and feeding on surface-dwelling insects. 

Figure 22 shows the variation in parr indices for different sub

strat~"ll types in Indian River. This figure clearly indicates that areas 

where the predominant bottom type is rubble or boulder, are the best areas 

for parr production. Statistical comparison of mean parr indices for the 

bottom types listed in Figure 22 is presented in Tables III and IV of the 

appendix. It can be seen (Table IV of the appendix) that there is a 

significant difference in 100ans, at the 0.05 level, between areas which 

have predominantly gravel type bottom and areas which have predominantly 

rubble type bottom. No significant difference in means exists between 

areas which are predominantly rubble and those i·lhich ere predominantly 
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boulder. The difference in means between gravel and boulder areas is 

highly significant, as is the difference in 100ans between gravel areas and 

areas of rubble and boulder combined. 

It is realized that the sample size, used in these calculations, 

especially for areas of gravel bottom type, is probably too small to make 

comparisons very ~maningful. Nevertheless, Figure 22 does indicate that 

those areas of Indian River which have a predominantly gravel bottom type 

do not support as many parr as do those areas whose bottom composition is 

predominantly rubble and boulder. Thus it seems that the stateroont made 

by Gilson (1961), regarding the relationship between bottom composition 

and trout production, is as true for young salmon as it is for trout. 

D. COMPE..'TITION FOR FOOD 

In Indian River there are three fish species which might compete 

with young Atlantic salmon for the available food organisms, these being 

brook trout, eels and sticklebacks. Sticklebacks, undoubtedly, offer no 

serious competition because of their scarcity and relative size. It has 

already been pointed out (page 67) that eels and sticklebacks are minor 

contributors to total standing crop of fish in Indian River, and that 

trout are a major contributor to standing crop in the smaller tributary 

streams but contribute relatively little in the main river. Since, 

however, the smaller tributary streams are, in general, the best salmon 

producing areas (per unit area), it may be considered significant that 

young salmon living in these smaller streams must compete with relatively 

large populations of trout. 
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It has been shown by Frost (1950), Piggings (1962), and Thomas 

(1962) that brown trout compete with salmon for food. }tills (1964) has 

shown that with few exceptions brown trout,in the River Bran, compete 

with salmn for the available food. 

The food of various fish species, collected in Indian rtiver 

during electrofishing studies in 1967, is presented in Table VII of the 

appendix and in Figure 23. '£he chief 1'ood organisms of all species were 

~phemeroptera and Flecoptera nymphs, Trichoptera and Neuroptera larvae, 

and adult Coleoptera. Adult rilosguitoeswere eaten extensively by salm:m 

parr and brook trout. Brook trout and salmon parr ate some adult 

Hemiptera, but these were not found in the stomachs of eels and stickle-

backs. Eels and young salmon ate some Amphipods but none were found in 

the stomachs of brook trout or sticklebacks. Eels ate rrore Odonata nymphs 

than did the other species. Larval Chironomidae were more prevalent in 

the stomachs of salmon fry than in any of the other species, or in salmon 

parr. Sticklebacks also feed heavily on larval Chironomidae. 

As a general conclusion, then, it appears that some degree of 

competition existed between all fish species for the available food 

organisms. Because of the large number of trout li vi.ng in t he smaller 

tri butaries, it may be that competiti on i s serious, i n these smaller 

streams, bet,.veen trout and salmon parr· 

E. PREDATION 

The impor t ance of pr edat i on as a f actor af f ecting the production 

of youn3: salmon has been di scussed by ~'J.cCril.llllPn (1954 ) who concluded t hat 

' -r---
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if-



· . .- ., . 

- 92 -

the Eastern brook trout (among other species of fish) preyed heavily on 

fry and underyearling parr when the opportunity arose. Burnet (1959) 

found that the survival of young brown trout in the streams running into 

Lake Ellesmere, New Zealand, was seriously affected by the number of olcier 

fish present and concluded that fry should only be added at intervals of 

three or four years. l{llls (1964) stated that while stocking densities 

are, without doubt, an important factor governing survival of fry, the 

density of older fish already in the stream. will also have an important 

effect on fry survival. He concluded that brown trout ate considerable 

numbers of fry in the River Bran, Scotland, with the largest numbers of 

fry being found in trout stomachs shortly after liberation of the fry. 

He concluded also that predation on fry by trout, as well as salmon parr 

and smelts, in the first few days after stocking, is likely to be high. 

Elson (1962-a) states that limits of effective post-planting dispersal 

of underyearling salmon was frequently associated with pools containing 

numbers of brook trout of a size large enough to eat the newly planted 

salmon. Elson (1962-a) showed that more young salmon could be produced in 

Pollett River, Nova Scotia, when mergansers (Nerganser americanus) and 

kingfishers (Megaceryle alcyon) were effectively controlled. 

In Indian River predation is considered to be from two sources, 

namely, avian predators and fish predators. 

1. Avian Predators 

1·f.'1ether or not avian predation is of any significance in con

trolling the production of young salmon in Indian River is difficult to 

say. It has been noted, ho\'Tever, that each year, late in the spring, 

b t d . ppear in a matter of 
groups of mergansers visit Indian i:liver, u 1.sa 

'!.·· 

~,-
·~ .. 
. ~ . : . . ·, 

I 
l 



~. ' \·~ ..... ;" .: ~ . . ~ · ~· . . 

- 93 -

five to ten days. Apparently these birds are passing through to their 

nesting groun:is farther North. .i!.ach year since Indian .ttiver channel has 

been in operation, the writer has noticed at least one pair of adult 

mergansers, accompanied by a brood of young, on Indian River in late 

summer. On one occasion, sixteen young mergansers were counted, accom-

panied by two adults. Also, it has been noted that at least one pair of 

kingfishers breed between the channel and Indian Pond each year. 

Kingfishers have also been sighted on Black Brook. Incidents of the 

greater yellow legs (Totanus melanoleucus) have also been noted. These 

birds are reported by Peters and Burleigh (1951) to feed on small minnows 

and it is conceivable that they may be responsible for some fry mortality. 

The writer has seen these birds feeding quite often near the shoreline of 

Indian River, immediately below the channel where large numbers of fry 

were concentrated. It has not, however, been definitely determined that 

they were feeding on try. 

Elson (1962-a) has shown that adult mergansers eat about 40 

fish per day
1 

young mergansers about 20 fish per day, and kingfishers 

about 20 fish per day. Since salmon are the dominant species in areas 

where mergansers and kingfishers have been sighted on Indian River, it is 

likely that salmon comprise m::>st of the diet of these birds. On the basis 

of the figures listed by Elson (1962-a) and taking into consideration the 

length of time which the birds spend at Indian ltiver, it is probable that 

mergansers and kingfishers consume in the order of twenty thousand young 

sa.l.!oon per year. 

'!!""'"-~----.. :- ~ .,.,. 
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2. Fish Predators 

In Indian River, there are three fish species that may be con

sidered as possibly dangerous predators on young salmon; these being, 

brook trout, eels, and larger salmon parr. 

Jo'rom Table VII of the appendix, and from Figure 23, it can be 

seen that once migrating fry have settled into the environment, predation 

is not extensive by either of the fish species mentioned above. There 

are two stages in the life cycle of salmon when predation is heaviest, 

these being; 

(a) the egg stage, when the eggs are being deposited in the 

redds by the adult females, 

(b) the fry stage, when fry, after having emerged from the 

gravel of the spawning riffle, are dispersing into the 

environment. 

Elson (1957) describes eels feeding voraciously on newly planted 

underyearlings, but Jones and Evans (1960, 1962) found that in various 

~1elsh rivers predation by eels on salmon eggs and young was negligible. 

They considered that eels are more important as competitors for the food 

of salm:m and trout. Figgins (1962) found that on the Glena.IWng River 

in Ireland, eels were serious competitors of salmon and trout. Sinha and 

Jones (1967) found that eels in the River Dwyfach, Wales, competed with 

salmonids for available food, but fish formed a minor portion of the eel 

diet. They found that the most commonly eaten fish were elvers and younger 

eels. No sa.lmonid eggs were found in any of the fish examined. 
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(a) Predation on Fry - Each year at Indian River 1 during the 

annual fry run, large numbers of brook trout, large parr and, to a lesser 

extent, eels, have been observed in concentrations immediately below the 

channel exit where large numbers of fry are released from the channel. 

Brook trout, in particular 1 have been observed in relatively large numbers. 

Fish caught at this location, in almost all instances, have been filled to 

capacity with fry. Eels, large parr and brook trout have been caught in 

the fry counting trap with their stomachs full of fry and 'With fry pro

truding from their IOOuths. 

This type of predation appears to be of the type B predation 

described by Ricker (1954) and Elson (1962-a), i.e., a given number of 

predators take whatever they encounter and so get a fixed proportion of 

the prey animals present during a season, the number of prey animals taken 

being dependent on how often one of the predators encounters and captures 

one of the prey. 

No attempt has been made at estimating the number of fry eaten 

each year by predatory fish species but it seems likely that the number 

is quite high. • 

(b) Predation on Eggs - Each year just prior to conunencement 

of spawning, there has been a noticeable increase in the number of parr 

and brook trout present in the channel. Apparently a considerable number 

of parr JWVe from the main river into the channel. ¥J.a.UY of these parr are 

ripe males which take part in spawning. Jones and King (1948) observed 

that male parr moved upstream to areas where adults are spawning. 

Prior to spawning in 1967, the channel was electrofished through-

out its entire l e ngth, and the number of brook trout and parr noted. 
Only 
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nine brook trout were captured in 1967, but in other years zoore than this 

number have resided in the channel although no attempt was made to deter

mine exactly how III8l'lY· It is estimated that about 500 parr were living 

in the channel during the 1967 spawning season (482 were actually 

captured). Each day during the spawning season, three parr were captured. 

Each parr was killed, measured, weighed and the number of eggs in its 

stomach was noted. l''orty-two parr and seven brook trout were killed. 

28.6 percent (2) of the trout and 33.3 percent (14) of the parr, which 

were examined, had no eggs in their stomachs. Fish were taken before or 

around noon, so it is assumed that the number of eggs counted in the 

stomach represented a minimum number eaten by the fish for that day. 

Since the number of brook trout captured by electrofishing was insignificant, 

no consideration is given to them in this discussion. 

It was found that,as an average,parr ate a minimtun of eleven eggs 

per day. This suggests that all the parr in the channel, during the 

spawning period, probably ate about 3,600 eggs per day. (It is assumed 

here that one-third of the parr were not eating eggs, as is suggested by 

the figures listed above). From the record of samples taken, it is known 

that this continued for at least twenty days. At this rate it appears 

that some 70,000 eggs were consumed by predators during the 1967 spawning 

season. Considering that the total egg deposition in the channel in 1967 

was about 200,000 eggs, this represents a considerable mortality (35 percent) 

due to predation. These figures suggest that measures should be taken to 

reduce this predation by parr. 

This subject is discussed further on page 106. 
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XI. MANAGEMENT IMPLICATIONS 

A. SURVBY OF PO'fENTIAL PARR IlliARING AREAS 

During the course of this study, it became apparent to the 

writer that large areas of Indian River were not being utilized as parr 

rearing grounds, and that better use might be made of channel produced fry 

if they were introduced manually to other areas of Indian River that are 

not presently being utilized. Surveys were undertaken, therefore, to 

determine which sections of Indian River would be best suited for the 

introduction of fry should this action be considered necessary. 

The writer has walked all of the tributary streams between 

Indian Fond and Bowater's Diversion (Little Bl~ck Brook, Twenty-three 

Hile Brook, North Brook and Oxford 1 s Brook), and has flown in helicopter 

over practically all of the remaining watershed of Indian River. 

Table XIII is based on observations made during these surveys 

and during electrofishing studies. The number of fry considered necessary 

for stocking purposes is based on the asswnption that fry would be dis

tributed at a stocking density of 40 per unit. This would appear to be 

a reasonable stocking density considering that 2lson (1962-a) found that 

nothing was gained, in terms of smolt production, when underyearlings 

(note underyearlings, not fry) were stocked at a rate greater than 20 - 30 

per unit. 

.···. 
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Table XIII. Sununary of potential pcrr rearing area in some sections of Indian River, 
and the number of fry needed to stock these areas. 

Section of river 

Tributary streams above Indian 
Pond (1ittle Black Brook, Twenty
three Hile Brook, North Brook, 
Oxford 1 s Brook) and Vfui tehorn 1 s 
Brook. 

Upper Indian RiVElr between the 
channel and Bo\'Ta1:.er 1 s Diversion. 

hain River below Indian Pond. 

Burnt Barry Brook and 
associated tributaries. 

Bl ack Brook between Black Brook 
Falls, Black Lake and Nicmac 
Lake. 

Remarks on suitability of 
area as parr rearing grounds 

All streams are characterized by rubble 
ruid boulder bottom type and appear 
excellent for parr production. The 
smaller brooks like Oxford's and Little 
Black Brooks suffer severe drought in 
summer which could affect production. 

Characterized by gravel bottom type, 
like area between channel and Indian 
Pond. Hoderately sui table as a parr 
recr:ing area. 

Characterized by areas of rubble bottom 
type and gravel bottom type. Appears 
capable of supporting IWre parr than 
it now does. 

Characterized by same bottom type as 
main river below Indian Pond, with 
probably more rubble and boulder 
areas. Appears to have very good 
parr rearing area. 

Characterized by extensive areas of 
rubble and boulder. Appears to be an 
excellent area for parr production. 

Approximate rearing 
area (square yards) 

Utilized 

40,000 

1,000,000 

50,000 

Not or 
partially 
utilized 

80,000 

120,000 

750,000 

1,000,000 

No. of 
fry needed 
for stocking 
purposes 

32,000 

48,000 

400,000 

300,000 

400,000 

~· · 
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B. DISCUSSION AND OONCLUSIONS 

Elson (1962-a) states, 11Salmon do not become a useful 
commodity until they have spent one or more years at sea after 
~aving transformed to smolts, so there is no advantage in increas
~ng the younger stages unless the increase is carried over first to 
migratory smolts, then to usable salmon. 'l'he relationship bet\'leen 
the number of smolts descending to sea and the return of mature 
salmon to fisheries may vary over a considerable range from place 
to place and from time to time. It still required more precise 
definition. Increasing the supply of smolts, by one means or 
another, seems to be the chief method by which management of inland 
rearing grounds can be eJCPected to yield increase in stocks of 
sa.l..loon. Huntsman (1941) examined the commercial catches from the 
M.argaree area resulting from the smolt runs studied by lfuite (1939). 
He concluded that there was a positive relationship, in this 
instance, between increase in smolt output and increase in the 
resulting commercial fishery". 

To have value as a salmon management facility, then, Indian 

River spawning channel must demonstrate that it can produce a significant 

increase in smolt production. What happens to these fish from the time 

they leave our rivers as smolts to their appearance in the commercial 

fishery and as adults returning to the river, is at present beyond our 

control. To increase salmon stocks it is necessary to concentrate on 

producing more smolts and hope that this action results in an increase in 

mature adults. Indian River spawning channel was a step in this direction. 

It has already been stated (page 17) that the channel was constructed to 

cornpensate for the loss of spawning ground that occurred with the diversion 

of part of Upper Indian River into Birchy Lake. The writer, at this point, 

feels compelled to point out certain errors in this line of reasoning: 

(1) The amount of so-called spawning ground cut off by Bowater's 

Viversion is negligible since immediately above the diversion the 

bottom type changes from the loose gravel which i s so prominent 

below the diversion, to a bottom type characterized by rubble and 

:.~-
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boulder, in which salmon would, conceivably, have difficulty 

spa'lffli.ng; 

(2) There is ample spa~~ng area between Bowater 1 s Diversion and 

the charmel to meet the needs of any salm:>n which presently move 

into this section of river; 

(3) The situation (which the channel at present fails to provide 

for) is this - the diversion of Upper Indian River into Birchy .Lake 

has caused a severe restriction in the amount of parr rearing area 

beleN the Bowater 1 s Diversion Dam which is particularly evident 

during low water periods (The parr rearing area above the diversion 

has also been lost). The channel and its associated structures, 

instead of correcting this situation, merely act as a barrier to 

salmon that might move into the available river area between the 

channel and the diversion as '>1ell as North Brook. It has already 

been noted that North Brook is an excellent parr rearinz area. 

Apart from rearing facilities, there is ample spawning area on this 

brook to serve a sizable number of salmon (any that might be 

expected to move into this area judging from the magnitude of the 

ru.."l that no\'1 spawns above Indian Pond). 

The contention by Department of Fisheries personnel that egg

fry sur vi val under natural conditions does not exceed 10 percent (Trade 

l·:~:.,rs , August - September, 1965, pp. 13) may be "much ado about nothing" . 

1'his writer, for one, finds it difficult to accept the suppositi on that 

·.:>et; to fry survival rate does not exceed 10 percent un:ier natural 

conditions . Stuart (1953) obtained 95 percent survival to the fry sta.;e, 

, · 
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for eggs placed in cages in a natural spawning area. Table XI shows that 

in 1966 - 1967, egg to midsummer young-of-the-year was about 14 percent 

in section one of Indian River. It is quite likely, therefore, that 

survival from egg to newly hatched fry was roore than this, indeed 20 per

cent does not at all seem like an unreasonable figure. Elson (1962-b) 

has listed 6 percent as the average survival from egg to underyearlings, 

and Neister (1962) listed 9 percent and 11 percent egg to rnids\JliiJOOr young

of-the-year survival rates for Cove Brook (note the reference to under

yearlings and midsummer young-of-the-year, not newly emerged fry). 

Electrofishing studies at Indian River in 1966 indicated that <~~th channel 

productions included) egg to midsUIIIII'er young-of-the-year survival (1965 -

1966) was not more than 11 percent. It seems possible, then, that egg-fry 

survival in the channel since it became operative (which has averaged 43 

percent) may not be more than 20 percent greater than that experienced 

under purely natural conditions. 

Be that as it may, the fact is the channel is now in operation, 

and the Department of Fisheries should try to make the best possible use 

of it as a management tool. The question of how to do this is, of course, 

a matter of opinion. The following discussion summarizes this writer's 

opinion, based on the results of studies described throughout this thesis. 

The practice of releasing large numbers of channel-produced fry 

into section one of Indian River has probably resulted in a complete 

'"u.ste of a large number of fry each year, since parr production is lower 

in this section than for most other parts of the river. All evidence 

points to the fact that there is a high mortality on fry released from 
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the channel into section one. Electro fishing studies have shown that 

this is a poor area for parr rearing. This is, undoubtedly, related to 

the bottom composition. The bottom in this section of river is composed 

almost entirely of loose gravel, sand and mud. Figure 24 shows 

characteristic views of section one. It has been shown (Fig. 22) that 

many more parr can be produced in areas where the bottom consists of 

coarse rubble and boulders and where adjacent banks are overhung by thick 

vegetation growth, such as the river sections shown in Figure 25. It has 

also been shown that very few fry move more than two miles from the 

channel during their first summer (Fig. 13, Table VI). Also, there is 

every indication that enough fry are produced naturally between the channel 

and Indian Pond to stock this area. 

In summary, the following conclusions are drawn from the results 

of the work described in this thesis: 

(1) When fry are allowed to move directly out of the channel into 

section one of Indian River, they remain in the area as underyear-

lings, at a relatively high density; 

(2) A lower than average population of one and two year old parr 

is supported (per unit area) in the same section of riverj 

(3) There is no extensive migration of underyearlings out of this 

area; 

(4) Unless there is an extensive movement of parr from this area, 

sometime between the underyearling and 1+ stage, excessive 

mortality occurs; 

( 5) If parr do, indeed, Ill..)ve out of this area sometime between 
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the underyearling and 1+ parr stage, full utilization of the 

river area above Irxiian Pond is still not being realized; 

(6) There is, in all probability, enough natural spawning each 

year in section one to sufficiently stock this area. (This point 

will have to await the results of the 1968 electrofishing program 

be fore a definite conclusion can be made). 

In view of the above conclusiJns, it seems reasonable to suggest 

that better use can be 1113de of the salnxm management facilities at Indian 

River. The best use to be made of these facilities depends on what the 

defined purpose of the channel is. If the channel is to remain as a tool 

for maintaining, or possibly increasing, the Atlantic salmon population 

of Indian River, the Department of Fisheries must conc~ntrate, not on 

providing sufficient spawning ground for the salm::m (there is plenty 

already), but on first producing as many fry as the channel is capable 

and, secorr:Uy, finding sufficient rearing area for these fry so that 

maximum sroolt production can be achieved. Egg-fry survival is certainly 

greater in the channel than under purely natural conditions, although 

the difference is not as great as was originally supposed. Ivl .. a.xi.mum .fry 

production in the channel can be realized as follows: 

(l) Supplement the natural entry of adults into the charmel by 

transferring adults from the counting fence, on lower Indian River, 

to the channel. (Care should be taken, however, not to remove too 

many fish that ,'IOuld spawn natura lly in other areas of the river); 

(2) All femaleE held in the channel should be stripped of their 

eggs w·hen they become ripe and the eggs planted, after fertilization, 
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Figo 24. Typical. views of Indian River between the 
channel and Indian ond~ showing poor 
parr rearing area. 
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Fig. 25. Typical views of North Brook., showing 
good parr rearing area. 
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in the gravel of the spawning channel. This would a.l.Joost certainly 

eliminate most, if not all, of the predation caused by fish predators. 

'.L'he writer feels that this action would add much to fry production 

in the channel. 

The question of finding sufficient rearing area for the fry 

produced in the channel, must in this writer's opinion, involve the 

transfer of fry to areas of Indian River which are not now being utilized, 

or areas which are at present being underutilized for parr production. 

Concern over mortali~y which might result from handling fry can be dis

missed. l''ry are hardy little creatures and can readily stand manipulation. 

(Samples of fry which have been handled considerably at the Wolfe trap, 

have shown very little mortality when retained in holding boxes for several 

days after handling). There are three areas of Indian River which should 

receive consideration in a fry transfer program • . Table XIII presents a 

summary of potential parr rearing areas on Indian River and the number of 

fry needed to stock each area. 

The possibilities which the Department of Fisheries should con-

sider for proper utilization of fry produced at the channel are: 

(l) Stock the area between the channel and Bowater's Diversion 

with fry from the channel so that this area, which must have once 

figured prominently in parr production,may do so again. Although 

tributary streams are the best parr producing areas, no fry should 

be introduced into these streams since they tend to dry up severely 

during the summer. A possible exception to this is North Brook 

where good parr populations exist in spite of drought. The writer 

I , 
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believes that, if fry are distributed into that section of river 

between the channel and Bowater 1 s Diversion, enough parr will be 

available to the tributaries through natural migration. Table XIII 

shows that some 50,000 try would be needed to stock this area. 

In the average year, when stocking of the area between the 

channel am Bowater 1 s Diversion is complete, an additional 100,000 

try (or thereabouts) would be available for stocking elsewhere. 

These could be released in the area below Indian Pom, on the main 

river. In view of the large amount of rearing area in this section 

and the low parr densities there, coupled with the fact that this 

section has a considerable amount of rubble and boulder bottom type, 

it seems reasonable to assume that it is not producing parr at its 

full capacity. It should be noted that if parr production in this 

area could be raised by two to four per unit, as much would be 

accomplished as if the entire area between the channel and Bowater 1 s 

Diversion were to produce 20 parr per unit. It is vi tal to renember, 

however, that this area is already accessible to spawners and may 

now be supporting as many parr as it can. Researchers, trying to 

increase parr production in areas which already contained natural 

populations by the introduction of additional fish, have usually met 

with discouraging results. 

(2) The other possibility for utilization of channel produced fry 

is the one preferred by this writer. It involves the transfer of 

all fry, produced at the channel, into areas which are presently 

inaccessible to migratory salmon, namely; Bl a ck Brook above Black 
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Brook Falls and Burnt Berry Brook above Burnt Berry Falls, and to 

make these areas available to returning adults by fishway con

struction. 

Black Brook is excellent for this kind of development because 

of the proximity of the channel and because the falls can be rendered 

surpassable at very little cost. Opening up Burnt Berry Brook can 

be done only at considerable expenditure, and it would certainly be 

wise to carry out experiments on Black Brook first. 

If the Department of Fisheries wishes to attack this problem 

on a long term basis, the following plan is suggested. Distribute into 

each of the areas mentioned above for a minimum of four successive years, 

starting with the area below Indian Pond and the area between the channel 

and diversion, followed by the inaccessible areas on Burnt Berry Brook 

and Black Brook. Evaluate the success of each series of transfers on the 

basis of parr productfon, as determined by electrofishing, and the total 

number of sJWlts counted at the main counting fence on lower In:iian River 

(Fig. 2). 

Whichever series of transfers shows the greatest mean production 

of smolts should be accepted as the most suitable. Such a program will 

take a minimum of ten years to complete and evaluate, but would make a 

very valuable contribution to determining proper use of controlled flow 

spawning channels as a tool for Atlantic salmon management. 

If the Department is anxious to forego long term studies in the 

interest of producing immediate results, a program of distribution should 

still be started with distribution sites being picked from those listed 
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above. It is recommended that the idea of distributing fry into the 

inaccessible area above Black Brook Falls be considered first. The writer 

believes that this area can be expected to contribute immensely to salmon 

production on Irxiian River if management procedures are followed, as 

outlined above. 

' . 
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Table I. Calculation of abundance indices of all species, 

STATION NLMBffi l 2 3 4 5 
(1) 

ARi.A FISHED 1966 ••• 880 2,230 1,040 960 660 
(sq. yd.) 1967 ••• 350 790 800 1,090 630 

TOTAL CATCH 
Fry 1966 ••• 666 447 499 143 

1967 •• 0 244 475 8 31 8 

Parr 1966.0 0 164 153 14 87 86 
1967 •.• 114 23 47 66 76 

Trout 1966 ••• 13 68 2 8 9 
1967 ••• 7 10 l 8 4 

Eels 1966 ••• 2 l l 7 5 
1967.0 0 3 0 0 ll 2 

Sticklebacks 1966 •• 0 37 10 19 6 
1967 0 0. 3 29 13 31 2 

TOTAL ES TIM.A TE 
Fry 1966.0. 842 708 626 184 

1967 ••• 262 503 8 37 10 

Parr 1966 ••• 224 180 15 lll 112 
1967 ••• 129 23 56 72 84 

Trout 1966 ••• 15 75 2 12 20 
1967 ••• 7 10 l 9 4 

Eels 1966 ... 2 1 1 7 5 
1967 ••• 3 0 0 11 2 

Sticklebacks 1966 ••• 45 12 20 6 
1967 ••• 3 29 13 38 2 

~STD<lATED INDEX 
O!o. per 100 sq. yd.) 

65.1 Fry 1966 •.• 144.8 68.1 28.0 
1967.0. 74.9 63.8 1.0 3-4 1.6 

farr 1966 ••• 25.4 8.1 1.~. 11.5 17.0 
1967 ••• 36.9 2.9 7.0 6.6 13.4 

Trout 1966 •.• l.7 3-4 0.2 1.2 3.0 
1967 ••• 2.0 l.3 0.1 0.8 0.6 

~els 1966 •• 0 0.2 0.1 0.1 0.7 0.8 

1967 ••• 0.9 0 0 1.0 0.3 

: tickle backs 1966. 0 0 2.0 1.2 2.1 0.9 
1967 0 •. 0.9 3-7 1.6 3-5 0.3 

(l) Gnly 580 sc;_. yd. fished c;_uantitatively for fry. 
~2) Only 25 sq. yd. fished quantit.:.tive1y for f ry. 
(3) ~:o b2.rrier net s used. 

r:ot fished . 

6 7 8 9 

350 450 230 550 

90 270 .50(2) 320 

73 151 0 0 
ll 124 102 0 

35 188 39 106 
32 125 13 44 

2 7 20 19 
2 3 13 51 

27 l 0 0 
10 2 0 l 

10 7 0 0 
l 2 0 0 

80 191 0 0 
11 131 112 0 

45 203 39 106 
32 132 13 44 

2 9 2l 2l 
2 3 13 51 

30 l 0 0 
10 2 0 l 

11 10 0 0 
l 2 0 0 

22.9 42.4 0 0 
12.2 48.5 448.0 0 

12.9 45.1 17.0 19.3 
35-5 48.8 26.0 13.8 

0.6 2.0 9.1 3.8 
2.2 1.1 26.0 16.0 

8.6 0.2 0 0 
ll.l 0.7 0 0.3 

3.1 2.2 0 0 

1.1 0.7 0 0 

electl 

10 

650 

290 

0 
0 

154 
31 
2 
0 

3 
0 

ll 
1 

0 
0 

155 
31 

2 
0 

3 
0 

11 
1 

0 
0 

23.9 
10.7 

0.3 
0 

0 t; .... 
c 

1.? 
o.; 



, e1ectrofishing stations, Indian River; 1966, 1967 

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
650 680 550 900 670 150 150 530 150 240 300 2,000 1,860(3 ) -
290 690 1,760 950 1,370 120 80 450 90 180 200 2,840 1,uo<3 ) 290 630 

0 42 54 59 62 0 0 0 0 0 8 45 237 0 140 228 40 214 0 0 0 0 0 46 88 20 0 0 
154 210 86 111 59 39 15 0 0 25 53 228 83 

31 182 249 78 73 27 19 0 0 4 27 139 70 17 90 
2 7 4 14 0 53 72 46 104 57 48 7 1 
0 0 3 0 0 81 62 61 134 45 4 1 0 vO 0 
3 2 5 9 4 0 0 0 0 0 0 1 1 
0 0 20 5 7 0 0 0 0 4 2 10 5 4 21 
ll 0 0 2 ll 0 0 0 0 0 20 21 5 
1 0 2 4 5 0 0 0 0 0 15 4 6 0 0 

0 44 53 87 81 0 0 0 0 0 10 53 257 
0 153 301 43 236 0 0 0 0 0 70 94 20 0 0 

155 216 87 126 73 59 15 0 0 42 68 267 90 
31 185 289 78 104 27 19 0 0 4 28 149 84 17 90 

2 7 4 17 0 56 79 70 113 63 56 8 1 
0 0 3 0 0 82 62 63 146 45 4 1 0 0 0 

3 2 5 9 4 0 0 0 0 0 0 1 1 
0 0 20 5 7 0 0 0 0 4 2 10 5 4 21 

ll 0 0 2 13 0 0 0 0 0 21 24 100 
1 0 2 4 5 0 0 0 0 0 17 4 6 0 0 

0 6.5 9.6 9.7 12.1 0 0 0 0 0 3.3 2.7 13.8 
0 22.2 17.1 4-5 17.2 0 0 0 0 0 35.0 3.3 1.4 0 0 

23.9 31.8 15.8 14.0 10.9 39-4 10.0 0 0 17.5 22.7 13.4 4.8 
10.7 26.8 16.4 8.2 7.6 22.5 23.8 0 0 2.2 14.0 5.2 6.0 5.9 14.3 

0.3 1.0 0.7 1.9 0 37 ·'+ 52.7 13.2 75-4 26.3 18.7 0.4 0.1 
0 0 0.2 0 0 68.3 75-5 14.0 162.2 25.0 2.0 0.1 0 0 0 

) 0.5 0.3 0.9 1.0 0.6 0 0 0 0 0 0 0.1 0.1 
J 0 0 1.7 0.5 0.5 0 0 0 0 2 .2 1 .0 0.4 0.4 1.4 3.3 
) 1.7 0 0 0.2 1.9 0 0 0 0 0 7.0 1.2 5.4 
) 0.3 0 u.1 0.4 0.4 0 0 0 0 0 8.5 0.2 0.4 0 0 

• 
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Table II. Calculation of abundance indices, by age class, of parr o 

STATION NLMBER 1 2 3 4 5 6 7 8 9 10 ll 

AREA FISHED 1966 •.• 880 2,230 1,040 960 660 350 450 230 550 650 6S 
(sq. yd.) 1967 ..• 350 790 800 1,090 630 90 270 50 320 290 6~ 

AGE OO~..POSITION 
OF SAMPLE 

1+ 1966 ••• 129 131 13 73 72 25 168 6 40 121 1' 
1967 •.• 58 11 30 48 44 21 65 0 0 1 1: 

2+ 1966 ..• 29 17 0 13 13 5 5 11 18 7 
1967 ... 49 12 15 16 28 8 58 7 25 24 

3+ 1966 ... 6 4 1 1 1 5 13 22 45 24 
1967 ... 7 0 2 2 4 3 2 6 12 6 

Over 3+ 1966 •.. 0 1 0 0 0 0 2 0 3 2 
1967 ••• 0 0 0 0 0 0 0 0 8 0 

NO. IN SAMPLE 
1966 ... 164 153 14 87 86 35 188 39 106 154 
1967 ... 114 23 47 66 76 32 125 13 45 31 

PEH.CE!\1'1' AGE 
OOMFOSITION 
OF SAMPLE 

1+ 1966 •.• 78.6 85.6 92.9 83.9 83.7 71.4 89.3 15.4 37.8 78.6 8: 

1967 •.• 50.9 47-8 63.8 72.7 57-9 65.7 52.0 0 0 3-2 7: 

2+ 1966 •.• 17.7 11.1 0 14.9 15.1 14-3 2.7 28.2 17.0 4.5 L 

1967 ••. 42.9 52.2 31.9 24-3 36.8 24.9 46.4 53.8 55-5 77-4 2 

3+ 1966 ..• 3-7 2.6 7.1 1.2 1.2 14.3 6.9 56.4 42.4 15.6 

1967 ... 6.2 0 4.3 3.0 5·3 9.4 1.6 46.2 26.7 19.4 

Over 3+ 1966 ... 0 0.7 0 0 0 0 l.l 0 2.8 1.3 

1967 •.• 0 0 0 0 0 0 0 0 17.8 0 

E3TIMJ.TED 1966 •.• 25-4 8.1 1.4 11.6 17.0 12.8 45.0 17.0 19.3 23.9 3 

IND.t::X. 1967 ... 36.9 2.9 7.0 6.6 13.3 35·5 4i3 .9 26.0 13.8 10.7 2 

AGE OOMPOSITION 
OF INDEX 

,. 

1+ 1966 ••• 20.0 6.9 1.3 9.8 14.9 9.2 40.2 2.6 7.3 18.8 .: 

1967 ••• 18.8 1.4 4-5 4.8 7.7 23.3 25.4 0 0 0.3 ] 

2+ 1966 ••• 4-5 0.9 0 1.7 2.6 1.8 1.3 4.8 3-3 1.1 

1967 ... 15.8 1.5 2.2 1.6 4-9 8.9 22.7 14.0 7.7 8.3 

3+ 1966 •.• 0.9 0.2 0.1 0.1 0.2 1.8 3.1 9.6 8. 2 3-7 

1967 •.• 2.3 0 0.3 0.2 0.7 3-3 0.8 12.0 3.7 2.1 

Over 3+ 1966 •.. 0 0.1 0 0 0 0 0.4 0 0.5 U.3 

1967 ••• 0 0 0 0 0 0 () 0 2.4 0 

- l'io t fished . 



older than underyear1ings,,Indian River; 1966 _ 1967. 

ll 12 13 14 15 16 17 18 19 20 21 22 23 24 
680 550 900 670 150 150 530 150 240 300 2,000 1,860 
690 1,760 950 1,370 120 80 450 90 180 200 2,840 1,410 290 630 

171 77 102 49 26 7 0 0 0 38 ll2 21 
134 143 53 36 6 ? 0 0 0 5 86 35 4 0 

31 9 9 7 8 ? 0 0 21 13 8 1 
46 103 25 28 15 ll 0 0 0 18 52 29 12 22 

6 1 0 3 5 l 0 0 4- 2 1 0 
2 3 0 9 6 1 0 0 4 4 1 6 1 8 
2 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 19 

210 87 111 59 39 15 0 0 25 53 121 22 
182 249 78 73 27 19 0 0 4 27 139 70 17 49 

81.3 88.4 91.9 8,3.0 66.7 46.7 0 0 0 71.7 92.6 95.5 
7.3.7 57.4 67.9 49.3 22.2 36.8 () 0 0 18.5 61.9 50.0 23 ·5 0 

14.8 10.4 8.1 11.9 20.5 46.7 0 0 84.0 24 . 5 6.6 4.5 
25 .2 41.4 .32.1 38.4 55.6 57.9 0 0 0 66.7 37.4 41.4 70.6 44.9 

2.9 1.2 0 5.1 12.8 6.6 0 0 16.0 3.8 0.8 0 
1.1 1.2 0 12 • .3 22 .2 5.3 0 0 100.0 14.8 0.? 8.6 5.9 16 • .3 

1.0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 38.8 

.31.8 15.8 14.0 10.9 39.3 10.0 0 0 17.5 22.6 13.3 4.8 
26.8 16.4 8.2 7.6 22.5 23.7 0 0 2.2 14.0 5.2 6.0 5.9 14.3 

25.9 14.0 12.9 9.0 26.0 4.7 0 0 0 16 • .3 12.3 4.6 
19.7 9.4 5.6 ,3.8 5.0 8.7 0 0 0 2.6 3.2 ,3.0 1.4 0 

4.7 1.6 1.1 1.3 8.0 4-7 0 0 14.6 5.3 0.9 0.2 
6.8 6.8 2.6 2.9 12.5 13.7 0 0 0 9.3 1.9 2.5 4.2 6.4 

0.9 0.2 0 0.6 5.3 0.6 0 0 2.9 1.0 0.1 0 
0.3 0.2 0 0.9 5.0 1.3 0 0 2. 2 2.1 0.1 0.5 0 • .3 2.3 

0 .3 0 0 0 0 u 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 5.6 

1 
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Table III. Calculation of Arithmetic mean (X) and Standard Deviation (s) 
of parr indices for various "Bottom Types 11 in Indian River. 
Data for 1966 and 1967 combined. X = parr index per station. 
N = Number of Samples. 

(a) Gravel Bottom Type. 

Station no. X X= (X -X) 

2 8.1 - 1.61 

2.9 - 6.81 

3 1.4 - 8.31 

7.0 - 2.71 

5 17.0 7.29 

13.3 3-59 

20 22.6 12.89 

14.0 4-29 

22 4.8 - 4.91 

6.0 - 3.71 

97.1 

Sum of X = 27-1 = 9.71 1. = 
N 10 

~qu.:!I'e root of (emu ~f x~ = 5 = 

2 
X 

2.59 

46.38 

69.06 

7-34 

53.14 

12.89 

166.15 

18.40 

24.11 
13.76 

413.83 

6.43 

· . ) .. 
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Table III (Continued) 

(b) Rubble bottom type 

Station no. X X= (X - X) x2 

1 25.4 8.35 69.?2 

36.9 19.85 .394.02 

6 12.8 - 4.25 18.06 

.35.4 18 • .35 3.36. 72 

10 23.9 6.85 46.92 

10.? - 6 • .35 40 • .32 

19 17.5 - 0.45 0.20 

2.2 - 14.85 220.52 

12 15.8 - 1.25 1.56 

16.4 - 0.65 0.42 

13 14.0 - ),05 9.30 

8.2 - 8.85 ?8 • .32 

14 10.9 - 6.15 .37.82 

?.6 - 9.45 89.30 

15 .39·3 22.25 495.06 

22.5 5.45 29.70 

21 13.3 - 3.?5 14.06 

5.2 - 11.85 140.42 

23 5.9 - 11.15 124.32 

323.9 
2146.81 

X== Suin of X = m.:1 = 17.05 
N 19 

S= Square root of ~um ~f x
2
) = 

10.60 
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Table III (Continued) 

(c) Boulder bottom type. 

Station no. X X= (X -X) 2 
X 

7 45.0 19.85 .394.02 
48.9 2.3.75 564,06 

8 17.0 - 8.15 66.42 
26.0 0.85 0.72 

9 19 • .3 - 5.e5 34.22 
13.8 - 11.35 128.82 

11 31.8 6.65 44.22 
26.8 1.65 2.72 

16 10.0 - 15.15 229.52 
23.7 - 1.45 2.10 

24 14.3 - 10.85 117.72 

276.6 1584.57 

X = Sum of X = 276.6 = 25.15 
N 11 

s = Square root of ~tun ~f xy = 12.0 

- - ----···. 
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Table III (Continued) 

(d) Combined rubble and boulder bottom type. 

Station no. X X= (X- X) 2 
X 

1 25.4 5 • .38 28.94 
.36.9 16.88 284.9.3 

6 12.8 - 7.22 52.1.3 
.35-4 15.38 .336.72 

10 2.3.9 ,3.88 15.05 
10.7 - 9 • .32 86.86 

19 17.5 - 2.52 6 • .35 
2.2 - 17.82 317.55 

12 15.8 - 4.22 17.81 
16.4 - ,3.62 13.10 

1.3 14.0 - 6.02 36.24 
8.2 - 11.82 139.71 

14 10.9 - 9.12 8.3.17 
7.6 - 12.42 154.26 

15 .39 • .3 19.28 .371.72 
22.5 2.48 6.15 

21 1.3 • .3 - 6.72 45.16 
5.2 - 14.82 219.63 

23 5-9 - 14.12 199.37 

7 45.0 24.98 624.00 
48.9 28.88 834.05 

8 17.0 - 3.02 9.12 
26.0 5.98 .35.76 

9 19 • .3 - 0.72 0.52 
13.8 - 6.22 38.69 

ll 31.8 11.78 138.77 
26.8 6.78 b.-5. 97 

16 10.0 - 10.02 100.40 

23.7 3.68 13.54 

24 14.3 - 5.72 32.72 

600.5 4188.24 

- Sum of X 600.5 = 20.02 
X = = 

N 30 

s = Square root of ~n~ ~f x} = 
ll.82 

~ 
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Table IV. t-test of significance between me~ parr indices for various 
bottom types in Indian River (1966 and 1967 data combined). 
N = number of stations sampled, X= arithmetic mean parr 
index for (N) stations, S = Standard deviation, n = number 
of degrees of freedom, P = level of significance. 

(a) Between gravel bottom type and rubble bottom type. 

Sample N 

l 10 

2 19 

s (~ - x2) 

I~- x2l 

t 

n 

= 

= 

= 

27 

X 

9.71 

17.05 

Square root of 

7.34 

I~- izl = 

s(~ - x2) 

s 

6.43 

10.60 

~~ + 

Nl 

hlli = 
3.17 

41.34 

112.36 

50 = 3.17 

N2 

2.32 

. 05 d 0 0~ 5 therefore, the difference 
F is ~et~e~n ot. t~he 0 ~5'level of significance. 

between means is Slg~flcan a • 

-· ·- · . 
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Table IV (Continued) 

(b) Between rubble bottom type and boulder i::>ot tom type • 

Sample N X s s2 

l 19 17.05 10.60 112.36 

2 ll 25.15 12.00 144.00 

= Square root of G~ + s~ 
N N l 2 

= 

= 8.10 

t I~- x21 = = 1.86 = 

s(~ - x2) 

n = 28 

P is between 0.10 and 0.05~ tnerefore > the difference 
between means is not si gnificant at the 0.05 level of significance. 

- ---~ 
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· Table IV (Continued) 

(c) Between gravel bottom type anci boulder bottom type. 

Sample N 

1 10 

2 ll 

s(~ - x2) 

I~- x21 

t = 

n = 

.X. 

9.71 

25.15 

= Square root of (s~ 
Nl 

= 15.44 

I~- x21 = 15.44 

so;_ - x2) 4.15 

19 

s 

6.43 

12.00 

+ s2 
_£ 
N2 

= 3.72 

= 

41-34 

144.00 

4.15 

p is less than 0.01, therefore, the difference between 

means is highly significant. 

~--
- --~-
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Ta.ble IV (Continued) 

(d) Between combined boulder and rubble bottom types and gravel 
bottom type. 

Sample N 

1 30 

2 10 

s(~ - x2) 

I~- x21 

t = 

n = 

X 

20.02 

9.71 

= Square root of u~ + 
Nl 

= 10.31 

I\ -x2l = 10.31 

s(~ - x2) 
2.97 

38 

s 

11.82 

6.43 

s~) 
N2 

= 

= 

3.47 

2.97 

139.71 

41-34 

p is l ess t han 0.01, therefore , the differ ence between 

means is highly sig~tficant. 

-~ 
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Table V. t-test of significance between arithmetic mean parr indices 
(older than under~earlings) in section one, Indian River, 
1966 and 1967. (X= arithmetic mean, N =number of samples, 
S = Standard deviation, P = level of significance, n = 
degrees of freedom). 

Sample N X 

1 5 12.? 

2 13.3 

s(~ = S;uare root of ~sf - x ) 
2 

Nl 

lx. -X I = 0.6 
.L 2 

t = 0.6/h.03 = 0.15 

n = 8 

s 

8.12 

3.87 

+ ,2) '-'2 

N2 

= 

65.97 

14.99 

4.03 

f t he riiffer ence between p is greater t han 0.90, ther e ore, 
mee.ns i s not significant at the 0.05 l evel. 

'" 



.· 
~-:. 

r 
f. 
:~ 

:-: -

- 128-

'fable VI. Arithmetic mean weight of fish sampled during electro
fishing studiesJ Indian River; 1966 and 1967. 

~ · Species 
•.: 
..:; ,. 

No. sampled Nean weight (gm.) Mean weight (lb.) 

' 1966 1967 1966 J:!if!l 1966 J!lff1. 

Salroon (parr) 302 254 4.15 8.24 0.0091 0.0181 

.,. 
{ · 

Salmon (fry) 0 330 0.42 0.54 0.0009 0.0012 

'lrout 110 67 6.36 10.72 0.0140 0.0236 

l!:els 46 47 51.30 80.16 0.1130 0.1765 

Sticklebacks 94 28 1.63 1.41 0.0036 0.0031 

" \ ··: 



........ . ···· ... -, 
Tn.iJle VII. Food of sa.lloon parr, sa.lloon fry, brook trout, eels and sticddebacke in Indian River, July and August, 

1967: (TO. = actual number counted, NO. = number of each food organism expressed as percentage of 
total munber of organisms, F. = nwnber of stomachs containing each food organism expressed as 
percentage of' total stomachs examined, N. = nymph, L = larva, A = adult). 

fish species Salroon parr Salmon fry Brook trout Eels Sticklebacks 

No. sampled 260 ,210 60 ~0 2,2 

TO. NO. F. TO. oo. F. TO. 00. F. TO. NO. F. ·ro. NO. F. - - - -
Food COffiQOSition 

Salroon parr 0 0 0 0 0 0 0 0 0 1 0.6 2.5 0 0 0 

Salmon fry 0 0 0 0 0 0 1 0.1 1.7 1 0.6 2.5 0 0 0 

f.phemeroptera •• N 76 2.1 8.9 17 2.7 14 1.6 10.0 86 50.9 17.5 4 10.0 4.4 
rlecoptera •• N 216 5.8 18.9 94 15.1 52 6.1 15.0 37 21.9 10.0 10 25.0 8.7 
'l'richoptera •• 1 324 8.7 29.5 42 6.8 18 2.1 18.4 3 1.8 5.0 3 7~5 4.4 
Coleoptera •• L 2 O.l 0.6 0 0 1 0.1 0 0 0 2.5 0 0 0 
Coleoptera •• A 1421 38.4 16.4 110 17.7 509 59.6 31.7 8 4.7 7.5 7 17.5 4.4 
Hemiptera •• A 66 1.8 9.2 5 0.8 17 2.0 10.0 0 0 0 0 0 0 
01igochaeta 58 1.6 0.8 0 0 0 0 0 0 0 0 0 0 0 

Hirudinea 4 0.1 0.3 0 0 0 0 0 1 0.6 5.0 0 0 0 
Gastropoda 667 18.0 10.3 7 1.1 0 0 0 ll 6.5 7.5 0 0 0 
Odonata •• N 27 0.7 6.1 3 0.5 6 0.7 10.0 20 11.8 27.5 0 0 0 
i'Jeuroptera •• L 306 8.3 17.8 191 30.8 72 8.4 21.7 0 0 0 10 25.0 13.1 
Mosquito •• ,L 6 0.2 0.8 0 0 33 3.9 1.7 0 0 0 0 0 0 
Chironomidae •• L 123 3.3 8.1 97 15.6 6 0.7 3.3 1 0.6 5.0 4 10.0 8.7 
Tip ulidae •• 1 1 0.03 0.3 0 0 0 0 0 0 0 0 0 0 0 

1.0 1.1 3.1 12 1.9 0 0 0 0 0 0 0 0 0 

I 

t-' 

t-6 



Mosquito •• ,L 6 0.2 0.8 0 0 jj )o';l .!. • ( v v '"' 
Chironomidae •• L 123 3.3 8.1 97 15.6 6 0.7 3.3 1 0.6 s.o 4 10.0 8.7 
Tipulidae •• 1 1 0.03 0.3 0 0 0 0 0 0 0 0 0 0 0 
Si mulidae •• L 40 1.1 3.1 12 1.9 0 0 0 0 0 0 0 0 0 
Amp hi pod a 1 0.03 0.3 0 0 0 0 0 0 0 0 0 0 0 
Hydracarina 6 0.2 1.1 0 0 0 0 0 0 0 0 0 0 0 
Unidentified 1 0.03 0.6 21 3-4 1 0.1 5.0 0 0 
Diptera •• L 2.5 0 0 0 

Surface organisms 

Neuroptera •• A 10 0.3 0.6 0 0 72 8.4 21.7 0 0 0 10 25.0 13.1 

Moqquito: •.•• A 306 8.3 23.9 18 2.9 93 10.9 43-4 0 0 0 2 5.0 4-4 
Tipu..lidae •• A 0 0 0 0 0 1 0.1 1.7 0 0 0 0 0 0 

Simulidae •• A 5 0.1 1.4 0 0 3 0.4 3-3 0 0 0 0 0 0 

Unidentif ied 23 0.6 3.6 3 0.5 15 
Diptera •• A 

1.8 1.7 0 0 0 0 0 0 

Terrestrial organisms 

Arachnida 11 0.3 1.9 1 0.2 5 0.6 5.0 0 0 0 0 0 0 

Coleoptera •• A 1 0.03 0.3 0 0 0 0 0 0 0 0 0 0 0 

.l"ormicidae •• A 6 0.2 1.9 1 0.2 7 0.8 6.7 0 0 0 0 0 0 

hmpty 21 5.8 5 8.4 11 27.5 8 34.8 

Digested bolus 10 2.8 1 1.7 2 5.0 0 0 0 

Totals 3707 100.1 175-3 622 100.2 854 100.2 200.4 169 100.0 123.0 40 100.0 82.9 



Table VIII. ~'leekly count of salloon at In:ii.an River Fishi'l&yj 1958 - 1966 (1962 excluded). 

heel<: June July August September 
ending Total 

28 5 12 19 26 2 9 16 29 6 1958 
Number 

24 53 80 163 133 180 101 139 33 11 923 COlll1ted 

i:ieek June July August September 
ending Total 

1959 11 18 25 1 8 15 22 29 5 
Number 36 107 108 75 24 40 24 33 9 456 counted 

Heek June July August t)eptember 
'l'otal ending 2 9 16 23 30 6 13 20 27 24 

1960 
Number 13 49 93 105 92 75 40 21 7 24 519 counted 

vfeek 
ending 

_J_~ __ .e ___________ J_~~Y ____________________ A_~~ru_s_t ______________ s_e~p_te_mb __ e_r __ Tot~ 

1961 l 8 15 22 29 5 12 19 26 2 9 
------------------------~~--~--~----~--------~------------

Number 
counted 10 16 33 

T __ , .. ... 

14 41 10 4 7 4 13 2 

llncnH::.t. Seotember 

154 

t-' 
\..,) 

0 



1961 

1963 

1964 

1965 

1966 

f 
,.· 

v!eek 
eming 

_J_un~_e ____________ J_ul~y~ ___________________ A_ug=~-s_t _______________ s_e~p_te_mb __ e_r __ Tot al 

1 8 15 22 29 5 12 19 26 2 9 
------------------~--~~~--~--~~--~--~----~------------

Number 
counted 

';leek 
ending 

Number 
counted 

~·>eek 

ending 

Number 
counted 

\'.ieek 
ending 

Number 
counted 

1!feek 
ending 

Number 
counted 

10 16 33 l4 41 10 4 7 4 13 2 154 

June July ....:...=::__ _______ _:_.=: _____________________ A....;ugu=--s-t ______________ Se_;p~t-e_mb_e_r_ 'lotal 

29 6 13 20 27 3 10 17 24 31 7 l4 

4 7 38 83 44 51 9 3 0 0 0 289 

June July August September 
'l'otal 

4 11 18 25 1 8 15 22 29 5 12 

7 6 68 313 527 131 94 63 23 12 11244 

June July August September Total 
3 10 17 24 31 7 14 21 28 4 

16 29 54 90 66 34 27 18 12 394 

June July August September 
'l'otal 

9 16 23 30 6 13 20 2? 3 

25 24 78 40 52 26 33 l4 3 295 
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Table IX. Mean fork length and Standard deviation of s:llmoi1 entering 
Indian River Spawning Channel; 1963 - 1967. 

Year 1963 1964 1965 1966 1967 

!'.1.ean length (em.) 51.6 50.3 50.1 50.3 

Standard deviation 2.2 J.O 

Number sampled 73 248 110 160 152 
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SlJliJl.'lARY 

Indian River is a medium size stream (drainage area 500 square 

miles) flowing into Hall's Bay, Newfoundland. Prior to 1962, a run of 

Atlantic saLnon, numbering about 1,500 to 2,000 fish, frequented Indian 

River. Many of these fish ~pawned in Upper Indian River, a tributary of 

Indian River. 

During 1962, Bowater's Pulp and Paper Company constructed a 

hydro diversion dam on Upper Indian River which resulted in the diversion 

of most of the headwaters of this tributary into Birchy Lake. The 

Department of Fisheries of Canada, which is responsible for maintenance 

of Atlantic salmon stocks in Newfoundland rivers, reasoned that, with 

completion of the hydro-electric project, many of the salrnon utilizing 

Upper Indian River would be deprived of suitable spawning grounds. As an 

effort to compensate for the expected loss of spawning grounds, the 

Department of Fisheries constructed, on Upper Indian River, a cont rolled 

flow spawning channel at a point 2.8 miles above I ndian Pond during 

1962-63. The channel is basically a man-made spawning area which provides 

nearly ideal condi tions for the deposi tion and subsequent development of 

eggs. 

Prior to the beginning of t his study, it '\'las the policy of the 

Department of Fisheries to allow fry, which were produced in t he channel, 

to move directl y out of the channel into the 2.8 mile section of river 

between the channel and Indian Pond. It was known that a sizable number 

of salmon continued to spawn naturally in t his area . Gradually it became 

apparent that it might not be sound management policy t o release large 

numbers of f r y from the channel i nto this section of river, where they 

---- --:-·----IL-. . . .. -·· ..... ···-· ... . 
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would necessarily enter into competition, for food and living space, with 

naturally produced fry. During the sunnner of 1966, therefore, a survey 

was undertaken to provide information on· 
' 

(a) the fate of fry after they left the channel, 

{b) the contribution of channel produced fry to salmon parr 

populations in Indian River, 

(c) the best way to utilize channel produced fry, if it were 

established that the policy, being followed at that time, was 

not suitable. 

To study fry migration, specially constructed traps, consisting 

of a diagonal screen fence and holding box, were utilized. In addition, 

electrofishing gear was used to determine underyearling densities upstream 

and downstream from areas Where fry were released. The electrofishing 

gear was also used to determine parr densities throughout Indian River, 

so that parr production in the area of direct channel influence coQld be 

compared with that in areas where the channel was not likely to have any 

effect. Twenty-two representative stations were fished in 1966 and twenty-

four in 1967. Each station was secured at both ends by fine mesh netting 

before fishing began. A catch per unit of effort method, described by 

DeLury (1947) was used to estimate fish populations at each station. 

Comparison of fry production in the channel with that in the 

river, under natural conditions, indicated that egg-fry survival in the 

channel is, at least, double vmat it is under natural conditi ons . Results 

showed that fry tended to remain near the area where t hey vrere hatched. 

The degree of post-hatching dispersal of fry appears to be directly 

r elated to the stocking density. Underyearling production is greater in 
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the area of direct channel influence than in any other area of Indian 

River. Production of l+ and older parr is lower in this area than in any 

other area of Indian River except in the main river below Indian Pond. 

Parr density in the area of direct channel influence averaged 13 per 

100 square yards compared with 19 per 100 square yards for the river as 

a whole. The total standing crop of Indian River averaged 34.9 pounds per 

acre. The standing crop of juvenile Atlantic salmon averaged 12.0 pounds 

per acre. Compared to other streams, described by other authors, Indian 

River can be described as being moderately productive. As a producer of 

Atlantic salmon it rates favourably with most rivers described in the 

literature. 

Underyearling to yearling survival, in the area of direct channel 

influence, was compared with survival rate in three other areas of Indian 

River. Survival in the area of direct channel influence was 9. 7 percent 

compared to an average of over 70 percent for the other three areas 

studied. 

Based on the results obtained from this study, it was concluded 

that most of the fry, which have been released !'rem the channel into the 

2.8 mile section of river between the channel and Indian Pond, have 

either died or moved to some other part of the river. No evidence was 

obtained to show that extensive emigration occurred. It seems likely, 

therefore, that mortality was high. Consequently, it has been recommended 

that fry, produced in the channel, be distributed to areas of the river 

which are presently understocked or inaccessible to spawning adults. 







( 

7/ 






