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'th. 1'01011 of 6ngUll tOltrl", vith 'etarance ta the eo-.rcial rtaher, 

/ 

tha f ... ibiltty of a.~a\llahlft1~ oa..erctal aal 

C60aytlla tOlsrat, te Suau~) filhary on the weat coa.t of Newfoundla~d 

i. .aterminad and r,c~"tloa. .ubattt.d. ri.hiftl technique. are 
, 

... luatad and holdiftl and trana~tiftl procedür •• for live •• 11 are 

da.crlbèd. the lar ... t concentrattona of aal. were found 1ft bracktlh 
) 

_ter ar.... Ri&h1, .,,,,tftomt cUfhrenc .. tn fat contant and total . ~ - \ 

Mr'cury wera fou1\d betvean broad-nOl.ct and .h&rp-nOl.d .al.. Whether 

the dlfferene.a betwe.n the.e tvQ ty~ are .. "etlcalty or environ­

.. "tally datar.lned t. dt.cu •• ed. Afta17.ia of varianca of fat cont.nt 
,( . 

be~n five colout typel of .al. re.ultad ln ~ .ltnlficant r valu~. 

Ir •• a •• 18 we~ fouad to have a atpiftoantlJ hlpar fat coatant 

than aU otb.r colour t,pe.. A .. thod of ha"dU.",. fr ... iq and 

atort .. fIo •• n .. 1. da.llfted to achi..- an~ .. t~ain a hilh qualit, 

fron" procl\lct. 11 .ucriM4. A ... 1 .. t.ehaiqu. ta dueribed that 

pr~ .. a .... d .. 1 procNct acceptable to·.oat IuropMll tut.a. 
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La Itolol1. d'ApI»111a ro,t~.s •• t .a "ch. C~~c1al. 

IIIUNI 

On •• tudt. 1 •• poe.tbtlts •• d. 1. 'ptaha oonaerct.l. l 

l'aftlUllla CAnIy!ll. rOfsra'a ta Suaur).ur 1. ces. ou •• t d. Terra 

-- "a\lVt!; .t on a .0u.1I cartatn.. r.ca..andaUon.. ta. t.chnlqu .. 

da peoh •• ont tvalu •••• t 1 .. .o,.n. d. eone.rv.t1on .s d. tran,­

port .... ~tn •• vlvante, .Oftt d.ertt.. La. plui p'and .. 

oOftc~~ratton, d·.~lUl11 ••• trouvant dan. 1 •• r~lton. d' .. u •• UMltr •• 

On a trouv. d •• dlfl'r.net. tra •• tanllle.tive. dan. l, 
1 

~ . 
Saux d. Ir.l •• a .t la .. rcur. totai .ntr. 1 ••• ~111 •• l .u •• au 

~ t lu ... t caU •• l ....... u. .IUl.: on •• d.and •• 1,~C" dUl.rene •• 

• Oftt due. ~ d •• cau ••• "n.tlqu •• ou .eololtqu... ~ ... ura 1 • 

.artabillt. du taua de Irat ••• ch •• d •• anauill .. de , typ •• de 

coul.ur.; 1 •• r •• ultat. obt~u. donnlIent unI val.ur , .tanlflcàtlvl • . 
Lta 'ncuill •• br on •••• ont un Saux d. sr.l ••• beaucoup plu •• le~ qua 

'1 .. autr ••• 

Oft a dferit un ... thocle d. tralt...at. d. OOftltlatlOft .t d. 

ItOC", .. anplU .. cOftltU .. ta WI d'obteu .t d. con •• ",r Qft 

produit d. haut. quallt.. Oa a d.c~it ... l...as ua ,rOC.d. d. tu.aaa. 

~l dOllH dei aqûU" fuMet au pet da 1. plupart du .uro ..... 
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1 PUlPOSI OF srUbY 

th. proj.ct wa. cone.ived by th. author and f.llov ara~uat.o 

.tud.nt, Dean Mel.nai.. Tha aim val to d.t.rain. th, f ••• ibillty 
.0' 

of •• tabll.hina a comm.rclal •• 1 filh.ry on the ve.t coa.t ~' 
," f' " ~ . 

Newfoundl.nd. Steph.nville val •• lected a.- a ba •• ol oparat\on • 
, ~ ... , 

baeau •• of' aval1abl. proc ••• ina fael1i~i ••• nd ~.ady acea.' to r9&d. . . , 

wat.r and air tran.portation. An •• 1 fi.hery had alr .. dy baan •• t-

abli.hed vith a 1972 catch axc •• dina 32 600 ka_ Th. va.t .. jorlty 

of thi. catch va. not however proc •••• d in th. ar.a, but trutkad 

live to New Brun.wlck. Eeonomically and loai.tically St.ph.nvill. 

va. con.id.r.d a prim. area to •• tablilh a proe ••• ina facility that 

eould export liv., fro •• n and fr •• h .mok.d •• 1. to th. ready mark.t 

'in Europ •• 

Th.-prim. fl.~fna ar ••• had to b. d.t.rmln.d and th. varioui 

fi.hina techniqu •• and .. ar .valuat.d. Proe.d~r.. for holdina larae 
1 ... 

quantiti •• of live •• 1. had to b. con.id.r.d and .ortina and fr •• ,ina 
, 

t.chniqu •• d.veloped to produç. th • .o.t econoalcal top quality fro.en 
, r 

, . . 
•• 1. t •• tina variou. container. for .hi~nt. of live a.la va. und.r-

tak~n Ind experimentation vith • .akina r.c!pe. ~,t.ehniqu •• c.rrlad 

out to produc. a • .okad •• 1 product acc.pt'abl. to'J~h. European .. rket • 
• 

liololical data pertin.nt to a caa..rcial fi.h.ry ver. coll.ct.d 

and analy •• d to •••••• th. ar .. '. potantial yearly production of 
, , 

'-t\ll'a and .. tur ... 11 a. -.. U a. a ~at1 .......... ant Qf th.ir 

_rk.t quaUty. 

" 

\ 
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Il HISTORICAL INTROOOC'l'ION 
1 

Throuahout r.cord.d history, th ••• 1 ha. b •• n a eulinary 

d.11aht to man and an .ni..- to .. ny of th. lei.ntilt. who .pee-

ulat.d upon th. my.t.riou. m.thod of •• 1 r.produc~on. 

Ariltotl., .ome 350 y tari b.for. Christ, cont.nd.d that •• 1. 

ver. born from .arthvorma, Lu.bricui t.rr •• tri., which, in turn. 

ver. produc.d .pontan.oully fram mud 'and .oil. About 400 ,.at. 

lat.r, th. Roman Icho1ar Pliny th. Eld.r .xpr •••• d th. b.li.f that 

younl .e11 were produc.d from fragmentl rubbe~ off by'th. adultl 

aaalnit th. rockl. ln 1555, Rond.1et maintain.d that youna •• 11 ver. 

produc.d from putrifi.d matter and allo by .... produe.d by th. cop­

ulation of the male and f..al.. Marc.110 Ma1pilhi ( 1628 - 1694 ) ~ 
f.il.d to ldentify th. oVlri •• of •• 1a corr.ctly, b.1i.vina th.m to 

be d.po.ita of fat. Many obl.t'ver ••••• ina "younl •• la" in.id. th. 

adu1t • .apr •••• d b.ll.f in th.ir viviparlty. Som. of th~ .or. ~ain· 

ative .aplanation. ver. r.production from de", and .pontaneou. pner-

ation from hors. hair. that had fal1en ln vat.r while the hor ••• ver. 

drlnki na. 

Franei.c~Redi. in 1684, r.futed th. theory that r.1. vere born 

fre. d.caylnl matter and alao .hove-d th. "youna .. la" to b. int •• Unal 

voru. He finaly cont.nd.d that •• 11 r.produced by th •• paVllina of eu •• 

Chriati&n rrary PauU.ni aar .. d vith R.di but n.lth.r had ob.erved the 

.... or lpen vlthln th. Hl •• 

It ... not unti1 1777 (that th. ovary ~. correctly identified 

by Carlo MUndini, profe •• or of aaata., at the Vn1~r.it1 of 101oana. 

l' 
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S .. 96 y.ar •• lapl.d befor. th • .,.raa~'ic orpn. of th. a.la ver. 

"da.cribad by Syrlki, Diraetor of th.'~.ua of Natural Scianca at 

trialta and profa'lor of th. Univ.r.it, of L~burl. 

tha confirmation that .all ver. ovlparouÎ l.d to lpacu1ation 

on wh.ra thay bra.d. It bad lonl b.f6r. ba.n r.coani •• d that in th, 

fall of tha y.ar adu1t •• 1. mllrat. dawn.tr.am and in th •• prinl ar .. t 

nu.ber. of tiny a.l. (6 - 7 ca) app •• r in eoa.t.l vatar. and belin , 

Iwtmminl up.traam into th. fruh vat.r. Smallar •• 1. had n.va! b.au 

I.an. In 1896. Gra •• i and calandruccio r.port.d that aft.r k •• plng 

alive a Ip.clm.n of th. p.euliar ribbon-lik. fi.h d'.erlb.d by ~aup 

in 1856 a. L.ptoe.phalu. br.viro.tri'l lt chanaed into a younl .. 1. 

Th.y eonelud.d that thi. Leptoe.phalu. va. th. larva of~h. European 

•• 1. Sine. young larva. had n.v.r ba.n ,found in.hor' l th.y .tat.d 

that th ••• 1 mult .pavn at Ireat d.pth" wh.r. th. l.ptoe.phali live 

/' 

Prof •• lor Johann •• Sehaidt fir.t eauaht .pae~. of Lapto-

c.phalu. in 1904 whi1. ft.hina for cod-fry to th. ve.t of th. Fa.ro ••• 

Sc~dt lpaeulated that the .oure. of .upply of th •• e larva. , th. 

br •• ding plac. of ~. anguilla, va. furth.r to th. ve.t. B.cau •• of 

th. wportane~", of th. e~reial fr •• hvatar .. 1 flah.ry to Deœark, 

and bacau~. f .. r. of overfi.hina th ••• 1 .tocka exi.t.d, th. Int.r­

national ec-illion for th. Exploration of th. s .. tUllY .~pporUd ' 

and .acour.pd SchIa1dt'. iav .. ttaatlon. 

Afi.r 20 ",ri of ~t.nai" obaU'Yatioaa 1 Sebaldt'. 1925 

publicatioa, '~h. ar •• din. Plac .. of th. 1.1", .p,.ar.d, tha fir.t 
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Schaidt 

.epar.ted the l.rvae of the European eel ( ! .• nautll. L. ) fro. 

th. Amert~n eel ( !. rOltrata Le Sueur ) on the ba.t. of the nuaber. 
. 

of vertebrae. and propoaed .epa~ate breedinl location. in th. Sar •••• o 

"S~. He ... tated that. "ln th. caae of \he AMrican eel. the pel •• ic ataae 

ia terminated tn about one year; con.equently the larvae have not time 

to make the journey to Europe, the dt.tance beins more than they can 
\ ' 
\ 

cover in that periode lt ta oth.rvtae vith the European eel. which 

tak.a nearly thre. ti.e. a. lona over the larvel develo~nt. aa a 

re.ult of vhieh praetieally all !. anguilla l.rvae are far avay from 

the weatern (American) portion of the Atlantic when the ti.e come, for 

them. a. elver •• to .,ek th. coaat •• 

'~e c.n thua indicate both • aeoaraphic.l and .n etholosic.l 

caua. for diatribution of the.e two .peciea of freahvater .el.. The . 
for.er lie. in the fact that !. roatrata h •• ita centre of production 

.~.t further waat and .outh than !. Anauilla. The latter ,i. the 
~ 

different duration of the pel.aie milr.tory atase. Th,.e two fact •• in 

conjunction vith the ocean current. aa .n aid to tranaport. and later -

once the earlie.t atasea of development are pa •• ed - the activ. mtvement8 

of the larvae th .... lv ••• mutt be re.arded aa the cau.e. which lead the 

two Atlantic apecl •• of ,el. ti find .. ch ite own .ide of th. ocean, 

de.pite the clo., proxillllty of the breedina around •• " 

Scha1dt'. conclu.iont v.re not di.puted until Tucker (1959.) 

pubU.hed hil article on nA New Solution to the Atlantie,_Eel Problan • .. 
Scha1dt' .... UIlptiOll that the European eel ( ~. anauiUe ) r.tum. to 

the Sara ••• o S .. la rejectad by Tuckar ( p.496 ) and h. propos •• : 

"rbat the IuropMll .. 1 nud IlOt ad cio Ilot .ucc .. d ill retumina to the , 
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anc.atra1 apavnina Found ar .. , but perlah in th.il' own contin.nta1 

vat.ra; 2) That th. ~rican and Europ .. n •• 11 al'. not dlltinct apeci.a, 

but .. raly .co-phenotypel of !. !PIUi1la, thair apparent diatlnauilhina 
1 

characura be~na environMntaUy dauralned (tin the .. nnel' of nUMro~a· 

prec.d.nt. ) by d .. onltrab1e diff.rence. in the t .. perature condition. 

encountared durifta th~alc.nt from diff.r.nt parti ~ th. ~rican ,~l'a 

.pavnlna area to the lurfac~ end their dl.tl'ibution by demonattable co-

incident differencea ln the auba.quent tran.port of th. aurfac.-vater 
" 

... ~ea; 3) That th. populationa of the .o-call.d 'Europ.an' .e1., 

!. anaui11a, are therefore maintained by l'alnforc .. enta of larvaa of 

AJaerican !. ro.trata 'p~rentaae'." 

Bruua (1963) point.d out that Tuck.r foundad hi. ~ypothe.i. on 

only ~ of tha axi.ti~ litel'atuta vithout any nev oba.rvationt of 

any klnd. 

Tuck.~ ctt.. th. diff.renca -in th. nuaber of v.rt.bra. a. th. on1y 
~ 

diatinauiahlna .arpho1oaica1 diffareuca b.tween the two .pecie.. Schmidt 

.. de, a INch -.ore thoroulh • tudy of the taxoaOll)' of the pnua AnauiUa 

Shaw uaina nu.erou. morpho1olica1 charactera to Ihow conaiatent difference. 

between !. anauiUa and !. rOltrata. Thele data were broulht toaether in 
11 

a .aaoaraph by Ile (1939) after Scbaidt'I death. 

ln .tatina hi. bellef that !. ansuil1a 1. unable to milrate to the 

lpawnina &r ... Tucker aval' looka the population of !. !Y"lUa in the 

Alor •• ( Sc~dt 1909). The .laratory dl. tance that the •• 1. fra. th~ 

A.aore. vou1d bava to cover 1. rouahly 2000 .U ... or approxiMtely the 

.... cUatuCl that ~. rottrata !ro. C&Dacia .et ccmar • 

) 

• ___ -----------L-___ ~~_~ _____ __" _ _..... 
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fucker .tau. (1959a, p. 496) that "DUferenc •• bet".en IIOrpho­

lOlleal &bd phy.loloatcal .tate. of the'European end American eel. on 

'thelr delcent ta the aea are remarkable ln a éontext quite apart frOll 

taxonOlly. The European eel ta already vell advanced toyard. be1na a 

reproductive oceante fiah, and thia de.pite the lona journey whlch 

luppoaedly Ue. before it. The AMrican .. 1, vith a IllUch auUer 

, dt.tance/time ta 10, II y,t relatively retard.d. The two condition. 

are the revlrae of what Any reaaonable conaideration of adaptive 

charaeterl and natural ul,et.ion vould predict." 

ln .upport of thia, Tucker, citin, only Vladykov (1955), claima 

that the American ,el la, on the averaae, laraer and four ti .. a heavier 

, than the European e.l, àlthou8h he conaldered lt more r,tarded. 

To ~ke th, Itatement quoted above, Tucker au.t have u.ed 

V1adykov'a data for adult f..ale. (by far the lar .. r of the .exe, ) 

fra. the province of Quebec (where the lar .. at eell in North ~erlca 

are caulht). Tucker', choice of comparative data (Vladykov (1955) ), 

vaa froa an atypieal population and not valld for compartlon. Bruun 

(1963), ~n the other band, uI.a more typlcal population. of!. rostrata 

r •• ultina in a clole lilDl:larity o,f Il ... betften th, European and 

'-rican ,el. 

ln the, European eel, there are .. rked chantel that oecur durin. 

the traaaformation of older ,ello. eel. to 111ver .,11, b.sid .. the .. 
1 

DOtlceab1e chanae in coloration. The,e tnclud. a thickeaina of the Ikin, 
t 

aec:u.ulatloa of fat. reductton in the production of .uCUI. enlara-ent . ' 

of the e,.4 alteration of body f lextbi lit y and loca.Gtion ~vlour, 
1 



.' _
______ ............. ·.?~NÎI ........ ~~ .. -------------• _1 ut <$ - ~ - .. ---- - -

o 

" 

r 

.. 7 .. 

potnt1na and narrovina oC" th • .,.ctoral fini. d.velo,..nt of the lOn&dl. 
~ 

Incr .... d endocrine actlvlty, c •• lation of food con.uaption. r.duction 
• 1 

of th. di,'IUve tract, lncr .... d n~b.ra of chlorid. cella ln th. atUI 
..... 

and ehan ... in o.aor'rulatory c&p&clty (D'Ancona. 1960). 

" Thi. tran.formation hal not b •• n Itudi.d ext.naively for th. 

~riean e.1. Simi1.r ch~I'1 probably occur in !. rOltrata .1thouah 

th. paraUI1 11 not ex.ct. The molt notic.able dlff.~enee b.twten the 

two .pecie. 1. ln • mlsr.ting .dult.. 'th. Amerlean ee1 

hth.lml. and di.pl.y •• bron .. 

rather th.n al1ver ! ~. anguill. Vl.dykov. 1955). H. ha •• uggelted 

that a aora .pt tlrm ~. re-tr.ta) •• l1 would be "bronu 

• •• 11". Neverth.l ... it nlidar.d that only rlth. bronaa 
; . 

coloration occur. in A. rOitrata. 1 htv. oba.rved nu.eroua .ale and . - , 
f ... le liiver adult lliaraUna .. la ( ~. ro.trata ) cauaht on the veit 

," 
coa.t of Newfound1.nd aad f..al •• llv.r .el. from the province of Qu.bec. 

tha bron.e coloration i. hovev.r. pr.d01linant (82l of the migr.tina •• 1. 
\ 

... pled from the south-veit eoalt of Nevfoundland). 

Vladykov (l9SS) a.IUlle, that the bran •• ee1 .tage in North America 

carra. ponds to that of th. European 8ilver .al. A bronly-black coloration 

hu oee&don&11y been obaerv.d in th" IIt,8l'atlna European •• 1 ~. anaul\la) 

but it ta rare co.par.d to tha .Uv.r .latan~ (DtAllcon., 1959). A • 
• 

• tated abave thl, .ituatlon i. tb. revet.e for tb~.~~ican •• 1 (A. to.trata), 

the br on •• coloration bllnl dolaiunt. BruU1l (1963) .t.ted that after havlng . 

~in.d tan Uve b~OQ.' •• 11 froe Canada, th. a .. cH._ ..... t.r. ra.naed froill 

0.20 ta 0 .. 35 _ vbU. thOie of tb. Eurdpeau d lver .. 11 very rar.ly oc •• d 
, 1 

0.20 _. lruun eondud.d: "tbat 'tbey ( tb. bran.. eell frOll Canada ) are _ 

, 
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C-oaparina the fat content of lilv.f and bron ••• eh frOCll Newfound-

land, 1 found bron.e ,ell to have a .ianifieant1y hi.her mean fat content 
, ~-''Ï 

(lS.9 VI 12.1 1), ( ne .. ction on ,Ft~t Content below). MeCance, (1944) 

found ~he,fat content of .11ver Europ.an "li (~. a~illa ) tà'b. 

26 - 301, con.iderably hiaher than bron" ,.la ( A. ro.trata ) from 

N.vfoundland. It i. r ... onable that the aiaratina European .el. would 

require m~r •• tored eneray ta complete th, 10nter mtaration. The.e facta 

add lupport to Bruun'a (1963) bell,f tbat ~h. bron.e North Amerlcan ,el 

ta more r.productively advanced than the allver European eel. This contra-

dicta one of Tucker', key point. 1.n hi. theory, that the .Uver European 

eel ia the more reproductively advane.d, and therefore le.. llkely to 
~ 

aurvive the lonaer mlaration. 

lt t •• y opinion that the difference. in eli diameter and fat content, 

alr .. dy cited, lead one to conclude that the .11ver European eel ia not a. 
, t 

advanced reproductively a. the bron.e American eel and that thi. phy.lol-

oaical diEference would lncrea.e itl cba~ee of returnina to the Saraa.lo 

.pawnlna area. 

Critici ... of Tucker'. hypothe.i. vere pubU.hed by D'Aneona (1959) , 

JoD •• (1959), Dee~der (1960) and by Bruun (1963), who lubmitted the most 

thoroup and M.t .ubltantiated objection. Tucker repUed to hil fint 

thr.e critici in .ublequent publicationa (1959b, c, 1960). Althouah 

'tucker'. "Hw Solution" tl not aenerally accepted, he dtd .hov that ... ny , 

of Sclaidt'. a'luaptlona concemina the lpavnina ar ... vere baud ou 

circœatantial evidenee rather than provu facta ( Vladykov 1966 ) • 

• 
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Vladykov (1966) rai.e. no objection to Schmidt'. findinaa on the 

duration of the l.rv.l .t .... , on di.tribution, on mieration of ~. anau111. 
Il 

leptocephali nor to hi. outline of/the pre.umed .pavnina .r .. of ~ •• nlUill., 

but he que.tion. Schmidt'I propoaed .pavnina .re. of !. ro.trata. The 

pre.ence of adult !. rostrata aa far .outh aa Trinidad and the Culana • 

.. ke it difficult to ~aine hoy leptocephali could reach thia .outhern 

area froaa th, .pavnina area propoaed by Schmidt. The UkeUhood that 

leptocephali can cover 900 mile. ln a loutherly direction and crOi' the 

South ~rican equatorial current i. remote. Vl.dykov (1964) therefore 

.u .... t. that th. true apawnihl place for !. rOitrata Il much further to 

the South (SON) than Schm!dt had .u .... t.d. 

The fr •• h water part of the life cycle of the European eel, 

6. &DlUilla, i. vell doéumented, mainly becau •• of the importance of the 

coaaercial eel fiahery. Althouah the American .el, ~. ro.trata, i5 videly 

di'trlbuted, ita commercial laportanc. i. ainor and the d.taill of its 

biololY have b.en littl. atudied. U.eful information on the biology of 

the ADerican eel eau be obtainld in Biaelov and Schroeder (1953), Smith 

and Saundera (1955), Bertin (1956), Wi •• (1959), D'Ancona (1960) and 

Eale. (1968). 

Wbether !. roatrata .pavna where Scbaldt (1925) IUaae.tl, or 

fUl'ther .outil as auap.ted by Vladykov (1964), lpavall'l1 la aenerally 

bel1eved to occur ln aichM.ter at a depth of about 400 111. lale. (1968) 

augut. that f_t .. cau produce up to 15 .. 20 .Ul1oa e"l of a~t 1 .. 

dl ... ter. After fertll~.ation the e"l develop into traa.parent ribbon-
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• h&ped bptoc.phaU "Uh ... 11 polnted h .. d. and lona ueth. The.e' 

leptoctphali art v.ry weak .wi~.r. and are carri.d pa.~~~ly by th. 

ocean current. toward. the coa.t of North ~rlca. ~ftet abOut • . . -
)'ear of p l.nktonic life, the)' r •• ch 6.·35 - 7.0 ail. ( 2. S ~ 2. ~ inche. ) 

in l.nlth, at which tim. th.y .rrlve at the edat of th. ~ontin.nt.l .. 
• h.lf. Th •• 10" m.tamorpho.i. to th. ala •• e.l b'lln. durina the 

e.rlt wlnte! moath.. Gia •• eel. r .... ~. non-pi .. ented ... 11 .. 1. 

Aa the al ... ee~ •• ppro.ch the littor.l relton •• pt .. ent.tion develop ••. 
. , 

At thl •• t ... they are called elver •• 

The elv.r. either mlgrate up.tream or popul.te e.tuarine .r ••• 

(tidal mar.h •• , bracki.h-water pond., h.rbour., area. behlnd barrier . , 

b .. che.) or li~ ln thl vicinity of eellr ... ( Zolter. )" (Biaelow and 

Schro.d.r 1953). Thi. milr.tion occura .t different tlme. dep.ndina 
tI' 

on th. ar.a. 1 noted the b.ainnina of th. elver migration durinl th. 

fir.t we.k of June alona th •• outh-we.t coa.t of Newfoundl.nd. ln the 

St.phenvill. ar... Mo.t of the elver •• nt.r.d durina the fir.t three 

.... lta of June. 

Generally e.l, tend to pr.fer ,h.llow var. vater lat •• to cold 

vater l.k •• or .tr..... Standina cropa of .el. ln Marit~. l.ke. are 

eztr ... ly v.ri.bl •• S.it~and S.under. (1955) report.d eatt.&tea of 

atandina crop' of .laht Marlt1 .. l.k •• varied fra. 0 to 70.8 pounda 

per acre ( 79.3 kalbectar~). 

Nib. (1968) .hoved ln l.bor.tory experilMnta tbat .lver. 

d1apl.yed •• tronter po.itlve rbeotax1. to fre.bwater thaD to •• lt 

.. ter, and the attractiven ••• to varioua ~ype. of .tr .. vater .. 

/ • 

l 

.~ 
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fouad to differ areatly. Th. attraetiv.ne •• , of th. fr •• h vater va. 

du. to dl •• olved and partieulate ofganie .act.r, that h. found to b. 

bio-delradabl •• h.at .tabl •• and non-volatile. Mll.'. r.port that 

th. attractiv.ne •• of a wat.r .!mple incr .... d if adult •• 1. had b.en 

plae.d in the vat.r for a time. and the pr •• enee of elv.r ... de it 

__ le .. '0, 11 very int.re.tinl. Unfortunately h. did aot inelude 

~.cktlh or .alt water .ample. ln the above te.t., but ie 1. probable 
~ 

that the attraetl"a... of braeki.h and .alt vat.r vould .how .imilar 

r •• ulta. thia .ul .. 'u that elv.ra .. y .valuat. a variety of "clu •• " 

and .hov a pref.renee when eonfront.d vith a choie. of vater typel. 

the abov. findinll are ialuffiei.nt to .how that .lver. dilplay 
J 

a ho.tng tendeney. Sufftcient evidenee ha, b.en given demon.tratins 

th. homlng abillty of tran.planted European •• 1s (Teach 1967. neelder 

and Te.~h. 1970). T.leh (1967) tassed and tranaplanted 1,538 eel. from 

the German Bi&ht ln dlffereat areas of the .outhern North Sea durinl 

June - Auaust 1966. Five perc.nt of the eel. vere r.captur.d, 64\ of 

th •• e capture. ver. made over the home area. Tran.planted eell have 

~.turaed to th.ir home area from &1 far a. 200 kl1a.eter. ( Deelder 

and Te.eh, 1970 ). 

The hom1na abl11ty of tbe Amerlcan •• 1 (~. rOitrata) hal b.en 

de.onltrated by Vladykov, 1971. the •• tran.plant.d eel. vere foreed to 

dller1alnate b.tve.n the river of r.l.... ( ~ouehlbouauaei. ) and th. 

bo.e Itr .. ( Shediae R.iver ) .e..tnaly ut! Uaiaj,. 1/. keen oltaetory 

perc.ption. 
, ' 

It lbould he noted that the ~obCbibouauac1. R.iver (trauplanted 

, 

.. 
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area) and the Shediac River (home area) are •• parated by eiaht rivera 

~ at 1east four brooks. 

,The explanaUon of hoy eela tranaported froa th.ir hoIite ran .. 

to new areal re10cate their home water il not very e1ear. Te.eh (~67) 
1 

apeeulate. that th. homina tendeney of the eell i. probab1y ba •• d on 

10na-term non-genetie adaptation to the envlronaent at the ha.e area, 

and concludea te th. lueeellful relliaraUon. oblerved eannot be explatned 

on the basil of the eel'. olfaetory eapacity alone; other aen.ua1 abilities 

aueh a •• alinity preferenc •• , .ensitlvity to lilht. and "anetic compa •• -

orientation may be involved." lt li cleu frOIIII the abova .tat.enta 

that Teach considera the senaual knowledle of the ha.e ar .. ob.erv.d in 

eela to be "l .. rned" from their prelence in the home aru • • 

It would be nece .. ary for thia .en.ual knowledae of the home area 

to be tranlferred lenetically to the ell. to enable elvara to home. 

In thl. case the larval diltribution would be predeatined rather than 

random. T~e poa.ibility of th!.' ..... remote and it i. more likely a 

ca.e of the leptocephalua larvae arrivina randomly in a coa.tal ar .. and 

then as elvar. aelectina. on .ome unknown basil. one of the available 
.. 

fre.hvater or brackish vater ar ... vhlch will then become their home area 
/ 

for the duration of the trophlc .tate. 

Vladykov (1966) found that th. ahe of elvera and the nUllber of 

f ... le. in the population iner .... fra. louth to north. Of aix a.la 

ezalned frae aouthern Gr .. nland (J.uaa, 1937) ail vere found to b. , 

f .. le.. Gray and ADdr ... (1970) fouad 93.71. of tbe .. la' they __ ined 

frœ lfevfoundland vatera to be f .. le.-

,. 
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1 A. th. vtde dl.atr1bution of ~. roatrata ( SON t,c 6~N ) would 

indicate, .ell •• em to readily adapt to a vide ranae of environment 

vhieh, al elvera, th.y find themlelvea. 

Durtna the Irovth atagea of th. A.merican .el, there exilt aeveral 

colour pha.... Bertin (1956) atate. that four kind. of pi ... nta, caroten-

oida, flavone., melanina and guanin., .are preaent in th, ael. E,la un 

diaplay a yellow. gr.en, brovn, bronae or Illver coloration, or, as i. 

aoat often the case, a combination of coloura. th ... different manife.t-

ationa of colour are r.lated to .. turity and can be aimply .rouped, 

eapecially for commercial purpoa.a, into th. following two categories. 

Yellov-ata.t: ~ody pigm.nt ia dull, doea not glilt~n. Upper parta 

(abave lateral 11ne) ara arey, brovniah or ara.nilh. 

Side. (belov lateral line) are uaually y.llowiah. The 

belly portion i. dull white or ,r.y and of tan mottled , 

vith yellow. Thaae •• 11 ar. aexuelly immature and th,ir 

whol. activity ia d.votad to f.edin,. 

Stlver-brooae ata.e: A Ili.tanins layer exiata undarneath th •• kin. 

Thla caua.a th. whole body to have a metall1"c aUnt or 

aliaten, eapeciallf the aidea and bally. Upper parta are 

uaually areyi.h (a1lvar •• 11) or brownlah with • purple 

ahe.n (bron •• eell). Alon& th. lateral lin., dark pilD'nt 

develo.,.. r .... bUna a black U~e. Th. pectoral and caudal 

f1na darken and the/di ... ter of tbe e,. Inlar .. a conaiderably. 

t'he ailver-brooKe .. la are aexually _ture and have .. nerally 

c .... d feedina. ln tM. fan tlle, vill bqln their caudrODOu, 

.laration to the Sarlaaao SM. tbh .. t..orphoda frOll 

1 
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yellow~(immature) to silver-bronze (mature) entails 

many other changes vhich are described for !. anguilla 

by D'Ancona (1960). 

Bertin (1956) describes two character1.tic variations in the 

shape of the head found in the immature yellow-stage of the European 

eel. These two types, broad-nosed and sharp-nosed aels, also ex~st 

f in the" immature yellow-stage of the American eel, !. rostrata. Recorded .. 
here for the first time, the physical differences can be summarized for 

!. rostrata as follows: 

1 
l , 

Broad-nosed 
<; 

1) short,. blunt munIe 

Sbarp-nosed 

1) long, narrow muz~le 

2) eyes and Dostrils wide apart 2) eyes and nostrils close together 

3) proDGunced lover lip 3) amall lover lip 

4) bump behind eyes 4) smooth contour of the head 

Phyaiologically, the broad-nosed eel ia diatinguished from the 

sharp-nosed eel by its slower growth and by the larger size it can 

atu,inl in the course of a longer existence (~ert1n 1956). The fat 
\ 

con~entcPf the broad-nosed eels from Flat Bay vaa found to be significantly 

loVer than that of the sharp-nosed eels (aee Fat Content). 

1 h,ve not seen one specimen of a silver or bronze eel ( !.roatrata) 

vith a_~toad nose. nor have Any observations of this been noted in the 

literature for either !. anguilla (D'Ancana 1960) or !. rostrata. A 
. -/ 

further discussion of this appe&rs below. (Section V - Fat Content). 

1 

1 . 
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~Slnce the detai1. of the growth period of !. rqatrata, whether 

it be in fresh or bracklsh vater, are poorly documented, and aince 

these vill probably vary vith loc.tion, information on thi. stage viii 
1 

be diacu.aed in "Behavioural Characteriatiea of the Lofal Eel Populatione". 

p. 6S 1 

.. 

" 

I{ 
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Flaure 1: Dif fe~ent head couf1auratlona of the 
Sharp-noaed and Broad-n08ed IDfJIDbera, 1 ..... Jure 
(yel1ow atage) of Anaultla r08trata. 

~ ,t' 
", ..... '( 

l' 

~ " 
\ '"" ... , " ( 

SHARP-NOSED BROAD-NOS~D 

, .,. 

... ------

---------
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III PRÉSENT EEL FtSHERIES AND MEtmDS 

Introduction 

The Europeans have .aintalned an active eel flaherY,f~~ 

hundreds of years. lt la natura1 then that mo.~ ai the filhing 

techniques used in canada are identical to or IDOdificatiat\S of the .' 

European methods. The fiahin8 techniques are uaua11y conceived to 

utiliae a facet of the ee1s' bah.viour. 'Eels are captured in 

coaaercial quantities as elv,ers. yellov eela (haature) and as 
1 

lIligr~n8 s Hver or bronze eels. These three 8 tal.. have dia tinct 

behavioral characteristics ( see Section V - 8to1ogtcal'Obaervatiana ). 
, 1 

Fiabing for each type requires different fishing lear and techniquea. 

In Europe. the emphas i. 18 on catchinl the migrating ;a11ver 

eela and the elvera. ln Eaatern Canada by comparison, on1y the 

Province of Quebec has a fishery gèared for the capture of migrating 

bronze or silver eels. The e~ fiaheries in the Maritime Provinces 

are leneraHy poor,ly organhed and leu tnten •• , vith the ID&jority of 

the catch beinl yelloW ~ture eels. There'ts, however, a vell 
f 

organiled basically yellov ee1 Hahery in New Brunavick operated by 

Rivera and Nolan. 

'to date tbere hu been no c~ercial ~rve.t of elvara in 

C&Qada (Balea 1968). Tbe Europeana and Japanue have .hawn sporadic 
l 

lnterut ln obtaininl C&Dadian e1vera. The capture of larae quantlties . 
of .. Ivar. for export 18 not looked upon favorabl, by the Provincial and 

~ 

'Meral Goveroaenta. 
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Pi. bina Metbods 

DucriptioDS. pbotogTapbs and dravings of tbe "ariou. fiahiug 

a.ar and' techniques appear in '&ales (1968). 

A .~ry of fiabina methods appean belav. 

01 .. 
PISRn«; GEAR 

ELVEIlS 

a) purle leina 

b) dip neta 

m..t.œ ULS 

1 a) baited pota 

b) baited hooks 

c) baited traps 

d) unbaJted trapa 

1) fy\te net. 

U) vina net, 

e) hua travlina 

f) electrofiahina 

a) apearin& 

SILVIl CIl Rorw: EELS 

a) river .. 1ra 1 

1 
1. b) boop ueta 

r 

c) utuary veira 

d) ~able tra,. 

.." 

1 
i) St. LaWrence boz trap 

11) s.ecliah box ttap 

\ 

BERAVloua 

"," 

.1&ratina up Itream 

(lau .June and July) 

~ ;<7.11 feedin. ia 

, slow aovlna 

rivera, bar.choia and 

.atuart.. (JUne - Sept.) 

\ 

Itr ... or out of barachois 

(Sept. - ao..) 
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The pJ6vincial goverlDents and the Federal Depart~t of tte 

Environment. Fishertes Service. coâtrol the regulations çoncerning 

the cOIIIIIerr eel Hahery. 

In Newfound1and, neta cannot be fisbed in deaignated aabDon 

rivera. River veirs. traps and hoop nets could not. therefore. be 

used in the rivera from Fox Island to Port aux Basques ( Fig. 7 ). , 
A quantitative as,essment of the downatream migration of .iIver or 

brona. eels vas imposaible. 

Hoop nets vere permi88ib(e out.ide the mouths of these rivera. 

The Fisheries Service set markera to designate the fi~ng boundaries 

and contro11ed the number'of nets in each area. 

The succeas of baited eel pots in the Maritimes ( EaIea, 1968 ) 

and specifically in tbe Grand Bank area of Newfoundland ( Axelson. 

personal communication ) warranted their usé in this project to obtain 

.pring and early aummer .ampl~s of yellow eela. 
~ 

General descriptions of these two f1shing metbods appear belav. 

Por detailed specifications aee Design and Materials ( Section IV-A, 

p. 30 ) 

Baited Pots 

Balted eel pots are uaed in tbe Maritt_ Provinces and 

oÙaslonally in Quebec. BaH ta uaed to attract tbe eel to the pot. 

Intry 18 via a vide funnel vhich narrow rapldly to a ... 11 orifice 
, 

ad leada tbe eel to an enclosure containlna the hait. Tbe eela enter 

readily to feed and bave,difficulty flading the exit. Occaalonally, 

tvo fuDnela are uaed ln -'tlug the chances of .. cape .re r~te. 

e • 
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netted funnel H+lI-f-H-t::IoJlf'\ 
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Funn~'t suppo rt 
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Moat pou are homemade and extremely variable in deaip ( Ealea,1968 ). 

PoU are conatructed of wood, barrels t baskets. aaclta and nets. The 

choice of design and material ia lenerally due to personal preference. 

coat a~d availability of materiala. 

Roop nets are typically, Iradually taperlng cones with Yarlous 

" types of aupports and a n~ber of lnterior funnels made of netting. 

The lengths and diameters vary conaiderably. They are ~de of either 

1 
one meah abe or decreaa:1ng mesh sbe from mouth to cod elid. Hoop 

oets can be set in ''vinllt o~ '''fyke'', "fyke-wing" and "hooded" styles. 

Wing nets 

lenlth vhich are 

2.44 metèrs ,( 8 feet ) il\. 

(Urst) hoop.· They are 

u8uaUy"'set to fon 8 9()0 anll at the lIOuth ( Figure 3-1 ). A 

knovledge of the local eel hatilts ia easential in successfully fi8hing 

the.e nets. In estuaries and barachoises the eels tend to run vith 

the tidea, usually close to shore. Wing nets are set singly or often 

in .eries to guide .aving eels into ~he cones ( Figure 4 ). 

Fyke nets,ba~ aingle leader attached to the primary ring 

of the hoop net Ina tead of tvo rings. These are genera 11y set at 
1 

1 

ri&ht -,sles to the ahore, but tb1à ... y vary\with local eel habits 
1 

and current conditions (Figur' 3-2). the leader and hoop nets are 
. 

bald in place by ataltes. Tbe leader la vei&hted to lie sDuggly on 
,-

the bott... Tbe leader bloclta tbe passage of eela up or clown stream. 

ft~ eela will try to ao ~ tbe leader and eventually follow the 

lrder to the IIOUtb of the hoop net. 
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Plaure 3: Pout: de.lps of hoop neta 

, 

\ 

1) Vlq Net 

3) Vi ..... PJke Ret 

• 

\ 

.. der 
0> 

\ 

.~ 

2) Pyb Met 

) 

\ 
\ 

Il 

1 

.) ..... Vlq-PJb Wet 

" 

ft 



f· ' 

Lf 

o 
• 

o 

1 

. \ 

- 23 -

Figure 4' Wing-nets .et in •• ri ••. 

Figure 5 : Wing-net •• et to fiah •• 1s aigrating 

dovnatre ••• 
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A c_blnatloo of tvo vin.. and a leacler fit oftea uaecl to 

iaprcwe f18hlns eff:l.ciency ( Fiaure 3-3 ). MOI'e elaborate hoop 

neta often have a "hood" of nettins attached to the vinas and leader 

0Il the top and bottœ ( Fisu\e, 3-4 ). This hood reducea the chance 

of eeta .VÜIIIling over the top of the hoop net ana ia uaeful in deeper 

vater. 

.. 

• 

.. -, 
1" " ' ; 
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DL MARKE'r S 

A market survey of the major eel 1.portlng countries ln 

Europe vas undertaken in April 1972 by the Department of Indu8try, 

Trade and Commerce, Flsheries and Fish Products Division of Agri-

culture, Fisheries and Food Products Brinch. The Info~tion 

cOlllpiled can be obtained trom them entitled "Eel Market Analysis 

1972". This report vas intended to assist the eel f.ndustry 'by 

evaluating the export market potential, market requirements and 

preferences and to indicate how Canadian exporters could success-

fully linerease export sales to the major eel consuming countries. 

To aummarize briefly, the averail world decIln~ in eel 

landings, especially the high quality Haitic Sea Silver eels 

coupled vith an increasing consumer demand, increased the export 

potent laI and pr ice for Canadiân ee la. Germany J ~rvay J France, 

Svitzerland, The Netherlands, Britaln, SWeden, Denm4rk ~nd Italy 

are aIl now potential importera of Ca~dian eels. ln order of 

national consumptlon, the eel connoisseurs of Europe are the 

Ge~ Dutch. Danes and &vedes. Japan 1. the largest producer 

of eela mainly due to ita tremendous ~utput of faraed eels, which 

accounts for over 85X of its total production. The Japanese, 

however, are "buyers" and have sh<Ml interest in live e Ivers , 

yOUllg eela and live bron.e •• la fr~ canada, but the ahipplng 

IOlistics to Japan fr~ la.atem canada have caused con.aiderable 

probl ..... The fact tut tbe CaDadian and European catches peak 

at roughly' the S8ae tille reduces the deaand for live CaDadian 

.ela vben the European ftabery ta at tu betght. C&Daclian 

," .. 

--------------~ 
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proce •• ors ean either freeae a proportioa of th.ir catch or hold 

the catch live until the market demand improvea again near tbe 

aiddle of December. Holding large qùantities of live eela during 

the early vinter montha can, in Canada, however, he rather rilky. 

~er SPl of the European importera that thia author contacted 

requeated frozen eels. Some of these-European buyers vere heaitant 

to purchase Canadian frozen eels because of previoua experience vith 

very poorly frozen eela from seme C&nadian suppliera ( see Freeaing. 

"r' Introduction). The European seasonal production peak! require 

the utilization of frozen eels to assure year-round continuity of ~ 

, 
eel products. It i. felt that the profit potential for the C&nadian 

exporter i. approxt.ately equal for bath frozen and l~e eels if 

-"" they are of consistently high qua li t y • 

The potential a180 exista to export fresh smolted eels and 
/ 

canned 81DOked eela to Europe. Experimentation would be r~quired to 

achieve a amoked éel product acceptable to the varioua Euro~ 

.. rltets. 
, 

An eel _rket analylia, by country, fram Anon (1972) appears 

iD Figure 6. 

• 

• 
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Fiaure 6: Sw.ary of !el Market Ana1y8ia 1912 (from Anan 1972) 
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t 

IV ME'l'HODS: A. FISHING OPERAŒION '" 

PRE-oPERATIONAL PROCEDURES 

A partnership under the name of Anguilla Enterprises 

Registered' vas legally established and registered in March, 1973 

in the Province of Quebec. Marketing information was obtained 
.' 

from the Fed~ral Department of Industry, irade and Commerce • 

Contacts.were made wit~ Canadian fish 'brokers as weIl as dirjct 

1 communication with Europeart buyers concerning the marketing of 

the expected catch. The pro~ct was financed jointly by the 
'\ 

author and Dean McKenzie. ) 

In Stephenville, freeZ~ng and proce~8ing facili~ies were 

leased from Jan Strang~land (Canada) Limited. AlI eel fishermen 

in the area vere contacted and arrangements made to purchase 

their catches. The local Fisberies Inspection Offlr.er, Hr. Jtm 

Cbeeseman, was notified of tbe proposed operations and arrange-

ments finalized to have aIl stages of the processlng inspected. 

Hr. Ken May, Department of the Environment, Fisherles Service, 

1 
St. George's, W8S informed of tbe company's pllns and activities 

throughout the fishing Beason. Permission vas obtained from 

Kr. Ben Alexander, Manager of the Harmon Corporation, to use a 

amall pond adjacent to tbe fisb plant, f~r tbe 8t~rage of live eels. 

A Jeep wagoneer was chosen a8 a, work vehicle because of the 

relatively blgh load capaclty and four vheel driie traction. A 

10' x 4' tral1er vith hydrolastic auspension va. uaed to tr&n8~rt 

botb flahing geàr and live eels. A '4.57 meter (15 foot) Grumap 
. 1 

alUlÛnum boat equlpped vith. 10 B. P. Mercury outboard IIOtor vu 

uaed to rob pott and fyke Dett. 

! 
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Figure 7. Map of the south-west coast 
of Newfound1and. 
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Gulf of St. Lawrence 

St. George 1 s Bay 
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B. Stephenvf1.le 
1. Fox Island River 
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5. ROb1nson ' s River 
... 6. Barachois Brook 

7. Crabbes Ri ver 
8. Highlands River 
9. Gran~ Codroy River 
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DESIGN AND MATERIALS 

Baited Pots 

Eel pots vere constructed of % inch (1.27 cm) mesh 16 gauge 

vire screening. The pots vere cylindrlcal, 'measuring 36 lnches 

(91.4 mm) in length and 12 - 14 inches (30.5 - 35.6 cm) in dlameter 
1 

(Figure 2). A 2 inch .(5 cm) overlap vas used to make the vire 

cylinders and 1 inch (2.54 cm) vire U nat1s used to crLmp the edges 

together. This gauge of vire screeoing vas chosen because it voul~ 

hold the cylindrical shape vithout further supports. The cod end 

and funnels vere made of % inc~ ( 1.27 cm) stretch nylon netting. , 

The cod ends vere 18 tnches (;5.7 cm) long, cylindrical~ and equipped 
, " 

vith a dravstring c10sure that 100ped over the top of·the pot and 

hooked t~ghtly ta the vire ~esh. The tunnels vere 15 - 18 inches 

(38 - 45.7 cm) long, tapering to 2% tnches { 6.4 cm) in diameter and 

suspended by nylon cards. Cod ends and funnels vere tied secure1y to 

the cylinder of vire screening. ~rker floats vere attached and rock 

veights tied ta the interior of the pots to facilitate handling and 

storage. 

The preliminary fishing trials revealed sOlDe flaws in design. 

Eels vere observed escaping, tail first, by spreading the drawatring 

cloture at the cod-end. A half-hitch knot, tied vith the drawstring 

aroun4 the cod-end, and hooked tightly. preventeld these escapes. 

The funnel support str;tnga vere alao modified. The ~pered 

atb of tœ funnela vere originally aupported by four nylon cortb 

att.ched to the end of the fmmel nett:f..na and tied tautly to the vire 

acreening. This reaulted in a clear ",trClce atid exit to the pot of 

, . 

-
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... 
between 2 and 2~5 inches ( 5 to 6.4 ca) in diameter ( Figure 2 ). 

The number of supporting cords vas reduced to two, vbich vere tied 

2 inches ( 5 cm ) back from the end. leaving a "loose sock" eJfect 

(Figure 2). lt v~s observed that the eels in the pots tended to 

Btay on or near the bottom. The funnels vere l:e-designed to "pour" 

into the u~er portion of the pot. further reducing tbe po8sibility 

of escape, '(Figure 2). The eel fishermen stated that any bulge in 

the lower'part of the funnel reduced fishing efficiency. lt is 

Buggested that the eels' poor eyeaight ( Bertin 1956 ) çauses them to 

IbumP the bulge frightening them avay. On this advice, care vas taken to 

ensure a 8~oJh surface on the lower portion of the funnel netting. 

A comparison of the fiahing efficiency of the "original" and 

''modified'' pot designs vas undertaken. Twelve pairs of pots vere set 

at twelve locations in Tva Guts Pond and fished for seven consecutive 

nights. The tvelve pairs cOUBiated of eight pairs vith one pot of 
(, 

each design. and tvo "control" pairs of each design. The paired pots 
. ( 

vere set parallel, one meter apart. facing the .&me direction. Each 

pot vas baited vith 1 kilogram of frozen chopped herring. 

The ''modified'' pots outfislied the "original" pots by 30 percent 

durlng the trial fishing periode 
.. 

Differences in catch vithin the 
li 

coutrol pairs of "original" and "lDOdified" pots vere 5.4 and 6.6 percent 

and 11.2 and 7.9 percent, respectively. 

A total of 80 pots vere constructed at a quit coat ( .. terialai' 

ad labor) of $4.25. 

.; 
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Boop Nets 

Tvo 8tzes of hoop nets vere pur!~d frOID J. P. Forgie • 

Llmlted, Moncton, New Brunswick. The smaller net, #30/18, had 

a prtmary ring 30 lnches ( 76.2 mm ) in diameter followed by q 

tapered rings vith two net funnels suspended inside. The hoop 

net ~ 18 feet ( 5.49 m ) lbog, with 2 6-foot (1.83 m ) vings 

and a 50-foot (15.24 m) 1ead~ding ou: from tbe primary 

aemlcircular ring. The netting used for the hoop net vas 1 inch 

(2.54 cm) stretch nylon and the leader and wings 1\ inch ( 3.8 cm) 

nylon netting. 

T~e larger net #40/22 had a 4O-inch (1.02 m) dtameter 

prÛIIAry semicircular ring foUowed by 4 tapered rings vith two 

inside funnels. The net vas 22 feet ( 6.7 m ) in length and vas 

equipped with an 8-foot (2.44 m) hood and 50-foot ( 15.24 m ) 

leader. The ~p net vas made of 1 iilch (2.54 cm ) stretched 

n~lon and the leader 1\ inch ( 3.8 cm ) nylon netting. Bath nets 

vere dyed black and treated. 

The funnels in these nets vere modified to enaure a smooth 

lover portion ( described abave ln baited pots). Five-foot sections 

(1.5 m) vere added to the cod-end of the nets to increaae their 

catch capacity. 

Ho Idlng Traps 

Tvo sizea of floatinl bo1dinl tq.ps vere COI18tructed. Tbe 

laraer tra~, Vith a vol ... of 48 cubic feet ( 1.34 ..J) JMUured 

( 

4 feet ( 1.2 a) in lengtb, 4 feet (1.2 a) in vidtb aad l feet ( 0.91 m) 
~ ~ 

deep. The .... 11er trape bad a yo1u.e of 24 cubic feet ( 0.67 ~ ) 

~ wera 4 feet x 2 feet x 3 feet ( 120 x 61 x 91 ca ). Six ttapa 

01. both .lu. vere boUt. 'lheae trape ha4 a fr ... of 3" x 3" 
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• 

,/ 

( 7.6 x 7.6 ca ) luaber vith topa and bott~ of ~ inch (1.27 ca) 

plyvood. The top bad a hinged 2 feet x t feet ( 61 x 61 ca ) trap 

door vith a lock latch. The aidea vere 1/2 inch ( 1.27 ca ) 

aalvanhed 16 gauge acreenina. These holding trapa vere placed 

in locati9D8 where vater excbange would be areate.t. The trapa , 

c:ould •• fely hold a maximum of 700 and 350 pouncü ( 317 and 159 ka ) 
\ 

respèctively. 
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SPRDfG FISHING 

Baited eel pots vere the only fishing method used in the 

apring due to a late delivery of the hoop nets. Twenty baited 

pots vere initially set during the last veek of ~y, 1973 in the 
1 

bacle of the foHaving locations: Tvo Cuts Pond, Fox Island River, 

Stephenville Crossing and off St. George' s. The pots vere bauled 

daily and baited vith 1 kilogram of frozen herring. Fishing depths 

ranged fram 1 to 6 metera. Empty pots vere moved daily attempting 

to determine the areas of highest eel concentrations. 

The cod-end closure cord ( see Design and Mater!al p.30 ) 

vas alvays hooked to a specifie rav of the vire mesh trame, sa any 

incident of tampering or theft could be recognized. The theft of 

eels fram one-third of- the pots set in Stephenville Cro8sing and 

St. George's vas observed on the lOth of June. Fishing vas 
• 

terainated in the abave areas on June 16th after continued theft 

of eels and pots. Fishing was terminated in Fox Island River on 

the 27th of June due to insufficient catches. Fiahing effort W88 

concentrated in Tvo Guts Pond until the 14th of July. Five baited 

pota vere set from June l8th - 28th in the following fresh vater 

area.s: Roels Pond, Gravela Pond, Gull Pond and three tmn ..... d ... 11 

potlds east of Roels Po~d ( Figure 10 ). 

On June 16th, fifty eela of varloua dzea vere veighed and 

.euured and placed in a holding trap ln TlIO Guts Poad. Tbe 

objective vas to obtain estiaatea of veight l08S (Wu aneral 
) 

II01ltu' st.nation. Tbeae eela vere _toln fra. the holding trap 
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011 the 14tb of July along vith nine pots. The re.aining eels being 
/ ~ 

held in Tva Cuts Pond were tralUlported to the pond adjacent to the 

fish plant ( Figure 10 ) and fishing terminated. Tbese eels vere 

subsequently used in the various processing trial ruOB. 

FALL FISRlNG AcrIVITY 
{ -

To avoid any conflict of interest vith the nine local eel 

1 
fi.hermen we participated in tbe faU fishery as buyers and not as 

fi.hermen. Hoop nets and holding traps vere loa.ned to the fishermen. 

As previously described, this fall fisbery vas basically catching 

y,ellow eels moving into the mud hales to over-winter. 

The author and Dean McKenzie attempted to persuade the fisher-

merl to set their nets to catch ~ronze or silver ee18 migrating down~ 

stream. None of the eel fisherman had seen a silver or bronze eel 

nor did they really believe they existed. This vas understandable 

due to their lack of knowledge of the life history o~ the eel and 

because nets vere set to catch yellov eels going upatream" Only the 

occuional bronze or silver eel vould be caugbt by these net. ~nd 

vould go unnoticed by the fishermen. About fifty bronze and silver 

eela vere caught by chance at Crabbe_ River. Tbese vere beld live 

to show the fishenaen the distinguiahing differences betveen bronze 

or .iIver and yellov eeu. 

The iaportance of fat: content vu e%plained and the significance 

of the fat coatent data clearly de.olYtrated by the autbor to the 

fi.ber.en. 
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Tbe fisher.en vere offered double the priee for silver and 

bronze .eels as further Incentive, but only one set his net to fisb 

downstream migrating eels·. Tbe second night of fishing resulted in 

approximately 18 kilograms of'1high qua lit Y bronze and silver eels. 
'", 

The next night vas the beginning 0f the large yellow upstream • 
migration and ~he net was re-set. 

The faU f1shing began during the Middle of August wben the 

filhermen set a few nets to indicate the beginning of the faU rune 

The three main Hshing areaa vere Grand Codroy River, Crabbes River , 
and ~ddy Hole in Flat Bay ( Figures 13, Il, 9 ) • 

• FISHING RESULTS 

Spring Fi.hing Results 

Ffi eels vere caught untU the end of tbe tint veek of June. 

The 20 baited Pots set in TvO Guta Pond vere the firs,t to catch any 

quantity of eels. Tva Guts Pond vas the sballowest area fished vith 

a -.ximum depth of 2.5 meters and an average depth of 1.25 meters. 

Tidal fluctuations vere approximately 45 0Il. The bottOlll vas moatly 

auddy Vith near shore concentrations of eel grass and other vegetation. 

Tvo very small streams fed into the pond ( Figure 8 ). 

1 
Coincident vith tbe graduaI rise in vater temperature eel 

.ctivity, and catches tncreased. The catch data for Tvo Guts Pond 

cm be .~rized as follows: 

The greatest veeltly catch averaged ~.3 kg/pot/day. The 

Jarae-t atoale clay catch .verapd 3.7 kg/pot. The greateat claily 
. 1 

1 

catch by a d.Dgle pot vas 10.12 ki.lograaa'. The total catch cluring 

« 
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() 
Figure 8.: Kap of Tvo Cuts Pond 
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Figure 9. Map~of Flat 8ay. 
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Figure 10: Map of Uah· plant location.M\d ponds ... pled 
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tbe fiabing period vas 849.96 kilogra.a. 

Fox Island River produced bnly 3.9 kilograms of eels 

during the fishing peniod. The catch data from Stepbenville 

Cross ing and St. George' sare not comparable because of the 

continued Incidence of theft and subsequent shott fishing periode 

The total catches in Gull Pond and Noels Pond were 3.4 and 2.6 

kilograms, respectively. No eels vere caught in Gravels Pond, or 

the three ponds eu t of Noe la Pond. (Figure 10 ). 

PaIl Fiahing Results 
, 

....... 
The catch data for the fall fishery appear in Table A-13. 

The firat area to produce 8izeable catches vas CjabbeS River 

(Figure Il). During the last week in Augu~t and the first two 

veeu of September approximately 906 kilograms of eels vere caught 

per week. The catch dropped sharply to 86 kilograms during the 

third veek of September. Fearing thè run vas over in Crabbes River, 

the tvo f1shermen lItOVed their nets to lllddy Bole. 

The tvo fLsheraen fiahing Grand Codroy Ri.er firsr set tbeir 

oeta clurlng tbe lut week of August Il catcb1ng 169 ki1ogr ... ln 

three nights. These.en vere s-e vardea.8 and because of thelr vork • 
bacl to .top f18hlnl for tvo veeIaI. Fbe nJ.ahts of fishlng during the 

thircl veet of Sept_ber ruu1ted ln 164 kt 10grae • The catch peaked 

the follovin& veek to over 1 630 1tiloar- and tben drfPPéd the fint 

weelt of October to apprœd.aate1y 272 kllogr.... ...11 catches vere 

..ete durlng the secondj ancl thircl web of October at the end of wbich 

fishlng vu tend.ated. 

" 
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Histogram of weekly catches of eels from tbe 

three major fishlng 
1 
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Figure 13. Map of the mouth .of 
Codroy River 
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Initial1~i, three fiahermen had nets ln Muddy Hole. The catch 

for the second week of September ~onlY 272 kilograms. This figure 

Increased to 1 223 kllograms the fOl~Ving veek and peaked the fourth 

veek of September to 2 400 k11ograma. Durin~ this ~eek there werr 

fi~e ffshermen in the small area fishing 31 hoop ~ets. Fifty ne~s 

vere fished the first and second weeks of October but the weekly 

catch fell to approximately 815 kl1ograma. Fishing vas terminated 

at the end of October when on1y 317 kilograma were caught. 

The fishermen expressed concern over the seemingly hlgher 
/, , 

percentage of 81Ilall eels (~nder 200 8JD ) in the 1973 catch. The , 
abundance of small ee18 and a reduction in larle eels ls an indication 

of overfi8hing and parallels the Dutch si~uation ( Deelder, 1965 ). 

The yearly catch stati8tics for the years/ 197~ - 72 - 73 vere 

16 300.0, 22 650.0 and 10 420.0 kilograml, respectively. Fishins effort 

and intensity increased steadily over tbe.e t~ree years. 

The data suggests that tbe area could only support an intense 

ye110v ee1 fi8bery for three to four yean before beins "cOIDIIIerci,.lly" 
---~~ 

tisbed out. Once this occurs the area mUit be allowed to repleni8h 

ltself through natural elv.r recruitm.nt. 

A y.llow e.l fi.h.r)' va. op.rated by the Bonavi.ta Cold 

Storllse Company Lilllit.d in 1!he Grand Bank area frOID f962 - 6S. Th. 

t 

yearly catch.s vere 16 300.0, 3S 790.0 and 2 983.0 ki1ograma, r.spectively. 

~ 
Ro •• 1 fi.hina vas attempt.d in 1966 because of insufflc1ent .ela 

avaU.able in the shallov vllzw....,.t.r bar_chot_ to vhich t~ fish.r,. vu 

COQf1ned. Tbe abave data iucltcate ~hat tbe Ba)' St. Ceoz:, .... 1 fisber)' 

will fol1c:1w • ~baUar pattern. 

, 

1 
,1 

1 
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Gray (1971) found the average age of sUver eelB ... pled 

from Conception Bay to be 12.3 yearB. His data a1io suggest8 that 

yellow eelB between 150 - 200 grama would have an approximate age 

of 6 years. Any eel amaller than 200 grams vould not be of commer-

,ciAl Bize and vould be thrown back. It would therefore require 
1 

approxtmAtely 6 - 7 years for a fished out area to theoretically 

recover its original eel standing crop. 

The data presented seems to indicate strangly that the Flat 
~ 

ky, St. George' B Bay area has already been doomed to this recovery . 
period and the prospects for the eel fiahery in the near future 

vould be consldered paor. 

lI>LDING LIVE EELS 

/ 

Introduc tion 

1 

GeneraIt y, eel •• ~iug in tbe wild are of top quality and 

arut ~~ muaI: be taken by the fishermen and proce.sor to keep them 

in perfect condition. 

The f1sh should be kept in holding tanks for a minimum of 

7 to 8 day. before &ttempting to freeze or ship live eels. Bel. 
1 

1 

eut have an .. pt Y pstrointestinal tract before beina frozen. This 
\ 

"w1lsDlag" allov. the eel. to void their stQll&ehs aad iatestine. 

and reduce the qu&l1tlty of digutive Juiees in their .yst.. !ail 

that are IlOt .-.ua or slowly frozen wUl have hadly .t&lned abdoldaal 

cadet .. due to the .ta.aeh,\di ... t1n, tt.elf. Thu sr-tIr reduces 

the .rut qual1ty of the .. J... A further a~p of th. nt.I1ng 

... 
iL 
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• proce8s is that eels become tame very quickly and this facilitates 

handling and for live shipments greatly increa8es the lurvival rate. 

W~k, diseased, or injured eels viII u8ually die during thi8 

"svladng period" serving as a preU.JIlinary culling before shipment 

or proces8ing. It il therefore necelsary ta avim aIl eels includin~ 

the sllver or bronze m1graUr\g eel.s, which are preaumed ta have 

.topped feeding. 

Although proce8.ors should Adhere ta thi. svLœming period, 

it i. a180 advantageoua foi the fishermen ~o hold their catch for a 

fev da,s. Freshly caught eels that are trucked ùnmediately to the 

fish plant also tend to.bave a greater mortality rate ( 41. vs 1-27.) 
(, 

tun eels that have been awum for a short periode Th!s cau cause 

a shortage of holdiRg tank lpace for the fishermen especlally durlng 
1 

peak landlngs, but adequate fore.ight and planning will ke~p mortality 

ta a mini1llUJll. 

• ne.cription of Héthod U.ed 

"'.,. Four large holding tanks design.d ta hold catchel of herring 

vere available from Jan Strans.land L1a1.ted ln Sept_ber and October. 
• 6-

The building hOU8ing these tanks vu 46 _ters from the leaeed cold . 
storage and freezlng facllities. Th ... tanU vere s.iclrcular ateel 

l-
structures, 18 .. ten loa&, 3.S _ters in di ... ter _d aloped ta feed 

iDto a ea.mon eement troUlB wblch fed the'proeelalng llne. vith herring. 

Each t&I1k bad a 3-inch (7.6 ca ) du.eter fr •• h _ter 111M entering at 

the back. Larsa pl".oocl cIoora wr. coaatrueted to black the alutee 
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1 

troup of each tank leading into the cancrete èrough. These doors 

vere çotLltructed 110 that the minimum depth at the shallow end was 

1.5 meters. Wire screening, 30 cm high at the top of the doors, 

t allawed the overflov to escape into the trough. A 1\ inch (3.8 cm ) 

diaaeter hose vith a \ inch (1.27 cm) vire sesh bucket inside of tbe 

tank allowed water and debris on the bottom ta leave the tanks. Tbis 

j,.tem allowed fresb water entry at the rear of the tanks and removal 

at both the top and bottom at the front of the tanks. Depending on 

vater pressure fluctuations, total water ~eplacement times varied 

betveen one and tvo hours. Each tank could hold approximately 3 200 

kilograma of live eels. 

Eels vere transported by the fi.hermen ta the fisb plant in 

converted lobster holding boxes •. The.e boxes mea.ured 3' x l' X 2' 

( 91.4 x 30.5 x 61 cm) vith~' (1.27 cm) vire 8creening at both 

end.. Tbese vere stacked in_back of their truck, and vetted down. 

The holding boze. vere then covered vith a heavy canvas to reduce 

drying by vi~d or sun. If the di.tance vaf over 50 kilemeters, the 

fi.hermen vould .top at a .tl'eaDI and revet the eele. Upon arrivai, 

the eele vere veighed and placed in the cement trough. 'tbe cement 

trough va. equipped vith a fre.h 'vater intake .0 the eel. could be 

kept there for many hours vithout .danger or .tr.... The eele vere 

.l~d to "re.t" a fev hour. in the trough before being dip netted 

into the appropriate holdiDg tank. 

When the ut.. bad heen ".vu." for at least • ."en day., the 

·frab _ter iDtake vu turned off ~ the _ter 1."e1 .Uoved to 

-
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drop to about 18 inche. ( 45.72. cm ). At thia ~ter level the door, 

~.: , 
could be pulled avay from the wall of the taok and tbe eela allowed 

to flow into the cement trough. They vere then dip netted into 1.8 

cubic meter alllllinum bina and transported by f..ork lift truck to the 

processing line. 

Thi. holding tank set-up worked quite weIl, requiring only 

one man to drain a tank and dip net eela into tbe aluminum bina as 

they vere needed by the proces.ing line for freezing. 

Résults 

Thirteen percent of the eela died vltUe being "swuiD" in the,se 

tadu. This extremely high figure requires an explanation. TIfe fish 

plant vas supplied vith vater from the Barmon Filtration Plant. 

Kormally the chlorine content in the water at the fish plant vas 

nealigible due to ita distance from the vater treatment plant. A 

.hortage of· chlorine resulted in a considerable reduction in chlorlne 

treatment for a period of two weeu. When the late shlpment of chlorine 

arrived, an excessively large dose va. admlni.tered to "cl"" out the 

system". Thb caused the dèath of 1270 kilograJU of eels. The dead and 

.ick ee1s di.played ~ los. of a lime , greying of the skin and .evere 

cpatraction of bpdy IllUScle., eapecially in the abd.-inal region. 

Dr. P. Hoatreull, of the Montreal Aquarium, cODfinaed that the.e 

lyaptOU are indicative of chlorine pobonlna. 

AD arras-ent had been made vith the __ pr of the vater 

worb for aotif1cation to he aiVeI1 prlor to &Dy 1ncreue iu. chiodne 

• 

. : 
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treatment. An alternate salt vater system vaa avallable to aupply 

_ter to the tanks but no waming vu gben, nor vas it adlllitted 

that this action had been taken unti1 one month after the incident. 

Sw~ing mortality vas 1-27. other than this aecidept. The 

only other notieeable aingle cause of death vas a minor incidence 

of "red disease" tbat occurred during early September. This 

haeterial diseate matnty affects large eels and occurs vhen water 

teaperatures are 180C or higher. This disuse causes the fins and body 

to become raw and red and, internatly, the instestines, liver and 

kidneys are affeeted ( Uaui, 1974 ). 

TIlAlfSPŒTING LIVE EELS 
, • 1 

1 

Live eeu can be .ucceasfully trauported long distances 

by air, land and by .ea. 1 , 

let. can do.ply he put in vooden boxes lined vith wet saéklng 

or .eaweed for .hort journeys of one to tbree bours in cool climate. 

Ice .hould be added ta keep metabolie act1v1ty low, if the 

travel time 18 longer ( up to 6 houri ). 

In Japan, live eell are .ent frOID the -culture "ponds at 

HeaD-ko ta Tokyo and Osaka by truck. The eeu are placed in double 

polyethlene bags v1th ice and f11led vith oxygen, then packed 1n 

eardboard boxes ( Vlut, 1974 ). Paeked in tbb ".y eeb ean Mlny 

.urvive for 30 hourI. 

'l'auJter trueu are ued to carry live .. la v1th1n Europe md 

Canada. These trueks vere orlg1.aally ~llMcI by t~. Duteh eel flm 
" 

./ 
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kilograme empty and carry 15 000 ki10gr~ of live eels a~ng 

in 15 000 kilograms of water. A compressor (with back-up system) 

supplies air bubbl~s continuously into each tank, the water .erves, 

.ore or less, only to keep the eels veto For long trips the vater 
. 

il replaced every 3 to 4 day.. Uslng this method, trips of 14 day. 
1 

are possible. Holding densities in the tànu vary vith the temper-. 
ature, for example: 48S kg/.3 at l30C, and 243 kgfml at 2OOC. 

Special barges vith perforated aides and bottoms are u.ed 

(especially in Bolland and England) to store and transport live eels 

r 
(!ales, 1968; Usui, 1974). This method i8 very .usceptlble to 

,. variou8 "pollution kil18" Jahd iU uae has been reduced. 

In the early 1960's, live eel shipments to Europe vere 
1 

a~~empted by boat fr~ Canada but high mortalitie8 occurred. Initial 
-

e~forts to Ihip live eela by air in 196f allo met vith poor resultl 

~ith mortality ratel in SODe cases 1004. Inadequate containers an4 

the poor ~ndllng methodl empl~ed vere the caules of the high 

-.ortalit!;. 

Through the efforts of the DepartIDent of Indu.try, Trade and 

Com.erce, eell exporterl and a carton .anufacturer, a cardboard " 

container, economieally prieed, vas developed to traa.port li~e eel. 

-
by air. Air caoada, real1zlng the potential freigbt busine .. , 

aaaly.ed their around ModHng and aireraft atora,e eetboda to provide 

the aate bandUng and cania .. of the .. 1 traflic. Throush thil cC*b-

1D&t1011 of ac:tiOl1, IIOrtality rat •• iD air ahi.,..ata bave been reduced 
j 

to approst.ately It. 

/ 

1 

" 
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The cartons are oblong, fully telesc9plc and méaBure 

28" x 12\,' x 8" ( 71 x 32 x 20 cm ). The bottom flberboard section 18 

wax 1mpregnated. For further protection, a 3 mil polyethylene liner ia 

placed inside the bottom section of the carton. Theae cartons bold 

approxilDlltely 14 kilograms of live eels and 0.5 - 1 kl10grama of fresh 

water crushed ice. 

With regu1ar flights to .ost .. jor European clties, air trAnS-

portation is now tbe beat means of shipping live eela overaea.s. 

IV. B PR.OCESSI1fG PROCEOORES 

FuEZING EELS 

IntroductiOn 

The conCen8,UI of opini~ of seientific 1nvestlgatora ia tbat 

freezing rates used commercially appear to have little effect on 

q .. Uty, providing they are not unreasQD4bly slow (Oyer, 19/71). 

Iavestigations by t .. te te.ting have found it impossible to dietin-

gui.h Any differencel in qua1ity in fi.h frozen to -SOC in the centre 

in eiabt hours or lee. (Dyer and Ding1e, 1961; Fennema and Powrie, 

1964; Connell, 1964; Lane, 1964 ; Lov" 1966). Greater freezing 

tt.ea tban thi. r.ault in a lovering of quality in texture and appear- , 

Ance due to the fOI'll&tioo of urger iee cryatala (Oyer, 1971). 

The freeziDg proceujtn Hab la graduai, beau.e as vater t. 

ra.oved .. iee, tbe eoneentratlaa. of disao1ved organic and inorganic 

•• lu iDcr ... ea sradual1y, lowertng the freez1D.g point. The "crltical 
, / 

fr .. ziAl &ODe" oeeun vbeD IIOet of the _tu 18 frozen and 18 Ulually 

Mt __ -10 àad -SOC. t'ba leaatb of tu.. to pua throup tbis critlca1 

&ODe vari .. sreat r ( SM '1~. 14 he. Dyer, 1911 ). 
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ligure 14: Typiea1 freezing' curvp for fiab products (froa Dyer. 1971) 
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lime laken 10 pau tl"fiJug!, Il.e crilicol zone, - r 10 -jOC (JO' to 
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Liberation of relatlve1y large amouna of hut vben water 

ebàngee Its form to lee crystals causes the slow fre,zing thr~ the 

erltlcal zone. Once this 18 p888ed, the temperature drops quite 

.peedily in ail ca.e8 becau8e the sensible heat liberated la cooling 

tbe lce once it i8 f~d la comparatively much le ••• 

R.apid freezing causee amall cryatala to fona both inside and , 
between the cells. By com~rison, in slow freezing the ice crystall-

izee firat outaide the celle and the crystals grov by accretion from 

the vater vhlch diffuse. out from the cella. Thia proce.. causes the 

cell to be puehed in by the crystal •• leavlng a ma.a of dried protein 

and .alt aolution ln the cell (Dyer, 1971). The degree of damage to 

the vater-holding capacity of the pratein deteraines the degree of 

re-hydratian on thawing. Slow freezing ahould tbus be avoided 

bec.auae of the increa.ed debydration and subsequent thav drip. 

aeay et al (1950) uaing panel ... e .. ment found that l1ttle 10s8 of 

palatabUlty occurred unie.. freezing tÛle vas longer tban 4 - 10 

bourse For lubsequent ..,ke curing. thb inveltigation found that 
1 

the UlDe through the critical zone bas to he le .. than 2 to j hours for 

be.t qua lit Y,. Tbe '1IIOking qua lit Y of eela ls thus very sensitive to 

sLow freezlng rates and s1Dce tb ... jortty of the world'. eel catchel 

/ are noked, tb18 18 hlply .ipûticaat to the eel procalor. 

!ela are froUD by .... , dlffere1lt .. thoda vitb varying degree. 

of qual1ty cODtrol in Eutern Cm-cla. The .jorlty of tbe buyer. of 

"caaactiaD froMl! eala requ .. t tut .. la be frozen vbole aa4 U".. The 
1 

beDeflta of th18 are: 1) 1liDt.. surface ar.. apoeH to fr_zer "bura" 

f 
1 

1# 
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or debydratton, 2) a th1n layer of proteethe eU .. ls secreted .. 

the eel ta frozen. 3) the gutt1ng procedure 18 eu1er WliDg tbaved 

'" v. fresb eels, and 4) tbe huyera are more .. aured of • quaiity (freeb) 

produet. 

Processing tec~iquea differ 8.11 do free20ing rata. Dyer (1971) 

describes tbree genera~ categor1es of freezlng rata: 

1) slow or sha.rp 

2) quIék or rap1d 

3) ultra-rapid 

roc. ( or coi la ) 

plate ( or blast ) 

liquid nitrogen. etc. 

Live eela are generally tirat culled (da.aged or InJured eels 

diacarded), graded (yellow or eilver-bronze), veighed. and de-.l1med 

before being frozen. Ca ~ free~lna .ethoda are: pan. block, plate 

and stIck freezing. The esseutial differenee in tb ... .et~ (aaide 

fr .. tbe appearance of the frozen product) 18 the rate at vbieb the 

ut. are frozen. Freezing h aehieved in 20-30 hours wben eels are 

block frozen and in 6-8 bour. vhen pail frozen. Due to these slow 

fr .. z1a.g rata neUber .etb04 18 euggated, although they are in 

ca..on use in ..aIl fisb'pLants in Eastern canada. 

The sUck freedag technique vu developed by the Japaaeae. 

lels are k1lled by eleetrocution or heavy briae, eloapted, blast 

frozeD and glazed. FreedAI and tluaring tblu are rapide Disadvantage-
, \ 

ou .. pects are: 1) ..... tbrough taU bre.û.ap, 2) ... 1er break.ina 

of t;he llau, lMY1na epots of s~ ua.protected duriq stara .. ) ad 3) 

Il0l'. difficult ad bu1k1 ,.eJr.a1fal requlr..-te. The ..... Uty b 

euellaa.t if th! _boN ca .. &9'01. .... 

/ 
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Contact plate freezing rate. are very short. approximately ... 
2 houra. Live eels are packed in aluainum palU and placed in a 

contact plate freezer. For co.plete details of this aethod see 

belov ( Description of Freezing Kethod ). 

Proper storage of frozen eela 18 alao iâportant.' If cold 

storage te.peratures are all~d to fluctuate between -120C and 

-3OOC. ice cryatale cao enlarge to the detrfment of the frozen fiah. ') 
/' 

This occurs becauae the amall ice crystals formed during quick freezing 

are .are ua.table due to a higher surface energy; temperature changeA 

thus cause re-crystallization. increasing crystal 8i45 (Kletzmann,l969). 

Under theae C~8 an increue ln evaporatl00. can alao occur. If 

temperature fluctuation. are great, the very rapid heat tranafer in 

the frozen product allov. 1t to var. very quickly to the critical 

freezing zone (Feanema,1966). If thi. occura, deterlorative reactl~ 

reach thelr aaxlmum rate (Dyer.1967). 

The fact that eeu arè a "fatty" fbh further dlctate. proper 

.torage proceduru. The rate of fat oxldation i. t_perature dependent. 

Althougb fat oxldation canoot he eU.alnated at t_peraturu llOt'llal1y 

occurring in comaerctal cold storage facl11tlea (~let~,1971), a 

caa.tant te.perature in the -JO to -400c ranae vill retard th1s 

detrt.ental proce .. coutelerabl,. 

Ducrtptioa of FreeziAI Hetbod 
1 

1 

A .".t.. of electrtcally .t:unni D ' Uye eeb va deYeloped .0 
tbey coulet he ... 11y .... 1ec1 for .ort1.q~ wllbtaa ad puid..... Atter 
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. " 

-.aline and duration of .hock ver.u. duratian of effect, the folloving 

procedure va. developed. A 4' X 3' x l' ( 122 x 91 x 30 cm) pla.tic 

container va. filled vith freah vater. Tvo 20 cm long, 9 mm diameter, 

.tainle.a .teel electrode. were placed in, diagonal corner •• Approx-

imately 12 k1logram. of live e!l. vere dip nett.d fram holding bint 
" . 
... 1 

and placed in the plateic bin:,;t:emaining in the dip n.t. An entering 

electrical current' mea.uring 4# volt. at 2.' "P' wa. held "on" for 

, .' ,,20~30 .econd •• The eel. rcœained .tunned for 10-20 minute., depending 

on their .1ze, the .mall.r ee1. recaverins more rapidlY. 

The 'tunned ~. v.r. then, de-.limed ulins hiSh prellure vater 

IUni. They vere th.n veished individually ~d plac.d in on. of the 

i 

1) 230 .ra~ and under 

2) 230 ara~ - 500 sr ... 

3) '00 ar-- .nd aoier 

Tvo J41.do oy.r and undar type balane •• , Modal 3021, v.r. u .. ct. Th • 

•• 1. w.r. th.n pLac.d. by wei,ht ,roup, in .1ualn~.fr~zinl pAni . 

1 

~ 1 

' .... urinS 108 cm lou" 2' cm vlde .ad .5 cm deep. Tbe,e paRi vere ,11n8d 
~ 

vl~h ov.r~pp'n, .heeU of 1.S mU pè1ytbena. Â mln1lDua n.t v.i,ht of 
, 

13 klloSl'au va. plac8d ln each pan. Â atat_o., Typ' 326, .cal. va. 

u,.d to v.l", th. full p&n~. Co1d .,.ter wu th •• addad to .. ch full 

p.n to pravide a ,taM and .ub .. quant .Uor. rect.~lUlar troMD b1ock. , 
1 

Th. polythana .h •• t. v.r. than fo1deeS over th ••• 1, and th. Pan. plac.cS 

(~ 

" iD an ~~O coDtact plat. f" •• z.r vith a 1400 kilosr" c.paclty. 
. '. ,,, ... iAI tt.. vat aWI'OK_t.ly 2 bour. et -4flJC. 'ne fl:oHft b10ckl "fi" 

/ / 
1 
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re.oved from the freezina pan. and two frozen b1ock. placed ln 

.. eh ma.ter carton of corrupud cardboard. The dze ran .. and 
J.. 

date'vere .tamped on the cartoœvh1eh vere then .tapled cloled. 

The.e ma.ter carton. vere .tored on wooden palette. in the co1d 

.torase. The cold .tor4'3' wa. a "thermo." de.lp .0 air current. 
, 

1n.ld. ver. nea11s1b1. and the .toras. t .. p.rature kept at -3 
~ . 

SUIIIII&ry 
L 

1.' The rapld c~tact' f~eezin" technlque reduced the probabillty 

of fr •• zina dalase land re.ulted in a cOlUli.tently hlah qual1ty 

frozen produet. 

2. 
+ 0 \. 

Th. uintanallc. of a CORIta':lt ( _ 3 - C) co1G .tQraa. temp.ra'ure 

3. 

reduced th. detrtDeDtal effect. of temperature tluctuatlaa.. 

Th. procedure of tltopp1na up" fr.ezlna palÏl vith co1d vater' jutt 

prlor to fre.zina re.ulted ln th. fol1owina beaefit.: 

1. coyerecS eell vith a protecUve .. 1&se 

Il. re.ulted ln a 10114 ractanaular frolen bloc~ vith .quare 
~ 

corur. _cl .... un1for •• be, al1&vln, tiJht packi~1 ( iner1r 

.pace. ) ln the ... ter carton. ~ 

II~ raduca4 expo.ecS .urtaca ar.a by havln, flat .urfaca' 

!/ 

" j> 

IV. act.cS al a .uper.tructure, r4clucina the effect. of potential 

roulh baDcllln. becau.e .. ter lahereatly treeze. hardar than 

Che fl .. h, 

..... uu of ,"1r&1L~. _tartal, ,.1,c: .... _d ... i' con .... tlIII 

'1I'"6o&&'4 ~tft cutou s ~ • . t' \ • 

, " ! j 

J 
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1. prevented b10cu frOID fraazing toaathar 

o Il. protectad frozen ael. fram I1lht expo.ura, thereby 

preveq:ing photoch .. ical oxidatlon 

111. reduced po •• tble ~vapor.tion and dehydratiOll 

IV. 1eft rio .urface of tœ frozen block directiy ftpolad , 
• 

to air and po •• lb1e gai vapour precfpltatlon ( exaaple: 

1 
) 

li 

" 1 

1 
J 

/1 , . 
1 / (' 

" 

• 1 • 
,. 

,} 
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SMOKING EELS 

Introduction 

Tbelvalt majortty of tbe vorld!, catcb of a.l. i. esten 
1 

Smoking technique. and national ( a. vell .. regiona1 ) 

pr.ference., .ucb a. type of ~ke, texture and fatne •• differ 

gr~y. Por examp1e, Joh Kuijten, the founder of the tamoul eel 

fira Job Kuijten of Spaarndam, Hol1and, referring to .llOked eel 

utinl habit.. 4e.cribe. tbe Dutch a. ".ucun" and the GermAnI a. 

"bit_n". When a Dutchman .at. a .molted eel be 111te to fee1 tbe 011 

trlckling out tb. corner. of hl. mouth and dovn hi. chin, while the 

Car.an 1ike to bite lnto .o.ethJng big and .011d. A 'brtaf ~ry 

by ~ountry of the praference. fram Anon (1972) appear. ln Flsure 6. 
, 

The .{lver European ae1 1. coftlldered ba.t for .moking becau.e of 

'fbera u a .11lht d ... nd for .llOkad a.lI in canac1a, utua11y 

Wbere hilher ,~itia. of European t..lsrant. (German, Italian, 

LatVUIl and Franch) are located. The larp.t .ucb ar.a 1.1 Toronto, 

ware lt 1 ••• t1mat.d at la.t 68 000 ki10sram. of canadian-cauaht 
, , 

.-okad in Montreal and approxlmate1y 4 500 kl1oar'" ara .moked and 
Ji' 

cou ... d 111 Halifax aa4 Vancouver. The authol'l kDOWl of DO CÀnadL&D 

,.oke4 Mt. that ara axportad to Euro,.. , , 

!ba 41fferaDOa in prlee' batWMIl frozea ~l. and ,.akad ea1. 

"MOnIOQ. ror ~~4_, 1DOd,4U&Uty .lIOkad .Hyer .. ~ vara 
~"I 

~.t&11ill, for .18 - .22 par kiloaraa lD a..bur, iD tha f.l1 of '1973. 

Ille o.n.u ... buyl.AJ f~o .. C ..... .. u for a""ox_taly .1,30 

CO f2.20/k. at tll1, t., fte ~c pcHI,J.biUttM of "-f.q .. 11 

.. 



· , 

o 

.. 

.. 

,- . 
" 

- 60 -

in CaDada for export to Europe a. frub .moked or canned '.oked 

.el. i. very promi.ing. Export po •• ibilitie. for the.e produet. 

al.o exi.t ~n the United,State., e.peei8lly to citie. llke New 

York .,.re there are large European populatloltl. 

lt i. felt tbat a C&nadlan proee •• or could under-.ell 

European competition beeau.e of the follovlng: 

1) lover rav fi.b co.t .. 

(Canadian eel fllbhmen reeeive betlleeu fO.44 - $l.lO/kg, 
t 

wb i le a.rlD&n and Dan1lh fi.her..a receive $1.8S - $2.90/ka 
t> 

U973 'Usure.). 

2) lov.r labor co.t. 

3) r.duction in the nuaber of ".id4le lIeD", tbereby 

inere .. inl profit .argin 

4) if caa.da '. rate of inflation r_iu lover than that of 

.o.t of tbe European eOUDtrie. tbi, viii further vi4en 

the prie. advanta .. of canadien .xport product •• 

___ titi fO ,caadian !el ri,bermen and l'roeellon ) 
1 

1. Mor. COD.Iilt.nt yur-round utilization of labour force. 

~hi, i, very '{snifieant in tbe Maritt.. l'rovinc." e.pectally 
4 

ift .evfoundlaDd, ~. tber. ai.t. atr .. ly..hiah vint.r 
t 

~.,...ployMnt of ... U, in4epea4eDt fi.he~. Th .. e lUIl 

/ l 

~ld he a1VeID job. AI cutte!:'., p&cka'. aa4 ... eral labourer •• 
, 

2. ..tter year-rOUDd utilisation of proce"!aa tac!l!t!e •• 
) 

l. .-.. ca .. of •• 11~D' pl'ocIucti vbea the 11&1'''-' " •• ad aD4 priee are 
< 

sr .. te.t !a lurope (DM..... twoulb to •• rly ...... ). 

r t 
, 

~ ~ 

~ 
,,' dt 

, 
l 
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4. a.eSuced .hlpplng co.t. (roughly 40~ due to ve1.Jht loet in 

JUttln$ and .mok1ng). , 

S. Increa.e 1.n market po •• 1bilitle. ( Canada, U. 8. J Europe and Japan ). 

, 
~oce •• ing Procedure. for Smoking lai. 

Tba fo1lowing .moking procedure va. deve10ped by tbi. author and 
1 

t)ean Mcl.enzie. Tval1tYr-lix trial rua ver.lccmductacS. u.inl in exe ... 

of 1360 k11ogram. of a.l •• 

1. De-.11.111111 

J(. Liv •• all 

a) .tun .. 1. el.etrically 
" 

b) ü-.l1 .. vith h1ah pre •• ure vater &UU ( coleS vat.r ) 

c) vip. cl •• n vith coar,. tOvall 

1. FroMa a.lI 
... 

a) 'tleav frazeD block.e vith éblcS vat .. 'plray 

b) cl .... U ... vith hlp ,c"'UI'a vatel' suu ( coleS .tar ) 

c) vi,. cl.an vith coar •• tovel. and l~ --.onU .01uUon 

(frozan a.l. are .or. dlft~cult to de-.lt..; the aaaodia 

.olution facilitate •• lt.e re.oval). 
, 

2. autUal" 

a) ",ta" ... 1 beadI to the cuetill, board ( tfae uaa of j!oar •• 

" 
olotb or ...... t "'11 u.pcoy. the cutter'. p:ip ). .~ 

\ . 
• ) .1f.t 0.- baU,... Ir. tlle tbrNt to ou iach beyond \~he 

.... (Id . ..., •• ,.d .., .. ,c~ ...... ) viCia .. katf.. ( 

\. \ 
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; 
c) .cr~pe out gut. vith the back of the mife and be 

1 

careful not to brealê the gall-bladder or eut the . 
• 

abd0lll1nai vall. The eut at the neck 1 ... de al ... 11 

, a. p'o •• 1b1e to reduee the chance. of the body fa111nl ... . 
avay ira the bead dur1DI .moktDI. 

d) car.fully va.h .el. lD cold vatel' to r-.ove ail trace. 

of b lood and • U .. e. 

• 

3. rr1a1al 

a) .tx briDe .~lut1ol1 (270-300 .... of .alt ~r Utre of vatel') 

b) ~.e HU la briu for ~-1S .taute., ctepeadlllS 011 .lu. 

4. aackia. 

J \ 

a) thread br1uct •• 11 Olt 0.5 c. dt ... t.r l'oct. by pu.hinS 

b) 

the poillt.ct .nd of ~be rocS tbroulh tbe tbroat fra. .ide 

to .ide. 

dtp .. 11 for approxt.&tely 15-30 •• coact. in very hot vat.r 

(9()0 • 1000C) to fler. 'OUt b.ll,. tlap.. Thi. allov •• .ou t 

to penetrat. th. ltody cavtty .or. evenl,.. ("'11 1.,tlit 

, ol .ttek Ul'l b. w..ct to bep bally flep •• put. but thi, 

.. louDct to b. tille"COIUIva1DI .. the .tie~ had • tenducy ... 
to fall out duriDI .. old.IIS'. 

c, baDa lull rodl ol .. 11 to dtt, 4rJ, (.ppr~~t.1y 30.taut •• ). 

, , 

, , 

/ 
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5. SIIoking Procec:Sure 

a) bang the fu1l roda of eeb in the kiln and follow , 

the t_perature, t1lae, .moke denJU)' .chedule belov: 
... 

IEMPDATtmE SK.lU DEIISITY t lIME 

35°C (95°F) • 11. pt 60 .in • 

SOOC (l200F) .,Si. 30 .in. 

noc (17OC') heavy 20 .1n. 
.... 

73°C (1700F) ·11.1ht 40, .ln. 
\ 

b) reaove •• t. frOli kilo and _Uov to cool .Hahtl)' before 

packinl (~.duc •• po •• tbUit)' of .ald fOhlAtiOD). 
, 

c) brUlh the .. 11 Uptly vith edib1e oU &Dd"vnp ln 

pla.tlc fU. Of' vaeuu. pack ln polythene b!-... 

_lUultt and CODclu.el~ 

1 ! 

thie P'.dual Iller.... ln t_par.tur. peratt.! r ... onaIÙy 

UD1tora dry1A' throupout the th1ckAe •• of the fi.h. If th. t_per­

Atur. 1 •• 1iow.d to rU. too qulckly. tb ... la .. y becou "ca.. 

hardeud" ( .klA b.coae. ciry and bard but tl •• h 1' .. 1111 v.t) , 
, \ 

par tlcu'lar ly vben the f.t COAteDt 11 10v AI vith y.Uov .. 11. lt 

11 oft_ 41ftlcult to uco.plUh propar clry10, OD bot __ d day. 1f 

• tl'dit1 .. 1 type k11a 1. u •• cI. Pool" ""10' t.acIt to ., •• ry UA­

cs.'ll'ab1e ..... by'f twb. "kla, 1. t'bu. lIOI'e COIltl'oflable durin, 

t'" wtatar' 80GtJaa wba tlla ~.1&tl •• "'Utty 18 lov. 
,. 

'" .oplaÛt1ute4 .. Id .... k11 .... ~ .... t1ab~ tbat ~l1ow 
, 

total coiatl'01 of the iDtenaal kt1D a.wll'o •• at. t""l'.tur., l"lat 1". 

1 

, 
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buaidity and '1II01te denlity can ail be t1me-progr .... d vith .ame 

of the.e Itibu. They are underatADdably very expenaive. 

Broad-no.ed eeb vere found to he unaatilfaetory for .mokiol due 

to the1r 10.. fat eontent. The .harp-no.e4 eel. '1DOked by thi. pro· 

ceclure bad a JOod .moky flavour vith a .Upt ta.te of .. lt and the 

fwh va. fin, yet delieat., vith a butt,ery texture. 

Sample. vere ta.te-t •• ted Dy fifteen Europeana (German, Deni.h, 

aa4 S..Ji.h), livinl iD St.phenville. Ali .tated that tbe t.xture, 

flavour and appearance vere ~parable to hIOked e.J,. they bacS eatan 

iD their home countrie.. Thair ov.rall OpiDioa v .. tut th. aboye . 
proce .. produeed very FOcS qual1ty ItIOUd .. t., which vould be 

acceptabl. 1D EUrope. 

ADy~. ccm.ider1D, .mokin, .. t.. for !export .boulcS car.fully 

... ly" th. cSiff.reat r.,1oul pr.f.renc •• aAd ct.tertdne whieh can 

II08t riadily' be ~up1icat.d. lt i. tbouaht tut th. "Jor difficulty 

vtll DOt he the probl_ of match1DI.lIOkiD, t.chnique., ete., but 
'" 

rather th. aarketiDI a.pacta of tJ. ventur •• 

The a1d of the Depart_Dt of Iodadtr" _l'rade aDd C~ree 

.bould b •• 0Udt.cS to ....... l'_atonal "l'kat potnti_1a in tb. 

varioua European ceDtr'.. Tbe o.part.eat vtll ... ka initial contact 

ft.tb poteDtial buyer. _Del arr_ .. for ... tiD". lt 1 .cr_aly 
... 1(>4' . 

r.ca tadacS tbat dir.ct par.oul COIlUct IN ..s. vith poC_tul 

..... ta Europe _114 tu .... d.... cbu_tftlltic.~ 01 tIN ftIOked .. 1 
\ 

l*o4uct) cbat chey couleS retaU .. ""li.oitly 4efiDed. A priee 
• 

! 
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vith a larse retai1er rather than a vho1e.a1er or proce •• or of 
• 

IllOud ee la • 

The main centre. of eel burins and .e11iD8 in Europe are, 

in order of 1mportance: Spaarndam, Bolland; Haabura, Gen.any; and 

Co~sen, Deamark. 

V. JIOLOGICAL OISEilVATIOllS 

BEHAVIOUlAL CHAIlAClraISTICB (JI LOCAL EEL POPULATIOW 
>/ 

1 

lnforaation rece1ved frœ the ee1 U.h.r.en of the &ru 

ud ., own ob.ervatiODl Indicate that th. arute.t concentration. 

of •• 1. occur in tbe •• tuarlne ar ... in the .u..er aontb. ( ••• 

Sprlna ti.hina ). 

11lht ob.ervAtlon. ullng .pot UPt. and tbe .prinl fi.bina 

data ia4icat. that .. 1 activity in 191'3 b ... n durina tbe Hut v .. k 

of JuGe. Active •• 18 vere flut ob.en.d and causht in Tvo Gutl 

PoDd ( Piaur. 8). At tM .• tÛN, the ran .. in .urface vater t_per-.-A 

o • Atur •• in tu poDd VAl 10 to 12 C. Do~n (1913) reportad .illilar 

" vatar t_pel'atur .. &114 e.1 AcUvity iD tu HlUliek aiver, dOD, the 

DOI'th ebor. of Quabac. .818i br1y, ael. ( ,. jaeoa1ca T_1nck " 

tellle .. 1 ) ill J.paaua cu1tura pooda vill ut f .. d at vAter t-,.r­

atura. below 120C (Ulut, 1974). Thu ,a1atival~ bi ... t..,aratura 

requtr ... t for tba f.Ilitution of fN4f.1l, U pt'obably A, raf1ectf.Oll 

of tIN lub-trop1cal 0I"1111l of the ...... 
~ 

1aY •• i ... t oherv.tiou ..,.. ..... ta l'te Gut. PoDd dUrt. ... 

Juae 1973 br rovia. a INMt, fitt" viCia tw bov ...... ate4 lpot 1i ... t., 

.loG, a 200 .. ter tr ... ect. "'1y obHryactou vera.ua betvuD 

ty' 



... 

• 66 -

1700 and 0500 hour.. The light. provided a c1ur view, approxu.ately 

1.5 • in vidth. of the bottom area. Ob.ervat1aa. could DOt be .. de 

during heavy rain or vhen the vater va. choppy. The data appear ln 

Table A-lS. 
;-

The greate.t nuaber of I1pUnp occurred "'tweeo 1900 &Gd 

2300 b(Ksrl, the lM&n value for th1l tt.e perlO<! king lO.5 .ell per 
f 

bour., The .. Jortty of tbe eell .potted duriAS thi. pettod vere 

, 011 thé bottom v.setaUon. The ... n nu.ber of eel .1&hUna- for the 

pcr10d 0100 to 0500 11 5.0 eell pet hour. !ell .potted at theu 

t~. vere gener.l1y .tationary, 111~. ln a.onJit the botto. 

v.,etation. Svt..ain, eell ver • .or ... 4111, vilib1. tban .tat1onary 

.ell, •• peelaU, ln tbe ca .. of the latter. 

, ns. •• nipt ob.ervaUOll,I .uge.t tbat fedin. acUvit, u, 

be .Futa.t betwen du.k and .idaiabt.. lt vu dec1cSed to verity 

the •• pl"' ~1II1aary ob,ervaUODI by f 1Ib1nl tb. baited ail pott at 

~ .,.c1t1~ tille 1Aterval... Th. twAty pot. could be baul.d, .ab 

COUI1t1d ad pou r.b.it.d lA oa. bour.. Thi. va. doGe thr ••. tille. 

daU, at 1600 - 1700 hOUri, 2300 - uJ, bour 1, aD4 0500 • 0600 houri. 

'fbe fuh1q U .. 1. tbul tIN tt..-perlid direct1, prac:ed1nS each 

bauUDI ttM. Thil Pl'oee4ur ... foU_ad for ,."... ~aeuUv. 

"Y'. • ..... 1'1 of the data a".an 1A Table A-16. 

'!1Ie p'eat .. t ...... r 01 .. 11 ver. ,*,pt wben tlle pot. vere 

lieu,.. at 2300 • 2400 hour. - a total of U04 MW ......... alpt ly 

yalN"o, 257.1 Nt. ...... a~.ol .'.1 ... 24.6 Mil .,.e uupt 
! 

at 0500 - 0600 ..... Md 1600 • 1700 bouI"f 1' .. ,.Ct ... l, • 
.J 

• 1 • 

--------------............ 
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Th .. e cSate ludlcate that duriug the fi.hin& pertod the fNdtAs 
, \ 

acUvltr WAI greate.t frOID du.k to aidnight \and leut duriq. 

tb. dayUght U .... Tb ... ob .. rv.U_ .r. 1~ .... _t :"th 
Kedcof (1966) and !ale. (1968). 

1 

On June 12, whHe 1 va. look1ag for elver. iD Plat Bay, 

. 1 ob .. rved m&ny eeb .vt..aing dovn.tr.... Approx1llately 300 

.etu. up.tream from the .outb of the river an uausual lishting 

va ... de: a ball ( la .. thu a .. ter 1D du.eter ) of t1ptly 

Intell'oven eell Val .aen tuab-Uq cSovutr .. iD the .. iD body of 

the current. A rock tbrova at tiN ceatre of thll bail qu1ckly 

dllperud the ..... of e.lI ... t~Uwe4 .1Dlly downItr .... 

1 can I{ve no explauUOIl for tbll ~1our.. Hr .. Ken May of tb. 

'lIberie. Service in St. Çeorse·' .teteeS he bael ob •• rved e.lI 

.'aratinl cIown.tr .... 10. rlvan alODI the ve.t coalt and .av ftbalh" 

OD tvo oca.ion., botb 10. urly June.. A Utuature .... rch revu1ed 

tbat f~.~ ln lova 'cotia had .. û l1.nar ob.arvaUOlli (Mecleof 

19'69f.. Thil dOVllltr .... prinl .iaratioa 11 Mt a t,pical behavioural 

charaetui.tic of !. ro.trata. 

lt 1 •• u .... t.d tbat the .. 1. aiarat. to th. a,tuerie. 

Ne&uI. the •• ar ... provlda a arutar nail1biU7 of food than do 

tu river. ao4 lau... Tb .... 11 ctrl1n.&p Ir .... , lM. tbaG 394 

._. kl.l_ar.,) of .... 1.~. f._ • .J.. bar U .... to Gr .... 

eoa-oy a1yer, .u ... t da&t .ucb 1 1IC~ltt.oa tOI tu .. tuu"" 
... 14 .. 1 re1at1yel, _Ûlple ~~e, ",--l, r .... 1dAI _l, 

2-4..,.. \ 

/ 1 

----------------........... .. 
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let. f~d actlvely throughout the • ..-et' .oDtM on a variety 

of orpu"I ... : vonu, c:rayfbh, cru.uceau., wva1 fi.h and ... 11 

fub. 

Tbi. h the tropblc .ta,e, durins whicb •• t. uncIerSO srOllth 

and .ex dlfferenU.aU..on. The srowth of ut. 1 •• trOD.sly illflueaced 

by envirbaaental cond1t10ll1, e.pectally by t...,erature and the 

av.llabUlty of food ~d 'pate (Df AKooa, 1960). • ... rübl. 1ndivld-

ual differenee. in growth have been ob •• ned 8IaOD1 .. la in th •• ame 

.... iroaMnt (Fro.t, 1950). D'Ancona (1957) ob.erved tbat th. desree 

of voraeity vari.d caa.idarably, the axtr ... be1n1 caaaiba1i ••• 

The fe.ding acUvity of •• t., .. Prev1ou.ly .uted, u known 

to vary vith wathar CODdlUou.. Tb. laraut vaeUy catch in Tvo 

Qut. PoD4 ( 2.3 ka/pot/day ) occ:urred duril1' a vaek cbaracterized 

by Un ra1ay clay., eoot1Dued cloucly cODdit1Oll1 ( day aa4 111aht ) 

ad claUy t_perature. of 14 - lSOC. The Ur ... t .iD,l. day catch 

(3.7 kl/pot/day ) occUC'red after ail afterDOOD and weain, of very 

bu., rain ( DO thu1lder or Uctatalll' ).. Tbe ... l1ftt catche. ( 0 .. 0 

to 1 .. 1 ka/pot/day ) f0110vecl hot 'UDDy clay. &Ad c1ear aipt •• 

III .p' .... t v1tb~ !al .. (1968) aad rletcbM aa4 Ader.OD (1972), 

1 daMe d.anat1ou .u .... t tbat fMcUAI act1vlty. 1. sreat .. t dur1", 
~. 

cloudy, w.t ~itf..ou .. 

rb. faU fUbiq etata l'_.W MOt .... bebav10Ural cbaracter1.t1c: . " .... 
l , 

.f c,u "l''' '.' .. 1 populatioa.. TM ~ur ..... ,u,la,. ..... 1vat-

...... to .,.cilie 8U44Iy .MI for tIN ptUpot •• f ovet'VillUriq. th. 

_C kIIOMI of t .......... il ....,. Bob, a4J-c_t to ftat la, ll'ook 

(ri .... 9) .. ......, Io~ il &ppI'ftf:-&t.l,. 17.4 bM"'M ta ... , 
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The .1ze of the pre-fbbin~ algr.t1oll v .. c:alcula.tecl by 

~rlng tbe total catche., fi.binS pre •• uret, e.t1matea of the 

percent.se of ... 11 eeb releued by the f1tbermen .nd e.tf ... te. 

of the 10 .. of afi"gràtlns mature eeb for the yur. 1970-73. The 

e.ti .. ted welght of thl. pre-fitbins migr.tion 11 90 600 kilogr ..... 

Tbil 1 •• n enor'DlOUl concentr.tion of eelt ln .uch .... 11 aru, .. tim-

.t.cI at 5 2J)7 ks/bect.r.. The fi.barmen .t.t. that rancSOIII .purlns 

ln the mud tbrough the ice anyvbere ln Huclcly Hol. throupout the 

vinter vi11 re.ult ln a catch of • b.rrel of .. lt in 30 aloute •• 

\ " Tbi. ,une.t,' that the .. 11 remain ~r1ed in tb. aud tbroulhout 

the rinter. 

81ailar but ... ller f.U rua. of t-ature eeb .r. known 

to occur in the .udcly ar ... of Gr.nd Codroy River, Crabbe. River 

&ad J.obluon·. Riv.r ( Ken Kay, peraonal co.apnfc~t-i~ ). 

TIN f.l1 run of y.llov •• la ta IlUcldy, overvlnterin, .r ... 

appear. to be ta.perature induc.d. The ftr.t tvo nlJht. of fro.t 

occurrecl at tu beJ1D1l1n, of tb. fourtb veek of Sept_ber, a. cllcS 

tIN .... ye1lov •• 1 .1 ..... t101l. The f1.henaea .tat. that tb. peak 

"tcu. of the pravlou. titr •• yean coiacJ.ct.cI vith the flr.t frOtt •• 

~ llat I&y taU fitb1DI dU. r .... 1ecl that tha .. jority 

of tU peak rua va. COIIpOI.d of •• t. cwer 2SO 11'..... Aft.r tha 

,..k rua of a -VMk'. "r.tion, the "Jor1ty of the .. 11 C41Upt 

wr. UD4I« 250 ......... 
1. 

%IN '1_ of tha alsratial popuUtioa &ad kDov~ .. of tIN 

fut« •• ff&ctill, tha .t ..... ttoD lof .il •• ...",.._ .. t. frOli tbil u .. 
• 
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are detle1.nt at pr ••• nt. Th. d.partur. of th. matur!n ••• 1. ' 
( 

1. b.lleved to occur ira. m1d-Aulu.t unt11 Novemb.r. Dlta11. of 
~ , 

th. ml,r.t1o~. oC Â. anluill. ar •• vaiLabl. trom Dé.ld.r (1~54), 

lo.tu. (1967), Fro.t (1950) and Low. (1952). 

Pactor. aft.ctin, th. up.tr.~ misr.tion. of .lv.r •• r • 

• qually ob.cur.. Elv.r. have ba.n ••• n by rival' vard.nt in ail 

~h. rlvar. ot th. v •• t coa.t trom Pox 1.land ta Orand Codroy liv.r 
\" 

but th. 1Ir, •• t concentration. ob •• rv.cS Ar. r.port.d tro. 'lat Jay 
r 

Brook ( n,ur. '). InforlDlUon OD tb. Ilv.r lDi.rat1ont of A, 

1D1Y111a can b. founeS in Law. (1951)' .neS Dlald.r (19'2, 19'8), 
« 

LENO'1'H-WIZ<iarr k!LATIOIf OP TH! CA'l'CH 
. " 

'ampl •• of •• 1. ( ov.r 300 ~ ) v.t. cau,ht,by tb' tvo 

~lIh1n., .. th.d •• 101. und •• 300 .. • ould •••• ,. b ••• g •• ot the 

... h J1'z .. ulld, (O.,,, v. 1" ) ( 1,27 v. 2.'4 ca ) in th. bait.d 
\ pot. and tykl n.t.. l&ndom .ampl •• from tb ••• catcb •• v.r. 

....ur.d for total Iln.th ~ttp of lov.r Jav to the po.t.rior .nd 

of tt. "1deSl. caudal ray ) and v.t ".'Pt, ( Ta"l1 Â-l ). 
, ~ 

lr' 1.n,th'V.1,ht r.1at1~hlp va. calcu1at.eS Ira. th. 
~ n' Jr 

ft9Ot*lUal .quatLon U • al , wb .... a· cOMeant, 1 ., 110_, and 

1\ • .lap •• 

Ln.th-v.tJht re.ralltoa. vira calCH1latad frOli .pria. &A4 t 

taU OAto,be. 01 ael. Md Ira r .. paoUv.ly, 10111 • -1.11 ... 3.133 ,/. 

10. 1 ad 10' 11 • • •• 123 .. 3.111 10. 1. CoIIIt'lI&t~ of J. data 

r .. .,UId ta .Il " ... 11 r.p • .,,,, of 10"" '. -',)0 + J,S' 10,1, 
.-

, ... 11 ..., 400 _ .. "Ir 7JO _ .".., f.a elle ._~ (Jable ~·7) • 

/ 

\ '-
1 • 

/ -. 

• 

/ 
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rtlur.l' s Hi.tolra.ot 1.Dlth-cl ••••• 0\ 
• ,.1. (ADlyilla to'trata), caulht 

la b'~ tacS pd t. aD:' t,ka D.t •• 

... , / 

• 

. 
LI.Ot.-CLA.... tl CN. ' 
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Tha abava raar ••• ion. ar~ tharafor. rapra •• ntaèLv. of a.l. iD 

th. 400-7S0 DIlI, ran,a only. TJ1t,arowth (1en,th/wa1Jht) of a.b 

in Plat Jay betwaan 400-750 mm.1. allometric .inee tha .lopa 1. 

,reater than thr ••• 

Br eomp~ri.on, tha .lop. of the lan,th~ei,ht re,ra •• ion 
• 

for a.l. from Lake Ontario b.tw.an 483 and 792 am wa. 3.77 (Hurl.r,1972). 

Th. dift.renc. 1n th •• lope ot th. r.,re •• ion. for Flat lIy aell (3.55) 

and Lak. Ontarl0 (3.77) indicate. tb •• al. from Flat Bay w.ish 1 ••• 

per ,1v.n lenath than do th. Lak. Ontario .e1~ • 

Oray and Andrew. (1911) rapc?rted th. lenlth-weipt raare.don 

for ae)'. batv.an 15~ and 840 _ 1n Burat Berry Brook, Wwfounctland, 

to be lolU .'-3.1791 + 3.2706 10' 1. In the Salmon.liver they 

reportad that the ae1. wera batwaen 291 and 571 mm, and th. len,th-
. , 

va1sht ralra •• 1on wa. 10IU • -2.895' + 3.0812 lOI 1. Th ••• ralr ••• 1on. 

.bow t~t aa1. trom Flat I&y ara heav1er p.r ,iven lenlth tban e.l. . 
fr~ tha tvo 11var •• Fletcher a~d Ander.on (1972), comparlDI th. 

lanlth-v.1Pt relre •• 1on tor Flat I&y eell with r.p'e •• loa. f~ 

aala in the Tarra Kova, 0Mb0, aand.r a"d Exploit. liver. of • ..,-

fouDdl&ftd, ,ia1larly raportacl tM Flat "y eela wra beavter par 

/ 

'the FMt.r producU,vity of ,lat .. , vatar coaparad with rival" 

iA lavtoua41.acLc1 i. DO clo\&bt .. of the futoc. r"pou1bla for thl 
/ 

_ .. t.r vatlht-for-1Mlth tacr __ c ob'lI'ved 111 llat .. , .. 11. 

~, •• the .. tca.. data of ta. tvo n.b'.1 .. thodJ, 1t vu 

.... ~d tbat lN. 6" of t_ .. 11 ....... c iD ""ted pot. VIra ,. ta.. . , * · lM _ 1eDan .. _... (tAla A • 2 ) 

, 

/, 

, 
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The fyb ut. causht • ar.ater nUllb.r of ur .... 11 vith 8O~ of th. 

catch .... urinl betv.an 500 - 699 IIID ('Tab1. Â-~). The •• Usure. 

ar •• ianific.nt to th ••• 1 fi.h.ry b.cau •••• 1. uDd.r 500 .. Ar. , 
u.ual1y too ... 11 for .a1 •• 

,JIl cœrr arr 

Introduction 

Th. tlat content of .et.. 11 utr .. 1; içortaDt to th ••• 1 ~ 
, , 

ti.hery b.oau •• it r.pr •• ent. ou ot th. lw 4eUn1t1.ve and .... ur· 
1 

able .valuation' of qual1ty. Viw'aer (1928) .uppo •• dJ:hat th. 

•• 1 accumu1at.d it. fat for th. mo.t part ~n lt. mu.cular ti •• u •• 
1 

McC&Dc. (1944) v.rlfl.d th1. vith fiodin" of 11~ and 26-307. fat 
, 

(in th. au.cl.) of EUl'o, .. n y.llov and .11ver e.lI <6. aDIy1l1a), , 
r •• ,.ct1v.~y. The .k1n va. tound to cont.in 5-6% fat for both 

~tur. and Datur ••• 1 •• , Mo d.tal1.d ret.r.nc. to fat content 

111 MIYUk Eoetrata va. touAd in tha litera,tura lIor c",,1d 
1 

CI""U,ta,U., • .,a,lue. b. obt&iaad frOli othel' .. 1 proc ... Ol". 

lDfcmMUoa on t~. ut contut of t.&tur. &Ad .. tur ... 1. 

VAl ....... to ava,lut. ~h.1r r.lativ. _rUt quality. 'rba ~1our 
~ 

pha ••• fouad ta h.&lt-ll'OVD &ad ~lt .,.cjaau of •• 11 Ar. t'" IIOtt 

r.{Ubt. iadtcatOl" of thetJ' .ta .. of Mturity. MorphoMtric 

ô&1'&ctar. ( laD.th ad, ".'Pt ) of Nt. ''l'e pool' .... , .. tOrl MClaut. 
l " 

pMt .,arUltiUty .. titi 'a .owtlll'atM ...... ,poJU1&ttou, 
- , 

... _ ..... , M4I ........ tut.t ... t. ia Cbe ... , .. ", ••• 

(k1ey, 1'72, '1eUUr ... JIaMi ... , 1'72). 

/ , . 
<--

.' .( 
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~ly.1. 1 

'al. of tan dl.play a co.61aat10n of colour pha.a., .. th. 

traC\lilUoa frora oa. t-o anotber 11 occurrlD, ( ... H1Itor1cal l ,). 

Introductioa, p. 13 ). 

Tha ujority ot th. a.l. l eXAlll1nad tre. ,lat la" ~ld ba plac.d 

1n one of th. f011ov1nl cat'JOria.: y.1tov, y.llov-ar .. n, bronz.-

y.llow, .1lver and bronz., 

Â da.~r1ptl00 of th. yallow, '11ver and broo&e •• 1 •• ppear. 

1n' the H1,tor1cal Introductlon,(p,13). The y.l1ov-sr.en and bronza­

y.llov ph •••• d~.pl.Y a .1~tur. ol cOloUr., aa1ther .,.1.n, dominant. 

Jroad-no •• d .a1. vera not ~nclu4.d 1n tha &nafY.1.. b.cau.a th.y 

vei. ob •• rv.d only 1n the y.llow pha •• , aAd th.1r charactar1.t1c 

10v fat cont.nt ( ••• b.1ow) vould hav. bl ... d tha data. 

" 

Iev.al luro,.. buy.l" h&d r ..... t.d.1JtCtrUUon oc oh. 

,.rCM"" ot 1n"0ad""llO&ad •• 1. 1n (the catch aAd l' ... rkad'on thair 
, 

'/ 

"pool''' qIUUt". M.uaiAI tM,. retal'I'ad to 10v fat cont_t, 1 

uadartook a cOIDpar1.oc batwea broad .... bar,-tIO.&4 .a1&, 'or & 
• 4 • 

·i 

d .. crlpU.oa of tha.a tvo type .... K1.tcw1ul Introduction ( p. 14 ). 

/ 

Il "'t~"'t.rUl 

.... 1aI of .h&r,....e4 .. 11 ... MUMtU tbat du,layad 

..... , of tbe &INw ... !our ....... , Diff&rMt .1'" H.u-..o.&4 Md 

.1', .... &4 .. 11 ....... 11M~, ,lUtvUual _"'pC"" wr • 

.... 4e4 ...... 11 .r .... M. tIN .,.. .... wr .... &~ .u .kiMe4 

1/ 

• 
/ f 

... 
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~r.fully, l •• vin, Any .ubcutaAaOU' fat depo.lt. on th. fta.h. 

•• ..-nt. of fl •• h for anÂly.i. ver. taken from th. dor.o-anterlor 
~ part of the abaoaLnal r.,lon. Tvo d.t.rainatlon. v.r. mad. for 

'J 

.. ch !l.h and the r •• ult. av.ra,.d. Th. proc.dur. for fat analy.!. 

va. a. follow.: 

1. v.llb 9 ... of ,round fl •• h on a triple beam balane. 

2. p~ .... pta iDto a 'a1.y type labcock ch .... ~ottl. ('~b1. 

01& •• 10. 508, 201. .1'.) 

3. &4d 25-30 .1 of fr •• h r.a,ent ( 1 part ,laclal ac.tlc acid and 

1 part 70-721. p.rchloric acid ) 

4. .tJopp.r bottt. and ,lac. in boUilli waUr bath lor 20-30 
, 

8inut •• ulltil dilUtion 1. coaap1.t.. Swirl bottl •• vary 

3-4 81nut •• whlt. 111 tha vat.r bath 

5. 

6. 

• l'MOY. bo'tt 1. frOll the vater bath eAd aU eDOUlb r .... nt to 

hav. th. fAt lev.l uar th. top of tha .cal., ( on botU. uck ) 

c.oertfu .. for 'ainut.. &Ad r .. cord the 1. ,fat t'OD tb. .cale 

la.vlt1 .114 Dt.CU"'OIl - CoIIp&ri.OIl of tha fat catant of brou 

aa4 ,bar,-aoa..t "l;' 

,... .... '1 • • 1 .M4 .... e4 "li cou1..te4 of y.11ov phu ••• 11 

-",le elle ... ,le of .... , ........ 11 l.ac1u4l4 .11 the oolour pha •••• 

Tbe • .,lM of WM41 ....... d,.lI * .... , ... a4 .. 11 COIIUlu4 
.... 

• ,.. ... tUt " .. p4 Ua ,1. .. Ir. *-"0 _ Md JOO·75' ., 
~ -

" .. ,..ct.et, , 
Ille __ ,., ... lac ...... lM die k .... .u .... 1" ..... 4 

~ 

( 

1 
\ 1 1 . • . . 

.' 
~ 

/ 

" 

~ --
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e.lI v.re 3.88 and 12.3 r •• peeUve1y ( table 1 .. 1 ). Â .tudnt feor fl 

t •• t ver1t1ed the h1Jhly .1anif1eant d1tterenee 1n fat content 

betveen the tvo type.. The obviou. que.tion ari.in, from the.e 

r •• ulte 1. Wh.ther th •• e phy.iea1 and phy.1010lieal d1ff.r.nc •• Ar. du. 

Co eavtronm.nt,l inf1uenc.. ( habitat aad dtet ) or Ar. th ••• tvo 

type. c~pecif1e aorphe and the d1tterecee. ,.netica11y control1ed" 

lt 1. vell ~OVD that the coapo'Jt1on ot t1.be. 1. attected 
, , 

by thalr enviroaaent. T~. 1. partieular1y tru. for tat content aad 

fat cOllpol1t1on and bat b .. a dheua •• d by 4cbaan (1967) .Du .. 1 (1962) 
l" 

&ad Karr1ck et al (1956)t.ported relative1y lar,. dili.renea. in 

fat coneent of ... ple. of one .peete. co11eceed trom tvo d1ttereat 

10cittoae. Thurlton (1962) fouGd 'tb. tat cODtnt tb ob. extr .. ly 

varLibla in tvo .ub-.pect •• of the lake trout ( 'alx.ltnu. ~ycu.h 

Wa1bauaa) • The,'. tvo vart.tl •• , a 1 .. " one and a fat ODe, Ar. 

accept.d by bl010,1.te a. repr •• entin, tvo dl.tinct .ub-.paete.: 

Crt,UvO!!!!' ( or 'alval,,",- ) MMyCUlh n&Mfc",b Md 011UyO!ff 

S?7'YEUfh '!'ffV'S, ra.pecttv.ly ( Thur.tOD, 1962 ,. 

'l>j frOli "rUa'. (1956) d1,cu.,ioa of bro&dlOl.d and .barp-1lO.e4 

~tvtdU&b of ~ tplUU1l , it ..... tbat both type. Ar. tOUlld 1a 

dll11&r 1a&b1tat_ th~oulbout the r_ ... f dlac .~ie.. Tbvrov (1'51) 

..... ~ f HftIat .. 11 <6.".'111) vtth .tc ..... poUleH or ln'oU ba4I 

ara vU'wu ••• f • ua"" .tHk, .Iaow&a, • ., .. e ,u.ttciC, of 

die .... teruei.c. 'flle ..... rrftN of ou or eIN ot1Ift ton u,.... 

_ ... '"mMul t..cOH.H .... tau. tMt J.a tIN .... ot ' ........... 

fMN, .. ~ _taï, fMd _ VOI'III M4 Ute'" ".,û" Md ... 1op 
JIN 

~a..u..' 

.' 1 , 
,h' ê 
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ln tb. ca' •• of li.tt.d food, •• 1.1 al" ca.p.U.d to f .. d oa , 

cru.tac.anl aa.d f1.h but th.y can only con.ume tbat food one. tb.,. 

ha.,. atta1ud a certain du than th. craa1al parti ba,1n to traa..-

fOlW th.1r .hap. r •• ult1n, in broad head .pac1aau. 

Tburov'. conc:ludOD.l do DOt napte tha po •• 1b1Uty of 

• ..,eral .ucb ch&n_. in h .. d fom oc:curr1n, dur1n, th. tropb1e: 

.ta .. if tb. y.arly abuAd&ne. of food .,ar1ad .1an1f1c:antly. Tb1. 

~lia. an axtr ... plalt1c1ty in a aroup of •• 1. in a .bort p.riod 

of t1ma and 1. unl1k.ly avan if oaa b.liav •• iD ta.&rck1aa avolution. 

Thurov (1958) found bro&41O •• d fOr:M to ba.,. a lov.r tat 

coatftt &A4I .. tur. at • lat.r dat. ( &Ad attdn a areat.r .1z. )than 

•• 1. vith poiDtad ~. Tburov (l"') aAd "l'tin (19S6) both conclud. 
, . . 

that the d1ft.ranc •• d1.play_d by tb •• a tvo typa. '1'. anv1ron.ant.lly 

c:oatroUad. Iut the eYidanea t. DOt c:oa.c:luliv. &a4 .. -Ue: diUaranc •• 

.y axi.t. 

If tha brHd-u •• d .,.rLaty i •• IIOI'pb tun pI' .. u.ably it ..... : . 

C-
l) aly a coutant pHc:&IIt4l .. of tha .. 11 vouU ba broad-not.d &Ad 

2) tbat th.t. aorph .x1.t. "cau.a tha lIOI',hi •• bu .OM .al.et iv • 

.... U .. (.). n. lotaIft pr_ip'ut axUCftCa, sra.t.r .b. &114 
/ . 

.... , .. u d1f'H_t dut of t1ua tn0a4 .... ad /fOf'll .. y hava a .tab11h-

... '''Nt oa tU NO','c., nu. ..... iA • ..,olutL4Nl&ry .... C ..... 

' .. ~ (1"') .... 1aMd daaC ......... ''' ..... tl' ..... AI .. 

.-,catt.oD CO tbe at" .... , ",1ro •• atal v&l'1AC1oa. fte d"'.-
, 

... ta 41aC r.,ort" Ity 'fllul'Oif ("'1) AI tIN .... • 1 tu dU'"1DCB 

••••• elle .. ,... _, .. die .-,c, •••• J.u.'.f CU ... ",ta, 

, 1 
J 

," 

• f 
f 

~I 

...., 
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incraa.in, tha ran •• of habitat. that can he profitably 0~cupi,4. 

lt vou1d ba lntara.tla, to carry out f.adtD, exper~t. 

da.lanad, throush dl.t variatlon., to •• a vhathar lt 1. po •• lbla 

to cau ••• .harp-no •• d •• 11 to chan ... to the broad-ooted for. or 
f 

vl~ v.r'~. If th1l cban .. cannot b. lnduc.d, thea sanatic 

dlff.rance. vould .... to b. lafluencln, thl. cbaract.rl.tic .or. 

th.a envlronmentat factor •• 

ODe of th. chan ... iavolv.d ln the .. tMorpho.l. from the 

y.l1ov to .11v.r .ta .. la th. Europ •• n .el ~. &aJU111!> 1. th. 

urrovln, aad lncr .... d po1Dt.4De .. of the •• 1'. eaout (D'AACOIUl, 

1960). 1 bav. ob •• rv.d th. abOY. chan .. , la .11var and bronze 

"'rle&D •• 1. (Â. ro,trata). Mo broad-ao •• ~ _lar.nt. bave b~an .....,... 

r.port.d for elther !. aDlUi11. or A. ri,trat.. lt 1. probable 

that brod-no •• d •• 1. uD4ft1O a Mrrovia, and lncr .... eS poiDtadu .. 
~ 

of the .nout in the "CeaoJ'phot1. from the u.atur. (y.llov) to tha 

.. tur. (brODU or "lvar) .. ta ... 

Altho\&lh Uttla r.f,reue to bro.d ao4 .harp-no •• eS .... 1'. 

01 6. re.Era'a a".ar. in tha llc.ratur., thay .... to exl.t throulh-

eut the 'pM, •• ' l' .... 'or ....,le, V1a4ykov (1973), di.cu .. 1D, 

.-cropbtb.a18U, ,tctur ......... cur. <6. r"cuy) I_le ln. Jbark 

Itver, frlDt4a4, tbat il claarl, a broU-eoee41 type (VWyk.ov, 

""'1" 2 r'_c). aocll cy,.. vera ..... t , ... Cu&l"" .,. ... la ...,. 

~1M4I, .",oxtMU1, 9cn 0' die MC'" '-LIlI __ ,""H .. la. -lt ta Mt ..... ~ CIl'. f1aurA r." .. eau ta.. rA~'.A ........ 
\ 

., die .. t,,.. « ........ I.t U .. Ul4f.Mtf.a èMt tU ".b'., '1'''' 

..... IlOt cM ~ ... , ~ ., die ... , .... ~ .. la. t1Ie lWilawN 

..... t a.c die ..... ~ ........ la .... ..", .. Ie ~Me "1.aI ,. 

1 
1. 

.-
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1 

•• 1t v.t.r .r ... , but th1. couleS IlOt b. vertU.eS. ",ond tb ... 

,.aer.l .t.t...at., no 4ef1Dit •• t.t ... nt of habitat .nd eS1.t 

.". VladykoY (1970 P.I. DD. 5) or aa. ultru0A1c tracki", prOI1'--

•• deKr1b.eS by It •• ko .nd ~1 (1974) may .bed 'OM l1abt oc 

ta.. behaviour aa.d po"tbl. i~b1.e.c pr.t.r~ •• of CM tvo ty,. •• 

Vhatev.r the c.u •• for the •• d1ff.raAc:e', tb •• ilD!fic.At \ 

di".reoc. iD t.t concent; i. 8Xtr ... ly ~port&Dt c:a..erc1ally, 

beuu •• • 1thouj, th. brou-DOf.d •• t. • ...,Ied vilual1y .ppear.d to 

b. robu.t &Ad of lOod queUty, tb.ir lov tat CODt'Dt .. de th. 

tot.lly ua.uit.bl. for • .ok1D, purpo •••• Ad ther.tor. of littl. 
, 

c:o..erc:1a1 v.lua. 

~ c:.,1W .tat. m the Uv. c:01our pila... ."..1:'1 ta 

....... 0 C. ÂD&ly.i. 01 v.riADu r •• ulucS iD •• 1J1lif1cut r v.lue. 

DuAC&A f • .ulU,1e ru .. t •• t ... ul'rt,s out Co ~I" the 

... ,. COtIteot 01 ... Ia colour ty,. vUb cbat of ..,.ry otfr catour 

t,,. (let. C-13). tbe l'MttlU of cbi. ta.t &1" • ...-ut"CS .. follov.: 

r.l1w 11' .... 

'.2 ',7 11,1 12,1 

,.,. cv. ...., ........ .., ttae .... U ... U. IlOt .' .. ''' .... ot1,. , 

1: 

F 

1 

l 
1 
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o J1,ur. 11: 
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, If 

t' 
t 1 

1 • 
... 

t J 

14 

1 
t, 

ie I..} 
1 1 

-
.0 

f 

1 • ft 

1" ;1 • 
t , 

1 ~ 

• J 
2 
t 

, 

· .1 

at.toJr_ of tha 8UD fat COIltaota of 
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TM IMan fat contnt of tbe bronza .. t.. va. the 001)' ...,. 

"'a1ue .ip1f1cantly differ_t fro. aU otheE' WIUaU. ...latin, fat 

eoateat to ~rci.1 qu.al1ty, the bronze •• 11 ara th". eoulder.d 

the hlJhe.t que1lty. 

Vl&dykov (19,55) toua.d that 1/3 of th •• et.. he exa.tDed frOfi 

latroductton, p.13) eoa.tltut.d an avera .. of on1y 2.61. (0.7 ~o 6.2%) 

of ta,. Nt.. eua1ud. V1a4~f. (1955) t1Adtll" aod tbe pr .. ent fat 

sr&6ual, r.qulrlA, probably 2 to 3 y .. r.. eo-ere ta lly , only tho .. .. 
•• t.. dllplaylna a11 tM brocz. characttrlltlet .hould b. tarMd . 

• 11D1fle.&lltly dlfferea.t thaD that of yelLow a.l •• 
-

It C&A be eoacludad chat ... lhar,-Mled_,el.t srov aod develop, 

t"" ae~lata 1Ae ..... ,1a.1 q .... 1tt .. of fat ( rtau ... a 16 ). M tMY 

.... ov AD4 4aYe1op, they al.o d11,1&y ditf .... eat eolour phaea. vbleh 

a ... e tbul tl&tur.l iDdUatOl"' of tUi ...... elativa fet eoat_t.. AI vould 

IN ..,.ctM (IU.p, 1971), the abloluc. vatuae "ill, bovev .... , dUi.r 

It CM IN ... .-.4 tUt filIN • NI,.tua of , ....... eo1aci .. 

rida die .... t ., tIae Mult .. t.', c.t........ ,. .... t, ••• '11'.'1011, 

ca. "'_7~ lac _ " ...... ut CO ... tIN __ ., 'm'.4, ., CIae 

.. lf _tq dIeU •• t ... , .. ..,.cu.. IN c. ~ ....... 4UCMM 

.... 
1 / / 
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the .àl' .... o ka, 1t vould b ... pect4td tbat 1.t vouW 1'..,1. ,lIOl'a 

.ur., ra • .-va. (.toracS fat) tbeA t .... AMr1cao .. 1. Tburov (19S9) 

ca4 V.ui (1974), ha"a ctt.d f.t COAt .. ".1 .... of 25 U 301:. for 

a1J1'.t1A' brou.e .. le ( ,. rOftE,t. ) trOll rtat la, va, 16~ .. 

TIN bt.p.r M&t'l f.t toDuot ~ouDd 1D tha l'An"opMG .al 

<i .. Il.tll!) , ••• to .U .uppoI't to Il'uuu f
, (1963) cr1t1c:1 .. 

of 'luc~'. (19S9.) thaQry &ad .u .... t. tbat tbe luropeaa aal 1. 

~b1e of raturD1D, to tha '.r~ .• o ... to .,.va ( ••• H1.tor1c.l 

V' 

'urtbal' • ..,11D, and t.t ... 1"11 1. D"cS.cS trOll oth.r '1'''' 
co 4aunL. vbetlNr .Lsr.tLD, AMrua .. 11 (â .. rHtr.,,> do, "On 

the vbole, ba" •• ~ f.t uat_t t ..... tba1l' lur~ COUAtarpartt~ 
'-" 

UUer.ta04 .... t'" UIportatIU of fat coat_t ta .. 11 1. 

... eatul lor .. 1 ,,"OU., .... '.rtwa ~ .. ot tat c.oDt-.t eubt.. 

~O ... ~, to ".cr'''' lIOI'a ".M'tHl, die .. Ut, of thef.t ~o4uèt 

1 .., ... &HUr.ul,. ... lue:. the ".oduct· • ...-b~ ".lue .. 
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~rcury poUut"ton ln ftlh wu ftrlt dttact.d in MiaaMta 

lay, Japan (trultay.... 1966' and latel' a alMllar taetanca vae 

taporttd at NUleta, 'l'ha ol'llln of "l'oury wea traced ço ch_tcal 

plantl ultnl .. rcury catelyetl. "rl1und (1911) balia .. 4 the 
, . 

• athyl cOMpound ta b. th. pl'lnclpal caua.tlY. a .. nt in th. neuro-

10ltcal dt ••••••• t Mlnanata,end Nltaata. &vedan ha. alea 

a.pertlncad probleM' vith ~I'cury ln fr •• h wetar tlah and ha. 

clOUd Nny ara .. to ftehl", (Johnala .,1967), Mannal'I (1"1) 

.u .... t. that the oh .. lcal nature of orllnlo .. rou~ c~pouftda 1 • 

... Uy ch.nl.d tn \\Itural wat.ra. I4-rcury 11 avaUabla for uptake 

\y bloca a. a atxtura of COMpound. no .. tt.r what cheRtca1 for. the 

• "l'oury wea tntttally. Mlthyl.tlon t. atf.ctad by batterla ultn. 
~ 

Any .. rcury lourea ava.llab\e. 'l'ha l'au of uptalt. of .. rcury ln thh. 

tl'o. bath wetlr .nd food. t. fa.t. ~lla th. l'.t. of tllmlnation II 

.lav. Ilvl", hlah concentration factor. ( luc~ar and Amend, 1969; 

Kanatl'I. 1968). Hannarl (19'1) fouad that for the dltterant mal'curie 

coapound. teltld, .Ithyl .. rcury va. tak.n up IIOtt re.dl1y by U.h._ 

tilt haa been ahCM\ ln SVeden that IlOlt .. rcul'1 ln Uah ( on thl a"n .. 

'11 ln fre.h vatel' .nd III in .. rtne flah ) extati aa .. thyl-.arcury 

~r'n and Walt~~, 1961; Johan.aon et al, 1'70) 

Ocourranca. of ftlh coatalnlna .. rcur7 ha.. batn rtporttd tn 

QaI:l&da (WoH.n at al, 1970; aUah MS, 1910; I1tko at al, 1'71) and 

apedUcall1 ... 1n th, "'rle&1\ eel ( h'a ... aM Bor.a. 1972) _ 'Much 
~ , 

" 
of tha "l'cul'1 fO\ll\d t. ty»lllt rusS'" VU tn a ton ot"f th&l\ 

1 

a =.,;;1,,"'" 
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.. thyl ... rc\ary &ad rra .. n ~ Rom. (1'72) ooncbul.et "alno. 

t th .. a •• la tontah.cI la'l th&a 1.0 , .. total "l'oury. tt ta 

pollnla tt\at th 'y ... a fU for, ta,..n cona.pUon" ~ 

t 

~ 

'lha rood and Drq Dtraotoran of "the Depart_nt of N&UOft~l 

w.alth anet Waltart Itat'I that aft)' ft.h vtth totll .. rcury .. 1\at. 
~ 

0 ... 1' O. S ppll <MI ... rcury pel' tà wt ft.) Irt no~ allo",et to ). , 

lol,et ln canaeta or ta b. IKport.cI, anet "It be cltltroytd. TM.' la" 
. , 

li antorca4'unclar 1 lactlon 01 thl fooet a"cI Dru. Act l"cI leculltlon •• 

'lh ... rc\ary cOft~ant ln ftah l. thlr.fora of ."ett contern to th. -

ca..tfolal ftlhtrl.a. 

twtnty .,.ctmen. of a"ar'-ftOiaet •• 1. (410 • 790 .. )v.rt-colltcteel . , 

tra. 'lat lay. Th •• all "'l" pan fro.an ( a.a rrt •• lna Itla, p.S1 ) 

tn tvo .. ou .. (broad ancl
o 
Iharp-nOlacl), packa .. d, labtUad "nd 

Ihl,ped vta alr e.pr ••• to tha rtlh't".pectton Laboratory tn St. 
t 

John'I, Nwfounelland. vhUI th.y Vll't .na\y.tel for total .. rC\lry 

frOil port ton' of t~1 flt,h only; .U tntuMl or.anl vett elhearded. 

Th11 11 tht Itandard ,roetdurt of tha ,tlh lnlpectlon Laboratory, 

UtlfortuMttly. 

a .. ultl t ' /', 
th, "Hultt fI'OII tha Ftlh l1\a,.cUOn tAbof'ator7 'H t 

III hn ~ ~~ Tttll lttt5vry (UUb) 

O.Of( .. 0.13 , .. 

0.32 .. 0.41 pp. 
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'taU" lit ~ftc'fttratloftl of to'al _rcul'J fOUM lft . , . 
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• 
'the tel. UI" fOI' fIt .. 4 "l'CUI', ,-,"'111 v.l'e oauaht 
. ""\ 

t'ft the rlat la, . Mu441' Mole al'M "rt~ lau •• ,t_bel'. Ioth 

ty,.. bacl' bee" eaulht tft the al'M thl'ouat\out th. lat. au.v but 

th. ~P·ftOl.d Hli COftltttuted a"roatMCtly 901 of th. catch. 

thta fact.., lftcltcate tlther th. l'elative abu."ftce of the two 

t,,.. 01'. that thla 11'11 _. "ot thl pl'iM1'7 habttat of the 

bl'oad-"OIed .el. 

All .. l1 a"aly.ed 1"1'1 uader the 0.5 ,,. pt",tutble 

le.,.l althou'" lOIItt of tt. thal',-aoatd .ela "1'1 "l'y C l,Ole to 

tht. value, (PllUl'e 11). 

'the 1000I'ce of thtl MI'CUl'y ., bt a pul, .Ul loclted \ 

tn It.phenvtlle. 01' .eVll'll ,,1' .tl11 72 ktlo.tt.r. dt.taftt, 01' 
t 

ocher unk'ftOWft .0urCI.. aine. '''l'c'\lI'y C1n\ _ur the envll'OI\Mnt .. . 
1 .. lithel' _ter-borne or .tl'-bome MI'CUI"J (TeJnl"l MS •• 1961) a 

pr.ei •• location of the 'OUl'ct My bt dtfficult. aliah (1972) 

Itac .. Chat -.ott C&ftadtaft alU. Md c .... d ",It", .. rcury C::_'O\lnd, 
• 

! 

luch al ,htnylMtrcul'ic ac.tate a. Ili.cld .. by Januar, 197Q. At 

the tt .. of vrttl"l, the authol' ,do .. 'ftot know whether th •• e New-

when th.ll' u ••• _ tel'lliMtH, 

1 • 

.. 



, 

o 

o 

/ 

/-.. 

1 

- , ' ~. 'ft-
, 's,' j '. t t ' 

- Il -

-
total .. reury level. found ln the 'l"b of the two type.. the 

~ata are ad.~ate for the c~relal ftlhery becaule th. pe~l.,· 

lble It.tt of .5 ppm r.fer, to porttonl of fle.h Oftly. 1101011call1. 
, 

, hovavtr, lt cannot ha .tated that the total .. rcury le .. ll ln the 

total ~ody ~ •• of the tvo typa. 1. dlffaraftt .tnee th. tnt.tnal 

orsanl v.ra not analy.ed. th.ra li lufftcl.nt evldene. that .. roury 

eo.poundl ara round ~Oftoantrated 1ft tha llverl and kldft.y. of flah 

.xpa •• d to a .. roury 10UToa ( Wo~.r et al. 1970, f~r Illh ln the 

Sa,ketch.. Rlver ) anel lpeeUleaUy {n .ela ( _tlla j'm'st ) 
1961). ~uek.r and ~el (1969) axpoaed ralnboV 

dOle" of .. reury anel de.erlb.d the uptaka a. 

oecurrina rapld y ln th. alll. ftrlt, than quiekly lner ... lna -. 
ln the blood ( houri) vlth a .lover iner .... ln the llver anel , 
klelnlyl. Ill.lnatlon of ~reury ln the liver and kldnlya to normal 

levell r.quirect 10 and 18 ve.kl, r •• ptetlvely. Many factor. ara 

InvolVlel ini!.'he té 0; uptak. of .. reury eo.paundl by fllh but 
~'-

th'l,e d,Uf. e. aa. to bl relateel to both food habit. and habitat 

(Loclthart. 1~,2)' _ .... (1961) ...... tod t..... th. ~pt.lt. ,of _ .. ~ry 
co.pounel. va. affected by th. oOftctfttràtion. of alectrolyte. ln 

the vatel' (uptak. of .. thoxythyl .. rcury va. low.r ln braeklah weter 

than ln .alt vatel') anel that eonc.ntratlon factor. alfl.r for 

411ftel'lnt or_na, and for the dUhrtl\t .. reurlc ~da' teatld. 

Another poealble .. rlabl' ln thI, ~eury 11,ue ~ b. 

'''AUtld fr_ ~ pr ... t Uadlnl'. the relatl ... prOpol'tlOM of fat 

\ 

\ 

.. 
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and total .. rcury (portion. ot tl'Ih) to~ th, tvo typt. of ,,1. 
al" very .t",Uu. Th. total .. rcury raJ'p. lier ... 9 .. ,.13 PP" 

tOI' th. broad-no •• d and .32 •• 48 tOI" th •• harp-noa'd ,.1.; th. 

corr •• pondlna Cat cont.nt. Vlr. 3.8a and 12.3\ r •• ptctlvtly. lt 
, . 

ta probable chat a r.lattonlhip axllt. b.tllean tat cont.nt Ind 

.. rtury conclntratlon. 

"inton .t al (1973) ,tatl that th. ll~r 1. th' pr1~ry 

orean of d.toxttlcatlon. Ota.rally, th. 11~ar 1. al.o th. mOit 

Wh.n .n axe ••• of aluto •• oceurl, .xtra aluco •• pa •••• tnto th. 

livtr and t. convert.d to tat, th. fat th.n l.ave.~tha l1v.r to 

b •• tor.d in tat d.po.it. throuahout th. body. If thi. oc CUI" ln 
1 .. 

an •• 1 vlth htah ltv.r conc.ntratlon of •• rcury compound., an 

aa.~1atton of the .... rcury ca.pound. vith th. fat .al.eul .... y 

oceur. Tha funetton. of th. llv.r .. y thu. provtd. a pathwey for 
~ / 

.. rtury compound. to tnt.r th. fl.ah of tha tt.h. 

It t. not cl •• r, a. prevtoully dt.cu ••• d ( •• , rat Cont.nt, 

p. 77 )whtth.r th. ob •• rvtd d1fftr.nct tn th. fat cont.nt of broad 

envtr~ntal tnflutne... Tht. dlffar.nc. tn fat contant bltwa.n 

th. two typ .. 11 con.htant throulhout th. ran •• of tha lurcp.a" tal 

<6.,'I\I\IUla) (ltrtln,19S6; D'Ancona, 1960). 'thl. aho ..... to be 

th. ca •• vith tha ~rlc.n •• 1 ~. EOltrat.). Furth.r r •••• rch 1. 
\ 

a .. d.d to d.t.r.ln. wh.th.r .. rcury c~d. can b. a • .ocl_tad vlth 

fat .ol.cul •• ln tha llvtr and can .ube.~~ntly ba dtltrlbut.d to f.t 
'-

depoelt. tn th. body. 

Utha .t al (1973) l'.port.d that th. rata of 1IObtU.aUon of .. rcury. 
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fre. th. bottCMft tllUd _. ',0 low dul'tn. th. vtnur chet ftah t'.adUy 

eRet'.t.d all .. rcury tak.n ln. M.·.u .... t.d that eold d.pr ••• lon 

of .. taboll •• vlthln th. ft.h lo~rad uptak • .ara than lt dld 

.x~r.tlon. lt .. y thu" ba ~'lbl. chat a.l. overwlnt.rina~ln the 

aud have an." 1011 of aereuiy tCMftpound •• 

Pf'.~n and Morn. (1912) round that th ... thyl-aercury 

eo.pound. ( tha prlncipal cau.e of Mtnl .. ta dl ..... ) con.tltut.d 

1 ••• tha~ 5~ percant of th, total .. rcur~ tn •• 1. ( '0I»111a [o.traS, ). 

lt ha. b •• n rapartad by .aft)' r .... reh.r. that th. aethyl-meroury 

compo\\nd. ara th, moat r.adt 11 tak.n up •• rcurle: c<Mlpaund. ln fhh 

(Mann ara , 1968 '; Nor.n and w •• tW • 1961; Johanllon.t al, 1910; 
1 

1 

w.at~~. 1966; Utha .t al, 1913). The •• 1 thu •• aema to b. an 

.xeeptlon. Utha.t al (l912).u .... t.d that ft.h do not •• thylat. 

, .. reury .tt,r ~take .0 that accUMulat.d .. thyl ... rcury wea from 

dir.et ult.ke fro. cha envlronm.nt. 

1.11, due to a laek of tar .. protectlve, )~al ••• carry out .. 
up to 60\ of the re.piratory proc ••• throuah tha .kln (Uaut, 1974). 

Thui the total r •• plratory proc ••• ln .ala. unllka aoat othar tr •• h 

vat.r ft.h, doa. not take ~lae. axélulively at tha al111. lt 11 

lua"ltad that .athyl-•• reury d.rl.ativea, althou.h raptdly abaorb.d 

by th. lilll, .. y not ~. r .. dtly' tak.n up at th. lurfaea of tha ak1n, 

and that thla .. y aeeount tor their lover .. thyl-..reury cont.nt. 

Th. abo •• ftndina' ara lianifteant to th. ca..erclal fiahary_ 

If th. proportlon ot .. thyl~roùf'y coapoundl 1. ln faot lovet' ln .el. 
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thaa ta othlr frtlhvat.r ftlh, thtn "rha,. tht .. thyl .. trou~y 
., 

oOfttlnt 11\ould r.plaot "total" _l'oury a. the 1 ... 1 d.finttion of . 

"l'Gury cont .. lnatlOft ln •• 1., 

Ccmc lUI lon 

'th. n .. h of th. brOft .. &1ul .tlvu .. 1. 1ft tht .bat,-aHtcl 
/ 

... ,11 ~.d Coftetlttatly th. htlh .. t total ''l'oul'y l.vel. al vell 
\ 

al corrl.poncllftlty h1lh.1' fat eo"ttnu, th. _tlratina \roa •• and 

111ver t.l. eGMMln. th. Irtatt.t .. rk.t prte. r.,rt.lftttai tht 

,roc ••• or'. Il'tatt.t proflt pot~fttl.l. Th.y Il.0 r.prt.tnt ~t. 

Ir.ateit ,...tble 1011 jf thlY are con ...... bIOIU" of htlh .. rcury 

llvell • 

• 

.. 
( 

• 1 

\ 1 
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Th, la~ .. at conc,nt~atlona, of "II we~, round actlvit, t.,dlna 

th~ou.hout tha IUmM,~ montha ln b~ackllh wat,~ 'rtal. 

2) The fall ml.~atlod of yallov (iMMAture) ae11 to muddy a~eaa 

to ov.rwtnta~ ln tha mud II dalcrtb,d and appearl to b. co· 

lncid,nt vith th, tl~lt trolta. 

,> lai acttvlty tn tha Iprtna ba.an wh,n wat,~ t..,.fatu~'1 raachad 

10 • not. 

4) Noop naU vara found to cat"h a hiah,~ p'~cènta .. of "can'fta~ctal 

ata," a,h than balt,d pou. Moop n.tl alao caupt more .ala 

per untt ftlhtn. effort. 

S) The futu~. P~OIptcltl of a viable eel U,h.~y alonl th. louth­

"'It coalt of ~vfoundland ara conalde~ad poor. Pr.vtoui ftlhtna 

of y.llov aal, du~tfta 1970-72, hal ,.veraly d.)latad th ••• 1 

Itockl of "cœ.erctal ltae" Ulh. A. ~.covt~y period of 6 to 7 

yea~1 li pradice,d. 

6). It ta r,cOMMtndad. for bl01o.ieal and locto-economic realonl. 

that the ftlhint for l..-tura y'llov .,11 be dtlcoura .. d; th, 

alov .~owth rata of "li and b,havtoural charactarilttcl .. k, 

ovar-fi.htn. In almoat ca~tatn r.au1t. 

7) It 1. r,c~nd,d that th. fllhina fo~ .i.~attnl .. tu~. e,ll 

b, .acou~a .. d. Th, ca..,rctal quality of thel ... tur' •• 1, li 

f.~ aupt~tor to that of ~tu~e .al, and thelr total capture 

~,p~.aanta no unnatu~al d.plation 

ftahina fo~ .taratinl .. ture ,.1. 

c_troUab1, • 

of ou~ ,al po~::~ona. The 

l. al •• .or •• f~ .. t and 
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'ltWHn broacl"noltcl and Ihup-nOild .. li, lwith ","ft ~l\I" 

of ).1. Incl ~2.'\ r .. ,.etivaly. ~ath~r tha •• ùdtttaranca. 
, 

ar •• ftvltonmantal1y lndueacl or "ftltically controltlcl 1. 

ftot eblr. 

') Iron •• lall vera tound ta contlin 1 .tantttcantly hllhlr 

fit contint than atl othar Qolour type •• C~rclally. 

bron •• aal. Ira tha htlhaat ~u.Itty. 

Id) A lilftttteant diltaranca ~n total .troury/contant (portion. 

of fla.h) VlI found batvean broad ancl .barp-nOiaci aal.; tha 

to~r 0.09 .. o.lfppm and tht lattlr 0.32 .. 0.48 ppm. tha 

ratativi proportion. of total .. rcury Ind~flt ",rt Viry 

Il.ttlr. IUIIt.tina tha poI.lbl. I.aoct,tlon of .aroury 

coapoundl Ind f~t ln tha ltvlr. 

11) À procldura Va. dlvtlopld for atunntnl. lorttna. packina, 

tr ••• inl and Itorina fro •• n .ala. ta achiavi and ~lntain 

a htah ~ualily product. 

12) A .aoktna proc~dura W&I davaloped that ra.ultld in a Imoked 

.al product aecaptabl. ta ~It luropean ta,tal. atoad-no.ad , 

.all coulcl rot ba preell.ad into ln ac::taptabh product dut 

to thalr low tat contant. 

13) The poa.tbllitta. 101', Incl ,~ntl" of, a.portlna Olnadlan 

..okacl Ill, to Burope t. dt.cu •• ad. 

, 
• 

.. ., 
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tt ia btololte.lly aoun~ .nd economie. ta bath 

the ft.har~n .nd tha proc ••• or to ~av. • f .hery that conc.ntr.t •• 

on th. e.ptur. of .llver or bran •• ~i.r.ttn. • 1. Th •• 4Yant •••• 

of • ,llvet-bron •• e.l tt,h.ry .r. a~rl •• d b.lowl 

,1) Itala.tcally, .tlr.ttnl Illvar-bran •••• 11 rapr ••• nt .n 

unavold.ble 1011 of btOMaI' to an ar .. , th.lr total captura 

th.r.far. r.pr ••• nt. no natural It.ndtn. crop d.pletion .nd 

,~ould b •• neour ••• d. It t. probable that a •• lverl dtlpl.y 

a fton-hOMlnl,-r.ndoa typa _t.ratlon (1 •• Niltorle.l lntra-
. 

luctton, p.2 ) annu.l .lver r.crutt •• nt ta .ny rtver Iy.tom 

.hould b. un.tf.et.d. Slnc. th.ra .r. v •• t ar ... tn Ia.t.rn 

canada and th. Untt.d Stat •• wh.re .el. Ar. not filhed, a 

lowertna of th •• pecte.' breedinl potentiel 1. d~finitely 

not upeeted. 

2) The Illver-bron •• e.l ta preferr.d for expart b.c.uI. of 

tt. It.t and f.t cont.nt, Th. pTtC •. obcatned ta .lao 

eon.tderad hllh.r th.n that for y.llow •• 11. 

,> rha fl.hlnl .... on axtendl ~or only a ftv ~nth. in th. fall 

and Co.tl at a tl •• wh.n the 1 .. 11 lnd.pendent Newfaundland 

flaher.an h •• llttl •• 11. to flah. Throulh th. lncome .. rn.~, 

hl. U.I.e. banafit' can be exteaded ta th. nut .prinl when 

4) ltvtr ~tr. art the .oat eifict.nt ..an, of c.tchln. ,llver 
, , 

.ala. Althou.h cQft.truction tt .. l' .r .. tar, onet ,.t up, 
, 
th. fllht", .ffort t ... ch relue.d. lnapt.: '1'h. rt .. r watr 

1 
, 1 
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tn tbe ltchelleu ltver, Quebec, oatch .. approat.ately 

4S )00 ktlosr .. a annually and ta operat.d by , • • .eft. 

, 
5) Provlntial Ibver~nt. Ihould b. urtad to dtacour&1I y.llov 

. / 

e.l fiah.ri.a and to t.pl ... nt le,lalatton allowlaa river 
• 

vetta. Thil vould ,,,coul'aS' 111vel' eel fllhlftl. Illpoftentl 

of tbe theory that vell'a would Sl'eatly lfttel'fel'e vtth the 

fowutr .. tib .... nt ol lalMn a.olt .hovld b .. r tn Mad that 

tl\lI WOv.Mnt occura 'l'l"l'lly ln th. 'F11\I, allo that 

a_lt. pr.fer the d.epel' pert of the rl~r while .. 1. pr.t.r 

th •• hanov paru. Propel'ly lapl ... "ted, .xperlM1\tal velra 

.hould b. conltruct.d and the pot.ntt~l probl ... &I ••••• d • 

-

... 
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1 . 
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KILS CAUGHT IN 

Le 1\ fi tb W.lf1bt 

•• IIU 

G'O 572 
62..0 400 
660 470 

• 520 216 
550 241 
460 111 
700 635 
670 527 .. 610 411 
670 559 
630 4 76 
640 438 
'20 673 
720 622 \e '\ 
655 508 
570 124 
540 229 
570 298 
530 260 
500 210 
7eO 1041 
690 698 
sao 

~, 
162 

690 584 
710 628 
640 495 

_. ' 

; 1 5. 
,\j5 

, $ 
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TABLB A-l 

j ; ~' 

FY~I NITS • . - IILS CAUGHT IN BAITIC POTS ., 
L.nvth '.1vht ...... . 

IUI\ i·· :6 
550 267 
600 489 « 292 

168 
500 191 
600 356 
580 lOS 
~O 317 
520 2"1 
570 2ge 
530 267 
~40 267 

20 229 
480 197 
700 671 
690 508 
700 654 
680 482 
660 51" 
610 444 
530 310 
670 4e2 
710 710 
6S0 432 
690 508 

L.nflth 

•• 
495 
457 
"19 
4a3 
412 
481 
407 
470 
3t.a 
481 
432 
559 . 
S72 
S84 

1 63~ 
40 
445 
194 
445 
6l'6 
"13 
572 
445 
45'7 
458 
559 

• 

1'9 
142 

85 
142 

85 
143 

85 
114 

8S 
170 

.'. 113 
284 
112 
340 
397 
113 

; 114 
85 

113 
62 .. 
170 
340 
114 
142 
114 
112 
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NUMIE~ OF EELS OF DIFFERENT LINGTH CLASSES (MM) CAUCHT IN 
,IAITED POTS 

t.en;th-P.an;e 
S •• ) 

200- 99 
300-399 
400-499 
500-599 
600-699 ~ 

700-799 " 
800-899 

2 
17 

S 
2 

.1 , 

Mean 
( a 1ft ) 

394 
45).9 
569.2 
660.5 

TABLE .-3 

"'---'ereenta;e 

6.1 
65.4 
19.2 

7.1 

~OM8ER or EILS or DlrFEp.ENT LINGTH CLASSES (MM) CAUGRT IN 
'YKE NETS 

200-299 
300-399 
400-499 
500-599 
600-699 
100-199 
800-899 

Nu.ber 

2 
20 
21 

8 

\ 

Mean 
(aa) 

.70 
5 .... 5 
651.9 
717.5 

, 

Percenta;e 

, 3.9 
39.2 
.1.2 
15.7 

1. 
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l 
'l'AILE 1..-4 

, 
COM8INED SAMPLtS OF tELS OF DIFFERENT LENGTHCLASSES (MM) 

CAUGHT IN BOTIH FYJ(E NETS AND BAITED POTS 

Len,th'-R.n,. 
( III.) 

200-299 
300-399 
400-499 
500-599 
600-699 
700-799 
800-899 

'1 

Nu.ber 

2 
19 
2S 
23 

8 

" ' ! 

394.0 
454.6 
549.4 
653.5 
717.5 

PERCENT UTILIZATION OF TOTAL CATCH 

Wel,ht of .el. purch •• ed 
W.l,ht of .el. proe •••• d 
Wel,ht lo.t (d •• th or dam.g.) 

, ~ TABLE 
J, 

WEIGBT CLASSES OF 

A-6 

25,079 
21,779 

3,300 

PROCE$SED EELS 

2.6 
24.7 
32.5 
29.8 
10.4 

Percent 

100 
86.84 
13.16 

J.' 

\ 

W.ltht Cl ••••• Total W.i9ht Total W.ight Pere.nt 

Si··~ !lba} Ski) 

200-25Q',- 8,613 3,907 39.6 
250-fOO 9,744 4,420 44.8 
500 up . 3 ,422 1,552 15.6 

'fOTALS 21,719 9,879 100 

1 

wr·J 
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Table A-7 : lhw data for le,na th-v.lah t equatlona 

·2 Length ' log L~ Weight 109 W log L x 109 W (log L) 

•• C}1Il 

670 2.82607 572 2.757"0 7.792605 7.986671 
620 2.79239 400 2.60206 7.265966 7.797441 
660 2.81954 .. 70 2.67210 7.534092 7.94~80S 
520 2.71600 216 2.334"5 6.340366 7.376656 
550 2.74036 241 2.38202 6.527592 7.509572 
460 2.66276 133 2.12385 5.655302 7.090290 
700 2.84510 635 2.80277 7.974160 8.094594 
670 2.82607 527 ~.1U81 7.692025 7.986671 
630 2.79934 432 2.63548 7.377604 7.836304 
t,70 2.82607 559 2.H741 7.764372 7.986671 
630 2.79934 476 2.67761 7.4955 .. 0 7.836304 
6 .. 0 2.80618 438 2.641"7 7.412 .... 0 7.8746"6 
720 2.85733 673 2.82802 8.080586 8.16433" 
7.20 2.8S733 622 2.79379 7.982779 8.164334 

6/
650 2.81291 508 2.70586 7.6113"0 7.912462 
570 2.755e7 324 2.51055 6.9187"9 7.594819 
540 2.73239 229 2.35984 6.448003 7 ... 659S5 
570 2.75597 298 2.47422 6.819628 7.603087 
530 2.72428 260 2.41497 6.579054 7.421701 
500 2.69897 210 2.32220 6.2675"8 7.284439 
780 2.8920.9 1041 3.03330 8.772576 8.364184 
690 2.83886 698 2.84386 8.073320 9.0S9126 
580 2.763"3 362 2.55871 7.070815 7.636545 
690 2.83886 584 2.766"1 7.853450 8.0S9126 
710 2.85126 628 2.79796 7.977711 8.129683 
6 .. 0 2.80618 495 2.69461 7.561560 7.874646 
550 2.74036 267 2.42651 6.649S10 7.509572 
600 2.77815 489 2.68931 7.471306 7.718117 
540 2.73239 292 2.46538 6.736379 7.465960 
590 2.77085 368 2.56586 7.109613 7.677609 
500 2.69897 190 2.21875 6.150277 ,7.284439 
600 2.77815 356 .2.551"6 7.088339 7.718117 
580 2.76343 305 2.48430 . 6.865189 7.636450 
560 2.74819 318 2.50243 6.877153 7.552548 
520 2.71600 211 2.38202 6.4.~9566 7.376656 
570 2.75587 298 2.47-422 6.818628 7.594819 
530 2.72428 267 2.42651 6.610492 7.421701 
5 .. 0 2.73239 267 2.42651 6.630171 7.465955 
520 2.71600 22~ .2 .35984 6.409325 7.376656 
480 2.6812" 197 '2.29447 6.152024 7.189047 
700 2.84510 673 2.82802 8.045999 8.094594 
6'90 2.83886 508 2.70586 7.6815S7 8.0S9tl6 
700 2.84510 65 .. 2.81558 8.010606 8.094594 
6etO 2,,83569 483 2.68396 7.610878 8.041137 
660 2.81954 514 2.71096 7.643660 7.9"9805 
610 2.78533 44 .. 2.6473'8 7.373826 7.758063 

\~ 

\' 
< 
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c\ Table A-7 Cont1nued , 
Len9th log L Wei9ht 109 W 109 L x log W (log L)2 

111ft ~1Il "' ) 

., 
530 2,,72428 _ 330 2.51851 6.861126 7.421701 
670 2.82607 482 2.68306 7.587515 7.986'671 
710 2.85126 7V1.86332 8.164069 8.129683 
650 2.81291 432 2.63548 7:413368 7.912462 
690 2.83886 50 2.70586 7.681557 8.059126 
495 2.69461 1 9 2.29885 6",194504 7.260923 
457 2.65992 142 2.15229" 5.724919 7.075174 
419 2.62221 85 1.92942 5.059344 6.875985 
483 2.68396 142 2.15229 5.776660 '7.203641 
432 2.6354-8 85 1.92942 5 .. 084947 6.945754 

• 483 2.68395 142 2.15229 , 5.776638 7.203587 
406 2.60853 ,. 85 1.92942 5.032949 6.804428 
470 2.67210 114 2.05690 5.496242 7.140118 
394 2.59560 85 1.92942 5.008()02 6.737139 
483 2.68396 170 2.23046 5.9864-65 7.203641 
432 2.63548 114 2.05690 5.420918 6.945754 
559 2.74741 284 2.45332 6.740275 7.548261 
572 2.75740 312 2.49415 6.87736-9 7.603254 

~4 2.76641 340 2.53148 7.003111 7."653024 

e 35 2.80277 397 2.59879 7.283810 7.855519 
406 2.60853 114 2.05690 5.365485 6.804428 
445 2.64836 113 2.05308 5.437294 7.013810 
394 2.59560 85 1.92942 5.008002 6.737139 
445 2.64836 113 2.05308 5.437294 7.013810 
68ft 2.83632 624 2.79518, 7.928024 8.044711 
483 2.68396 170 2.23046 5.986465 7.203641 
572 2.75740 340 2.53148 6.980302 7.603254 

<- 445 2.64836 114 2.05690 5.447411 7.013810 
457 2.65992 142 2.15229 5.724919 7.075174 
457 2.65992 114 2~05690 5.471189 7.075174 
559 2.74741 312 2.49415 6.852452 7.548261 

, ! 

.. 



log L r log " log L x log " (log L) Jo 

July Da ta t- 69.74393 t- 57.30524 t- 154.10499 t- 187.189122 
, 

Sept. Datl 1:-142.00412 t- 132.32829 t- 368.955315 t, 395.554614 

Combined t-211. 74805 t- 189.63353 t- 523.060305 t- 582.743796 

Table A-9: 
... 

Length-Weight Equations 

-/ 

l . *July Data log If - -7.81 + 3.733 log L 

II.*Sept. Oata log W - -6.123,+ 3.131 log L 

III.Coabined log If --7.30 + 3.55 log L 

.. July suples cau.aht in balted pots. 

.. Septe~er suples caught in fyke nets. 
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Tabl. A-IO: CALCULATED VALU~S OF WEIGHT 
FROM THE JULY SAMPLE OF tELS ., . 

log W • -7.81 + 3.733 log L 

Length log L log W W.ight 
( .. ) (glft. ) 

200 2.30103 . • 779744 
25G 2.39794 1.141510 13.9 
300 2.47712 1.437088 27.3 
350 2.~4407 1.6a7013 48.6 
400 2. 0206 1.903489 80.8 
450 2."'5321 2.094432 12'4.3 
500 2.69897 2.26-5255 184.~ 

~ 550 2.74036 2.419763 262.9 
600 2 .. 77815 2.560833 363.8 
650 2.81291 2.690593 490.5 

\ 70,0 2.84510 2.810U8 646.,8 
750 2.87506 2.922598 836.8 
800 2.90309 3.027234 1106.5 
850 2.92942 3.125524 1133.5 
900 2.95424 3.218177 1165.3 

... Table A-Il: CALCULATED VALUES OF WEIGHT' ) 
PRON THE SEPTEMBBR SAMPLE OF EELS 

log W - -6.123 + 3.131 109 L 

Length 109 L log W W.lqht 
(a.) (i··) 

200 2.30103 1.081524 12.7 
250 2.39794 1.384950 24.2 
300 2.47712 1.632862 42.9 
350 2.54407 1.842483 69.6 
400 2.60206 2.024049 10S.7' 
450 2.65321 2.184200 152.8 
500 2.69897 2.327475 212.5 
550 2'.74036 2.457067 286.5 
600 2.77815 2.575387 359.,3 
650 2.81291 2.684221 483.3 ,. 
700 2.84510 jl 2.785008 609.6 
750 2.87506 2~878è12 756.5 

l ,,_ 800 2.90309 2.966574 925.8 
/ 850 2.92942 3.049014 1112.0 

900 2.95424 3.126725 1113.9 
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0 Table A-l2: CALCUL 'l'ED VALUES OF WEIGHT Fl\OM 'l'RE 
COMBIN SEPTEMBEl\ AND JULY SAKPLES 

OF EELS 

3,,55 10 9 L 

Len9th 109 la "' 109 W We1,ght 
., ( .. ) (9.·) 

200 2.30103 0.868656 0.7 
.' 250 2.39794 1.212687 16.3 
" 2,47'112 300 1,493776 31.0 

350 2.54407 1.731448 53.9 
400 2.60206 1.937313 86,.6 
450 2, 65~21 2,118895 154.5 
500 2.69 97 2.281343 191.1 
550 2.7403-6 2.428278 268.1 
600 2,77815 2.562432 365.1 
650 2.81291 2.685830 485.1 
700 2.8:4510 2j. 800105 . 631.1 
750 2,87506 2,906463 806.2 
800 2.90309 3.005969 1101. 3 
850 2.92942 3.099441 112~.6 
900 2.95424 3.187552 1154.0 

e 

\ 

• 
(." 

1 . 
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Table A-ll Continued 

FISHJ:JtMAN DATE OF SALE FISHING NUMBER OF NUMBER OF CATCH IN LBS/NE'l'/IlIGHT 
LOCATION NIGHTS NETS LBS. 

FISHED FISHED 

C.S. 10-04-73 Muc!c!y Ho1. ·2 15 617 20.6 
G.C. " W.B. 10-OS-73 Grand Codroy 5 19 355 .. 3.7 
A.H. , M.L. 10-13-73 Muddy Hole 8 27 858 3.8 
B.B. 10-14-73 Muddy Hole 9 8 367 5.1 
C.B. 10-14-73 Mu4dy Hole 9 15 526 5. 5 ._~ 

A.--M. " M.L. 10-19-73 Muddy Ho1e 6 
"-

29 595 3.4 
C.C. , w.s. 10-24-73 Gi:and Codroy 14 19 277 1.1 
A.H. , M'. L. 10-21-73 Mudc!y Hole 2 27 225 ___ 4.2 
B.B. . 1-0-27-73 Muddy Ho1e 12 8 329 3.4 

1 C.B. 10-27-73 Muddy Ho1e 12 13 397 2.6 • 
~ 
~ 

:' '" -
\.:;~ 
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t.ble ,A-14: MEAN 

FISHING WEEK 
~ 

August 3 
August 4 
S.pt. 1 
S.pt. 2 
S.pt. 3 
S.pt. .. 
Oct~ 1 
Oct. 2 , 
Oct. 3 
Oct. .. 

û 

, 

.. 

F ' 
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VALUES (WEEltLY) 
BY FISHING 

• 

OF LBS/NIL/NET 
LOCATION ' 

FLAT BAY GRAND CODROY CUBBES RIVER 

6.1S 81.56 
45.96 

S.60 40.80 
15.77 3.8 S.90 
41.12 21.20 c •••• d fishl.ng . " 13.10 10.1 
4.80 3.7 

3.80 1.1 
3.00 

/ 

• 

ù 

( 
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TABLf A-15: Hourly n1ght observations of ee~s in Two Guts Pond. , 
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TABLE A-16: O411y eel &ctivity in T~ G~ts Pond * 

DAY TOTAL HUMBER'GF EELS CAUGHT AT 

2300-2400 hrs 0500-0600 hrs 1600-1700 hrs. 
1 

1 203 76 36 

" 2 312 179 19 . " 

3 186 43 23 

1 
... 

4 262 57 14 

5 216 71 19 

6 386 87 32 

t\ 
f' 

7 239 153 29 
, 

TOTAL 1804 666 172 
fI1P 

fION 257.7 95.1 24.6 

* Twenty ba11ed pots were hau1ed thrice 
, 

da 111 for seven consecut 1 'le days. 
1 1 

/ 

/ 

/ 

C---.J. 
....................... " 
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APPENDIX B 

'l'ABt.S 8-1 
, , 

Fat Content of Sela, Anguilla Roatrata, from the 
Stephenville area of Newfoundland, in Per Cent· 

Xl (broad no •• ) 

2.0 
3.5 
2.0 
2.0 
8.0 
1.5 
1.0 
4.0 
1.5 
1.5 
3.5 
2.0 
:1.5" 
7.0 

. 8.0 
5.5 

10.5 

X2 (aharp no.e) 

30.0 
25.0 
17.0 
15.0 

2.5 
15.5 
10.5 
11.0 
11.5 
10.0 
11.0 
12.0 

9.5 
11.0 

i 

6.0 
12.0 
14.5 
10.0 
1$.0 
lL.o 
11.0 
12 ."'b 

f 

IX 66.0 

IX
2

387.6 

i 3.88' -

7.0 
6.5 

11. O· 

307.5 

4,53-8.'75 

12.~' 

• Per Cent valuea were not tranafor.ed to arcain value. 
bec.uae of extre.ely large difference. in the Xl and x 2 • 

..,. 
1 

1 

.. 
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t~ t 

1 \ 

1-2: STUDINT T 'l'IST 

• 

• 

\ 

tx 2 
1 

(11
1

)2 

"1 

• 387.6 (6&) 2 _ 131.6 

IT 

IX l 
~ 

• ... .538.75. - 756., 

25 

• 131.6 + 756.5 • 888.1 - 22.2, an 
.. 

("1-1)+("2-1) (17-1)+(25-1) .. 0 

e.ti.ate of the co .. on a 2 

• 

' .... 

22.2 Cl7+'lStt -

(17+25) 

22.2 (0.0988} 

----2.1936 - 1.48', th. standard deviation appropriate 

to th. diff.rence betv •• n th. .a.ple ••• n. 

3.88 - 12.3 - ';'8.42.-
' .. 

-5.689 df 40. 
1.48 1.48 

- -8.42 + 2.021 (1. 48) - 1, 

• -.842 + 2.991 -
1 1 - 5.429\ 

1 2 -11.411\ 

1 
1 
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APPENDIX C 

- 1 ANALYSIS or VARIANCE 
T_b~l: 

PERCENT rAT CONTENT rOR YELLOW GRE~N EELS 

.. . 
PERCENT FAT ARCSIN 2 X1j 

11. 0 19.4 376.4 
12.0 20.3 412.1 
9.8 18.2 331.2 
6.4 14.7 216.1 
9.9 18.3 334.9 

11.4 19.7 388.1 
7.6 16.0 256.0 

1 4.5 12.2 148.8 
12.4 20.6 424.4 
6.3 1".5 210.3 
7.9 16.3 265.7 
9.4 

. 
17.9 320.4 

5.6 13.4 179.6 
6.7 15.0 225.0 

11. 2 19.6 384.2 
10.0 18.4 338.6 
9.0 

~ 
17.5 306'g 

".3 12.0 144. 
2.1 8.3 . 68.9 
6.4 14.7 216.1 

, 

Ix • tx2 • 
1 

163.9 IX - 327.0 5,5"7.1 - 8.195 -- 16.4 1j 
x • x -a 

, 
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Table C-2: 

PBRCENT FAT 

14.1 
12.0 
9.5 

11.0 
'9.6 
8.9 

• 6.4 
11.2 

7.8 
8.9 

11.4 
9.1 
9.0 

ft 12.5 
7.8 

11.1 
4.15 

~ 

lX • 164.65 
t • 9.69 

-. 
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PBRCBNT PAT CONTENT 

. 

!'OR. YELLOW EELS 
) 

ARCSIN 

2l.1 
20.3 
18.0 
19 .. 4 
18.0 

f 17.4 
14.7 

1 19.6 
16.2 
17.4 
19.7 
17.6 
17.5 
20.7 
16.2 
19.5 
ll.l .-

J:~ • 106.4 
i - 18.0 

, 

2 
1[1j 

488.4 
412.1 
324.0 
376.4 
l24.0 

" l02.8 
' 216.1 

384.2 
262.4 
302.8 
1118.1 
109.8 
106.1 
428.5 
26l.4 " \ 
380.3 
146.4 

2 . 
tXif 5615 

• 
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l'able ~3: PERCENT ?AT CONTENT 

FOR BRONZE YELLOW EELS 

. , 2" 
P.IRCENT FAT ARCSlN - Xij 

1 -
10.5 18.9 . 357.2 
12.0 20.3 

; 

/412.1 
11.4 19.7 388.1 
14.3 22.2 492.8 
9.8 18.2 331. 2 . 
7.9 16.3 265.7 
9.7 li.1 327.6 

15.4 23.1 . 533.6 
11.4 / 19.7 388.1 
12.6 20.8 432.6 
13.4 21.5 462.3 

7.1 15.5 240.3 

~ , 
\ 2 IX • 135.5 Ex - 234..3 EXi'j 4,631. 6 

1 • 11.29 
1 -

19.5 . 
1 , 
1 
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Table C-4: 

PERCENT FAT 

lq:8 . 17.0' 
15.0 . 
15.5 
14.5 
10.0 . 15.0 
11.0 
11. 5 

, 11. 0 
7.0 
6.5 

12.1 
14.1 

EX - 181.2 
K - 12.08 

. . 
M' 

- 125 -
• 

t 

PE~CENT FA'" CONTENT 

FOR SILVER EELS 

-, 
'"1 2 1 

ARCSIN Xij 

. il , 

19:t ~~e:~ 
24.4 590.5 

i 
\ 22.8 519.8 

23.2 538.2 
22.4 501.8 ,. 
18.4 . 338.7 , 
22.8 519.8 
19.4 376.4 
19.8 392.0 
19.4 376.4 
1'5.3 234.1 
14.8 219.0 
20.4 416.2 
22.1 488.4 

IX - 303.0 2 6,226.3 
" EX i ;' 

x • ·20.2 
\ 
\ 

Il 

-
, 



.. -
• 7 
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'l'ab re C- 5: 

FOR BRONZE EELS 

1 . 
-J 

PERCBNT FAT ARCSIN 2 
%1j 

30.0 33.2 1102.2 
25·.0 30.0 900.0 
6.0 1 14.2 201.6 

14.6 22.5 506.3 
Il.9 

1 20.2 408JO 
13.8 21.8 475.0 
16.4 23.9 571.2 
17.1 24:4 595.4 
9.8 18.2 331.2 

12.4 20.6 424.4 • 
16.8 24.2 585.6 
15.5 23.2 538.2 
16.8 24.2 585.6 

/ 
., 

2 IX -206.1 
Î: • 300.6 IX1 ;' 7,224.7 

)f - 15.85 - 23.1 '-

, . 
1 

l' 
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Table C-6: AHALYSIS OF VARIANCE 

c • x 2 
1 

Ir i 

,- (1471.3) 2 

77 

- 28,113.8 

TOTAL S5 -
-' 29,244.7 - 28,113.3 

/- 1,131.4 

1fUATIIEIiT 55 - f xl - C 

/ 

f 

ERROR 55 

ri 

- 28,515 - 28,113.3 
~ 

- 401.7 

- TOTAL 55 - 'l'~ATMERT S5 
1 

• 1,131.4 - 401.7 

- 729.7 

, - LAILGBR SS 
SIlALLBR S5 

- 1.8165 

r 

ft> 

'10 

.. 



~ JI • • p ~"'~~~:r:.;.y:4f,' }~:" . 
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Tabl. 0-71 
S~ or rAT CONTENT OP PIVE COLOUR TYPES OP ANGUILLA ROSTRATA,PROM nœ 

STBPHINVILLE AREA OP NEWPOUNDLAND 

-

COLOUR ~Xij ( li ' Xi Arc.in 
2 

d xl 1 ri ri ~Xij 

Y.l10w-Qr •• n 20 327.0 8.2 16.4 5,547.1 5,346.5 

Y.llow 17 306.4 9.7 18.0 5,61.5.0 5,522.4 

.ron •• -Y.llow 12 234.3 11. 3 19.5 4,631.6 4,574.7 

Bron •• 13 300.6 '15.9 23.1 7,224.7 6,950.8 

Silv.1' 15 303.0 12.1 20.2 6,226.3 6,120.6 . 
TOTALS 77 1,471. 3 x • 11.44 il • 19.44 • 29,244.7 28,515.0 

--.... 
-

- ------ -_. __ .~-

~ 

-----

<;? 

---------

~ 

'0, 

V" 

2 1 Xij 

200.6 

92.6 

56.9 

273.9 

10S.7 

729.7 

, 

, ,., 

.... 
N 
00 
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\ t'able C-8: 

ÂBALYSIS OF VARIANCE OF 'l'RE DATA SOIlIlARIZED IR TABLEC-7 

. , 

• SOUR.CE OF 
VARIATION ..,...... df. SS liS F 

/ 

AIIonq Colors 4 401.7 100.425 . 
9.91 

Within Colors 72 729.7 10.14 

TO'l'ALS 76 1,131.4 

r 

1 1 

'C 

1 

1 • 

1 

, . 

/,' 
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" Tables C-9. 10. Il:DUNCAN' S MULTIPLE RANGE TEST 

o (ONEQUAL OBSERVATIONS) 

STANDARD DEVIATION - 3.18434 

VALUE OF 2 ;;. 3 4 5 -

Interaedia tE 
Siqnificant 1 8.98301 9.46066 9.77910 9.9771 
Ranges 

MULTIPLIERS 

Yellow Yellow Bronze Silver BronzEt 
Green Yallow -

Yellow 0.23326 0.25820 0.24152 0.25192 
Green ;',"-

Yellow 0.26610 0.25049 0.26053 

1 

Bronze 0.27386" 0.28307 
,Yellow 

\ 

Silver 0.26795 

LEAST SIGNIFICANT RANGES (HULTIPLIERS X INTERHEDIATE SIGN.RANGES) 

Yellow Yellow Bronze Silver Bronze 
Green Yellow 

Yello" 2.10 2.44 2.36 2.51 
Green 

J 
Yellov 2.39 2.37 2.55 

Bron •• 2.46 2.68 
Yellov . 

Sllver i 2.41 

.. 1 
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RAN~ED KEANS OF PERCENT FAT CONTERT 

Means Yellow Yellow Bronze Silver Bronze 
Green Ye110w 

1 

1 

ARCSIN 16.4 18.0 19.5 20.2 23.1 

PERCENT 8.2 - 9.7 11.3 12.1 15.9 

Table C-lJ: 

TEST OF DIFFERENCES 

B - YG - 23.1 - 16.4 - 6.7 > 2.51 , siqllifieant 
B - Y - 23.1 - 18.0 -5.1 > 2.55 ~ • 
B - BY - 23.1 - 19.5 -3.6 > 2.68 i • 
B - S -23.1 - 20.2 -2.9 > 2.41 , • le 

"- S - YG -,20.2 - 16.4 - 3.8 > 2.36 siqnifieant ; 
S - y - 20.2 - 18.0 -2.2 ~ 2.37 not siqnifieant 
S - BY - 20.2 - 19.5 - .7 < .2.46 ; • • 

• • 
BY - TG -19.5 - 16.4 -3.1 > 2.44 signifieant 
BY - Y - 19.5 ~ 18.0 - 1.5 < 2.39 ::i aiqnifieant 

'\ 

y - TG • 18.0 - 16.4 -1.6 < . 2.10 siqnifieant 

• ! 


