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ihen a 1'18h los.. a scale, acc1dentally or

othenr18., a n.wsoale ro a 1n 1h rlacawh1ch 18 abnormal

eclesandarefrequently ncuuntred1nscleatu s. An

.xp.r1m.nt_aearr1edouti-r1marllytodte

wla1ch. such 8cales lire rt! enerated.

11leexperlment_ conducted 1n 1'reah_t.rena

slnlefish,"aalenalllolt,2+y.arseld,whlchwasobtaln.d

en y 20/36 at the St. Je'n ' tch ry. On J~ly 17/36 it .....

ana..thetized In ather aelution and the s.cond to t,. slxth

o1'.clllea on th. rlght B1d.o1'thebdyn.rtheadlrosefin

(1'1&.1). Th18 rew of e ty Beale ec :eta w s used a. a vld.

fo.tarlor row of scalea dorB.. l to the latar 1 line the 1'lft

scleanterlortothegu1de rk aahore 1'edenthell8l:1e

date. Latere1'eryether.calewRsr eTBd1'ro th18rowo1'

scales at lntar1'ala of t e decr.nsln from II days after the

1'l1'th, the n1nth Beale 8daya art.r th••ennth nd so en.

(Table 3). Th.fiBh_Bkl11edonaweekaft.rth.laetBcale

hOld been r.mo1'ed. Th. exact j:osltion of gu1d. mark acales

and the ant ro-poater10r row of scalea may be a.en lnfig. 1.



Growth <ate ot Refjener tin! Ie le •

Betore removing the regenerated 8cal 8 tro

8calepocketBBd111gr CIlldeotth app rnceotthe

eX];lo8ed&orUonottheeeacsl in reI tion to Ulenor 1

nu ber 23 re enerat1ng tor 8 dye" 8 barely ev1d nt wh1le

eclen ber 25 regenerating tor 7 deye wae not X];loeed tall

and 1nc1dental.y cO'ld not even be tound in the ecale pocket.

utccuree1t1ehardtoeay eteraver ......l1ecle"ae

pre.entcrnotbute1ncethere"8nod1tt1culty1nt1nd1ng

8clenubr231t1a ,u1tepoaB1blethteeverllldaye1ntervene

d1lllenB1onlllo8tcollllllonlyueed1e thed1.tnnce fro thetocueto

the anterior edge ot the acale. ,8 young regenerating acale8

donot veenyr1dea1nthflcentreottl.eecnletoto a

det1n1te!ocu8 the t"od1aeteu ere 8ured,tl.elonc1tud1nal

or anhro-poeter1or and the trnneveue or doreo-ventr 1. In

t1g.3-4therateotgrowthofechreenerat1 ocale1e

co red nth the 81ze ot tbe ec Ie t t originally occupied

theealllepocket. Theantero-poBter1ord111eterotthe

relleneratingecale1ncraeeavryrap1dlytortbet1rat17deye



llnd from the 17th. to the !19th. d Y the iner aee 1e

leea unitorm but not ne rly eo reat. Atter 50 d ya the re-

generati eelehe:u.etlythee eaizeaete riinaleele

andatt'Jr!l9dta there enerting eleial..rgerthnthe

ori inal ee..le. Thua 1t ia uite ouYioua th t the tlah hae

b ngrowin c!urln the XJlerlent. Thedorao-Yentrldl eter

ottheregenertingeclelncr ae ore rapldlythan tbeantero­

r oeterlordlameteraaltracheethee1,.eottheorllnelecale

In about 35 daya. o. It the thh had not ro ny durlng the

experlment he rate of ae Ie r genar tion would Mye been 50 daye

tor the antero-poeterlor dlameter and 35 dye for the dorao­

Yntrldl etr.

In order to deter Ine the tlme It talc e t e regenerat-

1 ee lee to catch up to the normal rate ot the tieh 1t le

neee881 ry to co pare the eize of t e regeneratin ec lee w1th

tue eize ot eealee lieh had not be n roved durin the

experiment. Obvlouely nom 1 ec.. loe trom any part of the body

will not do ae theee yary cone1derably In eize. Two ethoda

havebeene: 10yedne"utl1n"dblow.

either dde ot each r enerating eeale eo the average v lue ot

the two ee..leendJacentto eaehregeneratin eealeehouldbea

talrl,. representative value ot no 1 rowth with which to

co pare the ei"e ot the r generating eeale. Theee reeulte

are ehown in tlg. 5 - 6. Doth the antero-poeterlor and the



l' ch tha normal eeala eha 1n 50 el )'a but ne1th l' ctually

r achee the no 1 Ten after 59 a. he 1 et art at the

curve to~ normal eeale a1ze 18 ao b1\t lower than 1t ehould

e b ",,-uea one of the ec lea uaed 1n vel' 1tl& the laat t1rO

p01ntowaaarecenert1n onlenneloonaequentlyemallerthan

n01"lllll1acalea. at 18 18 the important rtottbecurve1t

woulel be batter to co<1p re tha a1ze oCthe l' nertingeclee

at the 1'1 ht 81ele w1th the e1za oC cor ea ond1n nOrDal ac lea

Cr the lett a1ele. otly correa onel1n aealeawereea1ly

eleter 1aecl by tollow1n the gu1ele ....rk 1'0 oC ec lea oC the

ri ht 81de doreal..rd over th ck at t e C1a to the lett a1de

lett 81de the raqu1rall acale era 00 ot d torw rd trc tha u1ele

r. InC1.7-8 ratecurTeaaow1n terelationbet"'een

thlr enerattng ec lea. Here 1n the eatero-loater10r

el1ameter of the re-enarati acaleo ro 0 not re ched normal ec,le.

a1ze e7enatter 59daye. ThedOTBO-Tentrlllel1 eterontheother

nd - ached nOl"!lll\l a1ze 10 40 dqye.

reenarlltngecale1t ybeaa1dthattedorao-ventral

d1aatar10craaae8ataCaaterratethaotheantero-poater10r

db eter aod re cbea the aize at the or1g10el acale 1n bout

:l5elaye and thealze tnormalacalea10about40daya. The

antero-poaterior d1 eter doea not rlach the a1ze oC the original



ecaleuntllabout50da;reanddldnotrechthee1zeotno 1

ec Ie. enn atter 59 dayal a the erl ent 1 ated only 59 daya

it c nnot e a ld J t 60 Ion it ould t e t 18 dl eter to

1 rge number ot th h t the ex~090d ~09terlor !ield ot the

ecale 18 uch emaller and narrower In rel"tlon to the r lnder'

of t ec Ie then 18 the 0 .~ ln no 1 .calea. lP.\lrell.

i. a tr1k1ng e pIe or thia c nd1t10n. Ae w111 be noticed

ale01nthlet1gurethe oetr10rfleldllrtheeoale18diatorted

fru the 1nlo itud1nl eoftheacale. '1'hiadietortd

1eloetuntllthenew801e!illetheacle ockat. '1'heanter10r

rorUon ot the oeket 1e aituated ",ore d ply 1n the dermie

and oTerlapped by anter10r cal 40 ianot eo l1kelyto chall£e

In alze or ehape ae re d11y ae the poeter10r ortion. In th1e

way c n be e lained t e f ct t at the doreo-Tentral d1ameter

rgenerateeatata.terrtetnantheantero-poeter10rdlameter

e thep08ter10r rorUon ottl.e eoale h incl'Jded1ntbelatter



dpys ths rsgener tion r ts 8 ,"uch alo er nd ten ber or

the rid es are cloGer togsther as the scals ro s mors slowly

s1tapproachsatenol'll81eizs. c ckiero donthe

reeneratingscale hsnit coqlstely i'letbescalepook"t

and res' unormsl c ls r(mth (ri .10.). TteMturs or the

cheok 'fllriu con3ider bly pr"su bly dek ndine on the rRte of

growthofthsfishattheU". Inao csesthersaetwo

0: mors ~idge8 'fary olosely approximated "hil" in othsr instnnc s

the sI;aoi of th rid es rades ore or less insensibly into ths

no 1 id'e epacing...uch a check igbt be ussful at any tillS

in deteminin the 8ize or the !ishYhen a p rticular injury



:I1cure 10 also ahow. a tr n.terenc

Hatchery to the experl ent 1 trou·. t t. dr • The

suddencanealneond1tlonswoldup tthe 0 'ltedlng

ot the ti h tor a tlce nd In thl." Y the ehee!:: tn r th

ouldbeprodueedoeth .el••

eattered trregulnrlyo..er the outer urtee. TbeY61..eth1e

,art ot Ue eesle a S nulBr Pre r nee and e n eaaily be telt

wit "finapro • Theretorat!. osteoblste'llbtehproduee

theouterlsyerottheeele tbelrreGUlarly rranedwhen

th reeneratin sele1atirst tn lalddown. They do not

eoergularly rrned rouDdte rl e ottheseleto

tor rId eeuntll the rat ofgrowt ott.herecnertlngecale

flrst flrtr rldE'es th t sre laId dOln are ..ery ny Bnd irregular

(fig. 10) whiel 111 no doubt due to the lrresul r outline of the

young regener tin teale ieh is quit rked in tiC. 12, a

tbAt.tor1<lngotrldg....ooft.enfoundlnnol'lllal.ealesl.Ukely

esu.edby.nlnerased rowthr te of that rartle larpart of

• the oet.eobla.ta, whleh produce tae outer layer

ot U.e.e le, are found n01'lllll11y only at the per1rhery of the

.e le oeket would n e sit te elther the 19ration of the



oeteoblaete to thie area or th ir to tion from other cella.

Concerningthia ave ('936) lite tea. "Itae 11lcalythatthe

follicle cella play an import nt rt in r enerating ecal e,

llnc n(l32)rJotateinterprettloDot

abnormalec.l a Ilebeln tooeformedtorrleeacleuwhich

have been loat. ho one III on he xam ned 113 oc 1 0 from

taB1deandbllyoftct1B. eaayathat:l3.1',:50.!1%

and ll.~ of t eoe oc lea were laid down in the let., 2nd.

and 3rd.ye ra re pe.ctively In the river and 1•• 1."

ndO.9:'werelaiddownlnthelat.2nd. nd3rd.yearerea-

nail re cart inly not 1 id ~o'Qn at the a e time but tole

~eoulto do not nhow this 0 it in a1 0 definitely kilo 'that

ec lee are regener t d ,,"d he Icea no att pt to dletingu1eb

b ..tw eD 1\ ~ enerated ec Ie and one newly tot'llled.

he etatee th t the "ld .a Of the rlnge aurro ndlD" tho tocal

in normal oc lea but he 18 apparantly un.wl\re that rellenerated

or. leo alao poue 0 widely al' ced rl 0 tore thoy Te eh normal



(eft. H'. Theaverged 117 food coneu tODwae 7.:5 o11eoa

the end ot the u erl ent I.lch c nnot be ~orrelated with

te l'erature. The daten wt,on the t1eh waa re vod trom the

trou ,anethet1zedendaecoler ovec1,arecarkedonthe

abecleoalnt1s.9. 1l1ncethe1ntf!rvaleottlmebetweentheee

prob ble th t hanc111nl.\ the f1eh so t equently cauDed the c1eoreaaec1

t od consumption fro Aug. 8th. to the enc1 ot the ><perl ent.



Allot the 00 len re~o.,ed tro

"nd ot the exper1tlent h d one or t ° 1nd1llt1nct r1d*eo t the

11v1n t1ah on to. removed t. 4th. and tter fOIl.enned

thene 1nd1oUnot r1oige. no they ae to be qu1te detin1tely

relta to poor teE'd1n (oet1. ).

315 d.<lyo and beg1ne no=l rowthin40dnya. Thenntero-roater10r

diameter gro.... et /l .lower rate then the oreo-ventral diameter aa

1trequire.150d'yatoreohtnea1zeottheoriinalooleand

1n 59 dye (the tull ti ot tnh ellper1 ent) h d noll re ched

nOnDI1.legrowth.

The ro.ter10r tield ot a regenerated oeale 18

II1lIal1er1Drelat1oDtothereatottheLoale'.haniti.1na

no 1.0 Ie. Theretore, en a .c le 18 roved trom 1ta >,ocket

th. fo.ter10rJ:0rt10n of the roo at etactunlly.hr1nkino1z••



l'oster1orl11....eter.

Tbe ntero-loat l'ord1 terofr e r Ungsc1es

1ncre aD rap1d1y up to 17 daya and fter t U it 1nore eee

at A Blower r teo Carrel ted. th this rat the r th 1e the

lntrnproduoedill-de!1odr1dU



IltrtureCitd.

AT , 'E. lGoJ6 - The D velOpDlcnt ot tt~e we 1 ..0 o!
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83 wept. 14/36.

T~~. I....

o~l!;~.Te::I)l.

J~Uf7..

1.
10'30 10.813
4.00 15.6

n.oo 10.1 9.45 10.9
4,00 12.6 4115 15.1

n.45 n.4 ?OO
4.15 4,00
9.45 9.5

164.45 1•• 6
10,15 12.510,00 9.5 IS

4.00 1~.0 4.00 1,.0
9.45 9.4 9.30 8.9
4.00 10.1 4.00 1.3
9.30 9.7 9.45 n.3
5.00 l?.7

5.
4.5 1.6
Ih45 10.6

9.45 9.0
.1 14.8

.:l
11145 /.l.ll

4.3 1Z.6 '1:> 11.2
9.30 9.6 2' 9.45 10.

7.:30 .7 5.30 1.6
9.45 10.2 1.30 n.l 8.
4.30 13.9
9:30 9.7 1014:> n.6

.1
4.0C 14.9 5.00 13.7
9.45 10.3 10.45 10.9

~Ug. 4.0C 14.4 '.45 1.7
9.45 10.3 9.45 9.1
4.45 14.9 10. 4:00 15.5

12. 9.30 8.7
7.4.00 13.7

10.15 10.7
28

9.45 9.6
O.

3'45 1... 8
29

4.30 11.7 4.
"'145 10." 7.
4.00 15.1

9.30 10.910.00 10.1
4.15 10.6 4.00 14.1
9.45 10.6

er'
9.30 10.6

3.45 15.5 3.45 12.6
9'30 9'30 9.6

n.oo 14. 4.00 15.4
9. 10.45 10.3

4.30 11.1
'30 .6

415 1.;.• 3
8.2



'l'ablo1(Cont'd)

Daily Record. r JOOdC"~~1~ueder turo

10.30 11.5
6.15 14.8
11.45 10.9
3.45 13.2

1e.OO 11.5
(I~O 14.7

10:CO 1.5
4115 7.5
11145
4.1 11.5
915 11.11
4.45 1,.5
1::30 :t.~.6

6.45 13.6
10.9 6.9

2.45 1t.9

.1 er.53 Sept. 14/36.

r"b1e2



12. 45 1'.m.

3.47p.

"115p. 3:>.

~.45 p.

l'24p.

2'3 p.

1" Sept. 1 1,57H

21101"

2'f7p.

!1l1ed
14iab ..,ept. 2'15p•



Dirl!loter of caleB .eo.oved fro Tostero­
An.llr1or11neof£cnlcBofrigl.ts1de.

Date ... cn.le
1936 Ie.



Ie
3
4
:;
6
7
8
Il

10
11
12
13
14
1:>
16
17
18
19
,,0
21
22
23
24
25
26
27
28

.1 er.563 "ept.14/36

#Dl"etp.rlnbrcket81.".8r eot
feecedln endt'ollowlngdl eter.



Diameter of .... caloB or coatero- nter10c line
ot ac'laa ot lett alde Icomper le to ~-
lina of r1 ht ol~e} d r ~'ler1 .ent.

ept.14/36

II

ii!

.14
3 3.78
4 Z.7
5 3.84
15 3.60
7 4.04
6 3.79
9 3.76

10 3.69
11 3.158
1~ 3.59
13 3.£2
14 4.02
15 ~.74

1& 3.76
17

~.3·

3.
III 3.72
19 2.29 3.62
20 .0.4 3.71
21 2.~ 3.66
22 1!.61 3.66
23 .46 ~.72

24 ~.30 3.eO
211 2.29 3.:'.2
26 ".36 3.116
27 2.48 3.74
28 2.411 3.66



Diameter or Guide rl<: c lee or ri t
8ide at beginnin or ari ent (J ly 7/36).



Diameters of Guide r e c 'ee 0'-
r1 t eid. e l e t~rl:h r. ant



Di eteretGlde rk cle ot
lett.idelcD rabIatoGuide rk

le.otr tie) t ndot'
xperient apt. I41'S).

e t. 14/16
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