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!hie atwi, wa.a un•nak•n in an attempt to nd\1.¢8 the high losees that 

oceurNd. annually at li&rrietta hateb.eey a:uring the spawning •uen among 

Que_ &l'G'tlP of ~ut was divided ate two goup11 of equal ai&e. -ane of these 
( 

groups vaa held in a pond over whieh aix elecvic lights. w,-e suspended. 

Beginning on August 15, 1~8, ud •nc:ling on ~r 31, 1948, the pond was 

illUl!linated daily from 5 to 8 a.a. and from 5 to 10 p.m. i'lle second group was 

use4 as a control and was held. in another pon.4 "that was. not illuminated by 
. 

artificial lights. '.A ll8lll.Pl• of thirty male tiah was~ collected from each pond 

•~ two weks during the study. 'iba bocly length and Wight of the testes ot 

ea.ch·fish was applied to a formula (X Weight of te•tes / bOdy J.ength3) to obtain 
\ 

a taetor of ~l'develoPm.ent. !ha loss for each two-wek period tor ea.eh 

poni Yas also recorq.ed. These data demoruttrated that artificial illumination 

delayed spawning in _brook trout fer 84>:P~imately six weeke·. Rowver, delayed 

spawning did.not pre..ent exc:essift losses because a high loss was ex:perieneed 
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Intred.uction 

Consettation 1oe-.tea. in Vex.t.-4 County, . JJich:!gaa, , a Mr1.~ :,Nblft.. ua· 

b9en devele>ping in recent 11t••· Btpteen-mont.l>.◄li ••~ brook trout 

(Sal-.eltaus c:rontinalis), When hel.4 over tJ:Je ,rintff tor ,tocld.ng <luring 
- • • • > • • • 

the toUOYing ye•, haw been sul,ject .to exces1tw tunava int'ec:ruons an4 

high loases during tm nonial fall spn,r,.ing aeu011. 1.t'et.mnt tnatment 
·.' . . 

With oxalate e1"11t$ls of al.achite green (•it.le t.tee) helped to control heavy 

loaHs but tailed. to pnvent tMm.. Stace the 4.ewl~nt ot tungus tolloved 

injuries sustained in vigoi-oua spa,ming activity which 11, ot course, tore-

4oomed to failure When occurring in ll&tchei7 pon48, sllPl)Nseion of tbe :re­

pro4mt1W urge appe...,.4 to be a po$81ble solution to the problem. 

'· 



It 1$ now ••U know fact tha'e ~l c~i.• ot an.iUJ.s ea 

be mtkiitied by the use ot certain hors.on.ea ani by artificially changing 

the n.ormal daylight interval. liaaler, Meyer and field (1939) induced premature 

spawning in rainbow trout ($al.mo e~erii) &l'ld. in bJ:Jown wout (kl.mt, f'ari<:>) 

by the use of :pituita-y glan4a of ca:r,p. :BissGml.4Jtte (1930, 1932, 1933, 1935, 

1936), :S..saett · ( 1~) and e>thera, · na,e 4emcmatre:ted that the norina.1 gadul 

cbAmg$ in daylight. interval is an important tMter·1n nxual eye.las ot 

c.ertain bU-41 a.mi m1J1D11&.ls amt that the cycles c-. be. 'JMklified by manipvlations 

of t.be kylight interval by .~ifieial .•au•. l._,~r ~. Jiubbal:d. (1937) i:n4ue•d 

eastern brook trout to spawn. from one tc tour maths •vlier than normal by 

attifie,ially ahortenina: the.n<4'Ml aylipt interval and •tntaining a constant 

wawr teQeratut"e. 

lxpe:rimenta report.a. to utct .c•oerntng . .,a.1tictLtUtn at the· tm ot 

epavnine; in tish :nave been a..a1..,a. to ae•i.nte, r•:ther thtu.t to Ntar4 the 

prt•••· !b.e·. pre-..nt atua.y was base& on the t1:1.e•1 th.at by -.ping light 

on the fish .t~ • constant lengtb. of ti. everi tay .. preventing .the. gruual 

al1.orten:tng ot .tm, .~ t.ayligb.t i:n.tenal.. prior to $1ld during .the apa.wniq 

season, thtt spa.wing urge coult be .iuibt:ted 01" at leaat ret;uded enough to 

ptt-..nt fighting and injury . ...._ the fish. 

!w'o. hatchery ponie (IUlllbft'a 14 and. 18), of comparable size and. Yith a 

similar history as to :-ea.ring ot t~ut, we" ~n for the experiment. One 

grou;p ot eastern brook trout eighteen lBOJ).tha olcl w.1 •tually divided betw0cn 

each pond. Pon.d No. 18 was illuminated by electric lights nery ~ from. 

; to 8 a.m. and from 5 to 10 p.m., beginning on AugtUit 15 $.nd ending on 

December 31, 19'1,8. Over this pond (J'igu:rea l and 1), whiCh is 90 feet long 
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1:>7 30 :teet via.., tou-r 100-watt &ml two 200-watt ·ei.etric light bulbs WI'$ 

ati-\ml in a straight line, evenl.y ~•d ani $U'1pende4 . 7 f"N:t above the we:ter. 

!he 200-vatt bulbs wre placed at each end of the series. l?ond No. 1>. na 

not artificially illum,ina;ted end.~ aa a control pQni. 

thirty apecimens ot wbat wn be:tteved to be ale fish,,.,.. collected. 

from. ea.ch pond every tw 'Weeks during the atu4,y. OWin& to the difficulty 

of diltinguiSbing b.et1Rften v;n:ripe ale Md female ft(Jh, the ilallples 118Ul!tlly 

did not contain the exact desi.Nd ~r of me.lea;. All specilflens ,_... 

pre•~ in 10 percent toi-malin ant. exmai:ue4 om wek after c:ollectton. 

Dr. o. I. Robertson, then nth the ~nt ot Medicine, tmtve:raity 

of Chicago an.a currently With the Dep~t of lioloQ, Stanfel"d. Univer•ity, 

kindly offered. to tttui;y the tbyr<>i4 ~• in a. ~h for poe&ible cone .. ,. 

lati<m et the effects •t prclonp4 U.gnt With 1&tructural moiification of the 

glani. ~iia wn re_,,,., trom aptci•n• of each .gc;u;p collected an.A 

prenrved in iOlii.in••·tlv.14. Bowver, Dr .. lt0bert11j:Ot? 1~:portei. tba.t· any lit• 

teNnee1 that might have been prennt wen obscute4 by a ven -.rkftd. b.yperpluia. 

dtie to laek of auttieient iod.ine a 'the diet. 

'1'he ex_peri:ment wae tirat a:tttmpted in the tall of 1~ 7 an4 resulted in 

suppNuion ot trout 'P•lm-ins; in the lightecl pond tor several wen, e.lthougb. 
i 

the pontl was poorly lighted and the li.gb.ts were not turned on until September 12. 

It vas impossible to demonstrate any cUtference in loss between the lighted 

6P'OYP anti the controls bees.use very little fungus developed. on tiab. in any of 

the ponds during the fall of that year. In the tirat experiment, the wights 

o-r both testes and ovaries wre 11Sed a.s an index of ripeness of the fish. 

However, since both ••• gave equivalent data, it ws apparent that examination 

ot one sex was. sufficient to give an a4equate ind.ex and. only the testes were 

w:tghed in the present et~. 



Clarence L. Schlo•ar (1947) in hie atudy ot the reprOduction cycles 

of' five species ot Texan cen~chid1!l used the tol'llulat ovary wight / bod.y 

wight l 103 to obtain a ta.etor of gonadal development. ~1• f'onula was 

modified toi- use here. AS a measure of the ef'tects of artif'ieial illumi .. 

naticu, the teste• of both groUpa of fish ,rere weighed. 1n #amB and body 

length in millimeters w.s substituted for body wight, in the formula. 

Body length vu UNcl because visits to the ha:tchel7 wen not always made 

at the same hour, so that SOB8 c:ollectiona were made after the fiSh had. 

been fed and others before teed.ing. eonse.1.uently, eompara:tive weights 

wUld haw varied frQll one collec:tien to anothel", depending on When the 

collections WN ma.de ·and on the appetite of 'the individual. fish. ·The b~ 

of the body length was used to give an expression ot length tauit would ·oe 

cl011ely ,related to body Wight because as length increases, wight increa•s 

&p]?'l'()Ximately by the Cube. The formula then beemtltllh l - Weight ot tb,e 

testes / bOdy" length 3 (X • ~ • 3T ,, . . l, r 

!able I pre$ellte tbe data obtained and. includes the percentage of loss 

in the ponds during es.ch 2--week period. A c'Ul/'W (J'igu:re 3) of the :ta.ctor 

Wt• ~. /L3 for the two groups demonstrates that the fish in Pond No, 18 

( lighted) retained. a. higher tutor of gonadal deftlopm.ent for a longer 

period of time than those in Pond No. l!t- (control). The eurve indicates 

that some spawning occurred in the control group bet.en October 5 and 

NoveJiber 5, and again betwen November 3 and 16, but from the latter date 

until January ll, gonaiial products were rel.eased sloYly. In the lighted. 

group., the CU1:"ve demonstrates cml)" a elight release of gonadal products 



9/T/48 

9/21/48 

10/5/48 

10/19/48 

11/3/48 

ll/16/lt.8 

.J/1./1/48 

12/13/48 

ll/28/l1,8 

l/.U/49 

1/26/49 

2/8/49 

2/17/49 

3/1/49 

Pou B~r et 
n'Wlber specimens 

18 15 
14 14 

18 10 
14 13 

18 20 
14 12 

18 27 
14 31 

18 30 
14 29 

18 28 
14 28 

18 30 
14 29 

18 30 
14 28 

18 26 
14 26 

18 19 
14 32 

J..8 ae 
14 27 

18 27 
14 31 

18 Bo 
141; 

18 30 
14 15 
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~ble l 
Average weight of testes, factor for gonadal development 
and percentage of loss during the experimental period. 

18o.8 16.921 a.7 1&-5.69 
183.0 16.317 2.90 '4-7.32 

1;6.3 26.190 1.34 35.09 
1li-5.; 32 .• 467 1.26 40.91 

186.JJ. 15,ltJl.1 3.09 )q.72 
172.4 19.517 2 .. 11 41.18 

200.4 l.2 .. 436 3.61 44.89 
191.8 14.172 1.31 32.74 

l,S.7 11. 747 3.88 49.46 
19!.0 14.128 1.00 t6.;6 

IOG.l 1.2.Jt.Sl 3.08 38.4' 
187.3 15.119 1.98 19.93 

199.,4 12.613 a.611, 31.;3 
185.6 15.61\.l 1.91 31.03 

206.l 11.>.13 2.76 31 .. 53 
195.8 13-322 1.lf.o 18.65 

201.6 12.m,; 2.41 29.41 
191.0 14.352 l.a6t~ 18.08 

ao;.a ll.473 2.50 28.68 
" 193.3 13.838 1.·36 18.82 

217.8 9.679 2-49 24.10 
201.6 12.204 1.08 13.18 

209.1 10.938 l.9'7 21.55 
195.8 13.322 0.56 7.46 

collection ••• 
209.6 10.870 l.82 19.78 
2()7.8 11.144 0.50 5.57 

-?Factor tor gonadal c}evelopment. 

Percentage of 
loss 

0.32 
O.Oll 

0.19 
0.085 

o.88 
0.14 

0.50 
0 .. 14 

0.39 
0.09 

0~69 
!~12 

1.19 
9.35 

2.52 
4.93 

6.14 
7.95 

7.06 
3.90 

12.4 
l.83 

8.17 
1.38 

2.80 
0.95 

2.18 
0.90 
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FIGURE 3. EFFECT OF ARTIFICIAL LIGHTING ON THE FACTOR OF 

GONADAL DEVELOPMENT (x We;-) AMONG EASTERN 

BROOK TROUT AT THE HARRIETTA HATCHERY. 

0L----,1-----c1c----:,L,------'=----L---:,LL-----'-------'---L----'-----'----,-U'----L----'----LL-----J'-------,:L-----=':,------,! 
10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 28 5 
SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH 



.. 

.. 

. be't.Wen OCtober 5 and 19, e. conaiderable release between November 3 and 

:December l, and a alov releaae between the latter date and March l. Even 

at the termination of the exper:i:mant on March l, ·the testes of fish from 

the lighted group weipd. more th&n three times as much as thoe of fish 

from the c.ontrol group. 

Although the curve of the factor of gonadal development demonstrates 

that the release of milt was retarded in the lighted. group, it is, however, 

disappointing in that it does not sl:iow very clearly the peak of spawning 

activity. Daily observation ot the fish by batcher,, persel'll'lel indicated 

that there•• a direct correlation betvun heightened spawning activity 

and greater tilih mortality. A S,l"&ph Gt.tlW-~n~ ot lus among each 

group (ligure·4} $1:b.oWs a definite peakaw.n;the. control group tor the period 

of November 16 to. December l., a reduction fw ·. the December 2 to 13, period 

and another peak tor the »ecembei- 14W 18, perif'Jd. »• to a m:tsuna.erstant\iU&J 

the control.· group was treated Vith •lachi te green early in »ecember, n:ieh 

undoubtedly acco'W!l\li tor the reduetioni.n the percentage of lose tor the 

December 2 to 13, pertoa.. It ia there:f.-e i111Pot18ible to dete1,dne the exac-t 

period of greate1t •11•:wning acti rt ty in· the control grou,p. However, the 

sharp rise during th& preceding peri-4 wuld indicate that the peak 

probably occUJTetl between December 2 and 13. lit> treatment was administered to 

the lighted grou;p sc its graph can be considered a :reliable i:o.dex of spavning 

activity. !he peak percentage ot loss i:n this .grou,p.did not occ-ur until the 

period Ja:n:uary ll to 26, approximately six weeka later than among the control 

fish. 
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Conclusions 

Sp1:t1ming among eastern brook trout at the lla:rrietta l!atchery was 

delayed tor approximately siX weeks by the use of artificial lighting. 

Beginning on August t 9, 1948, and ending on Decemb41r 31, 1948, the 

experimental Pond was illumina:ted daily from 5 to 8 a .m. and from 5 to 

10 p.m. 

'lb.e peak ot spawning activity was reflected more clearly by the 

percentage ot loss among the control and lighted gttoups than by a factor 

tor gonadal development in Wh:i.ch body length of the tish and weight of ~ 

loss was s111tained by the lighted fish 'Wilen spa:wn.ing did occur. 

aclmowledge:l. !banks are. also d.ue to Dr. Ralph llile of the U. S . Fish ·~ .. 

Wildlife Service and Dr. Justin w. Leonard of the Institute for fisheries 

Research tor invaluable advice concerning statistics and preparation of the 

m.anuser:l.pt. 
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