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el'ort"o. U ""oiliX Sl'rHr Growth of
~.jaon~

,>tudiesofthesmoltspringgrowthofthe argareesa1l!lonin

1936 showed that:

1. Scale growth takes place duri the migration to the see.

acterbetween thoee of the parr and adult fish.

3. The circuli become broader as the seeson advances.

4. The amount of Silloltgrowt is proportional to te time

spent in reaching the see.

5. lroportionallytotheirlength rrsow"norerpid

rwththsnthe..,olt ichhavere=inedinteriver ( ...ee .3.

Report on this sUbject for 1936).

Simllar studies of 165 smolt and 100 parr d)lring the present

seaeon substantiate these findings. Thesmolt studied this year

werecollectedat ..."rsree arbour fro ·":r24thuntll.June12th,

anil. t.orestGlen rookfrOl'l .30untll

taent.ou-outteriversyste=t. 'hedetalled easureents

aregivenlnAPpendices Ult and"C"otthereporton"Changesin

Conil.itionoftheLargareeSa1l!l0n".

,ith tho exception of two smolts - one taken on nay 24 and the

other on 'a:r23-all scales showed that at least one circulus had

beenforrnodbeforereachingthesea....incecolloctionsweremade

thisye r throu'out the greater part of theI:liGration it sseI:1S

certatnt''''tgrwthis adeinover90percentoftheanolt



( ,'0. ).

descendingtheJ.:argaree. tudiesofDlllturesalmonscaleswould

scarcalyleadustobelieve thut such a lur,,;e percentage of fish

showt!1iserowth. careful considerutionofthe adult scale.

owever,Sllowsthattneaboveconclusion1s robabl:rtrue. These

scales show that the circul1 following any inter's growth are

usually narrower by about one division. than the majority of the

-summer bands. ThefolloV/ing table prepared from scales collected

on June 10 illustrates this feature. In none of these fish was

Len th eight Hdth of Circulus (divisions)

of ish ot Fish ~E~!sthe P:~~;~I::er ::tm~: .frst ::~~~~~:er

4
5
4-5
3-4
3-5

3-4
4-6
4-5
4-5
5

Comparing this dlltawiththat in the table on page4

of IndividualCircul1) shows why one isnotawareot smoltgrowth

more often wh,m studying adult scales. Practically all the smolts

do commence their spring growth with comparatively narrow bands.

However, when there are but one or two of these, as 1n smolts 2,4,

6,9, 10 etc, they can scarcely be distinguished from this gradual

widening, which takes place in any spring. "he earl1est smolts to

go to sea will then show no smoltgrowthin their adult scales, even

though a amell number of circuli may have been formed. Conversely,

adult ealmon showing this pecul1ar region of scale growth were

largelyfishwhichdescendedtheriverlaterwhensmolts.



growthisdireotlyproportionaltoteties"entinrsaohingthe

3caleGrowthof ..arearee rbour3molts.

~~~c~~enB cl~~uf~ tl~de~t O;e~~r~u~~:t
verage

:JGrowth

~g:2~~~;2
;t 2.9 0.26 13

4 0.27 20
29 4.4 0.28 22
24 5 0.29 26

lot only does the number of oirou11-henoealsothepercen­

tageofthetotalaoalegrowth-inoreaseastheseasonadvances,

but the oircu11 beoome wider. Thia last feature is true only to a

11mitsd sxtent. he widening rsflactad above in tha average figure a

is due to two factors. The bands do widen gradually for the first

twoorthreecirouli(tableonpags) ...vsnafterthis,however,

everll6e figures will still tend to show an increese in width,

due to the fact that nore wide oirculi ere being formed.

In 1936 we concludedthattegrowthunder study was character­

istic of the anolt spring snd not of theestury or locality where

the smolts wsre taken. A oomperison of the Forest Glen Brook fish

(table given page~) with those taken at .argaree arbour (table

above)shedsturthsrl1ghtonthisproble.

Forest Glen Brook Srlolts.

~~e~o
July 6
July 15
July 22
u_.7

_to. or
Specimens

6
5

10
9
5
,;

veraevidth
ofCiroulus

1.4
2.7
3.1
5.3
7.1

.5

.a.verge
%Growth

6
12
16
21
25

29



In considering this teble it must be remembered that the fish

of Foreat Glen Brook grow oreslowly.t. nat anyotherp16ces

on the river system. his is evident from the fact t at 7'3 per

cent of the fish are :3 year smolts, as compared to 27 per cent of

:3 year smolts taken at the Harbour 'outh. oreover, fry collscted

at Forest Glen orook in the first week of ugust averaged 4.0 c.m.

in length, aa compared to the 4.9 c.m. fry from idow Lord's

Brook or 6.1 c.". rr-:/ from r'orth ~ast clargaree (Doyle's ridge)

collected at the same time.

Althoughgrowthiaslowerinthisriverthesmoltaddscirculi

of circuli addsd, and the percentage growth made increases as the

figures sse" to show that the average width of the circulus is less

in the Forest Glen fish. Thetablegivenbelow,neverthelesssho\ls

that circuii formed here are of the same eneral width as those

formed at other places. Howsver, the bands tend to form somewhat

later or more slol'lly; for example, fish taken on .Tune 10 at Forest

Glen bed added 2.7 circuli, while those at the Harbour had added

4.4circul1. his ia the difference which is reflected in the

.idths of Individual Circul1

.8y ~4

llay26
•.ay28

.Tune 5

./idth(indivisionsjotthe
2~~;:;;~u~a~:rcul1 b'oI'lJled During

~, 2f-jT ",-4

~>j:3
2 - 4) Parr marks evident •

~~~~~-4
2,4,4,4,:>:",3-:

2, ,2



129
bO
132
133
128
124
120
101
10"
103a
102
110
104

150
100
144
150
102
163
15

Juna16
.Tuna 15
.Tuna 19
.Tuna 29
Aug. 2.
.Tuly4
ay30

.ruly22

laroour
Chapal;Jridga
llargaraaFord

~f~~tD~~~~~rY

"),,,),3,.3,,,;,
2,2,.3,oJ}3,3
.3,4,.3,2,3
2,2,34
• .3 Fro ForastGlen)?
2,2,3,5
~, 3, ~, .1 )
2~, 2-:, " , :~, ,lk;' 2, 2
1, G, ~, 2, 2, 2
2, .;It 3, 2, &:..., a., 2..

2a~d~' {",~fbr 2ir\Il~'i~' ~~b~rri
2,,J,1,1.. ,
2,1
2,"
1.,2,1
1,?,J.
3,,,),5
.3.0",2,::-
~, 2., 3, 2, It, 1.1
4,3,3,2,2,1-,l
oJ, 2, 2, 2, 2, 1,1-..., 1 .. , lir
2,2,1.,1,1
3,.3,,1,1,1,1
2, 2-.... e-.... 2, 1., 1:, l·~, 1
2,,),-',2,2,1-... ,11:,1,1

It is eVident, then, thet the rate of widening of the circulus

and the widt of tha ridgeforI:led is unrelated to tl.eeatuary• .n

carefulstudyofthescalasoffourpurr,aeinadfro theastuaryin

compan:r with u smolt failed, moreover, to s ow an:r growth that mig t

be charucteristicof the estuar:r. Threeoftheseparrweretwoyeers

old, end hence of the sane age as the smolt taken with theLl.

Thescalegrowthofthesonoltis,likeallscalegrowth,de­

finitelyinfluencedbytheenvironmentaleonditior.s. This is shown

in fish which because of natural or al'tificial barriers have been

prevented from reaching the sea. Thus a smolt - 22.0 c.m. in length ­

taken at the mouth of Trout Brook on August 2nd had added 17 banda

ofalmostunifor. width during the season. Thisfishwusapparently



returning from a summer of good feeding in Lake .,inslie.

oirculi lere considerably narrower than those foroed in ~he sea

(0.2 as oompered to 0.4 or 0.6). Thie growth is very similar to

thetofthelastsmoltstoleavetheestuary(Jlos.10l,l02,l03

and 103a of the table on page 5). Feeding oonditions here might

be expeoted to be good, and oomparatively narrow oirouli tend to

form rapidly. '&his is in oontrast to tile growth of fish foroed

to stay in Forest Glenpoolbeoause of an art1fioial barrier to

theirdesoent. The fish here after the first of July form the

of poor feeding - (Table page j). 'I'hus it seeme that although smolt

growth is typioal of the smolt,and more nearly that shown by the

adult salmon than that of the parr, the exact charaoterof this

growth depends on the local oonditions. lJnderfavourableconditions

growthisrapid,theoiroulibeingwiderthanthoseoftheparr.

but narrower than ridges formed in the sea. Under adverse oon­

ditionsnarrowridges oharaoteristio of winter growth are formed.

The formation of the bold wide bands oharaoteristio of sea growth

is evidently dependent upon the fish'sreaohing the sea.

A oheok is often found on the salmon scale in the first year

of sea growth. 'I'his frequently appears at a point whioh might very

well be formed when the smoltreached the sea. Itl1ouldbeinterest-

ing to know whether this was due to a prolonged stay in the river,

ortootheradverseoonditions.

Proportionally to their lengths purr show a more rapid growth

than smolts under similar oonditions. JlS any fish beoomes longer

the percentage of its totel length whioh it oan add in any given time



ForexBJilple,yearlingperrshowagreaterper­

centage increase of growth than two year parr at the sorJe time

in the season (47;~ for yearlin p..rr as lit;ainst:11 for the two

year olds). Similarly, two year smolts grow more, comparatively

speaking, thanthethreeyearfish(25j&liscOJperedtoll).

Remembering this, however, and comparing parr end solt of t e same

ge, we find that the parr grow more rapidly. he table below

shows this. Parr tend to add a greater percenta e of their length

during the same time, lind to add a gr~et~r n ber of circuli,

Go parison ofPerr and SlJlolt "cales

orest
1 ~ olt 11 0.21

254Prr 6 0.19

li
Brook

4Smolt 0.26 21
22 1 Parr 9 0.19 31

4'olt 7 0.20 26

1. The majority of the ..rgaree salmon show a s.:olt spring growth.

2. • e amount of t.is is proportional to the time spent in raach-

.3. fhefirst two or three circuli often sho agredualwide'ling

out••lis probably indicates that t e s olt meta::lorphosis is

4. In early smolts the spring growth passes into the sea growth

wit out leavingeny obvious record. In the later fiehthe spring

descetwillbeClearlymarkedbYCirculincrro,ertantosefon:ed



1n the sea, but more nearly s1111ller to tel tter t

5. 'fhe growth stud1ed 1snot typ1cal of theeotuar:rbutoftha

6. A prolonged sta:r 1n the r1ver a termetanorphos1s 1s reflected

01.•he scale accord1 g to the env1ro ental c~l.di t10 s. 1 th

favourablecod1t10.s,s.chasfoud1n aka,,1ns11e.:>rthe

ar.:;ree stuarY,rap1dgrowthwlllconinue. nderadverse

conditio:lsgrowthalmostceases.

7. 'Parr grow more rapidly tha, the amolta remaining i" the

river. They are probably better adapted to.ife in the fresh

watr(?)



s yet little is known of toe Iaec. allis where~ salae fish

ay pess from fresh to salt wuter nd back aguin. -':.1s proble::! is

es ec1allypertinent in the csse of an nadr ous fish suc as

t;,esalmon,spend1ngteearlypsrtof1.slife1nfres water,

fish. he fish might then in such casas become radu 11- adjusted

to these changes of salinity. ':1esecond1t1'lns, however, do not

hold for every river. There are rivers wnere the pass <;e from

fresh to sa1tTlaters is Dost abrupt, leav1.g no rooo for an adjust-

at. et soltdascend these rivers and eturesalmonreturllto

s wn. here 1s evlde ce that e.rr, ho ever, in tee plac~s t:J.y

he40ut to ae sd 1l1ed. It oldbeveluable, t'en, to

ow under just wlUlt cond1t101S s on passsafel. fro fresh to

s lt ater and back s(; 1.. Is it a matter of size~ Do they

tend to be cli4atized to tors of different salin1t1es~

effectdoc.n glngsalinities J 5uchexperlencedlnanestuary,

1thtesequest1or.s1nm1ndtaefollo\l1lgtreesetsof





eslgnedln .." ..tte ttocl.t thealtul1tlon.

eeffectof(a)dUferentsl1nltleso tls f ftrentages-

(b) c lng ael1nlt1es on y~ung aeL n - (c) 1

rlalsand.ethads.

lel181OliU. c.

four d fferently edfishantrl..l. llwerelnecellentcandl­

tlonexcept the ameli h..tchery frlwhlcl>bece,ae ..eakened ta\1ard t he

Plntfrultj..rscantslnlng300ccsalutlon"sreused".. can­

t8.lnsrsfarthsfrY,end ..namelp..ns-211tracepacity-cant.. lnlng

1800ccfrthaparr••u..rtfrultjers ..aratrladandfaundtabe

too smllfar the perr.

he conta1nerswere placed ina stream to keep the tempera­

tuxe comparable, and a shade was constructed OVtlr them. to ward

lnsuragaad ..aratlan.lataraftharaqulreds.. l1nlty ....spre-



,jr- s llnit ... ot ater

a r _ ountotwatertobereplced.

Golngtoa 1 ersslinlty.

-,,' l
l

l.

through 8 slowevaporatlonot the latter over an open fl eand

sUbssqusntasratlonb)' shaklng small amounts lngallon jugs •

.Allwatsrwaskepteltherlngallonjugsorawoodenkeg.

rel1mlnary~per1ments.

Todetermlnetheeffectofselinltyaloneallotherfectors

must bs constant. empereture, light and oxy en supply ere the

factors most likely to enter lnto the followlngexperlments.

he firBttwoweregovernedBsdescrlbedabove, whllethefollowlng

experiments showed the condi"tions n~cess&.r.1 to 1 sure an adequate

quent chancBsof solutlon or by lncreaslngthsvolw.eof solutlon

for t e given ss ot tis... ~ince Bulman tend to live for rather

dfortelvB ours "t; nlght.

heflr.t etofB"Br ents carrledoutwlth G fry lnplnt



prrlnquart jarsshowd tatf1""llve longer In

jars contalnlng alr "bove the" t r t lin In J rs co ~letely tllled

but one large try could be pIeced lna plnt jur-300cceolutlon­

wlth1mpunlty.andthatquartJars ere too smlltor the parr.

en elpans conte.lnlng1800cc solution were very satlsi"actory

tor these. Durlngthecourseotthetollowlngeperlentalt

wasde:nonstratedthtlf:r/ln300ccsolutlon.orlp rln

hours. Iernaysaf:elyconclude that thef1~hadanamplesupply

of: oxygen when changed at 2-4 hour lntervalalnthe day end

=per entsto:leterlneteLethalT esf:orD1f:f:erentSlzed

ls.ln aters of:D1f:f:erent "alinltiee.

Asecondseri6so!'largefryw8srunasachecko

The salinlty of: the water used here was f:ound to be 2i.l.44%~

.atarsof:al1nltylO"/oo-20%oand28.44%owereused.

ha f:ollo"lngtable gives therasults lnebbrevlatedf:or.l:-



~ffect!~;~p_~~_r~e__r h-~'l{~~~r u.--e:£ :

_i_e e·_ll._~---.....J.(L..............2l_,_..2£L........wl..-J..(L_JiQ..~_

-----cocr------------
i~:i52 .~xper1rlent Commenced

:ton
side

4.0c ..1­
wostdead

Fisll
less

active

..11
dead

.3.5cm
dead.

4.1cm
ensie

.tt.L..ost
detld.

~5.0

1.3 lfis.
det:1d



+l,;.ltrolssee tf) be prasitizedandseveral die befrec !clusionof

iAl'"everal fish died but their condition was poor alldf"ctors other th...n

s ... l1n1t;haveprobablybeenoperat1va.

~.

hlserperimentwsstesao.easte:'aste:::c6ptt.!latnatlvetry

fish showad the parr to be 6 times as hetlvy as the fry • .:n""1el pan.

cont"ining1800cc ..ereusedfortheparr,andpi.tfruitjarswith

300 ccfor the fr'l. <uase.....aterobtinedhada.l1nit

e folloIYLg t ...ble .ummarizes the re.ult.:

ffectofSalt.:ateronYouni'Pulm.on

(4.6
lOs •.oJ!.

Ded­
(4.90)

Dead­
(8.50m)

Dead
(5.10"')

lleu
(9.7c,,)

ug.g
2 . .,Op ••• 22.1

.:lOp•• 19.3

F~o9a.. k~



~.

(1ep.20.1). At9 .... tllet1shwerest111sw1 19we11ar.d

.. p,re:1.1/1ngoodcond1t10n. t9.30 .... bot. f1s

ItoughtepertureSlforerecrdedts....r 4ho\.o.t,

effect 1s eV1dent, we sh 11 nee;lect t L t e follo L' general

Lethe1T1Jaes ..tVarious=11.1't1 .. s.

11-20'1<

* 'ote- ~.nother series lasted 40-48 hOurs.
('1'e,perature aevara1degrees lower)

differentaa111.1t1esol nat1vefrl'.

Thus 1li1sev1dentthatthe1arger tefishthel:loreres1s-

tant it is t is It rra~er. oreover, uaters of hig.ler sa.linities

brin,,;abutde.. t ore rap1dlyt....anwaters of 10er slil1n1ty.



F1gure2eho"sthataboves"l1n1t1es t .teourver1ses

ver,/rap1dly.sothstettl>e ..1 eets.l1n1t1es there 1sver

Youngs onwere ..eptal1ve1neoellentco.d1t10nutsa11n1-

tiesofl~o for over a week. e s 11estfr dlddleat these

10" s 11!l1t1es. but they.vereweaJ<enedf1!Ll 1npoorood1t10nas

ev1de.cedby the ftlct that even te oontrole could not be kept

1I],thetlde.lc·cle,thusglvlngthet'lslJ.tltetorecoverfr

harfuleffectsbeforetenextsaltweter(seebelowj.

The ~ffect of Chanp,1nB 3al1n1t1es on oung SalillOl..

2. In seawater (sal1n1ty23o) changed to the same every 2 hours.

10.30 p.r.l. later temperatures at 6.30 a.m., 2.30 p.m. and 6.~0 p••

lore raspectively 18.;,;°, 23.0 o and19.9°C. vetweenl • ..JO and 2p.n.



(Le. after 7 hours) the fieh which w~s continually pussed into

sea ater died. J-l.t the end of the de.. the fish pBssing from sea

The following morning at 8.45 a.m. the experinent was continued

and run until 9.45 p.m., giving the fish 5 hours mors sxposure to

saltwater. It was apparently unaffected. l'hewatertemperatures

on this day were 19.5°C at 8.45 a •• ,22.2°Cat3.l5p.n.and

20.5°Cat 7.30 p.m.

It sesmed that the fish might be maintained almost indefin­

itsly under these conditions, soon the next dey both' fresh water

It was thought that by determining the resistance of the two animals

to salt water some sffect of changing salinity on the fish might bs

demonstrated. Temperatures this day were 20.l 0 C at 8.45 a.m. and

21.5 C at 3.30 p.m• .At 4 p.m., after 7 hours, both fish were in

good oondition, ulthough the experimental 6.Ilimal seemed less active.

Unfortunately, the expsrinent could not be followed closely to its

oonclusion. However,sinoeitwasneeringthelethaltime(8hours)

for fry of this size, it seems probable thatnogrsatdifference in

death rate would have been found. The comparative inactivity of

expeot from individual variation.

The experimsntshols that fry are little affected by seawater



The ~ffeet of Inoreasing Ja11n1tv on [oung

Hwas hoped to de onstrate whether young salmon eould be e11 a­

tizedtowatersofhighsa11nitY,or whet"ertheyeould11velonger

at hi sa11nitieswheng1venli period for adJustent. 1 ,however,

,ifry-5.2eu.long-andaplirr-? e.• lo.ig-wereplaeed

inanenamelpanoontaining90Jeefluidofasa11nity"oat

6.30 a. • ':"he salin1 ty was increased b 5.1~ evert h04r.

died in salinity 40';0 and the parr 1n 4~\l". e dl:f1'orence in time,

however, was not great as teparrdled15 lnutesaf'tergolng

:lore resistant to salt water . d can stand t1t~rs of h ghar salln1 ty.

One c nnot :w.ke any ata teo ~ent from tuls ex peri ent as to

2. 'l'hehigherthe sa11nity of the water thamore rap1dly is the

3. Largerfisheanstandhighersa11nities,andeanstandsalt

water for longarperiods of time than the 8iOlsllerones.

psseslntothesea,slnc6m8uysmoltsarescarcelylfJrger

4. lister of low salinity - up to 10,0 or more - has no apparent

effeet on fry snd psrr.



5. {oungsslmonsrssppsrentlyun1njuredbysltwsterexposures

such 1njur1sswhenplced 1 fies wstel'forthes eticls.

elesttwofscts1nd1catet. tyoungs on "Yft"pttheu­

selvestoel1fe1npsrtsoftheestusry. Indeedwehsvefund



1937

r e-1937.

June 10 ':'he AuCoin Bros. report t et t 8

sl1nk salon t an usual Uis.!8ar.

J' a14 T'cet1ahar-..nco. eced" tti "teirfis before

June 15 Salts were taken at tte C Lpol rid e.

June 17 Observed a fe\1Bmolt "t Laurence's harffor the lest tinJe.

June 18 TookaBlOltatl:arereeFord.

~FondcapelinintheseJ.nonBtochs.T'ere,ereround.

~ ndsainediaochanrook,dtooksoeyerl1ng

and 2-yeor parr bet en the river and the -~od br1d a but cO'lld

June 29 P.F. lsnl1IldIseinedseve"e12yorparr,asoltond



~ llapolaonAuCoinreortsBeei asc'xlofcel1n

nar issslrJonnets. therrishe en v ports ofc pel1n

fro .Tune250nv.. rd,butsa:rLtte.

July 13 Observed alar e sa' on ne...r L~urBnce's l'Ilwrf.

~An8lslcinnontooktotterrish(Poro.otus~)

~ .Tose)h"l:.Cor",~ertooka16p·nds .ononiscod

~ P.F.Elsontooka22.6c•• salrJonfromTruutbrook.

extre_8 len t~s t~s :tear t' an in the t·o reviOUB years. rJore

grnse were tsken d TinG teGl:in and more sa~on of more than

100 c."'. length were r,ught in.



1937

,latertenperature,\'aterlevel,l:indw1nd
on the lar'oree River system, 1937.

In the preperatlons t:or the contlnuetlonot: the

investll!atio,severalI:1B.cLlnesf'orrecordil1["thewaterlevel

weredeslgnedandoanut:ectureddurln the interot:1936-37t:or

usethefollo.lingrmmmer. Adescrlptionoftr'ese augeshas

DurlnglsstslliJr.ler, t:ourofthesehydrore.llswere.putlnto

operetlon. Onewas·plecedontholnsldeot:thesouth-\Iestplerat

the harbour nouth, the puruose of Vf leh Vias to lIJ38SUre differenoes

in lIater level due to tidal fluctuations. A second ras placed

justebove the l,eadot:tldeonthe northbankot:the rlver, another

onthe},orth-East Iargareejustbeneatl.Doyle'sbrldgeontheeast

bank,andthet:ourthontheSouth-lest'rgareeonthewestbenk

es!x>rtdlstenceebovette hlghweybrldteatthe Forks.

Eachl chlncYl8s so placed for a det:inlte purpose. The harbour

tlde-guuge wes to easure lnly the tldal fluctuatlons so thet a

deflnlterecordt:orellhoursofthedaycO'ldbeobtalned,but

ltalso co"ldbe counted on lthlnll:nltstosrowanlrregulerlty

in the river discharge. The "head of tide lt aachine, V/~-lch was

actuallyt:arenoueh abovethel1L1itot:tldallnfluencesoastobe

uneffected by it, was lntended to meesure rluctuetl >ns In the level

of the river .roJer,fresetsandanyotherdisturbancesbelnethus



t·elevels1nt.elrrs ct1va r cbe .,. ... rivr, 1 placed

asne1'aspOS;'1':lleto't1 e uths ftest1' ,sotattbedats

t 1s point of view, but a race; d : t1q

ch1ne~, here no su c~ reo.d~r de supports ere available, a

scaffolding ascontr''''tedtosu'''porteaohonein'aterofa

1tbtheexceptionoftl11'eeo1'f..u1'occs1ons t.entbepencll

c 1'1'1e1' stucl:, the hy 1'or;1'eph 1nstalled at the ha1'bcr~1' outh

ope rated ui te ... ooessf lly, and ever~rt~·l hoped for as obtained.

Theposslbllityoft·eca1'rie1'stlckl g,,1nlss tt1',,1ch

can be re::n.edied qUite i ..... ly,sotrat1ntr.etuture,notrouble



lave action iscl'ite noticeale in so ftecurves,and

isafo.ult,Ilotofth c1ine,'utoft' 'uodencolu.Jlin f.lich

the flo t us free to nvve verticall;. lad t,e col~m been

cOllstructedofmatchedll er,tiisu eirahle1'aturewo'ldhove

beenre.t1ovedtoa reatexteut. Forfu.tureu.se, tteseam.s in the

can easily be filled i:it~ l::iC. e suite Ie te:-ial ..

The success of the otr.er hldroraphsv onlyprtial,undas

much confidence can not 'be placed in tt oir renhs as \lould be

deslred,theirsensitlvltytoverys::::£ll"'l'.l.ctuationsin\yuterlevel

overaconsiderableperiod,notbein absolutely dependable at all

ti,.... Frol:lthek.lO\1ledoealready ainedfroatheirfirstperforuance

tutureoperationouitesuccessful•.

The"inddirectionrecordor:us etunont';eproperty of

Capt. 11lio.J-uDs\'sonat the Grey Capes, a location 'lchw6scon-

position of the clock so tlat it v ill lift the

arm instead of relying on the\1eifOht of the arm to

carry itselfdov:n, as the clock slackens the supporting chain. The

almost perfect records obtained on several occasions were sufficisl't

to show that with this ninor alteration, the wind directional

recorder shculd also be aco!lpleto sucoess.

On the last of JUlie, un old style anemo~l1eter, borrowed from

t1;:le ~ eterolo 1c 1 Servia e in Toronto, ""'as se t up beside the other

for rec rdL. the velocij;,.! of the ":indo It "as discontinued after



w~ioh involved oonsiderabla ti e as "ell a aoney. If the investi­

getion is oontihued, it is pr po ed t" alter t- i~ 0 ine so thet

itY/111mn ora ek tat e ithutre iri attention.

As as done the evi.... s ear, a t r 0 rap~ :as placed upon

a raft nd-etintheourr.t"fte est channel Ju.tabove the

haro r brid e. Sinoe vnly " e lavel in ~ eater c ld be measured

atatiJle,thesllrfacOlBSC... 0senbS i v..;trepresent,..tiveof

o;.nditionsint',eriverproper, n ""edeendentuponatmospheric_

ooniti,JIlst.on ateratedeptt.

The lengt of ti e t'et t e vari s 0 ines were in operation

1. P.arboorhydro-rapr •..•••••.••••.•.•••.....••••• 0'29- Se"_. 11

2. Head of tide h:'dro raph ••.••.••••.••••.•...•.••June 12-Sept. 11

3. North East hydrograph June 17-Sept. 11

.5. Thermo-roph •••••••••••••••..•.••...••••..••..•• y29-3ept.ll

6. inddircotionreo()rder .•.••............•.•.••• y23-Sept.13

7. eo. ter (Velooity in ioator) ••.........•••••July l-July 8.

T'la raph"iohfollo' aret ser.ordedbythae,>ove

maohinas,anliQreao rouedastofao111tateoo:lprison'ith



mouth durio' the 51 er a tbs, ''{- B i" ur f et, one inch. T'I:11s

ran e oCGurred on .Tune lOth and 11th, '\On the effect of ne\ moon

spri s coincided"'ith the influence <' riee. Thecorrespo,ding

uptothatoftl;eprevious outh. In u"ttespce et-eenthese

roane "ri t"'ot lonthbin but3ifeet.

diurnel inequ"lity in the tides (co'1montoallpartsofthegulf

ofSaintL",rence),sothatoneoft'eto allrhihtidesooy

bealostentirelyal1."inuted,asoccrredonJulr14th,andAug.16.

Thes... llost diurnal ra1>ce,oulubeex)f)ctedduringoither

the first or lost lunar qu~rt r, and so <t roved, there beine 11 ttle

tochoosebet--eeneithroft'eseper1ods. Tl'Gs:Jlallestranrre las

abwt trirteen ir.c'es on July 16th.

'fater"'enrtlJ.re.

The temperat1 re f tl:o 'Ii'ater at t~~ rface in the west

channeljusteovethe"arbourbridges'oedavariation

t)-e sum::er from a lm1 uf 50· Farenheit on lay 30th, to

Au st 9tl, the latter te per~t re i" re istered 0)-,0' t 3.30 p.m.

onafollln tide\heilthe irte,np6ratU' ·185 about 78° '1i'arenheit.



1 r- i tide r "1n cold s w tel' c JL n abrupt

10' er i ... in tr~ e t er' t ....ear c rcie "\j t' er ocr l-,

rt're, ie'1so! ur 'rud 1 'derttenthedecreas8,

f.rtherincrl3sesaste\ r river ter·t ... elf'elnstopass ....nt.

nS a f ndlast r, inadit-4ontot' tlntterivl;}rproper,

the][. is op ort nlt,~ fOor a c n.... id era. ' le q e ti ty of sea a tar to be

ar ed tv 'I. i 't "lG ra tur as c.ver t ~O s, 110 'IS of t1.e upper herootJ r •

Seve::-.... l oditicatiuns re tc be n ted in tis eneral schede.

T' ere 1s evid nt a di~forel t t;,»e of t rlture curve depending

on the t pe of tide, t"e sprin·s roduct. a graph like an inverted

U, the ,ides of \"fflch are .ore or less vertical, -hereas the neaps

entleslopinss1des. Thespringscul1setisabruptfluctuation

in the daily temperature no natter at what time of day they occur,

but dur1ng ncaps tr.e effect of the tide my Je don1nated by another

factor, tliot of solar radiutlon.

ItlstlesolarradietionvlichpruducesthelnvertedVcu.rv8,

a c'urve t'.--- at t ends <to 0 occur b t I!11d-day or in tr~e earl~T afternoon,

\- en tl; e t e .~,.,e r t, .re f tl e 6 1 r a a "lIe:'..5 81 so at its h 11:'"he s t ,



Atsprincs, tee effect of the tides is too retto er1tsoler

red1at10nto eVer)'ilfluential,b\lt ur1n tbe- lltidal

flue t ~ -a t i un s 0 f ..1eups J 1 t s ch c e toe e ,.. tan e .ptect. Th i s

pa s t tl e th er..nograpr, uUt al so 1t os lOHer v' lee 1t~, s;.mll auant i ty

of ater flO\ 1n at a &10' tate &v1n a ~ ter op ort,m1t' to oe

y;ar,edtl:analare 1lE.ntityatarap1 rte. i 1sexapl1f1ed

brthe na"p t1des of June lGthor 17th. Tleteleret"recfthe

f'111nS. T1 is191nd1rectcontre&t it' :resrinsofsayJune24th,

te er ture. On the other hand, <llrin tIe r1 s f .uust 16th,

'en lurnal inequality '\:as atEl:::..xL .... , no r 1
,. d f 11 in tem rat"ure

occurred -ithth floodt1de,oillcet,ere s lon perioC:forthe

r1se of 21J feet, three tLl1es tl,e len t of _ ord1ner;' r1sin tide,

a lapse of' ti e suffie! ........ tl~T Ion to per J.it r_in of the vroter as

it flm'ed 1n pest the t' er"o ropb.

Tl16effect feolerred1tion,1nso'era 1t effects the

atartet>retl'rcetCifferentt1esuftledl' yalso be noted.

Dur1n tIle Il1~ht end early .10rn1 ,soler rad1et10n 1s absent, .md

the effect ft1scun eseen1ntletidesofsayJunelOthto22nd.

a swall rise in t' e t~!ermoureph record, slace t t:'ls

ass1m1l ted d'lr1n~ t e da:- las ot been en:1rely lost.

16th or 17th I: ever, I.en the :all 1n thp t1de 1s well past



I.slculd'lenotedtatt1oah1hsor1n' 1e occuretjust

t at t1 ,a f do: t e 101 h tar per t res . ~ch t' e,' fa ter, i.e"



The loke c"s as 0 -e orvu1r, d t nds tG xe~t at y1ne 1nfl'ellce

att'ee, ft'eS" r (Sept. 11th) tan1t sattl>ebe1nn1n.

(;ru e 17th), 'He the aterlevelattteh doft1dedroppedsoo.e

on;ruly12th,(byhu;lllnnenol'1t1s :1eved), dllotreoetunt11

;r"1- 16th, t e re18t1ve level of the ate:- urL. the latter part

oftesu.""er, lthr ... ee cet"" tl- tof'tl-- t1rst rt,cennot

ac r tel" a dettir."ned, 1nce testation ry at r level so le a

attac'edtothecolulll:taelf,andunless1t'osr.,lcedatexactly

1tsfor.:>erlevel,trere 1 ldbead1screpenoy1nthe rapl"reoorded

b "ore and aft r t:,~ interruption. It 1a l1eved that the oolu.:n

"ros plaoed so e six 1 0' es deeper in U.e atar en set up the s 0 ~d



Effect of rainfall oeriver level.

to rise a shott time after t at at the South-' at hydro r~ph in

tterofbut4iinchesoneschbr:lch.

The second fres'.et occurred on July 6th, and 'Os felt by all

t"reeoft.eu'l"'-rivern, :"oerphs, td'et 1nccc.leterecords,tte

rise in 'ater level wus "ot deter'ine. T is freshet "as rought

abot byaraintotallinr 1.17 inchesutt ehcrbour. Itsee,.edto

tavel1ttleornoei'fectontelevelofthetie ttheriver oth

as recorded by t tide- suge, the low tide as a atter of fact eing

10' rthsnordinarll:', a pheno enonthat cnnotbeessllycorreluted

A freshet of Siinc',es uppesred ddelyontheSouth-\lest

bra c. on Allgllst lSth, disappearing al:JOst as rapidly as it came,

and''8soccasionedby rsinfll"ich"ttehrbourneasureda

third of an itch. This freslet','usnot recorded on the 'orth-es,

aed at te.e en of tide, wes felt to but s s 11 ex .It.



~ve a pr ..... cipitation of t inch

on Sept. 8th, resulted in a brief freshet at the }'~ad 0- tide,

i rerfectly as previously uta~ed. Tl:e t~'pe of c' i~e used 'las one

in\ichaverticaldru surrounded by a pe er ast 'ned bya vane.

j,Lpencl1act;.Lutedbyaclock ,veddonte r'l oncea'eek,fJld

thus dre"a line on the p, er,Uepuintat 'iclltlepencllpresoed

uponitcorrespondin totne11!'ectionoftle\l1nd. D'1etot!lefact

direction, caused the vane to ...1ove c ntinu .ly, the c"rve dra".n was

seldon a inl"le clear line, instead, a id tl uf eE.rly parallal

l1n swas traced. Beceuseofthediffic'llt: in transferring such

recurdings accuratel~r to anot"er scale, 0 las nll portion has

been so tr'!,"sferredas anexlLlrle, {Y31-June3),therest

bein nerely dr,,'m in as a sin le line.

For the \"ind ltdocit~r, see recur :.3 kept 1;·:1 P. F. Elson ..

Effect of the \nnd.

by inducin aves '.: lo!, '1th the tide-gat: e colwm in use, caused

Sep t e.,lb r 8 th • The i nd effec t ' uS a1\ ti ~ S r: no ticeabl e in an

SecondlY,the indinfluencedthe'heightofthetide, an

onshore brae ze ter~dir: to pl sl t" e ': at er to' 'ar d land. On UP-. 6th

t'e 'idobvi lYl sdt 'ei toft.etide, ,1 on ug.17th



nd18th.the nerallevel"ftot

loelti' r •• , on that ftr:loon. 1t h 1ntes ceof

or so, t e .t r L--el t'ree or f'r t1 e d r1 nan f'llen

hydro raph t tIe herbwr st", d s'c' e t, caused by

severllre favesor11nat1n 1n IfofSa1ntLa/rnce.

































Introduction.

In the observations described below an attempt was made

to investigate particularly the effects of various types of

current on young salmon. It Vias not p05sibJ-e to control all

other factors which would influence thebehaviOlrof the fish,

so one of the !.lost important of these, light, was also in­

vesti atedtoa small extent.

in completeness and accuracy it is believed that certain facts

which are important in considering the behliviour of such fish

ocatlonand_"Oparatus.

'he experl:nentswere carrledonat idon Lord's Drook 9

about 2 miles up river from ar~ar~e .ur' ur, where certain

a liratus had been placed at dis osal by Dr. :ull1.san.

o pieces of apparatus were used. The first was used

prLnarll:r to investigate the effect of simple current chances

and horizontal eddies. It consisted of a trough about 5

feet 3 inches long with a box about 2 feet square at its lower

end. The lower end of the box and upper end of the trough

were screened. At the upper end of t.le trough two ovable

r:lvidedl'lhich allowed control of the current



General Procedure.---------

ter; in s1 ~le curre ts end curre ts it v io s eddies; in

stro and17eakcu=rsnts;0nthsoftect fcang1ngt,erateot

crretflow;ont.leeffectotvert1cslcrretsond1str1­

but10Ilsnd ove.ent,sndofthse'tect tl1 tonthed1s-

.r1but1onand oveentsofthef1sh. nette tWI1sr.adeto

esc s e'lftheobservt1of's.b. exper1en 1

rthossobssrvat1ons1 the first p1sceof epperstus

tr frootehstcheryst 1zz1eton17ereussd.

Tlsscadetochecksoeottheobservst1onsonnet1vefryand

parr. Inthssecondp1eceofspperatusnet1vefryendpsrr

were used slr.!ost ent1rely.



hatc ery fry. ~epth of ater s 2 inc es t roughout. ue

currenthadbeencompletelysutoff for over 24 ours.

2.1 p •. the current was allowed to run forI inutes

helfanhourinordertoallowthe to becoe ellodJustedto

the conditions. Observationswerecomllencedetv.OOp••

he sun hed been shining brightly but about this time clouds

beganpassi'1goverthesun. he changes in light did not

seem to have verJ much effect on t! e fis, s they were alweys

quite olose to the bottom in the ehllllo" "eter provided.

TO .15 to 3.30 t.e l1g:,t s quit un1for

re no, disturbed inenyobserveble"ay.

o of the fry s 8Illback and forth tne length of the

pper tus, s owing tendency to rest for abom; 2 minutes at

a time ina slight she dow in one corner of the box. Cnefish

maintained a position lying qUietly at the upper end of the box,

es though heading a slight current. (focurrent"asvisible).

This individ 1 drove e ey any other fish which approached

within about 4 inches. Two fish lay 1:10tionless on the bottom

of the box for the hole period•• ivestayedinthetrough,

lying horizontally to the surface and distributed uniformly

through the trough. l:one of these fish moved more than three

inches from its original position. One fish swan about the

trough quite actively but did not venture into the box •

•t3.35afewdropsofrainfellonthesurfaceofthel1llter.



sank qUietly to 10 e b to a. 11 w derL,g

edistribution sasinf'i.l.

From ".40 to 3.50 the s appe e liIld dis ppear d twice.

ch time as the sun ant under the f'ish bec estill nd

about ore. 'hosef'ie. into tr",,3' ere oreclosely

dis ributed than those in the box, the proportion, in spite of'

a Sl:l 11 amount of'mi rati'">ll, ~eing ne rly waye 8 to 3.

10 .... 55 there was little wandering by any of' the f'ish

excetltwenaSl:lellparticleof"f'ood'fellonthesurf'ace.

tended to keep intruders away from the point hich they had ttiken

.ug.l..>- he current as left closed of'f' over ni ht.

rom 9.00 to 10.00 a •• the distribution picture was essen-

tiallyasinf'ig.l. with but slight shifting of' individuals.

Theproportionoff'ishintrou,;b.tof'ishinpoolvariedbeteen

9t02and7t04. 7henthedepthofwater asinoreaed

to ;;.~ inches there was a somewhat greater tendency to ander

noted,particularlyonthepartofthef'ishinthebox••• e

distribution soterwieessentillllyasinf'iG.lstill,With



very little wore exchange bet\1een trough

Subsequently when the current as shut off prior toobser­

Vi"lgeffectsofcurrentchengethefishwereobservedtntake

up, in about 10 minutes, posi"ions as indica ed above •

• aose in the trough would be distributed quite uniformly,

some heading 'u'Dstream', some 'downstreart'. Those in the box

would be heading in any direction. The distribution was less

dense in the box then in the trough, and the fish here seemed

less pugnecious in keeping others from approeching theI••

~ach fish did, bowever, maintain its own position fairly

wellwithslightwanderingrelativetotheconditionwhen

Ilative ry - ug. 24, 6.,,0 p.m. I placed 7 native fry

in the trough. "tfirsttheysw!ll:laboutinthelovlerboxbut

by 4.00 all were lying quietyin the box, heading in ell

but was off from 4.40 to 5.00 p.m. "t 5.00 all fish were

lying quietlf. At 5.10 there was e slight wandering by all

individuals. lwoswar; the length of the trough and back to

come to rest finally in the box. b'or some reason these fish

seemed to prefer the box to the trough. Depth was 2 inches.

Aug. 25 - "t 3.00 p.n. the fry were spread uniformly

throughouttheepparatus. 'he current hadbesn closed off since

the previous evening. 1'hey llere disturbed wilen I removed the

cheese-cloth covering, but by 3.05 were quiet again. Fivs

werelyinginthebox,headedinvariousdirections,tlowere

at the upper end of the trough.

Irative Parr- sL':Iilar observations were attempted on



Vurlng5de.sthat4pW'l" ere kept 1

p retus, however, no ot>se:r:vations compar ':>1 to those ror fry

were recorded. Thepl1rrseeedtoberrlgtenedandwhenever

observed were merely lylng qulety ln one of the corners or the

box; usually all were crowded lnto one corner.

~~~-entheyheve

been ln stl11 water ror over 10 to 15 Mlnutes the rry ahder

sllghtl:rbut not veryvlgorusly. ey yheadlr.anydlrec-

tlonunlesstnelltsorthecontalnerarequlteoloseon2

opposlte sldes (as In the trough), then they tend to hend

arallel to the longer dim'enslon. Under euch clrcumstances

they ey 11e somewhat closer together then In n more speclous

contalner. ach flsh tends to m 1 aln tin re arou d lt free

from lntru<lers nd lts own wenderlng~, unless fter rood,

re enrellyconflnedtothls'hoee;:,ee'. Theeffector

suadosp sslngover the sunls to ceuse ete porar:rst1l1-

ness on the purtof theflsh.

In ,ater oVlngat te. ug.12-Totest

tue effect ora sllghtcu=ento theoove,entsort.e fls'

gtesatteup'leredortbe trU'l ere opened 2 cent eters.

_.lspenalttedl1carrenttoflowthroughtaap'lbratuseta

rateofebutlfootln8seconds.

bsthocurrentwesturnedonthe fr:r, .11chhedbeenscat-

teredunlfo lythroughouttheb"xendwnderlngsl1g.tl:rlnnll

dlrectio s, tur edso s to head dlrectlylnto the cu=ent and

no rer:elnedlrgelYlnonespot lth very 11'Ctle tendency to

wnder. or the 11 fls In thetlpp.;ratus 9 were lntlle trug;.

anll. but 2 1 t e b .••Jlrl'lg tle rollowlng ? mlnutes only

1 flsh o'{ed.



thesewereelwa/s rlleltotecurrent dn'lti all

direct101ssswa tecasei still tsr. '

e.tirelyabsen •. The Zfish in thepoolre iedinl1e

htetrough,headingitotecurre. ccsi .allythey

woulds"'in intosideeddies,onl t08wigbckito •. ecurrent

sa1.. deydidnotl1eforanylellGtdoftir.leinteeddies

i t eupper corner of the bx.

ug.13-ThefishwereobservedafwrtLe

runnig.1 terfor 30 minutes. Distributioni thetro h

wsu.'ifor., tou".3fish re ovi bot rlleltote

sun h d ~eon under the clouds for 5 or 10 inu,es. ""e general

picture softhefiah intaininr.;sunifor:ndistribution

ins:;>iteofacertina:nountofcovw::entbyindividuelsand

on t e whole the anount of move ent was 11. ihen the depth

edfro Zt03.icnesnodifferecewesnotedin

distribution. 'l'hefishkept Just far enoughofl' thebot.om

hedbeenflolVing throuehthe ap:;>aratusfor 1 hour. 'l.'Wofish

erewithinZfeetoftheupperendQfthetrough;therestwere

lying in the pooL T.eZfis.inthetroughwerelyingclose



original position there. "Ufis: la:rintes. de-IT of "

bo rd placad to keep t,e sun fro", s.inLl directly 0 the

apnaratus. 'wofishshiftederoundthelow"redofthetrc-ugh

but did not escend I1nd4re:nainedconstantl; in the pool.

Aug. 24..ative 1- ent..esellerep::'cedi theapPl1ra­

tus ndt gatesop"nedthef1s re ioedpres8ed

10 rscreena.dwuldonly ovee" if startled yteoera-

t,'r. hen only ;3 out of ? moved. Then loved awa,' these ;3

a-alnf'ellbecktot.. elowerscreen. odayalLter,however,

th fish did sssume a u.'1ifOrtl distribution t roughout the p"rs­

erewssssli t igr8tio. ithorsai.sttecurrent.

Only 1 fish tended to lie consistently in the eddies in the pool.

3 ary of behavi('lU[" in oderate 81. nle curre. t . .lhasa

ss1J:lon fry donot1'lsnder in all direotions, as they do in

still water, but tend to mainttiin a position at one spot,

haadingteourrent,andoccasionallymakeshortstillieswiths

def1niteobject-ssl1fterafoodpnrticle. traightsiple

currents seem to be preferred to eddies. er,' frequently the

fish are found in the weaker current at the edge of the trough

rather than in the str~nger current in the centre.

rr~w8 i'ldicate direction of current flow.



Chngefro St1111atertoaurre~~rvlcevera.

The outstand1nc; ch~ract rist1c of tha e V10ur 0f tha a

fry1nstillwater1sthe1rtendencyt wandert101.t1r. 11

directions from a 'home' point. In runn1 water t e s e

fish remuin very closely to the chosen spo nd any movement

hedsupstream. Undere1theroftheabove'costat'oondit10ne

the fish 1s rel· "ed moro or less closely to a given s;>ot •••

perf-ed c'lOtrast 1s produced under Cil g1 g cond1t10ns.

Aug. 1.;.•'hecurrent1ntheboxhdbeenclosedoff

fro 10.00tolO.30a•• 'ellfrlh1as e a norool dis-

tr1but10npatternof81nthetroug and,)1nte!l001. "t

10.30 the gates ere openad to the full exte .t. ImLed1ately

allfishturnedtohead1ntothecurrentandbegansw11og

vigorously. In the first 2 minutes 4 fish ret1ched and a1n-

ta1nedapos1t10n"1th1n2feetoftheheadoft.etrough.

Thensomeofthesefellback,sothatbylO.5thedistribu­

was again nearly uniform. 'l'hecurrent as now shut offabrup­

ly .••ll fish turned 'about to head 1ntoabeckwashproduced.

As t e water bec"",e quiet ~ll but 3 sank to the bottom•

•. ese3s"B..1v1gorouslybackendforththelengthoftnean­

closure for .3 to 4 minutes. It required about' 25 minutes be­

fore t.11s wander1.>gl'las reduced t"anaoount nor ally observed

"t 11.00 the experiment of open1ng the gates was repeated .

• here.ere6f1silevenydistr1butedi thetroug. 11 but

the 10V/est moved up ..bout 1 foot, sw1 1ng steadily "s il,st

elowes. ind1vidualfellbck1 to the pool.



yl1.05thet1snhdstopnedeva,c1 nc. s1

cientlytoholdtneirnew':losivionsintJlecurrent. ,tl1.22

t •.ecurrent as closed off. efis oscilletedw1ththe

10 erend oftroue,h

- disributionuniformt.,rouc;houtbox

- llbut2fis re1npool

- 2 fish at feetfromleadof
trough

20t.erSru.iB..tirele,·thoftroughandbackaga1,.

2" min•• 00 ee. - distribut10n about un1form

andrel'lsinssO;WBnderigof1dividulsconf1nadtoBbout2

.0 p•• hef1ehhed aeni st1Uwtarfor2hours

previous. a ates ..ereopenedtofullextentadepparttie

arranged to 1veecurrontflowoflft.inll!6seconds.

stecurrentwBsturnedon;lfishstrteds..11ngstrongl!

ofis 1 t..epools rtedup utl'lento'lly2feet. ten

fell back 1'lto the pooL ItwesnotodthetthBl"rgestfr.

were the ones to e.sceld f"rthest. fthose1 the pool sOle

w d ....req ...enlystrtupaboutoi.i;;hes't.cntallbbckage.1n.





m rk by the fish wHlch h d ,e1d hls posit1on at tie head through-

Thosefi ,1f,lcl,rarlalne 1 tepoo1dur1ngtheabove

lu1atlansl ,forte ostprt,lntheedd1eslnelther

81 de. 1 ey WO d oocas ionell' 5wl n 0 to 1 ~t 0 t e curre.t, stc

1ttrperhas20secands,an<1 ccas1onllyrle1 t,etrough

tot 6lnch1ave1,but1fa1<1thenfa11backlntothaadd1as

eo' erv ions ''In cl~ ge of current n!:J.Y be sumro.e.rized



~ slight current decreases t. e .,der1ng tendenoy end

causes thef1shtoor1ent1tsalrag 1nsttle current.

pronouncedlncreaselntl..ec'Jrre.tresultslneOllle:flah

ascend1ngaa1nstthecurrent. e ountofascetvr1es

w1t 1nd1v1duelf1shandtere1ssoe1nd1cat10nth"tthe

response1sdependentonthepys1calststeoftef1sh.

Too strongs current wlll csuse thef1shtodropdownstream.

1"1shwh1ch do not sscend the 1ncreasedcurrent fallback 1nto

edd1es and ma1nta1n the1r pos1t10ne. Occas10nally such f1sh

m; y atte pt to ascend the str~ er curre:lt, but sw1ng back

he ter.dency to snder 1s r.Ja1nta1ned for a 10lger t1ne

whenthespcel 1ts regreteronalls1des.(Itwasob­

served thatf1ah 1n the pool kept up wander1ngfor a longor

t1ethanthose1nthetrough,..rterthec-urentwasclosed

off).

Thebehav10urofnat1vefrywss11lartot tofthe

hatchery fry, but aga1n they 'ere found to be very suscept1ble

to 1nadverte.. t ove ents of the observer, or other st1J:lul1.

frecto! tones ont.e b:"litt in....-.nerl,enI.o8 se.bove.

utonesofa, to 31nches d1ameterwreplced 1nthe

lower 3 feet of the trough. per entswithstlllwter,steady

tlurrentandchangelncurrent erecarriedoutssabove.

,nentheetoneslWl""f1rstplced1nthebox20ft,e8f1sh

extended the range ofthe1rwander1ng to 1nclude all the area

onwh1chstoneswereplaced. ""ventuallY,however,allbutl

of the fish oonfined themselves to the area free of stones, 1n

the '001. ne f1shrems1ned ly1ng under a stone neer the pool.



The depth as ranged at 6-. inohes nd tHe gates opened

fully,givingarateofflolltlflfotin

fish asoended above the first", stones then cwue to rest in

abackwater,fseingdo1lllstrewn. e otllersre::ained in the

trough for 10 minutes. The depth wus t en decreased to "'.

inches. ivefishnowheadedintothecurrentbelowthetrough

but did not asoend at all. ifty minutes 1 ter two fish had

gone up the trough 2,. feetslldwere 1 illgquietlyunderover­

hanginG bits of stone. ~wo re aine in t. e e dies in the trough

a.d3 erest1l11eadingt.eourrentbelowtetro .

~x"eriments with opening and olosing til c rre t oates

did not result inths fish altering t.eir positions in the pool.

lle there did see to be a slight initial tendencytoasoend

astecurretwasturnedonnoneofthefishpassedupinto

the trough. Cnclosingoffteourrentwandsringwlisconfined

to the pool. In this case the effect of thestanes, through

theireffectonthecurrent,ordirectlyontefish,wasto

limit wandering. ,t this time the responses of the fish,

without sta_es, ere somewhat weaker than previously and the

animals appeared less vigorous.

A little mud inadverdently stirred up in the brook

resulted in 3 fry entering the lOVier end of the trough.

hey dropped back to the pool almost at onoe. bowever,

Using native fry a "reater tendency to hide under t.e

stones,ineitherst111orrunning"ater, as noted.

current was lsft at 1 foot per second for 0 minutes 3 fry

wersf'lUlldtohaveasoendedtotheheadofthetrough.

ithoutstoesthe did not ascend so readily. >heeffectof

testoes y eto rovieu..digplces



theeffectsoflig;tandofvertiolcurr t. 'l.'hetruG!'

leadi.g into t.le ta:lkwasused forooservationonsoleofte

factors resulting in Itoveoent of the fish up or dO\m strew.

Observationsonteet'fectsotl t.

Theweterinthetank,eve'lwit afullcurrantr ,ning,

was'racticall withoutmovaente·ce.i the upper or5

lnches, unlesabaffleswereplcedsoustodlrt;lcttb,e lncollll::tg

curre t downwards into the ttl.: •• e 0 serve ..~O. s below are

de i atar which is practicall)' still un~ess ot er\fise

e 11'8tar a B 30 1 ~ch 85 deep .d aepths 8 re 8.1.ven

~,Aug.25.sunsetabout7.30p•• 'i·hefishin

t ..etallALchodeltin ..allchoryfry, nativ fr:, l-ye"r

prrand.32-ye...rperr.

7.15p•• -Allfisharelyingclosetothebottomand

moving very lit,le, even less than earlier in the afternoon

when the light was brighter.

7.30 p •• - ~s it gets arJeer 1 native fry rises to 20

icesfr thesurfsce.

7.40 p.c. - ~irst try ie now at 15 inc eo and anot er

7.5p.• -Onesr",llprrstirse"drieesslightlyabove



d.05n . . -..1,10

8.15 p.m. - It is now qU1te dr.. 11 1'1er are ell up

off the botto and all but the atcer'lfr:'and2prr'keep.

nearthesurface,unlesBlturnonteflssl t, entheJ

descendra.horslowlyasl08ast,e118 .• 1son, Th1s118ht

1s focussd through the top of the less ?t1nd0l1, below some of

ths1'1shwh1chdescendes1t1sturnedon. Ie two ler8est

prrsnterodthelo'1er endoft.,e trougn, out of tl,od1rect

raJsofthelap,butoventhesedacedr1",.t"thebotcom

11'te lig.t 1s left on about 2 .1nutes. ne native fry

ree1nedclosetcithesurfllceo1't"et~,ilead10l8"t.ecurrnt

here. he momentary 810w of a c1gsr""tto 1 "tIe oDservation

camber causod these fry to drop 2 or " 1 ~ (/. I "the dark

theywould1JJlJJled1atelyr1seaga1 •• ee1'fect 1't..1sSlllall

light was very pronounced and 1ts control on"t,e f1s very

d1rec"t. Somet1r.les fish dropp1ng 1n the d1JJlJJler ou"tar erea of tile

flaehlight beam would sw1m ahead s11ghtly es "they dropped,

thus av01d1ng the br1ght central part of "the be • Somet1.1es

thef1snwou;l.ddropthroug the.br1 test part of the beam.

Dur1n8thisper10dmove.ent aegeneralandpr1ncipall,'near

the surface. saresulto1'thisaslignt1ncrease11lcurrent

at th1s t1~e ad a ,",ch more pronounced effect 1n 'stirr1ng

up' the fish thana s1mllar 1ncrease in current had during day-

0.40 p.m. - oon rises. he sky is qU1te clear and the

light qUite bright. During tho next 5 minutes all fish settled

qUietly to the bottom, e.-cept 2 parr lying in the lower part



~he f1sh rema1ned thus until 10.00 p.,".

when·ob3ervat1onswerestopped.

~.ilug.27,4.45a.m. L1ght about as at15m1nutus

after sunset. Onefry1s1y1ngqu1etly,.earthesurfuce.

Oneparr1s1:i1ngoneachoft.le3supportsat4,12a.ld20

1nchesrespect1vely. All fish areveryqlliet. 'l'lle light now

increased very rapidly.

5.10 a •• - Fish begin to move about sliglltly.

5.15a.m.-,,11butlf1shonthelowes.supportare

sl7imming about in the tank. They are at 11 depths.

5.16 a.m. - The fish on the support moves away about

6 inches, then returns. It appears restless, and moves off

andbackaboutonceinevery45seco,ds.

5.19 a .• - The other fish remain at verious depths in the

water. Oneparrisatthesurface,lat91nches, the rest

near the bot.om. The native fry are at 2, 10 and 20 inches.

5.20 a.fl. - For some reason all fish become more active

nearly all of the fish settled qUietly to the bottom, even

thoughtherehadbeennocurrentforsomet1.e.

?urbiditYofthewater. "ug.26,4.30p.m.

the saw-."ill wes let out resulting 1.1 muddy water in the strearu.

Itwasnotedthutwhiletllerebadbeennochangeinthecurrent

in the tank tha fish here '7ere 'stirred up' as compared \lith

their condition half anhourearl1er. neyrose to 10 1nches.

The actions were about comparable to those seen about 7.20 p.m.



the previous evening. ItViesnoedtrt.ghtheobservetion

"indow that tnis turbidity cutdown ,1 enetretionot Ugnt

1.tote !:',verydetinitely. The rad.entis ore rapid

thanatnightbutIwouldestimtetlla.teintensityat20

inc es as rou ly co arable ~ the in ~ sit at the s ile de;Jth

at tl e our mentioned. above on t..ll8 prev1 n s • va .~1 18. !'urthe r

.0bservationsontheeffectofturbi.1ityare entionedbelo.

"um:aryotobserveti sonetfectotl1f'.h.

thefishwereinwaterofab t30ichusdent.lt.lir,eldenc.

to move out was not netirly as gre t iu Q. '::'1_ t us it was aft r

der. Duringtneda. the fish were "sull soenner';",e

bottom of the tank. In the dark all fien tend to rise to the

periodwenall fish la: perfectly qUietly "t te ot.o.even

tl.ouSh they had been moving about a tew '0 ents previousl:.

11e in the d rkness move. ent ie at a tai in bright

moonligi t it is again v ry limited or 'lui.e lacki g.

Ih11eintheeveningtheperiodofgreatestactivitydid

not occur ll."Itil tter suneet, in the morning t e fish w~re

qUiteactlve for an hour or an hour and e p.alf after sunrlse.

Oneeffect,atleast,otturbidityist tit cuts dO\ln the

pe"etretionn... ig;::tintothewater.

1 rue fry.

Qbservationsontee:fectofverticalcurrens.

o produce vertic~l currants burfles 7IOre arranged in

te tank as in fig.". Inonecaseaboardwaseiplyplaced



the:! continued to s 1..1 up t t.e sur! ce, 'drift' b c. to t.e



swl:ndonandtheprocessberepeet8d.

lnutes ln one cese and 20 mlnutes ln tha other.. lnally t ey

C6J:le to rest on the bottom. In awi lng dowm, rds the flsh

descended rather slowly and dldnot hesd dlrectly lnto the

current but seemed to "ork do"n while keeplng at sn angle of

sbout 45° to the current. '. elr mov ents .ere not neo.rly

asvlgorousasthoseoft.efrylnthedescedl:1gcurrent.

"'"&.27.,,.54a•• Current,w.lchhadbeenotf,ls

turned on to full extent. fie fls.~ whlch hed been

slowlyaboutthelowerhalfofthetank,dartatoncetote

5.35 a.m. 11 flsh begln tor1seso ewhat end move

even orevlgorouslythenbefore,exce")tfor2fishl;ring

on the platforms at 12 and 21 Llcne de t.

as rather unlfor:u from the bott to 10 lnches fro_ the

3.37 a.m. Current le closed off. One lurge perr

oves Ulder lowest shelf and remal s ln the shadow there.

The allerperrraLlslnat15t0201cesdept,whileall

5.9a.,.-5.4Oa•• erelssoeaclvltyamong

t.es.uollerparrwhlcharecontlnuallyrlslngandfall1ngln

bothdescendlng'illdascendlngcurrents. rheytend,onthe

whole. to keep ln the former.

5.42 a .. One fry comes to rest on top of the shelf

at121..ches. Ler.:;eprrarel"lngunderbotl:theloerselves.



• .-6.00a.• (bervtio.sunder'L1 '

ug.2.).

1sflow1r.g.

f1sh drop to the botto. and rema1n ra er 1at.

p rr move over to tl:.e r1 h1> s1de (bBoendin curr, t).

Y. a .• - '.1 ' •• ct1vityincreaes. llf1sh

re S\li. 1Il{; ab(l ti Eo" V rl us de"ths a1" 12 1 CIOS, and

.17a•• Two large rrarenowl

eot'erf1share oV1ngeloly ut1 tebottamhalf

e4parrsee,ont£16Wholetokeeptoa

igherlevelthan the fry. orut.ert.1nprrarefar

6.l8e•• Current shutoff. lheeallhtcheryfry

rises to a poeition under the 8-1nc shelf. ootherf1sh

osefish 1n the right ide,wh1chise

little brighter t an the left side are becom1.g qU1ater a d

s1r.kingsloly to the bot .exceptfort.es,eUfr:r

6.25a.. 11 the 1 rge parr are ly1nB on thebottoll.



l'WO small parr are headinl) t.,e descending current at 13

and20inchesres!'ectivel. I.eseto ainti aprett!

constant -:Josition at an an le of 30 to the vertical plane.

6.27 a •.• ,,1 r5e P 1'1' under t e second s.,elf descends

to the urd shelf and drives alayall fish within 6t08

inches before settling under t,e s.elf •

.activity t roughout the box decreases for

(Fro outside the tark). en I look into,

the tank those fish about one half way up sin to t e

bottom...pparently they ere very se,sitive to shadolfs from

.11 but 2 parr are lying quietly on the

Open the current. Thetw prrat15inces,

which rose again after I moved away fro the tank, sink

slightly. Those at the bottom remain vel' qUiet.

7.11 a .. All fish at the bottol becOtle £lore restless.

7.1.5 a .• .all but 1 large parr are off the bottom

a d dis riouted evenly to 8 inc es from the sur. ace , there

is no sortin accordin3tosize.

was principally studied the effect of increasing daylight

was not entirely excluded.

Aug. 27, 3.00 p.m...11 fish ara at the bottom except

1 emall parr and 1 native fry. All current was now shut

off •• 0 change in dietribution \'las noted.

v.v p .• Open current t full strength. lhose



tishlyingunderth descedingcurretere'stirredu)'

and rise ott tllO bottom. Ono s all parr rises to 15 inches

in the descending current end holds its osition here.

3.45p."'l. all but the one perl' are 4 t08 inches ott

the bottom, moving about slowly and heading slightly up,

is equivalent to heading directly into the current where

they are.

4.00p•• -4.20p•• eda above has been opened

resulting in turbid "ater. he tish in the intluenoeot the

desoending currontare qUite stirred U!l and oveaboutin

thiscurrentkeepingbel01lte12-inchlevel. (Three

yearling trout which had been pl ced in the tank just

previouslywerealso'stirredup'andtendedtokeepright

at the surtace. Apparently they are less sensitive to

light than the parr. Thesetroutkeptinvariablyto1;he

descendi'lg current, never in the ascending. They made no

attempt,howevertorunupthetrough. Thetrout.,ould

chase away the salmon tr. if the latter approached the'll.

pparentlythe rywouldhaveoccupiedt.i region held by

the trout. The trout were in turn driven ott by the larger

parrTIhenevert.oeydescendedlowenough. elargerp&rr

did not,however, rise above the 20 inch level. The parr

were seldom seen 1;0 drive off the salmon try, however, when

both lVere in the same vicinity).

'ttectsotbothverticalcurrentsandli.;htop~

at the same tie.

In the observa"[;ions above an attempt was made to exclude

the eftectot light as tar as possible. In the following

observtionsbo1;hcurrentandlightarefectorstobeconsid-



"uB.20. "bout7.1::>p•• tefrybe1nt

,,11 f1shhave beennetlrly ot10nlessslnce6.00p•••.•ose

fry in the descending current oveu toacoutl01c.os

thendownt0201nches, thenrigntupto11nch andentcr

the trough. lhentheflashlibhtisturnedontheysink

7.20.1. Parr oveupto151ncleSendre!!la1nhere

till 7.25 .,~- 7.';u p."., when t y ove rig t up to the .

surfece. heparraraeven ore sensitive t.an efrytotne

flashlight,s1nk1ngd1rectlytothebotto 1fit1srely

flashed on Wldoff.

8.IOu.o. Thraaparr d2ntivsfryhavebaena.t

tha rface for so e time, and asce:lded a out 81 ches in

thetrough,atwh1chdistancet re sescreen. Ona

lrga parr re a1..s on tbe bottom. en t ••e light 1s"turned

on thro gh the windowallf1sh sink to bebotto but

recovar the1r pos1tions in the trough 1n about 3 m1nutes.

sce:ld1ngcurret8.00p•• -8 •.,Op•• Twofryriseup

in the ascending curre~t at a" ut t e set e t.e parr rise

1n the desce d1ng curren"t, ndat abut t sera e.

ThreeTJrrl11sorose1 "tiscol=butdesce edver;rapidl

as the 11-twasturnedon. 'l'heparrt. nl'lorl,edovertotl.e

descend1ng currentbyahor1zont!l1 leak past the baffle,

androsetotesurfucehere,e."cend1ngthetroughtothe

e fry descended rat•.er more slowly than the

parras the lightl'las flashed on, and not as far. In the

darkness they rose again and drop dbacktotheshallol'l

I'Iterbelow the tank.

ItVlsobservedonseveraloccasionstloat1nthedurk_



ness tha SJ1aller fish - esp ci..ll t.e fr but so et es

t.es,allperr-wouldrisabytaasca.di carrent,md

the drop beck to the s ••8110ws be ...o t ••a ta.. a 1 r ..er

prralmostinveriablyrosebythedescendi cur:-entand

ascended t e S.l 110w tr.)uBh. ry wera lso se n to lJe ave

in the le1;1;er wa J , asual1 Vlhen here ore few~r of 1;ha larger

6.30p•• Iv as s"tillquitedark and the f'ishwera

all kaeping at tile surfece except for 1 s."ll .atchar] fry

hich remeined at tne botte of t.,a ank. ossi 1y this \'/ s

due to low pysica1 condi1;ion.

5.2G e •. - Dna 1 rga ') 1'1' C mes to rost under tha



Theappratusrorug.2owsasin~;rr •.ug ....7

(On this nig t (AUg. 27) itw.unotedthattroutabout8

inches long commenced to wander ahout in a pool cau'led by



tebo 0 ofthetaru. is1. i a fly trout of , .,

101, a. d 1& incHes len.,th ~ re t en 0 1t, in t is order,

at about 3 minuta intervals for the first 3 flsh. e largest

to indicate t at for trout, "s for s mon, tne smeller fish

becl)e ctiveflrst ithdecresi.gli titensi .,.

\!g.l, ..fternoon. etank10a cov ed"it aboard so

s to admit very little li ht. he intersit,' W s comp..reble

parr rose hi hest but ell fish remained in the 10, er 20 inches

l' tr. "tti si.ap aredt tthe ell fry were 'forced'

upbJthelarerp"rr. One sm"ll fry several ti SCS1!leto

restontne4-inchshelf. hen it desce ded the parr would

. /hen s11t as ellowed to run i to the trough the activity

increased and all fish rose nearly to the surface. 'l'heydidnot

enterthetrou' and tended to keep below the horizontelcurrent

right at the surface. nexceptionto this was the smell

hatc. ryfrl"hichoccasior.allyasce.dedthetrougheshort

distance, then fell beck to t pool. ~ven after all silt

hddisappeeredafewoftlefish,ofallei"es,r81."ined

hhi 4 to 6 inches of the surfece, but in the desce.ding

'f e e.' er ent above. s repeated without the beffles

(e.l.l inatin' .e v rtic 1 curre s) an i h and 1Oi~.out



fish remain at; the bot",Oln, even OJ which li re

rising to 15 i'lches i:1 the vertical current.

Current opened. ferylittledisturbanceoccursatthe

bot om of the tank where the fish are lyilg. lhe fish stir

only very slightly.

3 parr to 15 inches. On opening the current the only result

notedisthatifanyfishdorisetoVlit.hinrangaofthe

horizontalcurrent-about4inchesbelowthesurface-they

ere apparently stopped here ••'here was no pplirtmteffort of

the fish to stem this horizontal current as the: had stamned

theverticalaurrent. "lsoundertnese conditions thuydid

not rise quite so close to the surface...ofisnenteredthe

trough, even vmen box and trough were covered with boards.

pparentlyrisingaGc.instaverticalcurrentistwrelikely

to result in t. fish going a"ove the pool than if tHere is no

vertical current. Low light intensity seems to increase the

a horizontal current at the surfbce of the pool VIas an obsrecle

to the fish ascending above this POOH

..::rfectorbothverticalcurrentsand turbidi~.

ilug. 27, 7.10 Ii.'ll. - The fish have been under observation

for more than 2 hours at this time. '!he current is running

freely. JIll fish are well off the bottom and disvributed evenly

through the space to ithin8inchesofthesurface.

7.15 a.u. - 30me sand was pl<ced in the upper trough

so that i. would make tne VI"ter running into the te c quite



~s the cloud of silt fell into the t 1k by tile escendi.g

cu::renT.lillfis senkto the bottom a adofteclod.

c~uld be seen they remai .ed there until tel. r cl red so. eWhut.

but not entirel:•• sthewat rbegnto clear Zfryrose off

the bo ••om, then the parr rose, end all fis. swam about, ap t1rent­

lyfeedingonso.eofthelargerparticlesillthewutar.

the wuterwas quite clear agoinunothercloudof silt 'assent

down. Ttereactionofthefishwasasabove. utastheuatwr

cletlredollly';fish(allparr) rose until 5ninutesafter tte

silt had been sent down by openi:l{; t:re curre t. .' t is time

the water was nearly clear ag' in and 6 more fish rose, leuvillg

Zparr'lOdthehatceryfr.'ont.e o.

7.40a•• -Decreasethecurren-c. Low water i'1 the

upper trough results in more silt bei .., brQu t dOM!. Lll the

fish Sf! ing sbout sink to the bot.o" keepL bela the clOUd

ofsiltaslongasposslble.

veri roily but the fis which rose as tl1e atercleredjust

ab ve descend only or4inches.

7.42a•• -7.00a•• - hafis. ill not rise above 8

ic sfro thesurfsceregardlessofmanipulatio:1oft..acurre"t

or of silt in the water, ~hose fish in the descending curreut

show a sharp descent of about 12 Lchss when the current is

turned on, thenrlse ugainandhead the current at about 30

degrees to the perpendicular. Dy '/.50 a.m only 2 fry remain



he surf' ce, the rest sll h vLg ro ed t a 10 r level 1n

8.00s•. -Theresre2fryatl,,1nches; ... parrat28

1ncc.es,andtherestofthef1sh11eonthebott orunderths

strength.

1 rgar ~ rr are seen pr1nc1pall! 1n :the 10 fir bottom cor'1er of

t e t nk, beyond the ascend1ng c rent. The upper corner 1s

lI11ghtl J dark.rthanthelonercorlar, wever, stofthef1s in

thaupperandoftatank rase'1usuallyundarthedascendi:lg

.an tnacurrent1s shut off all but the 3 parr ent10ned

a Ya, co e to 11e 'lu1etl/onthe bot~.1 a" c of about 2

1nuts. ur1ngt.,1s2 1nute 1ntervalt.e f1shusuall., not

alu1s, lInderaboutthetalll<,r1s116 1...' as 10 1nches fro

surface. oveent as qU1tale1suraly ••.od1st1nction1nbe­

hsv1ourofthefr-jand tlO sizes of parrl18s noted.

If,aftert.efishhavecoiletorestonthebotOJ"the



curren t 1 s turned on fu 11 t. e fi s bee e' IS t ......·ed u " 6 ~d

arequlteactlvefor5t 10 "lnutes, t,e "ec equ1e.erad

heod1ntoahorlzontalcurl'ent2to..>lchea eloltesurface.

Ifsl1t1sno 1ntroucedlto ec-.'etteflshsl ,

esobservedbef1re,butrlseend'feed'q1tevlgorous1!as

the aterclears. "galn ostflsh to be seen 1 the des-

cendln curret;tosel t"easced1. stre

act1vethantheothers. Hst_eslltclearsaa. co.pletely

t.le:ra 1: droptoebout31r.cesfro tuebottom, dlnanother

10 to 15 m1nutes s1nk rlgh"t to tH" botto .. ..> u"t"tl goff "t.lS

current,slt.srw.sntnerslsnocurrentoraTerysllght

current, does' st1r' the flsh up SOLle at. The~ do not, how-

lnahorlzonta1current,whetherltbedsscendlngorascsndlng.

They w111 rsma1n for 80ms tl e 1 a descendlng current, but on

the hole,donotr a1nnerlyso10ng1nenascendlngcurrent

If thsy can avold It. The depth at whlch flsh rema1n 1n a

descedln ourrentssestobe -overnedtoa1 geextentbj·te

lntens1tyofthe11Ght. Teeffectofturbldltylsco arable

to the sffect of decreased 11' t 1ntens1ty and seems to be,

1n pert at least, aresultofthedecraseln11ght. If the

11ght ls strong enouGh the flsh may 11e on the bottom under a

descend1ngcurre.,t, even though they couldav01dthecurrent.

An1ncrsaseddescendlngcurrenthastheeffectof'st1rrlngup'

the fish 1n the pool. ~n t e pool t e fish w111, under tl.e



same conditions of light, rise ne rer to U,e sur.ace in a

descending current t n tae will if th re ~s a r zontal

currentneart. surface. ,]tend,ont hole, toreroain

belowtelatter. ,uenthe vortical cl.rrontwaa cut off , an-

deri.' asnotobaerved,cont.'ar totecc; it on observed

whenahorizontalourrentinwhichtaefihwr l:lin' as cut

0bservationsonthoeffectofveriatiosinc,rre.t dli6t

on the fiehina stream.

leading into the nk ued in studying the e ects of light

and vertical currents. Variations in current were produced by

enipulating the gate controlling t ,e a Ol.nt of w t~r flowi..g

intothelowereildofthetrough,endb t_eisertionof

e fects of changing light observationswre deint.eerly

mornLg, and in the evening.

Proliminary. - ~. 19, lO.30 a.,. D s were arr"nged

i the trough as indicated in the accOJpanyL dia.;ra: ..

(fig. 4.)



very slowly. B t.enturedo. ,ullsre tho

Two of the fish beb n to ova upstr~ to t fir t ",,001. ere

teyre,'£l1.1ed. utlfthewterebovet"etlrdpoolwes

It!ltedbyITBvlngthehendback!lndfort. inlt. tuussedlng

a serles of tra. sverse !lves down the trouGh. t.e t 10 perr

asce.,dedto the second pool. Cnefls. re lr.edl t.cloer

stretch, hevln ascended two-t lr B of t e B to t~ flrst

hllethewaterwasbellg gltete. ydecreosl t ••eflow

soostooxposetheb!lckofthlsfishhewosstlultedto

p.lsec..lldbeevo!,edegaln.

'he experlment of agltating the uter back a d forth by



t ·str glou totJefirstpo1ift ra B ricie.twuter

to 110 ,h ,tobra1y!lct. Conor1'

~ .19 1, .i-g the wet l' by '1 d sa d

lank B.~d 10.la1' end 0': ,1' lug;l .1 h ana ida ro .ovad t show

arran a ant of the "-'1s11 :>001 lit~ descandil' curre, t.

oolta edto1iari;,;htucuinstt.a



int.e aterhere, butthedowncurrentwusqite stro.g.

notaerobserv .ionwith c'mditions l1;htl variad fr t ose

above was made on ~ pt. Z.

~e t. 1. ..n attempt as lide to see if, b. a ipulati,g

tecurrentsintnetrou(;handthesmllpooldescribedabove,

t.e various fact~rs lIwesti&ated reviously could be pieced

t~ ether t'l explain certein behsviour of t e fis~. It wes fOUI;d

t .t behviouroftefi couldbepredictodt>ali1tcd

exten_, ut tl,e c)I;dit1o ,s prOVided actually proved t~ be very

complex and behaviour could not be predicted with any degree

of certainty.

fectsofvariousbaffesi t,ecurl" t.

7erioustypesofbsffleswareplscedinthetroughso

ss to modify the simple current. he beha.viour of the fish

l'Issthenstudiedundert,lOdifferentsetsofco.ditionspro-



~.l)iagraultoshowhowb8ffle$\iereu.sed.

()~ . .tl.screenfiasplB.ced5croBathBlowerendofthe

trough Inorder to keep the fishwellwlt;in tlle Influence

of the currents be ing studied. A dam l~ inches high (i) uss

torc.ed alons J ratherquletpoolabovet.1ed 8.ldastretch

of fairly swift we tor below where tl~e flow ....laS bout 2 feet

qUltcapronouncedreactlontovarlatior.slntnecurrent.

lithln 3 minutes of tl1e insertion of the dam all 3 fish had

ascended the swiftwater to the dan and passed Into the long

pool above. OneCB.l..e to rest just above the dam J one about



A second d 21nches 19 (11)wasplced61cosabove

between the two dB.J:lB.. [hen now t 16 fIsh WI3 re pltlced 8 t t~.e

lowersoreenandthecurrentallol1edtoru::lstroglyallflsh

.. th1rddamabol<t3-.1.ches 1 wasplaced61chsabove

thesecondd8l'1,agalurt,jBultl..g1nastretchot''t bulen-cllater

betweenthetnodams. ':'Womorepsrr nd2frywere ftddd to

the fish at the lo:.eI' screen. J.at"c ra'tll.tur....edon

all,but2ottesmallparrw1c ha aen sodpreviocslj,

8sce dad to above tIle tnird dan qui t8 r~adl1. !he try were

flrsttoreaC.l theuppljrqulet stretch. hatwo 11 purr

ascededtot.. efirstpoolo:'l1:ratterlncraslngandcuttlng

The above serlea of experiments was repeated several

efis! tendedtoascendthrou.ghthestretchesof

turbulent water untl1 they reached a qulet pool above, even

thougbtheycould,as·asobserved,lle1nthelowerstrctch

ofsiftwaterw1thverylit ..leap'Jarent otion. Incases

seemed to be because they lacked vigor. rsuallysuchf1shas

didnotascend.,ere1div1d ls "ho had alresdy run trough



r s1..1nthelowrsw11'ts'rete "aede.oe1

bot om corners, or 1n edd1es 1J:u:led1atel. elow one of the d s.

It was observed that 11'aboardwaspl ced scross the upper

end of thsh1ghest pool all f1sh 1n the pool sse.,bledunderthe

board.Otherw1sethe:-tendedtobeecateredun11'orml;throug-

sobservedonAug.311'1sh1nthe 11001w1thscreen

1'loor and descend1ng current would not move out 01' th1sl'ool,

reglirdlessofcurrentn,sn1puls'10n.

A 41nch dam (1v) 1'1asplaced at the end of t.1S trough

soestocliuse thewsterto s]l11lovr 1nto the pool. T1s

causedcons1derabled1sturbance1nte ateroft••epool,

wh1chwas poss1ble1'orthe1'1sutoav01d. e1'1s,esec1ally

t' e lar~es" p rr weTS' t bled sbout'; frequently t. e ead of

f1shsppearedsbove ater!lndthe1'l ae ed·tobad1strossed.

1'hrees llperrsucceeded1nj p1ngte

atte.ptedth1sbutw1thoutsuccess. 'lhe1'1s. reo1.1nc1nthe

oolevetuallyc etoreste1torbeh1ndte1'all,orly1.g

w1t: h dd1rectl.undort. fll.

jetween5.45p•. d 6.20 p •• a21c d (11) cas

substitutedfortho,,1 erd""'(1v) •.oprt1cullire1'fect

on the f1shwss noted. heyreJlla1nedontnebot."",. Apparontly

thoso wh1ch ad unsuccess1'ully tter.tpted to loap the h1gher

fellweree1tber1'at1gued, or no longrfolttle sti,ulus

to leap overs falls.

(j))~.l'hreeob11quebn1'1'lese.errs.•ged

1 the pool above t.e tnt ,,,h1ch lis1r.cresed1nlength

t151nc,ss?frstherq1et"sterabove



'l'he beffles h d the ~t: ct or bree 1 g U _••e

slplecurrentslltotralsvorsee.do11 -,errats) de dies,

ofv in stregt.eota on1iebveellta arrles est.ere

enystretchnr ot mter.

~rr _Q • ant ot: o\ll).q e

lowr stretch of the troughb ftles er rrnedes i fib.B.

ig.G.

"'hisalsohd._ures'Jltofreisigt.lOVI erlevelint_is

stre ch fro.:! inches to 1. inc es. ~ig, t fish wera 1c.ced



~ e v11. n a pl' viau S occas ion trJ ... d e 0 bserve d to

setleqietlytothebotQ;:1ofetrou. w n ra1n drops

fellol tHe ster. Possiblys ei.•llsr reaction las involved

tistLle.)

dicationthatobataclescausinghorizontbleddiea ina strelllll

a. give rise to the fish remaining in one spot. On the other

hend vertical eddiee see:n to stimulate the fish to move away,

fraquentlyupstre.

Jept.2,2.0Jp.o.-?30p•• 'l'heexperiantsrecordad

just bove,1ererepeated. Onthisoocaei01,hol'lever, at no.

tiedidanji"1ah oveupstreao. IfplcadattJ,eupperer.dof

t e tro h the" s e iately Lloved do.m to t e pool at t.e

lowere.d. Coveri •.;t"etroughwit boarde,toexcludethe

light, ad no apparent effect. t?20p•• tile -nchd

as!' 'ced at t •• e 10 er end of the trough, causLg t e water



to fall ov~r 1nto t e pool with screen bot"

le ped t.1s d et 7.~5 a: d re a1ne 1 tae pol, 1 ed1atel,

above Le dau. (It was qU1te dark no .)

3ept.3,5.00a•• L1ghtbbout sat7.00p•• on the

prev10usaven1ng. he apparatus hadbaen left ver.ightas

described just above. In the orning4fish lerefoundabove

th1sdam,and:Jbelowit, 1nttee;;>allpoolthere. One of the

latterjumpedoverthedamesIlookedintot"epool,apparently

started by my s adow. nother ado 5 attempts w1tlin 5. in-

utesbutwasunsuccessful. efirstfis soon passed back

ov r t e dam to rema1n in the lower pool a ain.

2 fish appeared rather fatigued and lay close aainst tho

Boards had been leftover the trough (the upper pool in

th1scase) so that any f1sh pass1ngup over te w:l dur1ng the

n1ghtwouldrea1nup, at least as far as raactionto light

wEisconcerned. The 4 parr inth1s section.ere scattered

evenl over te upper 18 i'lchesofte trOl";;'. nreovir,g

tesebordsonlythefishwh1chhdjust one over tho dam

(seeabove)fellbacktothelo17erpool.

5.l5a•• -There 1n1ng4fish11ereconcentratedat

the lower end of the upper pool.

5.25 a.m. - The fish are spread evenly over the lower

5.20a•. -Thetwolowestfishpassbackoverthedam

1ntothepoolbelow. hedam(1v) asnowsetas1nf1g.9

so that the water falling over itfell'1nthe trough and

there was about 51nchesofsw1ft, turbulent water to the



lowerendofthetrough,wherearetainingscreen

heeightfishusedtepreviousevening ere placed in the

s. all stretch of rapid wa~~r. etwee .29 and ~.:l2 there

were J ttempts at jumping the fall. one were successful.

Ryb.J9allstrugglingatthefootoftefallhsdceased•

• ivefis.1werepressedagsinstthescreenbytheforceoft;'e

current. "ome fish Vlere lying in a no al osition eading

t.lecurrentjustbelowtnefallsan, onewaslingattae

bot 0 ofthed • behind t"e falls.

5.44a.• -Onelar,;eparrjUlllpsoverthefalls.after

huvi g been nearly motionless for 5 minutes.

5.52 a.m. - Another large parr jumps over t e falls.

Both of these lie just above the' dam. The remaining fish lie

quietly, pressed against the screen by the current. The

bottom fish lie across the current "ith their b cks tilted

towsrds the current at 45 0
• 'lheothers re pressed s1de-

ways flat a'ainst the scree".

6.00a •• - he uppermost fish has just co pIeted 3

unsuccessful jumps in 5 minutes and is no resti g quietly.

"secondd • 2 inches i • is placed 4 inches belotl

t e first. It does not qUite break the force of the first fall.

Tefis sntionedjustaboveu,akssssveralratherailess



leas,thenl1esntt:lebaseofte21nc d • :.> (11)

aatenarrangedtobreaku onss1ds rte

'he fish ade no further at e lit toasced ul'tla 1 ed1ately

below te secondd on teo1dew.ere tef1rstfallwasnot

brokenul'.

6.l0a.• -10cllangefro•• abovellos1t10.s.

moved u stre were swept b ck to t e scrOfJn.

(1) (1" inc es) IV s t~en pIeced so , at the l'lsh at

teecreen ere1nraterro .wter. (llbutte whlch

(lv) had been placed back 1 thataIL'::.) In

30 seconds one fish had ascended over d (11; anot erwent over

it in 1. lnutesandtet.1rd1n 1nutes. ochangelntlle

amount of water flowing was used in tis case, erelya'turbulent'

6.20 a.m. - .11 :3 fish have remalned just above daI!l (1).

DaI!l(11)1splaoed81nchesabovedUL1(1),sothatte1nter-

venl water, herete3flshl1e, 'boils'. Twoflshdrop

back to the 10 erreac at once. eth1rdturnssoastol1e

1nabackaterbelowd (H), foci downs·tre.

6.22a.• - e2lonert1shrlseabove (1) adcOtleto

.24 fi •• - The current is 1ncreesed b:r clewllng so e

Ie ves and trasn fro. the upper screen.•hef1s. s1ttthelr

pos1t1onssl1ghtl:r, onefall1ngbnckto theloer screen.

6.25n.n..-Thefishwhlchjustdroppedbac!{hasascended

he other ~ flsh remaln In the pool be Vlee



0.20 a.", - Dar:. (iii) (v. Lches) is pl cad eVe (ii) so

thascraenwithtnatiH(i-il). Tl.alat.erisraova. T,.a

first f1sh stays qpietl:r in a rather si "la, but sWift, curro.t

justabovethescrae·,

~,50 a . .. - •.a sw1 S rap1dly up aoov all oJ s, (ii),

(i) a •. (1V),c'>t11ngtC'restabovet;,eu,>perdfWI.

as (ii-i1i), no 1s(i1-i),



and (iii) replaced. e pool (1i~iii) is • w l' 11'1. 101.g and

qUiet in i slower e d, 'Lere the fis 1". D' (11) is ,oved

up to l> i ches froll (11i), me.ki.g t e 001 l' ther turbulent.

"toncethelargerfishwentupover(11i);tues..,allerfish

fell baclr to tlIelo er screen.

6.57a.,,- othfishareatt,'elo.erscreen••

7.00. a.a. - ...oth are lyine qu1etlj in a siople wift.current

just ebove the scree. ey do not ~\{i uch "ut seem to hold

their positions byhavi t.epectoralfinssprodonthebottClJ1.

(This loathod of maintaining a position in a rat..rer ~Tlift current

hadbeenobaervedbefore.)

7.10a•• - othhaveaecendadtoabove(i11) (over (i),

(11) acd (11i~. :len (iv) is no 1nRerted 11 inches ubove (111).

7 • .'.2 =., - Cne is over (iv). j,e other remains qUietly

on the botto.o of the trough, et t.~ ouse of (iv) and to the left.

7.25a.• -Anobliquebaffleisplucedjustbelow(iv) so

as to direct a strong current at this fish. In 30 seconds he

quietly rises and passes over (iv).

Now these fish heve been brought from the 10Vier end of

the trough totheupperendbyarrangingdBffisandbuffles so as

to have the fish in th3 influence of vertical currents or

turbulence whenever they stopped moving upwards. In the last case



7 ....5a•• - o further oveentby ither.

7.40a•• -.0 oveent et. eobliq:.le ffleis rranged

to direct thacurrant att;.lefis:l':lelol (lv),

e drifts dlwn to l1e just above (111).

7.44a•• - .egoesupto ndover'lv).

7.42 •. -7.4a.• -. ol1qe tlelsplcedjust

below (11) as sl.onlnfig. 6.(c). 'l'isdlrectst;ec..u-rent

at tnefish l;lngin (i-11). edrifts verbelndt.ebaffle

an real1s1ntheeddythere.

7.45 l1.ll. - The upper flsh ls agaln.!1. ced juet above the

lowerscree •..el1esqulet1 as before.

7.47 a •• - ~e he ..de up etre s10 1. ,

ndcor.lest<>reetbehindt.ebaff1eln[111-iv), dre is

The flshl"in behindthebffle In(l-11) was .. tflrst

veryactlve,buthsnot ovedfrOlilbehlndthebuff1e, except

fora sl1';ht lateral motion back and forth aorosst; eeddy.

7.50 ...l:l.- ·elsplacedatt.e10\1erscreen•

•02a.::1.- .eascendst?belnd(Bl)aeai., then falls

7.;;0 •• - .eascendsto(i11-1v),thenfal1ebe.c·to

(11-11i), tuent')teecreen gain.



e adcends to be;.Lld ( i), tnen falls beck to

7.59 a •• - .e ascsnds to (iii-iv), 'n ros back to ~~n~~

8.06 a.m. - 86 has remained Ilear taB scree ......u6 fish

behind (B iii) has not moved since lust noted.

Boardswersplacedovertheupperpurtofthstrough

so as to darken the trough ss far b~ck as (D iii). In 5 l!linutss

the fisb here had not moved. bssrvsti HS wsre stopped.

In ths above sst of experiments the rate of flo" bet.teen

the control gate and the upper screen was about 1 foot in 4 secor.ds ,

with a depth of 0 inches. It was not found possible to measure

the rate of flow sutisfactorily in the short stretches of rapid

water belOl' this. 'hesar.J.erate of flolVwususedbeloVlunless

Sept.3,2."Op•• -Onreturningtotheappuratusit

wasfoundtohav bsentsmperedllithsince orniog.

been raised allowing the fish to move up underneatll and both

werufoundunder:theboarduttheupperend.

2.45 p.m. - Both fish Vlere placed at the lower screen.

2.46 p.m. - j'.ud was stirred into the water above the control

gate for l~ minutes. One fish ascended t, the first dam while

the ater was mUddy and fell beck when it cleared.

2.52 p.m. - both fish in lower stretch. l:ud is stirred

in for 10 minutes ...ater clears about ".10 p.o.

:>.12 p.m. - .;maller fish is up to (iii-iv) behind (B i11),

L:udisstirredint1l13.21p.':l.

3.17 p.m. - Both fish are in (11i-iv) lying at outer edge

of baf:le wi h their head in the current, Where the water seems



;'.23 p•• - ~s 'later cleurs the fis,l drop be ind tne b ffle.

11 one is aanut 1 inches belo t e surface and frequently

swingsintotestrogurcurrent. eIr rflshliesonte

to "i.d{ i11)a-1.

"'.36 n... - 0 fish ure jumping t the b ffle form1..g

t.loerendof,lspool.

nestrtsuptr ·hashort lstance J but

ereisbrelysuf1clent terforswi=llhg •

•41 p•• - ~11 fis lie fl t n 1 st t.e ucrden b tto

oftepool,elt.oerunderorbehlr,dt.e"'ull; H all ad

oJ.oO .. - 10 C ansa fro posl .. 1ons ken VL en curre ..lt wes

J. 2 p • • - ud Is stirred IntJ t. current a ve t ..e U T



·ot.lepool.

4.1::> p •• - The trough is covere" with" bo :..'d.



fullsbck. (De h1n r'ut;h.3, ice.

4.3 p.l.-Opencurrent. '.,Jfull re tho atorbec es

",ddy. he fis.lconti.ue to ttill1t_ler, t.e:!

withborde.eretried, but e"f1shreuained

1 t~ 001 t"r ughout •

• • -6.00p•• -

ing on e fect f Ub.S and baffles ere re t d wit these

e fish we tupto (111-1v) adre 1 ed e.Ld the.

ffle(B111) in tl.1s pool. . parentlyte/dos.lllexl1b1t

anoticeablerect1ontothest1uliofvar.1ngcurronts tc.,

but it is not as stron' sprev1o_sly, duetofat1ue,or

oBsibl. eo e unrecog 1zed fact~r.

e ap' r tUB ... or . ro ~1 ver"1cal C IT n ..s in t ..8 ttiLk

arrne asi fig••c( .1Sl, 1..01' rtoallovltef1s.

to ove freely from .ank to <rou '.1.

(,.45p•• - 11 fish were placed in the tank and sank to

tebot,o::l 1t1nlOseconds,wit ee·ceptionoflfry.ic.

re !lined 6 1~c es fro tne surface, ead1ng t e desce di.g

?OOp.'Il.-"llfisharenowatthebottoc,. It1edusk.

?lOp•• -OnefrJ rises1ntheascendingcurrentunddrops



7.25p•• - hesellprr tt.leS:lr:ec en.ersthetrough.

·..not.errisesbytheascendilgcurrentendres. int 10>lar

7.40 p •• - Cne parr still in loiter stretch. ~'our ere lying

just ithintheentrunceto1(leuppertrugh.

7.45p.tl.-Itisquitedarh:. _ives 11 purr are lying

i t.,elower strech (downstramtoece"dingc re.,). "b.ree

fryarejus.int. entr'nceto t,}B tru at.elight as

flaa ed on 3 o~ t e p rr on the 10 r s 11 s de ce ded b 116

oftlaasce'dingcurre.lt.

7.;;0 p•• (St rliglt). -!'he rr which had left the lo,er

8.00 p.m. - The fry in the entra,ce to tne tr1Ugh eeem

less sensitive to tie ligHt than theparronte 10lVershellois •

• e. do not ove as t. light is flas ed on. Cne pf rr rise~ t

urfce,en"ters raugllandascendshalfwytod. (i) •

•02 p •• - .31"..1. - Three of tile plirr on t e lo.wr shal-

lowswereplcedi tblowerendo t.>etro"gh. One of these

ascended to (iii-iv). lleot.'lerssenktotebotto.

6.03 p.m. - 8.15 p.m. - '1'his parr re=ined in (iii-iv).

ThreeperraretobeseenontlE 101ershallo\1srostoftl,is

period. rhefryet the entrance to tha trough re ainedhere

throughout the period. 'The fish in tbe tank ere noving around



nirre",ulrturbulentcurrentvr.oftnhastheeffect

of causing u fish toroove upstrua.:. 'l'histurbulenceis .ost

effective w"en it ekes the f n. f vertical irreg 1 rities in

t .. ecurreft. J.or1zontaleudiess.dbaclrntrstar plaCeS\71ere

t e fish to d t" lie qUiet~. [ertic 1 eddies re;l.<ently result

i t.e fisa movi awa, o. d si~ce i, ..l8 nl1y heede ageinst t:"e

curre t, t is move ent is upstrea. in most cases. he effect

ofasi.:lpleincreaseincurrentstrengthisnotclear,thoug!l

in so e cases move nt upstream resulted. The s e n;.a:' be said

fadecreaseincurrent. Possiblyt eft'ectot'turbulenca

couldbaanal·oedasaneffectot'chanf')1ntjcurrent. oveant

upstreao is I:!ore 11..aly to occur in shallow water, (under 6

in', as , in t1. as of 101'1 Ii ht inte sity t un in t es of il;h
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Report o. XIV. A Study of t e el vi" r f t Fry in
V ri s ~~~s of Currents.

By P. F. 1 on.

tve fish under various conditions, to see 1 t reactions seem to

be involved. T'enanatte1pt is made tocorrol te the observed facts

in an ordor hich 1.0 ld indicate tIe be uvicur of tha fish in its

T!le o'oservaticns JE.y"e arran sd under fur in headin"s;

in still w at er; in ''liter vin in a 10', si le c"~rrent; in

th tea" ove cOI.e1tions ere ~r~vi ed;, in . ~e re. id

currants, l:r:vclvi c' a e in rat or c rr t, eddi J t"r1-ule~..cet



to be i.pers d evenly t' r~" hU'lt t e aveila le space. both I.ori-

zontalll'an'vrtieally. f fi.h ere -inr. cutater.l' ivan

ti.e. They tended to h'ed in eny ene all ireetion. 'out there was

a l1ttle tende ey to be oriented parallel to the long axis of tho

box. 80'18 ~is not ."i ir. bout aetovel:l - ere 1'0.

on tro" ttOll. on r. k ')t veri s level. off t e botto!... T',e.e

latter wera con.~tentl:r l.I. vin t air pect ral fins altern tel.:" tr.e

r tlythee inetionof ave t.



lertint'i pos:.tionar.d "lddurt iftl. "" •• v'risUonin

fish di\l. "ot e _ to t "e ala ao :readily. So e VI'" Id hide "hen

startled. Others 'C'-ld not. fterbeinrst.rtledthose',I'ichhid

re i ad under cov.r for about 5 inutea • t'urt'er avin& did t

diturbtte,. Rappinet'e side of t'ebox, h"e"er, Yto"ldcause sone

to 1 ave t eir hidin plsc" e,,~ seerch ot ,.~.

fry,"" Id hide under 1 pebble about 3 inCf !loross.If a board about

6"x4" stot<!ontesurfceoft"6't ... r,il tadofplc1ng

ston" in t'.e box, t e fis' Id all sther under the board on

bein alarr:led. The fir t 2 or 3 tL .es t~:ere as e certain a 0 nt

ofdartillgebout before all fish otunderthe ard. Aftert!'ia

t.e fish would ve oirectl:- 'mder it on bein/': alerJled. Aa the

boc.ro, ith the fiah under it, a pl's~ed slo"ly ~ 't ~he fish

kept urder t"e card. Tis reaction cf hidin underthebcard res



splashingahandorastickintte terr tedinonll'fuur ore

goingintohidin •• aintesto s er'o vedandteboard

pleoedinthebox. nce oretefish rovdveryexcit6ble 'hen

o hand 'as aved. After three inut s tl ey e,'lerged frOl'l under the

board a fe' utatio,andvO'lddartbeck tavrvsliht oveent.

July 23. Depth5/8inches.10.25a•• Thefishste.rtlevery

1 ...1 over, etc. r:"slcr. .ove Lts at startle tlel, no ever,

en startled t ey appear ver~r anxious to t1 d cover ~n ill even

bide un er my flat hand as it· is pl ced clo e to the surface. It

is possiletoflatten yh<.nd,slo'ly,ri tdononthefish.hen

tel' 6re h1din.~ under it. nce it is raised abUlt "ive. inches above

the s'rface, 0 ever, its Llovennt stUullat s Ue fish to dert about.

10.3', The fis. hev been undistur' d for abo t four minutes;

at firtit ttey lay ietl" ••'0' the;" nder 0 t and re distrP,ut.d

quite evenl;' through the box••.ost are uite close to the botton,

in this shel.lm ;;ater. T!'ose actuall)' on the bottom are culte

.otionless. '"'los "'.0 tin in t e ter s'ow typical fin ove:. nts

as alr .6dy d cr'i~ d.



Putinthe4"x6"boord.

under the board. TVlOoft'efishre irdtobe 'strtled'three

tiesbeforehidinr. "nefish as its ado'tin20seconds.

10.50. Fo'ufis! ereotfro 'artebor. Tere are t'.o

at each EIld and the:' eadint· directions.

10.52. Seven fish are out. TI,eyhadinthreedireotions. 11

arel;'inrver;·closetothebotto.

10.54. The two farthest frOCl e be in to'

10.55. Jare fish sho 1 an ori ~ e.nd the:- be in to rise fro

lihtl;'.

boot 8 fish are s1':i il1f, ar01Uld in the box. Th~ rest

1 .06. O_e large frr is'c' e.sin 'oPers a~ ro. its vicinity

11.10. Ten fish ere out now. They ave.n

board. There is just sufficient ee th "or than to svim under.

shinesdiractl;'intho ,ox. 'eaotivityofthefish

iaincresed. nte ..olethafishe." r, e;,ever, to keep to

11.55. Tenfi,hareout,snddistrl'llte evenly tt. rou hthe

avallablespoce. Overhan'ineleave causedshadodandbrir.ht

areas on the bottom. The distribution of the fish appears to

show no rel tion to the 8hed,"'s, hmever. n bein alar.:u>d they

dashqiokl:-tocc'rer.

11.56. Stones are rut in. nlyfourseekhidingunderthe

11.57. Theree.retelrefr'·spredttr.:> hthe opposite end of

quite otionles_.



12.00. One starts to anderabot,&lldi.

12.01. Sone cone to the end near in umdering, but they tend

12.04. .11 are qUite active. ~ne ide u" t e 'ox is shaded but

most of the fish are in direct &'.n11' t. ~,e distribution noVl

tends to be uniform t roughout tl'e hex.

12.07. Onbein'alarledb: 'lOve Pto",y and three of the fish

lji~e under pebbles at the near end. n' e re llinder rush to the

oppositeendandfacethedistur' ....ce ithnoatt.lptat!:idinE;,

reJainin quietly. Iftl>edisturbencel repeated ostofthefish

illuroundatthefarendandre int're. Fourcowto\ards

12.35. Thefishhavebeenundisturle "or 25 inites. They

\anderaboutdurinctheinterva1. On ei disturbednoVleiht

seekhlain under t!'.e stones, ut ost etas far as possible frol'l

• ilewavinr the hand inthee1r causes qUite a disturbence

anon thefish,splaslin it in the oxcausesver:'littledis­

turLanceexcepttotl:Qsefishinthei lCibtevicinity.

Fourdia£r 'sindlcatin t"edistributlcndescribedabove

will be foun<' bt tLe end of the ':liner.

Suomar:' of observations in still "ater.

Instill eter the fish tend to be e·renlyc.istri>uted thruugh­

out thea'railable space. ':'hercisconsiderabletendencyto\'ander

about. Over a unifor~,li ht-coloured 'otton the' are very excitable

.d ... eK cover "icklvlfitis rvide"lnthesbapeofsD:le



float in or ovcrhsn.. in crk 0 ject. If er 'e ~ nes sp~ead

excitsbleinshallo' t'nindeep ter.

In a 10v, ·ve:; c rrer..t .

.rul~ 2}. T' a x u d

t of t' e ' ater. ;' ~ ,~O p .• t· e)j , ere

0'0,,1 cvllect at tee upper ond and SO'Tar 1 ,culd ju: P out of the

ater. Fron }.58 to 4.0} an avera~e of five jU:lpS per minute

was counted. At 4.10 j ::",in ..>cc· rred a ain; tho"gh at 4.07 the

distribution dbeenfoirlyuifor.Jlthro houtthebox. '1y

co: ~orison i~. tt.e ides of the box tl e hi h st ju: s ,r~ esti­

mated at ebvut 9 inctes fro•• tle ~"rfuce. (The fr)j , e~e 4 to 5

c .• lon~o)



y4.;0 •

., bout6to810e"atatl •

as ov roast. reaper ture of tel' 19.8°C. "'en tl e Doard was

of food throm on the oter••' ere 5 no j1l'lplll(' at the upper

01 r fte _tr en 1" 1 atQfoodp-tic1e.



,U • 4. 2.00 p•• 1"0 curre t. Fish - ev nl)· "1 tr1 uted m

he d11 in 11 dir ct10ns. - r' is s11 t "nder1n. TIe f1sh





Cu.:::uwr~t of Ubsorvations in a 1 pI Cl'~' t.

ourrent and tend to re a1nrat rclose'."in neslot. If there

are several fish distribution te ds t e ifor t>,r",,~h the

availa le space. ~ en first 'v d frc liet at r into a current

t'"e fish are stLJlllated. to ove '\pstr

oved fro a cnrrent to c iet ator t tr t fry wan er bot't

'1 ite viporously. TlJis wanderin deo" se li .tly aftor a out

30 linutes, but is etill .tuoh lOre 8'lP ~ent t' 6,1 in 8 current.

The fish do not appear to ta~e aLr as ea il:' in a current as

if in cuiet ater, but if Lr""'d l"ve 1 r ely in Ole irection,

rese!lbl1ngaschool(They illco,.e to rest u,der e floating

board, 'Jenalar:led,ifsuchcoverisprovided.)

In ';lml Current 'itl' Variations in Ty e of l,,'urrent •

.u.4. 3.40p.l. The box'''''s in fr,nt of the upper chute.

effl~s eO'e rrar, d as in ~i • 5. l' rug. 4.

tl:efishsl1,,',tlyl)utbY3.45tltedistribution

Distribution diagra,s for 4.10 and 4.50 are aLo fiven. It ,,111

be noted t'atat first tllfish':Jut 4 ere tt'eupnerendofthe

box. Later distribution was rat'er ncre equal throughout the

bOX, and st1111 ter there 'ere =re fish at the lower end of the

box. T:!e current was fu1rl~,T strong at the Uf''1er end, stron. est

at to'e outer edge of the baffle, and weakest (30 inc"es in 40 second;

at the lo',er end of the box.

4.50 Fishnearlycllheadi, currentandlyinginorjustbeloVl

strul. e..,t 0'..1. rer::te C...le fio;" t e tre~e upper end, and 1 in still



IfteloVlerbeffle as uietly oved striution las es on

thesef1sh, 'ichseemto erat"_ert ir., renw1n in the lO'tler

"eakprt ftheeu'rent,prineiell,insteadofbeingdis-

tributed ore evenl~r.

10.15. o~te beffle was rr ell. as s n in i • 7. T:"e fish

for the ert,re.uin elo tte':>effle "'dbel'" t':e trnest

prtoftheeur=ent. T,'e eteri edite
'

y 10' t'lebeftle

ia ~et or q iet nil. .dorL oee rs ere. Cnl,' Oile fish remains

ebovetobffle. Eelie3inte in urrantoutjustetthe

otorede tteeddyfor deovet) befl...

10.20. Tbebetfle t'er. vedessolIl"ort'istio.

till m st fish kept belo' t e attle.

10.,S. Ifri tendallfis to bovetebeffle. erettey



belo'rtlebaffleeail'; in 1* inute S"1h l'

baffle; in5 .!lutea 12 fL r 1 l2.inu es only

10.50. ~ebaffle\e"t e" r t elo' 1'1/3 of the

box,esillustreted.••tlO.5 11 utte"orish antioned

en n th e eu'"rent totake up 0 i t ~ 4 of r . r 11.20 seven

. low t' e ba1'1'le d l'l1. 0 1" ro rtion "ad not

ch ed. Tebaffle asthen:aoved a tt'etliddleot

11.56. Since ch ° t e 1o' er p rt of tlo box wes unoccupied

'led s1'1 l' d for 11.56.•11 ut 3 fish oved

theba"flo, he din ecur:;:ent,fa1rlyu.li"urlly istri'mtedand

uenderi of any kind, s 01 o~t entirel:' cbs nt.



equ1l1riwl.

2.20 p •• ('e .. l8.6°c.) Ther e e 9 fr.' ve uLd 6 below the

red to tIe condition t 10.00 a.m.)



t·y o~served in the 10 r rprtof'



ao t ~alf a;' u~ t e trou ,bu t fel~ ack t onca. On one

occasiona1'ishascendadtle""lelene,th fthetr'gh(aoLut

30 inc: es}. Occ aio 11,' a ~ish i tained its postion half ~y

up a~d' Ci ld ascend to t a upper end on tl'.a succaeding freshet.



in the tr:>ut fry hen they are exposed to c '~r nts, than if t~ey

.u.4. 2.00p,o, TheeffectofshllO'.v erinbrining

• t r 'a tr~ed by laein the box ell. first in front of the

upperc'ute,an rnnningsea trbrasi ,,;'litothe idle

of the box. The fry kept int.e l"er end, int.edeep, salty

layer, and there s no att "'pt to ewe up to the incoming fresh

water. ~.en the flo of salt er as cut off the fish a sumed

a uniform distribution t~.ruUgh01't the box,

xperi, nts as on JUly 31 ere ep a'ed ith fish mich

had been in still ''8ter u u"t 5 hours. Unthefirst4fres'lets

4 out of5 fish resllonded by ascending to the upper screen. They

thenappearadfti edandonsubseqlentfresets\eres\lept

a i ttheloc rscre.



(P)to(C)or (C) to (P)byas:elJ t in tc,euppcr end of

t"eprtition.

v e of' r~t 2 ti,es. all stiCK 0'" C"O section aa illustrated

(Ii" ), s placed cr,,:s t e c ~rent. T1is c 'lsed a little

t above thefih. ntefirstt'reefres tsfish

ascendedtoj'sta'cvet"ls al:l. Onto fra' t "'terit ounted

the dam eac~ fis cnt to the' .. d of the truuF:h.

stick rns pl ced the other 'ay ( d 1 S::lBll fulls r s1l1ted,

The f1 h ascended to t is on < fr~, t, nd lea"t, but ere nct

suocessf'lincro<sin the dam into the pool above. The fish

seem to be less vi or us t n pr vl"csly, po sibly d'.le to t"e

high atart-.peratlre.

A nWlber 'of expcri ents si 11 r to t

pr!'ored utnotrecordedindetil.
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