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Laboratory e er1ments were conducted in 1978 on. rheotropic behavior'
of Juvenlle At]an:&q]mon from P1acent1a Bay, Newfoundland rivers; '

RS

IExpertments were d.ésigned to 1nvestigate the role of water current in
d1rect1ng m1grations and to determme the reTative 1mportance of environ-

S menta] factors whl,th may control’ m1grat1on. Smo]ts, precoc10us ma]e parr \_/ ‘
¢ . and autumn 1mmature parr were captured for th1s purpos'e during their norma1

.‘:‘per1ods of m1grat1on Rheotropw behav1or was quant'lﬁed by exposing subjects-:"i .

- to current in an experimenta] f]ume. Tr1als were conducted dur1ng spring- e
a u .

' summer “for smo]ts and .autumn for parr

PR -~ . .

For smo1ts, temperature, hght 1nten51ty and saHmty were se]ected

L/

\ 0 aw exper1menta1 var1ab1es 1n a fdlly crossed e‘%pjeriment Temperature and
g - o . time were the on]y var1ab]es in- parr experiments D1rect1ona1 preference.
' ""1atency of the response and onientation of the downstream response were 'f

\ . recorded for all tr1als
. - - . . . ‘\

Downstream was the most prominent d1 rect1ona1 response for aH Juvenﬂes. \

- PR
S S~ —_.-_I& A L e mZaar, s T o . e . o
- T . B it L

_Response latency Und'orfentat'lon of the downstream response were generaﬂy
in agreement w1th d‘hrect'lonal preference. Exper1menta1 f1nd1ngs vere cpn- - ~\

s1stent with f1e1d observations from this and other studles G

t
O

.- - t \

A For smo]ts, experimenta] var1ables 1nteracted ™, regu]atmg rheotropfc

AN hehavwr The, upstream resbonse occurred;significantl more frequent'ly 1n g

b - freshwater ‘than' at h1gher sahmt1es. In freshwater latency of thie
) o downstream response was shorter where 11: occurred most frequenﬁ]y., Negatlve
e or1entatwn of the downstream response (active movement with the current)

-

: occurred s1gn1f1cant1y more frequent]y in freshwater than at h1  ghet - sahnihes_.
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" Positive ori,en'tation_ (passive moue_n'rent) 'was more common at the higher

.‘Is.a]-'n-lt'les;_, 4. : . " . . .0‘ g . ) °, ' , ' ‘ I'.. . -',". " . r"l e

) N . N
NI s

: For 1mmature parr downstr_eam was the only d1rect1ona1 response disp'layed

. This erp_onse was also most comhon for precocious male parr, but ‘some. upstream

response ‘also occurred Northeast R1ver precocious ma]e parr showed

sign1f1cant1y hnore upstream response at 8°c than at 12°c Also for these U

o~

: precoc1ous ma]es, 1atency of the downstream response was significant]y '

's'horter later 1n the season and at lower temperatures. Orientatmn of the". ' ;

: .'.'downstream response for parr was negatwe

7z - (.’-

o

Water current may be a direct'l a] cue 1n juvemle At]ant'lc salmon

| mig Env1 ronmenta] factors probab]y regu'late rheotrop1c behavior

-and ) contro] the t1m1ng and 1ntensity of m1grations.
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‘ffA~ e rheotrop:sm@ rhe or1entat1ona] componeht 1s c]assed as pos1t1ve 1f the f1sh
g,/?/i-;“ﬂ _i faces 1nto the current Negatﬁve or1entat1on occurs when the f1sh faces in thef l 15“‘
| B d1rect1on of. current flow or 'downstream . Pos1t]ve’or1entat1on occurs-moreeh.?“ T ;!i
’fﬁnlg.i f%._ ;frequently_fprrmost_spec1es,of_f1sh, o o ' “;» w‘;ff,
SN s ' L, L F AR I
. uftj;n"h,:;'i’ft;. Field studles have shownwthat dttferent stages 1n the Juven11e port1on o '{?Tf%!:f

vof the 11fe h1story of At1ant1c sa]mon ( a!mo sa]ar) d1sp1ay d1fferéht m1grat1on : f,.

patterns 'These m1grat:on§ are seasona] “and 1nvo]ve d1st1nct and d1fferent

o
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T . e o Sy
rheotrop1c responses.- - T A . L . .
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Lol S e e <o C . : : SRR B -'é.

: i:,'."' fn spr1ng some parr wh1ch ha&e reached a cr1t1ca1 minimum 1ength undergo !
',;7 Lo _é;,i smo]t1f1cation and m1grate seaward However, a h1gh proport1on of ma]e parr

1- | hav1ng reached th1SQEZE;muml1ength do not smolt1fy but remain as parr or i::
Al :'i_;t: 511very parr (3uveni}es undergo1ng the physiolog1ca1 transformat1on to smolt

. cond{tion) They‘mature 1n fresh_a r and’ take part in' spawn1ng It 1s
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‘:'g Newfoundland Parr wh1ch m1grate to the estuary do not smo]tify in autumn -

o the1r age d1str1but10n (Me1ster 1952) o . :- -

, that precoc1ty is h1gh in* Newfoundland espec1a11y 1n P]acent1a Bay r1vers ,'I-". .' e

i.male parr (King- 1941, 1947, K1ng et al. 1939 dones ‘and KJng 1949 1950
' '...V1ad1m1rskaya 1958 Saunders and Gee” 1964) occurs 1n autumn assoc1ated with \
'spawn1ng However, Mur1e (1870), V]ad1m1rskaya (1958) Saunders (1960, 1976), ,_](_»-'r'
Me1ster (1962),, Pyeﬁnch and M1Hs (1963), Mﬂ]s (1964), Saunders and Gee.
‘ (1964) E]son et a1 (1972) have reported that parr m1grate downstream in f"
'autumn Saunders (1960 1976) stated that for E]]ers11e Brook and the o

Il.mature ma]es Me1ster (1962) reported that 1n a sma]] -coastal’ stream 1n S :;, D
'.h'Ma1ne more smo]ts m1grate 1n autumn than in spr1ng Saunders and Gee (1964) - "'1ﬁx) |
‘.bel1eved these autumn m1grants were. s11very parr rather than true sm01ts.
. Similarly, autumn—mlgratlng Smo1ts in Scot]and reported by. Caldenﬂood (1906)

.smal1 autumn downstream m1grat1on of. parr and smo]ts in: Hest Brook

_.but may- so the fo]10w1ng spr1ng Some;rema1n jn,the estuary a]]lyear -

be]1eved that precoc1ous sexua] development and smo]t1f1cat1on are

b1o]og1ca1]y opposite processes (£vropeytseva 1960) Da]ley (1978) found - ~'ﬂ:',i‘v

oot

It has been reported that an upstream spawn1ng m1grat1on of precocious "l

l

B AR i Lk S i SR
. - R .

Northwest M1ram1ch1 respect1Ve1y most of these downstream m1grants were =

':may haverbeen s11very parr Chadw1ck (persona] commun1cat1on) reported a T

{

i

U

» STy
]

|

round (Saunders 1960) These autunn migrants are'forerunners ot,the'

! fo]10w1ng spr1ng m1grat1on, rather than 1eftovers This.is_seen.from ,
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2 Rheotrop1c behav1or of other sa]mon1ds is 1nf1uenced by env1ronmenta1

'factors React1ons of Juven|1e Pacific salmon - (Oncorhxgchus _p_) to water C o S
"current vary. w1th temperature (Keenleys1de ‘and Hoar'1954) and can be o .1 f 11“\4

N reversed by sudden changes in. temperature (Hoar 1951 Keen]eys1de and Hoar f - - p,‘.%
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1954) Northcote (1962) has shown that for Juvenwle ra1nbow trout - (Sa]mo i

o gairdner1) oppos1te rheotrop1c responses at d1fferent temperatures resu]t —

in lakeward movement from both out]et and 1n1et streams Brannon (1972) -

" has’ shown that for sockeye fry (0ncorhynchus nerka) water ve]oc1ty is the

d1rect1ng factor‘ln lakeward m1grat1on whereas ]1ght_1ntensjty and t era- L

’ ture inf]uence_the.tfmfng and intensity of'responsiveness;;

For Juven11e At]ant1c salmon no. stud1es have been carr1ed out to -

determ1ne the ‘relative 1mportance of factors which could contro] rheotroplc v

/

;ibehav10r From f1e1d stud1es there-1s-1nformat1on on the re]at1onsh1p between

'1 ithe t1m1ng and 1ntens1ty of- smo]t runs- and env1ronmenta] factors ' Geographic g

_reg1ons vary in the effect of env1ronmenta1 factors on m1grat1on, ref1ecting

the extent to which dlscrete stocks adapt to 10ca1 cond1t1ons Photoper1od Q

) a1though known to affect rheotrop1c behav1or of sa]mon1ds (Keen]eys1de and

. Therefore it s’ 1ess ]1ke1y tb be assoc1ated with annua] and geographica]

';_Hoar 1954 Northcote£§958), qs 1ess dynamlc than other env1ronmenta1 factors.

'var1at1ons 1n the t1m1ng of m1gratfons

R

Least understood is the re]at1onsh1p of 11ght 1ntens1ty and temperature',"

ln contro]]1ng smo]t m1grat1on Temperature var1es d1rect]y w1th l1ght 1n-~

tens1ty Wh1te (1939), Saunders {1960),, E]son (1962) M111s (1964) and

Jessop (1975) cited temperature as the re1eas1ng stimulus, migration commenc1ng .

A

: when the temperature reaches IO°C - However Osterdah1 (1968) ‘and So]omon (1978)

' found that in co]d sprlngs m1grat1on begins before 10°C, whereas 1n warm

°

*'spr1ngs m1grat1on begins when the temperature 13 in excess of 10°C

'Bakshansky et a] (1976) found ‘that in the maJor1ty of cases m1grat1on '
beg1ns at a temperature of about 10°C but a range exists of 7 --14 39¢C at o

the onset of m1grat1on for d1fferent rivers and years. M1n1mum_and maximum‘f
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“tem eratures recorded throughout the smo1t runs in the1r survey were 7. 7°C i BRI

exist (Berry 1933 Hayes 1953 Bag]1n1ere 1976 So]omon 1978) M1tans (1967)

. _part of magrat1on w1th 1ncreased d1urna] movement later in the run:
'TBakshansky et al. (1976) Ffound ‘that in northern rivers. m1gration was most |
;1ntense 1n the daytime or 1n morning and evening However, in lower ]at1tudes, '

".such as 1n the Ba]t1c bas1n, 1n1t1a] descent 1s nocturna] but m1grat10n OCCUrs o

,1n the dayt1me as. we]] durlng the perlod of max imum migration.’ Murray (1968) | }:,a

" reported ma1n1y d1urna1 movement for L1tt1e Codroy R1ver, Newfound]and

-~ move w1th the t1des and at the same speed (McCleave 1977 Fr1ed et a] 1978

Jtemperature change and spawnlng t1me.

d 21. 4°C respect1ve1y Da]]ey (1978) found that -for the 1977 Northeast %
1ver smo]t run m1grat1on began at a temperature be]ow 10°C and peak g _" .V~ ;_'1"33.
movement occurred when a'max1mum even1ng temperature of 9. 5°C was reached ‘, %'
rhe d1e1 pattern of m1grat1on also var1es among rivers. White'(193§), fi ; LR dé
- 'Swa1n (1957), V]ad1m1rskaya (1958), and Jessop (1925) reported that smo]t U ;fr : ? E ,
m1grat1on is ma1n]y nocturna] Var1ous diurna] patterns of mngrat1on a1so ‘., D 1 ";\fé'

and’ Osterdahl (1964, 1968) have described nocturna] movement during the f1rst -

e A S P A e anaia 4 2 e L e e

=

: L1tt]e is. known of smo]ts once’ they reach the estuary except that they ’ . I
LT

_McC1eave and LaBar 1976) In bays, smo]ts change from mov1ng on]y w1th the

-t1des and move seaward by stemm1ng flood tldes as we]] (LaBar et al 1978)._

Noth1ng is known of rheotrop1c behav1or in the open ocean.’ . ,; : é@} -

' A]so little is known'of envtronmenta1 factors'which may affect‘upstream.‘
and downstream autumn m1grat1ons/of prec0c10us ma]e parr or downstream
autumn m1grat10n of non precoc1ous parr “There 15 some ev1dence that

downstream m1gratlon is re]ated to decreas1ng autumn temperature (J]ad1m1rskaya, '?,

f;1958) WOr;on (1942) and Sm1rnov (1971) reported a ré1at10nsh1p between
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L and or1entat1ona1 components of the rheotropwc resjonse of Juven1le At]ant1c . .fﬂif"
, sa]mon at three stages 1n the Juven11e portion of 1ts 11fe history, smo1t,

‘precocwus ma]e parr, and autumn non precocwus parr

in- these exper1ments to determ1ne their. ro]eQJn observed movements Temperature- )

.contr0111ng m1grat1on of parr and snn]ts Light 1ntens1ty and sa11n1ty were

. ;factors~1n contro111ng smo1t m1grat1on is unc]ear

'as a mechan1sm of m1grat1on wa; 1nvest1gated

'1t is hypothes1zed that water current serves; as the d1rect1ng mechan1sm ﬁn

o [ A

Exper1ments conducted 1n th1s study were des1gned to quantlfy kinet1c

o
7
ES AN APPSR S WU S U

3

Do

et

'o.' . o oo T . —l)

§ . ot

Furthermore, certain env1ronmenta1 factors were’ selected for 1nvest1gat10n

K

AN

i e e .‘,,.Cm_;.__.._:_—.,“.-;.; e e e I

was se]ected for all. exper1ments because of 1ts 1ong-accepted 1mportance 1n

a]so se]ected for smo]t experiments because they vary throughout the durat1on o
R L] * .

and course of the smo]t run Moreover, the. re]at1ve 1mportance of these

- By combinypg laSoratory exper1ments w1th f1e1d obserVat1ons the ro]e of B

'potent1a11y 1mportant env1ronmenta1 st1mu11 1n regu]at1ng rheotrop1c behav1or T

Two hypotheses were cons1dered for 1nvest1gat1on An this study . F1rst1y;

“fmm1grat1ons of Juven11e At]ant1c sa]mon SecondTy, enV1ronmenta1 factors servei.‘u

- |
as: cues, 1nd1cat1ng wh1ch response (upstream on downstream movement) is

-

'appropr1ate to spec1fac seasona1 m1grat10ns o o . o .-\“.?

_,' .uu.* ny\.— ,w,,‘
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‘ a funct1ona1 end (positions 5 ‘and 6) to regu]ate water 1eve1 and ve]oc1ty

__MATERIALS AND METHODS = .*

Agparatu '-; R _j- IR o

A]] experiments were conducted us1ng an apparatus des1gned by the late

i B Dr. C W. Andrews and mod1f1ed for th1s study (F1gure 17 The term m1grat10n

bchanne]' has been adopte to descr1be 1t after an apparatus simi]ar in - '-_;' B}
'pr1nc1p1e uSed by Brannon (1972) rhe migrat1on channe] was constructed of )//

‘1 9 cm p]ywood It was - 2 78'm 1ong and 38 5 cm w1de _Each arm_was 15.5.cm

o

w1de and 18.5° cm deep

e Lo
RN

In th1s channe] the end of e1ther arnl(F1gure 1) could. serve as 1nf}ow

(J, 3) or outf]ow (2 4). when arm A was used as 1nf1ow (3) a removab]e
: %end was’ put in p1ace (poS1t1on\a) to c10se off this arm A 4 8 cm ho1e41n

‘ -5the floor of the end of arm B then served as the outf]ow A plastic. p|pe

2

4. 8 cm 4n d1aneter (2) returned water to.a 357 litre catchment basin and a. _.7'

1/3 h b sump pump returned lt to the 407 11tre reservo1r, 1ocated d1rect1j

ﬂabOVe When arm B was used as the 1n1et (1) a rubber p]ug was p]aced in the.

arm B out]et. The arm A end was removed and the channe] served as the outf]ow
A NS e,
(4), return1ng water d1rect1y to the catchment bas1n R e

o

ﬁ' Thef1n1et rece1ved water from the reservo1r by grav1ty flow through -a

. 4 8 cm p]ast1c p1pe A flow contro] va]ve in the p1pe11ne was left: open

l

dur1hg tr1als F]ex1b1e rubber tub1ng attached to the 1nf10w p1pe allowed

: water to be d1rected 1nto e1thep arm.

o

A wooden part1t1on could be p]aced 1n either arm 138 °cm above the i »

" =

o

L

¥

<

Fixed ga1van1zed screens were 1ocated 3 5 cm be]ow the pos1t1on of the part1t1on‘

-‘(8 and 9) to reta1n subaects_1n;the m1grat10n channe].,ILocated 2061cm be\ow

t
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Figure 1. :Model of mi
4
I'.
{ * =
- :

gration_channel used in experiments on respdnse to current. '
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- observations were made throughunarrow sTits. -« .

- &

: Further, water was cont1nuous]y exchanged by s1phons between the h01d1ng

~ L

——— [

Y 11“;..

these were moveab]e screens - (10 and 11) These conf]ned subJects in- the
- .“-,—;

; start1ng pos1t1on be10w (12) and were 11fted to 1n1t1ate a tr1a1 .The' R

ngrat1on channe]-was enc]osed.by a green transTucent plast1c.screen. ATl

-

Exper1menta1 Procedure R o -

iSubJects were co]]ected by fyke traps from r1ver systems in P]acent1a

./

Bay. They were 1mmed1ate1y trangported/to a room adJo1n1ng that conta1n1ng

the m1grat1on channe] There they were’ kept 1n 105 -120- 11tre rectangu]ar

' f1breg]ass tanks w1th plex1g1ass coVers and overhead f]uorescent 11ghting

Photoper1ods were contro]led by an e1ectr1c timer. Dur1ng the day per1od

11ght 1ntens1ty at the water s surface was cpnstant for each tank but var1ed :

; from 117- to 581 Tux (11 53 ft c. ) among the ho]d1ng tanks as measured by 2

Gossen Lunas1x 3 L1ght Meter. Compressed a1r was bubh ed. through an alr

stone,ln each tank._4 o o Co i

s . L i

G : B 4

t

E1ght hon1ng tanks were part of two 1ndependent rec1rcu]at1ng systems '

P
Each system cons1§ted of four tanks through wh1ch cooled water f]owed Epr‘

s

) each system water fTowed by grav1ty from a 1177 11tre reservo1r into the i

o tanks:and through overfTows Water: then passag through a gTass wooT and o

charcoaT f11ter and 1nto a 120 11tre catchment bas1n From there 1t was

returned to the reservo1r by 1/3. h P. genera] purpose pumps.“ Later, 1/3. h p. -‘

sump pumps were used after the or1g1na1 pumps had broken Temperature W?S.J

regu]ated-by‘coo]1ng co1ls.submerged in" each reservo1r..~ N

5 -

Tr1a15 were conducted at accTimat1on temperature.. Temperature in the
|

. mlgrat1on channel was contro]]ed by us1ng-water from the appropr1ate reservo1r.f

/

®
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1n the channel

- 1m§er tr1a1 1nterva1 of at 1east one hour was ma1nta1ned so that results

. 'of any glven‘tr1a1 wou]d not . be affected by preV1ous experlence..‘D1rect1on of -

. five m1nutes.

\ 9 ‘
reservoir, and the _experimen reservo1r Nhen necessary, 1ce was a130 used
l

.,__.v

- Water 1eve1 was constant at 12 cm and current Ve1oc1ty was 10 cm/sec. Current

veloc1ty was measured by t1m1ng the movement of surface and submerged obJects
."i . _ Lo ST
SubJects were run 1ndependent1y in tr1a]s and were subJected to repeated

tr1a]s rhey were’ marked by 1nsert1ng a p1ece of,co1ored p]ast1c coated
l -

..copper w1re in the cauda1 f1n In th1s way 1nd1V1dua]s were recognized and an’

- current flow was reversed at random, us1ng a random'number tab]e. S ./-

A typ1ca1 trial began by plac1ng a subJect in the starting pos1t10n for
|

il
i
1
\

=

subJect was frfe to move ‘upstream’ or downstream A response was recorded If /

'the subJect moved one meter in e1ther aim. 0bservat1on5‘were made-on-three -

components of the response, d1rect1oha1 preference (upstream or. downstream _"

H%" movement); or1entat1on and 1atency A stopwatch was used to measure’ 1atency

\

of the response (the time between 11berat1on and reach1ng a one meter mark)
§

IF no response occurred w1th1n ten m1nutes “the: tria] was. term1nated and the

subJect was returned to,the,ho1d1ng tank. | *,'f ',-.‘.' : , "d‘
Smo]ts o ' N ’ A
Exper1ments on smo]ts from the 1978 Northeast R1ver smolt: run Were'
"conducted from May 14 to Ju]y 14 Samp]es of 48 36, and 28 smo]ts werev"
taken from the-outlet of F1tzgera1d s Pond (F1gure 2) on May 14 May 24‘”'
‘.Ziand May 30 31 respect1ve1y Samp]es were held at d]fferent sa11n1t1es '
| (0 o/oo, 15 o/oo and 33 o/oo for the three successive‘Samp1|ng perwods"

~respect1ve1y) Photoperiod‘was 16 hours of light each day and subJects"

e i

ey, e CC s N .
fesgme ....m.l.;»‘& o, v Pt arwn oy o st el
- C e S G e

An

Then the restra1n1ng screens weri removed from be1ow ahd the ‘/‘

e -
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. Figure 2. Northeast Rivér'sysgem_'sﬁowﬁagq-lodaﬂon‘s of "sampling Sit?_g-,
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B were given at 1east two days to acc11mate to hold1ng cond1toons before .
' tr1a1s began
'v(33 o/oo) obtained from the Mar1ne Sc1ences Research Laboratory, Logy

N Bay.>.;”

o acc11mat1on sa11n1ty
'-—response and to contro] for furfher exper1menfs on .these smo1ts he]d a

;3 longer time 1n capt1v1ty

' f]D1m 11ght 1ntens1ty was obta1ned from two 40-watt 1ncandescent bu]bs

‘.situated equ1d1stant on e1ther side of the start1ng position and outs1de

. 0. 7 and 1.9 Tux (0 064 -. 0 17 ft. C ) a1ong the 1ength of the m1grat1on
f channe]
fNo d1fference in response due)to repeated tr1als or 1ength of time. in .

: i capt1V1ty was observed {,f'_“,”;v'} ; d~ X f--"'? . V:'.',;'ji~

- crossed experiment

7'=reta1ned from previous 0 o/oo and’ 15 0/00. tr1als

' extended from June 13 to Ju]y 14.
| he'ld f1rst at 10°c then at 15°c '

. temperature change for: 2 days before trla]s connmnced

)

The 15 o/oo sa11nity was obta1ned by<B11ut1ng seawater

"

, N
[N . . [}

In1t1a1 tr1als wereccgnducted on recently captured smolts at

-This was to in1t1a11y quantﬁfy ‘the downstream '

1

Smo]ts were" subJected to a maxvmum of four

tr1a15 each Frials were conducted at. 10°C and d1m 11ght 1ntens1ty é. i‘:h

the. screening At the water s surface, 11ght 1ntens1ty ranged between

Tr1a1s at each sa11n1ty were completed w1th1n f1ve days.,'i" )i

) .
:("

Further smolt tr1als were run to determ1ne the effect of 11ght -‘ : o“ ;

- -1nten51ty, temperature and sa1in1ty on. response “to. current in a fu]]y o

-

rhe subJects of this. exper1ment were 20 smo]ts

V

Some were he]d as .

-.flong as one month An’ capt1v1ty. ' 7. ';':' - fo':yj;j‘xuj . t',

- Tria]s at: success1ve sa]1n1t1es of 0 o/oo, 15 o/oo amhh§3 o/oot.'ﬂf
N1thfh sa]inities subjects werej -
Subjects were acc11mated to eachf}j

Tr1als were',E; o
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-'_ ,Palrs of tria]s Interva]s Were of four days durat1on before first tr1a]s "75' .

B i R1ver and dts tr1butary, Beaver R1ver These observat1ons 1nc]uded

- m]grat1on channe]qL Th1s was\s1m11ar to normal day11ght conb1t1ons ,1 : ,"r 2

at a new set:of exper1menta1 cond1t1ons,. TheSe measures wereftaken t0oma1nta1n S ':t,/

- 1ndependence of resu]ts from repeated tr1a]s. Two casua]t1es Tncurred dur1ng T

E amb1ent1y vary1ng temperature De5p1te these\cond1t1ons, resu1ts from ,.fﬂ‘

for Northeast RIVEF and 0" ConneT] and Andrevs (unpub115hed) fbr Southeast

- : L T SNt S Cn S
< ST e e e s mﬂm
L TR S R .

I. 5, - Lo '_/. 3 _-\ j‘;'-'.
B b s Lo v L A [ . s .- - oL T Sov a‘.
conducted at acc11mat10n temperature and bd\\KdIm nd amb1ent!J1ght [ '
- lntenSIty for each témperature. Dim 11ght 1ntensfty was as descr1bed L u;-.-_rgyv"f
". for, the. 1n1t1a1 Smo1t experlment Amb1ent 1ight 1ntens1ty was’ obta1ned ri' ':JH:J ;;;'i;fyl
by,turn1ng on-an ove?head f1uorescent 1lght Th1s gave a 11ght ]ntensity ujfﬁ R
at the water surface which approx1mated that 1n the ho]d1ng tanks, ,u_y f

ranging from 145 to 465 1ux’ (13 - 43 ft C. ) a1ong the°1ength of the f”'}

Pa1red trials were conducted ‘for each smoTt fone at each 119ht T

N N . . -

1ntens1ty \Order’of 11ght 1ntens1ty w1th1n each pa1r was determ1ned - J,;-t{alf

-

us1ng a random number tab]e zEach smo]t was subJected to. three pa1rs “.t‘” : }. S ;:ﬁu'f

- L\

of tria]s at both temperatures tbr the three success1ve sa11n1t1es ﬁ-}_xi '=ﬁ";:
- B

For each subJect a one hour 1nterva1 was ma1nta1ned between succe551ve ,‘3‘- -
i : e

a

this experfment were rep]eced by smo]ts wh1qh had been used fﬁ 1n1tia1

o /\

33 o/oo tr1a]s Jhese had been held at the Mar1ne Sciences Research

Laboratory\1n freshwater, ‘under 16 hours of ]1ght each day and w1th ”§7‘

the two rep]acements d1d not d1ffer from these of other subJects ”;f?_?;;il- ta g ;“'f‘

“ s b..,'_"),-

F1e1d observat1ons on 1977 smo]t runs were obta1ned from Dalley (1978)

I

records of da1]y counts of smo1ts captured in fyke traps wh1ch were Set
in the r1ver eSomet1mes, espec1a]1y at the t1me of mass m1grat10n, traps \ &

were checked in the-mornxng and even1ng 0then~1se they were checked ?n :

the morn1ng on]y. Da11y morning temperatures were a]so recorded i-i:"etzu )
: = j, j\ .'..r(v )
-~ S . > AR
ST TTTETTIITR T
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Expervments‘were conducted on parr 1n autumn 1978. Parr uséd T

-6

-in th1s study viere held under a 12 12; 11ght dark photoper1od . Each 1'Q'f.;§i”17;if:“:

sample was d1v1ded between a control and an- exper1menta1 gr0up S f‘;nrh

[ S

Subjects were acc11mated to ho1d1ng cond]t1ons for at 1east 17 hours;u,.fﬁi’Sﬁﬂung

before tr1b1s commenced Tr1a15 were conducted at amblent 11ght A "’. ;;f;fgf.'

ALY .
NPT N
E T .
Sl Lo

1ntens1ty aTone Contro] and exper1mental groups were run on a]ternate
days Parr w;:e subJected to three tr1als each fo110w1ng'wh1ch they were | 4:'{;t'ia
k111ed and\\xam1ned for sex and matur1ty s fi_*nk 'jfﬁf S . ;f T; f;-fifmlﬁféin
,~'L””' Parr‘were taken from Junct1on ?ind near the 1n1et ‘of Northeast ' ~»-4?1.3.1.t:.2.¥:;
R1ver (F1gure 2) from September 19 to vaember 8. A11 were 1ater : Ettfje'j;r;f? : ‘;:1df
r" found to be r1pe precoc10us ma1es . For each samp]e half was he]d at 12°C '; 'ip: ,35
A (the contro] group) and ha]f at-a temperature wh1ch decreased°W1th each . ifﬂ fft
. success1ve samp1e (the exper1menta] groupf‘d-becreases were of 2°C except . ;Iisfi/
for the 1ast sample for’ wh1ch a- decrease of on]y 1°C cou1d be ach1eved -F.{;?';i
Saﬁb]es were of 10 parr for 1n1t1a1 12°C trials and 20 for a11 other : :ji”-;
samp]es except the 1ast " For tr1a1s at- 5°C and controls. samp1e 51ze qu\ : W?: td;
was 40 u:_fjfi"' jtp;’:'.°g B ';i' .'“,~’111 -f.eh. - ff’_ﬂf“_iif'[ﬂ%f:, ;i
T R R S - . , IR
On October 29 a samp]e of 40 parr was taken from Connaughtman s Pond "h‘_ f;_‘,Lf
near the out1et of Southeast R1ver (F1gure 3). of these 20 were he1d and i:i:?bi?d‘
"5 tested t 5°C wh1le 20 served as contro]s The contro1 group was ma1n- ' ' .;"j' .
ta1ned and tested at 12°C On d1ssect1on fo]lowrng tr1als e1ght were *j}'__[?lfyilfptt
found to be precoc1ous maﬁesaand 32 were immature: parr, a11 but three of " hn‘f,féa'
| .:j wh1ch were fema]es e _%i f;f::. %hft f‘- ;;5:”_“‘f:ffj . ;;yﬁ f;f }fd
SRR . IR
3 ]\_"- : . | \ ;:.f':f."‘" i
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N Stat1st1ca1 Ana]_ys1s

- L

./

" temperature and sahmt_y were ana]yzed usmg a 4 d1mens1ona1 contmgency tab]e

S F1enberg 1970) was used to estimate expected ceH va]ues for each proposed

K 'mode] by an_ 1terat1ve procedure It also ca]cu1ated the hkehhood ratio -

: : '.chx square stat1st1c for each mode] Using’ the procedure descr1bed by
'F1enberg (19771) the mode] wh1ch showed ‘the 51gn1f1cant 1nteract1ons was - :

" se1ected The 3 X 2 X 2 X 3 contmgency tab]e was then part1t1oned accord1ng

. to. F1enberg (1970) to show the effe]cts of the s1gn1f1cant 1nteract1ons

| 4= factor ana]ys1s of variance w1th unequa] rephcatwr\ Values- for Iatency
:were converte’d to 10910 for th1s purpose “and ‘the analysis, of var1ance was -
"performed by a computer program conta1ned in SPSS (Stat1st1ca1 Packages for
) the Soc1 a] Sc1ences) This program computed F va]ues for the mam effects
-as weH as for a]] poss1b1e mteractwns It a1so ass1gned a s1gn1f1cance
’ .-1eve1 to each F va]ue - A table was drawn to show the mean 1atency at all

- combmatwns ‘of exper1menta1 factors Th1s table was then part1t1oned to

The: bmom1a1 d1str1but1on Was used to determme the probab1hty that observed

'd1str1but1ons d1d not d1ffer s1gn1f1cant]y from a random d1str1but1on (P 0. 5),"_

Q.

Data from the second smo]t exper1ment 1nvo1v1ng response, 11ght 1ntens1ty,'~“

i}

(F1enberg 1970 1977) A computer program provxded by Dr. J Rice (after

&

Latency of the response for th1s 'smolt exper1ment was ana]yzed using a

7

—

show the effects of the s1gn1f1cant 1nteract10ns . ‘- . S S

’

Other stat1st1ca] tests mvo1ved detenhnng whether responses wh1ch R

PENRY

feH 1nto two mutua]ly exc]bswe categor1es fo]]owed an expected d1 str1but1on.

(Zar 19745 : In th1s way it was ‘used as a test ofs1gn1f1cance for up vs. down

in assessmg d1rect1ona] preference for the initial smo]t exper1ment as we]]

o

as for experlmental and contro] groups of Northeast Rwer precocmus me]e parr, ,
.\ . . . .

©Aa
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and Southeast Rwer parr It was a]so used 1n th1s manner to test for s1gn1f1cance
-"'."'1n d1fferences between pos1t1ve and negatwe or1entat1on of the downstream rea-
.,‘sponse for the second smo]t experynent as we]] as for experﬂnenta] and contro]
groups in bor{parr exper1ments . The . b1nom1a1 was further appHed to.test -
1/% s1gn1f1cance of an observed d1fference between two sets of expermenta? . .1
cond1-t1ons for a gwen response. “In thls case P (equa1 to. the number of-a L
gwen revspo\nse per number of- trla]s) for one set of exper1menta1 condltions

' was consi dered to be: the expected d1str1but1on The b1nom1a'i was then used
to detenmne if the frequency of this response at another set of experimenta]

: cond1t1ons d1d not d1ffer s1gn1f1cant1_y Ifrom the expected In this wa_y, it.

.'1 was used 1n the 1mt1a1 smo]t expe51ment to test for s1gmf1cance in the
d1fference of the upstream response between two sahmty reg1mes ‘In the
‘same manner it was also used to test for 2 s‘1gmf1cant d1fference in the
upstream responSe between two treatment 1eve1s of the exper1menta1 groups

. for both parf expemﬁments. = __ AU |
y .' Response 1atency for Northeast Ri ver precoc1ous ma'Ie parr was ana]_yzed

E by 1east squares regresswn for both Up and down responses Logm 1atenc_y

o was regressed on temperature for expemmental groups and on day of capture

‘ for eontro1s For each regresswn there were mult1p1e Va1ues of Y for each

X . Significance of each regresswn was tested by ana]ysis of variance .

- R

accord1ng to Zar (1974) o
. l ' ' ' ) | -\
, For Southeast Rwer precoc1ous ma]e parr and non precocmus parr the

- -

o ; students t test was used to’ test for s1gn1f1cance Tests on 10910 1atency

compared exper1menta1 and contro] groups for the downstream response For‘

i the precoc1ous male exper1menta1 group thep s1gnif1cance of the d1fference

o
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betwéen 'up and down. was al sb tested

' were accepted as bemg s1gn1f1cant based on P< 0. 05 '

.l
o . , . . B . - - t

° \

AH regresswns ind t- tests ‘were. perfonned usmg pma&@\ for an°

011vett1 Underwood Progranma 101 Desk Top Ca]cu]ator. .
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o K1net1c cc}mponent

.'D1rect10na1 preferenc :
, _rresponse occurred most frequenthy 1n freshwater (9%) The d1fference

’ 'was very highly s1gn1f1cant (P < 0. 001) The proportwn of no

‘.'response was h1gh at a11 three sa11n1t1es (58 - 76%)

- 3- factor 1nteract1ons 1nv01v1ng response were. 1mportant in determ1n1ng

.W1th response A11 poss1b1e 2-factor 1nteract1ons were 1mportant as .

temperature sa11n1ty 1nteract1on

e - e
. .

>

0f the two d1rect1ona1 responses, downstream was the more

prominent at a]l sa11n1t1es (P < 0 001, Tab]e 1). ~The upstream

in the’ proport1ons of upstreamfresponse between 0 o/oo and 15 o/oo

7 . N
D1rect1ona1 preference of - smo]ts from the second exper1ment 1s

"presented 1n Tab]e 2 1n the form of a cont1ngency tab]e A]] three o

/
Al

' the observed distr1but1on of responses (Tab]e 3). Ltght 1ntens1ty and’’

: ‘sa11n1ty 1nteracted 1n 1nf1uenc1ng d1rect1on of movement as did 11ght

1ntensaty and temperature Temperature and sa11n1ty a]so 1nteracted

"were all main effects Poss1b1e interactions shown not to be sign1f1cant

°

by th1s mode1 are the 4 factor 1nteraction and the 11ght 1ntens1ty-

o . N './- " : '
Interact1ons-'.ﬂ . ﬁf' - B >i ‘ ;s/ﬂs

. Amb1ent ]1ght 1ntens1ty and the higher temperature interacted to

"produce the greatest occurrence of the downstream response (99 Tab1e 4a)

- A]so under these cond1t10ns was the ]owest occurrence of the no response -

component (40) At the other extreme,<d1m light 1ntens1ty.and the-]ower_

.‘\?A
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'f‘iTab1e-1 D1rect1on of movement of new]y capt1ve At]ant1c sa]mon
B smolts exposed to.current, using rep11cate trials

(Percentage in parentheses)

S

Zf/g

= T

-

: Response
_§a1jnjty: : —

No of No. of

.Up' Dpwn T p ., No Resbonse'_tr1a]s subaeets-

00/00 - 10 .-°38 . P< 0.001
S (9 33 e o

15 ofoo 0. 27 . p<0001,
. (0) - (25)

"~ 330/00 - 1 . 23 P< 0,001
R ¢ DR

67 L1157 48
(58) " e

81
(75)

498
(76) o

b2

108 - % .-

.28 .

‘ T Total 11 88

P P

-.,,,.A --A«z‘ «,»)mw,_ .

law2 - mit

-

P< 0 001 (D1fference in upstream response between freshwater and
- 15 o/oo, u51ng the. b1nom1a1 test )

.

e L
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Tébfe 2_ Effect of 11ght 1ntens1ty, temperature and sa11n1ty on d1rection of: movement of
e “Atlantic. salmon smolts exposed to current. N 1

..Salinityyg;; ' o " 0ofo0” - 15 0/00 - _ -33 0/_00';._.'_"__"-_~ : o :
. Light ‘Intensity .. . Dim  Ambient Dim~ Ambient = ADim- Ambient =~ No. of R

e '\. - L PR . \._

. Temperature Response.

i 00¢ < up 16 - 13 . -10 - 6 8 . 1 70 |

B S T S R Y
oo .- . - Down . 25 31 - 16 . 18 .21 c 28 o 139 o9
S ST Lo | o T T .

i No Response =~ 19 ' 16 - - 34, - 2 . 3 . 25 181

F .. PR .‘-" — . K .. .' - -..- . o .. . .

lsC o wp - 16 .18 18 -8 - 14 . 15 . 8
U pon 25 . 25 .24 . 39 . 26 35 174

_ No.Response 19 /17« .21 - N3 20 . 10 © 1000 -

\

‘ TBta]ﬂNo.l U ;f-.

o et s 1200 l20. 120 120 1200 1200 . 7200

1Each of 20 smo]ts was subJected to three tr1a1s for each comb1nation of exper1menta1 _ >.[ﬁ=, -
‘ variab1es T Cn . , : o

~.

. N e a £ amimena i 2 et P P el e . L e - x-'- . 5 N . . . - : ) & . .
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Table 3.

Results of 4-dimensional contingency table analysis |
.of direction of movement o:/ﬁt]antic salmon smolts. .

?

"CompOnenf»Due_Tb',' '

. Statistic . df

Model-1- = s

} D1fference between models

"~ 1 and 2
Mode] 2

. D1fférence between mode]s A

6 (3)-2) =
L6 (3) =203 L 10

2 -and 3
Mo&e} 3 . “'

6 @) (1) =
(2] - 5807 10

7

G (1) - 5.2494" Y

o 2313 R

149046 S0

% p<0,05 :“‘

' “Rv4'Résbohse-Q ZI _' y-

L - Light. -

ST —.Températufe
S - Sa]inity

| Models:. : .
) RLT +RLS + RTS + LTS

(2) RLT + RLS + RTS

' 1(3) RLT + RLS + TS
- Conc]usion

: Accept Mode] (2)

. :‘,;_,g,_«wmkﬂ;..'.k '
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(from table 2) combined by salinity to show

} " response-light-intensity-temperature interac
% ' L s - B

v -

B S R T
. _Table 4a.. Direction of movement of:Atlantic salmon smo

©

Tts
tion.1 .

~

Light Intensity . Dim . .. Ambient

i - ) s

O.'.

- vTemper;atq}e o 'R'eéponlse o

'_:-Looc - .'x'_ S vooH »l '1“ 36
o . oot e R
, . No Résponse ‘: ) : 67 -
’150q‘;5' o :._41-
o 'néwn', N ~'i75 . 'i;;" ;99'

-."No'Respén'se 60 . - 5{40

v B

S .' ]‘.CQUnts"are' from replicate trials on 20 smolts (fhreg

trials each at each combination of. experimental
variables). S C . S

.o
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- that amb1ent h ght 1ntens1ty was assoc1ated w1th greater downstream

upstream component d1d not change apprec1ab1y

) : «' . N ' . © .
. f - st . .‘ - M ' - )
R : N . 23 B : - . -
) . Lo ;" ; ) e '

temperature 1nteracted to 91 ve the 1owest number of downstream responses

(62) and the hi ghest occurrence of no responses (84) Al ) occurrmg _'

under these cond1t1ons was the lowest number of upstream requnses (34)
. o .o ) }' .

L Amb1ent hght lnten51ty was assoc1ated with a greater- occurre‘nce of

the downstream response than’ was the - h1gher‘_ temperatur.e._} : 'I'his.is\ seen’

in that the di fference between upstream and downstream"re'sponse 'was' "

greater for amb1ent 11ght 1ntensity and the 'Iower temperature (41) than o

. for the dim light 1ntens1ty and 15 C (30) 'Compar1 son of‘ each response

' between 10°c and 15-1: -shows -that the higher temperature was associated

. with an approx1mate]y proport1ona1 1ncrease~f1n upstream and downstream
responses ThTS occurred at the expense of “the no response component

. Comparason of each response between d1m and,,ambiert tht 1ntens1ty shows

v

response at the expense of the: no response component Meanwhﬂe the

!

: L1 ght’1ntens1ty and sahmty interacted to g1ve greatest occurrence '

. /.
- of, the downstream response at ambient 11ght 1ntens1 ty and 33 o/oo

(63 Tab]e 4b).  The upstream response was loyest at 33 o/oo and both -

11ght 1ntens1t1es [22) whereas 1t was h1ghest at’ the d]m 11ght 1ntens1ty

. and 0 o/oo (32) The occurFence of the upstream response decreased

cont1nuous1y w1 th 1ncreas1ng sahmty for both 11ght 1ntens1t1es
o . R = .. N . . . B /' . . .

For the amb1ent hght 1ntens1ty the downstream response 1ncreased

! as the upstream response decreased A'Ithough this was not seen for the . .

d1m tht 1ntens1ty, the d1fference betweeh the upstream and downstream o

response 1n d1m 'tht was greatest at 33 o/oo For both 'I1ght 1ntens1t1es

[

K

- t‘he ups_tream response was _hrghest and.no.responseflowest at Oo/o_o.,
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D1rect10n of movement of AtlantIc sa] mon smo]ts (from
. table 2) combined by temperature to show response- ’
hght intensity- sahmt_y 1nteract10n.1',,.
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Temperature and sahmty 1nteracted to gwe greatest dpwnstream P . '

""_-response at 15°C and 15 0/00- (63 Tab]e 4c) Downstream response Was. - & e iede g

'.Iowest at’ 10°C and 15 o/o00 (34) " The upstream response was h1ghest : L' n_' _ 3."3
cat 15°C and- 0 o/oo (34) but 1owest at 10 c and)JS o/oo (15). - ' _' 1. vl '{
0 o/ 00 there was greater downstream response and jow_er no response at "._-'_;'1 %{
" ‘the 1ower temperature. j_oweVer, for the h1gher saHnWL/ ' , 2
| more déwnstream rres‘ponSes and fewer no responses ; ' i .

This shotis that the 'effect of temper ) &
At 0 o/oo the 1ower temperature wa
' of the downstream response :j,_
) “' ddwrﬁream respon . ccurred at 15°C At 33 o/oo the h1gher temperature !‘- ] . .
. was as omated with a proportiona] 1ncrease in both d1 rectiona] respomses | \ .' a
The greatest proportwn of the upstream response occurred m o & " ) J
/freshwater where. the no- response component was ]owest. Increase in \ o =
sahmty was assoc1ated w1th an znprease in the proportwn of downstream "
response to upstream response o i . ‘
'Latehc_p 4.& Lo . R _ k , )
' - Means of 1atenc1es and of their Tog10 values for aH combflnatwns of |
.-l.ef(pemmental cond1t'rons are presented in Tab'le 5 Resulrts ef %‘ﬂyms of
"var':ance on 10910 'Iatency are. a] so sho Tab'les 6 a-c presen‘t data from i
E G, -'?:Tab'le 5 part1 tioned to show the effexs of the 1mportant 1nterac‘tions._‘~'~
| ',;Three 2 factor mteractmns were 51gnmf1cant (P < 0 05) aH of whiqh
mvo]ved sahnity P e '_"‘ B Ces |
. 3 | / . £ i
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RS R LTTabTﬁfﬁd{:;D1rect1on of movement of Atiantic. sa]mon smolts (from
Sl st e table 2). combined by Tight intensity to show response-_
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Ee, and sa11n1ty

(Means of‘10910 values and

Table 5. Mean Tatency of the response lsec ) of AtTant1c sa]mon smolts to current and the
“effect of Tight 1ntens1ty, temperatu
: no of observations in: parentheses. ~
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~ less: two. tr1als for wh1ch 1atency was

'Source of var1ance .
B . N~ T
'.Ma1n Effects
Sa]1n1ty
Tgmperature

Dnec?on , S e
A 2-Way- Interact1ons B
: Salinity x temperature TN
+ Salinity x 11ght *
... Salinity x direction
-. “Temperature x 1ight - .-
-;Temperature X direction
Light X d1rect1on

3 Way Interactions
7 Salinity x temperature X 11ght
Salinity X ‘temperature x direct1on
. Salinity x.light x direction: S
' Temperature X 11ght X d1rect1on'— P

4 way Interact1ons
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_Latency of the d1rect1ona1 responses in- seconds (from
- tablé 5) combined by" light intensity and.response to"
- show_ the temperature- ~salinity 1nteract1on

(Méans of
=loglo values. 1n parentheses ) | .
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" Table 6b.

RV _(from table 5) combined by tempera
- to show 1light 1nten51ty-sal1n1ty interaction.” -~
o (Means of 10910 valies. in parentheses ).,:& o
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. Table 6c, -

- 31

Latency of the. d1rec>¥gnal responses ‘in seconds (from H;J_”;
- table 5). combined by .
~ to show response- -salinity 1nteract1rn (Means of

mperature and 11ght intensity

10910 values in paqggtheses )

- . o ,
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-(P < 0 001 Tab1e 5)

o "_.1ntens1ty (1.7154, ' Table.5).

"k.-~ . ,
. PP . . . . s R .
Temperature and sa11n1ty 1nteracted to g1ve faster response at

: 10 C for 0 o/oo and 15 o/oo (Tab]e oa)r -At,33~°/0°-r95P9nse,wg5 ',1;

""'-_.faS‘ger at 1% T -'ﬁ-.

\

1atency at amb1ent 1lght 1ntens1ty for a]] sa11n1t1es except 15 o/oo, ,t
'_ where the d1fference was sma11est (Tab]e Bb) 0vera11 response at

f~amb1ent 11ght 1ntens1ty was s1gn1f1cant1y faster than 1n d1m 11ght

/.'

Downstream résponse was- the faster at o0 o/oo whereas at 15 o/od

- :and 33“0/6% the upstream response was faster (Tab]e 6c) Overall the
t upstream response was sign1f1cant1y faster (P < 0.05, Iable 5)..

fastest downstream response at 0 o/oo occurred at 10°C and amblent 11ght:

s

{ . . X .

o F1e]d ohservat1ons o

| F1gures 4- 6 show da11y smo]t counts and morn1ng temperatures for -
ANortheast Rlver, Beaver R1ver and Southeast R1ver respect1ve1y For .
‘ ‘ al] three r1vers da1]y catches were sma]l early 1n the season The

first maJor 1ncrease in da11y smo]t counts occurred May 12 for: Northeast>

River and Southeast R1ver and May 14 for Beaver R1ver Th1s wasv
assoc1ated w1th a temperature qf 62 C 0vern1ght rain May 11 was a]so
assoc1ated w1th relat1ve1y h1gh May 12. catches However,,May,lS

catches, fol]ow1ng-qvern1ght'ra1n showed a prominent'increase'only for -

Northeast River (Figuré;4) May. 15 16 catches for Southeast River were L

- _incomplete. as water broke over the trap ' Low May 16- 20 catches for A

1

t1ght 1ntens1ty and sa11n1ty 1nteracted to give a sma]]er response oo
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Southeast R1ver occurred after temperatures dropped below 6°C (F1gure 6)
H1gh catches were not recordéa again’ unt11 the temperature rose to 8 5°C

Numbervof smolts fluctuated daiTy, as d1d temperature
LY,

There was no :

. apparent reTat1onsh1p hetween actual vaTues of temperature or. temperature

change and number of smoTts.
7. 2 C for Northeast R1ver and.
temperature was 1ncrea51ng.

7 5°C as temperatUre was on t

. The smo]t runs peaked May 19 at 8 5°c and -

Beaver River respect1ve1y Day to day

For Southeast R1ver 1t peaked May 27 at

e

he decrease. - !

:'j'r

: Were 1argest

i smaTTer, morn1ng catches were greater

D1rect10na1 preference

Traps were checked‘tw1ce dalTy at: the per1odcof mass mlgratjon for
Beaver River and Southeast R1ver
were made onTy for Soime days. w1th1n th1s per1od For aTT three rivers, )
espec1a1]y Beaver R1ver, even1ng counts outnumbered mern1ng counts f.?
ma1h1y for those days c\osest to peak m1grat1on and where da;]y totaTs
ﬂ Ear11er and later 1n‘the run,-or where da11y tota]s were.”'

Y

For Southeast R1ver the even1ng”4,e

catch was the larger only for the day of peak m1grat1on

- ' .' - \ -u - '; ‘. - '.'I N ' N . h . 5-‘
- " N L v = A .~ . N . o T . C
Parr o U G P . : o :

Northeast Rlver precoc1ous maTes

afs

For eXper1menta1 grogps the downstream;response

T .

was slgn1f1cant1y the more frequent at all temperatures except 8°c and

6°C (Tab\e 7y F1gure 7) Thas response was a]so s1gn1f1cant ﬁor all

con&rol groups, w1th the except1on of the- October 26- 29 group For the *

. f two. dfrectlonal responses the proport1on o? upstream response 1ncreased

steadﬂy from o z at 12°c to: 33 g

at 8°C for the exper1mental -

.groups. It decT1ned stead11y beyond 8°C. Th1s 1ncrease to 8°C was very.;

v ,r—:« ’}3:3‘5-7'{ i g iy

For Northeast R1ver evening checks ;*..Qi
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- h1gh1y s1gn1f1cant (P < 0 001) It was for these 0ctober 20 25 tria]s

that the greatest d1fference in d1rect1ona1 responses occurred between',

cod . . N
. 3 ' ,-- BRI ,-‘.’n-“ -
“As with the exper1menta1 groups, contro]s ‘showed an 1ncrease in _

(3

<

' ‘'was apparent for the contro] groups 0n1y for October 1];]6 trials

Was the upstrehm response more frequent’ for contro]s (]é%) than,for'an_-; o

exper]mental group (17%,at,10°C).
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Latency rhe downstream response was. s1gn1f1cant1y shorter at’ lower o

.temperatures and later 1n the season (P <.D. 01 Tab]e 8 F1gure 9)

1atency and t1me (Tab]e 8, F1gures "10- 11) No s1gn1f1cant re]at1onsh1p

was genera]ly weak (r rang1ng from 0 ]4 to 0. 40) and number of va]ues for '?
‘- the upstream response was sma]] (18 and ]4 for exper1menta1 groups arfd

- contro]s respect1ve1y)

L .,SoutheaSt_RiVer parr: e T . o | -

‘,.“5.
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NS

B the upstream response 1ater ih the season However, no d)st1nct trend _'

,For contro]s, however, no s1gn1f1cant re1at1onsh1p ex1sted between 10910

}:‘ was found for the upstream response (Tab]e 8 Figures 8 10) Corre]at1on

';D1rect1ona1 preference The downstream response occurred s1gn1f1cant1y _-

A

ma]e exper1menta1 group (Tab]e 9, F

-

.d1d the ‘upstream response occur at a]] rhe d1fference in occurrence-

3

" of the.upstream response-between exper1menta1 groups of precoc1ou5‘
"'males and 1mmature parr was very h1gh1y s1gn1f1cant (P < 0 001) The
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. sign1f1cant1y faster than the downstream response (P« 0 05, Table ]0) o
'For bath precoc1ous ma]es and 1mmature parr no s1gn1f1cant d1fference .

R ',was found between exper1menta1 and contro] groups w1th respect to the .

Orientational component . - - T . R

.:*'I

Latentyu For exper1menta1 precoc1ous ma]es the upstream response was . Qgﬁ-

o : T
downstream response. . . O . 3 :{ e UV 3

"Smo1ts
L more frequent]y for: a]] but one set of cond1t1ons (Table 11) On]y in
f freshwater and under cond1t1ons of amb1ent ]1ght 1ntens1ty and 10° C was

h there no preference for pos1t1ve or1entat1on (P > 0. 05) The most LA

'{negat1ve or1entat1on occurred in freshwater, espec1a1]y a¢ 10°C. . Ambient

t—and 13) "For’ Northeast R1ver mature malej/th1s d1fference was high1y

November 9-16 _for contro]s (P < 0. 01, Tab]e ]2) S1gn1f1cantly more 'T : '; e

“negat1ve or1entat10n was‘:}so found for 0ctober ]1 -16 contro]s (P < Q,OS)
,"contro]s was pos1t1ve orientation more commop: ,_' AP

. g | -
‘more frequent rang1ng from 70% to 100% (Tab]e 13) Qi?hls difference was

L for exper1menta] 1mmature parr. (P < 0. 01)

i C ' ' v",

Pos1t1ve or1entat1on (head1ng 1nto the current) occurred 51gn1f1cantTy
ya

~.

.

: 1lght intensity 1n genera]iwas assoc1ated w1th more negat1Ve orlentation. ."f ,_‘ ]

.
Parr ' )

For a11 parr negat1ve or1entat10n was genera]]y more promlnensfkfgh1esflz

)

svgn1f1cantﬁqﬁf the 50 C exper1menta1 group and on October 20- 25 and ‘.'. | 'h» oy

‘ 0n1y at 6°C. for experamenta] precoc1ous maTes ‘and 0ctober 26-29 for . :f": ' gt:

!

For Southeast R1ver parr negatlve or1entat1on was cons1stent]y the j

s1gn1f1cant for contro] precoc1ous ma]es (P <0, 05) and h1gh1y s1gn1f1cant
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Qrientéiion'o?.dowﬁstréam_resbonséjof'Atlantic salmon. smolts (pérceht_ihfparenthéées)}-'-
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E Salinity =
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_OriéntatiOQ at Light Intensity

Temperature. -

“ Ambient .
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f'- sw1mm1ng ‘actively with the current
N* is no. of downstream movements, derived- from’ rep11cate tr1a1s on 20 smo]ts (three tria]s each

N

) at each combinat1on Qf experimenta] cond1t1ons)
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S R 10 - T2l 2 -+ 8 »0.05 10 - 4 13 .- <o 05 V17 . i g
§ ST 0. (0ct..10)  (20) . {80) . . . . .(28). (76) . - IREEEEETEIN
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i dr1ft1ng pass1ve1y wh11e fac1ng the current . S U AR U
©_=-swimming act1ve1y w1th the current : L T . - ST T

- *'In each case N is no. of-downstream movements derived from three trials on. each parre. . L
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0r1entat1on of the downstream response of\Southeast R1ver parr
‘at SOC and contro]s (percgnt in. parentheses) o L

I e s et 7 Y

USex and
Maturity

Orientation’

"T:Exﬁer%mgnﬁal (soc) -

NE

T ._'.N* . '

' ﬁfMdtUrévha1és

By
(25)

Immature parr - .

5
' .(-21)"

.‘?26
- (1)

19
(@)

>0.05

ol

<0 01

Y

8 o

-6

(30) -

-(100)

,(70) -

5 <0.05

W 50.05

BT

S dr1ft1ng pass1ve1y wh11e fac1ng the current.
- swimming actwve]y with the current P :

trials of three. per subject on. eight mature male

L3N

b

~'|

t T ..two contrql) and 32 1nnmture parr (14 exper1ment

' “ * In each case N is no: of downstream movements, der1ved from rep11cate

r (six exper1menta1

18 control)
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" to known migrat1on patterns Downstream response was the more prom1nent

3 way;ﬁ

- each tr1a1 A]so responses were se1dom 1mmed1ate and the more freq nt -

52.
" DISCUSSION' . L U
; ' o ; . N . TR
Genera]]y, Juven11es d1sp1ayed d1rect1ona1 preference appropr1ate @

4

'for smo]ts, precoc1ous male parr, and autumn 1mnature parrr A]l N

exper1menta1 var1ab1es wére . found to. affect rheotrop1c behav1or in some

v e

| . o . P

In any 1aboratory study caut1on must be exerc1sed 1n 1nterpret1ng

f'resu]ts, due to ex1st1ng unnatura1 exper1menta1 cond1t1ons rhe downstream

response could have been a fr1ght react1on However, th1s seems un11ke1y f '.Yf
- B

' 1nce subaects had f1ve m1nutes to accllmate to test cond1t10ns before )

downstream response was genera]]y assoc1ated w1th a 1onger 1atenc , 'In'-

',any case, d1fferences w1th1n exper1ments were’ accounted for by exper1menta1

.variables and there was general-agreement among.resu]ts w1th»respect to

. direction of movement, latency Gf the response, and orientation.. . . .~
-, Kinetic component' S 3
; Smo]ts e S o | f‘, B . S
D1rect1ona1 preference S o .; o B ;;;\‘

By compar1ng resu]ts .of the two smo]t exper1ments for the same
:-'exper1menta1 cond1t1ons, the effect of ho1d1ng snn]ts a 1onger t1me 1n :
. jthe-1aboratory is seen Extended capt1v1ty was. associated w1th an
"E1ncrease in "the frequency of the upstream response. However, for both_

experwments downstream was the more., prom1nent directiona] response

Also, for both‘experiments, the upstream response was h1ghest and the no f{"f'

-~
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- LaBar et al. 1978) Such behav1or may be related to acc11mat1on to

53
.résponse component'1owestyin.£reshwater;

S1gn1f1cant]y hlgher upstream response 1n freshwater may serve to

reta1n smolts in ponds until the. proper state of physio]ogica] read1ness o :
N
is atta1ned (A]Ien ﬁ944) or unti] favourable env1ronmenta] cond1tions -

ei?st Migratlon,(once 1n1t1ated may remain 1ntense as h1gher sa]1n1t1es _

R

are encountered )
. 2

' ’ \ © . \ ' -~
¢ !

Results of the second smo]t exper1ment do not compare quant1tative]y .

- w1th those of the f1rst experlment ‘Both direct1ona1 responses occurred

' more frequent]y in the second experlment, espec1a1]y tbmﬁgastream

, response The no response occurred ]ess frequent]y in the second

: experiment : However, these resu]ts are va11d w1th respect to. the effect
of exper1menta] var1ab]es.- No sing]e factor contro]]ed rheotroplc '

behav1or bdt a11 factors cons1dered affected 1t The effects of these

S

factors on rheotrop1c behavior were not inc ePEndent. S D
] | ‘ - I “‘E ) ' ' D.
As in the f1rst smo]t experlment salinities above 0 o/oo were
L
assocvated w1th an’ 1ncrease 1n the downstream response and a decrease

;U in the upstream response H1gh upstream response in freshwater may be

assoc1ated w1th ma1nta1n1ng smolts in nurser areas unt11 they are’
phys1o1og1ca1]y ready to m1grate ’ Increase 1n downstream movement W1th
1ncreased sa11n1ty«may be assoc1atid wath a comm1tment to seaward
m1grat1on. Smo]ts dr1ft pass1¢ ly gfth t1da1 currents in bays and

. estuar1es (McCleaVe and LaBar 1976 McC]eave 1977 Fr1ed et al. 1978

.higher_saf1n1t1es. It is known that hom1ng At1ant1c sa]mon drift

1

L i,

kN

o

e —— At




passive]y w1th tidal currents a]ong the coast near the home r1ver

(Hawk1ns et al. 1979) and ]n estuar1es (Stasko 1975)

- For comblned sa11n1t1es amb1ent 11ght 1ntens1ty and the hIgher o

\

temperature were assoc1ated with most 1ntense downstream movement

Amb1ent 11ght 1ntens1ty was assocuated w1th more downstream mOVement -

at a]] salinities, whereas the effects of’ temperature varied w1th

7 salinity.

- “salinities -in increasing the intensity. of downstream movement. Further, =

AI‘NOrtheast River (Da11ey 1978) and other Placentia Bay rivers (0 Conne]] f'

" Ambient 1ight intensity was of'greaterzimportance,than higherA o

‘_. . . i . . . - ) /.' Lo ‘.‘
'thjs-effect of ambient 1ight 1ntensjty Was'°°nsj5teﬂt at all salinities.. -

!
r

For freshwater this is supported by field observat1ons on

| and Andrews, unpub11shed) Da]]ey and 0* Conne]]and Andrews have- found

that d1urna1 m1grat10n was more 1ntense than nocturna] movement at-

" times of mass m1grat10n, rh1s pattern of’m1grat1on has been descnibed

by Bakshansky et al. (1976) for 'sub- polar rivers. Jessop (1975) ',FI

‘reported a change from comp1ete1y nocturnal m1grat1on earIy 1n the run

to. m1grat1on dur1ng the day as wel] for B1g Sa]mon R1ver, New Brunsw1ck

' Greater dohnstream movement occurred under‘ambient'Iight'intenSity "
‘at higher salinities. McCleave and LaBar (1976), McCTeave (1977) and

.Fried et al. (1978) have shown using u1trason1c track1ng that movement

. of smo]ts w1th the current in estuar1es occurs 1n the day as wel1 as:

n1ght Murray (1968) found for L1tt]e Codroy R1ver that smolt catches-

' from an estuar1ne trap reflected more lntense d1urna1 than nocturnal

.
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movement., Murray fo nd. that 83% of smo]ts entered the trap between .' | ‘.".L X

.6 A. i, and 6 P. M

tween 6 A.M. and noon 47% was caught ‘That daytime . .. - 4

idownstream mo ment at greater sa11n1t1es has 'been cons1stent1y reported o _i"

b

_may be . re1ated to less severe predat1on in the estuary and beyond

In generah, greater downstream movement at amblent 1ight 1nten51ty
suggests that seaward m1grat1on 1s ,a vo]untary migration rather than a
.passive d1sp1acement due to the 1oss of v1sua1 cues as sug?ested by

. Hoar (1953)

,.

SR VORI Y

The effect of temperature var1ed with sa11n1ty In freshwater'. - j'*;

the lower temperature was assoc1ated with more downstream movement

. P

T .<‘\

'F1e1d observat1ons by Da11ey (1978) and 0’ Connell and Andrews : e . _
(unpub1lshed) show that the 1977 smo]t runs for - PlaLentia Bay rlvers o e

started when temperatures rose. above 6% and peaked ﬁg;ore a minlmum_ . : i

~daﬂy temperature of 10 C was. :Eached The exodus was v1rtua11y
1comp1ete when-morning temperatures reached'15°c ' Other'authors'have
jreported smolt runs beg1nn1ng at temperatures be]ow 10°C (OsterdahT

' 1964, Bahshansky,et a], 1976). R1che (1969) found for Long Harbour

River 1966 that a'tontinuous’smo1t run began after termperatures -

" remained above 7°C. fAtf7°C smoTts become active and begjn;to‘teed ' S '{

.~ I

Downstream movement 1n freshwater was 1ow at the h1gher temperature. '
Perhaps this temperature 1s norma]ly assoc1ated with downstream conditions '
'wh1ch are unfavourab]e to surviva1 or. continued m1grat1on Domany (1973)

' suggested that when dowstream m1gration is de]ayed m1grat10n ceases and the




T Stk TSI

Q;(Evropeizeva 1958 Saunders 1960)

AN | ,h.;;y .56

’migratory urge wanes._ In nature smo]ts which do not emigrate with

'.the smolt run 1ose their 511vdfy hue and revert to the parr conditlon

N

o

At a saiinity of 15 o/oo more downstream movement was assoc1ated -

|

© with the higher temperature whereas 1ower downstream movement occurred'

at 10 C' Perhaps at 1ower temperatures waiting occurs until optimUm _

‘conditnons for continued migration have been reached. It is known '

”that smolt—migration js often de?ayed when they reach the estuary

. Bl

.w~(Bu11 1931 Stasko et al. 1973) Power (1969) found that Ungava Bay

"ffor suppre551ng continued migration Rather 15°c may 51mp1y represent:”.

.”r‘seaward migration has been made this highér temperature wouid enhance the

' "response appropriate to th1S migration. i

' smo]ts do notleave the estuary until September or October, ‘at which

t1me the difference between river and sea temperatures is m1n1ma]

A]ternativeiy 1ow estuarine temperature may not be respon51b1e

L

a later- stage ln the migration. Since the commitment to complete

g At~33 o/00 #he higher temperature was associated With'greater

'.,.fgeneﬁai responsivéness.ilThe proportion of_the.downstream,response was

' high for'both temperatures ,'If such high saiinities'represent an

\advanced stage of migration then comp]ete commitment to this migration

"may have been madet If th15 is so then env1ronmentai conditions such

S

as temperature may not,affect_migration,

Ve
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Latency o ‘f. B '_" ‘”_,.gg N

Results for Tatency of the response in freshwater were genera]ly .

d o

e ':'in'agreement W1th d1rect10na1 preference‘ The downstreamhggsponse was
faster at 10 C and ambient 11ght 1ntens1ty ATso, the downstream response
was the faster in freshwater In fact ‘the: SmalTest vaTue for 10910 ,
"7_ Tatency was recorded for the downstream response 1n freshwater at 10° -

: and amb1ent 11ght 1ntenswty It was also at these cond1t1ons that the -

i

greatest number of downstream responses occurred The shorter Tatenqy,
of the downstream response,in freshwater and: ambfent 11ght 1ntensfty

. may be reTated to- h1gh predat1on dur1ng the daytfme in’ the r1ver1ne

w

At h1gher sannlties the Tatenqy of the response is not consistent

with d1rectfona1 preference The upstream response Was . sign1f1cant1y

faster and there was no sIQnificant d1fference 1n response Tatency due

to sa11n1ty or temperature ' However, the Tatency of. the response was "

génera]ly faster for the amb1ent 1ight . 1ntens1ty

-

Parr

o SN Northeast R1ver precoc1ous ma]es.

D1rect1ona] preference The more frequentfdownsfream response 1s in

J .o
support of a downstream autumn mfgrat1on of“parr to overwlnterlng areas.f

v! ATso, :this response may serve to mazntain parr 1n ponds until env1ronmenta1

cond1t1ons are appropr1ate to the upstream spawn1ng mfgrat1on.

- o The frequency of the upstream response 1ncreased sfgn1f1cant1y to a

maximum at 8 C on 0ctober -20- 25 This is- the approxlmate t1me and

' port1on of the seaward m1grat10n. - S :rf'-
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o

temperature at which spawn1ng occurs for At]ant1c sa]mon on Northeast

: R1ver The f1rst 1nd1cat1on of - spavning. was on October 24 when three

" new redds were seen .on the spawning ground above Junct1on Pond Rlver ff

,"temperature was 8 c at. 5 P M T1me of spawn1ng for Atlantic sa?mon x

) _f1s-re1ated to temperature Jones and King (1949) found ‘that spawning

'occurs w1th1n a temperature range of 36 = a7°F (2. 2 - 8 3°C) Spawn1ng )

E t1me aiso depends on rap1d coo11ng of r1ver temperatures (Orton 1942,

Sm1rnov 1971) Low occurrence of the upstream‘FE§ponse may be related |

f to the absence of adu]t females upstream, wh1ch serves as an 1mportant f'”

bio]og1ca] ‘cue (King et a] 1939 Jones and King 1950 Buck and

: Youngson 1979) {" {l, ‘ 2 , é;

Decrease 1n the upstream response and 1ncrease 1n the do

.response after 0ctober—26~and"t”1ower temperatyres for the exper1mentaL_.
_ ’,¢’,‘{’4(_ﬁ,,

. group is reTated to an 1ncrease 1n the number of da11y,dawnstream _
~migrants 1ater in. the seasoﬁ*(Smarnov 1971) Buck and Youngson (1979)
_ found that the downstream migrat1on of precoc1ous male parr cons1stent1y
- began after and varled d1rectly with the ascent of the f1rst adu]t .
’ female. Howevenr-;n on; year where no adults were allowed to ascend
'nem1grat1on occurred as usual They suggested that some seasona] factor

wh1ch re]eases emigrat10n of . precoc1ous ma]e parr 1s over r1dden by

the presence of adu]t fema]es. o
A T L. . . "., s

.

' .Latency Regre551on ana]ysis on latency of the response shows that onTy
".;for the dqwnstream response of the exper1mental group was.a. s1gn1f1cant

'f'relatlonsh1p found with time-and temperature. rhe downstream response E

. -\ -~

B8

. T .
]

wg§,tr.eaem.,d,

(VR

[

was s1gn1ficantly faster later in the season at 1ower temperatures.~ ;-,:
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. This. is cons1stent‘h1th 1ncreased 1nteqs1ty of downstream overw1nter1ng RERRA I .

o

m1grat]on later in the season V]ad1m1rskaya (1958) reported~that

< .- * = . A B

jdownstream movement of parr in autumn depends on the coo11ng rate of

~—r

the water. e U e M“f ]

SRR o . v SUEEE o S
. Southeast-River parr: S u'~, /" I "iﬁ.’.f
Directiona] preference Results for Southeast R1ver parr are |n R o :4;

“ ! . . 2

"agreement w1th those for Northeast R1ver precoc1ous male parr The- 'II" e
upstream response occurred on]y for. precoc1ous ma1e parr when2‘1t Co j-;f
foccurred almost as frequent1y as d1d the downstream response The_ L
eh1gh1y s1gn1f’§ant d1fference between exper1menta1 groups of mature males
and 1mmature parr with respect to the upstream response 1s 1n agreement ' o . 1Q'l
\ W1th the 1nf| o

-~ : o

upstream spa n1ng m1grat1on of mature ma1e parr.. That no upstream S

uence of water.current as a d1rect1ng mechan1sm in the " . R ¥

]

b PO, L

PR response occfirred for the precoc1ous ma]e cbntro1 group’is in agreement
w1th the sug ested 1mportance of temperature in the t1mﬁng of this :,‘ S ]

m1grat1on Exclus1ve occurreice of the downStream response for a1l but

“ o

N

the exper1menta1 group of precqc1ous ma]es further supports the

° »

propOSed ro]e of water current in d1rect1ng the downstream migrat1on

ATSo, 1t sqggests that sexua] matun1ty 1s assoc1ated WIth reversing the A
response of male parr to current when opt1ma]1y favourab]e env1ronmenta1 o~
cond1t1ons f:E’spawn1ng oceur, Buck and Youngson (1979) found that '

~ downstream m1grat1on of" 1mmature parr was control1ed by season and .; ‘ S i_p
occurred ear11er than the descent of precoc10us ma1es. Emwgrat1on of SR , .z'

precoc1ous ma]es fvea 1n the. absence of spawn1ng adu]ts, occurred later. .

Hence 1t is 11ke]y that seasona] cues 1n1t1at1ng dOWnstream migrat1on L ‘ﬁ.“ | 3%

S s e
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~function differently for immature parr and precocious male ‘parr.

-

ey -

Y

For the exper1menta1 group 6f Southeast R1ver precoc1ous

’

SR -'downstream response.

SR male _parr and in very h1gh numbers

SRR "upstream m1grat1on
T ’

’ -'tf_‘ f:spawm1ng area was located . d1rect]y be]ow the out]et, it seems that al]

'.: Latency-
'f ma]es the upstream response occurred s1gn1f1cant1y faster than the . .
This is assoclated w1th an, 1ncrease 1n the

number of upstream responses at the time of spawn1ng

A

-‘-, .

‘a

"'.F1e1d 0bservat1ons o o ‘"n‘-a\ :

"“Pond

..)'- ' l J c

S congregate near the 1n1et unt1] cond1t1ons were appropr1ate to
Traps on Southeast River, however, were set near
. ,the out]et of Epnnaughtman ] Pond These traps y1e1ded a 1ower catch

of parr (40 " Of these, 32 were found on 1ater d1ssect1on to be '/

,1mmature parr and 8 were precoc1ous males @Desp1te the fact that a
& .

¢
; movement of precoc1ous male parr, re]ated to spawn1ng, was upstream

Da11ey (1978) found c1rcumstant1a1 ev1dence of an upstream spawn1ng

)

| m1grat1on of precocious ma]e paYr in Northeast River.

Both spawn1ng areas were electrof1shed 1mmed1ate1y after spawn1ng

was comp]eted and onlyfone parr, a r1pe ma]e was captured on Northeast
Presumably mature ma]es move downstream 1mmed1ate1y after ‘

Da]]ey (1978) found

R1ver

3 sspawn1ng (Smtrnov 1971 Buck—and Youngson 1979)

after spawning ﬁ;,

These n1pe ma]e parr seemed.to -

that numbers of parr. on Northeast River spawn1ng ground decreased short]y

In Northeast River traps were; located near the inlet of Junct1on . '
Parr catches from these traps y1e1ded exc]us:ve;;\precdéto s~f5—e442
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" QOrientational ‘Component -

e or1entat1on) occurred at sa11n1t1es above 0 o/oo. Th1s may be related

- and LaBar (1976), McCleave (1977), Fr1ed_ et al. (1978 found that S

. Parr

0r1entat1on of the downstream response of smolts was in c1ose .

agreement vnth d1rect1ona1 preference More passwe movement (pos1t1ve

9

'. to the possible ro'le of passwe dr1ft in sahmty acchmation. McC]eave‘

smo'lts, in the ,estuary move'with'.'tidal.‘cur'r'ents and at the, same speed, " -

7 A R L N

' ‘-\‘-\
Also, more act1ve mogement (negatlve or1entat10n) occum

.‘amb1ent hght 1ntens1ty This is: conswtent with the s1gn1f1cant1y
' shorter latency of the response at th1s 11ght§ 1ntens1ty More passlve

' , dr1ft in dim hght 1ntens1ty may be re]ated to. passwe d1sp1acement

dur1 ng twﬂight per1ods and at n1ght when smo] ts lose visua] cues .L»
“and. cannot mamtam pos1t1on in the current (Hoar 1953) o o - = . }J
[4 f . ‘, D - ' “I-‘ ! ,..l"‘.'
Act1 vé movement occurred more- frequentTy’m freshwater This 'may‘

.- //.

"be re]ated to the need for fast m'lgrat;on through the river because of v

the h1gher r1sk of predatw’ Negat1vd orientation was mo“st frequent

: 1n freshwater at 10%¢ and ambient light 1ntensity It was at these
N cond1t1ons that the downstream response was most frequent and had the

: ‘;..;shortest 'latency Predatwn in the river wou]d be more severe 1n the ’

a o © -
. N

.

-~ w

' 'dayt1me. Lo e L e

)

Parr genera'll y showed more actwe than passwe downstream movement

[
Th1s also 'may ‘be related to the high r1$k of. predation in the rwer
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- . Northeast River precocious males .showed a-higher incidence of passive
" moyement about the times when upstream movement was more-frequent. . - ,
. Col . - C : : . v I ’ TR :
This may be related to a reluctance to.move downstream at-the time of - =~ = . 3
spawning. However, in such cases few downstream responses occurred =, - -
. ” Lo T ' . Y,
.. - and it may be due:to the low sample size. o ;
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SUMMARY

o ’ . '. ’ . D ) '

f ) Rheotrop1c behavwr was found to be consistent w1th f1eld observatlons

1

',*7-' S and known mlgratmn patterns Downstream was the,more common directional

K

response for aH Juvenﬂe At]antm sa]mon S

i

S

Exper1menta1 var1ab1es 1nteracted in regu]ating the response of smolts

to current Upstream respons/e was more common ‘in freshwater than at higher

L

sa'I1n1t1es.‘ Latency of the downstream response was shorter where it occurred

< most frequent]y Negat1’ve or1entat1on of the downstream response was most

common 1n freshwater, espec1a11y at the amb1ent hght 1ntens1ty

re]ated to* potentlaﬂy h1gher predat1on in the r1ver, espec1a11y in’ the

Th1s may be

dayt1rne Passwe dri ft (pos1tive or1entat1on), more common at higher

sa'Iin1t1es, may be re'Iated to acchmatwn to sahmty

Pl h

Downstream response of parr was in support of a downstream overwmtermg

| autumn m1grat1on Response of Southeast Rwer control precocious males and

mmature parr was exc’luswe]y downstream Upstream response of-precoc-ious

- male parr was re1ated to an upstr:eam spawn1ng migration For the Northeast

Rwer exper1menta1 precoc1ous 1ma1es, upstream response increased to the _
Also'
| for th1s _group, Tatency of the dowrrstream response decreased 1ater in the .

1 . .
sea;en and w1th Tower temperatures. ‘

~—

approx1mate temperature at wh1ch spawning occurs for At]ant1c salmon,

A

Parr generaﬂy showed negatwe

or1entat1on of the downstream response

oo I conc] usion, water cu'rrent seems t'o' ‘sérVeT as a. directing mech'anism
1n the m1grat1ons of Juvem]e Atlantic sa]mon

9]
to have a role in regu]ating h%otrop1c responses app pvr1ate to different
3"

: seasona] m1grat1ons .4

[ . . . .. A e
A : R .

Environmenta] factors appear: o
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