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{ -Recent range’extenaion-of introduced vaalmonidltapeeiea
hih{tinaular Newfoundland ?haai cansed .concern .over fthetr;
'-1feffecta'on\native'\fisﬁﬁ aggciea.ifvfhe"oreaent :atudYJIWao'
ﬁhﬂdesigned o' investigafe the habitat utilization ‘of. the,
. ; "exotic rainbow trout and the native brook char in atreama of
the Avalon Peninaulard Underwater’field obaervations_Vere:'
o - L, .
::\' ‘:carried out in a atream where the “tmol apecies .coexisted.
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3Brook char‘obcupied positiona'with’significantly iower yater

v

:rhinbowutrout.o Char ahowed similar microhabitat preferences

1.-regard1ess ”of .the ~presen¢e "qf ’ trout.““” Behavioural

Tobservationa of inter specific pairs of fish at an in—stream

qviewing facility (Benthobservatory) showed that brook char

- BenthobServatory brovided evidence- that"trout-fpreferredA

,veiocities, greater depth and.more COver‘than;aimilar‘aized -

. . i .
‘were lable._ Q dominete rainbow trout in a slow flow (pool),A
St R . N : . . o
) environment.. No apecies advantage was: obaerved in. faat ’

flow’ (riffle) environment. . Subsequent experiments atfthef;!

, \
L mid stream stations in the main flow whdteas char most often"

qeoverf ;_Lahoratory'-experiments designed to investigate thei

>

-
-

‘“ability'of ‘ore -species,' within its ~optima1 temperature

- regime, to .dominate another apeciea indicated that brook

-,ovethrainboﬁ t%but;at IB_Q.f-Trpnt.showedftheirfbest groﬁth

char wére.nost active, showed best growth, and were dominant

o
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'zmd. act;ieved domiuan‘ce\ most often ‘at S, 1.5 ° c. The ~r‘,és'ui>t'§- . | s
':.suggescw that ‘ ‘rainbow " tr.out may ' re‘al“tze"' ‘a m.e'vtabbvl.ic‘.a‘z;dt

) behavioutal advantage over char at high stream temperatures.‘: . ;
| The .data‘ 1ndicate ‘ that microhabitat prefe;ences‘ of ' ' I
. |

and lbrook char in the stream environment are

' S
sufficiently different to: permit cohabitation

ra 1nbow 'tr'out

with minimal‘ .

T
A ",ingergdti.on. _ This habitat segregat(jon likely resulted from
interattions . with other sa,l_monic'is- in their indigenous :
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v Newfoundland (Chadwick and Bruce{ 1981)._ These\\\cCurrences »

””><

l; Jt; ?,th}AV'are believed strayslfrom aquacultural practices ar;ﬁnd theif

"f;Gudf of the St. Lawrence such as that in Cape Breton,“Nbva

. P

mScotia ahd P E I.

“,Both lake resident and stream resident

-,

'.. r'.

have

:Tpopulations bé"n identifiedf”' '{_this species

biologists haVe expressed

In recent years, fisheries

oo o

N N e

their concern' regarding the fecologicsl impadt of such.L-ﬂu.E

Te

\._ PR B L

"introduced species in Newfoundland, especially inlﬂlight fA%i sl -
“ﬁ";hé rapid spr ad i}_the other&exotic salmonid theuhrown'4“f ' 'M;

'Walters, 1954

"'.brook h"'

b N

‘;'sa1¢0n15k5a1m03usalar}hLinnaeus<f

tront

»-‘

;rainbow;

. v'. °£

\ysuch intréductions;
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. e’ .o .. - . DESCRIPTION'OF STUDY AREA- . .
: - S LR : “j-;»
", g "Three atudy'sites.wereAchoeen on two different -streams 'v;f_-%
; .J :~ 'h;(Figure'”:lﬁ}rA.fhef drainage“hasins 'of; both 'streamengﬁé hhlﬁ'ljgs
1‘;2{ -lch;racteristic of the boreal heath ecoregion of "the Aualoﬁi‘ ':;IQTA?
:t', '.?Peninsula (Meades,‘ 1973) Geology of the“respective areae. 1 -=E :
o }§, d'his also similar.. The rocka.are.of Precamhrian_age, equall; i} F‘_i
J?“ - A‘divided ~_hetween. assemblagesmgof interme;iate} to. acidic;' '{l 3 .
'Hvolcanic rocks'an? 'tnose.;of :sedimentary origin comnoaed ’ ‘J.i‘“i
- -'.:maihl; of'éiltstone-anneEanustone (Roeé; 1952) ?ouch.Cove ‘:'11--:§ ~1
lf%Brook 1is- located approximately 25 km north of St-' John's‘at ﬂh
\ ,fih 45 55" ‘N 52° 46 00"' W and has a drainage area of 6 2 ;
- quare km and an axial 1ength éf; 6. 0. km.:;tihe rinarian v ‘
’ degetationn‘ lPouch Cove; Brook 19" dominated by Picea spp.,-
}L:Ahie51baleamea,»Betule;papyrifera, Myrica gale, and Viburnum ,
J fcaeainoidesi Thisj'streamvwaéfchosen for its accessibility ;
? ‘ ﬁ o ';nd becauselthe brook char; Salueiinue fontinalis,:lis 'the}:
;; ) : ”3only fish species present. lh:‘other two‘sites are 1ocated.
i;‘ : lﬂhion the Piccos Brook system1 which ‘ieh.approximately ”}5 'km. h
: o :iinorth;northwest'of Sta John s at . ¢7 42 30"‘Hi’ 52 42 25" |
?; bThis stream haa a drainaée hasin'jglll 6 square km ani‘ an“ f
L3 .. ; : . . A :
? ; v ‘:”;Jaxial ~length fof_'lQCOjghmu The riparian community at the
.‘ﬁ | 2 .-tdownstream station of Piccoe.Brook is composed primarily'iof_h .
f‘éf; N . ‘thlnus.‘crispa,f Myrica gale,A Abies .halaamea; iPicea spp.,-"‘gj - ‘.2
.iéftsﬁ o T'Betula papyrifera,‘and Spiraea latifolia,;'similarl;to ;theﬁh.“ Aq;
g - ”;' ] “. '__{.._ , et s;






*'-, . Snorkollmg sues

',.‘;' A Slmpling Slles..

' Benthobser vatory
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difference :wivn": .‘f_:ocohl}h'p‘ovfﬁé depths was.

e,

groupings (P < .’O'bl*)'. Fry were found

“"s'h.a'lll“o'wé.vf dep ths

than Were older fish. as was' the case a& the Piceos Brcok-:‘

'In, fact, in the largeet: (and deepest) pool within '

‘ _,fthe area,- where large numbers of ,'har were often seen, fry

were observed only twice ',and th.en """nly in "-_shallowe

Mean depth valuee for

No diffgrence Wao found between age : groupings H{Va"t: ]

R e. 3

RPN

-'mean”water velocity pos itions af ,: "'c;hé:f'.‘j.' '_
. ‘- t _- X . PP

’(P > 05)
at the dovmetream P‘.Lccoa Brook

v'.

A e e . ~ A

"‘_.wg—re very. s’imilar f,'to-;}thé“

4

';o:;{_ii;e.:. However, mean\ focal point velocities of overyearling L

'fch‘a”r : \weré much lower than t:hose measured f_ T overyearlings.

o This been

. aeems "have-

at Piccos Broolc (downstream)

thg range of availabl'_-

Consequently,

Association ,with cover Has tested between ’ apecies Cland .l

group ings "a\.i'.',' -

'age“

a11 l:hree aite.e, according to the format'.‘.“
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'Mater..temperatures (Fry, 1948;

AT

Jjju;‘,y N jli low summet water levels ‘may 'reduce’ available:

v
.,

aystem

S tream

high densitiesu

resultant

observed (Kalleberg,IIQSB)

KR - S ‘ L en

Aggregations,i although differing

. AN ‘o

“'J';.;aﬁwfactors. (i.e.ﬁ ﬁilevt water 1evels
P SLJ‘AE"";temperatures). : Aggregations weﬁé}
A fv,ff-'"-“< R : y N

=, - . . - . -.‘

-\_*

‘f~j*“older fish and were

Piccoé Brook site,

Power,

" h'e' L f'é.c'h‘o‘o.lfi n g

bbserved;”

J-Lupetream Picqos Brook site, we e predominantly

' M

and high stream-

'.'u

such as Pouch Cove Brbok might offer limited

-4

,nana :blderc?*'
‘.ﬁ!‘f?u:':'fish'f They were moet common at Pouch Cove Brook and the

composed:J

f"ag'~ﬁ 51* derreletibu to per;ods of high ﬁateé:tempétEtWre,‘ena teid”::g~f '
v.ieeeér degree, low waten 1evela. As brook char prefer cool
1980) and because “:Tﬁ“

habitat,."eﬁ

behdviour

behaviourally frohlﬁ

s

\schools, appear to be a consequence of similar environmentalyu\

a11 three hﬁﬁ‘

[

only one 1ncidence‘;‘.-

1981),

@here six

et et B e

g
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. o trout (any'age)‘were observed here, ,despite.ftheit'{gteater”  S
5 ",§_<1‘ abundance.fJ:F; o ;: _'ﬁ R I
i LT At the upstream site, aggregations_‘were nseen Zmost* =
s . it ' . . cent s .
S '-' o ; e i AR
i .. 'ﬁ~often. Brook ‘char were most commonly 1nVOIVed but mixed-“ L AL
P a e RN Tl L. T . ‘
i 3 ' speciea groups were also observed._ Of the five aggregationﬂ

. '
“'I

jandlﬂoveryearlinge

TN

;T.i;fgﬁfff;ﬁjzi“?f'”Gehekéi distribution

pavtternsl : b,n;&"*

_ﬁﬂ;f;"ﬂff;f?.:, abundance? can bev‘roughly interpreted ‘from
.¥“,fygﬂ.jl*f,: observed during anorkelling (Table 6)i}raseumiﬁg_

'-—{ -

EP . .",‘»"‘_‘ . .,\'_

- i ‘fof 3norkelling; All 'obaervational

. ’ " . IS : .
s ._- . . A . L . .-\

..', - 1 . N ,,\

ieLati?eﬁ

W must be noted that these data are. not"conclusive‘

R RER species »teacted“'similarly to the observer aﬁpresence.;'

'?f;”fcjm based only on numbers of fish seen for“those'days and‘times

'i e seems to be about mid May based on observations at both

that‘

.numbena

both

P

bﬁeoieﬁtn
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'f{"nllf White and Brynildson,'1967 uunt;'1969) ;;-.f'f;ﬁ&““”

. N o . o - .:.‘J

Lf’fw-‘““',ﬂ"‘.zg; Gnver (as defined in this study) was a limited resource}ni

.

f"the Pouch Cove Brook site.. This would explain the lowerv

\\ R '

with cover here

“

percentage of underyearlings :associated:

:‘,.. - YL

~ 'ﬁfﬁy. werei:probably being displaced from the few areaauoffﬂf"

the 1arger

'--‘e, R

"t and \more dominant .older: fish 'which also showed a lower_

percentage association with cover ‘a8 compared to“

‘l:.‘ " ;r

Fausch and White

‘nlbrown trout,“ Salmo trutta, coexisted-“

They found‘that the

‘»4"> -
) i

more dominant brown trout displaced brook char from moreL

favéurable.'instream, cover positions. In this“study, where

) J'.A -' » . - 3 R

1species ‘were: sympatric (Piccos Brook), brook char fry _were'ﬁh

-

primarily distributed -along stream margins utilizing cover

Y 13 Pt RN

- . - oL,

\'fff;ﬁfj f?, in the ﬁorm fo instream* vegetation ‘and overhanging,,(or

- i ¥,

submerged) riparian vegetation % both of: which were in short

- Lot - N
- - e - PN

uqzsupply aeﬁthe Pouch COVe Brook site.}:y

reduced cover

:f’th.é

~association :hy brook char at Pouch Cove Brook was due to a

¥ . ' e

ﬁniche expansion in allopatry (as compared fﬁd; Piccos

“uhere- they wwere‘} sympatric \with raimbowJ

large' amount

,Considering the

:gaf‘f

Laheh, ol A”? " AL ,\51:)




‘‘‘‘‘‘

';@% therefore difficult “tb

‘. “as separate entities'.ih:

. positions associated

" Cover' and water.velocity.

q

=

For example, a bottom of a pool > 75 cm

: 4 l

both“cover and 5 slow flow microhabitat for brook char.

] o . P

problen then is‘determining whether char are’

i slow flow or cover or both.,

-1

;; surface in'

PR

riffles,

mid channel boulders in a fast flow

(according ;to my criteria),

avoided by brook char at all stream

s .
.

-

Rainbow trout,-

’ water

B r

ﬁor‘

higher

(dowustream site)

- .,

fo these same variables at the upstream site where only 53

»

Z of the trout held open water stations, but open water.

-comparatively .scarce here.:

o

. ;utilizing cover,'

. .
il a,

o riffle stations below surface

v

characterized 'h.‘-slow
’trout.
trout :'in'-~

L e y ‘:.

with cover. ’ f

this'

and oshadeA

char preferred cover positions in slow flow situations.
in’. coqparison,

Velocities

did;ﬁso in

Butler and Hawthorne (1968) found that wild

greater movement Erom shaded areas than brook char

: S ]

can be inter-dependent; and

.separate”as independent'variahlesa,

depth 'canj

selecfing

W .,~4"
o

The two variables were treated

study because turbulent

4

also sufficed as cover

yet these areas were. generally

sites. Rather,‘

' .
t

showed strong

'and' open stations

waterﬂ

STt is more difficult to infer preference'

\ 0

Rainbow trout often held open O

water positions in the faetest velocitLes available and when

the main flow or by holding

turbulenca., Cover

water flow, were rarely utilized by

rainbow

a California stream showed lower use of cover and

provide

- The: -

from riparian overhang or

preferénce

was‘

bI'OQ‘k-" N

positions,‘h

and;brqwnf

forf"'L'
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, . trout.
: The nonaibility that rainbow'trdut held. open stntione .
: because  of displacement by br00k char - from cover locations,
- U Awas discohnted.»ent. bqth Piccoe‘ Brook sites,- many more
Li .’:“,_potential ;covet stations ﬁeie 'identi}ied during ‘each_:-
. e ; ‘ . ‘ o . .

'fenorkelling observation than 60u1d be;'ccounted for by

“, :

xof fish Been. These empty cover stations were;f

a

‘1;<,'? .aeenmeo'suitable aez they were utilize} by ;both apeciea;~ s
”7%% V::f; during othen obsénvetléns.ia et(fthe upatream Piccoa Brookﬁln;&tgﬂi?;ﬁfi
in: ,'iv.5:f:; site where available open water was Iimited 1esa than 50 %:ﬁ;f;t o }f:¢f[
g- | fot ithe :t?inbow troutv overyearlinga showeo an asaociatidn-i;*j;” ‘tfﬁxk

e ';r‘ ﬂ"with"cover; The rainbow trout fry ‘here, which might ‘be.
. S . expected to\\be most restricted in their position choice hy": a of‘l“

size aubordinance and the dense growth of vegetation in’ -the

o ';f:;ahallows,: always occupied»epen water stetions.‘ Since coverg‘ﬁ V
: Yoo 7{was pnly lim;tiné.at the Pouch Cova Brook site where rainbowL{;}
ii v trout did- h occur,‘ theaeﬂ;teenitsi;seem"to'indicate ‘a. R “;; )
? R - H%Evolitional reaidencei oi'iooen\éﬁate;‘ atations by- rainbow ?f{'ﬂqu fl'?
%.,J IRET trout;" Other’salmonida have‘elso.heen found to pteter openﬂl-;FfAV‘A' Bé
g)‘ L nnte:bmone”than-ereaeewith~covet.. Ruggles- (1966) auggeste;‘ ;#
é f'tﬁ_i . that ‘iuvenile cchonlsainoyyﬁmai- even’ avoid areas of dense o :T?!n; fi
§¥ ; (f_jﬁn';shaoe &nd'Gibson and Keenleyside (1966) found thatr Atlantic
gf .jsalmon parr showed preference for open water if suitable K
'{' LT :cover was nearby where they coulh hide when frightenenL? Jgjfeijszﬁj!f: g;;
A ) Lo e s S
;:‘J;L‘fj;‘nﬁi' .. MacCrimmon .epd Kwain (1966) found lnbﬁ;?eignificant i:'\ﬁ‘;ff, ifL
?;'u~ipfeferencei.fcrxneithe;',covered df open ateaa‘of tanks hy g
LSt e e T e e S . i
9 .x\«; | : ! é f wen ‘ .%i%
o ! , o







wn this study) -'Irx' .étream tank ,experiments, Gibson and-~.

Power ‘(’!975) speculated that .50 cm depth could provide cover

y for brook char and Atlantic salmon in the brownish colouredj )
waters of the Matamek River. s :':! . U

Sy

N

deeper water than b'ook‘char-iry

water posxitions . 2

i

Since 4 cover positions

occup i“e.d by,,.

werel}j;"

have been eelecting the next available areas.,._‘ These

the stream» edges where riparian vegetation provided shade-ﬁjﬁjh

e y .—‘.‘

DR cover or amongst the thick growths of Fontinalis sp

, Junéus, bulbosus, which were,, characterietic of the Bhallow,b

.ﬂ.ﬁétbri:10033-:9¢Q0ﬁV6f3é1y;t the,}rainbau trout fry, ,,n E
"' ‘. ot _w ; ; ':', , .“-,"-" . . o
seleeting f r open water areas, moved away from the stream..

B margins and ‘;into deeper water butr not ‘_".ss. deep ‘:‘a.s’, that.'-t}‘

[

% : ‘occupied by overyearling fieh. 4jﬂ7f:§A‘i.fﬂwf?‘,1f2?;:‘
P o ‘I‘he smaller initial size Qf the rainbow trout fry did.-

"1'1 their habitat choice. Soon afteri‘z

, emergence,'they were seeh in eignificantly faster water thanj:",

H ,.,‘,-u

ST VISR

occupied by brook char., £ry..,_"‘. Johneon and Ringler (1981)".

‘ noted rgihbow t)_;out fry (within"’.Z,— 3 . weeks of emérgedce)jﬂ_;,‘

veloeities - than cdhabiting c_oh.o:. ,
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. ~ e ) o o , - 'f "A ) . L ¢
. char and rainbow trout 'fry “daﬁ field obéervatibnb:fbfq“‘;\'

A ‘L

‘; . inter Bpecif.ic : agoniatic

underyearlings of“these species. B

DY
Rl FRERARN .,. L

Y

na;so have

ST A

"'ﬁﬁbétfdte.t Rainbow traut fry

ahift moving

i RN is interesting that the’”ehift t' the
'.;“' i -‘corneaponds with ‘eﬂ'emergence of

fry

the phenomenon

Brook "‘1ike1y

ulThe

gregarious

behaviour"

activity

showa&

close to the substrate during 1ate July.;‘

. sizeu

aggregation

ﬁeve;

~ recorded

”'aﬂ sLmilar.j vertical

A .\;

o

Since brook -char ';;.ﬂ[; )
species }:j;;;l -
orfﬁaf preference :

',i~the downstream

Y

avoidance'jfeactiouf
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‘}?adjuétment and recovery.. Experiment 1 was'an exceptionﬂ

e . . e -
LTI by sy, : - . - R
- Cre, .
f-‘} ' x :f:A ,GVQ; 55 - 3
sPecies was kept in separate retainet boxes :in-‘tke 'streamﬂﬂ
' . R .,.\ . ', B AR ‘l
'nfor* a minimum of 8 hours to L allow them =7tdh;lrecovere
from the stress of capture and handling. g Next,“ pairs jqﬁ; ‘

s e ’ . f -
_‘- \ N >

£ish (one-iof; each species) of approximately the sama size'

DRI A .

(length and weighd)7Were ehosen--.Each fish was aneethetized{fb“fi”' ‘

using ’ﬂAlka—seltzer

,on a triple beam balance (to neareat-

(FL) measured .tolnearest..l cm)

introduced,

into the fast flow\habitat and one pair_into theff

“after introduction

pariod <of 5"

‘o

-u"“-’» !

period of five days acclimation. between.'introduction "hnhl“ B
first observation ?as"aliewed dnd three fish were used“ink~;l“w£;f ,
R the slow‘flow habLtst (g brook char tandﬁll rainbow trout);: 1i5.<. A :
"-rether ttan ‘al péi}.;:' — B o A-i‘ - '2"”-? g 5
"‘“3 Thirty minute observatlons were;made .on thel }iﬁn ln:j. .
each habitat every 'second day witJ'Z : T

'4ve'observations perf{“"'

..

experiment.‘ Again, Experiment l was an exception with

\‘. = l-.

inveri;‘f

observations .made"over finfﬂﬁﬂ LR

fperiod of only seven days.ﬂ

[N

;here were nfne experiments running from June 5 1980'f;f1?fnuij Ry

At October {,7 1980. Observations were carried out atAﬁ.f.‘ : ;
various timea betwee" To qlnimige jpny‘j;];«-;,

R

. diurnal behaviounel variation.jzl’ -

To avoid visual disturbance f:; h fish during 'tneff5'J

'obserVations, they ‘were viewed fromebehind a blindiof dark;:"' .
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ety R . L " o e o, - .- RS e T e o ."a e Ly ) '
. iun the frequency ‘of aggressive acts by one fish ”on‘-snother: '

in a type of nip right relationship, thereby asauming that’fﬂ‘

- PSRN

. these represented unit expreseions of dominance-.;b~_¢- o LT
(2)Colour change s Thie es'_most'_obvious"fbrfftne . e

Y

ainbow.,trout where subordinate ranking fish assumed a dark

P

rail

Icolour band extending along the lateral line: from

continuing 'through ifaé; eyei, “

xopercula 'ﬂéndJ; occaeionally_,

“‘A .

f“'mparting s dark colour or type of eye stf pe Brookachdrﬁit :

‘ﬂcolour changes were morelzifficult to distinguish. A'slight”t':

S ‘ ' B [ ERETPRNAE

darkening of the overall body colour generelly occurred inzﬁ“t”'f

fsubordinate individuals as wae noted by Newman (1956);ff“

;‘.“ e RO S
¥ P A (3)Cont1nuoue anterior position:relative to the.:otherl'

. I fﬁuVy.fish Sincel anterior feeding positione within a. given?ﬂ-*:”[.f;d:
] . NP MR ‘ i B Lo “ } .
DR R I ‘-‘" - ' S Yo Lo s
LT wd Space-ﬁar favoured positions"oﬁg’adominant individualsjﬁ:v;‘-,"‘

(Haftmaﬂ; 1965 ' Butler jend Hawthorne, 1968), this was”:

e v . ,.‘

considered a good indicator of atatua. Howeverwg'positionexh

> -

.muat» hsve been comparable at that point in time when~the?}}'l;;f“7“

Tt

c.

determinstion is mede-g.That ie, }Qﬁ}position high i the:i.iTﬂ§,

' waterA column 'ini turbulent' flow neceseitating apparently\"

\great expendituree of energy to maintain position w é;.on_

conaideted desirable even though it may be anterior relatiVezfef.

ibto the other fish.g Likewise, anterior substret; npositionsxfzﬁ'"“ R ';f
”in{ heltered Scorners ;whicb.;were .obvioualy agt feeding‘wf - .
-positions,were not copeidered es do;inence criteria;u' ; ﬁ} o
(4)Mobtlity 'withln _the; engiosuret;;spebe;;;. ?Y

2 : o predise, char thei! d :

R et R
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PRRCET "-':ou'tcome . especially - si‘n'c':'e" init ial I encounters ‘can -be ._'Vah.*-" 4

"

e

b e et e

2 e

R e T OO NN

. subordinate. ‘.',‘; PR
Y T 'I‘he only noticeable

Position choice was

' inta the current.'.

_Dominant K

,~'

.being ) preference f_o‘_:;'.-'

' ' ‘ A

remaining observations,

- A.his } behaviour

P 2 anterior“ 'p‘os'itlion : ",' a_bd

3

4

r.a'iq!gov:. A

L

similar for ]

v

This waa true

the dominant brook char died and waa @e

L

the I

showed

)
5

indica

t:he

‘e

£ .r, 9 u?.F

.

for b

. ‘--,.g, .

Aft:er the thifd observation, '

ainbow

j:‘ NS importaut determinant of dominance (as noted earlier) ST N

oth

which

EN

R 8

I3
- _an

mDVed-— :

trout 'los

held positions at the upstream;

. .

5 ;suba

1'4

tea

J;

tancial i

speciea~' difference for

both —Bpecies, that

ncrease' in

“J'xt O

miuinfized

ubordi.nate ‘

t its".

Coe
-

*shoved
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,:4 The o'ne way ANOVA test(\for unequal sample Bizes (So;k'a-i‘ P

and Rohlf 1973) was used

T

epeciea, : distinguiahing between :Lntl,‘a specific

o e
. ST
..... R “

specific experime'nt: (‘A)','T’

f.

of obeervations..- Consequently,‘; '

.,'-. ,.:. .

‘ w grouped"for statietical compariaon with he' intra Bpecific
char experiment (B)-.'.';_«'g'-s,' S o
I F N ' o

For a11 the intra-—epecific experiments, n6
. :

, .

§ difference was found between species for i 1tia
e L
B '(P 5. .05) or for initial weights (p > .05)-

o

length‘ brook char (9 70 cm) waa slig tll"greater than.

fork length

]_.'th ugh the mean

.‘J' o

\“that for' rainbow trout (9 59 cm) and the latte !had 8 larger

‘ initial mean weight (Table 8) : }' H: '

S
: For - 't inter apecific- gxperimenta, '_\[ o .

A""'ii‘ipe‘:\;ﬁie’}s difference .'_ wa foun:ﬁ for initial E(ork 1ength (P >

ot . ]

gignifieantly' heav;t‘er (P < .05) Ehan those for cfxar (Table

nd the data ﬁrom both experiments ( and C) were,:.

\ significant

A'for data anulysis., Dat.a were“‘”’

‘i.QS';)‘;_‘ However the initial weights "':.‘c'!‘f rainbow trout were A
Ji b
N

the eignificantfweight difference, itwas

)assumed 'A.r; differential advantage was reali,zed by rainbow Ve

B T - R . B
AR S S I A R
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‘ troutover hrqelvt_'cl'!.ar:" in :.'thee:e experimentsdu"e ' ‘:
_,. . ."v"".’;:he weight change of each f.iah during an\expe :
. '.:determined 'and statistieal ';omparisone were macie tween
s l""""ll;‘:species. To compensate for any . differevx;lces < i‘n. spec \fic ‘ o
3 ,'A.;.'growth ‘ rates.4,, final weights- were ‘also : expreeeed ;‘a\ ’
i:.’ _,\, ‘-percentagea of the initial weights,;and aimilarly 'analyaed."
No difference wa found betw‘een t:‘he reaults of either
-‘.:;."‘pzoced“re (Table 9) . In the int ra< specific e:'(&eriments (A ‘- e
uC), there L was.’ a" significant difference (P < 01) between.‘; B
, , :sp'ec.ies,. for weight change. Brook-ghar ehowed .4 mean’ weight A -"_ \*\
R 3 S gain whereas rainbow trout showed 8 mean weig’ht losa.,. : ‘
‘ 4 » ) Weight change was alao significantly different (P< i .
; ‘;-"05) bet_v.{een ' aneeies in the.. inteﬁpecific experiments*

N ~(Tab1e. 9) Rainbow trout\showed a net weight losa as in the B T
. . .., . - , . .,rx\ . ) PAET
LT rintra specific , experimenta. '_MBrook m alao ehowed ‘a net .

weisht loas but not as sreat as ahown °by trout. Mean final

weights of trout ware .' approximately ‘t:he: same a"sini’t*ial “~\T: . R

e 1 "."'L.""‘";' (SRS Y
B R . .
- / A T

' weighte in both set7 of! experiment,_slr;f' ie. approximately | ,;
I922 f?‘-' 'h.e't'.‘in'iti_all welght,” ' Char: final weighte averaged .*.,.::_3:‘: ’
'*xreater’ than -"'1'00'2"_of\.“‘ th‘e~\initial we,-ight e —the
""4intrd-specific experiment-s but ' only 9SZ ‘_o‘f" the initial ~ ' | ;
s | ”’e‘ ;“ier‘speci‘f e expe‘rtments'(n '; n.- '{,‘ "‘f.-‘, . ,"'1_"Ii-‘ L )
| S frenuency of occurrence of each speciea within' cheu ""';.‘;l ;
.'i'vari-‘ou'e' habitat areaslw:aa ,tested (Table 10). Only Stetian . (t . l
N _Mj.':l"holding fiah (maintaining stationary poeition on or off the
) . v . ’ ; ) e ’ ST i . .‘ . E }A -4‘1';?1.
‘ l LB
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8] .

substrate for a . minimum of five min.) were used for these

o

.

analyses.

In intre-specific exoeriments, ﬁeinbowﬂtrout _showed a

-

) higher 'mesn. frequency of ocCurrence

P .

‘fast flow section of the Uﬁ%tream area®

- ~ b
A 4 “

h e . N e

:area but the differences were not significant (P > .05) n?

’ Col ..'.:. v ’ .
Q ",the slow flow sectidn of the Upstream area,.b‘qok chsr weregﬁf
AR CoL o '

'_ ,_'A . " S K

'“f;,“not significant (P > 05).' Despite the leck of

PEAY n"

- PR [ €

: : - ‘ ‘ oo
o microhabitat preferences 'within' these psrticular' . areas

2 o

especially with respect to localized flow patterns,

3 R -

- J."”the Biffle area, isolated pocketS‘ o£ low ~£low:

'ﬁithin

. i )
:often' used by char than trout, with, the lstter méinly een .

. b
L R
-

_J,.u-m«r

'holding stat

N *.'.\
v , - - < . A\
) B

Upstream' (fwst ‘flowi ares, as’ many as 13 trout were see

wi

during a single.observation. There was‘never'more thsn'

5

g-'—char seen here per observation. R 'f|: T T 'i

I [ ,f'ar

. : - v
SN o

fo e Within the Pool pnd the Downstream Pool ‘areds, durdng

a - ~‘.
v - ' Y

the. intra- specific'.observations; Wthere. were significant

.e

Ca . more numerous species.t\ Bothl species"were observed ‘most S,

[

R s v - "

‘?_ﬁfdreafofg highest concentrefion.z: Microhabitat segregatiou

v ! s - . . s ool N

'han brookicher fn the‘,

';;,and:g. in . jt'.h'é-f Rifflef,j{

R observed more often than“trout but again the difference was}f”‘
fconplusive?f'

statisticsl : date;“ : observations ‘g]sUggestfyi different?“'

'on in,the 'main: flow 'ofr-midstream. In 'jthe:
H

speciésuditferences.(P < .01 and P < 05 respectively) for'td

S ;“freQuency of,occurrencem In both csses, brook char were the‘}

;'f -*often‘.inA the Downstream Pool and consequently this was the ’;’a

- N ‘
[~between. species . within qthe_-qunstream Pool 's-zalsoﬂ_

PR

LT
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S
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S8 gt N TP
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RIS e it

5[{}observed in these respective microhabitats,vit was

Lk
Sb
{

o

2

v
-

¥.

L

!

T,

H

-

'
5
2
H

e

RS

L IO P

~.

emonstrated according to position of fish relativen‘td;ﬁthe;

-~

flow pattern. Rainbow _trout .showed al.preference””for”

stations ~at . the head of the pool and in ];he: mhin ;current.\

"VJ Brook char were mostly observed in the central and back-eddy

sections where water velocity was\,the 'lowest.z, Since ‘the

L. -
14' e ‘-.‘ R

Z‘largest and most aggressive individuals of both'species were*fi ;

- - . b
] . .

fqtb;,b“ a position preference rathertthan a'secondary choice

"
o

‘ Haidue to inferior BOcial status.. Even so, subordinate rainbow“f

..-‘ . ,‘.. S

:trout hsve been observed to show a similar position choice4~¥f"

‘n,. . : . Teo . . Y-

"to dominants even when displaced (Jenkins, 1969b)

2 -
N

shoWed different habitst preferences within the study area.

ln the Upstream' area,";rainbow g trOut' «were'l observed;jlh:'

7significsntly more often thsn char in vhe fast flow section,ix

(P < .05) whereas chsr were seen significsntly more often in‘:fv

,the-;slow flow. section (P < .05)- In fact, rainbow troutvf'

e o e

were never seen ibj;the 1stter.”v Within the Pool area,:rf'

D]

B
t. LR PN ’.

This is probably dﬁéffgq‘ the -higher _wster temperatures.”7

e .-.,.

experiesped here COWPBrEd "ith other arﬁss.: Lsck ofi;f:"

s . M A
e ' e

detectable flow created near stagnant conditions and waterf;"

‘U

D S TN e e T e
hot, sunny dsys- Q~{“jgg; T R 5*; “f;,hv- Tw'*;: R

-:.

frequency of occurrence within the Riffle srea (P ) .05) but~“’“

'assumedf Ll

For the inter specific experiments, the ;species'.also"".

neither:sspecies"wegfﬁpeen. during any of the observations.f?i=

'temperatures rose quickly,' occasionslly exceeding 25 C on:jw:”‘

No significant difference was. found between species for3‘f

.
1
s
w
M
A
-



;L; pool., The similarity of the~resu1ts from' both the' intra-lf-ifflﬁiJ:E;;fﬁ
};i ' :ani, inter;snecificziexperiments ?suggests that distribution %:ﬂ 17€i?f1,31
iéf. patterns are the result of Bpecies preferehcee ' “than- | ‘?:.fi. T
;%f . | F species interactions.AAiii‘.l"w. g I \fé%: ‘

‘“iﬁ :Q}.f{.LPWer wster 1evels and higher water' temperatures-?wereﬁﬁl B
]}Qf : ﬁa experienced'”irzfth inter shecific experiments compatee'to> {- f’l_

a ‘the intra specific experiments (Table 2‘ Appendix D) ﬁ This--ﬂ;i{ilﬁp

. j“fi- ’cwas:belieVed the :eason f;r the iov numbers of fish ehserved L it

R ia the:Upstream, Pool and Riffle areas as‘conpered gh:ifﬁgi”;;ékrvl; o

.{m; S f intra-specific expegiments., The Downstream Pool "was; nsegirxfflvf.}“ .

.‘ L -t S
ts — _ !
. ; o . SR
o Lo
o “ ' 290 =" ‘ . ‘.
h . .. . . . » ‘:T.“:-. ‘
o * Y o g - . . . -
: ' \ ' oL . > DU R
i : e 3 . L
fxf:' qualitative differences between speciea ~were the > game . as 'h" S hi ;.
B . - 2 v R 1o
'.€;f‘ poted in the intra—specific observations.. Trout often held 711.v BT R
ST dpen‘ main flow ‘statiOns wheras: brook 'ehsr,” utilizedﬂ: ’ ;;'2lﬁl
. . . : . e SR g
;i back eddies and instream cover out of the main current. ; SRS ”7i
“ oLk L " - o v 1( ., "" .,"'.‘ .. ) ?.
' '?ujln-,,theﬂf_Dowﬂbtream { Pool _‘char ‘were observed ‘ RN

’~".

f -:'..‘\-.-.'1:@-1; matn,

.more often than any other area, by both species, duringf?the' ;\{fk;i*k
inter specific experiments- {-However, the numbers of f&sh:

,observed were lower than that seen in 1;he.,vanstream&iPﬁblﬂf; ot N ?

e during the; intra specific. observatibnsifffhis:ﬁés:beéanseﬁifi‘5jﬁ.;f sk
AR NS s s R S A P s
Lot .'.‘ ’,‘ o . R I
LA many of the fish WEre hidden. fromj.viev by ,Fheﬁ'ab“?dahti““. ‘

macrophyt1c grthh which was not as promounced du f%ﬁﬁfh§7ﬁ

i.:'earlier experiments (A - C) ﬁl-f}ﬁfw*a{“

. Aggregations were eeen. during most O W

. . s .

8 R R

N 3 3o

. S
. P A
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Experi ent94 D”'and“fEi~'\They were mainly composed of char
although trout were also present- 5 Theﬁ occurrence @of jthe-j“g,g..jf: ,

NPV ':y{’aggregations ;*was‘ often ! associated ’hﬁith high 'soéeam.%'

temperatures and low water levels.. Similar conditionsﬁ'ﬁere;g '

-, R

b 'r:"' hE

suggested 'aggregation formation : observed during"

S

Brook and fthé,

. snorkelling <observations‘5

N . :. ety

f\upstream'n Piccos~ liﬁenthobservatory
:;gnxf aggregations were variable.in number (8”'_ 15 fiah) and were:

(RS vt

always tobserved iny

the eentralf:back-eddy section of the‘

v .
--,.— *-‘

Downstream Pool where flows were negligible (< 3 0 “cm /sec.’f:hl"

aiéi:the Tminimum deteotable flow rate with the Ott meter) ij-fgllaf

This latter characteristic may explain the preponderance;ioff”"

llﬁfchar:,iné¥the. aggregations (Figure 14) since this species ‘{;i:S\SS_g
‘ '; ‘preferred areas of low water flow..‘ﬁhiif,fffif;ﬁlffff%gjy;ll7 e
';_ '{ | ‘_ ‘ Territories were established by a’ smallﬁnumber of fish TN .4,“
Jibm::ff § of hoth species‘but‘their enumenation.or:neasurement was‘not ”g;:?gﬂd: L
.attempted. Brook char'territories tended to be - n' slower“ |
-Y"jwater' velocitiesw than those: of rainbowltrout,Dreflectin
- respective fiow preferences.f Most of the territories Wereiff'h;fFVE?

'\”%een in the Downstream Pool area, near the head of the pool

= e v Pl
[ . .". «

for trout ,,and along the back eddy margins, for char. Both

l" ":

-

'1lr3‘species a\andoned ‘territorial behaviour as daytime water H<J}ﬁ€f

o e
zo el
con Wl ';~ e R .,\...’

.jﬁfﬂff‘charf"became;,lethargic, ‘reduced feeding. Qand..were. more ¢:f¥1§f$

x,x R ~

“beneath -

Ecryptic, often holding substrate positions ,coverfr

[OSPP—










‘ utilization 'pft' ~<aquatic ‘.
"~-oligoch etes) by brook char.v'i

rf component ff@vafhhar/ in ;eiﬁx.

A ' .

absent from the diet

:organisme is 'charapteriétic of pools’and 10

of,:ainbow

streams and ponds 'wher“'

.Discussign’' i - g '
' ‘r':“\ P ’ * " !
\ y |

,5‘;4¥:ﬁ_g15;‘ The resulta of the 1981 ‘1thobservatory expe:iments e
.. ‘ ‘~ (LI . ‘~ H L' X "_é, '."‘ AN

corroborate~ many _:'h findiﬂgs f; habitat pfeference PR

l;deriVed fromnythe 1980 experime ts ﬁeEQFJ:” ;
hfobsetvabibhe;: Pteferenceilaf maihffloe etabtohs by rainﬁew )
lgtro;t'ehd low'flow.conditions with asso%}ated COVer byvbrook t?.;ffij'f%
ehar were ;beerved 1n bojs 1ntra-5pecific and thter-apecifici e ;
L i 3 ‘. "

_observed displaCement

.”.

habitat could be

those nichea

apparently

P u”'.

ﬁegt

.-'4dep't~,ed.
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: ' o andi the large rocks provided the moSt instream cover in the*‘ ; .
) _ study area which would be of great importance to brook char,ﬁ };jizﬁ(ﬂh';
i X ) 'z:fgé' already demonatrated.ff'That this sectiOn was alao‘uaed .

S Q;HH“ . : *f” : " coT

' -ax;preference by;;,

i -f‘: if,ﬂ;jg' most often by rainbow trout may 'indicate
N . Co . ',"‘_ R .. . l'\,".

'1f¢ ;&Vi‘:::‘; thist speeies for potential cover positiona nearby, perhaps

:i “‘f'f:”TT for refugemwheh frightened..?‘.~ o ﬂ- R
§'. » O ;Re€u1ts ogﬁge ght change for both apecies during h
. - o - L RO . iy ‘\’b* . ‘r‘ . -
St e ':"i intra apecific éb_ﬁeriment ‘indicated more favourable growth .

f{fJ.ﬁfu,affif”f'by brook char for the experimental period..' Avaiiable

“ﬂ:ﬂwithin' the study area was believed comparablesbetWeen theeeri-”f

T e e e e

r : experiments and both 8peciest wexe‘ observed reeding.;; The
é ;jinference:ifthen;rdie"that conditions within tn study ared: S
o Jigﬁ ,fﬁ 1‘eay have;favoured char mOIE\fhan trout; the aesumption being ‘:‘fhgv};'ﬁﬁ
‘ V};;iff that a11 other factors (eg;p physiological state, behaviour { ;;
i < in confinement) affected ,each ?species ;equally.é“Velocity = , :
. ;f'f:eE;:;g:fL;.neaaurements V"EEd flm:'(:I patternb \vithin‘ the ?study— area‘~ i Ei :
;‘ ‘;fu.f::;f“indicated'that there was f;?;alé} percentage t habitat‘.x N >
;:f'}f‘?ﬁp:hhirfpcharacterieed.tJb}A%_fg@dijoater'fVelocifiee‘ and-‘back eddy N .
?p§}:.Ljfg;“'ﬁf“iehfrentaf' Based.on data from the«:snorkelling fbservations ;rﬁ". g ;
%.v"fé;p,p ‘Wi”f‘fi-gh" . [Py . SR ; -ai‘~ ¢ .
-'3'~ﬂ‘_1:f,ﬁffwﬁa“¢ﬁ the- resulte ’from thewBenthobservatory‘experimente in ' ‘i

'“gibao this type of pool ‘environment would be“moue;

'"Lof' preferred brook char habitat. This/aspect of apecie”f‘
R i . 0 ‘ N

.‘.\‘

P " : A
\ﬁiffiféﬁ_fp‘;;‘differencee was supported*by the rreeulta ofr“the speciea:iff'a”y E
) '-::~;*\e41\atribution:!observationa nade at the Benthobservatory inlidiﬁ“‘h :ﬁ
\ N this available habitat bias was mainly . ?
- f?experinentst,“ During %
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~ut 1t was feared-that this teﬁpeﬁature would be detrimental

to ‘brook char ﬁkuaﬁaon.et 41, 1973) because it is outside

'and,would_therefore‘confuse thegreaults-

PP BRI
.
)

&

temperature"effects,i all —other variables were kept

'natural.yater.soureegﬁa nearby pond). 0 Four experimental

fisﬁ.until they were needed-

. PR N \
b -

-

..

the_“tolerah1e~ range of water temperatures for this species’

?:ﬁ;ﬁeterials?gﬂianthodefﬁjMA\]‘ e “‘i _;‘v .
w%;‘ The experiments‘were earried out‘at‘the Harine Scieaeesi,ijﬁlﬂ'
Research'i Laboratory (M S R L );”_Ifaf.order o isolate‘i?}

conatant 1N poasible. The laboratory facility was fed by a}‘

ffbreglassl tanks~ Gitﬁ fglass fronts and identical fnside
g '. L dimeasidas (1 18 m.X 0 56 m, x 0. 60‘m) wvere _uaed. A ‘large-
fibreglasa holding tank (1 63 m X. 0.96 w x o 80 m) retained.

In order to- prevent mixing and’

5; .-w,' interaction: of the two species, a wood frame and nylon mesh
j;:-ﬁ S e (0 ‘62 wmm meéh size) ‘divider . separated the, holding “tank.d
A s o
ﬂiL‘f-"A‘ - into eqwal :halves.f Wood / nylon covers were constantly in

place on. all tanks to stop fish from jumping out. All tanksﬁ
i we?e aerated continuously and provided with gravel bottoms.-
Inflow rates' yere .standardiz%d ; ?;3. litres 'ber minml‘
Outflow{.valves .in the four experimentalvtanks were.locatedL =
ou the side walls.: Each of these tanks had - 55 Zé@r high'

'.;;staad gipe aet in one corner which,permitted water flow to ”;f

I~
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s

:'were utilized.'n Aé, one NESLAB unit could only oontrol theﬁ'”

S ' . ' s
Lo temperature in one tank only 'two{ tanks had temperature

- 101 -

‘the sub-gravel filter and containea the “air stone’. Water'

’ \ ' . o N " »
depths were maintained at 50 cm during experiments. Water
depth.of the holding tank was 70 cm.\' o :

- -

In order to maintain a constant watér temper&ture‘.'

during an‘experiment, two NESLAB hea& exchanger units (typeﬂj*”

Y

SWHX) with attached 2000 watt heaters and switching -relays,;3;:

v

: . . e .
control.~j These' wereﬁ used for inter specific experiment
The ‘other itwoi~'tanks - werez’ uaed forzl intra specificj.f

et

experimentation: and showed temperature fluotuations eimilarv'ff

>

to “that in the outside pond though slightly ‘dampened"""ln-'
-

order. to make the"temperature in the four tanks roughly
comparable, the experimental temperatures used followad: the

niturélf seasonalx thermal progression. The paralleling of

s aeaaonal temperature chsnge was also necessary to reduce the o

;acclimation (Sullivan and Fisher, 1953_:. Hartman, ‘1966 gw“?

R showed greater fluctuations from X. fIn.‘tapt, 5the

3

behavioural complications ' ,ofl

Javaid «and Anderson,- 1967). . For this' reABon,"the 8 C

y .

experiment was Tun from December 8, 1980 to March 6, 1981 ‘,

-

and the 19 C.experiment from June’ ‘2 1981 to August_;§;;
1981.3 All intra specific experiments were also reﬁerred tof“
as X temperature experiments (where X - 8, 13, or 19‘ C) has

ifor Ithe{ inter—apecificw'experiments,' although 'the former

,‘ st mres

P Do e S e B - -
e e e e e g,
Y] [ s - g R - . - LR P

,Beasonal v‘temperature '{f;

i fthe‘113 yC,'experiment from April 11 1981 to June 1 L93L-t,i“ ?N:Mur




-

‘temperature "within the “8°C’ intra specific experiments was
only 6°C, but will ﬁglreferred to as® the 8°cC experiment for
ease of comparisons between the intra-aand inter-specific

_sets_of observations- Except for the last portion of the 19

v °C *experiment, 'the heating ‘wni€ maintained_ the desired

T,

‘ l.‘_ A .' ! ."' A T .. ¢ ‘. el

‘ Water, cooling units (model PBS 75 ‘S)\were substituted forl-

these experiments.i"These 'were obtained by electo fishi gg

..o i . ‘ . 3\.

" L temperature-' During -th later period ;of-3incoming warm &'i”“

X h.,from Piccoa Brook (rainbow ‘trout) hd Pouch Cove» Broowfxriﬁ;hi

(brook char) and introduced to separate sides of the holding?

tank. ‘This was done at least two weeks prior to -the 'start N
'{wliof observations. ?Allf observations were made from behind;'

~cm X 5 0 cm’ eye slit. Dark plastic covered the observer andpi

;(.

‘w-'}:“"blind'.to prevent detection. Photoperiod was held constant
0 -";f.’fi“;h within Each temperature experiment_ but varied between“

.f“’ﬂf;'i experiments according to the natural daylight cycle.fﬁW

Before the start o% each grxup of oPservatidns,.a'f

P et L -

'ﬂtf7»bf similar sized fish was selected for use in each tank

o s s

RO PR

“one rainbow trout and one brook char for each of thegw

l‘féiijf ‘ inter specific temperaturef control tanks._ andAtWO“rEfnhohfi

- .

SR S

two brook char for each/of the ty. intra-specific.fi

‘,-- r _.q
e v

”-ﬁEach fish was anesthetized, measured (FL to nearest

v
S

.and weighed 'ohr"anftelectronic Mettler h400

'dardboard ‘bliuds in front of the tanks and through a 20 0:; R




g

e

Semminly geevd

[ TV P

.'"'-.‘the experimental temperature was", reached

recover in fresh water. In thed:nte'r-spec:l:f'ic'

;.s_in“ce' the tanks were temperature controlled and the holding

experiment‘s ’

,tank was not, the temperature gradient between the two_

T occeeionally >,.4 5 o G. . j'nw theae .cases, - theﬁ -temp\erat'\i'r'e.; .

" -._-'.fcontrols on the NESLAB ‘s unite . were'.‘ Le'e‘t’f
. et ) AR o
R 1’incrementa "f' until '_ h desired temp ) ature

h"‘f’ During thia»_ acclimation period in ) the'-';

‘l\

S : g : "s

AN \4

»:{dip netted from each of the‘_,":

PR
o

WBB

-experimen tal

inter specific

-.-'

_‘f‘rom_‘thio‘se-,-in which they were acclimating--. This awit:c

...‘-procedure ‘was. . vtie'c'esaary-.'_;e

-‘1975)._ Obaervations began aft‘er' %

PR

o e

‘~~ o ,,»

‘pair was marked for individual recognition by

e o ,:U 4
i 0

: caudal lobe of the dorsal "f_in.. A 18h

e'd then' introduced :I.nto

3 ",acclimation pe iod

. hold :Lng tank .

;"“'ve're' : begun _

“:"intra Specifi_c methodology was slightly different..

SR .would not be ';".' problem in 1nterpreting results (P

minimum- of one hour-""

lanesthetizing, w:e:lghing,'.'- and . meaeu.ring, - une fiah of each

clipping

103 -
. bam_ce ’ neares'ti 0-1 g). ' They were then allowedl..t—o

:'#a'é' '

t'--ank‘a' L

.,dividere} remoVed - .and fish introduced into opposite tanks ;

hing

residence effects

ayne, s

The

' »Af.t'er o

th‘e '

AR TR o
B T et T ELPRELP AR PR I i































N . " - . Cot ¢
N il :“- 1
. s :
; P ..
I .3'
o - ' nteresting trenda., In . the.i.-"lsl.' C experiment wh. e .. CAREERET

o LR R P Lo . . Lo v
o . . ., ‘.'.‘_ ; . . y

temperaturee varied about the optimal ‘range for brook char,'

0 . oL L : ¢

,“ the* ,number' of da}'a to ‘hierarchial establishment was 1ess~ L

- . than that for trout and much less than found for char at the g
. - - ‘ Co ..'., ¢ -‘~'\ -.. s B . S
MR e 'test temperaturee., Rainbowqtrout, on the other hand._

which have a higher preferred temperature .'Lrange than

char'n";-,

required 'significantly less time to reach dominance in the

- . 1,’ .

during ’ th ese

A.e'xperiments and

o3 P o

resulte clearly indicate ’ that the »majority A'qu'f_-

agonisti 3

\ activity 'observed during the 8°C and 13 é experiments w‘es

‘ ;etweeh brook char'. ’ Rainbow, trout showed virtually :' :_ ;
L _egonistic . interactien at reflecting th"-‘il’ gener‘al -
_._,"";.: ' inact(ivity at theee coL't;er .temperatutes - (which were actua]_ y
. lo‘wer"‘ than ' 8 ° ‘C) and' ’probably releted t:o their higher
| preferred temperature« r‘ange.j Both 2 species . shuwed"f"‘t,hei'r - ‘ ‘
.'_° 5 g‘reat‘est amhunt 'of aéoniatifc 1nteractior‘n at 13~G.: At 19 C‘ ‘ .
: . A b‘oth species.‘- ;howed . approximately\' . tihe v eeme .- amotmt ‘ :~‘ v
- o ; . . .

b
i
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ST , . . - N
e T 0f these, _four were by brook chertand oné was by a rainbow P
.ok o : . L e 3
3 . : .- I
g trout. Weight change over the course of observations . was. ' i
o . .
f.aﬂ ,‘eignificantly different between the two speciea (P < .01)
. x Brook char showed a. mean weight gain whereas trout tended to ';"*"

lose‘ weight{' Likewise, the number of days to hierarchial

SN V“‘J“.w Lo establiehment for‘char was much 1ess, than that f trout

'“Xﬂelthough 'theﬁdifference was, not eignificant (P >4.05)..:;

ﬁcomparatively‘betterlresults of weight change,vofﬁgchaf‘f

b

,\»

ofgfai constant (and higher) waterﬁtemperature in the former
" . . s b N ! ,! PK3 . “ . . . -
'_rather than' the. effeet”‘df inter,epecificf interaction.f'

s

B
o

'fIntra specific temperatures .wetre. consisteﬁtly below ‘8°¢C. . i".thiﬂt
during these observations and approaching those temperatures

awhere salmonids ‘show least growth and worst condition (see

,review in Carlander, 1969).t

. 4 .
‘ e R .o _--'r:u.
ME] N

At 13 ¢, 'bmdk Char' asaiﬂ 3 displayed 2 competitive IR

;advantage over rainbow trout achieving dominance fiVe times

trout were dominant in only one group_;: :

showed' a mean positive weight difference over the

'lost ';weight,

-'obsarvations while rtroutf

..,

lp%difference “was not eignificant (P > .05) JIn tomparison to

e . O

‘:;i;t h intra—specific'” JS 9. ‘observations,il char f showed

R K : r)

'”3;approximate1y the' sqme degree of weight change’(percentage

‘fvaluee). Trout, however, showed a higher percentageE‘weight

“ilose, in the inter-specifie 13 Cnobaervations as compared to'

A e P
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vﬂ{: ouler water . temperatures.A

fﬂlﬂf *:'“fvéﬁh the supposed optimal temperature for brook char.

W ol ’
vthe:;,esults-.could: not show that rainbow trout realized a
competitive advantage latﬁ_lp (the supgosed

T A : . A.‘g\
temperature-;fonUhthis species),

Iy - LR

19 C experiment.

_‘probably moat important,- both apeeiee“

iFhe*

‘-:

ﬂfaﬂ.decline in‘ condition from

crme';ofj

termination nf the experiments.\

3 1

'?Hexperimentt; 8" evidenced by

Rationa were not limiting

'amountsw

':urnluﬁl ‘femainipg :inl taﬂks ;

- ." '

Y . .
LR T . . . ,_.<~

researchers (Yamagishi,. 19647};{ Glova

ﬁotherf

-

ey

4 1977a).4" weight losa:‘andi‘ deteriorating‘m
S e - o L e
Consequently,“ rainbow trout may have been more adverse:y
_faffeeted"by captivity thanj were‘;ehar,_‘flf trout lfé[t
;initially Hworse relatdvehaéonﬁition; than: Qhﬁ!:;,.fig}ﬁ
. . . ey ~ et L. A S .".
1ess, especially at the higher wa:er temperatures vh%'e more I

fand achieved dominance faatest at

; Firsr,‘and

This was most pronounced‘in

observationsvand also in comparison'to ration levels used by

:keneFSY“*'

This was most obvioue at 13°C,_

However

‘optimal:j

only that trout ahowed leaa

e

the rainbow trout which displayed mean weight losses in eaeh
the?'

throughout‘ the:j‘r:

‘nd Maaon,.ﬂ”'
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" Finally, the confined-cenditions in the tanksinay " have

;' 'promoted‘ increased aégreesion:'in the -char:and therefore .

'increaeed the 1ikelihood of this .epeciee 'doninating itraht'

!.;. (Newwan, 1956). . Char generally ahowed a greater amount of

;;%l‘ . :Eagonistic activity than‘ didl‘trqut'tfn;;bbdthajaseta of
| “.I..',.experinientsﬁ, leven at ‘19 c VL e e e

y
[
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1~{T}feed1ng' displayedj,byj;f:hef"gubjeccs";*
‘;ftinterpnetation }in; aquarium habitats are: all factora which

“3ﬁmust be taken into consideration.ﬁ Likewiae, the temperature}'

o the resulte of such an experiment. The ‘use of .ay stream tank

":,withi Eg'variety . fi flow 1and depth microhabitata_“would :”“3

Thmore,éfnatural diet 4er;fa{ pre-eonditioning period ’”§6FL L zhguti

’;:\" : : : S
“:rwould eventually result but that duting the limit of five".

Problems inherent ﬁ 1aboratory 'e&perinentatidn"canff':“

oo

linfluence" fhe results.e- The experimental design, the poor

:and};-behavioural

3

Z7fvariability between intra—w and inter specific experimentﬁ

hmakee comparisons difficult-‘ These problems }canf influence"'~

. . . . de .t o :

.fp¥certainly have been better and*would have eliminated .some: of

nﬁthe problems inherent‘ the present design.; The use. ofhfa«

\experimental fiah where'only those that h:ﬂf adapted‘ﬂéop{a.

'particular food type: would be ueed - would have standardized

-'conditions between species better. ’-“<_f*,¥“i_;' Lo ,3”1

‘e

o Dominance hierarchiea were the<_uanaf‘“f6rm}“oﬁ‘-gaciaidi'

:orgAnization obsarved in these experimente._ In those grdhpsi,

‘vhere no hierarchy waa recognized it Was aasumed that‘ suchgffﬂ

':jobservattonsL f‘.had'?hc u:yet..beeni_firmiy .establiBhed,~{f
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‘."eeosystems, “ssﬂ i_ pertains to food and habitat resources.;ﬁﬁ.f’“

Bartnik (1970) found that two species of sympatric dace Were: -

.-reproductively isolated i Maqitoba atreams.: Rhinicth!s

.'. X

s I" i ’ . ~, S

'slowerulwater

:fin; ' veiocities

.~"". t RN '} "._“.’Y L
:selective'msegregatiqnt:

among

n

fclosely : related

) : . , T e

communities is undoubtedly'a consequence of Rthe ecos&sten_

K \,. .-.( . L [ .

.:. 1 ) I..> .
Such Aanf environment offers compatatively few opportunities'

e L.

e vfot specielization (Larkin, 1956).: In addition, tbe-.young-u
; ) ag,{; h impoverished 'fauna.;ofi temperate systems.hete not yet had;
;“'}gualhcilli?dtime to.’ diversifyh within their; given habitats L(Pianka,
:éin.:si, ,_i;f 1978) ?ASeiettive g segregation theory .preeupposes such
;féj ji,ﬁz& :}..”eholution)sinte it'is the ‘“tithe};'
?, ) IR }i _fintereoti;e' seéregstionh process .It is f;

A A howeverv'

specialization could

.temperate system.,_

._fitness.‘

In fact,;Brian il956),vd
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The results of the present study indicate ~different

' 'apéCific& preferences for 'stream habitat with respect to

- . cover asaociation and water velocity. Rainbow trout of< all

C . L

‘%& age groups tested were most often observed in open main “flow

- LI . N

At N . -
. 1 EH .

“stations at both Piccos Brook sites.o These preferences werq

substantiated in allopatric and syﬁpatric experiments at the-“

»1.3£.J' .Benthobservatory (1981)._ Brook char were primarily f0und in

:G ;“"5J : pool-type ;stream abitats ‘and“ were often associated with‘

J{b'.V'.-_~;.cover. This was true at Hoth streams.w Similar results were i

r' .‘ PR . A P

e T obtained during the Benthobservatory experimenta where brook

-

char displayed a dietinct ability to. dominate rainbow' troutf
in a. slow flow. situation.. o ‘ B - " S
Depth differences ’between _the‘ species were ‘not  as

~ . 2

pronounced. Rather, the importance of this .variable. was its]u

LRI

,p':; ’ - synergistic effect with cover and ‘velocity.':*in;:a; recent

study, Kennedy and Strange (1982) found depth and gradientf

differences betweena sympatric Atlantic salmon and brown'
trout in northern Ireland but concluded it was . ...unlikelj}'

: .

-that depthl lone is the major limiting factor in any habitat;-““

v ' choice.”’ Generally,'my field obeervatioha showed that brook
: . ﬁ i ) ’ i . ) . .
o ,char preferred deeper water ‘than 'similar ‘sized rainbow‘

.ztrout, rand fry were always in shallowar atream margins than:;

. . : ' . x] s . Lo . :
L "‘noveryearlings of*both species.' . A : . S0

_— R , T R P

et 1., N Despite ‘these species:_specifidﬂ habitat“'preferendah

oot Fhiﬁ.ﬁteq'. That is,~no quantifiable bonndaries.‘cquld@‘be

Pl . o o
“ . 5 M B R ol
!

‘resource overlap did'”occUrJ*forveach_wariable‘measured,in'.3 VLl

. .
e o et e £ e
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attributed to.habitat_type,
‘and

-C'Allee (1974) found similar Species overlap for

- lqriffles aadfpools.,
}fi.atill be expected, by variants in the population even where
"Elthere is strong selection for habitat segregation, and +
”this ‘

‘ zones between riffles and pools (i.e.-

rainbow trout unable to establishuterritories in:the

._more 11kely“to interac% Mith char.
: the field and
:mixed
‘:subordinate individuals unable to compete for more-

“stream positions,*

~'ctra:|. e,

”}evolutiouary atate of the; fauna\.(Nilsson,

fii‘gpegies.'

identified which separéted gpecieg niches.

adjacent

greatest_species overlap. for cover, depth, _and

cccurred at. the upstream 'Piccos. Brook ‘site’ and»’was

specifically :its"smaller".size

lack ofj diversity .compared »to the downstream site.

] . .
LCOho,_
: N ”‘-u DN

d steelhead txout Lih the transitional areas

He suggests that ,such overlap would

..\ -f}‘v '\.'."

‘1

that

intetaction"would‘be most‘obvious in the internediate

runs). In the
erperisents

¢

lsreas or. in the shallows at the head of the’Downstream Pool

L . R !

_Were forced to occupy marginal habitats where they would b'_f

; A o

.

The aggregations seen in

|

at ”the -Benthobservatory were occasionally

species: assemblages':and' may have been groupings of.

favoured

K

‘conditions (such as high water temperatures)

Tl

L This is not to say broad habitat use is a

.As” already discussed f-it ‘:sai? reflect

., Lo
-

1967)

b
‘r.

plasticity "enabling them:ltoi;display 7aﬂ"

dalmon“‘
between

.n"

‘1981
ax the Benthobservatory, it appeared that those.

riffle :

especially during adverse environmental

1.'.

The

velocity'

'r,,.

'.. s,

1
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- i.r'. breadth’

R observed

allopatry

tolerance of:
charactefistic

antl_

'

occup‘ydng ;-all

fthe fastest riffles, either in sympatry or in :'7Z§I*ﬁf

'experiments)

.,occurred alone,

_were

rapids

. . s

fo

"

S c stream

st abundant

und ip faster water velocities than where they were .*=5¥'.fj .j?

‘

', .

habitat‘

v
é
© .
habitat ,variation - often a ... valuable -

Wblf (1970) described thec gﬁenoménon‘-in terms -of niche “flld
suggested that substantial }specieg overlap
i would be preserved even though the centres fof feﬂnloitatioqflgfff
were not‘idendical.rvtf';v-f “.ﬁxrifl'f:,5J~\"'f :fju‘ e

L;%EZ"fﬁ ﬂfg In Piccos Brook both salmonid pecies were“ osseived"jﬁis”",

ﬁ;nhyntfyg“g species distributing themselves into those microhabitats fuffl

2 ' where hey wete more likely to dominate.~ Rainbow'trout
L ' displayed the greatest habitat range as they were' able itofyﬁfi'::;;F:

t:_ ' : occupy 'positions in(the festest water velocities as well as‘h:“ ';,’f;
5;$¥;“ ~in pools where flow vas’ negligible.--Brook char~:were':hever:" ' }i 1

(Pouch Coveu Brook snd tHI Benthobservstory E ‘;‘
Gibson (1973) found that where brook char' "l;“ ; gh?

',;fﬁfil-:'fsympatric with Atlantic salmon downstream., When in the~'3", fﬂT
ﬁthe--char*-wene less*mobile and 5...usually 1in, the i;iu;;
::slower pockets of water near rocks or 1n hlhe”'slower.,w%ﬁer

o [:"jﬂ“, below a fast current. Kennedy and Strange §l982) £ound that

in a temperate environment. McNaughton and e

N

. D .
- . - R . - - PR AR . - o

-

habitat tYPes but with the majority of géhhxpf

>

above a waterfalls in a- Quebec..river,.'they

. Cos

- ‘e
K

1

.Q.g;; brown trout were unable Jto occupy all' of the- available

Y
)

as they were’abfent from the fastest riffle f{i‘:‘f"”

\

'.sections whereas the coexisting salmon parr' werei‘equally

fing'all stream habitats.: A similar situation 15 (;'t"l
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‘ proportibn is found and will be replaced by other~speciea inﬂf J;fi iﬁtﬁ”fﬂﬂ

much greater than gt the upatream sfrg/ {Zif,;; f'>:i'ﬁih}’,.i:" j
o Thexevidence presented here‘sugéests Enét*'iBfEeeetiﬁefjfd?"{}fj' 5
g'segreéation 1s oceurriné.between these two speciesA(and even
K ) , N N . -
between age groups),,atlleaat during lthe‘ spring to fall '  :'ﬂ¥
period.w” Neither epecies “we.ﬁ’observed .t be socially ‘:kjj;F i‘fif

sections.fﬁ‘f

"%*Benthobservatory experiments and subatantiated in the field

indicated for ‘the 5péc1eg in tﬁie study based.‘oh%‘the
’Bentnoﬁeervatory. experimente-- Thie adaptation to faeter’

water velocities and open water stations by rainbow trout

L

(togetherl.wi;h. their comparable aggressivenesa in these

= i

ﬁhebitetn)end{the preference for (and dominance in) mreaSE‘oﬁ‘“l" :

slow flow »andalcovere by brook_ char .slppear_,.'t:o,',j'b‘-‘_e_‘,‘ﬂt‘:‘nfeff‘-“7['~

K

s coexisty:

epeculated that

“ . «
R

-

particular resourcee will he found only where their favoured

N v : i P '_)~ .\.v-

other hehitats‘ where the proportion of the mixture changes ‘,Tgf::}.f‘.

e

Sto one. o which the nev species are more effective 1 Thia J" 1',.\ﬁ

proportionality theory may explain the greater abundance of

.
t

rainbow trout obaerved at the downstream Piccos Brook Bite

- +
. . y

NN

where the ratio of riffles ' ools and the discharge were fﬁf,

v

St

dominant ovef the wother'tto"the iextent ~:f;lgompetitive5 3fi~}fl_

'";, exclusion-_ Species 'doﬁineneei’ﬁ‘ however evidenced W g
relative abundance within preferred microhabitats of st&éan:-“
. S - v

' . _-,

x_;preferences vere demonstrated byi the f‘i,iﬁV

' P Y] H
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.w.decrease their niche breadth as compared to allopatric char
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,ﬁ : (hsome common reaource te,¥in short aupply.., None of the,; }
¥ resource variablee naed in thia study (i e._? cover; depth, %ﬁ
e . jvelocity,.-food)ﬁ‘were definitely quantified ‘£0”meetlthist:f"t
Ef .criterion.:iﬂowewer; eatimation wei attempted ﬁp; seweral ,
o P 7“;eeseé.fi;4f fonch Cove -Brook;:\the' apparent paucity .{i:fii{”;'i
“suitable cover in the form of riparian-overhangxané aohatic. E;;*;ihfﬁ E
1 - ;fmacrophytehp etrongly 'suggeated interactive Begregeiioh.nay‘ujj f ﬂ;
;V . iﬁe;jocccrrin; between fry :andZEOVeryearling trook 4cherjh -
éi' : ~:*?reen1ting in. the d18placement of the former to’ unfavcn.u'ahle“i':,“\,:~i_f~':""“:~ é;
,it : N “T;areaa‘of open water.? At the' upstteam- Piccosy‘Brook site:zllnfiﬂw?ig ,ﬁf

”upstream and downstream siteSﬁat Piccos Brook.‘ . '{f,"f . R I

vt 'u o . » BTl
'f”ShiftEd ‘“‘activities~;tqﬁ“

TfInhtead,, each

:;fundamental niche where it wae beet adapted._.“

. interaction would be moet severe if competition was at work.

‘fAccordipg to\Larkin (1956), competition can . only ‘exist if

J.etream-‘morpholog B such that open water rifflea were.f AR

: "scarce and this was taken to infer a Bpatial competition forl-;

'ﬂjthe remaining pool type‘ habitat.f

< S oy g
according * to. relative rispeciee representetion' betweeng“f :

- D

+

When eympatric (Piccos Brook), both species appeared to.. i.\ R

- S e

-in Pouch Cnve Brook and trout (intra epecific experiments at wyu‘”g-f

's”ecies concentrated ﬁ:;

" - N oo
’, - . y

Nileson _ (1967')-.'
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,.Btated =that Jithe *'pﬁehbmenoH:defh.f~f¢; R e B
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The: conaequence-Was ékazl

higher proportion of brook char than that' found downstream}ft
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Aﬁhene:no such limitation vas‘idehtifiedw

’ ;

.demonstratedilon the basis v of the stomach analyses. ~Both
" ' N

3 3

species fed on much the same ““food items. . The myriad of'.

”ui; complexities "de;; diel‘ﬂ feeding responses ‘and ' food
. ll, ’ ’ " # ’

Cog N
‘.., .

.

”“ i ) W

fo s p'ln;“" 'bdf%estrials of similar shapes) which were common 1n:Lentic.,:

A .,.
¢

‘environments. f Rainbow trout fed-'substantiélly 'more_ o’

W

surface drtft items,: winged terrestrialsf*.iahd'" riffle

o

'dwelling fephemeroptera th&n did char-u Competition for food

;was expected to be greatest in mid-summer uhen invertebrate;

~
-

: I3

& AT e s

'.". .

fi l:jjﬁmight be expected tol intensify inter specific cdhpetitiowiii‘
!?; ‘Tﬂ:(nrian,_ 1956 h; Gibson, 1973) ?aﬁd‘ consequently habitat
?j "”n?},igilfsegregation, possibly dde th increased aggressioh‘ (Symons{
.iéz hjr_:'$1968) fﬁ?hei result might .tend tq shift each species intoﬁ
bkj . ‘ajfditheir respective ptefet;ed'habitats (spatisl siches) .”Thispl:iw'“

3 ,'..

.';jniche compression-Q

'l
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"Food resdurce parfitioning betweeh speciés could‘not he‘N

8Vailability. habitat overlap of the fish species, . 'h“[tﬁéigw;‘“i”.'
Opportunistic; foraging strategies dieplayed by both apecie‘fdﬁ”'f'
precluded any attempt ﬂa generalization ,1n 'this regard( R

fﬂ“f:t.jfﬁ'if' Differences;lwere 1dentified which reflected the respectiveg}}'::

Eely ‘ more a-on aquatic snnelids' (and large- non-wingedf.laﬁf"”

N biomass would be lowest and metabdlic demands highest.. Thisf"

,H:i‘?-;T’ﬁt "Qinference wss based ﬂqh“estimations ,of stomach fullness,;.;

'gvalues' which ‘were‘ lowest at this time.; Such a 1imitation“~f=

phenomenon,p' iP. sympatry, ﬁ@' alsqf;h7

demonstrated for congeneric centrarchids by Werner-and Hailf:}:“”

'ﬁ“-'“‘fwf_j"' habitat preferences of each species. Brook char appeared to”Pzpfﬁ:,y;

'
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'.Odum (1945) suggested that ,longitudinal

~awhrook char' in atreama was due partly to

:';19 C waa estimated as the
uf"Other reseerchera have noted aimilar indicatione of thermal

”habitat partitioning in fish species (Wurtshaugh et al 1975 (Vi Ll

'alh;‘(l982) cautions that fish distribution ia]ia; complex'
‘nhenomenOn subject to the control and modification by many'fxfl :l f:
'“~ulvariab1ee, other fthan' aimply water. temperature._ 1t :ief”j"ﬁ
.fdoubtful .that' cooler stream; temperatures (appnoaching or
hfhelow the optioum for brook char) would result in emigretion‘

,'.‘o__f'_’ rainbow trout t'o x";armer atream sections. Rather, it may X

;create conditions more. favourable for dominance by char in a

-ﬁlocalized habitat end leed to the displacement of trout to a *‘:,7 a
“‘_résourGEB, (Sale, 1979) ,can be important as they relabe to :
qﬁ“from daytime cover positions to feed 1n more open areas at 7‘””§‘

'ﬂ'dusk whereas Atlantic aalmon parr continued to feed in \open

F?f”sunlit areaa during h ;?day,“Johnaon and Johneon (1981)

‘ 133 - - ]
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o N :
_;uigﬁ temperatures ‘were torAhontinue. brook ehar‘mi&ht be . . wui
_expected;to-emigrate. from’ iooalized areas|{ 1in ‘eearEh‘ of .
éooler“vtemperatures (El&on, .1942"- Fryly 1951). “Such : !

. movements could result in habitat partition-ng on\,a: iarger
;scale 'than:fsimply between 'riffles and p ois. Burton-and lfi,l,;f'

*

,distribution t::

_emperaturejwhere"‘

S : ) .
-. et - .o . PSS S

E_.,_thermal limit this ‘s‘péc-‘iea-.-.'.‘,

\,-

Brandt et al., 1980 Crowder etal.,1981) but Shrode et

A\ : oo Sk

‘ +

,
.....

= - -\ . . -
> N N .-_ e N N N &

'.:'. . N

narrower niche in-order to reduce interaction.\‘

'~J Evidenceffof.-eeaaonal 'and -temporeI. partitioning vofﬁih

"

b f_} KR - A . R
-*‘this study. Gibaon (1966) observed brook char to move away A U

" . .
« t . \ -7 . M e i
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o ,T;"choice was seen. However,’such behaviour would reduc”t fh&"ﬁ*".""
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studied.diel feeding variatipn jin. subyearling 'steelheadt
trout - and coho " salmon and demnnstrated the.former were

-primarily diurnal feedera and the latter fed mbetly during'

LR

"~ ' the night-,f Such temporal variation would tend to reduce,

1

S L

1\'a11 ‘ ‘uuderwaterg: obaervations‘;ﬁ*and g Benthobservatory‘”””;

&jexperimentation were performed during the daylight hours and R

“ftherefore ‘oi such diel varigt10n

' periodicity (Waterq, 1972) ahdt niche ahifts (ﬂe:pen ‘ade

-~ . ~

”Hall, 1976 1979 '5 SaLe, 1979), respectively

Seasonal variation in habitat choice and aggression ‘was
"observed for both. species ‘ both ‘streams._ 1A§‘~water

temperatures decreaae* from summer- ‘to fall .the frequency of

aggregsibn' showed a aimilar decline in the Benthobservatory

‘vﬁ.expe:ineﬁts;. Both species showed habitat changes indicating

breference “fbr wlower water':velocity microhabitats 53;.:‘::vf

" temperatures fell below approximately 7 C and eventually ~£

“‘cryptic behaviour- ot;”emigration to suitable overwintering_l

‘ jareas when atream temperatures decreased below 4 C. Similar _fﬂ

1jﬁ:qb§e:vations, have been noted for Atlantic salmon (Gibaon,
ledvﬂ' Rimmer; 1980), chinook selmon.‘and@ steelhead'htnqut

(Chapman'and Bjorrn, 1969), and coho aalmon (Hartman,hl§§5;i

',Bustard and Narver, 1975) The lowered aggression<1mayf be,:‘

. ‘.'; - : } - '
'ﬂf-attributed to seasonal decline in food abundance from spring

ko

f'inter specific %:3Yetition for food and space.’ In my study,,-

feeding or habitat_{|

..ﬁ{amOunt food q habitat"overlap as a result of drift PEREPRRE
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" an ada’ptatien and &‘ohinance by 'ra‘"inbov _trout in a “n';a:ln.

B - -

stream habitat where water Velocities were greater than that

preferred by cohabiting species-. In easter,p North Amer-iea, i

- 3

£ontinalis:1_ o,f-t.en, occurs""‘sy]mpatrically wit,‘h

Atlantic salmonr where interactive segregatkp has tended"_. to

v
w

o ‘

study;

.”‘

"xl

T
N

Reinforcement ‘_6 ""»t‘h.e~ Atlantic‘ 'salmon ": brook char.

- - i

. : . S
B

0 N

interactive Begregation 1'8';‘ therefore accomplished and

+

- - “

.. bevlie‘ved continuing l:'o evalve, in these streams, presumably

"realistically-falling" somewhere betweens - , "
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