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%7 o - T s Feedlnv-and Soclal Behaviour
,gffw UL in Brook Trout: Applied and ¢ < ‘
" : : : \\Theoret1cal Implications, : R .ol
’ “a The feeding behaviour of brook trout. o, : 'q

~
°

' Sa)velinus. fontinalis (Mitchill) has been studied by an’
o - , , S -
operant conditioning techaique. Feeding rate showed a .

positive borrelgtioq with the duration. of food deprivation,

. r - - ’ s/ G- /"
! R ~ . \
‘ \

gignificance of these results is ‘discussed. . :

| s . «

-t . Daily food intake Was recorded,for periods

~

g, S o of'2-3 months.  The dally energy intakes of nga-and Logem » .

- PR |

and size of the food reinforcement,” It decreased as the. ,
o P 3
_ frequency of relnforcement ‘Wwas reduced. Ec?logical .7 .
‘ . ' oA -

. fish were .estimated to be 78 and 160 palorles. respectively,

. AN ‘
<7 A These ualues”ar@»compared thh basal and ma1ntenance PP -
) ot N

.
<

‘Hj . @ % metabolic levels reported 1n the 1iterature.

i 4] .

-

L Hlerarchy in small groups of fish was S

-

- measured both by agoplstic 1nteract10ns and ~by Teedlng order.

'
3 4 “s ’

Malntenance of domlnance and dominance hierarchy were both &
£

"t --found to be susceptible'to experimental mbdiflcation. - T

‘

‘ oo ' Prelimidary t@sts on the behav1oura1 R

-vffects of DDT and methoxychlor are’ reported. Y E “;lﬁ?
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INTRODUCTION . '« - - R

Mést etudiesnof‘the effects of pollutants
on: fishes have used the simplest of. physxclogxcal criteriaa @
that is, the use of bioassays to determlne the TLm (median ~
lethal tolerance limit) (Sprague. 19?1) However.,inere

has been{the lagst few years a shift in emphasis and L.
_researchers are now finding that the effects of various- -
pollutants below the TLn can’ be expressed in‘subtle_wayg. e )
" Although these dosages might cause only sligh¥ changes in .

the values of”physiolcgical characteristics or small
changes in behaviour, they nay.have ﬁrofoung‘eco}ogicai
consequences for the long-term aurvival of a species. The
need for more regearch into the sub-lethal effects of '
pollutants is even more apparent when proposed 'safe oo , «

levels are based’on an arbitrary fraction of the lethal

‘1evel e.g. 14}0 the 96-hour TLm (Sprague, 1971). |

Weir and Hine (1970) demonstrated ‘ N

‘impairment'of a classically-conditioned avoidance reaponse /"

L] ( _
to an electric shock of goldfish in a shuttle-box apparatus B

.after exposure to concentrations of metallic ions well “o e

bdlow the accepted ‘safe’ level. The lowest concentrations ; ) VoA
at which behavioural effects were observed, for‘eiample

1/1370 of the TLm for lead, correspond to- the limita of }xjmf;}mi‘
. . "B

senaitivity ‘obtained when measuring the p‘ slolbgical




using acsinilar.experinental paradigm, ‘found deleteriohs

effects at 1/25 and 1/200 the 96-hour TLm for the
insecticides.toxaphene and tetraethyl pyrophosphate,
iwnespectively; | ] ‘ '
o ' Jackson et al. (1970) showed a detrimental
2 . etgecv upon the conditioned avoiddnce regsponse of Atlanti
h l‘ salmon parr (§g_mg gg_a_) and brook trout ( alyelinus o
ontinal;s) exposed~to a soblethal concentration of D D T, ‘
On the other hand.'bv,re-positioniﬁg the escape ppening‘ef
Jackson's appafatus;_ﬂatfield and Johansen.(l9?2)'optained
an improvement in the1conditioned avoidance fesponse after
, eiposhre to DDT. ‘The different'sesults of these two
' studies iliustrate some of the problems of using the , X
conditioned aVoidance response. Pavlovian conditioning of
fish. particularly when shock is used to shape or condition
the response. may also have the disadvantage of putting the
experimental animal under undue strese; for example. in a
study of this type by Anderson and Prins.(1970) a large
_ppoportion'pf both control and experimental fish died soon
. //}/‘ ' . An alternative approach has_been to use
' . unconditicned avoidance behaviour in an “"open field" .or

3&;; e “"free hoice situation. é}rague g&,g; (1965) demon- S

\ " after the experiment, ° , . : ' R

0 L ot

jpfg “‘;“ " strate avoidance by Atlantic salmon’ parr of waters ,‘fgﬁﬁ~'




Ce eguiton!e'copper-zinc mixtures. ‘ﬁaneen'11969)§ vsing

‘sheepehead minnows ( xgr;gogpn variegatus), and Hgnsen , .

(1972) with.mosquitofish (Gadbusigxaffinis), have _ ! ‘ .
- _-shown avoidance by Gnoonditioned fish_o?*&aribué snblethai

concentratians of pesticides, including DDf. endrin, S
- ', ' -Darsban, malathion Sevin and 2 b-D.. Although this ‘
| technique is of considerable value it tends to provide a:

, measure of the ability of fish to detect & pollutant -
i : rather than'a measure of integ{erence with its nornal . 4
L ‘hehavioural patterns._a' o

\ . : N C s Kleerekoper (19,3) has recently presented h

. another method of studyinﬂr behavioqpal pathology in fishes.

o Eesentially. his studies have shown that very emall

changes in the velocity and angle of turning occurred in

goldfish‘txposed to sublethal ooncentrations of copper

]

:ions. These studiee are particularly noteworthy in their .

«

. _ sophistication. sensitivity and minimal manipulation of ¢
. 'A | the experimental animal. However, the method doeés have
. o .." some drawbacks. It seems diﬁfieult Yo interpmet'theee‘ o ﬂnyf
' changes in locomotor orientation,under experimantal con- , ’ ‘iit'

K ' | , ditions in terms of ﬁdaptive eignificance to the fish. h:

Aleo. the technigue’ requires elaborate and expensive h”‘, :ff';

- , ° . . ', _/1 (- '1@-
U hardware. such as. on-line computer. therehy limiting 1te et TR
b e ’wideepread use by other workera. . ‘.~ ;~. ;fiff-; o

R -, :(1 - N \ - Tyt ’é
“,’3_, w : " o : :' N . ' .,':&;g‘k

e T xs is olearl therefore. that there aro no
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‘ ‘ well-defiéed satisfactory criteria for measuring the : . |

| \, - . behavioural effects of pollutanféf "The intent of the
present study was to develop reliable quantitative meahs ,i R
to describe normal pdtterns of behaviournof obvious ‘

- . adaptive importance. for example feeding and schoolingk

- | behaviour. and subsequently to study the effects of
. pollutants oh ghese patterns. . To this end, studies of the
§ * ' feeding behaviour of brook trout were designed to uti¥fze -

. . B 4 \ -
- ~ an opqradt conditioning ‘paradigm. This type of paradigm’ '

’ rewards pather than punishes responses and wgﬁld appear
;_t&xbe less siFessful on the animal than classical condits
iontng. Fur%hermoré} it-provides a quantitative measure
of both feeding egfo?t and food iqtake which can be C
readily automated in this type qf’experiment. Although in - N
a number of psycholagicél studies the feedling responses ‘

. of fish ﬁave beéﬁ measﬁ:ed. interest has been centered on
learning rather:thah on the fa;djng4behavipur its;lf} i .
There have'been’only“fwo prévious‘studies using pperaét.

condjtioning as a tool to investigate feeding behaviour,

E * In their first study, Rozin‘gnd Mayer (1961) showed that ';y
‘.' ' éoldfish'ﬁodify their faediné behaviour according to their |
s " calorific needs: that is, if their‘food 18 diluted with a
non-nutritive component the fish increase’ their food
intake to cdompengate. In addition thay ghowed q direct
".‘ﬂxralationship between ambient temperatura and the tood



u

y - ' v

intake”ef the fish. .In a laterystudy (Rozin and Mayer, 2
1964) it was. shown that the day-to-day food intake of
individual fisﬁ:wae rather stable and when the effort
required to receive food reward was' increased (i.e. more
theh one response was required to ebthin a fodd reward or
reinforcemgnt) the fish showed an increase in the number
of reSponses %o compensate. o
No previous studies have been

reported on the operant*fonditionlng of trout and there-
fore there was no 1nformg§30n on such basic varlables as S
the schedules of reinforcement (1.es the ratio of responses
to food'rewards).'éhe size “of ﬁﬁe reinforcement, the
duration of the feedingrtrial‘and time bet;een triais-
}i.e. the effect of deprivafion). The present study .
1hcluded investigation of these variablee.‘

- In another eiperimental spries some
aepects of normal gpcial behaviour 1n brook trout were
examined; Kruzynski (19?2). in earlier work \in this’
lahoratory, presented photographic evidence which 1ndicated,
that brook trout on a diet containing 2. -mg. of methoxychlar/
kg. body . weight/day showed a marked 1ncrease in fish to
_ fish distance over an 18-day period. 'Eady .(1925) also
‘jahowed that aublethal doses of chloretone and potaeeium

‘Agcyanide suppressed asgreea*ins ib iiﬁﬁéi




‘ . Kruzynski'é‘afhdy\ggs appare.ntly fﬁexﬁhlj report of an_' . C

‘ effect of a pesticide on schooling behaviour, it was . ¢ -
| : decided to try to develop methods of measuring .spacing and )
4" ) " hierarchy in trout groups so that these effects might o
, . E _
- . \N . “ - .
. : subsequently be examined, . .
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A

MATERIAL AND METHODS

. E;ge;iﬁental Stock
Brook trout Salvelinus. fontinalis,

(Mitchill)used in all experiments, were obtained from the.
"Bury Fish Hatchery, Bury, Quebec. The ma;ority of the fish
weré about 18 months ols\at the date of purchase. The
average body weight was 23 grahs. (ranging between 20g, =
Log,) and the total body length.;as 14 f0‘16,c96t1meters.
The fish!were transported undertcool. dark conditibns and -
’wer; held in one hundred and tw;nﬁygfive'litre polyethylene
tanké provided with a continuous flow of water.

-¥Water ’ ‘ N

.

‘

was dechlorinated by a charcoal filter and ‘equilibrated
.;ith air. Pg?iodié titrations by,thé.azide-modification
of the Winkler determination (American Public Health Ass.,
1960) showed that oxygen was at saturation. Water
temperature was maintained at 11.C £ 1°, The other
dharacteristica of the wa'ter are outlined in Append;: I..Q
A photoperiod of 1&/10 hours light/. dark was\Bvaided to
all fish in the 1aboratory (Westinghouse warm whlte.

fluoreseent lights)..

s “'. et oot

Y
L ‘ s *

e

’. 4 A i
b

A $5X
nﬁi‘v’v

|
i
»

/

The water used in all laboratory conditions




tained on Purina Trout Chow..
The experimental diet used in all

conditioning experimgnts~was prepared from a blend of

minced.-dried and pulverized beef liver, beef héart and

Ewos Trout Chow' (Ewos F.48 Sweden) in a ratio of 2;1:1.‘ ]

‘This powder was sieved through a number 50 sieve .

" (Endecotts Ltd., London) \ To nine parts of the powder was ~

added one part of guar gum (Nutritional Biochemicals Corp.,

. Cleveland). The food was finally prepared for dispensing

by syrlnge b§ adding to one ﬁart of thig mixture three L.

parte of distilled water by weight. This final'preparation~

had a total water content of 75.5%. The food was oven-

dried at ?Oo C. to ccnstant‘weight and analysed (Table 1).
Table b shows the calorific equivalen of -~

" the various constituents of the food based on calorific o o

values and digestibility coefficients estimated by

Philrips (1972). Thus, the total calorxfic value of the

g

food is 873 cal. /g. food. . o SR o .

¥
L

In all the schooling behaviour experiments.

s

the fish waxe fed on a diet described by Kruzynski (1972). A:,ffi:a{

It was prepared‘fnom the.same meat powder,descriped\abgyeeiigi
"but the guar gum was répihcedfbj geiatih add‘the ﬁater-:f '
content reduced to. 64 2% 80 that the food wag, aolid
rather tha:n»'li.quid .



’ ‘ 9 - > e - o
Table 1. Proximate analysis of oven-dried food. , .
{' ’ .
| ) i :
| Constituent % composition Method of determination -
protein _ 58.50 Kjeldahl(Griffen, 1927)
ether-soluble extract | \ ~ X ‘
{1ipid) '¢7,7é Labconco-Goldfisch Fat
. Extraction- Apparatus =~ - . e’
- . Model '35003 ) .
. & | - . |
% . ash 8.03 © 1200° C for 90 'min. - - . *‘
. ‘ (Lindbérg Hevi-duty * = o ‘
8 ) 'Mgdele598bu) J
@ < ’ = o ° v ,
‘ ; nitrogen-free extract, - ) ‘ ~
¢ (carbohydrate) ° 25.56 . by difference ‘ ﬂ

”

Table 2, - Caloric equivalent of experimental food based on 5
e wet weight. (calculations shown in Appendix III)

¥ . ~ ;-

- ) . ' T
Constituent “%composition Calorific‘valu . Calorific "

" of food- , (Kcal/g. food) contribution - ;
. : . . . .| (cal/g S e

U R ' wet weight) <.

.

protein

fat | . 2.1

-

carbohydrate 6.7
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|

Experimental Designs . ' - . s klii

Feeding studies of individual fish:/ e B

a

The fish wera readily conditioned X0 feed

-

by manually advancing the syringe plunger (p, 21) thus, 'baiting'

the bar (p.19) Most fish learned to obtain food by operating
the bar w1thin one day if the feeder was left in the tank

" and remained conditioned throughout the experimental

‘period of about 3 months. o ’

All experiments were parried out with fish

-individually housed in 15~litre stainless steel tanks

153;6 em. x 24.0 cm. x 24.0 cm,). Stainless steel etand-ﬁ’
pipes maintained a water depth of 18 cm. Each' tank was
covered by diffusion covers of the type used in fluorescent
light fixtures. Each tank was supplied with dechlorinated
water, the characteristicsfzf yhich'are ghown in‘Appendix I,
at a rate of about 250ml/min. This glves a 99% replace-
ment time of approximately 4} hours. (Sprague, 1972).

When fish were taken from the holding A
, facilities no anaasthetic was used; The fish were. randomlyQ
chosen from the holding tank. wrapped in damp paper L
toweling. weighed. measured and placed in the experimental i“
tank. The fish were acclimated to these tanks for at

least cne week prior to an experiment.

3

g At the beginning of each feeding trial




3 . | . . ' -' ‘ 1

. J ¢

of the unit against one end of the’tank. In this way, the

. ‘ ' bar was enly‘expoeed to ,the fish through the hole in the
27 shield. The sensitiviti of the bar was adjusted se that |
the reSponse cycle could not be 1nitiated by water movement | .

- against the bar nor could a spurlous response be obtained . !
‘. by the fish striking the shield with its snout or tail.

e On the other hand, the setting was not so insensitive as

» to require too great‘a pressure to bé applied by fish on

. - ‘the Eer., In practice the sensijivity was roﬁghly adjusted

.by tapping the shield and finely set by eﬁserving the fish ™

. 3
. ! R N AN &

while feeding. Once set, it was usually sufficlently N

: . 3
staple so as not to req;\?e ad justment during the course

—_— ]

of experiment. i.e. over several weeks. The tanks were

in a etraight.row. Thue. since only one feeder

was used in all experimenfe. it could bve easily lifted from

v ' one tank following a'feeding trial and transferred to the
fish in the'ad3acent tank to initiate its ‘feeding tfial.

. In the first (effect bf deprivation) - )
eipepiment.‘the food was delivered via teflon'eubing o Lo

;, ~ + - (I.5mme. I.D.x 2.3 mm. O.D.)’connected to'a blunt e ‘_‘.. li
| syringe needle (no.: 18) attached to(the bar. In later ‘ o

experiments this was replaced by a rigiq butyrate tubing
ST E (3'0mm. I D. x .5mm. 0.D.) which passed through a 7 mim. :
- ‘hole in Ahe bar. The latter modification increaaed the 'I 3} ;Qig;‘

[ [
NI
b

ffff“:agjfﬁlg o mechanical 1solatien of the food delivery from theroperant




(\.(

response. In this way'a good spatial- temporal contigdity

between response and reinforcémént was maintained while

* the number of false responses caused by'a fish accidentally

striking the bar while feeding at the tube was reduced.
- The wider bore and rigidity of the butyrate fubing also

increased the precision. In the deprivation experiment,

H

the pumping of the extremely viscoQ? food gave rise to
considerable back pressure in tﬁb"system{ This was partly

-
taken up by elasticity of the tubing. Howev?r. the —

subsequent recovery gave rise to some\qozing of food between

ISR

reinforcements. ‘

: The size of the food reinforcements dsed‘/

«

in all experimiénis exceptSthe first. a;e~deécriﬁed in ~
-Table 3. Since each reinforcement was guite small, the
mean éizés shown were based on twenty samples of ten-

reinforcements each; that is,. 200- reiMforcements were

collected .to determine each mean size 'shown. '

- g
[ '
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Table 3 . Quzntities 0ood dispensed as reinforcements, A
, . in ‘the conditloned feedinc experiments by.a ‘ i
NS ‘ Harﬁ?ré\gyringe pump (model 901). ,
) ] , ‘ : ,
' Gear Dispensing Vean ' Standard -
' 7 setting time * reinforcement deviation
- (seconds) weight (mg.) o
, . . (mz.) ' ) a
. - ) I ‘ ' ’ .
. 5 1 2.36 - 0.0k " )
6, 1 " 0.97 ) 0.0k
1 ' oot 7 ) ‘ 1 . . 7067 ..Oclu '
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The light incorporated into the response
bar ‘and the overhead light whick.syvitc d as soon as a

4 - respongse was registered provided the secondary reinforce-~

L4

ment. This is réutinely included in operant conditioning

‘
v /

experime;)ts to ensure instantaneous reward -of a response. /7
* It is particularly important when there is a delay in n C
pregenting the food reward which was th% primary reinforce-
ment in these experiments. N

Careful precautions were taken to eliminate

i

| ‘ extraneous disturbances in the laboratory throughout this

study and particularly during an experiment. ‘_ The floor and

\ . walls were carpeted. The fx:ame supporting the experimental
v tanks was rest 5cm. 1thi‘ck ubber blocks. . And the .
experimental area was partitioned from the rest of the \

laboratory. Once the feeder was transferred into 5 tank

. the eiperimenter normally left the Larea until the feading

trial was 'termmated. except when making a visual check on -

feeding behaviour. The one=hour fgeding trlalg were . .

. terminated by manually turning the circuitry off. In the -

" _ iatér e;:pe‘i‘iments fhe.ﬁff.:een-mi‘nute feeding sessions were . - )

S - all automatically ended by a timer (Marktime. Ottawa), In - -
either case, once the circuitry was turned off the feeder

" was immediately removed from the tank.

’




!

v

commencing with the feeder being lowered in@b'the’tank and

CEFPRY ”.—J

the circuitry turned f6n for oneé -hour.. Once the‘circuitry

waé off , the feeder was traneferred to provide fhe nexf

"fish with its' trial. All experiments began at 10 ‘A.M. -

and !he same feeding order was maintained in this way
throughout so that each fish would always receive its
trial at the same time of the day: In all experiments,
except the first which investigatead the effect of the inter-
tr1a1 period (deprivation perxod). th;\trials were run
Ievery 72 hours. This period was considered sufficient to
allow complete digestion and excretion (gu¥ cleerance)lof
fhe fgod_eaten during the feeding trialj Philiips et al.

(1965) has.shown a gut clearance time for brook trout at

11°C of 63 hoyrs. In Fhis way the infiuence of one feeding

trial over the next (i.,e. 'carry-over") would be minimized.
Furthermore. in order tobalance the experiment.a droplet
of the ratlon was weighed and fed to each fish in such a
way that all fish on an experiment were supplemented to
receive the same amount as that obtained by the fish which
ate. the most from the feeder that day. ®

v ’ In preliminary experiments with\pollutants,,~‘
conditioned fish were exposied to the insecticide p p. DDT
(Aldrich Chemical CorpeNod. )..The DDT was diluted‘wtth

acetone and infused through terlon tubing hy ihe gyringe




l{ . particular rate, relative to the concentration of the_ DDT

! and maintaining a- constant inflow of water (250 ml./min) .
to. the experimental tank the desired concentiation of '
exposure was obtained (L.e. either 100, 40, 20, 10 p.p.¥.). o |
All exposures were for 24 hours. Feeding behaviour was
monitored for at least 6 days (2 feeding triale) following
exposure to DPDT.” At no time before, during.or after these

<
- [N & |

experiments were the live fish handled. ‘ _ . /

Schooling behaviour ! ' ’ . ‘
Y : < ‘ The fish were‘raqgomly chosen from the
-. holding tank. They were anesthetized with tricaine ' -,
methanesulphoqate (MS 222, Sandoz), weighed, measured and
-cold-branded)(Mighell 1969) on the dorsal surface .so that
each fish could be ind.’widually identified in the 8 mm. .
film, and then-plaeed in the experimeptal tank, The fish.
renged from 23 to 57g. in weight. During an experiment
‘they were fed 2% average body weight/day. - , ‘ B
f ' Initially quantitat1ve data were obtained

i o ' on the distribution and behaviour of a number of “groups "AE

B : of six to nine trout by using time-lapse cinematography. . =~ -
{. o . Following thesg observations an attempt was-made to . - '-/,.ff

reprbduce Kruzynski's (1972) result’ A group of nine brook - \

o
oot

trout was used 1n this'experiment. They ranged in weight

from 28.3g. to &9.13. and were fed under conditions at. . .
N Photow' ff

which Kruzyneki reported the most marked effect.
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graphic observations were made for twenty~three days

throughout the daylight period. To ‘evaluate the effects
.of methbxychlor.(gity Chemical Corp., N.Y.) nn schooling
behaviour, the insecfiéidb was incorporated into the foog
80 fhat each fish received 2 mg. metnoxychlor/kg..body
weight/day. Water temperature was maintainéd at 11 '
Tt og, 'éhe water vblocity.nas’chgcked by timing the
movement of a small float over a known distance. ‘Photo-
graphs were taken at rates rénging rom one‘fréme per
second to one per sev;n minutes. fThe film wag later

examined on a‘film editor., Direct visual observations

could also be made without disturbing the fish.

Feeding behaviour of a group of fish i’

3

, ﬂ)' The feeding behaviour of a group of,brook
trout was xamined in an attembt to 1dentify the social
status of each member of a group. The defense of.approaches
: to. and feeding at a single food source were all used to ..
“analyse the status of each fish. A% the same time, dally
‘observations of agonistic behaviour were made to establiah
.a dominance hierarchy based on connts of aggressive and
’submissive displays. Six fish ranging in welght frum

r,22 o - 32,78+ were randomly selected from the holding

' area, cold branded on’ their dorsal aurface and placed in
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p ) ) : ’ .
the range of 1l frame per second to 1 frame every 7 minutes

period. Personal obeervatiopg were also recorded on-

cassette tape recorder and later transcribed.
and provided a 2.4mg. food reinforcement for every bar

continually for at least\IZ hoore was described as the
dominant () fish. The feefing hlerarchy was determined
by confinlng each domlnant £ish as”it came to express
itself. This procedure was continued until there were only

two un'confined fish. Subsequently. a11 these fish were

N

again released in the tank and the hier

once more in the same way.

L2N

Vas well as with every bar presswthroughout.%he éeylight

'was available to the . group during the entire experiment

‘press. A fish which fed from and defehded the feeder

The feeder’

.

aichy was determined
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Feeding Behaviour of Individual Fish

The operant conditioning apparatus was’
based on a design used by Ames (1967) and particularly on
the subsequ%?t modification described by Holmes. and '
Bitterman (1969). Both requiréytﬁqt the fish press a lever
or bar tQ obtain its food. ) ge feeder is shown in Fig;
and a block diagram of thé recording and programming
circuitry 'is shown in Fig. 2. The séqugnce of events
following a $ﬁr-press was as follows: The movement of the
bar was transferred to the transducer (Etco, type MT18
phonograph cartridge) by the\lever mechanism shown in
Fig. 1. The transducer convertedkthe mechanical movement
into an electric pulse which was then amplified. This‘
pulse was then shaped to ensure that a single pulse of

uniform size was obtained irrespective of the duration o

the bar press, so that even if the bar was held down no !

other pulses were passed on and the bar stayed deact;vated‘

until .released again. This single pul e activated timer #1-

which in turn energized and held reldy #1 for a predeter-

"mined period of time (2 sec. in the deprivation experiment"

»

and 0.5 sec. in all other experiments), When relay #1

.switched, the response counter (type 54/# < Counting Inat.
. Ltd.. England) advanced by one unit. the rotary solanoid

]
t
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T , ' and relay #2 was activated.e ‘When energ;ped. relay #2o oy

-

dxmmeg the overhead light and Bimultaneously switched on
the bar Pight for the period of time determined by timer
#1. Meanwhile. each response activating relay #l also

o moved the cumulative recorder pen one step upward. 0.25 mm.

’ ~ The paper drive of this pen recorder (Gerbrands Co.) BN
. . v

moved at a spded of 60cm./hr. to provida a time base. A

typical cumulativeccurve is shown in Fig. 3. This graph s

-~ u -]

L © g plote ‘the number of re8ponées on the ordlnate agalnst time -

_on the aoeqissa and provides the most convenient re pre- ; iz

.- - " gentation of the ;ehaviour’observed in-this study. Thus.
e;eteep slope,?nqicatee a‘rapid'rate‘of responee while a
flatter 6ne a slower rate. When relay #1 nae energized E '
the rorary'eolﬁnoic wag'also activated so that the moving | -
arm of the switch advanced to the next contect. There L
were~25tcontacte on this switch. They were either all

- connected to the timer controlling the food pump to

nproviae continuous reinforcement (CR), i.e. one réinforce~

- ment for every reeponse. or connected to provide a fixed
ratio (FR) schedulelof reinforcements; for-example. to
provide an FR6 echedule, every 6th contact was connected ..
to the reinforcing circuitry. Thie eegment of the circuitry

. wag controlled through timer #2 (Hoagland Co., Redbank.

A

N, 3. ) which was eet .at 5 Bec. 1n,the deprivation experiment

rl"ﬂiand 1 ejc. for all other experiments.‘ Tnis tiﬁ;r'ectivateé,
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and held in relay #3 whiéh advanced the reinforcement.
/ counter by one upit and actiyd%ed'th&'rginforcement ’
f recorder so thaégthe reqoréer pen“made a blip on the ctim= )
| " ulative curve. Relay‘#j also activated relay #% which in ¢
~ turn eﬁérgized the so}enoid clutch of the syrﬁnge pﬁmp ’
. _ f(ﬁarbard Apparatus, model 901L) for the period of time
+ determined by timer #2 apd drove the syringe plunger to
0 provide the food rein@orcement. The sysfem empioyed two
reset loops shown in Fig. 2. Loop #l’reactivated thelbar ,
. 80 ?hdf anothér response could be elicited once the period
set by timer #1 expired. Since fhe reinforcement dis- ”
pensed over the time set by timer #2 was longer fhan that . {
*of the response associated timer #1, loop #2 ensured that
responses elicited following reactivation éf the bar, but
hhile‘food was still being dispensed, did not.advance the
uniselectbr. ’In‘éhf9away. the résponee and reinforcemenf

cycles did not overlap.

¢ 2
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S oling Behav )y

+

The experimental tank .(Fig. 4) was con-
gtructed as described by Kruzynski (1972). Essentially, it
was a doughngt-shaped. moulded fiberglass tank (90cm. 0.D, ‘
x 60cm, I.D.) the bottom of which was filled-in and
leveled out with plaster of paris coated yith pélyester
resin, Water depth was maintained at aboﬁt 4 cm. and was
éontinuall& supplied at a rate of one litre per minute. ’A‘
current of water was maintained at about lZcm./éec:“by a

pump (Cole Palmer Ltd.). The pump motor was controlled by

a variable transformer (Vaflac. type 116B) which in turn
controlled the water velocity. As shown in Fig. L the
water was drawn up vertically:  from the bottom of the tank
andze;pqlled horizoﬁtally‘at the outlet about 15 dm‘ from
the inletf In this way\a continuous current was established.
“Plastic scréening restricted fish from the éreé aof the

wéter inlet and 6hflet.' The tank was illuminated by
. fluorescent lights along the outeg perimeter of the tank

and by incandescent lights along the inner peiimefer. The

;isﬁ‘werg prevented frdm jumping out;by a sheet of plexi-

glass fixed verticdlly around the edge of the tank to a
height of about 45 cm. The photoperiod throughout the -
-exgag?ment was kept at, 14/10 hours day/hight. " “\\$\, :,fi§3;¢5{‘:i

Activi.ties were moni.tored qhieny by a

bt By

super-B format movie camera (Minolﬂa D6) maunted approxig~:7”



oo N <4 . o N . .
. "
ately 1-metre above the tank.. A time-lapse circuit .

(Bhfns and Summers, 1969)'provided'singlé-ffame exposures
of Kodak Tri-X film taken at predetermined. intervals,

' An’electric clock was mounted in the ‘center of the tank. .
: 80 tha£ the time of day ﬁgg includdd,;nto each film frame.

The entire unit was enclosed to reduce”

. . extraneous disturbances.
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Feeging'Behaviour of a Group of Fish

The experimental tank used in this study.

was a 730-litre polyethylene tank (180cm. x 90 cm. x
45 em.). It was supplied with dechlorinated water

at a rate of one litre per minute. Water temperature was .

maintained at 12 £ 1°C, A support was provided at one

‘end of the tank to hold the feedér shown in Fig. 1. -The

area behind the feedef was screened-off so that the
fish could not pass behind it. The tank wasviliuminated
with fluorescent lighting (40 W. ) Jaﬁing 12/12 hours

day/night photoperiod.  The camera and time-lapée circuitry -

used here was identical to that used in the study of fish

schopling behaviour. The camera was mqunted'at about
h5° éngle to the tank and included the front of the

feeder and a clock in each f;éme of film., A

-~
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° determine the nature of the conditioned rqaponaa 1n

y 29\

L7

‘ RESULTS - - . ;-

Tﬁefb is abundan% evidence, both dir&ct

and .indirdct to demonstratd the reality of the operant
conditioning of feeding behaviour i.e. that the fish
learned to associate pressing the response key wifh-the .
presentation of food and thereby pressed the dar

to obtain food. In a normal feeding trial the trout began
to actively strike the bar with ite snout within a few.
moments after presentation of the fegde?. This was°dong‘
in one of two characteristic fashions: by positioning -
it8elf directly in front of the bar, at right angles to it,
and repeatedly moving forward and backward. the‘flsh struck
and ate from the feeder; the second tec nique wasg. to
slowly crqise backland forth along the hield striking the
bar and feeQingvon passing. Several fis wgrevglsd :
‘exposed to #nlextiﬁction procedures that' is, they were -

presented with the feeder as hsual.ghowev r, the food

k4

operant conditioning experiments. Under these é%ndltions

. the fish began preasing at'a nbual rate but hy the end ot

© pmppes e -
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. e T
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but dropped to 2.0, 0.5 and 1.1 ;gspectively after an ;L

, . ) ¢
clu that.responding by the fish was concomitant on

ﬁou:é;jppxtinction conditions. .It chn.thereforé.be/dona

receiving food for its effort. Furthermore, the gompen;

sation responses observed following a change in the

, Ris .

schedule of reinforcement (Fig. 5), or in the deprivation
o "

period (Table 4) show that the fish had been conditioned

to manipulate the feeder according to their needs.

Effect of changes in ’feeding 1&%erva;-(éeprivation)'

' ' A-long-term study was performed to determine
the effects-of different feeding intervals, i.e. 24 and 48
hours, betwéen one-hour ﬁeri&ds of access to the feeder,
Food was provided on a schedule of continuous reinforce-’
ment, Table L summarizes ‘the meén ratés of response of
‘each- fish before ané after the change| in tﬂereriod of
deppi;ation. Tﬁese rates were significantly different '
(P=<0.001) and although sigqificaﬁf fish-tﬁ—fisg.differbncga

‘were-also found (P<0%001), there was no evidence of

_inteféctioq (P>0,05) that is, each fish responded in a

similar:fasﬁion to the change in the duration of tﬁé'food.

deprivation period. This phenomenon obéiously indicates

a compensation reaction.




Table b, The rates of response per minute in omne-hour :
" -feeding trials of trout on a schedule of continous

: ' reinforcement following different periods of
, deprivation (data 'shown in Appendix II).
4\ h - ' ) - ‘ ’ ‘ ’
‘ f s Fish 2b-hour ' M8-hour N Percentage
. designation deprivation LA. deprivation 2/ increase
' (responses/minute) (responses/mifute)
- g - ‘ * ' ’ L
t . : EN
2 3.7 6.9 86.5 .
3 2.6 | 5.6t 1154
N v L" \ ’ 2 07 s 6.0 81 I8 '
R 5 1.9 R TR 1) 76.0
N R | o - .
i . ”~ ’
| " %

’

1/ Mean values of 14 daily feeding trials
| N

Y 'Mean values of ‘22 feeding trials: . .
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Effeqt of varying the ratio of reinforcement: .
Y A The effects of changes in the ratio of
reinforcement on the feeglng rate of the fish were._,
" examined in $his experiment; All fish were given 2.4 mg.
.of food per re1nforcement. the treatments differed only in

“the ratio of reinforcements to responses (bar presses)

The analysis of results shown in Table 5 demonstrates

: )
significant.fish-to-fish differences (P<0.025) and highly

~:significant treatment effects (P<0.001). There is na,
ev1dence of interaction between these two variables
(P>0.05), indicatlng consistent responses by the fish to

" each treatment., Unfortunately. the order of presentation

ofﬁtreatments ‘did not permit a seperate estimate of the
effectS(of time, although by . inspection. there appears t%
be no trend. The mean rates of responses were' 19.58,
18'76 and 14.80 responses per minute for FR3, FR6 and
FR12 ratios of relnforcement. respectively. Comparisons,
amonc treatment means by the StudentaNewmanzkeuls prEL

: cedure(Sokal and Rohlf, 1969) showed that the rates of
response on FR3 and éh6 were significantly'different
(P<0 05) rrom the rate obtained when fish were fed on an |

FR12 ratio of reinforcemeno.

M ac second part of this experiment the

-

" same ratios of reinforbement were employed but the size of .

r 1

reinforcement was approximately three times greater
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Table g5 « Rate of response (per minute) as influenced by .
K different schedules of reinforcement with 2.4 mg,
reinforcements, (data is shown in Appendix II)4,
Fish, - Schedules of reinforcement
v , FR 3 FR 6 FR 12 )
. . .
7 21.96 19.13 15.23 | :
- 15.73 19.13 13.00 "
9 ‘ © 21.03 18.00 16.16
, )
* 1/ Values quoted are the means of three feeding trials. >
Table § . Rate of response (per minute) as influenced by
different schedules of reinforcement with 7.7
\ me, reinforcement, (data is shown in' Appendix II)
- . l-_/o . .
Fish ~ Schedule of reinforcement
, - FR 3 FR6 FR 12
.\ h : ’ ’.1
\\ . R . W
2 15.0 8.7 . 11.1 C ]
\ , . . £ "'~'
- b 22,0 17 .4 19.7 o L
4 ' \ ! ' Sy . . ”
6N 14,7 11,4 1.0 ° e
e e~ S— : e
¢ 1/ Values qQuoted are the means of four feeding trials..
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(7.7 mg. reinforcement). The findings are outlined i
in Table 6. The analysis indicated significant fish:yto- :
fish differences (P<0.001), treatment effects and tiﬁe
course effects ‘(P<0.0é5). However, the interactions.were
not signifiéant‘ (P>0.05). The treatment means were _
15.96, 12.94, 12.49 for the ratios"ma, FR6 and FR12,
respectively. Tests based on the Student-Newman-Keuls
procedure indicated no significant differences (P»0.05)
between the rates of response on FR6 and 12 but both were
_sxgnificantly lower (P<0.05) than the rate of response
obtained when fish were reinforced on an FR3 ratio. These
findings are in contrast to those observed in the first part
of this experiment in which the distinction was not
between FR3 and the higher two ratios but betieen FR12 and
- the lower two rgtios. Thus, whén presented with large .
reinforcements , the fish responded more- slowly to mfrequent
rewards and did not make &, distinction between the two
more frequent rates of rei‘nforcement. on the other hand, '
with smﬁ.],lerﬁ rainforcements the fiéh distinguiélied between.
. these two more frequent rates of reward. |
Effect of varying the size of reinforcement:
| ’ In this experiment, unlike the prpvi;ous“
ones, 'a single’ ratio (FR.6) of reinforcement was used
with difrepen% sizes (7.7 mg., 2.4ug. or 1.0 mg.) of

3 reinforcement. The results shown in Table T indicate.
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highly significant fish-to-fish differences (P<0.005) [é

as seen in all other experiments. While the time effect - |
was not significant (P>0.05) the treatment effects (i.e.
size of reinforcement ) were significant (P<0.025).
However the data are complicated by significant inter-
-action effects (P<0.05). Whereas fish responded to changes
in the,size of reinforcements,.at an FR6 schedule of
reinforcement, in different ways. This may simply
indicate that' there are fish-to-fish differences in .
the level of performance on each size of reinforcement{
Using the Student-Newman-Keuls procedure, no aignificanp
differences were obtained between the rates of response\
for a T.7T ng._end 2.& mg. reinforcement and between a é.h
mg. and 1.0 mg. reinforcement (P20.05) on the other hand
there 18 a significant difference between. the rates of
response for the largest (7.7 mg.) and smallest (1.0 mg.)
sizes, of reinforcement, (P<0.05). This result is

difficult to interpret because of the significant inter-
action effects. However it 1s consistent with the

earlier experiments; that is one would predict a higher
rate of response for a larger size of reinforcement,pro-
vided that the. difference between the amounts of reinforce-

ment were large enougﬁ\




? " Table 7. Feeding rates of f£ish on FR6 with three sizes .
of reinforcement, (data shown in Appendix 11)y/ .

| ‘ - ‘ , ’a“. | - ‘f ‘
A = - . - - j‘ / .
: Fish l.0 mg. v 2.4 mg. 7.7 mg. ! -
number reinforcement reinforcement reinforcement
: ‘ 1. 7.7 11.2 11.9 .
, - 3 12,1 |22 4k . 170 .
’ 5 12.8 . 15.5 1k.1
1/ Values quoted are the means of three feeding trials, ' -
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o Effect of simultaneously varying the’ 8ize
and ratio of reinforcement : :

P & .
The present experiment}investigated the

effect of using gchedules balanced ag%fnst tbe size of
reinf&rcement'so that-a similar number of responsesiproi
vided a similar amount of food. The findings areyn'

~ summarized in Table 8, Fish-to-fish différences were once
ééain large but there was no interdction with the treat-
ment (P>0.65). Although there were significant treatment
effects, no specific differences‘betggen treatment’mggns o
cogld be establishediusing studentized range teats. As | ‘
ekpectéd. the_rates of response under these balanced -

. conditions were much closer to one anokher. It may there-

fore be said that a frequent sma;i reinforcement

(CR. 1.0mg) elicits an identical rate of response’ from the

. © fish as an infrequent large reinforcement (FR8, 7.7mg), the

A differeﬁcé between these treatment means being: very fmall,
Similarly. a moderake rate and size-of reinforcement(*
(FR3 , 2 Jmg,) elicite¢~an identical rate of response to

a frequent small reinforcement (CR., 1.0mg.). However,

the fish tended to show a lower rate of response on the/’ e

infrequent large reinforcement (FR 8, 7. 7mg.) gheb

compared to the moderate reinrorcgmeqt (FR 3, 2, bm% ).
" Consequently. although these vaiues #ere not aignificantly
: different. éhe trend shows that the modarate reinforcement
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ST . Table 8, Rates of reasponse (per minute) of fish presented :
with balanced schedule and sizes of reinforcement
. ' which provide an average of 8.9, 9.4 and 9.2 mg/
10 presses for schedule C.R., FR 3, and F'R 8 ‘
. (data shown in Appendix II) 1/.

« T'Fish Schedule and Size of Reinforcement g
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this balanced condition. It seems clear that within

:reSponse resulted from a moderate,reward)reinforced

_the value of one treatment variee depending on the ‘ _Uﬂ‘;ﬁ' AL

39

~
:(\/\

(FR 3, 2.4 mg) resulteaum& g,rapid rate of response by . ;

.

the fish, the frequent small reinforcement (CR, 1.0 mg)
\ﬁn ¢’1 #
resulted e next best rate and an infrequent large
inforcement (FR 8, 7.7 mg) with the slowest rate of = .

response, This sequence of events may have been expected e
.

from the previous study where, when the treatments (i.e. ,///
size and frequency of]reinfo:cement) were unbalanced,

fish reinforced on different schedules and sizes of rein-
forcement perfermed at different rates. The earlieri
results showed that the rates of response were influenced

by both the rate and size of reinforcement. The present

\
i

findings demonstrate that when these factors are balanced o

lwith each other, the resulting rates of response reflect

limits, a high frequency of reward can compensate for.a
emall quantity and similarly a low frequency of reinforce-
ment can be compensated for by a snfficiently high reward.
It is interesting to note. however. that within the range
of values used in this experiment the highest rate of T N

relatively ffequently. Since this experiment used an.
alternating series of treatments in a switch-back design

it was possible to check for catry-over effects il.e. where

treatment it hae been previously exposed to. Thla waa



tested on the same data as shown in Table 8. ‘There was

no evidence that the results of the treatments were

influenced by the order of presentation (P>0.05).

Effects of‘DDT on feeding pattern?
| | These tests nsen seven fish which had been

conditioned in earlier experiments and were'feening soiely
. by this means for over ninety dnys. As several studies’
in the literature have reported behavioural effects of .
DDT on fish, it was felt that this nas a good;material to
use for preliminany.trials. The fish were treated by the
::method described earlier. One conditioned fish was

Sexposed to each of the following concentrations of DDT ‘and
in the following order: 100 ppb. 40 ppb ahd 20ppb. They
were each found dead within the Zh-hour‘treat@gnt period.
0f four fish treated with 10 ppb DDT, one died within.2h
hours, another droppéd from an averags feeding rate of i?.B
resgonses/ minute in the two feedings prior ta the treatmont
%0 3.0 responses/ninute just after the treatment,to <1
/minute 48 hours later and was found dead 96 hours

vafter the start of the treatment. - The feeding behaviour

of the two other fish was‘apparently unarrected. In the
utwo feedings prior to treatment they averagpd 10.9 and (
17 4 responses/hlnute while 1n t two seasions forlowing';:'
| treatment they. ave;raged 10. 3 and 15 8 reeponaealuinute;"“
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 gain nor lose body mass under the.particular set of

v .

Maintenance reqnirements of brook trout o,

. One of the more inportant additional
benefits obtained from the. present operant conditioning
studies was an accurate estimate of the total food intake.

In addition to theiprecise dispensing method. the

~ axtruded food was cohesive and resisted gisintegfation in

water. Furthermore, the close proximity of response and

,reward sites ensured‘minimal éxposnre to the water'and
rapid .consumption. AThns. there was virtually no food

wastage and the recorded number of reinforcements repre-

_sented the actual food intake of the fish, Table 9. details

the wéight changes of the fish over the experimental
peri%d} If only wet weight chdnges are considered, an

~

averége gain oflless than a gram in 3 months, the fish )

X ¢«

- appear to have been supplied with a maintenance rations . IJ?

- that is, "the ration at which an animal would neither ' ‘f}

envifonmantal conditions" (Warren, 1971).° When»thev : ’ ‘ “;5

utilizable daily calorific intake is calculated G@ppendix

I11) the energy provided vy the food (Table 10& ig?\\

markedly lower than values repozxed (or estimated from .

their weights and nutritive coﬁposition) in the literature
The dailyu.{j:

for the “maintenaneb" requirements‘of trout._



. ‘ . ’ b { ) . - . ) .
/ ‘ S ) .
\\\, , ot N T
i , L g .quAMﬂﬁnmw mms usiy mw\vuvmwwpomwmwmwvwmwamm
. o *4y3Tom £poq 36M TBUTJ % BB PaBBEIIXS
, 3yStom Apoq 3 oM TRUTJ ¥8e pessaxdxs °036 .vum«ﬁwnmvw i
' .o,m.mb . mm..ﬂ . € 2~ | ) mm.nN " . ,‘ . H.#N i A
- 20708 L8'0 "9°0- A IR AL < N
, - R 615 - o'zz - - ez
06°8L - 99° 1 9* 1+ SN AS AT
. ne'o8 - §5°0 Lz- . 0%02 XA
14° 8L 98° 1 - ogre+ . oo . _  zlE -
o oHSr0n . 260 0°0 <
/T Loth9 - 5501 9'g+ . € - g0z
21°08 - 69%0 BT S*9z 16z
, (%) . (%) (2 () @
3Us3uU0d . © 'A0BI}XD esuBYD FUSTOoM JoM ‘JUSTOM oM
/z xe3ey - /T I8y3zg 3ySToM o Teuty TeuT81I0
, . : ..AH aTqey ut vmc.m..mu.:o spoys su ays3 £q o T
pauTLJa38p) sjuautiadxe SUTPaay PauocliTPuOd -8y} UT Pesn YSTF oy} Jo sisAteuy 6 erqer. i
. ; . NS n
3 ’ - ._ I i ! ' . ) -




LR
. - 2 s
| . R A R S LN, g
- RN R Lo .ﬁx?hﬁﬁhﬁ.fﬂ.,ﬁn‘hﬁ.‘:- 3
! - ~ B | hedy x.rwum;

8- cos9 6612°0 A

o . _,# . -

A - e ¢ ™

o - . 3B JO onTeA + POOJ JO anTeA = ASzous ATTep OTqeTIvAE oS8P} A g
e o . 1B 3O 3UB1om Apoq g paAIesqo - juFTem Apoq & 4 = 3BJ ApOQ TBUOTIEPDY . ALiiiak
2 X o] 77 QRN T9 . GERY - §64%°0 64 . .88 o ,\mﬂww%ﬂwnm i

a

3 MY

e e g2

651

\ 1 - - - - - : i -

/

Lo e Mu T et wmso t ser m Loee
T . 09T 88 , LL69 - .mmnm.o N 7 Y
| 892 44 | womm/ 0928°0 - st ,m\,wu,,
| L6T 1T 98€8 74880 ng: W
o - 2Lt 0l LTS STHS*0 £ 20T . €
| N LT - #01 9H16 | _En9g'0 - S.. .- g8

k]

. (s81a071®d) (sataoTed) Ammﬂmoamov f (swexs) (sataoTed) Amhmvv .
] : . axejut g .

_ . . : 1el 3ex woxy /T 3ey Apoq pooz ATtep

/Z £8asue A1tep woxy ASasus fS5asue TeuotT3Tppe JO aniea
Te303 85eX3AY L11eQ Te30T " pesodoxd ST1QBZITIAN Tejusutradxy

o . i

*(III ¥tpuaddy ul umoys aae SUCT3ETNOTED pue pasn
_ S3UE}SUOD) 23TPN3s 3UTPas PaucIITPUOD 8Yj UT pasn Us1J eyl JC WSTIIOQEI®RD 3EJ ) o
fpoq pue ajelUT POOF PSAISSQO UO paseq UOTIBZTTIIN ASIaus ATTEP pajeulisy- 01 o1qel - -

D .

.

. “ ~ ) ~

‘q




moxsture cohtent as als noted by Ph1111ps _L.;al.

.moxsture with fat plus water representinv 80~83% .

¢

maintenance requirements of each fish in the present » . .
studﬁ(vj)about 78 calo;ies for’a 23 g. trout - |
and 160 cal, for a 4o ¢ g flSh unless these value \
wera'supplemented by cataboltsm of body stores.
| . When the fish were analyse& for‘
moisture and fat content it was found that in s

‘comparison with typical values obtained frop grow1ng
braok “trout (Phillips et.%l. 1965) of 3.2- 4.4% .
body fat ( wet welght) and 74 0%- 79.0 % body\ o

total weight, the compd§1t10n of the experimental

fish was slightly differeut. The body fat of the fish in
therpresent study averaged only about i% of the wet '
weight, while the uuisture content was about 80% .

(Teble 9). This tends to suppbrt the idea of au .
inverse relationship between body fat content aqd

/ .o‘ FEN !
(1965) . Consequently. it se posslble that tb L -

experlmental fish were supplementing their da1ly energy v

| ..
needs by fat_catabolism. . ‘ / : I .




'MS
Thus. the calculated maintenance energy

. requirements based“oq food intake alone could bexcbnsidered
undbrestimates ofothé true total energy requirehents of
the fish. The extent to which such catabolism of fat

- may supplement the dletary energy can be seen if the
assumption is made: that prior to the experiment the body
fat may have been 4% of wet/ weight, a typical value for
growing trout., The.calorific supplement dué'té faf
metabolism may now be introduced into the calculation of

" the daily éne;gx'budget (Table 10). The calculations are
shown in Appendix III. ‘The estimated daily-energy
utilization now changes from about 78 calories when fo;d
energy is only ‘considered to about 170-calor§es for a
23 g. fish and from 160 calories for a 40 g. fish to

268 calories.i However, even these values are still low

compared with most of the values repofted-in the 11tér~‘

ature.

“

Schooling Behavionr
The groups of brook trout Observed

in an annular tank maintained- themselves against the

current as a compadf/school' (Kruzynski. 1972) occugying
'a relat1valy small portion of the tank. They held

positions with no more than swimming olaarauca'

b, . L
(Breder. 1959) between each other. Thase diatgnces wer e
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L L so close that- they cduld not be. measured accurately from
.  the {ilm.vl B e . .. ‘
o ‘; R ' : . Although most of the fish observed £ the .~ -
groups studiesaappeafed to be of'equal statusw two or ’
z ' < three ‘fish held- pdsitions ?pout 15-20 cmi upstream from‘
,the ﬂroup. Among°these fish, one always was positioned
with at least 1ts head slightly ahead of the other one or ;'- '
two. .  This fish willibe terme%‘“ne°<fish. Two dif;erent ) £
types of aggressave display were initiated hy the'ol fish J{
a o when’a fish attempted to‘pass ahead %f it. In the first * )
¢ - L type the ™ fish would 'nip' (Hoar, 1951) at th;s dis-

. blaced fish in which qase ths fish usually returned -

o

a%mmedlatelylto 1ts ig;mg<&pos1tion. Thg second type of o ut .
3 : display was as followss he two fish would hold ' )
6 ‘>£~“\ : stationary positions parallel to one another and head to
. : ~ tail about _two’ centimeters apart for several seconds. .The \ .
o pair woulé then rotate 1n synchrony for several more . \
| seconus making‘no‘apparent%motéggs>to;gpd'bach other and 15 £
' ‘:"maintaining the distance between .each other. Finally, |
; v one'woh;d qniokly.t@rn‘tOWard'tns other;and nip at i%s ’ E
' ““/flank. The attabked~ f would either turn towards Qts & '%
; ,\ antagonist,: nip 1t/é::~20ntinne cidéling oF it would’ ]

. - S immediately retreaz;; In ebther case. sooner or later. the \

R -challanger would tegminate this display pattern by 5“;‘ R

.ratreating. The display dig not usually last more than




<
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10 to 15 seconds, the & fish was always the one challenged
and no change of position was ever observed to occurs
that is, the o fish always returned to its position with

the challenger retreating to its pléce in the group.

Wherithe X fish was removed overnight to
another tank no othe

fish was seen to take its -place and
‘it reéumed its former position and status when retufned to
the grpubi Such displays’werefneqpr observed between

othe:{fiéh in the group.

.Effeck&ﬁf dietary methoxychlor on schooling behaviqgr'
| Foldowing frame by>frame examination of
the film with a film editor it was clear that the spatial
ganisation of the/group remained substantially the same’
/T//(:Zfore. during and after treafmgn%\with methoxychlorl
- Rebresentativé?éampliqg of the daily variatipd was
obtained by - the following proeedure} The area occdpied
by the group was measured on the film by selecting frames

at 24 <hour ig@ervals (at 3 p.m.) for the last twenty daya

of the study. “The area measured as the amallest rectangle
which enclosed the group for..the fj.rs*tﬁ ten ‘days was
298.,7 lo 6 cm (Y S.E. ).’ For the last ten days it

was 316.1 £ 10.1 em? (Y s, E.){ there was no signiricant
difference (0. 4>P>0.2) between these values. The - . . '
dominant andﬁsubordinatq\iﬁdividuals ware "also c;ggfly 5:J;\

o 1dent1fied on the film. There were no changpa seeu in tha
) . NN

Y
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social structure nf the group throughout the: period of the
' experiment and no changes in individual behaviour were

.

aevident, ' : ’ w

Feeding Behaviour of a Gro of Fisl ‘ ‘

During any one experimental period it was
found that a single fish fed from and defended the feeder,
Apart from e occasional dash to the feeer made by one
or two oth¢t fish, its dominance was total. This relation-
ship wgg o\definite as to make counting of the frames
.of film unnecessary. Table 11l indicates the status- of each
fish in the group which was elucidated by successively
restraining in individual cages, the dominant fish as they

came to express themselves.

Table 11: Status of flsh in the group as measured by’
dominance of feeder in the first experimental

session.

Status Fish no. . ' wt, (g) Length (cm.)
First - - 1 30.0 16,0
Second - 7 . 30.5 ' ‘15 5

Thi.r.d" 5 '32-7 '5
Fourth . 6 22,0 . 14,0

Fifth B8 23.5 - l#.5

10 . 2,0

- Sixth 15.0

It should bp roted that the above order
"differed from that based n the observdtions using nipping
as a. crlterion. During the firsf ‘few days of the

experiment. prior to the removal’ of the fish which first

’fed from the feeder. a, large proportion of the intgractions ,




took place between the &l fish (noi 1) and two other fish

(nos.s 7 & 8), On ‘the basis of their aggreasive behaviour -
., these fish were classed as of higher status than the

others. . However, no. 7 ranked second and no. 8 fifth ae

determined by successive removal of the déminant fish,

" Firthermore, no. 5 fish which waF never seen to attack any

of the other fish and which was, in fact, the subject of
: attacks-hy fish found subsequently to have a lower statué-
in Table 11, turned out to rank third in his ability to
- ‘dominate the feedeh; ~
Since the earlier experiment using the
. ‘ : annular tank indicated that the pattern of dominance was )
. apparently quite stable, it was anticipated that a similar
result would have been obtained in the group feeding
'tfials, However, manipulation of the social structure -
by caging the dominant:fish and later refnrming‘the group
again and re-determining the hierarchy showed changes in
"the status ot three of the six fish: no. 7 fish rormerly

secqnd ranking beéame the K fish while nos. 1l and 5 now

_ranked aecond amd third, respectively.

<
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DISCUSSION

pehaviour of Individual Fish

\Operébt cendfeioning in.brook trout:

Rozin and Mayer (1964) have compared the
effects of various fixed-ratios of reinforcement on the '
performance of goldfish conditioned to ‘'bar press for
food pellete. Their fish showed compensatory responses
to chapgee in frequency of reward ;imilar’to those found in
a large number of experiments wité pigeons and rats
(c.f. Ferster and Skinner, 1957). Thus, during a one-hour
feeding session, as the fish were placed on larger ratios
'of reinforcement which provided les; frequent food .
fewards. the animal compensated to maintain its food, intake
by responding at higher rates. Figure 5 illustrates e'
logarithmic transformation of their findings where the-

ordlnate represents the food intake attained as a percent-’

-
<

age of that obtained on a continuous reinforcement
'schedule‘and the absicisda represents the fixed ratiolof
.reieforcemené schedule. The theoretical relationship is’
.plotﬁed tgldemonstrate the:slope of the line obtained'fer_

constant response rates independent of the ratio of rein-

& , .
forcement.' Compensation oécure if the obeerved,rate of

resporise at each ‘?R' schedule is higher than the
‘theoretical value.. It can be eeen that goldfiah ehewed
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coﬁsiderable coﬁpensation. In the~presep% stud&. fish
provided with a 2.hmg.kreinforcement showed compensation
within~thg range of. 'FR' schedules studied although the
degree of cdmpensatién was below that of fish given a
larger (7.7 mg.) reinforcement. Goldfisnh, given a 20mg.
reinforcement, showed a greater compensatory response over
a wider range of 'FR' schedules. From curves in Fig. 5,
i saems llkely that the deoréa of compensation for fixed-
ratio schedules of reinforcement in fish depends on the
size of the reinforcement giveny '

The smaller degree of compensation and
steeper slope of the compensation curve of t:ouf'compared
with that of éoldfish may algo reflect a species difference,
It should be noted that goldfish are tropical fish having
no stomach and are continuous feeéers."Givén continuous
access to a fe;der. go}dfiéh feeé at'an\evenly-distributed

rate over a 24-hour period. On the other hand, ‘trout are '

rarely found in water over 20°C (MacCrlmmon and Campbell.
1969), have‘stomachp and are discontinuous feeders.

éable 12 shows the feeding“of F trout with continuous'

access to the feeder. It is clear that it did not spread'

its feeding responses evenly through t1me as was reported‘ 

for goldfzsh by Rozin and Nhyer (196#3 ' Conaequently. tha w:

differences between goldfish and‘trout shown in Fig. 5

may result from the- fundamental dlfferences in the type of
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(ecologigal niche occupied'bg,these BpeCieg./JDmnﬂfiia;/ , o
show a lower rate of compensation than-goldfish in that ‘
they may not adapt to lower levels of food availability

. by feeding at a\much faster rate,|as goldfish do, but
‘.simply adapt to a lower food intake. |

| n Highly significant fish-to-fish differences
appear-to be-a consistent feature in operant'conditionpng
experiments us&pé fish., They are not.only evident in the
present studies but also in thé studies of Rozin and Mayer
(1964) and Gonzalez et al., (1967). Consequently, the .

N ' , :
//ltechnique of using each fish as its own control provides

the most reliable experimental control,
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' Table 12. Pattern of feeding of a single trout given : g
continu?u:? access to feeder dyer 14 days,.l/ I
D2 te o g Time of day Approximate t
\ ‘ . at-start . . duration of , .
. of feeding feeding . ot
' » ‘ ' (min.J T
3 . : ’ S
. Sept. 7th 5 12125 ‘180 | }
Sept. Sth | . - - \
Sept. 9th : - - . .
Sept. 10th I o S - . ‘ .
T . - Sept. 11th - - ‘ -
Sept. 12th o 10:00 1%
: Sept. 13th - 07100 30 .
- ' 11115 .15 , )
o C N 19140 ) _
" Sept. 1b4th. ) | .13105 60 °
Sept..15th, r 10:15 30 '
Sept. 16th 09130 50 K o
Sept. 17th _ » 17100 60 o P e
, " Sept. 18th ' R § ([ 10 e
4 Sept, 19th . 13:15 6. 7 R
*  Sept. 20th o 17:000 . . 60 - .
- Sept. 21st © 19100 40 . e
N . L/ 06100 t0-19:00 hours lirht photoperiod. . o SR
: s - - . VA LT } M

AL

g
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Ecological .’mplications: | .
N The fmdings provide experimental data
which can be used to test models .of predaztory or.feeding
behaviour of fishes. One such model (Fig. 6) designed to
allovy p;;edictio{n of feeding rates of a mon‘opha‘gus" species
‘ha's recently been pxjeaen';;gd by Colgan (1973). Essent}ally;
hg suggests that cie:pr'ivation is an independgnt variable
C which influences gastric volume and, at a slower rate,

r

systemic needs which are the two vectors dete’rmiping the

——8tate of hunger of the fish. Hunger, in turn, influences

the probability of eating a presented item. In the present \
experiment food palatability was high and food was not ____._/
, rejeétedt the probability of’ eating a presented item was
~ thus unity. The food intake was supplemented 80 that °
all the fish received the same amount of food as the ‘ - =
maximum obtained by a fish i‘n the experiment from . the |

f,eeder alone. Therefore, thg state of hunger of all fish.

within any one set of eicperimqni;al conditions, was the same. SN |

‘, © The ‘a'nalogV of the _encounter interval of Fig. 6 is the T |
interval betwe.er; reinforcements and the ‘effort which -the . _

fish puts into searching for food can be measuféd by the -
rates orf response recordéd. Feeding rate (F) would’ there- - ‘ ‘y

- fore equal the encounter or reinforcemant rate 8ince tha o v
probability of eating (p) is unity.- Colgan pointed out | o

that thts model may also explain why the et‘fect of ') ‘

T koot Ly
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different deprivation periods is best geen when the time’
available for feeding is limited, Under these conditions
there would be increesed food gearching and a greater
probabil;ty of eneountering prey resulting in an increased
feed;ng re%ponse. bbviously. the level of hunger is
higher at fhe beginning of a feeding bout and is reduced’
as feeding goes on: therefare, the state oﬂ-hqnger‘ofnthe

fish would be most obvious at the beginning of a feéding
period. This hypothesis was supported by the present.

- . finding as well as those by Moore (1941), Tugendhat (1960)
and Beukema (1968). The rate of feeding in the 15-minute
trials generally did notchange durin the feeding triii
whereas in the 60 minute %rialswthe rate tended to decrease.

Furthermore, Colgan s model suggests that feeding rate is™

_.also influenced by’ another independent variable i.e. "prey
properties + _ In the present-studies the food represented e

‘a prey whose properties of ﬁesye. size and availability

ffcould all be experimentally manipulated to vary. the rate of

_ response, ’ ‘
" . in fact, the experiﬁents usink‘both fixed
ratios of reinforcement and different sizes of reinrorce-
‘ment demonetrated that the findmgs we:;e as predicted by
: Colgan (1973). When the relative availahlllty of the

prey increased. (1.9‘ et higﬁﬁr ratiosof reihforcement )

-
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" TEMPERATURE AN .
»
PREY ‘ NCOUNTER L
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Diag ram jllastrating a model of the motivational
analysis of fish feeding behsviour (after : t’ ,&

Co].ﬂan. 1973). A L aER
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_or the size of the °prey’ increésed,the feedinggizzj)

- increased. ’ S
S : ! i

E 4 warj (1972) has found that the searching

a

behaviourjof rainbow trout (Salmo gairdneri) waned when

fobd captulles did not exceed a particular rate, Similarly,

N

in the present studies, feeding behav1our waned under a
low or infrequent rate of relnforcement. As the feeding

habits of these two species is similar, this fggdihg

2

behaviour may represent a general homeostatic mechanism

o

balancing food intake against eﬁergy output in trout; that .

is , this feedincr patternwmay be ad ted to minimise energy

——

expenditures in the search of food less there is a high

probability"of a net energy gain.

This behaviour seems nonadaptive in that ¢

it xncorporates a positive feedback loop whlch might . - o

ultimately lead fo starvatlon. If food shortage leads to-

reduced searching activity which lowers further tﬁe amount o .
of food consumed thé Qiabi&ity*qf the -organism is
ef{danoered~ However, other responses might be elicited as

£

starvation increases to get out of this cycle. For example,
depletion of fdt stores‘ﬁgy Qnge ageir stimulate ’ g S
appetitive activities. If‘ajpredator reduces its feeding h

.activity when ‘the. prey is in short supply, this

will also tend to prevent the total elimination of -
the prey with ultima.te ‘benefits to its own population

q

(Wyrme-k‘dwards s 1963)

<




F‘igure 7 demonstrates that the relation T

- between prey availability and rate of response is also a ¢

.. 1

function of prey size. Whereas. the reeponse rate is high s

[0
o~

for a readi]_.y available /emall prey, the rate for e‘ larger
prey is more seneitive to availability. Thus, wnile the‘
© ¢ rates of responses for a 2.lmg. prey vwere not significantly
different when it was available,/oncemry three or six
responses, the rates were difi‘erent at these levels of
a.va.ile‘.bil ties when .the prey was 7.7 mg. . .
_ AN The last experiment examined the influence
of prey size on feeding behaviour. Figure 8 illustratee\thg\
relation between prey or ;einforcement size and the feeding
rate. It is clear that, at the availability of one -
reinforcement for 8ix Ire‘enonsee. the rate of ,resnonse was

.

directly related to the snize of reinfoi'cement. Raymond,

et al. (1972) have also 'shown ‘similer behaviour in goi'dfieh
coriditioned to swim a runway (trough) for a food reward. - -
They found that the fish swam faster for a larger reward. )
.but more. slowly for a smaller ‘reward.i ,War;e (1972) etéted ,

gt feeding behaviour was predominately determined. by

visual feedbac!; in trout and therefone prey eize influenced

e

the feeding reeponeee visually only. Thie mechanism eeema
9,

wvery unlikely under the present feeding cdnditione whene

the prey- all poseeseed the same degree of conepiQuoueneas RIS
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- ) fish cibarly were eble to distinguish prey 6‘? ng. different

in size, Consequently,’ not only can feeding behaviour ' . e

in trout be modifled by the vxsual characteristics of the
v 3 food, but it s;gms likely that other sensory loops may §\§
0 © " exists for example, th#re may be both a response to ) . \\;..
' swallowing and feedback from proprioceptors of the gut as _ -
suggested by ‘Hamilton (1965). ‘ - o PO
ST . P N

'PBY?hological impllcatlons : w o e

This condxtxoning study also prowides - R

informatioﬂfwhich is relevant to a controversy about the
=

similarity of the learning process throughout the "

14 R ¢

#ertebrates. On, one hand, Bitterman (1965) Gonzalez and
Bltterman (1967) and Lowes and- Bdtterman (1967).. studying
goldfish contended that fish. in contrast to higher

vertebrates. notably rats and pigeons. showed theLso—caB&ed R
“? & ‘
reinforcement principlef ‘that is, if Jtrained to work for

/

“one 81ze.of reinforcement, their performance rate was not

T o
7eltered if the reward size was.reduced. This principle o

' presupp _that once nervous.connGCtions are made for the
i . v . .

ocon%itional reSponse. these.connections oannot be modified." "{f{?’l
On the other hand, Setterington and Bishop (1967) and L
. Mackintosh’ (1971). Mackintosh and Cauty (1971) and =~ | ~§fw.j;jf
Raym°ﬂd QH.JL (l972) argue that fish ‘respond in essentiel-a”: S

"ly the same way to reinforcement size as ‘do higher



- . principle”. . ; . )
' ot o The present study supports the latter ; -

argument. It was- clearly shown that trout modified their
rates of response according to the size of reinforcement

dispenseds that is, a faster rate for a large re;nforcement . :

and a slower rate for a smaller reinforcement, irrespective

I'4
.
———

. : of the order of presentation (Ff&. 8).

B - Maintenance requirements:of brook trout !
‘ . , o . Bronn's (1946) experimentsvon miintenance
| requirements of brown trout (_é?@g trutta) aT? a- classic

\ ,‘study which have served as a baseline for’ many ather

! workers. For examoie. her data have been used to develop'

‘ parameter.values,for,recent matnemaxical modele of fish
nutrition bnyeloheino and Dickie (}9@6) and Hest}ngs g\. ' .
'119695 . By‘converfing'her data to‘daily energy requirements

of trout (Appendix 1I1), Brownw;data would predlct a qaily

, energy requlrement (at" 11.5 C) of about 635 calories for a,

. ,A - 23s. trout ‘and about 736 calories for a uo g fish. These
valuyes are. considerably higher than the values obtained in _

,;the*present study (78 cal /oay for a 23 g fish and 160 cal./ R
day for a uo g fishz even‘when fay catabokism was aseumed ) )
to have occurred (1?0 cal /day for a 23 g fish. 268 cal./
day for a ko g fish). On the: other hand. Brocksen (1966). -

OPtpined ‘data. for cutthrost trout (Sdlmo: claggz) which givg ‘ ﬁfiﬁ

valuea similar to those found in ‘the preeent study.‘ Hie ,_f




: .
. , . -
.
,
3

graph predicts a calorific need for '‘no growth' of 172

- s §3

cal./day for 23 g fish and 300 cal. 7day for a 40 g fish at
- 8. 5 C (Appendlx I1I).It would be expected that the daily
. energy requiremente at the temperature of the present ]
™ | studies (11 - lC) would be higher. In fact. as previously - .
mentioned, they were lower, It,is also interesting to |
consider»the estimates obtained from the'respiration~
etudies of Beamish (1964), His data. predict a basal:
reepiratiOn rate of 26.18 ml oxygen/day and 5 ml/day
' for 23. g and 4o g fish respectively at 10%. If we use
..the reasonable value for.the calorific equivalent of oxygen - ) ™
of 4.8 cal./ml. thpgse reepiration rates indicate daily -
basal calorie req irementg:of about2125 calories and 265 .
calories/day (Appendix III)' _— E 'S ‘ .
It can be seen that the calorie intake of -
- the flSh in tge present study &at_ maintenance level” is’ |
. well below even. that predicted to be the basal requirement
,1.e. that of a fish extrapolated to zero activity. Even
- when allowance is made for energy obtained from the :
. cataboliem of internal fat stores the estimated caloric T
requirements are still no greater than the values predicted :
",by Beamish (1oc.cit ) as baeal. However. ae the fish in ‘:‘ glte";

the present study -were cleerly at a routine rether then‘fy'“-e’

basal level of metaﬂplism the present results spggest. v oL

. therefore. that maintenance levels of food and baaal energy
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"Yequirements have together been overesfimated by many of the
*zarlier workers. There are several possible explanati;ns.
"It seems likely that in group feeding trials in the
laboratory the fish may be faced with the stresses of social
interaction and activity which may elevate yheir metabdlic
requirements. 'Warren and Davis (196?5. in a etudy‘conpar-
ing t#out in e stream with those in the 1;;oratory. found -
the latter more active than the former. Furthermore, in a
- recent study, Sparks et al. (1972) showed that subordinate
fish were more susceptible to toxic doses of zinc than
dominant ones. They also noted similar findings for other
grpnps of animals and suggest thet the stress of social
interaction was responsible for this phenomenon. In the

present study the flSh were igolated in- individual tanks.

Another magor problem in some of the earlier work has been the

‘underestimate of energy losses in unconsumed or undigested

food ag well as losses of nutrients into the surrounding

water when the food waspnot immediately consumed., Although

-it is unlikely that these losses could be totally s
,,eliminated the present system minimized this source of
. B With ree%ect to the respi f:iuﬁ studies oi
Beamish (loc.cit ) several ‘sources of e§§2i\ﬁ;§95e cifed
which might bias his data upward. Halsband (1953) showed
,fthat emen slight movement of the pectoral*fins of a fish




B weighing and measn/}ng. .and has. also shown considerable
' changes in feeding behaviour following the’ handling. zven‘ s
'fqr very short periods. of the desert pupfish (gngi_gggn g "“f

'that the respiratory rate of fish in a respirometer was o

et SR 65 o

/ ) r

in a reeéirometer had a significant effect upon its rate

P

of oxygen comsumptionu Furthermore, O'Hara (1971) showed

greatly elevated initially and suggested a minimum period
of 24 hours for acclimation to the apparatus. _ Beamish
began measurerients 16 hours after the fish were placed in-

the respirometer. From obsérvations made during the-

'present study 1t eeems likely that the duration of the

‘stress following handling of trout during weighing. measur-

ing, or transfer from the living tank to a respirometer

has been ‘underestimated. For exampl% when fish which had
been feedinv with .the operant conditioning feeder daily
for two weeks were weighed 1n a manner designed to minimise
stress as previouely described. they.all-stopped feeding.
It “took from 3 to 6 days for them, to resnme their normal,
pattern. Kinne (1961) has also. examined the effects o§ ‘
various methods of fi7h ‘handling for the purpose of . . . : ;

macularius) ‘If such brief handling nd return to their

rnormal living tank is sufficiently stressful to total y

inhibit feeding for several days it seems. unlikely that a
zh-hour period isnlong enough to lower the metabblie rate~

to normal 1evels particnlenly when " they aré eimultan onsly




being transferred to a new environment.

_ Consequently, Yelues currently used to esti- .
mete basal caloric needs may include a metabolic contribut-
ion due to a'high'stress enrironment. Before more
definitxve statemepts could be made, ‘it would be necessary

p to perform further experiments to determine orecisely

the proportion of caloric requirements supplied by

endogenous catabolism ;hen trout are fed at "maintenance"
levels, Since'the»caleulatign of the nutritional budget—‘ "
.was not.a prinary aim of the prgsent study this sspect was

| not followed up in detail. 'Nevertheless the data. presented
T‘ ' point out the need for further nutrltipnal studies to . )
' ' - provide a better understanding of the. metabolic reguirenents A
l) o .and energy budget of troﬁt. ' . IR L . ’
\ . L Y+ Effect of'DDf‘on feeding patternn

' , . If ‘operant feeding behaviour .is to hsvef 
Lh, ST . general appllcat1on’in testing sub-lethal effects of ‘
l; i ‘ ) :pollutants it is obV1ously desirable to have a feeding‘rate T ;

.

which remains relatxve;y constant from ‘trial to trial byt
which, at the same time, is-sensitiye to ;tressing agents.
In addition, the'choice of refnforcenent schedule snd sige
‘of reward shouLd develop a rate- of response which 1s ) ,;
' susceptible ’to’ experimental manipulation. For example. if

the rate were high relative to the maximum rate at,which a ' ER
..fish Was capable of working or to the theoretical maximum ,_4“f~ﬁh



&g

‘desired properties of sensitivity coupled with low variabil-

jscheoule of'reinforcenait with a reinforcement size of

' ~sublethal doses of DDT an brook trout. These earlier

«1970). In the light of the preaent results.,i.e. 100%

R : « i ‘. ‘ R A_ 67
of the apparatus, the system'would'be leeséeensitive to . .

upward shifts and more sensitive- to downward shifts of

rate. Also. a rate of response either too high or too low

——

might place the animal on a nutritional level which could

‘ﬁask the effects of a'variable (e.g. an ineecticide).being

investigated: for example, it has been shown that the

sen31tivity of brook trout to the insecticide methoxychlor . -

differs with «the amount of food intake (Oladimeji, personals
communzcat1on). »The principal aim of the earlier experi-
' ments was 1o clarif&vprecisely how the fish wouio respond lla

" to changes in the quantity and avaiiability of f;od';n

order to establlsh conditions which would provide the

ity. The conditions selected in the DDT trial. an FR3

W
2. h mg.. appeared optimnm within the range of conditions

N,

tested in these earlier experiments.

’ The results of the trials with DDT -
illustrate several pointa: first. the concentrations choaent
in this experiment (10-100ppb) were based on thoae used by o

other workers in inveetigating tne behaviourai‘effeeta,of'

values ranged- from 20-300 b, (Anderson, 1968, Anderson .
and Petereon, 1969. Anderson and . Prin?. 1970. Jackson' g;,g;, . ! f@é

P



s

" survived the conéenfrations used by the workers cited, .

"% 0.14). In the studies-referred to above the: DDT was ]

kX

T,
4

68

mortality within 24 hours with concentrations of 20 ppb.
or more, as Qel} as from tfisls,performed later in this .
laboratory which indicated a 96-hour Tin of less than

10 ppb., it is difficult to understand how brook trout

~
,v'“
N
3

In the present study the DDT was delivered with the inflow- 4

—— ___._._}iA -

ing wateq so that its concentration .in the tank should

"“‘3,\“.

remain constant over the 2h-hour treatment périod (the . i,

manufacturers' reported error of tne‘syringe,pump is

simply dissolved in acetone ‘and added to the tank only once
at the beginning of the treatment.

e Although the data.are very. limited.ﬁmhe
nesults obtained at the concentration of 10 ppb. suggest
'that feeding behaV1our may be’ rather insensitive to treat-
ment with 992:_~Ai this hear-lethal concentration, theﬂfish

‘either showed. no chsnge in its feedtngnpattgzﬂupr‘died soon
after the treatment. This "all-or-none"'effect may - . “f““““~»
indicate that the dosage-response curve of feeding rate to

-DDT is extremely steep. This would be consistent with the

dosage-mortality curve for trout exposed to DDT which shows

I

a very narrow margin between high mortality and hish -l ERE
survival (Marking. 195@), ” R \. |




Schocling Behaviour

- e ' It wasihoped that long-term observations,

-

recorded on film, would provide quantitative data on fish-
\ { . .
\ to-fish distances. These could be analyzed-by nearest-
’, o 'neighbour‘methods (Clark and Evans, .1954) which have been

-~ - --widely -used to describe groups of-fish (Breder, 1959+ -

" Whitney, 1969; Moss and McFarland, 1970 ),
By maintaining'a shallow water depth I cm.).‘it was
expected that the two-dimensional photographs taken over-
head would be sufficient to describe. the school. However,

' this procedure was not entirely satisfactory since some .

~

vertical seperation of the fisﬁ occurred. Furthermore.
the horlzontal distances between fish were: extremer small
X J and -could not be accurately determlned onufilm. On the
‘ ether hand, the analysis of agonistie ipterections provided
‘informatfen on the éociel hierarchy. These obbervatiope |
supported Newman's (1956) concept of a *despotic deminance;
‘subordxnation relationship amongst brook trout. In his
x““-study 10 of 12 groups of four fish showed no change in
hlerarchy once it became eetablished. In the present
study, in two groups of fish the situation was similarly_
stable even ‘when the % fish was removed and returned

2 :
<\\\ several times. . - ' . : ‘

It is difficu;t to 1solate the factore

DR,

‘which determine the spacing distance in fish schoole.f

o
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"McFarland and Mo§s (1967) have listed a number of énvibrni
mental factors wnich might influence schooling behav@ourA.
inclﬁding temperature, light salinity and water chemistry.
Moss and'McFarland (1970) showed that spacing wég not in-
fluenced by ahy acceptaﬁle level of dissolved.onygén and/or
carbon dioxide in the northern anchovy (EngFaulis mordax),
but it was affected by rapid qhanges‘in these factors. 1In
the present study, dissoived oxygen was kept at saturatinn

and it is not likely, therefofe, that it played any major

‘_:]L

£

.
»

' role in determxnlnu the spacing observed. Furthermore.the_

pH ‘and other characteristdcs oﬁ the ‘water chemis4ry of the '
city water supply 4id not change at any time during ‘
the'experimént (Appendix I). Breder (1959) and Whitnéy
(1969) -described the effect of llght on schooling patterns
of ‘many flshes. In general. schools tend to break up in

low light cond;t;ons but reSponges to higher lighéilevels

are spec{es specific. ‘Gibson andFKeenleyside (1966) showad
that brook trout become photonegatlve only at Llluminations
above 16# foot candles. In the present study the 41lumin-
ation Was 130 foot candles.' At: this intensity the fish torm

schools but not tight groups to seek each other's

£
[

- shadow. ) - .j o h R
Nethoiychlor appears. te be a pesticide
which is not particularly effective 1n inducing behavioural

changes in salmonoids, In another studyo Hatfield and/
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‘Johansen (1972) exposed Atlantic salmon parr ( almo 8alar) ’
to a sublethal concentration of methoxychlor (90 ppb.).
. They were unable to establish any effect on the learning of

a simple conditioned response whereas the insecticides

-, °  sumithion, abate and DDT were“effectiveﬁet similar concen-
. <k}umiinﬁg§5 It may berfhat the'ogiginai ¢hange in spacing -
) observed by Kruzynski (1972) .was caused by something other

than the methdxychior. particularly, since it was only C

«

e ’ observed in the second part of his secoﬁd experiment. It

is interestlng to note that it was also only in this: - . /‘

e sedment of his s;udy that ‘an electrlc “shock ring” was_ N
\ﬂ . < 7

’. - introduced to his tanks to prevent the fish from driftlng K

o in the water current. C

Although no changes in the social hierarchy’
through differential effects of me%hoxychlar on QOm;nant o -]
and suberdjnate individhalslyere observed, recent studie% K s

by Sparks gt al. (1972) have shown thet in groups of

} "~ Bluegills (Lepomis xmacrgphirus)éominanﬁ;fishfsuriived- Com

y

,1onger than subordinate.ones when exposed to a lethal . - -

) s . “concentration (32 ppm) _ of zinc. S ' S i

-.‘_ & . . .
"v,,r.! . - . ©
&t .

‘ E%_ana Behavxour of a’ Gr g;of Fish o '3 X T ;3

£

Thms study has placed doubt upon the use - - ' : o f

of aggressxve behaviour as the sole deterninant of poaition \?“?}

_ in the soc1a1 hxerarchw, Pany prevxous stud;es of these ,-;:‘.,

. relationshlps have usually evalunted status on fhelbasis .’fix"f .




»

of such aaonlstic dlsplays as 'nipping’ i e. "a frontal

: ’ deplay characterlzed by a darting approach followed by a -

Q-

threat bite" (Hoar. 1951) changes in this display have

/// ' R been used to measure the effects of such factors as
\ ‘ i gopulatlon den81ty (Fenderson and Carpenter. : 71) and ) J
"+ flood deprivation ( Moore, 1941), Wootton (1971) has {
|

- ‘reviewed and found consistency in the'var;ous,ﬁehavioural
. w.rrelates such as nips and spine raising used to measure
¢ aggression in 0roups of the three-spined stickleback

A . - .

(Gasterosteuy aculeatus). -However. Miller (195?) and

| . o Hlnﬁe (1959) warned that no single measure of a behavioural

sequence was sufficient to f¢lly descrlbe that behavxour. .

Tﬁefpre nt findings, which Lndlcate substantlal differences

between the hlerarchy ‘based ‘on aggreSS1ve displays and the

;’ *feedrno hierarchy in brook trout. support thié argument; e

.

Furthermore. the' feedlnv hlerarchy could not be atcounted . -

. for 1n terms of body size (see Table 11) as had been

- sugoested. Spsed only on 1ntu1tive estlmates by Kruzynskl
(1972) and Newman (1956) for brook trout Th mayahe‘f .

. a relationé&%

‘€,

g: etween body size and status in thec - ; ,;

5

feeding: hierarciy,~or willingness to nip and position in
g the.hierarchy; TKéZ;;egent technique provides a means of ,};n Lot

- v \

cheeking these relatioﬁships.. ; . - S
e Although the', observed changes "in- feedihg 'cl-“ff;“
S hierarchy were in contrast to the stability seen in the .



ARN

. maintenance’ of Spatial position within a school. they were
_ schooling behaviour in Atlantic silversides (Williams and -

: ‘ This difference\Qizzgi\:ccohnted for in at . .
least fwo ways: In the firétycase the onditions under- -

removal were dxfferent. The fish of the first atudy were

_ the fourth dominant fish ,

. . - ’
Al - ‘.

not entirely unexpected. Several researchers have. demon- ’ K

strated the effect of. experience on various behaviours _ . 'fx
including predation in rainbow trout (Ware, 1971),
aégressiveoess in‘cithidé (Callagher et al., 1972) and - B

.Shaw,” 1971). - <

..
1

which the fish of each experiment were isolated after . T

completely isolated in separate tanks while in'the second - C

study each fish was confined in a mesh cage within the

experimental tank i.e. not visually isolated. Also. in - i '

: Bpe latter case they were isolzted for varying periods. - ’ “

from five deys,for ‘the frsis dominant fish’'to”one day foru ’ ', s

hile in the former case‘%he

doﬁinaht fish,waésonly isoiaﬁeo overnight. ° . " R




‘“\< ; and size of reinfprcement (FR3. 2.4 mg ) while frequent

~Nv//'Feeging Behaviour of)IndiVidual Eﬁ h o,

-

C oo — t Feedlng behaviour in ‘bro rout was

investigated by’ conditloning the fish to- press a bar on'a

]

Ieeder (termed a, response ) in order to receive.a food

reward Ote\med a 'relnforcement ). By allowing the sh

_o;e hour access to thegfeeder eu;ry 24 andftﬁem 48 hou s,r

s it.was’ found that he flSh doubled thelr feedlng rate, to

| compenééte. The effect of cqanges in the effért required
tg receive a food reward was studied by varyingfthe‘

’ response : ngénforcement ratlp i.e. by using three fixed
rat10 schedules of reinforcement (FR3. FR6,, FR12) In all -

) caSes.,w1th elt:§?\2 b mc, or/a 7.mg. relnforcements. the

,d;fish respondad at. faster rates,wlth afmore frequent ratio
_of reinforcement: (FR3) The influence of the size of the

A reward was’ 1nvest1gated by dispensﬁpg 1.0 mg. 3 L mg. and

7. V‘mg. relnforcements on an FR6 schedule. A direct
&

relationshxp between the reinforcement size and.the rate of
- %
reinforéement was found. Both these paramete?s were varied

-~

' simultaneously so that the amount of fobd r@ceived after J,

. -

¥the” same number of reSponse was about the. same. The e

fastest rate of respbnse was e11c1ted by a moderate ratio ;

At [

‘small reinforcement (continuous reinforcement. 1.0 ng.)
. o \

’ "gave a. slower rate and an rnfrequent large rethforcement
N T b . e ” “ . . .
"' “\ C . .:\’.' . ° ' ,1 . lb \' \ . ' i\ “ 0, '\ \ @\

y @y ' A
}

v /. - T p. N - ."
~SUMMARY | . . N

, ¥

Y

=¥

[

LT .
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:
a N . . -

(FR&, 7 7 mg. ) resulted ir@ ‘the slowest rate of response. |

The effect of DT was found ‘tqge lethal within 24 hours
at concentratlons greater ;tha \ppb. At}Oppb. one r
fish was unaffected whilel two other fish died wlthin 96 - /\

hours. The - daily malntenance requirements of the 23g. and

: l&Og. fish in the feedmg studies were found tojbe 78 4

NS R

calories and 160 calories.

)‘ ' ‘ ”’ ‘ ' 5! " . I ’ o ] '»t
' Sch:.ish Behav1our . : ‘. oo

. N Phe. groups of brook trout studisd in.an+’

v

annular tank formed a compact school'\. ‘{\lthough distances
‘between most fish were small one fish. termed the 3 fishr" -' U,

4

;\nas always positioned ahead of the school.. Two types of

aggresﬁve display were observed to occur betpe'en J%h
.fish and. otherep of ths group. No cha in position or et ‘ . ﬁ,/
‘status of the X figh was observedu D':ilry methoxychlor . o
(2mg/‘kg. body Wt /day) d1d not inle/uence the spatial ‘

distribution or social structure of the school.

.
-, 8 /" it . 3

Fee in‘ Behavmur of a Grou

The feeder. used in the, experimerrts on_ the L
"fed ‘/ behaviour of. indivxdual fish. was ,p‘sespnted to \a I ’
Wgroup'of six broolc t;out in g large rectangular tank., The‘ o ’
. ,social status of each fisn 1n the group./based on its ; : \‘}
feeding behaviour. was determined. The aggreseive activi- s -“j,

ties obeerved in the schooling behaviour study uerg algg

} } .I‘\\, / “ v .- i
S P ¢ s i M . - . .4‘
R ;o R - o~
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) APPENDIX. 11 P

Effect of\changes in feeding interval (deprivation) on, the
. feeding rate 'of ‘trout fonuone hour feeding trials either
every 24 or 48 hours. , . o T "fl
.o Feeding: Number oﬁ responses per” feedlnv trial’ ‘
+ “interval _ _Fish des;Enatlon s
¥ ' i . o 3 ,' ! g :
. - . 226 ¢ .168 .7 158 6 : <)
" - 200 /’ 183° 240 . 223 S R

L 156 =~ 173 190 176 &
. 187 - 120" :

B - zaz o -t
P : o2l 178 . 138 -
oy g el 17 7 1820 132v 8
> 5 l ,

. 239 150 55
24 hours |. . 19h4. | 89- . 1354 , ‘
274 + 186. . 123 . - lLI'Z- o
‘219 158 - sk 92
‘ 228 117 ., 187 66 : -
. 234. . 129 158 161 - T
> o), 199 137 . 135 .. 80 . 7 .
g . S o2kgr 110 . 1§8 91 SR
X 246 172 . 167 . 98 - . .

. ’ ’ Al . b
LR 4 Z &

LN

P,

. 48 - 223 " 2l

& T . 380 272 . F2s3 o 21k e o

O S - 360 . 7269, . _295 . 233 ' : Lo
C , . 361 29¢ . 210 257 ;.. .. ok

i3 9 ;7,276 07 193 e L
3 292 . ¢ 339, T
yr2 w zzh R B 220 . N ;

g hours . , Sog e
3 ¢ ‘ ﬁzu - ‘ 9e~ . 276 ' S
< - .. . 1. 30 ! . - ”,
\\~ T 417 Liu®,  ho8 391\ ' '. )
400 “',330'. 400 .. 285 . Ao
1 430 20 ., 396 . 296° \‘1’} 2
138 . ber. | 3o ok N L

IOV (73 | o P
s T St AP E 36’-° 208" .. e,
S| wseT g “09 1330, s

¢
. . R . \ ot Y - !
o0 - . ' N D RO
f .- oo, T e . " . A 4 N Y
. " co . . 5] .o
P 4 " . . . o - o ' - . S
. . , . . S Jut. ot . K
N 5 ) ~ e ~
» - H 3 . L} 1] +

o) b1\ 2 36k . 28k . e v
TR 7’” \\‘\2 ~ 357 216 . ..« ¢ |
" 48 hours

. B
‘n AREN
. -
T
i o
£
——
. -
*
o ol
r/
.
-
-
-

Lo6 - 295, = 4

‘ ‘350 - 243 . 263 © 150 oL  % , i
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- Uafazior sach reeaing TFIET T each fish is preaantedx
“""  as follows: Schedule (PR3, FRG or -FR 12). -

.+ 7 number of ‘respanseg in the 15- ~midute fe

» o number of relnforcements in the £eeding

w A' P NDIX IT cont a.

2.4 mg. reinforcement was dlspensed. on the feeding behaviour .

of 1ndividual brook trout ﬁ/ i

Effect of varying the ratlo of reinforcement. in which a

sen K

. - R . '8.7 | . .‘,“h‘

. Date . fish des1gnat10n ~ » Amount. of
, . S + food eaten by .
7 . 8. * 9 -» . each fish .
° | - , " - (n_!gv) - ; 3

F;;k. .. 3

. April’é 341 - . 239 .

102~ 0 ©o

. N S
- e 30 12

April 9~ 338

- 12

Apri}l 12 310
93 . ks "

-

200 . -’

April 15
April- 18

:Apri

- April 27 :
. R . ¢ . 39
s, 6

- Aprit 30 288 ?
R 41 .

Ty 2
Oo\

AN ,\;-\

2448

C 242,40 ;
. g o A L
223.,2"° ° )
, L
1992 L
'_» . . . ,)
~l 112.8\ ’
: ‘ f : - J! ’ .'. - o

" 252,0
/-1,48'.8“‘ SR
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’ . ,':
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f ; ' . ) ) . APPENDIX II cont'd e o0 *
o ' ", Effect of varying the ratio 'of.'r.'ei.nf\::u"cemer‘!t. in which a
c 7.7 rhg._r‘e\i:nforce;ne\nt was dispenéed on the=(feedi.ng bahavioui'
, . of individual(ﬁb'ro‘oic trout ., . - - . . ‘
" . Date | Fish designation . " .Amount of
| ' . . . ’ food eaten by
N ‘ o . : each fish ;
N ’ 2 * 4 AR 6 ' (mgo)
‘ , e . NnO,2 no. "4 & 6
SN 12 6 .- 3 N -
March 31 . 179 - 307 2%? 276,0 Lok ,0
AR . h15 48 5 .\Y ' .
12 6 3 ‘ T
April 3 <13 - 172 228 . . . 299.0 524,0
v ' B .11 21 69 .
’ .12 6 3
April. 6 179 231 221 - 276.0 509.2
L i 14 36 Y2 : \
- S 12 6 3 |
April 9 , 168 3337 216 178.8 . -478.8
P13 52 63
| ’ -
C 3 12 . 6 / .
April 12 '180 . 261 110 18,4 766.6
-8 20 17 )
S 3 12 6. o
April 15 \ 183 24l 137  4bo,8 766 .6
. 58 19 21 ‘ .
e 3 - 12 0 6 | .
- "april 18 . = 275 . 333 189 . 638,46 - 1120.0
: 84 25 .28 7 I ’ _—
: 3 12 6 '
April 21 ~260 340 26 600.4 lo44.2
' ‘ 79 22 ‘ 34 : .
e . 3 - 12
* April 24 315 406 3217 .552.0 - 934.8
o 48 . 123 2 S - .




) -

- t 4

e fish ‘designation i\ Amount of ,
N . : food eaten by o
. ; each fish ’ b
‘ - ) "2 L 6 ' (mg.‘) e o
‘ ‘ . : X . no,2 ‘no &4 & 6
' ) l ) IR X ' \ ) .
> N . . 6 3 ylz \~x s
: April 27 226 37%L.. 217 506,0 -881.6 . . -
/ | 30 116 . 16 ‘ .
w - ) . “ , ' s X - "r
) Apri Y 2 55 so6 881.6
.. pril 30 240 05 157 . . 506.0 . 881. . ¢
L L e L e |
I 6 3 12 . o - .
, . -~ 39 . 112 1 T o ;
. - | ) }:g

.

L 1/ Data for each feeding trial of each fish is presented -
ag followsy D
Y Schedule (FR3,, FR6, PR 12) .
, number of responses in the 15 minute feeding trial
w " 'number of reinforcements in the feeding trial

» LV Iy

-




o ‘ APPENDIX II cont'd... 90
Effect of varymg the size of reinforcement. qeing an FR6 .
schedule. on the feeding behavipgr of 1ndividual brook
trout L/. . S o
Date fish designation . Amount of
. ‘ food eaten by

3 - each fish v
: : (mg.)

2.4 , ‘1.0
April 6 141 ‘218 . 197.6
7 ! ’ 23 “"5 *

2.4 1.0 : .
April 9 : 152 . 191 228.0
- : 24 29 .
\ N
ol . 2. 1.0 :
April 12 > 194 '168 167.2
31 26

‘ ' 1,0 7.7 \
April 15 144 - - 182 212.8

23 28

. 1.0 2.9 |
April 18 202 - 231 273.6
31 36,

1.0 7.7
April 21 " 199 224 . - 258.4
o 25 : 34 -

-9 Z.u: * ces
April 24 C 244 ' 364.8
3 ~ 35 o
» } ) , 2."’ - - v '
April 27 236 ¢ 380.0

. | . 33 '

. \ . . . 2\.’6
Apri} 30 - . 248 | 220
St 18 - 40 31 .

~

~
N

4,\

L/ Data for each feeding trial of each.fiéh ia preseni;ed

< a8 followsi  Size of .reinforcement: (mg«). * :

: .\,\» ‘number of responses in: 15-minu'|;e eed
N numbcr of reinforcements in -bhé
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) ' \APPENDIX II Cont_'g--o “3&’ \ "
RN
A Effect of simultaneously varymg 31ze and rate of reinforce- T
. ment on the feeding behaviour of j.ndividual brook trout.l/.*
- - " Y 1. )
T N «/fDate " fish desigp’ation _ Amou,nt.of .
o ‘ L. food- eaten Yy P4
. 1 3 5 7 8 9 each fish )
Y - . N ' . - (mg') . ‘
~ a . , . . Fl . 2
‘ B C ah~ C A B ' ,
| March 19 75 253 - 114 260 219 237 228.0 .
TR 28 30.° 96 30 185 93 [/ . @
L, A, B B - A C "¢
March 22 84 158 200 228 206 158 /[ 228.0
’ 56 63 75 195 26 19 .
. B C A C A B* ’ "\ .
March 25 - 117 185 -387 173 2’41 311.6 _
- 14 " 158 M 152  ‘ob : -
’ < , ST . Court Z
A B. B A ¢ D,
‘aMarch 28 104 210 191 312 224 263 282.4 . .
93 83 76 264 27 30 + 7 I .
%- B o C A ¢’ A B ' -
- March 31 114 145 -220 302 - 225 (275 250.8 ‘ .
: bs  *17 191 33 . 191 |10& : . ‘ .
- . ) N - ’ "j’/fs“ . ' T* ~ )
v A B - B % c c _ -
~ April 3 " 79 198 241 423 204 2h9 rd 338.0 "
' \wf ~68 78 93 338 25 29 “
_LData for each feeding trial of each fish is presented :_ L
< as follows: . . ‘
. Schedule (A, Bor C) ° - -
o number of responses in the 15 minute feedi.ng trial T
’ number of reinforcements in the feeding trial - - :
A=CR, 1.0 mg. A 0 RO

whe :

- " B=FR3, 2.4 mg. , ‘ , ,

A'C" FRS. 7 7 mg. IR . . o
r*
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APPENDIX III  * 92 - .
Daily food~eﬁergy consumption in feeding behaviour studies.
of individual fish L/. - -, S S
Fish - Total , s ExperiméﬁtalhAverage . Calorific L
designation food . period . daily food value of . :
consumption SR intake - daily food ™~ '
Lo ' . . intake ‘
(grams) | (days) . (grams) (calories) -
; . , . ‘ ) . v
1 6.6 - 88 . . 0.07 63¢
.2 7.97 .73 ©oo0a2. 102 - .
3 7.20 . 7h 0.10 o .
" 12.28 T 69 _ :0.18 . 155
-5« 6.5 T 790 .. 7 0,08 . 72 '
” - B . : Co. .
e 6 “ s l?.?l . - 88 0019 ) 166 s ° R
8 - - 3 6.“5 C . 78 v o OOOB S » 72 ) '
9 7.95 L A Y R A
. \ i 1 , . e T . . - V. . )

;/ {Baéed on cumuiative'ﬁafa‘on“aLl feeding studies of o
“individual .fish. | I

d

&
A

-




- . S y 7,—;—*

‘ APPENDIX III cont'd ... 93 T
Summary ofcealorific conversgfn ofhfood constitugnts. . .
Constituent Total Digestibility Energy Aiailable' s

. © available coefficient to trout . -
calorific ’
» value ' ,
© s+ . (Keal./g. food ( Keal./g. food c
. o ' tonstituent)
Protein 4,35 17/- '0.90 1/ 5.65-1.3) (0.90)
. oo =3,
X a i
Fat \ 9.45 1/ 0.85 1/ (9.k5) (0.85)
3 . ' =8,0 ’
hy . /o
Carbohydrate 4.1 1/ 0.86 1/  (4.2) (0.86)+ - -
- ‘7 , = 3.5 - ‘
g Starch 2 1/ 0.ko L/ (%.2) (0.4)
= ) ) (“ = 1068
. -Guar gum 2.5 “2/ 0.76 2/ (2.5) (0,76) "
. . - " ) =1&90
L/ Phillips (1972) e — : I
2/ Altman and Dittmer (1968) -
’ . ’ - * “ . t
. . . \ ) R . y
:}.%‘ ' - ‘ L]
\{L"» '. ) ‘ da ! .
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- APPENDIX III cont{d..."

N »

Determination of calorific value'of;food‘use$ in tpé

feeding behaviour of individual trout experiments, |

Constituent Constituent Energy Available
content in food ~ to trout from food
. . (mg./g) (cal./g food
. . constituent "
, \ '
Protein ' 143 \ 557'7 .
L,
Fat S 168.0 :
Nitrogen Free : :
Extract 1/ - 67 1&7.4 |
I o ;. total= - 873.1 .
H ! . fifi

o 8
1/ Based on the

Py

.

&

calorific value of carbohydrate and a '

- —digestibility coefficient . of 0.53 determined from the
guargum and estimated starch content-of the food.

-

s .




. APPENDIX III cont'd... : T95

Estimated bercenﬁ-composition of Brown's (1946) ration 1/

Csmponent fat _carbohydrate - proteiﬁ ,jash water
Liver 2,82 3.94 . 14,78 0.96 77.5
Minced R ’

' beef ) -7.10 . - . * 1“069 0.71 7705 o
Overall 5.67 ﬂ1.§1 | 14,72 0.79  77.5

¥

1/ Based on typical values for liver and lean hamburger
given by Altman and Dlttmer (1968,.

Calorific conversion estimate of‘ own's(loc. cit. ) ration.

Constituent - Cénééituentf ~ Energy '
\ . content in - available to
' food ‘ . trout from food
(mg./g.) cal./ g food
- . constituent
Fat " 56,7 153,607 -
Protein 147.2 ~ 's7h.08
Carbohydrate 13.1 45,85

kel N

[ . A N B
- - - ' .

1

-

sting Brown s (loc cit, ) data 40 -
trout would consume a. malntenance ration of 120 mg./g. fish
/week or 0, 6852 g. wet weight of food/day. 'Thus the
maintenance requirement i8 0.6857 g, x 1074 cal./g. -736 caL/

. \
day » - " s "

>

Simi arly, a 23 g. fish would consume 180 mg.

/g. fmh/week or:0. 5910 g. et weight food/day.
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o APPENDIX III cont'd... . o7
v LT ' ' O :
Based on' Brocksen's (1966) data for Salmo clarki at an

average tempéfafure‘of 8.500. the maiteﬁance'requirementJwég
9.6 cal. food/ Kecal. fish/day (from their Fig. 7). Trout on
. a iow ration have an energy value of 4,22 cal./g. dry weight
R of fish (Phiilips;l9650. Now,a 23 g. fish of lB.S%ldry
| jweight: k,255¢. and has an energy'value of ¢
- h.255 g].Q-b;ZZ cal/g. = 17.9561 k cals.
Again, a 40 é: fish of 18.5% dry weight= 7.4 g. and has an

., energy value of:

. \’ 7.4 g, x 4.22 cal/g., = 31.228 k.cal,

\
t

'The daily maintenance requirement can be calculated:

¢ -

A 23 g\ fish, 9.6 cal./k cal. x 17.9561 k cal=

’ \ . .
, < i . ‘ [\ 172 .)4 Cal o
| A 40 g, fish, 9.6 cal./k cal x 31.228 k cal= ‘
‘ , I . 299.8 cal,

1




' (::\b . APPENDIX IIT cont'dse.. gg
,‘~*« Calc 1é&10&§*?ased -on Beamish 8 (196#) data for basal '

| energy requirements of brook trout at 10°C. Since his

-

regression formula was nonsensical, values were es?imated

‘from.his fig. .l. An oxy-calonific ‘coefficient can ﬁé‘used-

[}

convert his méaburements of oxygen consumed by fish to.’

equivalent amounts'in calories‘of energy resourcés,oiydgzed
Thigdzg}ue is about 4. 8 cal /ml..o2 (Warren and Dayfs; 1966).
Bagsed on Beamish's (loc. cit.) data the respiratioﬁ rate~6f a
23 g;ftréut'is'l.SSBS’ml.Oz /hour or 37.4 ml .0, /day ‘and
" 3.2857 ml. 05 / hour or 78,9 ml. Oz/day for a 40 g, fish, p
When a‘°reasonable R.Q. value of 0.70 (Hastlngs. 1969) is
used, the actual da11y rate of resplration is :\k ‘
For a 23.g. trout’- 37.4 ml. ,x 0.7\a 26.18 .ml, .
FJr a 40 g. trout- 78.9 ml. x 0.70 = 55,20 ml. - - :
Now u81ng the oxy- calorific conversion factor the estxmated
dally basal energy requirements which would be predicted are;
122.8 cal,

265.0 cal.

For a 23 g. trout —26 18 ml. x 4.8 cal./ml.

For a 4o g. ‘trout =55.20 ml. x u 8 cal./ml.

) o . : . .




