o

. . Cr * ~ . ' ‘ ' - v
¥ . EFFECPs OF.DIETARY METHOXYLHLOR ON BROOK

.~ _¥RQUT FED AT DIFFERENT RATES -

LT I o L T
) A R \ °, \ , .. ,
. . ’ C . L T
» ~ 7
. Adebayo Amusa Oladimeji - .
. N . . , " " . ‘
/ N “ o . . . *
, 9 o i\ 3t
' 7 P * ' .
' [ ] - ® .
. N v .

A ’ P | ‘ in' T B - . °
" ) - The Department I ‘ o
, . . , . — ‘\\
. c . - of ) e -~ oy
. ! . . . ’ P ' . IR L
- o ) Biological Sciences. N
4 e - . * . - ‘ \\
~ . ! . o>
N v, ‘

-
)

Presentednin Partlal Fulfillment of the Requlremgnts for
. - the Degree of: Master of Science at o
o Sir ,George Williams University = = .~ .

T - . Montrea1[~Canada C o
» - - v "‘ . \ b4
,October,~1973.
R - ) ' r— | - .ok S
- /— ) ’ " . - ‘ s . Y
_-«% - q”_ ) - ) O .-::‘ .‘

-:5‘. E @ Adebayo Amusa Oladimeji T 1974

"..’"-. /» "

Cime




ABSTRACT : ’ C.
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EFFECTS QF DIETARI METHOXYCHLOR 'ON BROOK TROUT FED AT

.
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~. : ' ThlS study was undertaken ko verlfy, 1n the labOrar

ar’

tory,\the effectSaof dletary methoxychlor on the food malnte-

. [

RN nance requrr\ments bf the brodk;trout Salvelinus . fontlnalls.
-, ) A } . \\\—.. \/ Lw b

, : ' Flve 30-day experlmen\s were perfofmed during which

-~ --.the fish were held in- annular, chambers whlle swimming agalnst
f . ” — 4,
a cuxrent Of 12 2 cm/sec at temperatures "between 10 and
S
-~ .12, 5°C. . The flSh were fed artificial diets given at different

. . rates of 0.5, 1.0, 1 5 amd 2. 0 percent of thelr €;1ght daily. )

T

The test diets contarned methoxychlor (33 to 134 ppm) to |

CoL- produce an inteke level of 0.67 mg/kg of flsh/day. o o
. . ‘ The resdIts“§ﬁow“tH‘t“t‘ﬁt“n*reedtnq*leve

. : fhlor had no apprec1ab1e effect on growth but’ 51gn1flcant\\

v .-’ .
. "7 reduction occurred at low feedlng’levels. The malntenancqé‘
. 1] R . .’
. requirements, estimated from wet weight- growth curves, were
L - /

markedly increased by methoxychlor in all ‘experiments. -
. Measurements of fat and residual methoxychlor in whole fish
¢ ) N . ’ . . .
- at thé end of the'experiments.indicate that poth fat .and

) ; - methoxychlor were related to. feeding levels. 'HaemOglobln

contents were sllghtly hlgher in methoxychlor—exposed fish
n , ' . at low feedlng levels. s LS e,
. . , ‘ . N . © —
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. . . VoL INTRODUCTION . w - °
i . . - (/ . o~
N - . ° : / .
oo L The purpose of thlS study was to determ:.ne in the o
’ ' 1aboratory the effects of dJ.etary methoxychlor on the food : -
T malntenance requlrements of the brook trout Salv glus .
i/ - “ \Q L]
fontlnalls (Mltchlll) T B
N The control of blackfl:.es has two major reasons:’ ey,

Q

in'certa;n areas of-North Amer:.ca_, blackfl;_Les, although not .
{ a disease vec;:or to man,” are‘o¢c'asionally an almost intoler-
able nun.sance, whereas in Afrlca Simulium J.s the vector of ° . b
Onchocérclas:u; which causes "river bl:.ndness" of its v:.ctlms. S,

8 ~

DDT has long been used for the..control of blackflies * °- . -

v

.(Jamnb.a.ck a;ndLColl:i..ns, 19‘::>5) , but its persistence, and " R

ability to accumulate in aquatic food chains (Macek and Corn,
' 1970; Hickey, Keith and Coon, 1966) dictated the search for

© an altei:native suita’ble’/ effec'tiVe la.::‘\'ariciden yet less per-

.
5 *

; s:.stent @nd less toxic to other animals. - S
- Trav:Ls (1949) reported that methoxychlor could be ,'

‘“ " a sultable s.ubst:.tute larvicide. Kapoor et al. (197!) and
" Metcalf et al. (1971) also_indicated that methoxychlor 1.8

less: toxic to warm--bloode_d animals, readily degrades in the
. ’ J

environment ‘and is stored in fish tissues at gnuch .lower

levels than’ DDT. ‘However, there is 1ittle infoz;;natioh ‘as to

what effects sublethal cjoncentratiohs of ‘methoxychlor might

. have on fish' food ordganisms, and on the fish themselves. *

. . . \
. . . . PR
' / . L
—_ . ,
. ,
. - ,
'
.
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'tera, Plecoptera and 'I'richoptera, suggesting that WY—

defined by Warren (1971) as ‘the difference between ‘the

‘other than growth, under particular set ‘of environmental con-

In 1971 Wallace studied the effec}:s ‘of methoxychlor",
larviciding on non--target invertebrate 'fish food’ organlsms of ) .
streams .néar Baie-Comeau, Quebec. His post-treatment samples

showecl that the impact of methoxychlor was not * restricted to
[4 e
only blackfly :larvae but also seriously affected themerop-—

E]

1 4
chlor was harmful to most aquatic 1nvertebrates. Since brook

)

. .
-
v 4 . v »

trout are known to feed on sucp driféing organisms" following -

m’e'thoxychlor application, it appears very likely that
followxng methoxychlor applications in a stream the fish
/

- i
would be subjected ,te an 1nsect101de-con“tam1nated food &

- ’
L] . :

supply;. - ' S

»
Y

A riumber of studies have been carried out.on  the

effects of various environmental factors on the maintenance
. “~N : .

- requirements of fish, the amount ‘of. food consurﬁed'to provide

for routiﬁe_‘metapolis'm (Brown, 1957). The "scope ‘for growth"

Py [N ]

' -

fen,ergg value of all the, food an animal would and could con- "’

D L. ) , ’ ) 1
sgime and' the energy ®alue of all uses and losses of food o K

-
-

ditions' i$ determined by the quality of the environment.

7

¥ In nature, low concentrations of toxicants that are not

- - “.
immediately lethal may affeect fish either directly by im—\h o
‘pairing its ability to assimilate food, or in(directly ‘by . ‘.

reduc:.ng the food supply, thus lowering cropping effica.erk:}é&) L .

e e N

1

\

v R . '




. in maintenance ration:with increasifhg temperature

_mg/l of potassium pentachlorophenate while-on restricted -

In e:.ther way, there Wlll be  a reduced stc;pe for growth“

~

ard a resultant 1ncrease in food man.ntenance requlrement.

t
[ ' y &

. Maintenance requirements vary with'age, size, '

physiolOgical and envirohmental ‘factors. There is .an

abundant llterature on the effects of teﬁnperature ori the

/

maj.ntenance requirements of fishes,which shows an increase. '

(Pentelow, 1939; Brown, 1957).

! Brocksen’ and Cole (1972) reported a resultant

\ -
J_nc\rease in the malntenance req;k@vfnts of °three species

of fish, BaJ.rd:Lella, Ba:.rd:.ella icista, orangemouth corvina
1 x.
(Cynoscion xanthulus) , and sargo. ‘(Anisotremus davidsoni)

. .
- 3 > v ~!

_ whén they were’ exposed to salinitjies outside the normal

range of 33 - 37.ppt. , Growth, foodv cbnsumptien, food assimi- 3

lat:Lon and resplratlon were: also adversely affected by

~

,.sahnltn.es other than 33" = 37 ppt. T

Some studies have been ‘done on the“eff_ects of pes- -

- - - 8

ticides and other toxicants on the maintenance, requirements

-

, of fishes. The presence of 0.05 ppb of dieldrin in water

P .

was reported not ¢nly to have reduced the amount of food the”

. o -
! ., . N . >

sculpins could consume, but also increased the amount of food

necessary .to provide for their maintenance from 23.5 cal/kcal/’ .

’ day /t.o 31.5 cal/_kcai/day,‘ (warren, ,1971, P. 163). Growth

of the cichlid fish, cCichlasoma bimaculatum exposed to.0.2

o

L

1



. . ”» , .

_ ragions fe;l behind that of the'controls. " When they were
o i placed ©n unrestricted rationi the poisoned ifish compensared:
fofﬁthe ﬁecreased:efficiency of energy utilization by consu-
N \ningtmore food. Although they laéged*behind initially, they
;o caught up before the end of the experlment (Warren, 1971).
Only a few studles have been publrshed .on the”
effects of dietary methoxychlor on fish. Moreover, there

. »
2 . \\\)
is 1lit lnformatlon as to the levels of., accumulatlon in

- aéﬁarichf% h food organlsms., Kruzynskl (1972) reported an
accnhnl;tion of 1;62 to 1.42 ppm of,methoXychlor by aquatic

- insect ,larvae that werggbxposed to 0.075 mg/l of methoxy-

--chlor for 15 m1nutes§§'Mayer eﬂ al - (19:70) reported loss of -

vigour uowards the end of 15-day experlments‘ig ralnbow .

trout Salmo ga1rdner1~exposed,to hlgh«doSe comblnatlons or,

!
>

methoxychlor with DDT and dieldrin. .A dilution of Blood _ ~ .
v .

serum.sodium concentration and a speeding up. of gonadal . , -

develdpment were reported ln methoxychlor-fed tutthroat o
_ trout (Grant et. al 1969) Kruzynsk1 (197ZD showed that the '
- sw1mm1ng ablllty of brook trout exposed to dletary methoxy-
chlor 1n the range of 0.01 to 0.16 ‘mg/kg fish’ per day
was markedly 1mpa}red while those that recelved 1.00 and '
.00 mg per kilogram‘had increased stam{ia. .HistopatholOéi-
. cal studies of exposed/flsh revealed necrosis of the liver
and kldney tissue; and low red bloodféfil cqunt. -0On the

other hand he spowed that dlétary methoxychlor of the range

—_——

' 0.01"to 2.00 ng -per kg of flSh per day had no signlflcant
" 4" ) ‘ . . . . . . N " -




.
! “

effect. on ‘the growth of brook trout, presdhably because all

- [

t test groups had a constant food supply of aboutlz percent

body weight daily.
, ;
Recent studies have furnished some lnformatlon as to
' ©
the modes by whlch pestlcldes are taken up and stored by
. L N

| L -

the fighes. Some autﬁors feel that the mouth is the main

’

route (Mount 1962), whlle others maintain that the 'gills are'

the prlmary route of entry (Holden, 1962; Ferguson, Ludke and

— - .~em~_weMurphy,u1966[.r Understanding the_total effect of pesticides
.on fi;h includes what. happens fo the pesticide taken in by

A‘ . ‘the fish. Althbughichlorinated’hydrocarbons ﬁa;e lo&

solubility in water, they are read{ly absorbed b¥ oils and'

‘ , ) \ . T W -
’ T fats (Holden, 1964). The amount of pesticide accumulated or

metabolised by a fish is therefore related.to the amount of
lipids. Residues méy also var& from organ to organ depen-

dlng omn " the llpld content of the correspondlng brgan.' Mayer
J

. et al. (1970) reported a residue of‘774 ppm in adlpose tlssue

. ¢

. ~of ralnbow trout given 3 mg of methoxychlor B os in corn

011 on glternate days for twd\we tLey also noted that

:;/ feeding of methoxychloraﬁtth

iel§irin: resulted in a-hlgher
level of resrdual methoxychlor. ruzyﬁski (1972) reported

that brook trout fed diet contalnlng from 6.25 to 100 ppm of
£ methoxychqu retained 40%‘of the administered doseget

¢ Burdick EE.ELT (1968) exposed four brook trout. to 0.005 mg

ir

3

" per litre of methoxychlor for 7 days’ and found residues of -

-
-
. i . RN




.

142.4 ppm in the oil of one fish that died after 'fou daxs,_
v N f . * .

ot exposure. ) ~_ . - .

Stream larviciding for bleEkfly control has obvious

ée

3 . A . . > s : ,
~undesirable secondary effects. It-destroys a larde -portion,

L

of invértebrate fauna and accumulates in ingsects and fish.

-

It therefore appears that streamrdwett}ng”fish could be

®

) v . . . .
adversely affEcted by methoxychlor treatment in two ways:
1d be dresticelly reduced and whatever

their food co

ofganisms left would have been tohtamihated with the insec-

[y -

o

" containing the same aﬁount of methoxychlor primarily- to
. .

b

- Addendum -

t1c1de. lt was therefore felt n cessary to 1h1t1ate a,

study Bf‘feedlng brook (trout with dxffe&ent amount of food

o Y

determine the effects of the insecticide on the fqod

maintenance requirements. ' . .
A\.L : ‘ ’ " 1

.

o

ty .
v

* THis thesis wes~alréady being typed when some infor<

‘mation was receiveftqn a recent study undertaken by Wallace,

(pers. comm.'l973)m Wallace reported methoxychlor residues in
simuliid larvae caught after treatment of the Chalk River,

7
Ontarlo, thh 0.81 ug/l of methoxychlor (inltial concentratlon;

in the water) which_ranged from 240 2,570 ug/kg. Residues in

. trlchoptera larvae followxng an exposure, under laboratory

condltlons, to between 0 075 to 0.1 ppm methoxychlor ranged
from 1400 to 1500 ppb. i S N t L
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MATERIAL, APPARATUS AND METHODS

- ) N * >
MATERIAL t,

?

, The fish used for,this study were yearling brook

‘

trout, Salvellnus fontlnalls.(Mltchlll), whlch were qbtalned

-

from the Bury Flsh:Hatchery, Buflf Quebec, fromhwhere they A,
were conveyed in plastlc bags. It was impossible to ””/
t ’

obtain fish ‘of uniform size for all. experiments; the initial s
T s - >"yavera§e~weight~of»the~fish-used~inythe~fir5twexperiment«waszp~~m-»~w—
, 8.93 g wherege for ex -rimehtsﬂz, BJéﬂJand.S they weighed
0

5t

9.42, 12.57; 20.98 add 18.42 g Yespectively. " %

} ‘ ,.,~ ,Upon arrival at the laboratory the fish were held

t ' . 1n’l400*11tre refrlgerated plastlc tanks (Frlgld unit, Ohlo
’ TModel MT700), equlpped with a gooling uhlt (Min-o-Cool Unlts,’

Model BHLY09B), The temperatune of the water Jwas malntalned ) T
at 10°C, and the fish were fed dally with Purina trout ‘chow
| at a rate of wbout two perc nt of‘the;r body, weight. ,fhe
o ' fish'were apparently healthy and less than 1% mortality‘ ’ e
| . | occurred_duringlthe holdihg period, which lasted about one,

week;prior to the beginning of each experiment.

A . . A
0 . . - H b e

, . Y
' R . .

(>4

! APPARATUS i

fp' The laboratory was gupplled with water (Clty of’
Montreal) dellvered through plastic (PVC) plpes gfter lt .

Sas‘been dechlorlnated in a carbon fllter. The chemistry

I

/
?
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~

tratgd*in-Figure 1, is a heat exchange un}t’made up qf‘

_of a stainless steél jacket heatef, then aerafed i\\tank/A, .

- L » 9 a
‘. \u.;.": LY ~— - N
A ) . - N (
. 'K Y ﬂ,9' .
{> -
~ ‘9> ‘ . - . . o
- vy, 0f the water over the period during which thé experiments
s . ' N oy
were performed is presented in Table l.h ‘ . o ) “
Table l: Chemical analysis of treated water fdr the "City ‘ NE e
' . . of Montreal.(data provided~§¥ City of Montreal water— = '
. 1 . \
. works). - ° : , . [
. ) Py . P ; ) N 3
- ' __May 1972- to April 1973 (Mean values) . |
. ‘ ’ ' ’ 2 . ) N - “ . - )
" Alkalinity .Total COq, pH B
CacCoj3 N hardness (mg/1).
(mg/1) (mg/1) : . — .
. D , T
. B4 © .. 128 .. . . 0.04 7.9 \_»A;M___m
Y __Témperature control was achieved  in two ways:d . -

dufing the Sﬁmmer, cooiing was effected by a chilling unit !

o

- . o . < .
which reduced water temperature to. 12.5°C. + 1°C. 'During the:

winter, the water supply system described by Kruzynski- - ¥
" \ ’ ¢

11975) was modified to prevehﬁ the occurrence of supersatu- - -

ration. 'The apparatus introduced into the system, illus- -
eight aluminigm tupés bent and/}éunited at both equ by
two larger pipes. ?be-thbing aséemblége was p}aéed.inﬁa
plast{é box paréitionéd_by th sﬁeétsAof aluminium in order/
to achieve a.steady sequential flow from one\dompartment
into tﬁé/other, thus getting a mb;e effective heqthexchan

- Incoming cold water was preheated to 13°C by mean

N '
> [4 . ’

from which it flows into tank B holding the heat exchan &
. . - - ‘ | '

v M e .
B 2 PR S
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L'

~

_‘of'10°C34 The dissolved oxygen concentration, measured. by

' ?reparation of the Diet .

_tion, bringing the water temperature to the desired lev

+ a mixture of two- parts of beef.liver, one part of beef ’ i

. '
v
t . 4

. . - \ .
_unit./ This water| was then cooled by cold tap water

flowing throufh the aluminium coil in the opposite dii?c—.
el

‘the Winkler method (Azide Modification - Standard Methods, '

1971) rgnged,from 9.30 to 11 ppm (about 90 percent satura-

tion)n - ' : ' !
r

The~test tanks used for these studies were annular

growth chambers descrlbed by Kruzynsk1 (1972). A flow of

il LT T .

water of 925 ml/mln. ‘was controlled by predlctablllty flow

meters .and the watgg temﬁerature was kept at lO°C ln all

i 14

experlments except the thlrd one whlch was performed at .
3 5°C Each growth chamber was equlpped with an electric

motor—drrven paddle wheel whlch produced a current of 12.2

.~

cm/sec., and an electrlc shock ring behind- the standplpe to -
prevent the flsh from resting there.‘ Each test tank was
1llum1nated'w1th a 40-watt llght bulb and a 12-hour-photo—

perlod (6 to 18 hr.) was controlled by a t1me—sw1tch.

3 ’ e
. ' N

i3 - . \
. , . .
.

~ METHODS o \

I .
v, - . . -

- ! O
.I'

Tneiartlficial diet used for these studies was pre- = d

B W
4 .

pared according to'gruzynski (1972). This diet consisted. &f ,

\

heart and onpe part of.Ewos trout chow (F.169). ' Th ‘liver .




. ’ - N ' © 11

R and heart.were ground togéther.in a waring bieﬁder, oven-

dried.and,éround to 5 poﬁder: ”behoxych;pr enulsion was

| prepared by'dissoiving ;Hé reéuiféd amount in 1 ml. of ( )
xylene and adding five drops (of emulsifying égent (Atlé% 3335, |
Ciba Ceigy, Montreal) and makiﬁg it~up to one-litre with-’ .
distiiled.water. ’Methoxychlom was introduced into khé;dieﬁ
by mixing .five parts of the emulsion by weight with five

" ~~ - parts (by weightf of warm distilled water, four: pérts'dry

‘A
. powde? chow and one part of the binding agent, gelatin. The

v

mixture was poured into a shallow tray, put in the refrige-
rator where it set and was then cut‘inté small éieces which’
were frozen until used, " i
— Thg:metbbxygﬁlor uséa, 1-1-1-trichloro 2-2, bis
b ’(p-me;hoxyphenyl) ethépe, was 89.5,§erqent technical grade.
Pésticide Refgfénce étandard,(?ntomological Soéiet& of |
America) : and was oﬁtained from,City Chemical Co;porétidA,
n.v. o
//) . . 8ince the aim\bf this stﬁ&y was .to determihg the L
¢ L " effect of méthokyéchlor at’differeﬁterediLg intengiﬁy levels |
(6.5, 1.0;\1.g and 2;0‘percent body weight per day) itqﬁas
Y iméq?tant éﬁéﬁ®a11 f£ish be subjected to a similar insecti-
‘cide in?aké level even though they re;eived differe#t
amouﬁts,of food. D'germinations of the améunt of methofy-
lchlo;.in fﬁe~fina dfét prepa;ations by‘ggs chfbmétog;aphy
revealed a concentration of appro£imately 89 percént of

the. nomimal values. The concentrations of methoxychlor in

L4
-~ .
.




test groups and were as shown in Table 2. .

in the diet were therefore different for different yration

O

Table 2: Concentiations of methoxychlor in various dlets
given at dlfferent ratlons. M .o .

)

, Ration Methoxych;or
{ (percent/body wt.) content of’diet (PPm)wu_\J

»

o 0.5 | © 134,20 ° )
. 1.0 ST I
- 1. S
2.0 ' . 33.60

. .
I

‘s

The concentratlons of methoxychlor were so selectédaastbo
produce an intake level of 0.67. mg. of methoxychlor per

kllogrmm of flsh per ‘day. Thls level was’ chosen after R

. Kruzynskl (1972) observed that intake levels of 1 00 and

2.00 mg/kg/day have caused kidney and llver damage Wthh mlch

might also have 1mpa1red food utllisatlon. On the average.'

. our fish welghed sllghtly less, hence a lower daily 1ntake

of_theflnsect1c1de,was chosen.

' »

The control diet was also prepared as described -
[ 4

prev1ously except that the emulsion con31sts only of 1l ml.

' of xylene and 5 drops of emulsxfler made up, to 1 lltre with

A

/dlstilled water.

.
- - v e
.
v o 1
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. v ~ . . ) » .
The diet was analysed fmtein and fat conten; ) X

“and its compositjon is ghowh in Table, 3. The protein was .
. i .
determined by the Kjedahl method as described by Griffin

Q1921); the fat c¢ontent was, determined by ether extraction
) . ' * \ ’

with a Labconco Goldfish Fat Extractor (Model 35003), using °
about 3 g of dry material subjected to a four~-hour géflux
distillation. The ash content was determined by incinera-

L ‘ tiop'of’l.é g of food at=1200°C,1 . ;)
- ?5 . - o - '

y L .

o s e e :

+ Table 3:. Proximate analysis (based on d»y weight) of the

' ' ' artificial diet used to study the effect -of
. . dietary methoxychlor on the maintenance require-
: Q . '.‘ ...

' : »  meifts of brook trdéut.

N | . v [
- .

F Percentage dry mategf = 35,82 If— "'1
o . . Protéin' o ' o =1(65.7.50 1 .‘ . |

; B . g . Pat . . . ‘ ! '10.5(:) . " | .

- ’ - e ] . Ash .‘ : ‘ . . 8_.091 )

I3

- Experimental Design
. L} . b : "‘ | .

At the beginning of each experimént} 30 brook trout ‘

of desired size were selected and randomly distributed-in

. b 3 >
each of the six annular 'growth chambers} two days later the
fish were anesthetized in M8 222 (tricaine methane sulpho-
: nate), individually marked using the method of Mighell (1968)

x




LAY

blotted dry' and weighed -to the qeareet hundredth of. a érmn.

~ for Dlsease Control Ottawa.

) : L 14

B . N ]

y [ ’ . * . . . *
During the--first experiment, subsequent weighings were done .

\

" "at 10-day: -intervals .and the fish ration w&s'adjdsted‘aQEOr- -

d}ngly, in oﬁher experiments they were welghed at the 'Q’

beglnnlng, after 15 days of E\éq\fg and at’the end of. ‘the =~ * °

experiment. In all cases fish wéré not \fed 24 hours prior

/
, At the end of each gxperfment, all sutviving
/ » - ' -
fish- (except the samples used for hemoglobin deté;hinations )

[

( .
to weighing.

in e&periment‘4 and 5& were weighed’and kept frozen for

J U o 1 ’

S [ SN —y

Samples of frozen )

body composition and residue ehaly51s.

A ?

fleh from each test group were j?;ed in an QVen at 7Q C, o

§
J

pdlverized, and analysed for. fa

content using.ether extrac- -

. kion aé for the dieﬁ. . '

Ve - ] .

The blood haemoglobln content was measured at the

-

- énd of experiments 4 and 5 on fxve flsh from each test QSbup.

The method used was that of Wlntrobe _(1961), using a’ 'cyan-

methemoglobln standard' obtalned from the Labog§gbry Centre

l

The blood samples were

obtalned by severlng the caudal peduncle of anaesthetlzed

'flSh and colrectlng the blood in heparlnlzed caplllary ". ( |

. : . ;
tubes. - I - ‘ ) ) .

-~
e

,Determinations By the cyaqmethembglobih method .

were foﬁhd,to‘be‘genenally slightly‘lower than the haemo-

v . . N - . : ) ¢
globin values obtéined from determinatrons bas on total - .
RN .

-iron (Larsen and Snleszko, 1961) hence a correcti_n factor

A

S, . . ~ . ! .
- . - n/ L . Y ' \ .
{ . . e :




. P .
\\\\N; . Five frozen fish from each of- the. three exper;men-

1

of 1 02 X éyanmethemOglobln values + 0.25 was applled to’
b g en f’—J FY
each of the haemoglobln“thues ‘obtained. . Dete . oo ‘ ¥

.
- rl“
7 ’-“\’\f‘ ) ¢

R el ) ) co . N
Determlnat on of Re31dua1 Methoxychlor. h

) 1

tal groups and one of the three controls were thawed out,

. bletted dry and homogenized withvdryuice in a waring
bleﬁden. A 20 sample was weighed*out, mixed with 80 g

. ’ .
anhydrous sodium sulphate and thls was used for the extrac- .

— e e

tlon as described by Hesselberg and Johnson ] 72{.‘

-~

Residual methoxychlor in extracts‘ rom/w le fish

were determ;ned by gas chromatography u51ng Hewlett—

|

\

Packa ' 5750 Gas ckzomatograph equipped with an electfon/ ,// ‘
capture eetectqri A glass column_(Bmm_OD, 6mm Ib by 76.2
" . cm long) yas'pacged’with lgé etationerf pﬁase (4% ov-17 f

§% P.C./épfl kFS—l@GS) fluorésilicone) on'69/80 mesh chrg;v?

: . . ‘

|

l

1

|~1*
E o

‘mosorb WAW. The conditioné of operation were as follows:- |,

*

}:' o Column temperature 216°C L /J‘ ‘;x st

. Ingéhtlon,Port temperature , 265°C

i

240°c ’ .

Detector temperatureu’ N ' -
Carri:er. g"a,s S -1* 4.3 methane 95.5 argon - !
. ‘ . o ) 67ml/min. ‘ o “’
) "Reteht%en.tﬂﬁe ) U 22 mihutes ) ' ' i
‘ | Inject{en volﬁme o K ;iul‘ the 'solventflusﬁ'

technique described by
‘ X iy ‘ . . ) ) Kruppa and Henly (1971) /




g ’ q N 16
was emplbygd to ‘pre-
clude sampleq hang-up ‘

) L through distillation in,

- . ) the syringe.

s

The "peak areés of the unknown samples were compared to
. . L.

standard curves prepared from\samples of known concentrations

of the reference standard méthdxychior. The.concedtiations

of methoxychlor in whole fish.were then expressed as ' = .

. - ¢ ‘
. . . . . o . - ¢
micrograms/gram (ppm) wet-weight of fish. .
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RESULTS, o . ‘ )

The fish feadily.adapted'to the experimentaI tanks, L

they were active and readlly accepted both" the control and ' .

) <., the experimental diets. The change over ‘to’ the dlet con- - ~;>
taining methoxychlor did not cause any change in the . - ' -
—_— 'behevicur,of the fish and no‘drfference,in their spatial . j ) .
» . distrinntion as was obgerved bvaruzynski (197é)tcould be
| Qnoc}ced in~any of tnese experiments. . | B S

“The number of flsh that ‘died"ln the course ‘of eaclr“““” S
experiment is lndlcated in T&ble 4. Durlnagthe second .
A experlment ‘a hlgh mortality occurred one day"follow1ng tme‘ ' o
backwash of the dechlorinator; the hlgher loss among one of

on
B

the- control groups (1 percent of” body welght ration) remains
!
C} There appears to have'been no 51gn1flﬁ o -
’ . , experlmental flsh which could be attributed to dletary
, - .‘ pnthoxychlor. e ‘ ; )
. Co : ~ ' é oL ' . |

however unexplalne

cént”difference of": ortallty between the control and the

-

_browth Experiments: ) . R \

LY
‘e . el

The results of the flrst growth experiment whene no

methoxychlor was added to the diet are ‘illustrated in oL
| - Figure 2. The maintenance rations for—this experiment and -’
the following ones were dete 'ned by interpolation from
’ : i cﬁrves relsting_the growth data’to the various feeding ., = - ;;

L _ ;levels; The results of this experimenttindicaté that the

‘
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EXPT.2 . : : EXPT.3 -

A METHOXYCHLOR
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DAILY RATJON AS PERCENTAGE OF BODY WEIGHT"
Figure 3, - Relationship between the mean wet weight changes
T and feeding levels of yearling brook trout fed
either control dtéet or, exposed to a daily dietary
. intake of 0.67 mg of methox¥ychlor/kg of fish/day
during a 15-day peri’od (0-15) while swimming in |
: annular chambers against a current of 12.2 cm/sec.
., “ ‘-)... " . ‘g .
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S DAILY RATION AS PERCENTAGE OF BODY WEIGHT

~ Figure 4. The relati onship between the’ mean wet weight

" changes _and.feeding levels of yea¥ling brook
trout fed either control diet or exposed to*a
daily dietary intake of 0. 67 mg of methoxy-
chlor/kg of fish/day dur:.ng the second' 15-days
. (days 15~30) of a 30~day 'period while swimming
aannular’ chambers against & current of 12.2

/sec, -

e
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Figure 5. The relztionship between the mean wet weight chan-

ges and feeding levels of yearling brook trout fed -

. -eithey a control d:;].et or'exvpésed to a»@iily, dietary ° }‘\

~

<. _intéke of 0.67 mg of methoxychlor/kg of fiéh[day N

. ' during a 30-day period while s;x'gzimtning in annular ’ .

-

chambers against a current.of 12.2 cm/sec.
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R maintenance ration for'yearling brook trout of -an average
ﬁeig t of 8.93 ¢ was about 1.3.per¢ent of their body weight C :

_ per day, a'value which served as a basis for the selection ;
of the feeding levels in the follow1ng experiments. The:

absolute amount of food requlred for malntenance Was there-
» fore: 13, 3 g per kllogram.of wet welght of flsh per day.
l The response of the fish to‘the experlmental dlet
;for 15 and 30 days Was’meésured as mean changes in qet'weight

computed from,the difference between the pooled average ™

)

.  weights of all the fish 1n each test tank at the beglnnlng

. »
. and the end of each test period. .These results,were

. expressed as percentage welght changes.

- . -

- ' ¢ The effects of dletary methoxychlor on .-the growth

of brook troutnarelllustrated rnFlgures 3, 4 and 5 by aeye-
,' fitted curves relatlng the rblatlve a;owth to the different

feeding levels, qu.,3 represents the results of the flrst_'.

. ' 'half of the experlments (0 to'15 days) , whlle Flgures 4 and

5 show the results of the second period (15. to 30 days) and

AR the entire period respectively. The overall appearance of -
T ’ L L ‘

k , : theresults is that methoxychlpr can adversely affect growth

~ .Qf brook trout, but the effgct varies with feeding intensity. ‘

@

’ The control growth curves show that during the flrst
15 ays (Flgure 3), the control fish all galned weight in
rexperlments,z, 4 and 5 ‘except at 0.5 percent feedlng level

- in the latterhugrowth in the third-experiment was poor and’ !

-~ - Ad -
. 4 o
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weight change ranged from -7 to +1,5 percent Since the " |

-
0

act1v1ty and metabqllc rate: of p01kllotherms generally :
1ncrease with temperature, more energy ofhthe'food was
proﬁéblyaueed up .at the higher éemﬁereture (Ié.5°éi.‘ ’

‘ Durln;‘the following period, 15 to 30 daysg the
growth of the control flSh varied from about -1 to +8 per- -
cent in experiments 2,3 and 5. However, the'growth of the
control fish in experiment 4 was much hiéher'(+6 to +10 per- -
cent) probabky beceuse the rations‘chosen'were rei%tively‘

too high for'the,size of the fish.

- . . “

“The control grthn curves?for the entire period
Loy, . . > -
shown in Figqure 5 indic%te that during experiments 2, 3

and 5 wet weignt gains 'of +10 to +13 percent .were attained’
at‘the highest feeding level whereas nnch greater variatien
‘was observed at lower ievels. Gains of +7 to +21 percent
dccurred'd;rﬁng‘the fourth experiment.’ o
‘During-the first ‘15 days ef‘experiments 2’ 4 and 5,
the methoxychlor—exposed fish experienced weLght changes
ranglng from about -2 to +9 percent {Figure 3), whereas

. & "
in experiment 3 the growth.of these.fish was the poorest,

and in fact, “losses were recgrded,at all féediﬁ% ;evelé. RS
The third experimént was perfornmd at 12.5°C as compared tg ’ .
others carried out-at 10°C. Whatever was the factor res- SR
ponisible for-loner growrnrduring the experiment!|irs effect

Qas qpparentl§ amplified by the presence of'méthoxychlqr

in the diet,
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'Dering the_ieggn&’H51f of the experiﬁents (Figure 4),
the growth of the poisoned fish in experiments 2, 3 and 5 '
varied ffoﬁ about —5 to +5 percent whereas for tﬁg*fdurtﬁ
experlment much higher gains were observed

Con51der1ng the entire 30- day perlod,(Flgure 5).

" reveals that in experlments 2 and 5 the growth of methoxy- -

chloiéexposeq fish was quite similar, ranging from -3 to +l11

!

. percent., The growth'pattern for experiments 3 and 4 was

.

however different; no weight loss was observed in experiment
4 “and the_érowth'eas‘relatively high, réacﬁiné 19 percent

)at the higheet feeding level. 1In experiment 3 the overall
A\Bwth of the poisoned flsh was poor due prlmarlly to

marked losses.whlch occgrred during the first 15 deys.

éhe comparison of the growth ;f control ‘and meehoxy-
chlor-exposed fish in'Figureefﬁ,'4fan§ 5 reveais one QEriking

similarity: iﬁﬂalﬁ'four experiments the growth. curves of
v CON

the methoxychlor—exposed‘fiSh are always to‘the fﬁght of. thez_

coﬁtrei curves, The only exceptlon to this is the second
half of experiment 5 (Flgure 5) where the growth of the
control flsh is lower only at the- lntermedlate feedlng

level. It lstherefore:very apparent that dietary methoxy-

»

\chlor fed at a rate of 0. 67_mg/kg/day has a detrimental

effect' on the growth of\brook trout, the extent of which

appears to vary with the’ 1nten51ty of fEeding. The pair8s

-

of curves for experlments 2\ 4 and 5 during the first 15 .

(Y

@~
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' days were sﬁollar in that the. experlmental and the control
" curves converged at the highest feedlng level, with the
growth of the treated fish only slightiy 1ower,-suggestiné
that ‘increased rations reduced if not ellmlnated_the
impairing effect of methoxychlor on grthh Howev r,athe
growth,curve\of the treated fish in experrment 3 Jir;pg '
this period (6 - lS'da§sm was much below thoge of the'coné

5 trol both at the 1ntermed1ate and hlghest feeding levels.

The results also suggest that over the 30-day perlod
growth was more affected by methoxychlor at the low feeding
levels than at higher ones (see Flgure 5, experuments 2 4
and 5); the contrary however occureed in experiment 4. Thre

P
pattern was prlmarlly established ln the first 15-day

perlod((Flgure 3) where the effect«of -methoxychlor appears
(:/)nuch more pronounced than durlng the second l1l5-day perlod.

. WHile the 30-day pef@od growth curves for the *
methoxychlor-exposed fish are still much below that of the
‘control at the intermediate feeding levels,-they are close
‘at tte hiéhest feeding levels in all cases eicept for the
thlrd experlment which was performed at 12.5°C.

' The analysis of variance carried.out to verify .
possible interaction between the feeding levels and methoxy-
chlor is presented in Table 5. The analysis waa computed
using the changes in wet weight.of the individﬁal fish ‘
over the period in g est}on. However, the number of

%,
. ¢
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,5 A Comparisons ﬁoased on mean wet weight changes during the

‘observatlons for /,the different groups were not equal, a

factor:.al analys:.s with uhequal replication was used. , These »
results indicate that fish-on lower ration were more suseep— »
t.:i.ble to methoxychlor and as such had a lower relative'
growth. The 'results of experiment 3 aemonstrate the' a
increased susceptibility to nlethoxychi.or with reduced ration L

most -clearly. During the first 15 days of experiment‘%;, ' |

growth was markealy impaired airiﬁion decreased (P<0.-05) . : ‘

_Examination of the dafa for the entire period show a less ‘

marked but yet s:Lgn lcant effect (p<0 05))
/ The result of a comparlson of the effects ~of
»/ “ ‘

ferent feedlng levels, using a t-test, is. presented in 3

[}

dletary methoxychlor on growth of brook trout at the dif-

. Table 6. Thege results show that methoxychlor impaired

'-growth signifi-cantly (P<0.05) during the first 15 days at

the 1 percent feedlng level only in experiments 2, 4 and

Qsecond half of the experiments ind:.cate that the difference / -

O \
in the growth of the control and treated flSh was signifi- ( -

1
cant only in éxperiment 3 (see Table 6).

°

It therefore appears that the growth of methoxy-
2 .
chlor—-exposed fish was lowered during the first 15 days but - ,

approabi:ed ~ that of the controls:'during the second half .of
all experiments except the third one; this was most c:l.ea_riy

demonsgtrated in experiments 2 and 5. 1In experi,fﬁent 2,

. A
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comparlsons of the\mean wet weight changes after 15 and 30

4

days show thatwaethoxychlor—exposed fish at the 1.5% feéding

' level lost an average of 141 mg durlng the first 15 days

Y.
while the controls gained about 273 mg; however, durlng the

-

£

-

L3

_second 15 days, the.control gained 101 ng and the treated,
46 mg. The samé trend was also observed in experiments 4,

and 5. - ' ,
- o
" No sxgnlflcant drfference between the .growth of

control and poxsoned fish was observed at the highest
feedrng levels (1.5% in exﬁerlment 5 and "2% in-others) , ]
the po;soned fish puttlng on nearly as: much welght as the

-~

COntrols. The. only exceptlon occurred in experiment, 3

.where the wet Weight gain of theccontrol fish was signifi-

7

- cantly hrgher than that of~methoxychlor-exposed fish at

the 2 percent ration. In this experlment and at thls
feedlng level the poisoned fish lost an average of 166 mg
wq;le the control galned 276(pg durlng the initial ?J days
(Table 5) whereas for the entire 30—day period, yelght‘galns

were 295rand 1362 mg for the p01soned and the control fish

.respectlvely. ’ o
I3 ' ? ' ’ ' 143 g
. N Y
" Maintenance Requirements: ¢ -~ - o Ty ’
.3 8 . €
.fl o ) ' ) ' - '
The foéd maintenance requirement data of control
- .

and methoxychlor—expnsd!khnook trout were. obtained by
interpolatlon from?the growth curves presented ln Flgures 2

3, 4 aqp 5, and are shown in Table 7. There was_a

IR X
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. et

@' considerable variation in the estimated maintenance require- "

0 P

_ ment among the five experiﬁentss In‘control fishi, for

) ¢ example, the estimated food malntenance requirements for a:
//30-day ‘period ranged between 4.4 and 13.3 mg/kg/day, the

increasing size of the fish being most probably theﬁhﬁqﬂl\ﬁa; ‘

-factor of variation. Becausé of the differences in the sI

¥

of the fish, temperature of the water and time of the year

\

it appears_ inappropriate to compare ‘the experiments among .

-themseldes and inportance should e?ly be given to compari- o

.. .
son of control and methoxychlor exposedbfish‘in these B
¢ . .

. ' experlments.

e

The effect of methoxychlor on the malntenance

- . ' N ’ F/..- - —

- requirement of the brook,tnout”is 1llustrated by th erJ\\\\\
c »centage/ig;fff:::;;:;;;’aﬁsant of food requi;;;zteﬁzain;;szr\\\f

* he-€treat fish over that for the controls; thlS di fference S
- anged between.45 and 130 percent for the first lS‘days,' ” .
o . e N
: whereas for the entire period it ranged from 15 to 45%,

* 'suggesting that the\effect of methoxychlor was more pro-'

\

‘ nounced durlng the flrst part of the experlment 1\»{ . o

z
The results therefore suggest that at least under S

.

- t

the ‘experimental condltlons described, brook trout exposed 31
S ' to a methoxychlor-contamlnated diet would see their energy
requirement markedly 1ncreased' From the proximate analy515'
oﬁatgewdlet shown 1n Table 3 the diet would have a .
calgrefrc equivalent of 1424.54 cal/g wet welght’ Based;on’

o foqd intake alone the maintenance .calorific rqqulrement of

.y/ i ' \ . . ! 4 : ‘ . . ‘ . ' i " .
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IN PPM

METHOXYCHLOR CONCENTREEION.

I

[
-

Relationship between feeding levels ‘ -
" of brook .trout d the ‘resulting
- body ‘fat and metHoxychlor content

after 30-day exposure to 0.67 mg/ . - . -

kg/day of methoxychlor. The data , :
represent average values obtained

. from experlments 2, ¥, 4 and S.

. ) o
\
|
.
-
[ .
0.5 . 1.0 1.5 2.0
DAILY RA'I.‘ION AS PERCENTAGE OF BODY WEIGHT
Figure 6.

d
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control fish in experiments 2, 3, 4 and 5 would be 144,

» v e

230, 161, 209 cal/day respectively for the entire 30-day .
] period.‘ , ‘

A S . -t e ‘

Haemoglobin determinations: v

Y

The. results of the haemoglobln determlnatlons carried
" out at the end of experlments 4 and 5 are shown in Table 8.
These results indicate that among the control fish, the~

\
' v

haemoglobin level has not been materially affected by

\ feeding levels; however, slightly higher- values dccorred at
the lowest and lntermedlate feeding levels in methexychlor-

- exposed fish. At the hlghest rations the haemoglobin values

t

» in the controls and treated fish were closely similar, o

-

‘Ratfcontent'andiresidual methoxychlor: T
' *

. " The amount of residual methoxychlor in whole body
4 . .

C

homogenates of fish that survived thé 30-day treatment with
dietary.methoxychlorlﬁhd the dry weights of both the control

o, and treated fish at the various feedlng levels in experl—

7

ments 2, 3, 4 and 5 are presented in Table 9 together with °
fat content. Figur 6:represents the relationship between
fatcomposition and concentratieons of residual methoxychlor

in whole brook -trout with the Tation. These resuits.indicete

‘s

. that the conceantration of ethoxychlor stored in the tissue
‘ t
[ increased with daily ratlon, this being particularly »

* noticeable at the‘hxghest feed;ng 1evel. The highest levels

of methoxychlor res;due, 5,08 .and 5.23 ppm were obtained at

&



' the highest ration in experiments 2 and 5 -respectively.
¥ . S~
L\ Although the fish were fed different amounts of . ' '

., # R
food they all received the same amount of methoxychlor

(0.67 mg/kg/dayw. These ;esults,howéver Suégest the ?;vel
of storage of methoxychlor is.linked‘to food-availability
which in turn obviouély determines the amount of fat which
appe;rs toQbe fairly closely related to the féeding‘levels
to which the fish had been previbusly subjected.

The fat conternit of the fish at di%ferent rations
show that increase in rétion was accompanied by ; subse~
quent iﬁcrease in bﬁgy faé (Figure 6E._»On the average,
the fat content of*“the control fish were/ higher than that

of the treated, except in experiment 4 (where the amount

of fat and methoxychlor accumulated at the intermediate =1
|

Rt

'feediﬁg level were low han at the é;herifeeding leQels, : 7"&

and the ;at/bpntené:of thé confréls were also lower. The

, q%gyelé/og storage of residugl methoxychlor presented in

/ﬁ//y&able 9'gep;esent from 1.2 to 24 pgrdeé% of the adminis-

tered dose. | ", | o
! The dry. wéights iexpressed as percentage of the wet

weight) ofucoﬁtrél fish, like the obsérved.wet weight changes,

were slightly higher than those for the treated fish (Table 9),

suggestihg that tﬁe’higher gain in the control must have been

due to better tissue elaboration as opposed to accumulation

of water, o , . : . 5}

$
"
t




‘miythoxychlor in body tissues was closely related tQ the ’ :

DISCUSSION roa

-
r &

hl - “ »
It has lon&kbqpn esﬁabl;shed that orgariochlorine

insecticides can persist in the aquatic environment -and .

that*tbey can accumulate in food chains. °It is therefore - T

evident that in addition to the absggption'of insecticides

free in the water, through the gills or otherwise, fish are

Y

also subjected'to insecticideqfogtamiﬂated food with the

/knowh deleterious effects - (Muirhead-Thomson, 1971).

u

In the present study of the effféts of dletary
methoxychlor on the growth and food maintenance rsﬁhxrements
of brook. trout, the insecticide was shown té impair growth,
primarily at lbw fgeding intgnsity at the same time éugges-

ting higher maintenance requirements. Total body fat .con- ' .ok

‘tént increased with food consumption and the residual,

fat content. e L0 )
“Phxsiplbgical'implicatidns . N
- T . ./ R ,
R ©  The comparlson of the malntenance requirements . . °

3

values obtalneg wi h control brook trout 1n~the present study
w1th those of o

r wcrkers is diffichlt because the diet -
and other experimental conditdions are different. Brown
(1946b) used laboratory data similar to those used in the

present study to show. the relationshxp between the "food e

‘maxntenance‘xeguirement and body weight of two-year old

3

'
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. detalls) Brown s higher malntenance values could also be

. N o 39
brook trout kept in groups of 10 in eaqh agquarium -(glass)

at 11.5°C and fed minced, meat w1th llvér. Eﬁtrapolation

from Brown's data (194€g/ Figure 6) glves malntenance

catorific equivaient of about 460 cal*day.\'In the present

-

stﬁdy aoout 160 cal/day was obtained %ith 20 g fish, an
estimate which is lower than Brown's»gossibly because of
the differences in diets and the siiéhtly higher~temperature o

v ’ ' ' 4 ‘ :
requirement of about 150 mg/g/week for.20 g flsh, or a '
(11. 5°C)'. The calorific value of her diet calculated accor- |
1

ding to Phllllzs (1965) .was 1070 cal/g (wet weight) whereas

-our diet was . e timated as 1424 cal/g (see Appendix A for

/

due to the 1nherent dlfflculty of collecting unconsumed f d
as some must have gone 1nto solutlon. . Computations made. \\

' T [\ L
from Brocksen' s *(1966) data,yielded maintenance energy values® .

of,about 247.6 cals/day £or cutthroat trout(Salmo clarkii

averaging 21 gy these fish were held in laboratory streams at

a water yeloc\Hy of 24 cm/sec at a mean temperature of 8 5°C

- and fed housefly adults and larvae. Brocksen's values (see

Append®x B for details) and those obtained in the present

" study with fish .of about the same size are obviously loyer~

‘to the prevailing experimental conditions such as diets,

~

than Brown's. } ‘ S -

_ {t therefore appears that~fee&ing experiments have

limited value. to estimate maintenance requirements. The L.

o¥

relation of;wet,weight'changes to rations may vary acoording

activity (swimming) and temperature. While Brown's '* - A

» ~
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* ’ ,
marnteﬁance requirement studied were carried out in aquaria

r

where no current was produced, fish in the present study
had to maintain their'position against a current of 12.2
: cm/sec; Morebver, Phllllps (1965) reported that there is an
- inverse relatlonshlp between fat and water content. /
Accuracy and prec1sioa of malncenance requlrements obtained o
by this method,may-therefcre be affected by the ﬁact'thaq -
the fish'may be. accumulating water while the fat is being
metabollsed, resultlng 1n a misleading estimate of wet ‘
welght change. /Determlnations baseg on dry welghts of flsh ‘ -
'i ‘and on calorlélc values of food consumed may yleld more
(" reliable esﬂlmates of malntenance requlrements. In this
study however, wet welght measurements were used but the con~-
‘clusion reached that methoxychlor 1ncreased the food main-
tenance requlrements appears valld since the flnal dr
. welghts (see Table 9) of: the control flsh were hlghexgthan
those of the treated, suggestrng that the dlfferences
observed ﬁ‘&ween ‘the two age not due to mere water content. |
Various workers have shown that environmental stress
" can increase maintenance requiremeht‘through‘either in~ R ,:‘
'creased metabolic rate dr.decreased food ccnversion’éffi- ' -

.Ciency. Brocksen and Cole (1972) reported an increase in

the food maintenance requirements of the bairdiella

o (Bairdlell"icista), the ‘orangemouth covina (Cynoscion .o

- xanthulus) and the sargo fanidgtremus davidsoni).at , S
. - A — .

iy
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salinities'outside the normal range of 33 - 37appt. Here,

) ‘'salinity other than the optlmum was acting as an osmotlc
stressor\and the increase in malntenance requirements was
attrlbuted to higher respiratory costs .and p0351ble decrease
in assimilation efficiepcy. ‘Chedwick and Brocksen (1969)

reported a similar increase of maintenance .requirements ‘in _
L3

‘sculpins (Cottus perplexus) poisoned witﬁ 0.5 ug/loof diel-

- drin from 23 5 to 31.5 cal/kcal/day. Chapman's results with

the cichlid flsh, Clchlasoma blmaculatum p01soned with pen-

tachlorophenate was 31m11ar to those obtained in the pr §//t
study in that the growth of fish poisoned with potassium
pentachlorophenate lagged behind that of the controls ini—'
* tially, but the& later caught up by consumino more food¢ In
the present study, the dlet was restrlcted and as such the’
reduced 1mpL1rment observed durlng the second half of the
treatment must have been due to adjustment or adaptatlon by
_the fish, | 1. '_ .

. Jhe observed increased cost of maintenance could have -

r
“

-

resulted from 1mpa1rment of metabolism as "a result of S
‘ . ' damage to vital organs of tissues by mathoxychl&?. Kennedy
. EE:EL (1970) reported liver damages in bluegills (Lepomis

> ° ' macrochirus) exposed to 0.04 mg/l of methoxycﬁior in ponds.

Kruzynskl (1972), followxng almost identical laboratory S
| "conditions as in the’ present study reported damage?to 1lver
tissues in brook . trout exposed to 2.00 mg/kg/day methoxy—

chlor and shr;nkage of kldney tubules in those exposed to .

.- . .
.

1 . 1

F .
. . .
f . . v
‘ ‘e - . : * -t ‘
‘ r
~
N s ’
, \ 'y 2. o
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0.125 g/kg/day of ‘dietary methoxychlor for 43 days.

" Methoxychlor ﬁas also been knéwn‘to have some inju-
rious effect on the blood. Eisler (1967) , reported lower
haematocrits, bﬁt.no significant differenge in the erythro-
cyte number and haeqoglobin,lével between coﬂtrq} puffers

y ‘&Spheroides maculatus) and thpse.ﬁkposed to 30 ppb methoxyeh

chlor. However, those exposed to a combination of methoxy-
chlor and methyl parathion or methyl parathion alone for 96
hours had iess haemoglobin and lower haematocrité.
Kruzynski (1972) also reported a-decreasé in mean haemato-
crit values from 4f.2%‘in the control to 34.3% in yearling
brook trout exposed to 0.5 mg/kg fish/day of/ﬂ@etany'
methoxycﬁlor for 43 days; mean red ‘blood cell count of the
control and treated‘fish were- 1.15 and 1.08 million/mm3 )
reépectively. Although Kruzynski' did not determine the
vhaemgg}obin:cohtent,'it‘is péssible.thgt thebéecrgése;in

) .
haematocrit might have been accompanied by-a corresponding

decrease in haemoglobin, which could haye‘résulted in‘a.
reduced oxygen-carrying capacity of_the blood. - ’
" nis kind of damage done by methoxychlor and related
pesticides to vital orgaﬁs.COulA culnﬁnate'in an over#lL °
impairment of the performance of the fish., For example, -
respisatioh'studies uﬁdeitaken.by Brocksen and Cole (1972) .
'suggeégéd that the increaéi in the maintenanée requirement

of the three fishes mentioched earlier was, due to an

/ '
.
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1

increased respiration cost and possible decrease in assimi-
lation efficiency. A decreased swimming stamina similar to,
that reported by Kruzynskl (1972) in brook trout exposed to
0.01 to 0.16 mg/kg/dJy dietary methoxychlor could be one of
the consequences of interference with' the resplratlon of th

. v T
fish, as less energy is available for such activities..

|
1
|

bolism -(such as might be caused by damage to vital organs) '

Studies have shown that a decrease in active meta-

reduces the 'scope for activity')yith a resultant decrease

" in growth (Fry, 1957)., The literature -on the effeét of j
methoxychlor on growth is duite inconclusive. Swedberg - -
(1970, in Kruzynski)l972) reported a reduced growth of cut- .|

therocat trout (Salmo clarki) exposed periodically at 28 day

(%

intervals, to 0.1 and 0.3 mg/1 of methoxychlor, whereas i

thoSe_tnat were fed a diet containing 0.24 and 0.79 mg/kg
body wt/day in’clean water showed no reduced growth. On 1

-

the.other hand, Kruzynski (1972) reported that dietary
metho;ychlor in the range of 0 01 to 1.00 mg/kg/day- for 33 .

days had no, 31gn1f1 ant effect on growtpfof brook trout held , |
-at 7. 5°C- swlm-tested flSh f%d 2 mg methoxychlor/kg/day for . '
the same perlod _showed a 17. 73% wet welght gain as compared

to 23122% in the controls. However, he fed his fish constant P
dailynratioh'of 2 percent body WEiént. Thisg substantiateS&
“the suggestibn, that the effect of methoxychlor on growth
observed in this study was more pronounced because the ratlon

-3

was restrlcted. . ‘ ' . S , AP
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The results of Experiment 3 of this sStudy suggests
that the impairment of growth by methoxychlor was greater
at- 12,5°C thar® at 10 C. Kruzynsk1 (1972). noted a 51mllar
effect of temperature on the growth of brook trout egposed
_ﬁeudiétary methoxychlor., Comparisons é? specific grodfh
rates by him showed ‘that treated fish galned’lessnwelght
+ . at 10 than at 7. 50 C. ) ' a }

1 ) .¢//

Residual methoxychlor:

&
N

o, A limited number of studies have been done on accu-

o

mulation and breakdown of methoxychlor in vertebrates.

Weikel (1959) suggested that methoxychlor is ‘eliminated

rapidly from rat liver through biliary excretion whereas s,

Creaven et al (1967) reported that edme fish posseei'drug-
metabolieing enzymes which can o-dea;kylete pesticides as

. in mammals, Burdicﬁ et al (1968) observed in, Ehreé‘species

, ; of fish that methoxychlor accimulation is less than that of
- DDT. 'An evaluatlon of bhpdegradablllty made by Metcalf et.

al (1971) from a laboratory 'model ecosystem' suggests a

g 4

. more repid biodegradabilitf of"metﬁoxychlor and also reported

. ¢ -
that it concentrates to a IESser xt%ht than DDT in mosquito

fish (Gambusia affinis). Mayer gg’gl.(1970)ireporped a

LY

4 - ——
residue of 100 pg? in‘adipose tissue of raig?ow trout (Salmg

J—

galrdnerl) fed 0.6 mg methoxychlor on alternate days for 14

days (7 doses in all); in the- same' experlment,fish fed 1. mg
. ; t ’
DDT/day, had a residue of 173 ppm .in adipose tissmnes. The -

P .
¢ . A - N e - v e .

- g v

°
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‘same authors reported that feeding of dieldrin Wwith methoxy-
chlor to trout resulted in a.qLincrease of residual x'ﬁéﬁthoxy-

c'hlor.~ Ferguson and B:tham (1966) concluded that hJ.gher
e

mortalltles mlght result from ‘a mixture of 1nsect1c1desﬂdue"

-to differences in the mode of actioﬁﬂof the dlfferent 1nsec—

- .

tlcides cau51ng a greater overall stress. Taylor (1970, in

[}

Kruzfimsk:z.,ﬁlQ?Z) reported; a whole body tes:.due of 2.65 ppm
L‘

:Ln a flSh that died durlng blackfly larvxc&dlng w1th s ]

methoxychlor in’ Labrador. Kruzynskl (1972) reporteﬂ that

brook trout fed dJ.et‘ contalnlng;from 6‘3‘ to 100 ppm of

methgxychlor retained 40% of the adm:.m.stered dosage

" ° : / In ~the present study v resudual methOXychlor ranged

‘:. - - from 0. 24 to 5.3° ppm (see Table 9). These values represent

-.‘,""c ‘” " .. "athut 1-24. percent of the amo t resumably J.ngest;ed by the |
Lo flSh Ac%rdlng to 1pterpolat/1o‘n's\nad om Kruzynsk:L s ’

[

,}/ e data (1972 F:Lgure~12) an accumulatlon of 15 ppnm could have

4 ¢ & ¢

’gb’éeh\expected at the hlghest afeedlng level as compared to

"fi g ‘ ‘ \<the observed 5.23 p%_m. Kruzynsk:. s study was. performed at '
::’ ’ - ‘.. o 7‘/5°C and 1t is poss:.ble that the el:.mnatloq of me:thoxychlor
" '»“ e ,' 'eocurred faster at 10 and ;Z 59 at which the Present‘study ‘
-;:5._,&. R performed. S - S

‘ ”'; .0 o ’» 2‘ ‘ ’\I.'&e relation between residual pestitz.des and the -

A ’,,, ’ i amount of fat J.n\‘tlssue has alread/y/ been establlshed cr .
| ‘:l ) e o &Brrdges _yal 1963) . present study with brook trout .
”\ - e :further demonstrates th::n}xportant‘ phenomenon w’here/\




Lhlghest feeding 1evels is stored in

<

rendered innocuous whereag,a%'lbwer

{ower body fat content allowed more

r

body, thus allowing. a greater tokio action”which‘in this

, study manlfested itself in reduced growth

»

o Although the ablllty,of«fatty tissues. to store S

N

organochloglne insecticides has long-been establlshed the

v

.toxlclty of 1nsect1c1de in relatlon to.feedlnéQact1v1ty and:

fat deposition has apparently not recelved serlous attentlon«

primarlly in the context of the ecologlcal lmpllcatlons of

pesgﬁoldbs on the quallty and quantlty of aquatlc food
organisms. < foL

]




Ecological .significance: ' L Sy oo

4 !
LR , )

| Im“the natural environmentg_stream—;arvierding for

blaekfly control with,methoxycplor‘has two adverse effects:
+ ., the insecticide kills many non-target organisms and reaéily
) aeeumulates in drifting dead and/of‘dying organisms. ,
Wallece (1971) reported that'field treatments with.methoxy--

chlor caused a mgjor drift of Slackfly, Ephemeroptera and
e Tricﬁbptera larmae:' Wallace's (pers. comm., 1973) recent
| studiee confirmed his earlier’work in that the gmpaet of
methoxyehibr mas mot-restricted to the blackflies alone hut

- catastrophic decimation® of other invertebrates also occurred.

a

"Fish are'ambng the non-target organisms affected by stream—
'j larviciding w1th 1nsect1c1des when they consume contamlnated .

, drifting insects which ‘may kill, them (Hatfield, 1969).

I

Methoxychlor_ean accumulate in the fish food .

¢rganisme, ~'Levels of accumulation which.were'severalfold Q‘
the concentration in‘the'Water have been reported. Wallace

[N \ ’ - e

(pers, comm. 1973) found methoxychlor residues in drifting

-

sxmulild larvae caught after the treatment of the Chalk
N4

Rlver, Ontarlo,whlch ranged from 240~ 2 570 ug/kg, although

- >

- the maximum COncentratlon in the water (0.81- ug/l) was much

.
A Y

below the 0.075 mg/1 commonly used for ground-level larvxci—.-

ding. Wallace also measured methoxychlor reSLdues that
' i Y
ranged from 1400 to 1500 ppb in Trlchoptera larvae following

an exposure, under 1aboratory conditionsg, to between Q. 075 o

o . . , , N




" methoxychlor in insect larvae‘obtained under field condi-

’ study.. a

- to 0.1 ppm methoxychlor. . .- ' ‘/7

‘ It is evident from the above that the.net effect of
metnoxychlgr can be a'drastic re@uetion and contamination
of the’figh food biomass. " Such a reduction causes a lower
cropping eff1c1ency, coupled w1th the tox1c effect of f'
methoxychlor might culminate in an rncreased maintenance
requirement. . ) ) 5 . fﬂ
’ In the present study nrook trout were subjected to a
daily intake,of 0.67 mg/kg of fish of dietary methoxychlor
w1th varying amount of food. At this rate a 20gg fish
would receive 0. 0134 mg/&éyyouro 4 mg during the 30\day p°

period. Wallace's (pers. comm. ,.1973) values,of residual

tions are a véry valuable reference point to epeeﬁlete how
much methoxychlor a fish‘could get from contaninated
organisms following methoxychlor applicatiens in streams.
In nature, a 20 g £ish feeding at a daily rate of 5% of its

weight on food. containing approx1mately 2.5 ppm methdxy-

' chlor would receive a daily dosage of 0 8025 mg which is~

_about five times less than that applied in the present e

- . \ N b
. . “

In view of the fact that most ofrthe'post-treatment

drift occurred within about 120 minutes of the beginning of

'the treatments, (Wallace, pers. comm. 1973), it is very

funlikely that fish would be exposed to- thefcontaminated

‘diet for as long as the 30 day period for which they were -
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‘exposed in the pﬁgsent study or the 43 days for whi h
Kruzynski (1972) exposed his flsh. It i howeve —possible
thé? fish eating large qﬁantities of poisoned drifts may be i
exposed to higher doses, but for m%fh ﬁhortEr periods. If
@allacé ob&ained residue leve;s as high as 2.5 ppm following
an initial concentration of only 0%81 ug/1 much’ higher level

could be, expected in 'fiSh food organismsaexpoaed to 0,075 ' °
" mg/l used in ¢ommercial larviciding. A much higher- dose '
than ‘that used(;h the study administered over a shorter

period would have been closer to what oﬁerates in the *

s, R

- g:: . \ ,'- .
natural environment, g ‘ .

¢

J

. The results of the preeeﬁt study'eugbest fhat\the
residual amount of methoﬁychlor is linked with bhe amount
of faﬁ in‘the tissue. A fish th§£ has ample, but contaminated
food supply may therefore accumulate a high concentratlon of
methoxychlo:. Heavy accumulataon of pestloldes have been
known to lower the re51stance of flSh to dlseases and predak

°

- tors. Schoental (in Cape 1965) found Salmonids were more
susceptlble to furuh;uI;SLS and fungus diseases when their
bodles contalned residues of DDT. This cquld also be true

. for methoxychlbr as similar chronic effeats such as damages

. 2 .
to kidneys, reduced growth and slowed reaction to external"

L 4

~stimuli have been?reported for both insecﬁicideé. In nature, - -

when the’ feedlng of a fish is lnterrupted as a result of

scarcity of ﬁhe food organisms, it is most llkely that. fat .

»
a * 3 -
. '

ot
T
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. N 0 ’
zxkdation will support the cost of maintenance. The .insec~
ticide stored np~in this fat may thus be libeyrated. . It
therefore appears that with reduced aVallablllty of food,
the. flsh mlght be more sceptlble as the lnsectlclde taken
with the diet will not‘:§\§tored in fat but free to act on
susceptible metabolic sites,

It can be appreciatedlthat'food ayéilabilitg and
quallty are among the most important envir ntal factors

£

that determlne growth A toxicant~induced increéase in .

‘and others (Warren 1971 p. 164, Brocksen and Chadwick, 1969)

reduces the scope for growth as less energy/is available.
l
This }aboratory study suggests that low levels of

) methoxychlor in food organlsms coyld causg} at least for a

short period, seriods impairment oﬂ the growth of stream~
. ‘ - ¢ .

dWelliﬂg-fish.particﬁlarly when. the foodmsupélx_is°low.

’

: maintenance requirements of the sort observed in ,this study-




”

©

y Five experlments were carried out to determlne the
effects of dietary methoxychlor on the !50d maintenance

requlrements of the brook tnout, Salvelinus fdéntinalis

(Mitchill). ' B -
_The e%perimental apparatus.here annular chambers
equipped with paddle wheels producing a current of 12,2 cm/”
sec, The temperatu%e of the water was malntalned at 12.5°C
in experiment 3 and 10°C in others. The‘fisﬁ were fed with
.en artificial diet containiné various amounts of meth9§ychlor.

The first experiment in which only the EOqﬁrol diet

\ (yithout methoxychler) was fed to the fish served as a basis
H . - hd . r

for the selection of -feeding levels in the other experiments.

In'experiments 2, 3, 4 and 5, the fish were all subjected ’
to 0.67 mg/kg of fish/day of dietary methoxychlor ‘at the

yarlous ratlons for 30 days. Th concentratlons of methoxy-

chlor in the/glet were therefore dlfferent for each ration

. test groupaand were 134.20, 67.13, 44.70 and 33, 60 ppm for

s

Q 5, 1.0, 1.5 and 2 0 peroent t st groups respectlvely. s -
P

methoxychlor had - llttle ”

§>\ The results suggest th

effeé%\gn growth at high feeding levels but- reduced growth at

low foo \;ntake.' The values f the food mainteahnce require-

]

lation from curves relating

. tents were obtamned by lnter




3 dietary methoxychlor. . L o . S ) -
‘At the\end of experiments 2, 3, 4 and 5 all survi- |
v:.ng fish were weighed and kept frozen for determlnatlon of
dry we:.ght, fat. and methoxychlor con%:ent of whole f:Lsh.
Residual methoxychlor 1ncreased w1.th food consumpt:l.on as
greater fat was deposited in the tissues at hlgher rat:.ons.
-Haemoglobin determinations after the 30-day exposure

to dietary methoxychlor in experiments 4 and 5 revealed

sli'gh_tly' higher-values in metimxyf:hlor—ex’po‘sed fish at the

v I
. lowest and intermediate feeding levels. .

7
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S SN - coe
v Cc:mput;’atx.on ‘of the calorif:.c values of the diet used by PR
. e / ¥ % & ¢ I
‘o ‘ Brown 94¥b)" ‘and- that used in the preseht study. ‘ -

o"i > '\&5 . . . . , 'R - .
R ey e o / ‘ ' -

Ce " . Im order to deternu.ne the calor:.flc values of the 0o

’ . ? N " P4 o, .
? L. d:Let used b’} B;' n her studles, the: percentage fat, car-
b L

r; bohydrate and.profein compos:.t-ion of. {i¥er and minced meat, j \7
:’ T L : ! ’ .“- ' .

i, .¥ . obtained'from Altman and Dittmer (eds. 1968)~¥eré as follows:
;i “ ' - ’b. .4 ' . ‘\ . . \; i X . N
R <o . T ... 'Fat CH 0 lﬁoteln Ash Water. ,
, ."&‘1’ o Q' ‘ s .“ — f . . A ke 6' "‘h v ~ '
YV . ® 3 - - ' ¢
SR s A L.'LVW 2.382 3.9«1‘ .. ‘14.;78 :0,r9 . 77.5. o
: 7. minced :@gaﬁ 7:10 - 7 . 14.69  0.71  77.5° /
Overall Meas 5.67 1.3l 1472 [0.79° 77.5 ", .
. ) - ‘° ,,:v ‘ L ., ’ Lo . I ‘ . & .
i B 'l'o deternu.ne the calorn.e values of the diet, the . ,
_. dlgestlblllty of the foo& classes was -taken, :Lnto con51dera- ’ §
. - g 'z , .
- - tioMcog:dlng to Philllps (1965). v 3, 9 kcal 8 o and 3.5 T
ras ';‘J mﬂ o . .
e ‘ - kcal of ener;gya is’ avaz.kable/g of proteln, fat and ca.rbohy-
O‘D‘! e -
il drate respectlvely after deductions 'h ve been: made for the ..
) IEEE . . T SRS R o
L LU e 1nd1.gest1ble portions. ! TR . ) : a - Soael -t
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,:TM‘\ Y K Calo 1_f1.e values of ‘Brown's diet: 6 . I / '
AN oo /ﬂ - . - Fat = 8000 cal x Q. 0567 g 5= 453.60 cal. o )
“to 1. plotein = 3900 cax X 0. 1472 g = 574.08 cal. =

g ¢ .7 cHy0 = 3500 cal X 0131 g =’ 45.85 cal. A
. o : ‘.' . . ﬁ . \ . ' o, .: ) - .

.*\d"?}_. o Awrox. calor:.flc valueé of Brown‘s N
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,From Brown's Figure 6, the amount of food,éonéum&d'byf

p .‘th

g0 = 3300 X 5139 = 27915

?
]
»
|
14
¥
=
S
{\. e
.

. .
Pro.teln = 3900 le g = 944 19 cal ~ ¢

.

§
H

v

8000 X L0376 g = 300. Bj cal
cal
' Totgl‘calorific value of diet = -

s

P . . -
. , P Y '

.The calorlflc values of the food malntenance requmrements

LI A

for)the ent;re duratlon of each experlment‘are as follows°

: 1424,541ba1/g wet weight-

20 g fisk'. = 150 mg/g/week =.3 g/weék for whole
; = 150 m | C

T o .. - &ish.”
o = 0.4236 g/day - - | . g
: if &g = 1074 cal of energy
'_/ . ~ ~
1y - a8 .
- % 4236 g, =0 460.3Y cal,
Lor L Bgdish 5 15?' "{g/g/""‘*‘ = 2.73 g/§ish/veek -
", ; T - " - for whole fish C oy
4 - “.‘l ﬂ . " .J e - -
s, = 0.3709 .g/day ="378.35 cals/day.
c® - T - o SR S
. “The method for the'detérmination'of the calorie value of the '
dlet used in the preggnt _study ig similat o the one used d
~
for Brownds.,‘ o L ‘ ’i) '.' k
* ) \ : QI . * '
P > - N
Diet composition: N
z e 3
' Protein Fat''  'CH,0. . Ash  Water
: CTe 7. . .. P .
24,12 3,76 © 5.13. 2,81 64.18
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' \ / . 'APPENDIX B L <

[ Y R B " .
Calculatibn’ of the‘calorific efiergy requirement of yee?ling

Salmo clarkl as extrapolated from Brocksen s (1966) data,

\

. ¢

c1ted by Warren, B.W. and C. E. Davls in Gerklng,s D. 1967

(ed.).‘ Biological Basis’ of,Frespwater Flsh,Proguction

¢

. - ;( N -

(p. 198-199). John Wiley.and Sons, Inc., New York. 495 p.
) . \) . : . . '. o ’ N ®
By extrapolation ! . .- - S ’ :

,
. . wo . -
. .

v

Malntenance ratlon value for stream flsh & 13, 2 cal/kcal/aay.

* Fish on low r tlon haye approxlmately 4 2 kcals/g dry welght
a

~"‘7
‘21 g f;sh w1th about.21% dry weight = 4.41 g_E 18.76 cals/day.
':A'.' ” . " o { , . ’ - , | ' f

... 21 g fish requires 18,76 X 13.2 = 247.63 cals/day for

s . ’ maintenance. o
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