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L'~-..VJ.tam1n Al)‘and -a porphyrqp51nubased on 3 dehydroref{naldehyde (the
A

-7 ABSTRACT - g - O
. B -’ B -\;\; o : . A s

Ralnbo& trout (Sabno gazrdnerz) have a. pa}r of‘vrsual pigments,

2

a rhodop51n based on retlnaldehyde (the aldehyde form of pé&iﬁpl

a
a-
A

. u»«\“““"“"
- ‘, 'vu-«u»-s‘v‘“"

" -

aldehyde form of 3Tdehydroret1nol VLtamln Aj). ghe proportlon of these
?two v1sua1 plgments (commonly presented as percenﬁ porphyrcpsin) are

known to change seBsonally and may change in respbnse to specific

\

t

oy ) J I

S

] ._-!‘\" . ‘\ L.
' {laboratory llght conditlon at a photoperlod ::\}%L/IZD for qne month .

P

-;s'w1th1n a month The finall, percent porphyrop91n 1nd%cated by these new

;envlronmental factors such as 1ight and tempera fre. dn addltion,

(Y

exogenous thyrox1ne will induece” ‘an in¢rease ﬁgfthe percent porphyropsin

a\‘-\ R T f*«s L !
ﬂln rainbow trout, .. Ao e . _ oL ) gj s
c e . Y "\ \ Vot - 3 )
5. . fx \.
,g s Results from thls studyvshOWed\that ffsh hept under thé designeds .

\

had 51gn1f1cantly hlgher pertent porphyropsin than those held in total

s

fdarkness (ﬁ&D) F1§h kept in, low temperature (6° C) for a month had ;\

also S1gn1f1cant1y hlgher nercent porphyropsin than those held in hfgher
! : \u a
temperature (l6° C). 'The light and temperature feglmes to whlch the o V/,;
A

,ffish WQrevsubjected rathen than the 1nat1al percent porphyrdpsin, seemed .

"‘, v . C ol ~r
to determlne the v1sual plgment composx¢1on at the end w the eyperlments.
Wheh the fLsh were put “into d1fferent temperatures (5° Cl O9 c, 15° Cy

\

}.at 24D), new equlllbr;a of v15ual plgment comp031t10n seemed tQ occug

. + [N
W

- N

equlllbrla seemed to be closelx related to: the temperature§ to wh1Ch the

[N LR N . v
' \ . :

flsh were subJected .However puttlng flSh 1nto dlfferent photoperlods
. \ ot

(24L 12L/12D 24D at l6° C) resulted in a continuous change of percent -

pOrphyrop51n dPrlng the 45 days Of ererlmenév In addltlon, the final

.
-



\the experlmental condltlon (241, '8° <) for a perlod of ‘ten days

- Ly CR
a - N

t . s . . K ’ - o . » -
1. ' .
©

perccnt porphyropsln estimated -on the 30th or éSth day “of expeerénE .

did not seem to be proport1onal to the’ photoperlods to whlch ‘the flsh

. . wa .
M “ N

"”were subjected"- BlAck and’ transparent eye caps were fitted. to the two

©

eyés. of the same fish to test the unilateral effect of. light on v1sual

-o,

pigment comp051tlon of trout.l A group of elght flsh showed a

I3
o *

’ signiflcant dlfferentlal betweeﬁ two eyes after they were subJected to

<
X

10 ug/lOO ml) 51gn1f1cantly elevated both blood levels of thyrox1ne and

percent porphyrop51n 1n the retlna ‘of trout nght (12L/12D) 1n

comparlson to total darkness (24D) also ﬁavored 31gn1f1cantly hlgher

e . o

' percent porphyrops1n in the thyroxlne -treated. fish,.

Flsh held in llght (lZL/lZD) and hlgh temperature (16° C) in-

i

compar1son to those held in total darkness (24D) and low temperature-

3- dehydroretlnol relatlve to the total amount of retinpl and 3—1“

'dehydroretlnol) in blood aCertaln data suggested that hlgher level of

N o

percent 3- dehydroretinol in blood mlght be assoc1ated w1th hlgher percent

kY

. porphyropsln 1n the retlna. In@roductlon of thyrox1ne to tank water

T

- - .

'signlflcantly elevated _the percent 3- dehydroretlnol in blood However

.interpretatlon of the latter was 1mpaired by the large varfance and the

r

Afsmqll sample size in each group tested

D18cu531on on the 1mpllcatlons of the results on the role of

light, temperature, thyrox1ne and 3- dehydroretlnol to the flsh is

presentedk

a,

-Introduction of L—thyrox1ne to tank water (at a concentratlon of ™

[N

N

'h(6° C) seemed to have higher level of percent 3= dehydroretlnol (amount of

-
<
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in the retina of a lp((u*-,, rhodopsin and porphyropsin exist either

1957; Munz' and McFarlahé, 1965).

INTRODUCTION -

Vut of the five hundred or more specley of fish whose visual

X ' ’ o . »
~plgments have boen (‘h.n';utu'rl'.t(‘d, moro than once~fifth podsess a palred-

pigment s?sz(('m (Al !nd agner, 1975). A palrcd-pigment svstem means that
simultancous:ly or, sequentially. Rhodupsin and pdrphyropsin arise Evhrough
the respcgtivv (‘cm]up at fon of I]rcxs rotina? and Ll-cis 3-dehydrorctinal

to a 91ng1{ type of ops)ﬁ. The amount of pcﬁbhyropqin relative to thc

©amount of rhodopsin in thL rctlna of the fish -is, therefore, bnsed on

the rclative proportjon of 1ll-cis 3-dehydroretinal and ll-cis retinal in
combination with the opsin. 'Different species- of fish exhibit

chifacteristic spectrophotometeic absorbance maxima (Amax) for

-porphyropsins and rhodopsing, presumably owing to the differences in the

-

- amino acid Qequenée of the species—specific‘opsih molecules (Dartnall,

Rainbow trout (Eabﬁé gatrdnepri) are euryhaline fish possessing

"a ﬁaired—pigment system (Munz and Beatty, 1965). The absorbance maxima

for, thelr rhodop51n and porphvropsiﬁ are 503 hm and 527 nm respectively .
as determlned by partial bleachlng experiments (Mugggkhd»Beatty) l965¥%
» In many _speci_e.s with'paired—pigment system's the \;isual pigment

composition;.commohly glven as percent VP2 (from now om, meaning amount

of pOrpherpSln relative. to the amount of rhodopsin plus porphyrop51n in

.
- .

o - .
LY

'In this presentatlon the followlng termlnology will be uded:

‘vitamin Ay alcohol = retihol’; vitamin Ao alcohol = 3-dehydroretinol;
Jvitamin A; aldehyde = retinal = retlndldéhvde vitamin As aldehyde =

3-dehydrotetinal = 3= dehydroretlnaldehyde rhod3551n = VP;; porphyropsin’ .

= VPy. : ( .

.
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'cohpo§ﬁtfon (for reviews, sce Kridg&%; 1972 Beatty, 1975).,

‘.

3 :

fu the ret inagd s hos bheen noted to chanpe anderdit ferent covironment al
. P . n'o
o ) ) < - o
and physloloyical condit ions. For example, th the sea lampyey, |
- . A ( O ’ .
Petroamiaon maringa » the transidions ot visual- pipment L'UH\[H\.‘F* tion to
. . \ [

predominately porphvropsin and to pure rhodopsin arce probably aanoclated
with the rdspect {ve upstream and downstream mipragions (Crefeitelli, o

.

1956 ; Wald, 1997). Far other t’(ll’_\'h{l](H('-fi.‘ihi“-%‘, H(:.ttl'v (1966) has found

that ocean-caught coho swalfion ( MO OROT N ST e ) have mainly
, . . o

- ' e]
rhodopsin while porphyropsin p’rcd({mind(vro in the eyes from ffish caught

[b] .
at the fresh-water spawning.site.  In several nop~mipratery specles, it
. . . s ‘ e
- . (=}
has been found that there are seasanal vagdations in the visual pigment

¢

. . ‘ o
Changes in theg visual pigment cnmpositionAof fish wgrc‘first

produced experimentaltly in rudd, ﬁcaf%intxu ?waws rritnalmus (Dartnall

’

et.ql., 1961). THbse‘iﬁvostiga ors iﬁdbcod change. insthe Qi%ual igment'
; S P )

c (S

comgoeition of rudd by holdxng fi5h in outdoor and indvor darkroom .

- ~»

c

aquaria. Light fauored rhodnpbln and da%kngqs, porphygppsln. iﬁurther

< S B %

experimen S have 51nce bLLn COﬂdULth on [hi&c an other s ec1es of fish
.- G

(Bpidges, 1965; BLattv 1964 ; JAEQULGC 1969'.§;T3§és and Yoshlkami

l970c, Allen‘ 1971, Allen ansl "(cFarland 1973 Nlcmct al., 1973) It
turns out that the so- Called Yrudd effe%t,@’as Dartnall (1982) “tefmed it,

- . .

is not -fouhd. in all paired—pigﬁent speciesctested For e%ample within
L os e N __f\
the cyprlnid famlLy, the rudd respoud to llght (in comparlson to<
Q

e G o

darkness) by akdecrease of perceﬂt VP~ wher%as the red«side shiner

, <

-
2 <

Richardsonius caZteatms, shows an 1ﬁcreased prqﬁortion of pcrphyrop51n

(Allen, 1971). . o o - : .«

o

* . - 'Q: M . »
In the salmonids, Dartnall (1962) reported that rainbow trout: and -

B ‘ ¢ ) - - K o

{

«

aQ



o |

. ™1 v, . “ . ) ‘
“the brewn trout (Talmg frfc = tratta)ialso exlizbit the rudd effcft.

ce

Jacquest (1969) suggostcd that rainbow trout might respohd to increased’
light withla ddcrease of pereent VP.. These redults on salmonid fishes,
s L2 . . . . . ' - i

:
i

: : L. g P S T - ‘
- howéver, are contrad‘ctod by the recent finding of Allen 2% al. (1973).

‘They ‘reporfed that out of tiéiree species of salmonid fishes they

rainbow trout: brook char, Jalvelinue foniinciiec; and brown

examined (

o

trout), l'ipht favored an incredse of percent VP, in twg “(rainbow -trout

har), and exerted no significant effegt for the other (brown

< - o -

and brook

hus . the first objective of this study;was”to resolve some of

trout).. T
° <

. - ™ . ) . . .
the apparqant dizcrepancies by investigating the effect of light on the

visual pigment COmPOSIEiSS,Qi’jﬁvenlle rainbow trout.

One important environmental factor which may. influence fishes
both séasonally and dyring the spawning migration is temperature
. - - o N . .

fluctuation. In spite of the stodies on the effect of light on the

- -

change of visual pigment compesition, no work has. been done on tempera-

o

ture effects until fecéntlf'(Allcn nhd-HcFﬁflhﬁd, 1973§ Alfen 2t aZ;,
- - - o ‘ N : . - ,‘ B (4 . *
1973). Allen and McFarland: (1973) showed that low'temperature (6° C) =~

. : : 7o .
favored increazed porphyvropsin ir juvenile golden Ehiﬁer,;ﬁbtemi@gﬁus

S - - : <
. ird g " . - . N
erysoicuzac.. However, -the studyv. was dimpaired by the mortality of, two
grotups of . fish “at high-temperature (21°°C)." Allen et al. (1973) D
comnentdd on the possible temperaturce effect.on visual pigment coggosi-

tion of rainbow trout but unfortunately did not'publish any ‘supporting
"experimental evidence? In view of this incomplete picture so far '
) . B : 7 .

published for a temperature effect mv séeond objective was to study

the influence of temperature, in addition. to that4of‘light, on the:

:visual pigment system of juvernile rainbow trout..’

@
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The research on the influence gf thyroxine on visual pigment

Composition in fish was initiated by the study on rainbow trout (Munz .\

St -

and SQanson, 1965). _Thyroxine was found to induce an increaSenoT
porphyropsin in the fish ™ (Munz‘and Swanson, 1965). Latéy investigations
showed that thyroid hormones increased porphygopsin in juvenile and

maturé kokanee salmon Cﬁcorkunchxs nerka (Beatty, 1969, 1972), the red-
Y%
-side shiner (Allen 1971)” juvenile coho salmon (Beatty, 1972) rainbow

o 9

‘trout (Jacquest and Beatty, -1972) and Atlantic salmon parr and smolt,

ki " s

:Sabﬂo salar (Beatty 1975). However, when tHyroxine was administered_to-

-

the rudd (Brldges and Yoshlkaml 1970b)'andbthe rainbow. smelt, Csmerus

o P

eperlanus gBridges and Delisle, 1974), noasignifieant change of visual

) pigment'compoeition waa found. The ~action of thyr0x1ne as revealed by

: these_stqddes, neede further ciar;floatlon for the foliow1ng reasons |
15 ‘ihe'means of'administration,ofjthyroid hormé;es varied.With

'differentdinmestrgators Some preﬁerred 1ntraper1toneal 1nJect10ns
(geatty,>1969 19%2 Jacquest and Beatty, 1972 Bridges and Delisle,

’1974), others 1htroduced thyrox1ne dlrectly 1nto the tank water (Munz and )

>Swanson, 1965 Allen. 1971' Crlsty, 1974 Brldges and Dellsle 1974) and .

'still-others unllaterally 1n3ected thyrox1ne 1nto the .ocular tlssue‘_

- -

(Brldges and Yoshlkaml, l970b) None of these resea{chers measured the‘

é&tent to whlch the level of thyroad hormones were altered in the fish 1n

relation to the vlsual plgment composition. This might cause erroneous'
-n ’ .
conclu31ons that therLd hormones were, not effectlve in changlng v1sual

&

pigment of -a certaln spec1esvwh11e in fact, ‘there ‘was no change in the

~amount of c1rculatory thvr01d hormones in the fish. o E

2y The degree to whieh-environmental'faetors and/or stages of
maturation of fish influence thev}evel_of thyroid ¢chormones has not been

o . ; . e
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Ta
o - "

fully investigated. Coufd thyr01d hormones be ‘that part of the neuro-

endocrln& system through which envlronmental factors and/or sexual

. A

maturation ®xert their influence on the change of visuaL-pigment

o

Eb@é}bition in fishes?

3) Although light. appeaﬂb to have variaqus effects in dlfferent

LY

palred plgment flshes (for review “see“Bridges, 1972), thyroxine seems

'\effectlve only.in increasing percent VP, (for review, see Beatty, 1975).

Moreover, Beatty (1969) showed that its action'is more marked when the

o

\kokanee were held in ‘light or a li%dark cycle than when the fish were

held in constant darkness. Theref the 1nteraotion of 1ight and
: . _ ’ L ay
" thyroid hormones on visual pigment composition deserves further
attention-. ‘ . o s S

'Cristy il@%ﬁ) has-induced changes of visual. pigment composition in
1 ’ ) ’ .
rainbow ‘trout by intraperitoneal injections of prolactin. This might
have resu}ted,from prolactin-induced thyroxine release, a phenomenon I

which has been obserVed.throughopt the vertebrates (Etkinvend Gone,

11974). - T -

In view of the above, my third obJectlve was to study the effect

of exogenous thyrox1ne (by 1ntroduc1ng it to«fﬁg£¥water) on visual

I3

plgmentucomposition of the raianw trout. ’ "y

The aldehyde'forms of vitamin A; and Az,-which are‘essential for
the synthe31s of v1sual plgments, originate from the dehydrogenatlon (or
oxidatlon) of the alcohol forms of the “vitamins (for rev1ew see Bridges,

1972).. Thls dehydrogenation is thought to occur within the ocular

i
i

tissue (Dartnall, 1964 Brldges 1965). Therefore, ‘the supply of retinol

and. 3~ dehydroretlnol to the ocular _tissue is 1mportant for the synthesis

of the visual pigments.

9

.
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Retlnol and 3- dehydroretlnol are stored in the body of ralnbow

sab
et

trout malnly in the liver and the pylorlc caeca (Braekkan et ql, 41969).

-

r : el
From mammallan studles (malnly clinical studles quthe laboratory rat), .

B3

it was found that vitamin A is carried from the liver to the ocular

tlssue through the c1rculatory system malnly in thefforw of all-trans‘

: retinol (Olson, 1969) ' Arr1v1ng at the retlna and the plgmenv
e

epithelium of the eye, all trans retlno}-ls elther ox1ﬂlzed to all- trans

retinal, isomerized to ll‘c\s retinal and congugated to op51n for

formation of new visual pigments or stored in the form of an ester

. / Fo
(ma;nly retinyl palmitate) (Olson, 1969). 1In fish, studies have shown
~ . ! o Y . :
that the percent 3—dehydroretinol-(from now on, meaning the amount of

3- dehydroretlnol relatlve to the total amount of retlnol and . 3-
M LS
dehydroretlnol) in the plgment eplthellum correlates w1th visual pigment

comp051tion in the retina (Wald, 1939 ~Bridges and Yoshlkaml, 1970c)

HoWever, 31m11ar correlatlons were not found between llver and pigment

epithelium in fish (Wald . 1939; Brldges and Yoshlkaml) 1970c) Thetmajor‘

.\
,'link between the liver and the p;gment epithelium, namely the

>circu1atoryvsystéT, has so far not_been investigated for percent 3- .

dehydroreqinol.

In rainbow trout and Ro%anee admlnlstratlon of 3-dehydroret1nol

- through 1ntraper1toneal 1n3eétlon or the diet has been shown fb g
Y.

,significantly increase the percent VPZ in retina.(Beatty, 1972' Jacquest

.

‘and Beatty, 1972) .. Thls implies that an elevation of percent 3-

-~

dehydroretlnol in blood mlght change the visual pigment composltion,.

suggestlng that the normal (or physlologlcal) percent 3 dehydroretlnol

in- the blood mlght reflect the visual plgment comp051tlon in the retina.

To investlgate this‘suggestlon, v1sualdpigment4composition and percent

.

-



o . . iy

v 3- dehydroretlnol in: blood from a number of flsh subJected to dlfferent SN

temperature and llght reglmes were exanlned
The studies 1nvolv1ng the effect of thyr01d hormone a d percent o

. .
e - 1

3—dehydroret1nol in blood .are based -on the assumptlon that vlsual plgment ~-'

N I

compositlon may be determlned by~ some central control mechanlsm

-
»

However' Bridges and Yoshlkami (l970b c). proposed that the control

\'\ e

mechanlsm for v1sual plgment comp031tlon in the rudd was located in the-

plgment eplthellum. ‘The most persu351ve ev1dence to support this "local

controi mechanlsm hypothe31s was “the 1nduction of a differentlal in

!
‘the vlsual plgment comp051tlon ‘in the two- eyes of the same fish. In

&4

addltlon, they could not’ demonstrate any change of v1sual plgment

» »

compositlon in rudd treated W1th thyroxlne (Brldges and Yoshlkaml I970b,
c¢). They achizved’ the bllateral dlfferentlaI\ln v1sual plgment ~/}

' comp051t10n by the elimlnatlon of llght to one of the two eyes using-an

'opaque ‘eye—cap, " A 51m11ar capped eye experlment was unde(taken ‘for

rainbowftrbut "a spec1es proven to res%pnd to, exogenous thyr01d Hbrmone D

s

(Munz and. Swanson, 1965 Jacquest‘and Beatty, 1972 Cristy, 1974) and \\\\\\;\\

light (Allen et aZ., 1973)
* ﬂ-v e ) . ) . T . . - 4 .
ﬁ_«" . .o i : ‘ .. ) - ¢



. MATERTALS-'AND METHODS I

I o

MATERIALS AND EXPERIMENTAL PROTOCOL

Background Information on Fish . - B f -

v

Juvenile rainbow trout, Salmg gatrdnerz, were obtalned from the‘

prov1nc1al government rearlng station in Crammond Alberta (Raven

.s ""

'Rearlng ‘Station) from DEcember l974 to February, 1975. They were allr

© . a

~year11ngs wlth body welghts ranglng from 34 to 139 grams. - At the rear-

)

ing statlo';_they were held in shallow outdoor ponds at“temperaturesv

ranging from 4° C in the w1nter to 15, 5° C in the;SUmmer (Jacquest,

1969), Since the ponds were neVer'frozen'over,ithe fish weredeﬁposed

1probe of a spectroradlometer (SP466O ISCO Mbdel SR) at the water surface

o

to” the natural llght reglme throughout the year. §
Immediately upon arrlval a&*the unlver51ty5 the flsh were placed

in 55 liter c1rcular aquamarlne flberglass tanks at the temperature of

the water at the rearing . statlon. - The water temperature Was adJusted

»
- : I3

overnlght to the approprlate accllmatlon temperature for 1ndiv1dual

experlments (see below) The c1rcularrtanks'were covered with® green

corrugated sheets of flberglass (Fllon) Recording from the'remote,

N 1

. -

the" total radlant energy from fluorescent llght sources was 50 uw/cm

over the range of 750 -380" nm [as measured by the method of Allen Kl97l)]

ﬁThe photoperlod of the room light was set to correspond to the outdoor

*

i photoperlod. FlSh were fed the same food (Sllver cup, Murray Elevators,

P

Utah) used in the rearlng station. They were.not fed durlng the

experiment. o '

° : ° . v



. and the end .of the experlmental perlod

©

bight and TEmperature Controln
All fish were subjected to controlled'amounts b light and
regulated temperatures during the %xperlments. Inathe' xperiments;‘the.

..,

fish were held in 120- l1ter aquamarine fiberglass tanks w}th .

dechlorinated water flowing through #t a rate of 100 to 200 llters per -

' hour. A whlte wooden 1id (73 x 56 x 40 cm) was- placed on[top of each

1
"

‘“tank, with two 20 W G.E. ’cool white fluorescent tubes (F20- T12 CW)

located on the ceillng of the 1id. The photoperiodginside the tank was

controlled,by a timer (TORKY. For the contlnuously dark tanks q

o

single 7.5 W red ‘bulb was flxed at a simllar p051t10n allowlng

illumlnatlon at brlef intervals%for the. purpose of cleanlng and removal -

L3 -
© . -

of any dead'. flSh Strrps of hard rubber were nalled onto the lower

loutsioe edges of'all lids to preveﬁ% any room llght from enterlng tanks.

°

L For the dark tanks, recordlngs taken at, the water surface w1th the

remote probe of the spectroradiometer 1nd1cated no detectahle readlngs

Lad °

" over the range of 380 am ‘to WSO nm. The togal radlant energy for the

- illuminated tanks, however, varled (among different tanks) from 86.8 to

SO ‘5 uw/cm over the range of 380 nm to 750 nm. The total radiant

5

energy from the small red bulb gave very low readings (0.9- O 6 uw/cm

N from 380 nm to 750 nm) These mEasurements were taken at the beglanlng

Y 2

Water temperature was controlLed by a. the;moregulator (T33$5—C )
series, Magnetlc Canlab) The thermoregulator was aonnected to a relay

(Sargent—Welch) which controlled a solen01d mounted onto the warm ‘or'

N o o

ambient water inlet to the tank 3 Cold water (4 6° C) constantlyvflowed

a-
5‘ aq °

‘dnto bhe tank and the de51red temperature was attained by the blending 1n

13

-

5
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of wdarmer water via the controlled solenoid. Tank water tempo rature was
o X ' v .
constant to within 0.1° C. Thls Yas further confirmed every twenty-four
‘ L
hours during thé experiment w1th a YSI telethermometer (Yellow Spring

-
@

Instrument Co., Yellaw Spring, Ohlo).

Effect: of Lipht and Tpmgerature on Visual.Pigment Compositionxgad i

Thyroxine Concentrntlon in Blood~—hxper1menf§‘4~and/ﬁ///i

.

Before the condltions for the subsequent experiments (Experlments

, a

1- 7) in this study were chosen, a number of” pilot experiments were

P
s

performed u51ng dlfferent duratlons of experlmental period, temperatures,'
and photoperiods. Owing to the small sample size and-high mortality in

each -of these prellminary experlments,_the details w1ll not be presented

‘here.” Some of these results, however,'are presented in Appendlx 1.

| Experiment 1 involvéd‘a tota&’of 56 fish. They were preconditioned

@ ‘o
a

in two 120 -liter aquamarine fiberglass tanks at 16° ¢ in total darkness

Y

" for approx1mately one month before being subJected to experimental .

a

conditigns. At the beglnnlng of the experlment flsh were anaesthetlzed

-

C. witht tricalne methanesulfonate and the left eyes removed (see Appendix 1)

undey dim red light (Kodak safellght w1th Wratten Series 2 filter) In -

additlon to enucleatlon the operatlon included the recordlng of the wet

“

weight of eachhfish tagging (metal anlmal tag, number 1005 monel size l

\ational Band and Tag Co., Kentucky, on the ventral portlon of the caudal

eduncle) ‘and, except for five flsh in one group (see below), withdrawal

«

.of approximately 0. 3 ml of blood from the ‘dorsal aorta. They were then

divided into four groups and subJected to the follow1ng conditions for

. .28 days: ,12L/12D at 16° C (group l—A), 24D at 16° C (group 1-B), mmp

.o

at 6°vC (group 1- C) and 24D at 6° C (group 1= D) At the end of the

4 -



- . . .

. v

. ) N . N - .
experiment, fish (except for those. held in total.darkhess in the
B N
o . .
~experiment) were dark-adapted for one (or otie and a half) hour,

v

atnesthetized and the right eyes removed under dim,reg Light. Weight of
- . p)

s .

. -

fish was again determined, with blood samples withdrawn from the dorsal

-aorta of the fish. The sex of the fish'was determined at autOpr by -,

“identification of the morphoipgidﬁlly i fferentiated male and female

gonads (Saunders and Manten, 1969). Blood and retinae of thesé fish

-

weye analysed for thyroxine concentration and visual plgment composition
' . . . -~ L. B “
. fs . ’ . .
regpectively (seec.later sections for methods).- The numerical results
el k H
N

1
a

from this experiment (and erperiments hereon) are reported in Appendix 7.
p . - . . v

Experiment 2 fnvol¥ed 61 fish. Within opne to two days.aftdg

arrival from the rearing station, these fish were dark-1dapted ‘and,

«

~except for Ffive fish in one. group which were not bled, were operated on in
the samé way as in Fxperiment 1. ~They were then divided into four

3
.

group;;' 24D at 6° C.(group 2-W), 24D at 16° C (group 2-X), 12L/12D-at

-6° C (group 2-Y) and 121./12D at 16° C (group 2-Z). At the end of 28 days,

sampling was carried out as previously described.
128 P !

S

Ten fish (five in.group 2-Z and five in group 1-D) in the above °
twd experiments were not bled at the beginning of the experiments so that
: ) _ . ST

- the influence of bleeding on any change of visual pigment.composition: -and.

v

' P , go o4 - . . 4
bleood thyroxine level could be estimated. .

N .-
. a

Change of Visual Pignent Composition over a Period of 45 Days—-

. L - .

Ixperiments-3 and 4 ! : ' ‘ .
Experirents 3-'and 4, involvifig 171 fish, werd designed to study

-

individuslly the effect of lfghtzand tempefature on changes of visual

igment composition over a peried of 45 days. TFish warce either operated
b . ) . y ) P
N - k] 4
°. ' . . . e “ . . -



o

upon and then subjected to experimenta

arrival from the rearing station (88 f

subjected® to approximately oune month o
» - ’
low temperature (4-5°'C) before the o3

N -

3-T, 3~U and 3-K). -Fi;h woere da}k;adn
taggedAand the left eyes removed at th
They were then subjected té ode_of the
45 days. Fish used in the experiment’
(Exberimént 3, fish not preconditioned

approximately 30 each. Théy were then

3-L), 24L (group 3-M) and 24D (group 3

to test the éffect‘of temperature (Exp

[

4-5° C) were 51mllarly d1v1ded into gr

'held under constant darkness at 5° C (
15° ¢ (group 4-K). Whenéver p0551ble

group, were removed every three days

"after.the fish were killed. Unfortuna

group 4~T (5° C, 24D) owing to failure

IS

Intenrelatibnghip of thé Level of-TEyr

Il condit i ons  immedi :1i ("] Yy upon

ish, groupé 3-L, 3-M anq.3~N)‘0r

f no rrﬁ#] I'abo ratory icon‘d itions at
periment began-(éB fish, .groups = -
pted, %nnespﬁétized, weighed,

Al géginning of the expcrfﬂontsi .

three experimental™conditions for

to- test the effect of light

a »

) were ~divided into three groups of

held a&hl6° C in lZL)lZD‘(gfoup
=il) - Fish used in the experiment
criment ; fish precomdltloned at
oups of approximately 30 each
group 4 T), 10° C (group 4—U) and

o

right a‘fs of two fish from each‘

Wet weight and sex were determined

tely, mortallty was high for

of the water supply.

. .

oxine, Percent 3- Dehvd;oretlnol .

v

a
I

in Blood and Visual Plgment Composition--Experiment 5

-

Although Expexigentsil and 2 wo

and temperature may: affect the thyroxi

relation to visual pigment composition,

those. fish-was insWfficient to allow s
thyroxine comrcentration and percent 3

same  fish. Therefore a group of Large

s

uld- give information on how light

ne concentration ih blood in

B . N -

the amount of plasma obtained from

-

imultafieous determinations of

—déhydroretinol;in blood from the

v

r fish, with a mean body weight. of

2
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95.06 prams (o 708, ranging from 77 u to 139 p), were selected (according

te body welpht) for this cxperiment. Upon arrival from the l'l‘.‘l.[’[l\g
station, they were dark-adapted, anacsthetized and the lefe oyes

removed. - Bes ides the rout ine Welphine.and taggins, 0.6 m! of blood was

Sy T . .
n : .
pereoent 'l»jduhyd\kur:utinol in-the blood.. The fish were then divided into

obtained fromytire dorsal aorta of cach fish'for the determinat ion of

T ey ' ‘; HE e ‘ ’
four groups of g "Cach MAnd subjected to one of the four different light
grouy ] ¢

and temperature conditions for 26 or 29 days:} 120/12D, 16° €, 26 days ..

(siroup 5-P)% 12L/12D, 6° €, 29 days (group. 5-0); 24D, 16° ¢, 26 days

3
(sroup 5-R) and 24D, 6° ¢, 29 davs- (graup 5-8). Blood samples (0.8 to

[y

. ® .
L.2 ml from cach fish) and right eves woerve obtained at the end of the .
experiment. Both thyroxine concentration and percent 3adehydroratinol .
. LI
wewe determined from the blood samples. : :
. ©

s

Introductinn of Thyroxine in Tank Wiater——Fxpeviment 6

O . "From the work of Fales (1974), it is assumed that a mote stable

and sustaingd increase of thyroxine level in blood can b¢ induced by
fiztving thyroxine in the tank water. In this experiment, juvenile frout

were subjected to 10 ,g/100 ml (0.1 ppm)’cqnccntrntion'of LL-thyroxine

(Mueritdional Diochemical, Ohio) in static tank water. The ccneral -
b

procedure followed that deseribed by Eales (3974) .® L-thyroxine (T4)

(0.12 g) was dissolved in A0 ml of 0.1 : NaOU Solution and 5 ml of the

thrromzine sclution was introduced into the fish tank holding 100 liters”

- i

of dechlorinated static water. Fresh stock thyroxjine solition was

prepared every five davs. Ail'gfoups (T4=treated and controls) of fish

Ny

"This allowed the 3-dehydroretinol assav to be agcomplished on all
samples within 12 hours of wvithdrawal of blecod from the fish.



were transferred every stwenty-four hours to an fdentfcal tank (For 14 .

groups, contalnlng treshly Iontroduced T4). Temperature of these static

tanks was held constant ‘(.-u 8° €) by running cold water through a metal

coolinf coil {mmersed ihaide the tank. The cold water supply to the

.

cooling cofl was contromed by a soleneld conhected to a‘relay and

v
N

regulated by a thermoregul ator as previously deseribed.

-

Forty Yish were preconditioned at 16° C in tothl.darkness for one

month. DNDue to mortality of unknown reason, only 33 fish survived the

.experiment. The operation é‘ the beginning of the experiment was

carried out in darkness under dim ved light (Epdak safelight with Wratten

1

series 2 filter). Tt included aﬁaosthetizing'the.fish, rémoval of the

left gyes, wet weighing and withdrawal of 0.5 ml of bléod from the dorsal

. arta of each fish.- Fish were then divided yito four groups and held at

~

8° C for 10 days under different experimental conditions: 24D, static

tank water (group 6-E); 24D, static. tank water with T4 introduced (group
6-F) ; 12L/12D, static tank water (group 6-G) and 12L/12D, static tank
water with T4 1ntroduced»(group 6—&5. Fungal disease was detected

> Fl N
during the experiment, thus chloramphenicol (Chloromycetin®>; Parke,

B

Davis 4and Co., Ltd., Ontarid) was introduced (3 capsules per day per
tank, 250 mg per capsule) to all tanks starting from.the secand day of

the experiment. After dark acélimation, right eyes-and blood sémples'

« e

”

-

Swere rémoved from the fish at the end of the eiperiment. In additio /4;;;’,,,—

thyroxine concentration, percent 3-dehydroretinol-was also determined

from the same blood samples’,
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Capped-lye I'Z:-:l»t'rimvn(~—l",x_1wrimvnr /

b S swoocsperiment --brperiment .

" A concave depression of approximately 5 mm deep was made onto an
. -~ -

caluminum plate with a 25/64" (0.99 cm) drlil. Fye caps were moldod

from a plcece of transparcnt plas tie (transparency normal]y used for

i

overhead projvctorn, lpprotim\tc]y O 03 vo 0.04 fn thickness) by

~

¢ blunt end of a 10 x m‘pyrex test tube, preheated over a

bunsen burneln_ into the cogefbve depression of the aluminum plate, with

the plastic lyingTn between the test tube and the alumiqum‘platch
- | »
Transparent eye caps were simply made by cutting these concave

v

depressions from the.trahébarent plastic. Different sizes of caps oean
be manufactured simply by varying the slze of the depression on the

alumipum plate.. Black -caps were made.by covering the transparent caps
with a strip of black vinyl electrical tape (Scotch brand). In some

.

tfastances, a drop of Krazy glue (alphh cyanoacrylgs

Ltd.,_Ontario) was a €nsure binding of the black tape onto the

tr sarent cap. The fish were anaesthetized w1th the eye eaps fitted

under roomdlight. Several drops of Krazy glue were applled onto the
junction where the tissue around the orbit met with the cap. To ensure
the effectiveness of the glue, the area where the glue was ﬁo_pake
contact had to be thoroughly dried. To hasten‘dfying of the gihe, a

stream of ‘air was applied to the surface of the. applied Krazy élue for

—

approxiﬁately,30 seconds. For fish fitted with two caps, the entife

o
K

operation‘took two to three minutes.

» Fish used in this experiment were preconditioned at 16° C-in.
total darkness for approximately three weeks:. At the beginning of the
experiment, 17 fish were each fitged with one black and one transparent .

cap, three with two black caps and three with two transparent capg%



o

Fish were recapped if the caps dislodped from the cya within the first
’ o '

twelve hours.  No more than six fish were placed in each of four tanks
" (8} ‘

with cach fndtvidually marked by fin clips or metal tags {n such a way

that cach could be ident ftied at a Jistance. A black cross-mark was made
(3} i

4]

on the transparent caps to facilitate the location of these capu if

o)

) W
dislodged. A dafly record was made on the conditfon of de caps on thye
. ,

Ky

eyes of each fish.

for 10 dayd\ the fish were

During this experiment wilh lasted

malntained at 8" C %md 241, 1spectfon at the end of tle experiment

X o METHODS -

FEstimation of Percent VP, in the Retina R
T /

: > o

- Fish'from most groups in the study were dark-adapted for one to’
one and a half hou%s befere the eyés were remoy%d'from the orbit by a®
pair of forcep;r This eye removal.proceduré, along with theidiss%c%ion
of: retina and the extraction of visual pigmentd, wis carried out unéer

. % ’
dim red light fllumination (Rodak safelight with Wratten series i filter).
Theé eyes were placed<1n cold 47 alum solution (aluminum pota551um
sulfate) in light-tight canisters so that they could be® trangferred from
one room to another. Dissection of the retina (for detailed procedures,
. _ » .

see JaCQuégt, 1969) was done¢ within gwelve hours of eve removal. The/
retinae were then stored in daf@ness in 4% alum at -20° C for a period of

up to 3 months before extraction: The visual pigments of each retina were

extracted (for detailed procedures, e Munz and Beatty, 1965) with



0.5 ml of f;resl11~y pr.ep'ared 2% digi:‘c_o'nfin'(Nu“cric'ioﬁa'i Biochemical)
solution. Saturated sddium borate SOlUthH (O 05 ml) was used to adJust
the pH of ‘the extract tp about 8 5 before it was stored again at ~20°'C

A minimum of fdur days to ‘a maximum of two weeks was allowed before the

r o : .
" : o

spectrophotometrlc analy51s of extract was carrled out
“»For ﬁhf detalled procedures and;principles»involving the . o

bleachingbexperiment -oneols referred to the publlshed work by Dartnall

(1957) and Munz and ﬁeatty (1965) .Neutrallzed solutlon (O 05 ml)- of

0. 02 M hydroxylamlne (VHZOH) was added to each extract before the.

initial and “final absorbance spectrum of the extract was obtalned from a

Carj 14 recordlng spectrophotometer. .The bleaching protocol consisted of

a'sin%ge ten-minute exposure of the, tract to. orange light (610 nm)

o

U31ng a template curve prepared by Manz and Beatty (1965) from the pure

dlfference spectra of VP5031 (rhodopsfh) ‘and- VP5272 (porphyrop81n) added

~in varlous proportlons”to re resent mlxtures+~thecpercenthEi_kac

-

determined from the wavelength at the 507 point of the total dlfference.‘
spectrum (for’detalled procedures; see Appendlx 2) | Conver51on ot percent
VP, (baggé on. relative absorbance) to molar percent VP2 (based on
molecular concentratlon) was made using the yalues 40.600-and 30,000 as

the molar extinction coeff1c1ents of rhodops1n and porphyrop51n

respectively! (see Dartnall l968). Statistical analyses were~carried_out

& e ! @

‘on valtes of'molar“perCEht”VPz, AParametric:tests were employed.on' the

assumption that Value% of molar percent VP, of each'group of fish are

o

e . v

reached

b . k% '.lb B - 6&.7067( o

= . . N

3 - 8 . ?— m .

1From mathematlcal deductlon the'following donversion formula was



followed the instructions SUpplied with the Tetralute 1125 Reagenm Kit

&N

normally distrlbuted gAppendly 3) -Significance is recognized at the 5%

"’.u e, .\J"
‘level in all tests. .. ‘ SR ; . . A
A . I T y
R o L - - ~ /("Tf
Thyroxine Assays R o ' 1 \
The determlnation of thyrox1ne concentratlon in bloosd sample&
‘ AN

(Ames - Company,‘Ontarlo)‘for the in vitro. thyrox1ne assay. 'The method

'utlllzes the pr1n01ple o f competltlve proteln blndlng (Murphy and Pattee,

1964) between thyrox1ne in the plasma sample and. the added radloactlve
thyroxine wlth the thyroxlne blnding protelns in human plasna (Braverman
et al., 197l) " This cllnlcally orlented thyroxine kit has been proVen to

be useful in the study of c1rculatory thyroxine:in‘the brook trout

(Salvehnue Jonmrzawo), rambow c out and. several- other fresh—water

species (nggs ano-Eales 1973) R juven' ion'of.theZSephadex columns
used in ‘the assay'followed the metho -

2

scrlbed by nggs and Eales

« 5

(lS/JI’ ‘The blood samples, stored .at —20° C were analysed no later°than'

"4 weeks after they were obtained from the fish.

. Assay for Percent 3 Dehvdroretlnol in Blood -

f The standard method for the determlnation of retlnol and 3—_

o -

vdehydroretlnol is- known as-Carr- Prlce test (Freed 1966)‘ It measures

‘ . . .
_ the concentr&tlon of the vitamins by a speotrophotometrlc method u51ng

ZantimOnv trlchlorlde in chloroform to develop a blue colour (Freed

1966) PoWever, this test is insen81t1ve for the arounts of the

v‘ﬁ

vitamlns ex1st1ng in 'small volumes of blood Therefore, a spectro-
. v; ’ .
~where x = 7 porphvropsin expressed in the form of decimal’ flgure and

. where,y_= molar /)VPZ expressed in the form of dec1mal flgure

-



o . -
©

fluorométric method had been“adopted for the purpose of this study.

A. Extraction of retinol and 3-dehydroretinol.! The procedure
for extracting the vitamins.from blood was primarily based on the p
by hahan (1966) with modlflcatlon from Thompson et aZ (1971).

procedures employed in this study were as follows:
200 ul of plasma were placed in a 12 x.75 mm disposable ;.
culture tube and mixed with 300 pl.of 99% ethanol by vopr? °
mixing. 500 ul of petroleum ether (B.P. = 38 to . 47°C) were tlwen
added and the mlkture was thoroughly agitated (for 30 seconds by
vortex mlxer) Ten minutes were allowed for the vitamins to
separate into -the petroleum ether phase.

¥

B. Separation of retinol trom 3-dehydroretinol in silicic acid

column. Separation of the vitamins was carried out in a silicié¢ acid -

column (see Appendices 4 and 5). When the extraeted vitamins (in

petroleum ether) are added to a 5111cic.ac1d column, retlnol lS retalned

v

by the column (Garry et aZ., 1970) . It Qan then be- fullv recovered by

~

(Appendlx 5)

introduc1ng an approprlate amount of 1sopropanol into the columﬁ\(Garry

et al, 1970 see,also Appendix 5) " The’ 3 dehydroretlnol ‘on the other

hand, is fully Tecovered from the: 1n1t1al petroleum ether~eluate

©

[+
"The culture ‘tube (contalnlng plasma, alcohof and the extracted

vitamins in petroleum ether) was centrifuged at 3000 XG for. 5
‘minutes. 300 ul of the top petroleum ether layer were transferred
onto the 5111c1c acid microcolumn (for preparation, see Garry et
al., 1970). ‘600 pl of petroleum.ethér were then added to the
column. - The. resultlpg eluate was then reduced to. 400 pl (by
evaporation under Np) before assaying by fluorescence spectro-
photometer. Thé column was then dried under N, and 800 ul of
isopropanol were applied 'to the.column. The isopropanol eluate
was similarly adjusted to 400 ul before assaying.

n

1All procedures from e\tractlon to separatlon of the vitamlns in
silicic ‘acid '‘column were carried oud’under ‘the 1llum1natlon of a 40 or 60
W red bulb. - . .




o |

C. Spectrofluorometric assay for concentratiww® retinol and

3—dehydroretinol. The petroleum ether ang’ 1sopropanol eluate were

assavedtfor fluorescence at an emission wavelength of 490 nm afpd

exc1tatlon wavelengths from 320 nm to 370 nm. A Turner model 430 °

spectrofluorometer (G. K. Turner Assoc1ates, Callfornla) uippéd with

an automatic_wavelength drive was employed for this purp se. Owing to

the minute volume of the eluates they were assayed in a selected micro?

'

cuvette instead of the normal borosillcate tubes (#1105-805, seleCted

»

microcuvette, G. K. Turner Assoc1ates) A spec1ally de51gned adapter

(Fig. 1) was used to fit the mlcrocuvette onto the sample tube‘holdernin

'the sample compartment of the spectrofluorometert

The fluorescence was recorded on a paper chart recorder .(model MR,

Sargent Welch) connected to the 51gnal output -of the spectrofluorometer.

- , I N

The fluorescence unlts were then converted to retlnol and 3- dehydxoretlnol'

- o -

20

N

concentrations using a set of prenared-standard Pnfvpc (Appenddix

o

“percent 3-dehydroretinol was® then calculated from the concentrations of

the two vitamins in the blood 'sample. ' o o —
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common . ‘ .
.\plastic e . ) o : 1 o
£2p : 15 mm - . o
@ = 12‘mm) ~ segment - Gk ’ ° .
. from a N
L polystyrene .
. disposable L_f
. . i . ) . 3
°© culture . ' excitation —>—
tube . _ 1ight
(12x75 mm) . « #110-805 gt -  evdesion Iisht
selected - | emission ight
e CEREE R . tdcrocuyette.; - Adéptqriﬁith
Co ° T . : " . " microcuvette
. € .
(s}

R,

R ‘. - " _v R b . *‘ . - .
Figure 1, The special adaptor designed to6- fit- the microcuvette
' to the sample cell holder of the spectrofluorometer,
Turner Model 43Q.' (Figuresjare drawn to actuwal size:)
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.RESULTS =~ = . o

L

1. EFFECT OF LIGHT AND TEMPERATURE ON VISUAL PIGMENT

COMPOSITION--LXPERIMENTS 1, 2, 3, 4 AND 7.

The results from.Experlments 1 and 2 are summarlzed in Flgure 2.
Fish in Experlment l had a low molar percent VP2 (34 9%, n’— 50) at: the."
beglnnlng of the experlment._ At the end the four groups of flSh
ranged from 85 2/ in group 1~ C to l6 4% in group l -B. Under‘the twoid
‘llght‘reglmes of 12L/12D and.24D low temperature (6°'C) in’compatiSon’
to” hlgh temperature (l6° C) favored hlgher molar percent VP2 (compare‘
groups l -C to 1- A 1-D to '1-B). _oSlmllarly,-under the two temperature

'reglmes of 6° C and L6° C, llght (12L/120i%:n comparison to darkness

T~
(24D) favored hlgher molar pe;cent VP, (compare groups 1- C to 1- D and 1-A

to 1- B). L1ght and low temperature (12L/12D 6° C) 1nduced the largest

- increase of molar percent ng (group 1-C) whereas darkness and high’ |
'temperatUre (24D l6°‘C) 1nduced the only decrease of molar percent VP,
(group l -B) amongst all four groups of flSh . A'similar magnitude of

-increasé in molar percent VP2 was found between groups 1-A (12L/12D

'16° C) and l D (24D 6° C) suggesting that there was no signlficant

c interactlon between the actions of light and temperature on v1sual pigment

=3

comp031t10n..
The molar percent VPs. of flsh in Experlment 2 was high (84 7/
. n = 59) at the beginnlng of the experiment ‘At the end of 28 days, the

molar percent VP wa found to range from' 79 5/ in group 2—Y to: 31 2/ in..
2 & g
|

|

group 2- K Under the two llght regimes of 12L/12D and 24D, low

./

22
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Figure 2.

&

‘Visnaljpigméht cohposition'inifish.at/tHe>beginning (left
- eyes) and at the end (right eyes) of Experiments 1. and 2

(groups 1-A, B, C, D, and groups 2~W, X, Y, Z).

Fish in Experiment 1 were preconditioned ar 24D at 16° C.
for one month before the experiment began. . Fish in ’
Experiment 2 were subjected to experiméntal conditions
immédiately;upoﬁ arrival from the rearing station. All
fish were subjected to 28 days of the different light and

_tempérapurevregi@es indicated in the figure.

- The.vertical line represents the range, the vertical bar

gives one standard error from the mean, N = sample sizg;
’ ! ' ' i 7

and’ Experiment 2, black bars.

>

b
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temperature (6° C)- in comparison to high temperature (16° C), favored

’higher molar percent VP, (compare groups 2-Y to 2-Z7 and "2-W to 2-X).

Similarly, under the two temperature regimes of 6° C and 16° C, light
(12L/12D) in comparison to darkness (24D) favored higher molar percent
VP, - (compare groups 2-Y to 2-W and 2-Z to 2 -X). Light‘and low

temperature (lZL/lZD _6° C) 1nduced the least amount of decrease of

molar percent VP, (group 2 Y) whereas darkness and high temperature (24D,

16 °C) 1nduced thc largest decrease of molar percent VP2 (group 2 X)

2

amongst all four groups of fish Darkness and low temperature (24D
6°'C) ‘favored a higher molar percent’ VP2 (group 2—w) than light and high
.temperature (l2L/12D 16° C, group 2~Z).' However; Student's T test
shows thatuthe.molar.percent Yéé'of the two groups (2~W‘and 2-2) of fish
.are‘not significantly different from each other'(pv< O;OS).

Results from factorial-analysis of variance (Sokal and Rohlf,

%
o

-/

1969) on molar percent w5 of right eyes of all fish in Experiments 1

and Q.show that-light and temperature.effects are'statiStically
significant in both ‘experiments (Table l p < O:OS is hereon designated
as accepted level for 31gn1f1cance) This indiqated that in both
experiments Under‘the two temperature regimes of 6° C and l6° C, light
(12L/12D) in comparison to darkness (24D) favored s1gn1f1cantly hlﬂher
molar percent VP, . Under thedtwo llght regimes of 12L/12D and 24D low
temperature (6° ¢) in comparison to. high temperature (16° C) also.

”favored 51gnif1cantly higher molar percent VP,y. For the four different

combinations of light and - temperature regimes studied, light and low

o]

temperature (12L/12D 6° C) favored the highest molar percent VP, whereas

darkness and hlgh temperature (24D 16° C) favored 1owest molar percent

»>

VP,. "These phenomena occurred apparently irrespective of whether the



Table 1.

Results of factorial analvsis of variance on data from

I.

Xpoeriments

L through 6

Variables

analysed Factor*

Regsul bk

Ao S
= Experiment 1 B S
o0 o ‘NS
Ry AxB NS
= — - ——
. w
s | A S
L Experiment 2 B S
) AxB NS
—
U — SIS S
v o
o
: 4 o . A S
v Experiment 5 B S
O AxB S
< —
S o ’
o @ ‘ o A S
=B Experiment 6 c S
B y @c NS
. o A NS
g LExperiment 1 : B NS
2., ’ AxB . .8
O —_
— D
. © g _ A NS
— &5 Ixperiment 2 ) B NS
. qQ
@ B AxD NS |
~ o -
v K s ~
>e . A NS
— ¢ | Experiment 5 B "§7
W : .
- AxB S
— g
o N
S , A NS
-2 Expceriment 6 - C S
= ‘ AxC NS
4;8 o - :
- 298 . . — A 5
i} g, g Experiment 5 ‘B S-
& kB .
Lo oo E AxB NS
[ e I —= . 2
o208 A A
U Yo~ X 3 . NS
AR ‘Experiment 6 C S
=R ™ : ,
L E% AxC NS
*A: Light effeet
B: Temperature effect
- C: Thvroxine introduction to ennk water
x: Interaction between 2 factors. '
**S = gignificance; NS = non-significance; significance 1is
recognised at the 5% level. :



molar percent VP, was high or low at the be;;.innlny, of the experfments,
The change of visual pigment composition over time was studied

by SUfihlly(snmpling‘Tish every three dayvs for a pcrind.of 45 days

(Exporimenis 3 and 4); Results from Kxborimvnt 3 Indicated again Lhat

at high temperature (16° ¢), light (24L or 12L/12D) in comparison to

darkness (24D) favored higher molar p‘orcent VP> (Fig. 3). The magniul‘dc_

9of the decrease of ‘molar percent VPQ among groubs 3-M, 3-L, and 3-N did

{241, 12L/12D and 24D). - Also the change of visuXl pigment composition

did not appear to ‘have recached any cquilibrium level (where there was
. - i

minimal change of visual pigment composition over |time) within the 45
. » N ! v
O i

days of the experiment,

kesults from Experiment 4 (Fig. 4) showe

o

(24D), low temperature (5° C) in comparison to hig emp ra;yfﬁg(15° Cc)

S

percent VP, among groups 4-T, 4-U and 4-K appeared to be proporfioﬁal to
the increase of temperature 1in eachccaée (5° ¢, 10° C éndv15°-C). In
addition, the‘estimated lines‘represénting the.c%ahge of visual p%gment
composi;ion seemed to ‘indicate that thebfisﬂ had‘reaphéd‘(ér\moved close
to) new equilibria of visual pigment cémposition by che‘3bth day of
gxperiﬁent.' | |

?he ﬁnilaterai_effectvof light on eyes of fish with blaék ;nd
transparent caps was ggudiéd;in Egperimént 7 (Table 2). ﬁesults.fromv
eight fish k;pt under the expgrimen;él condition (24L, 8° C) for a period
of 10 days showed a mean difference of'20,7Z beﬁWeen thé two eyes fitted.

® ‘Jith'black'and"trénsparent caps (segyfable 2). Therefore the unilateral

not seem to be proportional to the decrease of phetoperiod in each case

favored higher molar percent VP,. The. magnitude of the decrease of molar

P




Figure 3.

——— dotted Tme)i— —f

P

Effect of light on the visual pigyent composition in fish over
a period of 45 days (Experiment 3).

Experiment began upgn arrivat of'fish from the rearing

station. Left eyes of fish were removed at the beginning of
the experiment (white column at day zero, shaded portion of
which shows one standard error from the mean). Right eves

from two fish per group, whenever possible, were removed every
three days during the experiment. The fish wete held at 16° C
under 24L (group 3-M, white columns, connected:by broken line),
12L/12D (group 3-L, shaded columns, connected by solid line),
and 24D (group 3-N, black columds, connected by broken and

ye estimation

Upper and lower ends of vertical column show range of sample.

‘Horizontal line shows the mean. Sample size is two per column®

unless otherwise findicated. Only one result (o)»was obtained
on the sixth day$ of experiment in group 3-L (12L/12D).
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Figure

e o e T

4.

e T

Fffect of temperature on the visual pigment compositdon over
a period of 45 days (Experiment 4). i

Fish were preconditioned at 4-5° C under laboratory condition
for approximately one month before the experiment began,

when left eves of the fish wore removed (vhite column at day
zero, shaded portion of which shows one standard error from
the mean) . Right eves from twd fish per group, whenever
possible, wer? removed evary three days during the

experd T The fish were held jn total darkness atAS° C
(rroup 4-T, white columns, connected by broken line),; 10° C
(group 4-U, shaded columns, counccted by sqlid line) and

15° C (group 4-KX, black columns, gpnnected bys: broken and
dotted line). The lines were fitted by eve estimatdon.

N . e e

Upper and lower ends of vertical columns show range of

sample. Horizontal line shows thé mean. Sample sige is two
per column unless otherwise indicated. In group 4-T, only
one result (o) was obtained on each of the 20th, 22nd, 23rxd,

and 42nd davs of experiment.
. ' o

fel
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Table 2.

"
N

Difference of molar percent VP, between two eyes of fish
"fitted with black and transparent eye caps. Fish in Experlment

7 were preconditioned at 16° C in total darkness for ,
apbroximately three weeks before ‘they. were 1nd1V1dually fitted
with various combinations of black and transparent eye caps, as,
indicated in the talle. During the experiment, they were held

at 8° C under continuous 1llum1nat10n (241). For values. of
molar percent VP, in each fish, see Table 23 in Appendix 7. ,
. (=] -
No rdays’ _ . : . :
caps success—= Description . Difference of
fully stayed . of capping Sample molar percent VPj
on fish eyes , conditions* - size of two eyes
3 py A 1 7.9%Rx
4 A 2 o . 10.5%%%
-5 N A 1 9.2%**
& 10 A 8 20.7%x*
6 B 1 2.5%k%%
4 c 1 4 BxRKRK
10 c 1 L 0.Q%xRK®

-

Fish fitted with one black and one transparent cap.
.Fish fitted with. transparent caps on both eyes.
. Fish fitted with black caps on both_eyes.

**Molar percentvvpﬂ from eye fltted w1th transparent Cap - molar

percent VP, from eye fitted with black caps.

_eye.

o

***Molar percent VP, from right eye -~ molar‘percent NP, from left

. *%xXMolar percent VP2 from left eye - molar percent VP, from,
rlght eye.
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¢

action of light on ehanges of v1sual plgment “composition in two eyes of s

the same’ flSh was @vident. Fish fitted WA th “both black caps and’ both I o

- €.
.transparent caps showed dlfferenébs of molar percent VP2 less than 5%
R : . >

,between the two eyes, 1rrespect1ve of the number of days the caps

'successfully stayed/on the eyes of the fish ' i e
II. EFFECT OF I’)\OGENOUS THYROXINE AND INFLUFNCE o " e
PHYSIOLOGICAL LI‘VEL OF, THYROXINE ON : //
- VISUAL PIGMENT COMP'OSITIQN : .
- a .’

" The effect-of exogenous thvroxine on visual plgment composition

.was studied <n Experlm@nt 6 (Flg. 5) Under the two light reglmes of :

-

12L/12D and 24D 1ntroductlon of L- thyrox1ne to tank water (10 ug L—

@

thyrox1ne/100 ml tank water) 1nduced 31gn1f1canﬁly hlgher 1evels of both

thyrox1ne concentratlon in blood and molar percent VPo. in retlna ofmthe

AP - ]
fish (compare\groups 6-H to 6-G and-6-F to 6 ~-E; see Table 1 for level of . .
51gn1f1cance).’ Iherefore, the actaon of exogenous thyroxine in- elevation

of molar percent VPn 1n ralnbow trout is evident,

Comparlson of theomolar percent VP2 between the two groups of
Q

chyrox1ne—treated fish (eompare-group 6 -F to 6- H)(pg the twg gnoups of

@

Lo,

controls (compare _group 6 E to 6 é) shows that llght (lZL/lHD) 1n _*

comparlson to darkness (24D) 1nddced srgnlﬁlcaht{ﬁ\hlgher molar percent

P

VP2 in the trout. However, llght (12L/12D) in comparlson to’ darkness o .

(24D) did not 1nduce any 31gn;f1cant dlfference in- the thyrox1ne Levefs

c

between the two groups of thyrox1ne treated fish (compare group 64ﬁ to

6- F) or the CWO groups of controls (compare gromp 6 G to 6- E) An« E -

analy31s of varlance (Table 1), also indlcates 1ns1gn1f1cant 1nterac¢ion

a
‘s

T P R




Figure-5.

o -

0y

Vlsual pigment comp051t10n and’ thyrox1ne concentration in fish
with thyroxine ihtroduced 1nto tank water at a Concentration

of lOO ug/lOO ml (Experiment 6; groups 6-E, F, G and H) 3

Fish were precondltloned at 16° C, 24D for 30 days before the’

‘“ﬁwbeglnnlng of the experiment when left eyes and - blood:samples

were obtained from the fish. -All fish were held at 8° C for
10 days in experimental conditions indicated. in the Figure.
Right -eyes and blood samples were again obtalned “from the fish
at. the end-of the experiment. -
The vertical line represents the range; the wvertical bar ~
gives one-'standard error from the mean, N = sample size, .

-Thyroxine concentrations in blood are represented by black

bars and molax pereent VPy by whlte bars.

[o2]
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effegts betwecen exogenous thyrdxiné and light as factors affecting
V visual pigment composition in the fish. : L b o

o -

In the previously described Experiments 1 and 2, levels of '
thyroxine concédtration ia biood, in addition to molar percent VP, were
~determined in. fish at the beginning and end of the experiments (Fig. 6).
, RN

.Under the- two dlfferent llght rLGImES of 12L/12D dnd 24D hﬂgh ,;

uemperature (16 C) 1nfcomparlson to low teﬁée;ature (6° C) favoréd
'flligh;ly‘higher léVelsiof thyroxine in blobagintﬁoth.expériﬁents
(cé&@afeigrqgé.ifA to l—C;.lQB to lﬁD,vQ—Z'tOIfo_and'Z—X to Z—Wi."Udder
-thé.tQQ_a5ffefént.tempefature;reg}mgs:of 1§° C and 6° C;'light (lZﬁ/lZD)'D
Aindcqmpagigbé“fé darkness <24D); favored.also Slightly{higher 1eyél$ of
'~thyrox1ne 1i three cases (rompﬂre group 1- -A to 1-B, 2-Y to'2—w_qnd'2f2“
_to 2-X) but lower lLVle'ln one’ (compalu group 1I-C to l~D) Factbrial
.analy51s of variance: (Tablc 1) shows that both *qut aad. temperature
_efrects on the blood']evel of thyroxlne are statls;ically non-s 1gqificént
iﬁ“»thﬁse exéﬁriﬁgnts. |

| Jaéquest‘(l969) working with rainbﬁw trout and Aifég}%l97l)
Qo§kiﬁg with fe@sidé_gﬁinér_repofted‘thatlbringing'fiéﬁ@fr;m-outd?dr'to_'

laboratory - conditions resulted in a decrease of percent VP,.- In the

experiments carried out in'this study, the same effect was noted -(Fig-

"w o,

xZY‘Experiment 2; Fig. 3,VFxperiment 3; and Fig. 7, Hxperiment 5). In
Experiment 2, thyrozine levels were determingd from blood samples taken

_frOmeish within one or'two days upon arrival from the rearing station.

The mean value was fouqd to be LomparaLLve]y hlPh (1.79 ug/100 ml .n = 53,
fs) . - . -
ee Appendl' /Afor mean valqes in other<g§oups). When’fish.in this

._expeeren; were resampled atter 28 days, .a decrease of moldr percent VP,

AN



"Figure 6.

Thyroxine concentration in blood samples from fish in
Experiments 1 and 2 (groups 1-A, B, C, D and 2-W, X, Y, Z).

8

.Fish in BExperiment 1 were preconditioned at 24D at 16° C for
~‘one month before the experiment began., 'Fish in Ekperiment. 2

were subjected to experimental conditions immediately upon
arrival from the rearing station. . All fish. were subjected to
28 days of the different llght and temperature reglmes
indlcated in the Figure. .

The vertical line represents the range, the vertlcal bar
givés one standarg error from the mean, N = sample size.
Results from Experiment 1 are represented by whlte bars and
Experiment 2 black bars. -
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~in all grou s was evident (Fig. 2). Comparing results (from the same
fish) at the beginn1ng>and at ‘the end of Experiment 2 there was. a

s1gn1ficantade@rease of mola;,percent VP2 assoc1ated w1th a significant

decrease of thyroxine concentration in fish fronkgroups ZjX (24D? 16° C)
" and 2-2 (lZL/lZD 16° C). LThis assdciatién'of higher thyroxine levels.

with higher molar percent VP2 in outdoor fish and lower thyroxine.levels
g.and iower malar’ percent VP2 in indoer flsh suggests that’ there might

" exist some~form of relationship between the two paraaeters, although

correfation_cbefficiedts calculated from all‘individual>groups using
L, S - , a ' -
thyroxine levels and molar percent VP, of the same fish -as pairs of

independent variables were insigngficant.

S
ES . B a .

ITI. RELATIONSHIP AMOKNG CIRCULATORY LEVEL OFE THYROXINE,
PERCENT 3- DEHYDRORFTINOL IN BLOOD AND VISUAL |

PIGMENT COMPOSITION IN RETINA

e ) ’ . N \>J a

f=3

The percent 3- dehydroretinol in blood ‘and molar percent VP2 at the

-

%eOinnlng and at the end of Ex periment 5 Ere presented . in Figure 7.
Owing to the small amount of blood " (O 6 ml) obtalned from each flSh at N

the beginnlng of the experiment thyroxlne levels were not determined

< ~

from the 1n1t1al samples

- Under the two* lioht regimes of 12L/12D and QAD hlgh<temperaturea
(l6° C) in comparlson to low temperature (6° C)- favored higher percent
_3—dehydreret1nol_1n_blood and"iower molar”’ percent VRZ in retina (comparé
group 5-P to 5-Q and 5-R to S—S)v‘ Under the two temperature regimes of
6° C and l6° C, light (12L/12D) in comparison to darkness (24D) favored

higher percent 3 dehydroretlnol in blood and molar percent VPZ in retina

o -

39



Figuré 7.

Visual pigment compositibn, thyroxine céncentration and percent
3-dehydroretinol in blood sampled from fish in Experiment 5
(groups 5-p, q, R and S). e L ’

_Experiment began upon arrival of fish from the rearing station.

©Left eyes of fish were removed at the beginning of the g
_experiment. .Blood' samples obtained were analyzed for percent.
«3-dehydroretinol. After being subjected to the different
experimental conditions (as indicated in the Figure) for 26 or
29 days, right eyes were removed from fish with the blood
samples obtained.

The vertical line represents the range, the vertical bar gives
one standard error from the mean, N = sample size. Thyroxine
concentrations in blood-a;e represented by black, bars; percent
3~déhydroretinol'5y shaded bars and molar percent VP, by white
bars. . i

-
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(compare groug 5-Q to 5-$ and 5-P t& 5-R) .

\

Fa

ctorial analysis shows
p ey .

I . \‘\
that both light and temperature effects on molar percent VP, and percent

3-dehydroretinol are significant (Table 1). : -

Results on levels of thyroxinenare inconclusive, (1) At 12L/12D,
low temperature (6° C) in comparlson to high temperature (16° ) favored
significantly (Student's jLéfsfjfﬁzgher levels of thyroxine
conceﬁtration (compare group 5-Q to 5-P) whereas at 24D, low temperature
(6° CY' in comparison to high temperature (16° C) favored only a slightly

mhigher level of thyroxine in‘blood (compare grOnp 5-5 to 5-R). However, K\\
in the two oreviously described experiments (Experiments 1 and 2 '
Figure 6) high temperature (16° C) in comparison. to low temperature (6° C)
favored slightly highef levels of thyroxine under the two light regimes
of 12L/12D and 24D. (2) Under the two different temperature regimes of
16° C and 6° C, light (12L/12D) in comparison to darkness (24D) favored
higher thyroxine levels in one case (at 6° C, compare group 5-Q toc 5-S)
and lower levels in another (at 16° C, compare group. 5-P to 3-R).

ﬁo significant correlations were found between thyroxine levels

. with molar percent VP,, molar percent VP, with percent 3—dehydroretinol
and percent 3-dehydroretino® with thyroxine. 1Inspection of Figure 8 shows
that decreasevof percent 3—denydroretinol in all groups during the
experiment seems to be asSOciated with the decrease of molar percent
VP5. Student's T tests show that percent 3jgen§droretinol decreased ..
&dénificantly in group 5—P, associated with.a significant decrease'of
molar percent VP2 in the same group. Therefore, one can sSpeculate that-
there may exist some relationshlp of hlgher percent 3- dehydroretlnol.in

blood with higher molar percent VP, in.the retina. . o

Factoriai.anal§sis of variance shows that introduction of thyroxine

2



Figure 8.

The relation. ¢f visual pigment composition to the percent
3=dehydroretinol in blood (as sampled at the beginning and
end of Experiment 5).

Experiment began upon arrival of fish from the rearing
station. Left eyes of fish were removed at the beginniig of
the experiment. Blood samples obtained were analyzed for
percent 3-dehvdroretinol. After being subjected to the
different experimental conditions (12L/12D at 6° C and 16° C;
24D at 6° C and 16° C) for 26 .to 2Y days, right eyes were
removed from fish with the blood samples obtaineyy

. =

Each black dot represents result .from one fish sampled at
the beginning of the experiment and each white dot represents
result from one fish sampled at the end of the experiment.
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to tank water 51gn1flcantly (Table 1) 1ncreased percent 3- dehydroretlnol

in blood (Table 3). prever,low1ng to thelsmall sample size in each

v

group, this finding requires further ‘Substantiation. _
s i ) . - (."-'bw ¥ j L
‘ N o
- 4 v, 27
T & '
IV. OTHER RELATIONSHIPS . °
) 0 . L .

o ) . . >

"A. ‘Body Weight Versus Thvroxine Concentration in Blood

Some 300 determlnatlons showed that smaller fish tended to have

‘higher Llood thyroxlne levels (Fig. 9); nggs and Eales (1973), u51ng

the same Tetralute ne thod, reported an. even lower mean value of 0 39 ug/

100 ml from seven rainbow trout with a mean body welght of 343"g;

B. Change in Ipticgl Density Unit (4D max: Amount of Extracted

A

‘Pipment) din Relation to Visual Pigment Composition,

There- had been conttadlctory results rcported on the relationshlp
betwéen total amount of visual plgment and v1sual‘pigment como051tlon ln
the retina. Brldges (1965) reported té;efin Belonesol, “otemtvonus and

'Scandinius changes in v1$ual plgment comp051tlon dld not accompany a

.change in. the total amount of v1sua1 plgment recovered by“ektractlon
‘l,

from the.retina.& However, Allen (1971) showed that. ;he total amount of

b . ™ 7i.;n

visual plgment in retina increases as moLar percent VP, 1ncreases.

Results from all experiments in the study wererused to determine the
. o . B
amount of vlsual plgment in relatlon &g molar'percent VP, (Fig. 10). A
ld . .
g
regression formula was calculated (based on the mean values in each -

a ©

group) to describe ithe bestrfit line. A significant d%crease in the
) fﬁ“ R ' - : .
amount of visual “pigmenti in the retina is found to be assdciated with an

increaSe of molar pefcent VP,. This. finding does not agree with those

reported by Allen (1971) ‘and Brldges (1965)

[



,
! / .
a .

. : . v
Table 3. Mean 'values of pef/;nt 3- dehydrorctlnol and thyroxlne

7 - concentration in blood at the end-of Experiment 6. Fish were
- preconditioned at 16°-¢, 24D for 30 days before the beginning

of the experiment. ' The left eyes . and blood samples were

obtained from the flSh - All fish were held at 8°.C for 10
days in experlmental conditions indicated in ‘the table.

nght eyes and blood- bamples were agaln obtalned from the tlsh
at’ the end of the experiment.

Groups - . . = 6-L 6-F - ©6-G . 6-H .

C : 24D , 24D - . 12L/12D° 12L/12D
Control  .Thyroxine* Control Thyroxine*

Thyroxine'concentratign .0.35 > 3.10 . 0.16 . 3.70

in blood (ug/l00 ml) - (n%6) - (n=7) - . (n=8)'L , (n=9)
Percent 3- dehvdroretlnol e 4.3 B  6.8 T 4Ls C 16.3 .
in blood g . (n 6) : (n=7) . (n=4) ) . (n=6)

o . N I

*L—thyrox1ne was 1ntroduced to tank water at, a concentratlon of
lO ug/lOO nﬂ -
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FigUre lO. The relation of v1sua1 pigment compositioneto the amount of
h extracted visual pigment (ADpay) in the retina. Values comey
from reshlts from Experlments 1l to 7. ‘ . : '

."Mean values for each group (w&th Gample size ranges from 9
> ta 29 per group) ‘atfe shown. Results from left eyes
e ) {beginning of experiments)- are represented by white dots and
- - right eyes (end.of experiments) by black dots. Regression
. formula calculated from the mean values in each group is:
. Y= 0.3397 - 0.002X  (solid 11ne), t = 11, p < 0.001
" (signifitantly different from zero slope). Broken and
dotted lines show=95% confidence limit of the regression
line. °Broken line shows e\pected change of optical density
unit aLong the molar percent VP, scale owing to the i
difference of. molar extinction coefficients of rhodopsin LT
- (Emax = 40,600) and’ porphyropsin (Emax = 30, 000) (Dartnall,
1968) . ‘When the slope of this line (0.008) is confpared to -
that of the regre531on line, resulf also shows 31gnificance
(t = 5.5, p<0.001). . o



50

55
§

P
3

B

a

>

e

iz

T O
3

. W
Q p .
L

o

J

@)

=

=

A:cs >r_m.rov

) _No...Awa.AOu X'ew Q v

-




C. Effect of Bleeding on Thvroxine Concentration in Biood and Visual

O

Pigmént'Composition in Retina

At the heginning of Experiments 1 and 2, an average of 0.3 ml of

i

. ‘ . - | : .
blood was taken from each fish except in' ten, which were not bled (5 in

group 1-D and group 2-Z). Assuming the circulatory levels of thyroxine

and visual'pigment composition of these ten fish did not differ

b

©

significantly from that of the‘populétion from which they were randomly

seléétgd, phe~resdl§s obtained from these fish 4t the end of the

.experiment can then be compared to the rest of the fish in the same

2

gfoup'for the effect of bleeding. Student's T tests were ehployed for
this purpose. Both circulatory.levels of thyroxine and molar percent
VPy:iin these fish did not>differ‘significantly from values in ‘other fish

in the same groups (see Appendix 7, Tables 4 and 8).

51 -
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DISGUSSION

A

‘This study has provided information on the effect of several
important environmpntal (light, temperature) and vshysiological
(thyroxine levél and percent 3-dehydroretinol in blood) factors on

visual pigmént-composition in juvenile rainbow trout (Jalmo gairdnert),

ROLE OF Licir ‘ , ”ﬂ~\\f*‘
’ AN

o thisvStudy, coﬁtradictory reports on:the'effect of light and
‘darkness on tﬁé visual pigmené compositionaof rainbow trout (see.
Introduction) are éartially resolved. .Results'from this study agree
with those rcpbrteg by Allen et al. (1973) fhnt 1igﬁt in coméarison to- )
darkness favored‘higher peréen; VP,. Studies on the phangé of visual .
pigmentcaomposition ovér time (Fig.‘3,'Expefiment.2) did" not proviée
&ufficient.informatibn to fender any possibke extrapolation of,indoo%
to outdoor -situations. . ’

Results from the capped-cye experiment (Table 2) suggested the
. o - . ' A
spossible existence of a lccal control mechanism for the effect of light

on visual pigment:composition. The exposure of ocular tissue to a light-
dark cycle in comparison. to continuous darkness increases the rate of
bleaching and suvbsgquent resynthesis of visual pigment, thereby

increasing the rate of turnover {¢opradation and synthesis) of visual

pigments and their prosthetic groups in the receptor cells (Bridges and

Yoshikami, 1970; iall and Bok, 1974). InAaddition, Bridgss and Yeshikami

- : "



(1970c) suggested'that iight might rnfluence the'3—4 dehydrogenationl
reaction-(which converts retinol to 3;dehydroretinol), hypothesimzed to
take place in the Glight sensitive" myeloid body (Yamada{ i96l}lin the
cells of the pi ment epithelium. Regent information aiso indieates that
some_enzymatie reactions (such as kinase activity) in"the retinal

outer segment are light-sensitive (Bownds, et aZ., 1974 ; Frank and

Ben51nger, 1974) ./

ROLE OF TEMPERATURE

o °

The study showed that low - temperature (5- 6° C) in comparison to
~high temperature (15- l6° C) favored higher molar percent, VPZ- This is

in accordance thh the results reported by Allen and McFarland’(l973)

who worked on the golden ShlnCr, Notemigonus cryscleucas, Note that

the latter is a cyprinid fish which respondsﬂto light by decreasing the
proportipn of porphyropsin (Bridges, 1974; Allen andIMcFarland, 1973).

TherefOr%, it is eVident’that temperature exerts. a similar effect on fish

which respond to light by increasing (rainbow trout) or decreasing
(golden shiner) the percent porphyropsin. In spite of the opposite

effects of llght and darkness on v1sual pigment compositlon in dlfferent
~ . )' ) .

o

fishes, there exists a general tendency'towards 1ncreasing the proportion

(=3
<)

of porphyrop51n in the winter and décreasing it in the summer (Allen and

<

McFarland, 1973, Table 5 -p. 911). Therefore the importance of
N .
temperature, as an env1ronmental factor, on visual pigment composition

in fishes should not be overlooked.

In total darknesS, new equilibria of visualvpigment compositibn

‘"were reached within‘thirty days after the fish were transferred to =

i
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W

communication).

. - ‘
different temperatures (Fig. 4,_Experiment 4. HoWevet, there was no

indlcatlon that equillbrta were established during the 45-day poriod '
when fish were held under 24L, 12L/12D or 24D at high temperature (16° C)
(Fig. 3, Experiment 3). .Certaih cohtradictory reports on the effect of
light on Yésual pigment composition in certain salmonid fisheS'(Beatty,
1966; iuvenile coho salmon and king salmon, Cncorhynchus.tshdwy scha)
might.bc explained by the temperatute effect (Beatty, 1975, personal

s

"~ The n@chanism wheteby temperature might exert its influence on

Av1sual pigment conversion can be summarized as follows

%

Temperature could affect the.bleaching¥resvnthesiS.cycle
thereby/controlllng the‘{ate of turnover of visual pigment and. their-
prosthetic groups in the ﬁgceptor cells (Bridges, 1972).

~.

2 Temperature might e¥fect general metabolism of the receptor

. cells. For example, the rate of formation and subsequent displacement of

outer segment discs in frog photoreceptors (rods) is doubled WICh a
temperature increase of 10° o (Young, 1967).

3)" The hypothesized 3—-dehydrogenase enzyme (Dartnall, 1964;

Bridges, 1965) responsible for conversion of retinol to 3—dehydroretinor

>might have optimal activity at high or low temperatures. Other fish

dehydrogenases have been shown to have maximum activity at given

.

. | temperatures (Hochachka and Somero, 1973);

The reason why low temperature favors porphyropsin may be

associated with the thermal stability’of rhbdopsin and porphyropsin.

'Bridges (1956) found that rainbow trout porphyrop51n decayed 40 times as

fast as rhodo sin in an extract (at 3°°C) contalnln the two pigments.
P g P g



Schwanzara (1967) reported that'porpiyropsin dus less common than -
rhodopsin in ;fOpical fish. This may be related to thé possible deercased
thermal stability of porphyropsin at higher temperatures (Bridges, 1972).

<

ROLE OF THYROXINE

/

. This study provides the only report on the elevation of
¢ ’ : . o ~
circulatory. thyroxine in fish accompanied by an increase of molar percent

VP, when exogenous thyroxine is introduced into tank water. The increase

of molar percent VP, in the control fish during the ten' days of the

experiﬁént w;s partially dué to a.temperéture effect (see Materials anq
Mgtﬁods, E%periment’6). However, comféred‘té the control fiéh held at
the,saﬁp temperaturé, fish with ﬁhyroxiné introdgced iﬁ/tﬁe tank water
‘had signikicant]y;highér molar perc;nCZVPZ. Therefore the action ;f
exogenous thyroxine in the induCtion_of‘inCreésed molar percent VP, was
evident. The fact that thyroxine iévels in the blood increased in

< . : . .
éssociatioﬁ witl#. increasing molar percent VP, suggests a possible central
control mechaaism. The finding that thf}oxine elevates the proportion of
pofphyropsin in rainbow .trout agrees w%ﬁh'results re;orted by Munz and
Swanson (1965) and Jacqugst énd Beétty (1972).
| No conclusive cvidence is evidenl from theé results COncerning the
effect of light and temperature on the‘'circulatory level of thyroxine.
Although é sigﬁificanﬁ temperature efféct ;; thyroxine conce;tration”in
blood was noted in the fesults,in Experiment 5 (Fig. 7), results f?om
other exper;menté (Experiments 1 and 2; Fig. 6) did nét sgéT to

substantiate the finding. In addition, results from Experiment 6 (Fig. 5)

showed that, in the thyroxine—treated’fish, thdse held in light (12L/12D)



hE

had -s'igp'i,fi(:;'txltly h%ghcr‘ molar percent VP, than those held in darkness
(24D) even though Lhuro Qas no significant difference in the elevated
-thyroxine levels in the blood between the two groups. These suggest
that light iiﬁiéomparison to darkness influences visual pigment in trout
probghly through some other means Ehan the inducti;n of an eleévated
level of thyro%ino in circulation. The finding that there was no
interaction (effoct)vbetwéen'iighﬁ and exogenous thyroxi;e'as factors
‘sigﬁificqntly affécting visuai ﬁiém@nt compbs?tién in-trout‘(sociTable 1).
'p;rtially substantiatéd thisﬁvieﬁi |

The mechanism whereby thyroxine acts has been a subjecé oé
speculation (Wilt, 1959; ﬁaito and*Wilt, 1962; Ohtsu et al., 1964}
Beatty, 1969,41972;.Jacquest an& Beatfy, 1572; Allen, 1971; Bridges,™
1972). Thyroxine migﬁt,influonce the activity of the hypothésized
5;dehydrogcﬁase énzyme which ié.reéponsible for conversion of retinol to
 3—dehyd zf"inolj(Wiit, 1959; Naito and Wiit, 1962; Ohtsu et al., 1964).

i

It might’.&eo be responsible for the availability of retinol and
3-dehydroretinol by regulating their absorption, metabolism, storage and/
or transport (as suggested by Beatty, 1972; Jacquest and Beatty, 1972).

Until further detailed investigations are undertaken along this line, no

further discussion on this aspect can be presented.

ROLE OF 3-DEHYDRORETINOL

Results from-Experiments 5 and 6 show that thé perceﬁt
3-dehydroretinol in fish were generally low, with mean values ranging:
from 42.6% to 4.3% (see Appendix 7). This is in agreement with resulty

reported by Plack and Woodhead (1966) who noticed that apprdximately 15%



. O' |
3—dehydroretinol always co-texis ts with circulatory rutinul.in thv.cmchw
Gadugs movima (which is a fish having only vitamin Ay based pig&ont in
the retina; Lythypoe, 1972). >Coﬁpuring the percent 3-dehydroretinol in
- : :
blood tu‘tQu molar percent VP: in a retina of the same fish, one can
conclude that the former does not mirror th; molar percent VP, (Fig. 8).
Since the percent 3-dehydroretinol in the pigment epithelium mirforg
percent VP> in fish (Wald, 1939; Bridges and Yoshikami,‘lg70b){ it Seemsv
evident that the ocular tissue plays the more impértant role in determin—
ing the percent 3—aehydroretinol imn the pigﬁeﬁﬁ épithelium father than
the blood level of the vitamins.Al éﬁd As, )
Shbe S

Beatty (1972) and Jaqquest“and Beatty (1972), working on rainbow
trout and kdkance, foupg'that either by intraperitoneal injections or
“through dietary intake of 3-dehydrof€£inol, éignificant increases of
péréent VP> occurred in the t&o speécies. This suggests that an increase

of the ﬁercen@ 3—dehydrdretinol in blood wogld probably increase the

’ propo;tion of porphyropsin. ln this study,'high temperature (16° C), in

Qcomparlson to low témper@ture (6° C) and llght (lZL/lZD), in comparison

". e '\

as ag’env1ronmental factor,

1nfluenveg v1sual plgmanttcomp031tlon via r;¥ulat10n of.percent 3-

. .dehydroretlnol in bioéﬁ On the other hand, light in comparison to
T e R

- darknessfmlght exert 1ts 1nfluence on v1sual pigment composition by
induping q small increase of percent 3—dehydr0retinol in-blood:

> Introdpctfon of thyroxine to tank wétg; has been shown to

~-significantlyaincrease percent 3-dehydforetinol in blood (Table 1).

Owing to the Iarge variance within each group and small gample size, this

~ ‘ . 4




*a

evidence requites furtther substantiation (Table 3).
8
No exporimental evidence has ver been veported favoriong fhe

: O . [ P f !
hypaghesis that the ocular tissue hgs the abilicy to dlttvrcntgkqu
w i

. . . . . . »
sequester the two vitamins from civeulati®n thereby repulating visual

. - . : £ .. . .
piyment composition in the retfha.  Sinte the bleaching—resynthesis cycle

takes place in the retina (Youny, 19675 Bridocs and Yoshikami, 1970¢) a
) :
large increase in the supply of d3=dehvdroretinol (Beatty, 19723 Jacquest
[&] 128 Yy ) Yo >
and Beatty, 1972) could alter tnkd ratio of the two vitamins (as
#
prosthetic proups . for visual pigment formation) in the ocular tissue

' 4

thereby Iintfluencing visual pigment composition in the newly formed
) ‘ 5 jd ] ) 3 )

discs in the outer segments af the receptor cells (Younyg, 1967).
. 5 .
In conclusion, it secms evident, from the studv, that visual,

pigment ‘composition of rainbow trout is influenced by light, temperature

and exogenous thyroxine. Both local and central mechanisms

. £
tual pigment fompositicn in the retina. T
¥ '

gy co-ecxist

in dotcrmining;ﬂh;

properties

]

P . <

of the hvpothesized 3-dehvdrogenase enzyme hold. the kev for understand-
ing the apparent effect of light and exogenous thyvroxine in different
fishes. Homogenates prepared from pigment epithelium, retina and other

ocular tissue from different tfishes could lead to more information on

the properties of this cnzyme. Local administratiorn of proper enzyme

©

inhibitors to the ocular tissue of “different fishes might alsce be able to
. - < - N !

assist in the elucidation of the thvsiological or biochemical processes

. B o] L. .. . . .
involved. Until more researchi is dene, evidence existing is far from
i R

sufficient to satisfactorily formulate any medels for the mechanisa of



e
/

o .
‘ X, 59
N .
- ’ -
// o A -
/// ’ . . . o
. i BIBLIOGRAPHY o : :
o : . e !
Ali, M. A. and H. J. Wagner. 1975 Visual Pigments: Phy logeny and
In: Vietlon Im Fisnes. Ed. by M. A. Ali. New York:
Photic control-of the proportions of the two visual’ -

Ecology.
Plenum Press: (pp. 481-516).
Ph.D. Di'ssertation.’ University of Oregon,

.Allen, D. M. 1970. -
pigments in a fish.
Eugene, Oregon. . > .
Allen, D. M. 1971. ° Photic control of the proportions of the two visual
’ pigments in a fish. Vision Res. 11:1077-1112. - ‘
Alden, D. M. and W. N. Mcgatiénd.‘_l973. The effect of Eemperathre on -
rhodopsin-porphvropsin ratios in a fish. ‘Vision Res. 13:1303-1309.
Munz and M: A. Poston. 1973.

v .

\

Allen, D. M.,
Pacific salmon (Oncorruncius). Can. J. Zool. 44?429—%55.

_HcFarland, F. .
Changes, in the Visual pigment of trout. Can. J. Zool. 51(9) :901-914.
Beatty, D. D. .1969. Visual pigment changes "in juvenile kokanee-salmon

W. N.
Beatty, D. D. 1966. A study of the succession of visual pigments in

.

in response to thyroid hormones. .Vision Res. 9:855-864.
1972. Visﬁalbpigment changes in salméhid fishes in
bovine TSH and 3-dehydroretinol.

Press (pr,
N .
Internat.’

i

. ¢ .
Beatty, D. D.
response to -exogenous L-thvroxine,
Vision Res. 12:1947-1v-
Beato;‘D: p. 197 ' i“cpsin chnnges in paired-pigment
fishes. Tv--~ Sl td. by M. A. Ali. New York: Plenum
!. E. Robinson, D: Palmar, J. Miller and
Physiology and Enzymology of frog photoreceptor

Bewnds, b Lo Brodie, b
A. Shedlovsky., 1974,
membranes. Exp. Eye Res. 18:253-269.
Bfaekkan, 0. R., O. Ingebrigtsen and H. Myklestad. 11969f Uptake and
storage of Vitamin A in ‘rairnbow trout, Salmo gairdnert,
Foster and S.' H. Ingbar. 1971.
Clin. Endocrinol. Metah. 32

J. Vit. Res. 39(2):123-130.
Evaluation of a simplified technique for the spe¢cific measurement of

Braverman, L. E., A. G. Vagenakis, A. E.

134:620-629.,

a serum thyroxine concentration. .J.
497-502, .
1956. The visual pigments of the_rainon trout

Bridges, C. D. B..
(Saimo irideus). 'J. Physiol.
‘ e



60 -

Bridges, C. D. B. 1964. Varlatlon of visual . plgment amohgbt 1nd1v1duals‘

of an. American mlnnow, ’Otcwzgonus erysoleucas oouaczz. Vision Res. h
4:233-239 . : -

Bridges, C. D. B. .1965. Absorption propertles, 1nterconverbuon% and ,
en¥ironmental adaptation of plgments from fish’ photoreceptors Cold

Spr. Harb. Symp. Quant. Biol. 30 317 344, - :

lBrgdges; C. D B. 1972, . The rhodopSLn—p%rpherpqln v1sual qutem  In:-
Handbook of Sensory Physiology in/;. Frotocnemistry of Viston,
Ed. by H. J. A. Dartnall. New York:  Springer-Verlag (pp 417-480) .

Bridées, C. D. B. ‘and C. E. De]lSlev 1974. Postglacial evolution of
~ the visual pigment of the smelt, Oﬁﬁerus ererlanus wordax. Vision
Res. 14:345-356. . - IR :

Bridges, C. D. B. and S..Yoshikami. 1970a. Dlstrlbutlon and evolution
of the v1sual pigments in salmonid- flSheS. Vision Res. 10:609-626.
Bridges; C. D. B. andlS Yoshikami. _l970b The rhodopsin—porpﬁvropsin
system in fresh water flshes. .1. Effects of age and photlc
env1ronant Vision Res. 10:1315- 133_h
Bridges; C. D. B. and S. Yoshikamiw_ 1970c The rhodopsin-porphvropsin
system in fresh water fishes.’ 2./ Turnover and interconversion of
visual -pigment prosthetic: groups in light .and darkness - role of the
pigment eplthellum. Vlblon Res'. lO 1333-1345. ’
CreScitelli F. 1956. . The nature of the lamprey visual plgment J. .
gen. Phy51ol 39:423-435. . j o A . o
Cristy, M. 1974. Effects of prolactln and thyroxlne on the v1sual
pigments of trout, Salmo gazrdnazu. Gen. Comp. Endocrlnol 23:58-62.
Dartnall, H. J. A. 1957. The Visuaz Pigments. G.B.: Pitman Press.
Daftnall, H. Jf A. 1962. The photobioloby of visual processes. Ingi - et
- The &ye, 2. Ed. by H. Davson./ New York: - Academic Press (pp. 323- S
533)-.. : / S . .
!
. ’ _ / '
Dartnall, H. J. A. 1968. 'The photos;n51tiv1tles of visual plgments in

the prnsence of hydroxvldmlne Vlslon Res. J. 339- 358

Dartnall, H. J. A., M. R. Lander’ and F. W. ‘Munz. 1961. -Periodic
changes in the visual pigments of 4 fish. In: “Progress in Pnoto- -
btologd. Ed. by B. Chr. Christensen and B. Buckmann. Ams terdam:
Elsevier (pp. "203-213) .

Drujan, B. D., R. Castillion and E. Guerrero. 1968. Application of
fluorometry in the determlndtlon of Vitamin A. Anal. Biochem. 23:
44-52, . »

°



* . ¢

Eales,:J G. 1974. Creation ofe chroniec phy51olog1cal elevations of
plasma thyroxdine in brook troute Salvelinus Fontinalis (Jltchlllz
and other teéleosts. . Gen. Comp. Endocrinol. 22:209- 217

°
o

Etkin, W. and A. G. Gona. 1974. Evolutlom of thyroid functlon in

< poikilotherm vertebrates. In: Handbdox of Physiology, S&ct. 7

EndoérinoZOnh. “Vol..IIT *ndroad Ed. by M. A. Greer and D. H.
Solomon. hashlngtOn, D.C. ‘Amér. 'Physiol; Sec. (pp. 5—20).

Frank, R. N. and R. L. Ben51nge1. 1974, Rhodopsin and 11ght—senblt1ve
kinasé activity of retlnal outer ‘segments, Exp Eye Res. 18:271-280.

Fo

Freed, M. 1966. ~m¢tn0ds of Vitanin Assay New York J. Wiley and
Sons. . ‘

a

Garry, P. J., J. D. Pollack and G. M. Owen. 1990. Plasma Vitamin A
: assay by fluoxomttrv and use of a silicic acid column technique.’
Clin. -Chem. 16:766-772, - ' : »

°

Hall‘ﬁM.{O; and D. Bok. 1974 Incopgoratlon of - [QH] vitamin A 1nto
nrhodop51n in light and dark adapt&é frots Exp. Eye Res. 18:105-117, A\

'Hansen; L. G. and W. J. Warvick. 1968 A fluorometrlc mlcromethod for
serum vitamin A. Amer. J. Clin. Pathol. 50 525- 529 R

g Higgs, b._A. and J. G. Eales. '1973.. Measurement of circulatory- thyrox1ne
' in. several fresh water teleost% by c@mp;tltlve bindlng analysis.
“Can. J. Zool. 51:49-53. , : :
B - =] P ) ) +
Hochachka, P. W. and G. N. Somero. 1973. Strategies of‘BiOChamicaL
Adaptation, Toronto: ,W:. B. Saunders.

Hubbard, ‘R., P. K. Brown and D. Bownd. °'1971. Methodology of Vitamin A . s
and v1sual pigment. [In: Methods of gnz zymology. <Vol. 18 Vitanine
and : :Coenaynes. ‘Fart (. Ed. by D. B. McCorm1ck°and L. D. Wright.
New York: Academic Press (pp. 615= 653) ¢ .

Jacquest, Wi L. 1969 Changes in. the visual plgment composition of the
rainbow trout, Lazmo atrancr'. M. Sc. thesis. University of -
Alberta, Edmonton ’ .

Jacquest, W. L. and D. D. Beatty. 1972. ,Viédal pigmcnt changes in the
rainbow trout. Can.,J. Zool. 50(8):1117—;126. :

. Rzs .

Kahan, J. 1966. A method for the fluorometrlc determlnatlon of" vitamig
A. ‘Scandinav. J. Clmn. Invest,. 18: 679 690.

Q

! -
<

»oot el

'Lythgoe, J. N. 1972. let of vertebrate visual pigments In: dHandbook f:
of Sensory an@LoZOJu ,[I/L. Protochemiatry of viston, Ed. by
H. J. A. Dartnall. New York: Springer-Verlag (pp.. 604-623),
| ' 5 )

. o R :

i
!

"



Moore, T. 1957. Vitanin A. New York: Elsevier.
Mudz, F. W. and D. D. Beatty. 1965. A crltlcal analysis of the visual
pigments of salmon and trout. Vlslon Res. 5: l 17.
Munz, F. W. and W. N. McFérland 1965. A suggested hereditary
- mechanism for visual pigments of the chars (Sgqlvelirus spp.). Nature
(London) 206:955-956. o

Munz,‘F. W. and R T. %wanson; 1965, | Thvroxlne induced analysis of the
visual pigments of salmon-and trout. Amer.cZool 5(4) :683. »

Murphv, B. E. P;‘and G. J. Pattee. 1964. Dete;mination‘of thyroxine
utilizing 'the property of protein blndlng. J. Clin. Endocrinol:
Metab. 28:187-196. ’ o )

©

Naito, K. and F. H. Wilc. 1962 The conversion of v1tam1n A to retinene2
in a fresh water fish. J. B ol. Chem. 237: 3060 3064.

Ohtsu, K., K. Naito and F. H. Wilt. 1964 Metaboliq basis of visual
pigment conversion ‘in meLamorph051ng Fana catesbetana. Dgvelop. Biol.
10:216-232. . _ s fos

o

“Olson, J. A, 1969. Metabolism and Function .of Vitamin A. 'Federation
Proceedings: Nutrition Society Symposium 28(5) :1670-1677.

Plégk, P. A. and P. M. J. Woodhead. 0 1966. - 'Vitamin A cémpoundb and
lipids dn the blood of the Cod, Gadwd morfug from the aretic in
relation to gonadal maturatiomn. J. Mar. Biol. Ass. U.K. 46 547 559

Pollack, J. D., 6. W. Owen, P. J. Garry and D. Clark. 1973. Plasma )
retinol assay by elution from silicic acid with cymene (P Isopropyl _
Toluene).  Clin. Chem. 19(9) 977~ 983 .. . S

Saunders, J. T. and S. M. Manton. 1969. A rgnual, of Practical
Vertearate Lbrwmocogq (4th Ed. ) Oxford Clarendon Press (pp. 22 23)

E
N

Schwanzara S. As 1967. The visual pigments of freqh watet fishes.
Vision Res..7:121-148.

) . : - . : ST

Selvaraj, J. and, T. P, Susheela. 1970. ‘Estimation of serﬁm vi tamin A
by a mlcrofluorometric procedure. Cllnlca Chemlca Atta 27:165-170.

‘Shantz, E. M. -1948. Isolatlon of pure vxtamln AZ.Q Sclence (N Y ) 108
417-419. T _ - . .

_Sokal; R. R.-and F. J. Rohlf. 1969. Biometry: The Prtnczple and
Practice or. Statistics in 51020g¢cal Research "San Francisco:
W. H. Freeman and Co. S~ - _ ff '

=]

Thompson, J. N., P. Erdody, R. Brien and T. K. _Murray 1971. Fldéroe,
- metric determination of vitamin A in human blood and liver. Biochkm;
"Med. 5(1) 167~ b9 ” i

@ - L M

RS



-Wald G. 1939, On the dlstrlbutlon of v1tam1n Al and A,. J. Gen.

Physiol. 22: 39], 415. :

Wald, G. 1957 The metamorph051s of visual systems in the sea lamprey.
J. Gen. Physyol 25: 331 336. ’ .

Wile, F. H. 1959 The. organ spec1fic actlon of thyroxine in visual
pigment’ dlfferentlatlon J Embryol. exp. Morphol. 7:556— -563.

s

Yamada, E. 1961. The fine structur; of the pigment epithelium in the
turtle eye. In: The Struoture of the Eye. Ed. by G. K. Smelser.
\  New York: Academic Press (PP 73- 84) ' ’ '

Young, R. W.: 1967 The renewal of photoreceptor cell outer segments.

"J. Cell Biol. 33:61-72.

63



"
. Al;.x"“‘j\,'
o i‘“ W tt.\j
: .3 ) . .
-
/\ . e
[o] “t

APPE_ND.IX 1

EFFECT OF EYE REMOVAL OPERATION ON VISUAL

PIGMENT COMPOSITION
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In order to avcid the‘problem of ‘individual vafiation .of visual ‘
pigment comp031t10n in ralnbow trout, Jacquest and Beatty (1972)
removed one eye of the flsh at the beglnnlng of thelr experlments and.
later. removed the other. Assumln%}the percent VPZ in the two eyes is the
same at any time (Jacquest, 1969; Brldges, 1964), comparlng the percent
VP2 from the left- eye removed at the beglnnlng of the experlment to thet
from the rlght ‘eye at the end one‘can get a more accunate estlmation of
any change in - the proportlon of porphyropbln durlng the experluent.
However, eye removal could be a major trauma to the fish ‘accompanled by
a cqn51derable amount of blood loss. In order to'show thet the eye
removalcopetation by‘itself cges notbimpose‘any influence on visual ™
;pigment‘cOmpositiqp, some results from a number of pilgt experiments are-: .
sed. - ‘ S v. _ .; — = | ‘t' p SRR

At the beginning ot each-expetiment, left eyes were temeved from a .
‘-number of fish randomly selected from a stock group of‘fish.blThese one-
eyed fisu were then subjected to the-described (Appendgz'l, Table.l)
expetimental conditions'together with the tw0;e§ed fish from the shme
'stock group. Assumlng the visual plgment comp081tlon of the one~ eyed

fish is not 51gn1f1cantly dlfferent from the rest of the populatlon at ;
3
the beglnnlng of ‘the experlment, comparison of the visual pigment

’

comp051t10n of right eyes of these flsh to those of the two—eyed fish at °

the end of the experlment would 1nd1cate whether the eye removal
operation,had significgntly inflwgnced the ngual'pigmeut.composftion.
Student's T test was used." The validity of using parametric tests on

e

values of percent VPZ has been conflrmed (Appendlx 3) Results accumulated
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Table |
. Total no. of fish "Experimental R ' Interpretation of 
irnvolved* . ~conditions T test results:
- o+ -
12L/12D, 15° ¢, 15.days - “N.s.
12L/12D, 15° C, 30 days 'N.S.
| 12L/12D, 7° C, 15 days ' N.S,
11 | 12L/12D, 15° c, 15 days - N.s.
9 | 24D, 15° C, 15 days : B S. -
18 - 24D, 15° C, 30 days B N.S.
9 24D, 7° C, 15 days S N.S.
10 24D, 7° C, 30 days . . "N.S.
.i ' Room light,?7° C, 15 days , N.S.

. .

Room light, 7° C, 30 days " N.S.

'N.S. - Not significantly different.
S. - Significantly different. §

"fThé number of one-eyed fish plus the number of two-eyed fish.



APPENDTI X )2

DETERMINATION OF VISUAL PIGMENT CdePOSITION :

o IN RETINAL EXTRACT* -~ ‘

*The experimental procedures were carried out under, dim red light
(Kodak Safelight with Wratten Series 2 filter ). o



.“','
E N

. . ' <z \ .
The frozen retinal extracts and the corresponding blank solution
were thawed, agitated with a Vortex mixer and centrifuged. at 10,000 XG
for 10 -minutes (at 20° C). The supernatants were transferred to optical

scuvettes containing 0.05 ml of 0.2 M neutralized hydfoxylamine. The

measurecment of'the‘initial absorbénce spectrunt was carried out in .a Cary
model 14 repording spécﬁrophotometer, :ecording from 7QO nm to 350 ﬁm at
~a scanning speed of 10 nm ger second. An example”of ,this initial spectrum
is shown in Figure'l.of Apbendix 2 (curve 1). Tbe sample cuvette was

. i ~
then transferred to a specially constructed bleaching apparatus where the

retinal extract was exposed  to 10 minutes of orange light (Aﬁax‘z 610 nm;

2

uartz-iodine lamp, with an interference filter! assing light with a
q P i p ‘ :

"half band width 6f 4% of A ak)'. The cuvette was then returned to the

\ . .
spectrOphotomet&r where the denSLty spectrum was recorded as before (Fig.,

1, Appendix 2, curve 2). The pH of each retinal extract was measured at /.
. \ . -v. - : _ o

the ‘end of the experiment.

e

Hunz and Beattyx(lé65fwggepared a series of templéte curves

'relating tﬁe wa&élenéthé of the 90, 80, 70, . . ; 10% p01nts of the’
. !

max1mum absorbancg change of a dlfference spectrum to various proportions.
of VP5031 and VP5277 represented as percent VP5272 (100%, 907, 80%,
. . ..OZ), in a mixture. Munz and Beatty (1965) found that the
estimated percent VPszased on the‘wavelength.of the 50% point of tﬁe'
tofal différeﬁce spectrum was as reliable as that bagedfon the mean €rom
‘the 90, 80, 70, . . . 10% pointss

Therefére, a‘table (Table 1, Appeundix 2) was préﬁared giving the

percent VP; (based on absorbance) for the various wavelengths of the 50%

point: of the maximum absorbance change (from the total difference o

[a

!Bajrd-Atomic Inc., Cambridge, U.S.A.
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Figure 1. ‘The initial, final and difference spectrum of a reétinal
' extract prepared from one rainbow trout retina . Curve 1
indicates theé initial spectrum of the retinal extract in
digitonin solution (pH = 8.5). Curve 2 (final, spectrum)
was obtained after the retinal extract was exposed to
orange light (Ap 3 = 610) for 10 'minutes. Curve 1-
curve 2 gave the difference spectrum, curve 3.

o
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Table 1

m .

P B . v S
Table giving }*‘vrgont VP2 (column B, based on -abso rbance) for the various =,

579.5

wavelongths,_.»(c,o-:l mn . A) at the' SG"é oints of the maximum absorbance
change (ffO%qéh 6:%w't‘ié‘1 dif ference™spectrum)

. N . iﬁ} 2

A | A A B A B

550 .0 1.0% 560.0 32.3%" 570.0 55.9% 580.0 82. 2%
550.5 2.1% '560.5 33.3% 570.5  57.1% 580.5 83.8%
551.0 4.1% 561.0 35.0% 571.0 - 58.8% 581.0 85. 6%
551.5 6;92 561.5 36.0% 571.5 59 . 2% 581.5 87. 4%
552.0 7.2% 562.0 37.4% 572.0 60 . 5% 582.0 89 .4%
552.5 8.97 1562.5 38. 1% 572.5 61.9% . %s582.5 91.1%
553.0 11.4% 563.0 40.0: 57:.0 63.0% '533.0 92.7%
553.5 13.0% 563.5 40.9% 573..5 64 . 0% §83f3 . 95.0%
554.0 14.6% 564.0 41.8% 574.0 65.8% 584.6 96.0%
554.5 16.9%. 564;5 42.5% 574:5 Be.ﬁz_ 584.5 . 98.0%
555.0 18.0% 565.0 43.6% 573{0 67.92 1 585.0  100.0%
'555.2 19.7% 565.5 $5.17% 575.5 6§:IZ
556.0 20.5% 566.0 46.1%7  576.0 70 287
556.5 22.1% 566.5  47.6% 576.5 7{.9%
557.0  23.9% 567.0 49 .0% 577..0 i:}ﬁz
557.5 25.4% " 567.5 49.7% 577.5  74.5%
558.0 26.1% 568.0  51.0% 578.0 76. 1%
558.5 27.9% 568.5 52.0% 578.5 77.6%
559.0 29.1% 569.0 53.2% 579.0° 79uqz-
559.5 30. 4% 569.5 54. 2% 80.0



spectrum) .

The difference spectrum (curve 1 - curve 2) is represented by
" [e]
curve 3 (Appendix 2, Fig. 1). The 50% point of the total difference

spectrum was located at 554 nm. From,Table 1 (Appendix 2), this retinal

extract was estimated to have 14.0% VP,.
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. _ANALYSIS OF DATA OBTAINED IN THE STUDY
] . : & : ) . L
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VALIDATLON® FOR THE USE OF PARAMETRIC TESTS IN -STATISTICAL
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o P
Allen (1970) showed that in the red-side shinur?’nﬁckaraaonyua,,

values of molar percent VP, obtained from the fish do not follow normal

distribution when the means of the values get close to either end of the
0-100 percentage scale.” His evidence was based on the result of the

Kolmogorov-$mirnov test for goodness of fit to normal distribution on a
A v . ’ w2 \: ) | ) . N
group of 45 fish with a mean molar percent VP, of 9.8 ¢ 9.53 (Appendix

C, Ph.D. Thesis, U. of Oregon, Allen, 1970) . He found that»&y trans form—

ing the same data through an arcsine transformation, normal distribution

= . y "‘ . .
of data tan be achieved. ‘Therefore he conciuded that all data involving
o R b . . . - .

R € . . . . . . o
”:pp}g?ﬁp@rccnt VP, should bé transformed by aresine transformation before
-, & e : . )
g 08 T oy . SR ; ' ‘ '
‘statistical analysis using parametric tests is -performed.
- : T s, - o :
The molar percent VP, wampled in a number of groups -in this study

_ B . () i
were tested for normal distribution using the same Kolmogorov-Smianov

. 4

tests. The results argv.shown in Table 1 (Appendix 3). No deyiation

from normality WS found in each group irrespective of position of their

mean percent VPZ on the 0-100% scale. A total of 286 values were us ed
in this analysis. ¥
5 C— )

' 4 In addition, values of_Té'concentratiQQQQ d percent 3-

dehydroretinel were similarly tested for fitness to normal distribution.

- e ’ St - 7. :
No significant deviation was found in results obtained.
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Table 1 '

Result of Kolmégarav-Smirnov tests oun values of molar percent VP,
- sampled at' the beginning (lett eyes) .and end- (right eves)
: ©  of each experiment :

s

\

P

Groups, or - Material

Molar percent VP - Interpretation

experiments analysed Mean # S.E. (n) of result¥
‘Expt. 1 Left eyes 34,9 ¢ 1.4 (n=505 ' ‘ :' +
Expt. 2 Left eyes 84,7 ¢ o.7l(n-57j'. ‘
Expt. 5 Left eycs 91.5 4 0.5 (n=43)
Expt. 6 Left eyes 22,4 £ 2.4 (n%29)
Gp. 1-A .V Right be;)'os 45.5 + 2.0 (n.=1'l)
Gﬁ. 1-B Right eyes Qé.8 £ 3.8 (n=18)
Gp. 1-C Right eyes. 85.2 + 1.9 (n=12)
Gp. 1-D Right eyes lé.a‘t‘ 2.4 (n=9)
Y Gp. 2-W Right eyes 70.9 + 2.6 (n=11)
Gp. 2-X Right eyes 51.2-1 3.5 (n=13) ' L .
" Gp. 2-y ' Rigﬁc eyes 79.5 + 1.5 (n=;Z) "// .
Gp. 22 Righ£>éyes 57.9‘f'2,1 (n=19) ' >- +

L

*Positive sign means normal distribution.

\
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ISOLATION OF RETINOL FROM CARO'I'E\IOID.S: i

N USING SILICIC ACID COLUMN

) - ‘ T

*See also Appendix 6 for fluoromotric proper‘ties of reEinol and
3- dohydrorvtxnol.
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Botu Curry et al, (1970) and Pollack‘et al. (1973) suggested
methods of isolation of vitamin A from human blood using a silicic acid
vmicrocolumn. Although the latter metuqd claims specificity for retinol
(s¢e below) in bload,®it required a lavge volume of plasma and thereéore
was not practical forlthlé study; In order to establiéh thelwalidity
ofuthe methoa'of Gatry et al. (1970) on plasma kpooled form) of rainbow
trout, I attempted two individual tests.

-ll Comparison~of ”Totalfvitdmin A" uersus "retinol"
concoutrdtion inlpooledtpldsma from-rhingow trout

Since thc method of Garry et aZ.‘(l970) measures total Vitaoin A‘
(m09t1y retinol dand retinol derlvatlves) in blood while the mothé% of

R 2
‘Pollack»CV al, (1973) measures specifically retinol one J‘Buld b & ableﬂ
. to ost1mdto tho amOunt of retinol dtrlvutlvos in rainbow trout plasma
‘

”é{mply by compaxlson of results obtdxned by the two methods from pooled’

in A and retinol) from the

plasma sample. Two d»terminations (total vi
same pooled plasma sahwle agreed to wituin';» ‘iudicating that any
gsetinol Gorivativesjniﬁ preéont do not show up in the assay (Garry et

atl,,” 1970) employvd in thls stud\. Therefore, total vitamin A'indicated

by this test. (Cazxy et al.,»1970) is roco&nlzed as retinol concentration.

2) Interg“jStandard

o

The retinol concentration of pooled ‘plasma from rainbow trout was
determined (for extraction and fluoromotrlcuabsay, LBee, Ma%ﬁrlalb und
Methods; the method of Garrv et aZ., 1970 was ubed for isolatlon of

retinol). A moasured amount of retinol (Nutritional Biochemical) was

"dissolved into the plasma and the retinol content of the 'enriched” ot

. a .
plasma was,rede:ermined. Prom the differences in the two deter ‘hations,

one can calculate the percentabe recoV@r} of " ‘the added retinol, thereby

-

77




verifying the

efficiency of the method with respect to extraction,

"isolation and
of 75% to 90% recovery was obtained from two different pooled plasma

. _ .
samplﬂ# of rainbow trout. . oo ’ ' :

detection of the retjhol coritent in the plasma. A range. .

78
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APPENDTIX 5*

éEHARATION OF RETINOL AND 3-DEHYDRORETINOL IN PETROLEUM ETHER
UTILIZING THE SILICIC ACID MICROCOLUMN .

(ADSORPTION CHROMATOGRAPHY)

|
|

|

-

s
< ) ‘ :
*See also Appendix 6 for fluorometric properties of retinol and
droretinol. ' oL _ . _ '
. i | _ _ ' :
+ :
a J’

.79



* The prodf for, separation of retinol and 3-dehydroretinol in

petroleum ether by adsorption chromatography in a silicic acid column

mainly comes from the percentage recovery of retinol and 3-dehydroretinol
from the eluate. Gﬁrry et al, (1974) found that by dissolving retinol in
v _

petroleum ether and passing the solution through silicic acid column, all

the dissolvfdf{retinol was retained in the column. However, 93 to 100Y%

o v
of the retad retinol could be recovered when proper amount of iso-'
propanol was pu

An average percentage recovefy of 102% was found.

s

When 3-dehydroretinol was dissolved in petroleum ether and the

-

S

solution put through silicic acid c¢olumn, all §h§v3—depydforetin51-iq

.. the solution was reﬁovered from thevpetréieum ether.eluate. This means
that the silicic aci? )olumn has the property of selectlvely rétdlnlng

7 ¥,

retinol (see p¥Pevious paragraph) but not 3-dehydroretinol in getroleum

‘ether solution. A further attempt tX confirm this finding was done by
‘ : : : . y
‘dissolying equivalent amounts of retimol and 3—déhydr0fetinol ird

»
petroleum ether and then determining the percentage recovery in each of
the isopropancl and pétroleum ether eluafes. Assumlnglall fluorescence
in petroleum ether came from 3~ dehydroretlnol 137.2% regg;énY was
calculated. As;hmlnb all fluoxeqcence in 1sobfopanol eluate came. from
retinol,2110.524 recovery was found.- The ;alculated pérgent 3-
dehyd;oretinol Q;s tﬂeréfore 55%.  This gives a'percehtagé errér of 10%
which indicated a goo? estimatio; of the.percent %}Aeﬁydroretinol in the

mixture. . .
: o I

The percéntage recovery from each eluate, as one had noticed,

was higher than 100% in each case. This was probably due to ﬁon—specific

o
’
1

through the column. This study confimed thfs phenomenon.

8Q-



interference substances from the silicic acid column.. It was found that
it could be lessened bywwushing the column three times with ‘petroleum
ether immediately before usage. This was done in all'silicic acid

columns used in this study.

-

v
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KPPENDIX 6

FLUOROMETRIC *PROPERTIES OF RETINOL AND 3-DEHYDRORETINOL
A) Excitation anéTEmiésion Maxima of
Reﬁinol and 3-Dehydroretinol -
B) Preparation of Standardeurves of .
Eluorescénce‘at Different Cohcedtration
&%&f Re#inol and 3-Dehydroretinol in

IR

Pe;xoieum Ether

g2



3

amina of Retine] and denehdron ctinol

The excitation and emission maxima of retinol have boen desceribed’
byevarious wvorkers (Kaban, 1966: Drujan 2 ai, ) vy, Selvaraj and

sushecla, 1970; Thempson <8 24, 1971 Hansen and Varwvick, 19638). ‘ o

¥

However, none could be found for 3-debvdroretinol. . I'm this study,

tepeated testing showed that o petroleun other and isopropanot, the
excitation maxina for retine! ard 3-dehvdroretinel ranged from 337 to
350 nm and 323 to 336 um, respectivelyv.  Theyvehad common emdss ion

m;‘im:x at 490 nm.

Pure retinol wvas puvrchased as the crvs talline aleohol,! the
3 A ’

purity of which was confivrmed by the Carr-Price teat (Hubbard 2z al.,

«

1971) before it was used as a standard.

o

3--dehvdroretinel was extracted {rom the retina of poldtlish by the
o . ,
mthod descoribed by, Hubbard e2 al. (1971). “Using the equation by Wald
. o “ .

»
(1932), which was later modifled by Wilt (1959), no detectable retinol ov

smcavotone

ortound in the extract examined by the Carr-Price Test.

The 3-dehyvdroretinol was oxtracted “trom the goldfish retina as

follows:l : -

Goldiish were dark adapted for 2 hours before removal of eyes
;md dissection of the rtotina (under Kedab sab-light, '.»'L‘&ltten
Noo 2 filter). The dissected retinae weve placed in
Phosphate baffer cand exposced to orange livht (610 pm) for half
“n hour at 207 Co They wvere 1oafo i the dark forvanother half
an nouv for the reduction of Z-dehvdroretinal to 3-dehvdroretinol,
The butf-or vas removed by washing the rocine three times with
distilled wacer., The retinae were then gprovad in arhvdrous
:drcr-}ir:ﬂ cxtracted with three 5 ml
portions o!f diethyvl other. No savoniticationovas pertormed after— -
wards.  The solution vas then evaporated te dryness under N; and
redissolved in chllovoform for Carr-Yrice test., 1t was tound that

Series

sodive sulphate and the 3-d.%):

1. A - . , . -
hvtritional Biochemical Corvporotion, Cleveland, Ohio 44128..



30 retinae provided an 0.D. of 0.8, i.e., 1170.72 /100 ml of
3-d®ydroretinol assumi iy E}Emi‘“ 4100 at 690 nm (Shantz, 1948).
The extraction was carried out under a 40-W red bulb

i1 Jumination. , -



, . .
B. Preparavion of Standard Gurves at Dift erent Concentrations of
“ © ) ’

‘ , .
Retinol and A-Debydroretinol dAn Petroleun #ther

A small amount of retinol (d4.5 my Nutrditional Biochemical) was

A}

COII)p]t‘Lt'\(IiSSol\lod in 10 ml diethyl ether.  This was divided into Lo
. . . I8

equal Lo0s and placed inside a desiccator to evaporate to dryness
X . N /

en.  Une portion was redigssolved with 5 ml of chiloroform and

under
&

the Om with 5 ml of petroleum ether. Th® concentration of the
[

chlorcform portion was determined by Carr-Price test,! using the

h o .. - 1Y e o : ,
exsigction Coofflglent of hiém = 5070 at 620 nm for retinol (Moore,

1957). Tho‘petroleum ether portiqn was diluted appropriately auéfthﬁﬂ////
flusroscynco medsured in the spectrofluorometer (Emiss ion wavolvﬁgth =

490 ; E*citation scan: 370-320 nmi. Assuming the concentration of

rotinbl in the chiorofurm solution is edual»to that in the peotroleunm

ether portion, a standard curve could then be established (See Figure 1,

Appendix 6). [lIn order to confirm this assumption, some of the
. - -

chloroform portion (used for Carr-Frice test), on one occasion, was

dried under N, and redissolved with an equivalent amount of petroleum

5

ether. The fluorescent reading of this solution agreed with' the

petroleum ether portion te within 2.4%, showing that the concentration of
the chloreform and petroleum ether portion is comparable.] 'In addition,

retinol gives the same amount of fluorescence in petroleum ether as in
T

isopropanol.

—_———

1.5 m1 sample added to 2.5 ml saturated antimony trichloride
containing two drops of acetic anhydride. The absorbance spectrum of
the solution was recorded from the spectrophotometer within 30 seconds
of preparation (Hubbard et al., 1971). ) it

. \ RN © 2 . =t ) .

\



Figure 1. "Standard curve of retinel fluorescence.

procedures, see section B, Appendix 6.)

o

LFor preparation



e

) . |
L - 30N3DSIYONH
- o CI Jog o :.#m_ovn_o m._._z:_ow .
. e N : ﬁ

o

o m

I -

Z

: :
, iy

©

o 7. M

. - m

z

t : -

[ ] rﬂ.ud

i /V‘v

,, i 5

. i ..\%\ .. m
\,\ -7 ‘ =)
P & - .&”
S (@]

! N L C

~~ o . . m.

JINIOSIHONTA T1ONILIY 40 IAHNO. dHVaNyls | =

¢ 5 ’ -
- .
3 R san

3



- o _“ L - : 88

. : . . . -
Pure 3—d&ﬁquroﬁv-tiflol]&un: cxtracted from poldfish retina in the
» ST ‘ . o ' o [
same wav described in section A of this appendixn.  Sixty <1 dfish retinae
N B . - ) - . . : . L ) N ) . \ ) . ’
worvkusnd.add.ﬂ)ﬁ diethy 1l ether exfract was divided into two equal SO
. o 3 . . P
portions dnd evaporated to drvness under nitrogén. A standard curve é
.- - . - 4 s » . . .
(Fig. 2, dppendix 6) was similarly prepared by redissolving -the two
, : . . . \

. . S e
portions with chioroform and petroleum ether.. The conchtrntion_of

3=dehwddroretinol was datermined frow the hloroform portion) by %?e‘ﬂarr—

P T ~. 7 : L e . 1A :
Price thst, assumitayg it has an  extinction coéfficient of Eicm = 4100 ‘at
' ) i L ~ . . . »

6, -

690 nm' (Shantz, 1948). ‘ - S .

Carparison of the two standard curves shows that 3-dehydroretinol

2
ol

is a weak luorescent compound in comparison to retinol (at 10Q ug/lOOﬁnl,‘

>

retinol fluoresces 3.5 times higher than 3—-dehvdroratinol) . In ad
.9 ' ' , ‘ . )
the flwwrescenca of 3wdelivdroretinel doess not Mnerease linearly with the

inerrase fin 2-dehydroretinel concentration. i ’ -
N Q 3 A ' .
. . 2 . . Y
8 i



- ’ ) i .- - -
 Figure 2, S‘@andard cﬁ‘rve of 3-dehydroretimol fluerescence. (For
.Preparation® procedures, see section B, Appendix:6)

‘ o
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APPENDIX 7

RESULTS FROM EXPERIMENTS 1.TO 7
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Table 1
' Experiment 1* (Group 1-A, 12L/12D, 16° C) 2
- ) 3 : o 1\ ' .
| _vetene b R
Cods Initial- Final  Sex initial Finsi. Initial Final Initial. Fina?2 \
ALRX 64 / / 1.05 o/ / / /
A2%% g0 / / 1.18 / 47.4 / 2383/,
A3 " 68 51 F 0.00 1.32 29.8  44.7 .3510  .2543
A4 69 '55 F 1.28 1.61 49.3  55.1 2673 2430
A5 % 61 “53° M 1.61- 0.56 25.9 . 47.4 3213 .2263
A6 56 8 47 M 0.98 1.39 . 35.7  48.4 3173 .2028
‘A7 57 48 M 0.62 1.91 35.7  49.3 3215 .2300
A8 67 54 M 0.00 1.58 31.5  45.4 L2440 1600
55 52 F 1.10 . 2.35 25.9 29.8 .3275 .2639
A0 50 39 F 0.17 1.45 22.9 .3030 /
Al 51 46 M 0.32 - 0.39 22.9  42.2 3735 L2243
A2 43 42 M o/ 1.53. /  s1.1 / .2055°
“Al13 49 41 M 1.27 1.13 51.1  45.4 . '.3283  .1495
Al4 48 48 M 2.35 1.36 31.5  42.2 .3505 2225
n, 14 12 12 13 12 12 11 0 12 . 11
X 58 48 0.92 1.38° 36.8 45.5 31611 .2167

«

*Fish were preconditioned™at '16°
one month before the initial results were taken.

C in contlnuous total darkness for-
They were then subjected

to the indicated light and tempeérature regimes for 28 days before the final
results were- obtalnod

**Al,

c

A2 died.

I[Iql‘ip,ug thyroxine/100 ml plasma.

2M'axfimum change of optical density units.

. ('/' means no result avallable owing either to mortality or
unsuccessful detcrmlnation )



()3,

-
Table 2 .
; Exp('r"im(:nt 1% ((}rboup'l—l’;, 241, 16° C) i
<o . :
. ‘Molar .

WQJght‘(g) F“' [Ty] - percent VP2< A?Tf}?-‘ )
Code Tnitial, Final Sex Imitial Final Initial Final Initial Final
B 69 70 M 1.86 0.59 / 29.8 / .2843
B2** 39 o/ / 2.28 / '9.5 / 2438/
B3 . 61 60 - F 0.85 1.50 35.7  18.1 1373 ,.3915
B4 51 51 F 1.30 1.16 25.9 9. 2825 .2758
B5 37 0 036 .M 0.86  1.77 . 11.7 5.5 L2345 .2345
B6 54 .53 F 1.12 1.44 29.8  16.8 - .3313  .3555
B7 48 47 M 0.85 ° 0.35 35.7  11.7  -.1870  .2290
B8F* 64 "/ / 1.2 /T <%0.3 VA VYA S
B9 137 38 . M, 1.22  "0.65 - 32.3  18.1 .2780  .2070
BIO 2Tf 43 Mo 0.88 1.20 47.4  14.8 51428 .3760
BI1** 63 / / 1.90 /. 447 / 4110 =/
Bl2 38 34 F / 0.58 34.4  22.9  .2500 ° .3500
n 12 9 39 11/ 9 9. 11 -9
% 50 48, S 1.31. 1.03. 31:6  16.4 . .2402  .3004

*Fish were‘preconditioned at 16° C. in continuous total darkness- for a
. month before the initial samples were taken. They were then subjected to
the indicated light and temperature regimes feor 28 days before the final
samples were obtained.

**B2, B8, Bll died.

_1[T;] in ug thyroxine/100 ml plasma. . ° >

. -

2Maximum change of bptical density units.

('/' means no result available owing either to mortality or
. unsuccessful determination.) : :



Table 3

Fxperiment 1% (Group 1-C, 12L./12D, 6° C)

’|/‘.

Molar ’
Weight (p) [Tull percent VP, - ADpax”
Code Initial Final Sex Initial Final Initial ’\nnl Initial Final
c1 41 48 M 1.23 1.46 40.3 91.9 . .2045  .1390
c2 62 65 M 1.24 0.16 34.4 84 .4 L3430 .1620
c3 61 .66 M 1.17 1.84 35.7 88.9 .3330  .1958
, A !% A Lol ‘ - |
C4 41 TARE Ty F 0.66 0.3¢, 35.7 76.6 2663 .1093
c5 57 .60 F / 1.29 42.2 88.9 .1623  ..1108
c6 67 74 F 1.23 0.77 34.4 . 86.2  .2365  .2115
c7 69 73 F 0.25 1.51 18.1  91.9 .3378  .1833
c8 39 46 M 1.12 0.35 25,9 90.4 .2000  .0988
c9 44 51 M / 0.88 27.7 87.5 .1828  .1520 .
€10 48 54 M 1.93 __ 4 0.26 32.3 69.7 L2445 4245
c11 52 60 F 0.59 0.00 22.9 82.4 .3353  .1583
c12 68 73 M 0.29 1.40 40.3 83.6 23193 .1345
n 12 12 12 10 12 12 12 12 12
X 255 60 . 0.97 0.86 32.5 85.2 .2637  ..1734

°

.*Fish were preconditioned at 16° C 1in continuoys total darkness for a

month before the initial samples were taken. They were then subjected to the

indicated light and temperature regimes for 23 days before the final samples
were obtained. : : : : .

1[TL,] in pg thyroxine/100 ml plasma.
“Maximum change of optical density units.
3 .

('/' means no result available owing. either to mortality or
unsuccessful determination.)



-

Table 4
Experiment 1% (Group -0, 24D, 6° )
Molar
weipht (3) . VR , percent VP AD s
Code Initinl Final SCeX Initial- !I-‘inu] Inftial Final Il;liti.’ll Ii‘ill“ll
DI*% 40 41 F / 0.15 43,2 49 .3 L1740 L0938
D2 %% 34 33 F / / 39.2 35.7 L2975 .2093
DI** 5] 59 F / 0.37  39.2  69.7 1495  .2178
D4 k% 37 39 M / 0.42 43.2 35.7 L2643 1808
DS5** 59 70 M / 0.86 . 22.9 57.2 .1508  .22135
D6 54 58 M 1.56 < 1.63 44.7  68.7  .1195  .1983
D7 - 55 67 F 2.55 , 0.97 35.7 22.9 .3096  .1930
D8 61 61 M 0.73 0.19 29.8  35.7  .2835  .1603
D9 37 . 36 M 0.87 1.58 22.9 47 .4 2628 .1783
D10 53 54 F 4.10  1.48 . 43.2 4t .7 4163 .1843
D11 49 51 M 0.80 1.24 29.8 47.4 2223 .2230
D12 35 35 F 0.32°  1.23 32.3 74.1 3153 .1983
D13 77 81 F 1.64 0.89 32.3 27.7 .3095  .2000
D14 ' 51 56 M 0.74 2.00 58.1 . 72.8 .3855  .1935"
D15 57 57" M / 0.16 44,7 35.7 .2055  .2708
D16 48 © 47 F 1.77  0.35 45 .4 51.1 .2043 2240
© D17 50 59 M 0.12 0.98 61.6 39.2 .3568  .3593
D18 41 T 44 F / 1.72 39.2 27.4 .3090 .1050
n 18, 18 18 F11 17 18 18 18 © 18
X 49. 53 1.38  0.96 39.3 46.8 2653 .2007

*Fish were preconditioned at 16° C in continuous total darkness for a
month before the initial samples were taken. They were then subjected to the
indicated light and temperature regAmes for 28 days before the final samples

were obtained.

**D1-D5 were not bled at the Béginning of experiment

11,7 in ug thyroxine/100 ml plasma.

Maximum change of optical density units.

('/" means no result available owing either to mortality

unsuccessful determination.)

)

or
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Table oy

B -
Exporiment 2+ (Gronp 2-w, 04D, n“u_(t)
. o ‘ (/1wlur :
Weipht () - (]! . percent Vpo L ADpx”

Code  Initial 141u11 Sex bnitionl  Finagl luitial  Final Inftial  Final
AT Tt Al
Wi 60 T 49 - 12 1165 .56 87.5 70.6 1770 .0318
W2 85 80 Fo. 2.58 0.7 .90.5 77.6 1380 .1983
W3k 70 / / 0.15 / 1.2 / 1758  /
W4kk 5D / / 0.00. 84 .4 / .2370 /
W5 52 -, 57 F 3.71 0.60 78.8  75.2 .2222  ,1885
W6 92 81 F 1.22 1.02 . 87.5 74.1 1593 .217s
Wy 40 44 M 0.71 1.07 90.4 78.8 1935 L1430
w8 49 47 F 1.82 0.60 88.9 76.6 1770 .1683
W9 ** 51 / / 0.85° / 91.9 / .1945 /.
W10 76 70 F 2.90 1.48 83.6 63.2:  .2425 .2159
Wil 51 - 56 . M 1.22 0.94  88.9  72.3 1703 .1455
W12 5§ 55 F 1.53 1.59 8.9 78.8 . .2033  .1670
W13 72 72 M 1.60 D.13 82.4 53.7 7 .2065  .2260
wl4 64 PRl F 0.50 . 1.47 36.2 58.8  .2260  .1280
n 14 11 Y 1 14 1 1 - 11 14 11

X 62 61 1.46  0.39 36.5  70.9.  .1945  .1798

LY
*Initial samples were obtained upon arrival of fish from the rearing
station. They were then subjected to the (ndicated light and temperature
regimes for 28 da%s before the finafl sampies were obtained.
**W3, W4, W9 died.
[Ty ] in pg thyroxine/100 ml plasra.

ZMaximum change of optical density units.

(/' means no result available owing either to mortality or
unsuccessful determination.)

.



Table 6 ) ‘

. Experioent 24 Uronp 2 %, 240, 16° ()
‘ - Maolar
Weigpht (y) (14} percent VP Ay
Code Tnitial Final BYab’e Inftianl Final ~ initial Final Initial Final
X1 96 66 M 1.80 0.97 82.4 18.1 L2285 L0210
X2 75 88 M 2.15 /- 76.6 42.2 % 1750  .1689
X3 66 56 F 0.47 0.39 78.8 34 .4 .1798  .1938
X4 62 " 52 F 1.92 1.25 82.4 25.9 2063 .3248
X5 53 51 F / ’1.42 93.3 11.7 .1958 . 1900
X6 64 67 M 5.32 1.50 83.6 14.8 L1783 L3640
X7 77 74 F 1.20 1 02 88.9 29.8 .2330 .2125
X8 45 50 F 4.52 0.98 84 .4 29.8 .1350 .2958
X9 55 56 M 3.51 0.79 87.5 34.4 .1863  .2418
X10 82 71 F 4.25 0.38 91.9 92.2 #2083 .3523
X11 50 41 M 1.11 0.61 72.3 51.1 .2005  .1380
X12 63 49 F o 1.14 1.33 83.6 49.3 2113 .2823
X13 s6 54 VF, 3.33 1.11 86.2 21.6 .1718  .3328
X14%* 65 / / “6.00 / 87.5 / .1835 /
[ . i :
n 14 13 13 13 12 14 /43’ 14 . 13
X 63 60 2.36 0.98 84.2 /’31.2 .1925  ,2553
—"\//7‘ ©

*Initial samples were obtained upon arrival\gf/fish from the rearing
station. They were then subjected to the indicated light and temperature
regimes for 28 days before the final samples were obtained. -

**X14 died.

11y} in g thyroxine/100 ml plasma.

“Maximuh change of optical density units.

('/' means no result available owing either to mortality or
unsuccessful determination.)



Tdn1ﬁ!'

Expertment 2% coadup 0oy, 100 JE2D, 67 0y -
, Mol
Welphie (40 [, ] percent Vi S
Code Tnitigl " Final ‘ Initial  Fingl Initial  Vinal foitfal  Final
Y1 57 55 M 0.09 .19 /8.8 o L) Lo
Y 62 59 M 0.71 1.37 “3.6 /8.8 L2355 AP EER I
Y3 61 6% M O 35 0.98 R4 .4 72,73 .!)781. LAY
Y 60 n62 F 0.7}’/ .29 B6H .2 84 .4 L0559 L1383
TS 82 56 M 0.78 Q.SA RISIA 88 .49 L1700 L1330
Y6 78 75 ) 3.63 1.25% 93.3 86,0 22125 L0546
Y7 46 47 M 1-.52 1.03 81.2 78.8 .1500 L0793
Y8 55 51 F / 0.97 82.4 78.8 21928 L1080
Y9 50 45 F 1.58 0.35 68 7 75.2 .1540 L1515
Y10 74 68 M 1.57  1.38 78.8  69.7 L1580  .1420
Y1l 66 62‘ F 1.86 1.09 84 .4 75083 .1938 .1883
Y12 51 47 M 1.05 1.44 76.6 741 .1508 L1150
Yl; 43 39 F 2.02 ' 0.98- 83.6 84.4 -1540 L1023
Y14 73 74 F 0.35 1.25 77.6 81.2 .2910 .1515
n 14 14 14 13 14 14 14 14 14
X 61 60 1.25 . 0.94 82.1 79.5 .1615 .1258
) _ ]
*Initial samples were obtained upen arrival of fish frpm the rearing
station. Thev were tnen subjected to the indicated light and temperature
regimes for 28 davs before the final samples were obtained.

1[Tu] in ug thyroxine/100 ml plasna.

Maximunm change of optical density units.

("/' means no result available owin

unsuccessful determination.)

-

p

g either to mortality or
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Q§\ *Initial sacples wer

station. They wery t g
regimes for 28 davs before tie final samples were obtained.

s

el st

*%7215-219 were not hled at the beginning oY the experjmernt.

1 . . . o
[T<) in ug thyroxine/100 =1 plasma.

5
“Maximum change of optical Zensity units.
. N
[ . P . R :
( / means o result available oving e{tlier to mortality or
unsuccessful determination.) i

| . N N - . - .
coentained upon arrival of £l Trom the rearing
>rected to the indicated lishteand temoerature



Experiment 3% (Croup 3-L, 12L/12D)

Table 9

" Time Molar
Weight (g) of . 'percent VP» ADma}***
Sampling ! -,

. ‘kﬂe Initial Final . Sex “(Davs) Initial Final Initiadl Final .
L1 101 85 M 24 91.9 77.6 .2455 .1778
L2 91 67 F 30 78.8 - 64.3 L1616 .1550
L3** 82 / / 73.3 / .1960 /
L4 86 71 M 15 78.8 67.5 1958 .2173
LS 98 80 F 88.9 86.2 .2120 ".1810
L6 93 81 M: 9 86.2. 75.2 .2055 .2195
L7 %% " 74 /! Vi /. 11.9 / .6920 /-
L8 85 75 M 15 83.6 66.3 .2293 .1275

) o

L9 81 74 M 36 82.4 51.1 .fzgs - .2500
L10 . ‘59 56 F 21 84 .4 60.6 .0965 .1550
L11 " 64 62 M 33 86.2 42.2 .1675 .2275
Lz 76 66 M 6 77.6 / .0390 /
L13 79 63, M 45 81.2 45.4 ' .2068 .2180
Ll4 84 78 M 39 78.8 45.4 .2420 . .2220
L15 72 56 M 30 86.2 55.1 J1743 .2325
L16** 76 / / 67.9 / .1375 /
L7 82 63 F 45 . 86:2 11.7 ©.1990 .2313
L18 94 74 F 45 88.9 58. .2205 7 .2615
L19 140 117 F 27 94.5 69 .2083 .2228
L20 . 78 67 M 12 88.9 67.55 .1798 .- .2120

- L21 70 55 F 18 78.8 60 {6 . 2625 .2850

L22 8y .77 F 24 65.9 72(3 .2028 .1975

123 59 >4 F 21 78.8 51&1 .1198 .2053
L24 . 58 49 M 17 81.2 60. 6 .1930 .1185
L25 . 70 . 62 F 27 87.5 54.5 .2013 .2200
L26 66 53 M 18 78.8 55.1 .1803 .1623
L27 107 95 M 36 86.2 56.5 .2028 .2250
L28 66 60 F 9 83.6 66l. 3 .1330 .2130
L2  ‘so 59 F 33 78.8 60n6. .1668 .2375
L30 83 67 F 39 88.9 53.7 .1875 .2340 -

n 30 27 27 30 26 30 26

X 81 69 83.4 59.1 .1836 .2087

*Initial - samples were .obtained upon arrival of fish from the rearing statiom. ¢

They were then held at the indicated light regime at 16° C during the 45 days of
experiment. Final results were obtained from two fish

(whenever possible).

**L3, 'L3, L16 dieg,.

***Maximum change of optical density units.

('/' means no result ava

determination.)

sampled every three days

Lo .
lable owing either to n?r:ality or unsuccessful

10D



Table 10

Experiment 3* (Group 3-M, 24L)

dayvs of experiment.
days (whenever possible).

#*M1 died.

Time , Molar \
Weight (g) of percerit VP, ADpax ¥**
Sampling -

Code Initial Final Sex (Days) Initial Final Initial Final
Mix 80 / / / / / / /
M2 - 91 79 M 18 ~B87.5 63.2 .1870 .0718°
M3 91 73 M 24 78.8 76.6 .2025 .1785
My 83 60" ¥ 33 86.2 65.9 .1365 .1540
M5 75 71 F 42 91.9 _ 632 .1895 .1355
M6 74 65 M 12 72.3 68.7 .1750 .2298
M7 34 - $22 F 42 67.5 64.3 .1753 .1020
M8 95 83 M 36 86.2 60.6 .2050 .1962
M9 74 63 M 20N 81.2 83.6 1665, .1925
MIO0T 277 61 F 39 84.4 » 56.5 .1290 .1858
M1 . 85 57 F 45 78.8 " 85.6 .1990 .1283
M12 79 ~69 M 6 63.2 ¥4 .1820 /
M3 83 65 F 27 67.5 60.6 1750 1568
M4 83 70 M 33 78.8 57,2 1645 .1730 -
MIS .- 73 62 F ' 87.5 74.1 .2020 .1708
M16 84 69 M . 63.2 68.7 .1910 .1970
M7 75 70 F 30 83.6 56.6 .1640 .1430
18 79 70 M 24 56.5 57.2 .1920 1338
M1 99 86 TF 36 "78.8 43.2 .2470 T .1543
M20 90 74 F 15 45.4 60.6 .2595 .0 L1780
wix 86 / / / 91.9 / .2120 /

w22 7C 50 w 7T g 81.2 69.7 .2550 .1880

423 77 72 F 30 78.8 59.5 .1560 .1530
M24 7% 57 F 45 82.4 35.7 .2330 .1603
u25 Y 75 o 12 88.9 70.6 15907, .1358
M26 a6 67 M 18 - 81.2 58.5 .2550 .2178
M27 43 59 o m 39 86.2 61.6 .2420 .1383
M28 89 67 F 27 889 78.8 .2400 8775
M29 63 55 M 1 33.6 Tel.2z 2380 3212
M30 70 62 T 6 4. 64.3 .2389 .0423

a 30 28 28 29 27 29 27

X 70 62 81.5 64.5 .2173 1682

‘*Initgal samples were obtained upon arrival of fish from the reAring
station. They were then held at the indicated light regime at 16° C during the 45

Final results were obtained from two fish sampled every three

***Maximum change of optical density units.

'/ me no result available bwing either to mortality or unsuccessful
aps 1 x o4 y

deQErmination.)

-

10+
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Table 11

Experiment 3* (Group 3-N, 24D)

s

0

Time Molar
Weight (g) of .. percent VP, ADpaxc **
Sampling -
Code - Initial Final Sex {Days) Initial Final Initial - Final
N1 95 81 F 33 75.2 25.2 1990 ﬂzeqa
N2 1S 94 M 24 74 29.5 26425 .2618
N3 81 71 Mo 27 53.7 4.8 .2668 .3135
NG - 108 92 M 12 63.2 39.2 .2108 .2373
NS 100 92 M 6 78.8 64.3 .2035 .2358
N6 99 - 91 M : 55.1 . 45.4 .2195° .2685
N7 91 if 83 F 78.8 49.3 .2643 .3488
N8 102 . 86 - ,? 74.1 g\g9.8 .2210 .2850
N9 101 85 M 39 " 69.7 ©22.9 .2410 .2970
N10O 101 . 86 M 18 72.3 ., 35.7 .1763 .2580
N1l 108 . 8l F 42 82.4 22:9 .1563 .3180
N12 T 86 F 3 70.3 74.1 .2413 2858 )
N13 83 68 © M 30 77.6 ' 39.2 .1848 1843
N14 131 109  F 42° - 72.3 9.1 11413 .3720
N15 o2 74 F 36 "81.2 9.5 .2078 .4023
N16 91 65 M 36 53.7 18.7  .2€10 .4585
N17 L F 27 82.4 %2 ; .1743  .2053
N18 103 g5 M 3 74,1 7006 .2050 2833
N19 88 78 M 9 83.6 65.9 2343 .2877° o
N20 %o IS .M 33 86.2 40.3 .1455 . .2735 )
N21 1Q2 C o2 F 6 86.2 75.2 .1928 .2765
N22 83 74 Mo 21 76.6 37.2 .1500 .2960
N23 94 79 " M 21 70.6 27.7 . .2188 - .2550 -
N24 97 79 F 30 " 78.8 29.8 .2135 4170
N25 100 88 M 15 78.8 39.2 .1958° .6113
N26 95 82 M 15 78.8 35.7 .2058 .3610
CN27 . 98 79 F 18 72.3 53.7 .2078 .2585
N28 85 65 M 39 48 .4 25.9 .2050 © .3775
n ) 28 .26 28 28 28 28 28
X 97 -\, 82 ' 73.2 38.2 .2066 .3055 :

*Initial samples were obtained upon arrival of fish from the rearing ,
station. . They were then held at the indicated light regime at 16° C during the 45
days of experiment. Final results were obtained from two fish sampled every three
days (whenever possible). : ” S

**Maximum change of optical density units.

: ('/' means no result available owing either to mortality or unsuccessful
>determination.) . - ;
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Table 12

Experiment 4* (Group 4-T, 5° C)

. . " Time Molar
Weight (g) of . percent VP, gDmax***
e Sampling
Code Inig%@l Final Sex (Days) Initial Final | Initial Final
TL - 85 7% M 20 81.2 83.6 .1875 .3790
T2% 79 “ /- o/ /. . 85.6 Sy .1910 /
T3 76 70 F 18 77.6  82.4 .1120 .1373
' T4 93 88 F 3 o741, 66.3 (1445 12328
5 85 81 M 3 65.9 69.7 .1675 .2238
6 ~_58 . 63 M 21 75.2 72.3 . .1400 .1525
T7 73 © 66 F 21 - 87.5 78.8 L1828 .1523
T** 88 /. / / 64.0 / .1921 R
TO** 91 / / -/ 59.2 / .1675 /
TI0 - 87 81 M 9 8.9 - 91.9 .0845 1990
T11. 105 99 F 9 74.1 78.8 .1475 2005
12 83 - 75 F 18 76.6 72.8 .1338 2320
T13%% 68 / / ‘/ 83,8- / 1375 ° /
T14#% 81/ " / 85.6 / 2313 /
15 87 "84 M 6 82.4  78.8 .1690 2235
TI6x*  ° 92 / ,/ / 66.4  / .2960 /
TL7%% 76 / / / 79.0 / .1993 Y
T18%* 91 /- / / 73.3 / .2350 /
T19** 77 / S/ / ©82.2 o/ .1940 /.
T20%+ 86 / -/ / 74.5 / .2140 /
121 98 93 M 6 93.3 83.6-  .1680 .1860
T22 . 98 88 F * 94.5 78.8 .1630 .2280
123 . 85 . 81 M 23 81.2 82.4 .2030 .1750
T24%% 85 / / / 82.2 / .1960 /
T25%* 71 / / / 57.1 ./ ©.1970 /
126 94 86 M 12 91.9 87.6 .1160 .2385
127, Y 70 M 42 78.8 Nw3.2 L2095 ./2/295
128" 90 82 F 12 " 69.7 72.3 .1315 ,/42130
T29 94 "84 M 15 78.8 81.2 .1765° ,‘ .1703
T30 62 55 F 15. 77.6 72.3 1543 0 .1595
T31** 84 - / / 7 80.0 / .1980 /
‘n 31 18 18 31 18 31 18
% 8 . 79 o781 77.4 .1770 .1990

L3

*Fish were preconditioned at 4-5° C in laboratory condition for one month
before:the initial samples were obtained. They were then subjected to the
indicated temperature regime under. continuous.total darkness during the 45 days of |
experiment. Final results were obtained from two fish sampled every three days

(whenever possible).
**F{sh died.

***Maximum change of optical density units

A means no result available owing either to mortality or unauccessful

determination.) '

103
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Table 13

Experiment 4* (Group b-U,\10° C)

Days . Molar

. Weight (g) : of . percent “VP, ADpax* %
—_—— Sampling - -
Code Initial Final Sex (Days) Initial Final Initial " Final
ur . 82 © 78 M 21 86.2 7006 - .1600 .1730
U2 79 72 M 21 78.8 81:1° .2180 .2000
U3 " 80 7% M 9 - 76.6 76.6  .1995 .2500
U4 . 72 64 F 18 : 81.72 50.0 .1640 L2475
Us 74 " 66 F 6 67.5 72.3 .2040 L2045
us 88 79 F 15 83.6 57.2 © 1910 .0713
u7 . 104 98 M '3 . 86.2 - 88.9 .2220 -2878
usks 7 /- / / -~ 65.8 . 10905 - /-
U9 - o84 74 M 18 76.6 . 69.7 .1900 L2745
v10 964 84 M 12 55,1 56.5 .1200 .2075
U1l . 86 74 TM 39 87.5 49.3 .1750 .2398
v12 - 114 96 _F 33 . 83.6 66.3 L1050 . .2763
UL3*x 74 / M / 5.8 / 1630 ./
Ul4 87 78 Foo 12 68.7 - sale .1880 .2410
vis 96 78 Fo 2 81.2 81.2 .1980 -2600
Ul6 90 82 F 3 ... 78.8 78.8 .1560 .1949
ULy ot ogg s 75 F 15 '\\‘1Q:l 69.7 L0975 - .2035
U18 82 70 M 24 86.2>._ 58.5 .1550 | .2215'*
‘ - :
uls: . 110 91 Mo, 33 82.4 Ea\g\\\ .1840 .1488
u20 109 g5 M 27 81.2 67.5 1750  .2558 -
v21 81 70 M 45 81.2 44.7 .14T6. .2325
u22 83’ 71 F 27 75.2 51.1 1665 . 1610
v23 71 - s M 4s 78.8 48.4  .1390 °. .2303
U24 87 © 75 M 6 77.6 78.8 L0660 ° .1993
u2s 80 69 M 39 83.6 65.9 {1490 ...241i:::::7
u26 99 88 M 9 87.5 83.6 .1980 1938~
U274 103 S / / 85.6 1. . .1360 Ly '
n N Y o 27 "34 27 24
g 88 77 j "78.1 C67.3 .1648  .2173

*Fish were preconditioned at 4-5° C “in laboratory condition for one month
before. the initial semoles jere,obtained. They were then 'subjected to the
indicated temperature regime under continuous total darkness during the 45 days of
experiment. Final results were obtained from two fish sampled- every thrée days
(whenever possible).

**U8, Ul3, U27 d;;§§ ' _ - o
***Maximum change of optical density units.

9. “ ("' means no result available owing either to mortality or unsuccessful
determigation.) ' . ) T P :
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- Table 14 . |
- ) - N .
Exﬁerimené 4* (Group 4-K, 15° C)
: . -
. : :
" Time Molar
Weight (g) of percent VP, ADpax ki
. - - . Sampling .
Code Initial ‘Final Sex - - (Days) Initial F#fnal  Initial- Final
K 66 61 M 3 484 '57.2 ..0130 .3248
K2 o 86 g M 127 69.7 44.7 . .2950 32585
K%k 102 .y "/ o 79.0 ! .1215 /
K 103 85 M 30 90.4 3.4 .2028 .2720
K5 95 . 86 M 12 87.5 56.5  .2265 .2663
K6 o113 .99 F "3 82.4 - 88.9  .1975 2720
K7 . 104 100 F 9 . 3L.s 75.2 .1295 -.0990
K8 103 96 M .6 78.8 64.3 . .1980 .2556
K9 100 81 - F 36 75.2 49.2 .2175 .2635
K10 - ' 108 - 86 M 24 '86.2 45.4 ..2400  .3215
_ K11 - 99 - 87 ‘ M‘ 26 83.6 . 25.9  .2255 . -,3123
K12 . 107 88’ M 18 91.9 34.4 L1480 ~.2070
K13 103 82 M 30 83.6 37.2 . .2430 12570
K14 106 88 M 18 78.8" 129.8 " .1865 .2575
K15 99 75 F 42 . 59,5 ° 25.9  .15%8 .2500
K16 ©112 105 F 6 . 60.6 . 43,2 .2090 - .2525
K17 86 76 M 9 - 's7.2 % 14.7 L2020 .2938
Kig 101 - 87 M 15 78.8- 61.6 .1955  .3153
K19 116 100 F 15 82.4 53:7 _ .1210  .2500
K20 102 _83. F 36 © . 60.6 '51.1 . .1250  .2608 -
K21 98 - 80 F 42 9l 16.8 © .1955 .2873
K22%% 98 / / / 79.0 .~/ . .2070 /
X23 192 - 83 F 42 91.9 9.2 .1520 .3740
K24 96 - .84 M 21 70.6. . 18.1 11740 .0903 -
K25 . 101 . 87 F (:21 S 68.7° 27.7 .1470 .2538
n a5t 23 23 . 25 23 25 23
X .100 86 o 76.5 . 4l.4 1807 .3649
*Fish were précondiﬁioneq at 4-5° C in laBoratory condition for one month
before the initial samples were obtained. They were ‘then subjected to the
indicated temperature regime under concinuous.total darkneas durirdy the 45 days of
experiment. Final results were obtained from two fish sampled every three days

(whenever possible).
**K3, K22 died.

***Maximum change of optical density units.
('/' means no result avallable owing efther to mortality or unsuccessful
determination.) . .
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