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Atlantic salmon ova were incubated from fertilization to 3

oL -

hatching, or to total yolk absorption, at various tempeigéhfes and ‘

L3

- .

levels of dissolved oxygen. sChemicalf, structural, gravimetric and =«

' “
v » » ” @

* ’
gespratnry analyses were performed. ' Dévelopment proceeded more -

& : n
- »

slow%y at 1owe§1%emperaturb but was cbmpléhentéd‘by greatdr “ .

» 1 P [ '

@ - 4 . - . "
pHospholipids and . .

- ¥ . 3 !

utilyzation of yolk'lipads, partlcula;tf
. chale;terul, for energy, and gredter dxge£§1on_bf yol; protelins to¢3-' . L
. . . ' -
tlssdé §ynth§§15 50 that at hatch{ng these embryos were heavier and .
longer thanfthosellgcubated at higher témperature.‘ Thi;;;ffec; was .
; . mo%lfled by the lé;el of dissol;éé oxygen which p;;duc?d pe%vxér

L]
’ \ and\longer embryos at air-saturation than.at 30% of alrusatﬁratxonp . >

g thk coxrresponding trgnds in the differentigl utllxgatlén of lipids ’ oL

\ 1
\

) and roté%:?. Estlmatés of  total oxygen consumed from fertilization . g

\Fanqed from 16.6 to 412.8 mg/g, varying inversely both-. .
. / ' )

with te_perat\ie and dissolved oxygen. Calo&lc efficiency values
yi - -

"
<

. ¥
. inferred from dépletlon of I%pldﬂand protein fractions of yolk iyolk -

Y
contains only a hegligible unt of carbohydrates) vary\dlrectly " .

\

with temperatire and inversely| with oxygdn supply frog 14 to BS%J P

The ¢ tréllldb.and fxpxtlng effects 6f‘tempefature and '
1
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- - \
oxygen supply als detetm1n7‘the‘1n1t1al levels of such ™intrinsic" .

~ ~

1

‘control mechanisms as RNA ‘dand DNA and théhcycllc nucleotides 3'5'

- »
lopment proceeds, a feedback system

. , L .
“\ evolves i1n which the levels of these control méchanisms influence
" T -

L H

athe”oxygen'consumptlon anmd th{s affects lipad utxllzaélon‘and»protein -
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SxethQSlS. Thus, higher RNA/DNA ratios are associrated with ancreased . .
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4
s probably alsoc an xmportaﬂtx

*

bnergy source to supplement yolk
lxplds. In advande& embryo!atﬁe quangi{’ of 3'S! cAMP changes

-

"

dxrecely with temperature dnd oxygen consumptxon., prxd synﬂhesxs

-
-

< an these embryos 15, ﬁowever, ipvprsely related to amounts of 3'5!
\\.

a
\'\

P
3'5' cAﬂPfunlt welgﬂt'and,léss lip1d synﬁ9351s to supplement yolk
£% IR ’

lipids Condltmns whxch prombtetareaf,er yotaLl oxygeﬁ Ws‘umgtmn

alse prodhce an ypcreasg.of'the nuclept;an 2‘3'

CAMP so! that ehbryos devéloplnq in a Lowe; oxygen supply have more,

e
'
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. thought.to COntrol protexn synthegls.
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- varled n dxrect propprtxoﬁ’to the amqunt Qf ;pg"nucleotide.
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and the metabollc effects éregted by ﬁgght.
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. GENERAL INTRODUCTION ) " )

- . 4
) . The central aspect of the research ta be reported here rs-the

f ~ -

g bt
‘

role of metabolicperformance i1n the determination of de¢e10§menta1

K
-

o

i -
rate, embryonal growth, and utilization of enexgy stores in the yolk.”, e

w . i
i) \‘ \ﬁ q 4

of the Atlantic salmon Salmo salar Linnaeus.” Tempgratures ahd thefsupply
1 -~ ’» « 5 . ? 5 . e " AR . B

of dissolved oxygen have been selected as the var:ab}aq_qf?modxf& metabolic -

-

7

- v

. 3

pé formanve in these embryos. The laterature on the contﬁ@flxng .

N —~ ¢ h 3

' ) efﬁeres of temperature and the lymiting effectq of reduaed«oxyhen suppfy

iw., v"." '

\ r ,
: as degignated by Fry «(1947, 19715. on emb}yogene51q af ftheé, has been W
- N e ' a
~ - % :& - -
. s ummarized by Brett (1970 b), Garside (1966 a,~1970), Kanne and Kinne '
.’\\JTJ ’ - ﬂ "')
: L {1962 a,b), and-Silver et al. (196’3). - s N s
™ ‘. ’ o
" ‘ The point was made by Garsxde 51966~a), that retardatlon uf ) ¢
i 1Y !\ "o 3 -

5

development‘(dlfferentlatlonlxby lowereg %emperaturo creates a larger

< rd
" .

\
embryo at hatching than that producag by accelerated developme“t S% .

haigher temperature in qalmonxd embryos ahd that an opposate effect: is

created when retarded or acceleratedudevelopment produced by reduced
L o . o N .. -
or increased oxygen suphly. Themcentral thesis 1s, that body | slze “and. . }
; \ . . .
f differentiation are consequences of envlfonmentally. requlatgd states of ﬂ: .
év( »n-d “w . . " ﬁ‘
X metaholic efgxcxency. The tent to which the energy source myag‘be .

.o -V
démands of growth and organ dlfferentlatlon will bguoffered as evidence .

¢ B
. in support, of this the51s. therature 18 cdn51detable on*cha gM

- - X ;

* | hetabolie efficiencies through’altered enzymé aCtLyltLES and 1f§s°1n
K ‘"

- metabol:t patpwéysi These-wlll be examlned i relation tothe envlronmental
i o - ».t
: regulataod'of resplraﬁlon.%hFluchter and Pandi%ﬁ’(l9§8) have summaglzed .i«~
. : " “w , . ]
4 “ 5

the 11terature on thermdlly controllfd shlfts an metabql;c eff1c1ency in

“ -
. © a » i

’ *

‘ - fish embryos., No 11terat%fe s avallagle on the influenge of oxygen supply
i ] . o ¥ .

‘ofi metaboXic efficengy in fish embtyos.

4 - N 11 »
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I have included in this study measures of developmental

rates, size relat I’ODS. meristic variations, respirometry, qualitataive

»

and quantitative cgmposition and their changes during embryogenesis

together with suggested intrinsic control mechanisms. Addaitionally the
Appendix contains peripherally associated reports on studies of the

.

structure and composition of the zona radiata and the regulation of :

respiratory rate by incaident light, salinity electromagnetic field and

circalian cycle in oxygen cdnsumption.
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GENERAL MATERIALS AND METHODS

hd ¥

Freshly fertilized ova from a single parr of Atlantic salmon ) «

(salmo salar L.}, were obtained-from Cobequid Fish Culture Station, - !

L]

Canada Department of Environment, RR¥ 2, Collingwood, No%a Scotara, in

November, 1970, 1971 and 1972. The general incubation prngedures were
» ® 9 - ‘x‘
samilar to those described by Garside {1959, 1960). ' The ova were in- . ‘

P
B
"~ Fe LR

cubated on aluminium-screen trays ain 150 x 150 mm acrylic cylindrical
. o &

w
L

ot

NS S

}ﬁ”lncubatlon at various relatively constant levels of dissolved ox§gen,

I

L4

-

30, 50 and LOO% of air-saturation, SE:gy;n '10 C, subsamples were removed

for developmental respirometry and chefiical analyses. Additionally smakl ’

g

1
lots of ova were incubated in the coolant water of. the two temperature

T ™

baths at slightly variable temperatﬁres of approilmately 3.6 and 6.6‘6, " .

@

the data for which have been used only in a few galculations of the latex, |
developmental pfocesses. hatching tame, and change 1n weight.

»
Some ova were kept continuously in simple continuous—flow res- i

r's

’ ‘ : ¢ s
' prrometérs .for periodic determination Of oxygen uptake {see Appendix 1 for
) - - o . s r t
method). Incident Llluglnation in these experiments was 2 lux for a darly . v 1L
’ ) ¢ - S LIS
12-hr cycle. The water supplying the ova was dechlorinatéd tap water with, et

- <
” .

total hardness equaivalent to 18.4 mg/1 CaCQ The chemical analysis of, the

3
»
watex 1s presented’ in Table 1. Chemical analysis of tap water fox inprganic - N

". . 22 ' s 2 ~ s "’1‘
constituepts and héavy metals was done by the laboratory of Environment ‘ . !

Canada,'Water Qualaty Divisaion at Moncton, New Brunswick. co-

- 13

The disgolved oxygen content of water was controlled by different- ' .=
* Ed w »

Fi & 12 i

1al extraction w;%h a system descrabed by Mount (1961, 1964), utyglzlng

régulated partial vacuum in a pdrtlally recirculating system {(Faigure 1).

LR all grotips were incubated until they reached developmental

[ 0 =
‘ 1

stage 18 (Garside 1959) but some of the subsequent aléylné were kepts untal’

v
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) Vacuum deog§g3nat1ﬁn system modified from Mount (1961, 1964). Reduced ‘

),
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constant atmospheric pressure in the chamber lowexs th? solubfiliy of

¥ . N

. the gases in solution to selected stable levels.,s Efficiency 1is enhanced

by recairculation of surplus partially degassed water. Vacuum chamber

' -
LNy : w "

1.0 x 0.5 m 1nha§ameter is made of faberglass wifh removable cover. »

3 Al £ *

Pipes and valves are polyv1nyléhloride. Partially deoxygenated watexr

N

passed through sealed cooling system for temperature adjustment before

@

- delivery to respirometers. o
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Average LAZmlcaa composation of dechlorxn%;ed tap water 1n Haleax, Nova

- ¥

Scotxa, used for incubation of Atlantlc sal%on 0mbryn& 1971-1973. o "
Témperatune at testing 21,7 alinxtyaté;al (CaC03) . i3.9 l \ .
?qrbxdx}y “ 1.3, Hardness total (Ca003) ‘ 18.4 *
l Colour » v e B0 Calcium dissolved (Ca) 4.9 * ,
pH ’ . '6.8  Sulphate dissolved 5.0
Cﬂicrldq d}ssolyea (1) 15.0 S1lica reactive (S104) ! 1.5 )
Copper extiacta?le {€u) 0.008 Sodium dissolved (Na) 7.1 \
Fiubrlde dissolved (F) 0.12  Zinc extractable (2n) ‘0.95
Iron extractable (Fe) ‘ 0,07 Cadmlﬁm: extractable 0.002 ’
Lead e;tracﬁable»(?b)f ‘“6.07 . Non., Carb. Hardne;s . 4.51 '
Magnesium dissolved 1.5 Sum 'Const. PPM . u ,46.53 -
Manganese extractable 0.04 S AR - 0.72 .
Nitrogen Nltra;e, Nit#fite ' 0.06 Dissolved Ammon%a (g) 0.60 .
1 Na (Sodlam) e 41.27 , Phosphorus dissolved, inorg. - ‘
3 &
Potassium dissoived (x) 2.8  Phosphate (P) 0.05
Saturation index 3'3; Stability index 12.9 y
Spec. Cond. (if mho/cm) ° 92,9 , -
, . C . T5-110) g ‘ : T
. R , ) : . .
‘ ] , ”. ’ ) . . ¢ .
. . . o .

20




"y, *
. . ®
4 : ¢ - N " - W n ';‘-
v v . o . . a*
o8 L.
. . . . ‘
¥ - N /. »
®* o
- ! 4 Ty 2 - \\r * I : *
° yoi}k was absorbed (approximately 25 mm TL).
I3 [ » - ‘ a ¢ A
A ) o
“

™ depepding on developmental rate from 80 -

u e Py,
wgﬁe removed daily.
- X N
o
c,
s, W
® [}

S
" ™
. [
-
-
® g
. 1 . ‘ ,
boe s
§ -
* / N
e
p]
/ ¢
v
a
.
JI L) -
)
L - «
r
i ) »
N -
13 ™ . .
i : Lo
] ¥ "
’—‘, .« » - ®
¥
i" -
" -
% s
T ) g
v
“ 1
N
o
L}
‘
W
.
4
! ‘
+ a
.
¥
.
. « “
e
P e
)
[
' N
! @S
i ¢
! i 3
. . -~ ™ -
- ‘

{

&£ -~
@
e 1
- f
£l ) »
‘l
o A
&
.
-
.
.
x
R
L . ’
»
®
L
iH
S =
-
N ®
* o
13
-
4 Ld
x?
b
* N
Iy
*
.
P J
.
» .
e
N ¥
>
L]
-
)
“
*
«
¢ .
f
o
s a8
e
¥
.
]
%4
M
l r
»
"
% o
I
" n
[ - R .

]

¥

alcvgn:ks to tixé completion of ’3}01!: absorption.

2
LN

~

PN

o a

Samples of ova were taken, mortality” recorded’, and dead ova
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ATLANTIC SALMON INCUBATED AT VARIOUS
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., INTRODUCTION

£l

The development of fish embryos can be described by morphological,

physiological or chemical changes. Such changes have a.certain pattern

’

of events which can be described as "deveiopmental stages"., Several series

¢ .

/ -
of embryonal stages have been described for salmonids (Battle 1944, Pelluet “

1944, Garside 1959, Devillers 1965, Vexnlenx;969, Ballard 1973 a, b and cJ.

2

The ‘times to achieve develonentél stages differ in dzf{;xent

4 ‘

environmental conditions. Increased temperature causes a shorter develop=
mental t%pe, at lower temperature the embryo develops more slowly, a

- v

it
>

consqué;ce at reduced metabolic rate.( When temperature controlled develop-
s ° - ¥ » Al
. ment?f'tlmes are transformed to rates there are typically three phasgﬁ, a

Y

sigioadal relation, in which the-dong central segment 1s virtually linear,

‘while the tails reflect slow progress at low and high temperatures (Kinne'

?

and Xainne 1962 a, and b, Garside 1966 a). -

I

<, The control of developmental rate by temperatuxe in fish embryosw
- - L » ™ ‘e
can be greatly modified by the level of dissolved oxygen. Reduced levels
“ !
qf dissolved oxygen retard the rate of development. This has been demongtrated

by several investigators, including Johansen and Krogh (1914), Alderdice .

et al. {1958), and Garside (1959, 1966 a). '

On the other hand, a richly oxygenated environment acce;gﬁates

-

. the development {Kinne and Xinne 1962 b, Ostroumova 1§69). However, if
development 15 already at an adwenced/stage a decrease 1n the concentration
of oxygen can induce earlier hatéhing‘RAlderdxcg et al. 1958, Kotlyarevskaya

1967). . !

C, i

As a piellmlnafy aspect of the study of metabolic performance

-
'

during development, the cccurrence in time of structural stages was
recorded for embryos of Atlantlc{salmoﬁ incubated i1n various combinations
of temperature and levels of dissolved oxygen. The data were then analyzed

4]
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by multiple regression to prozzce a predictive model for developmental

time based on“temperature, level of oxygen, and flow-rate of the Waterq

v
i b
“ * . .

supply. - . '

' Most environfental varijables are known to have ranges of

. a ’

concentration beyond which a kethal effect ogcurs rn fish embryos as,in

-

.
nearly all aquatic organisms. Interferehce with developméntal processes
k- TS © N N

by temperature and oxygen supply beyond certain levels, to the point of
¥ LY

Al

causaing degth. has‘ﬁeen reported for filsh eybryos by several authors .

(Aldexdace et al. 1958, Combs 1965, Alabaster 1967, Duodoroff and Shumway
1970, Expper 1963, Garside 1959, 1966 a, Kotlyarevskaya 1967, Pldtt—1974,

13 '
Saksena and Joseph 1972, Wickett 1954). .

A comparative survey of mortality was also performed in this
* .‘ k

study to measure the viability of salmon embr“?s durang their development .

v

at vailqus levels -of temperature and dissolved oxygen.

& & ’
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. MQSERIALS’AND METHODS

Durang the winters of 1971-1974 collections of ova of Atlantic
salmon were xncubéteé at 5 to 10 ¢ {and small lots at 3.6 and 6.8 C} and
from 30, 50 and 100% air-saturation in water having flows from 0.2 to

15 ml/mun.  Samples of 5 to 50 ova were taken every day and stored in

* -

1
Py -
° N agqueous alcohol%glycer;nwﬁprmaffﬁ‘solutxon, for reference in the deter-

h”"?

& v N
mination of déyelopmental rates. Stages of embryogenesis were identified ,

Ll

fgym the sdhe&ule gaven by Garside (1959) and the average developmental

times were recorded.

The 50% hatching time during the hatching anterval

was calculated with BMDOS-polynomial regression programme of the State

o . H

‘University of New York at Buffato in which

X = bivb?=dac
- 2a

The data for developmental and hatching times were analysed with multiple

Y

lincar regression, programme BMDO3R. (Dixon 1970).
Survival was determined as the percentage of %tartlng aumber in

each group determined by 'subtraction of the number of dead ova collected

during daily inspections. q Y

8-
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3

b

in Fug. 2 £Or groups between 3.9-4.1 ml water-cxchange (flow).

<
A

‘ & " RESULTS . ; :
*

+ The experimental condaitiong, the developmental tames, the 50%

¥ »

’
~ @ -

with detreased temperature and decreased arr-saturation,;as_showp also
' *

1

N

~ The times in daﬁs, requxfgd by embryos of thé various lots of

M

: @ M s ¥ L
Atlantsc salmon ova to attain each of the.l18 stages {Harside 1959) have

- - - -

been listed in Table 3. These figures show the typacal relation of s

’
a s

’
a

significantly di ferent, (P<0.005). The number of embryos which hatched

each day 1? thes

development to tem érature 'and degree of air-saturation eof the water.

» . °

v

All of %?e calculated median (50%) hatchaing times were highly
N . ¥

4 * y

t
LN o
o

y - a + bx + cx% ’ ]
e © ] LY - s -

The evelopmental time in days, the 50% ﬂatchlng txﬁ;.-and the

embryo weight' seem to be A‘ghly predictable. The galculated equations

Y,

= 146.3 - [7.25 x

1

- ls72 X o~ 2.29&)(3' u-hw.ocu.a--.~ng--wwc%\.uo(l’

2

qlog ¥

+

2

+ 3.12 - log 1.33 X, - log 0.72 X

2

- log 0.67 X, SRR ).

i
YB =}21.4 - 1.2 X1 + 4.95 X2 + 2.46 X3

]
=/4.1 - 1.32 X

1

+ 5.7 X

2

+ 4.33 X

3

H "
u
-cnun'.n..u-..---.:-‘o-sn‘n’n(3)

.

.

g P SR 13
.

s
3

16g;Y57+ 0.88 ~ log 0.52 X, * log 0.63 X,.+ log 0.18 X,

Yl]f

Y. = 50% hatching tame 1n days )

developmental timg in d&ys

="total survival in percent
¥, = hatching survival in percent '
¥ = embryo weight in mg at stage 18 °

R .
= temperature (C) ; -

1 S
X, = Exygen level mg/1 . .
2 : . ,
, Al
r 1 . » *
F 4 -
. ) ¢

-
....'.-....(5)
\

hatchang times, ‘the pertentage survival at stage 18 “and aomplétmon of .

» v . . "
hatching are presented in Table 2. _The time® for development, wereased -

A}

experiments-followed the second degree parabolic curve,
L3

are:

g
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TABLY 2

. o
o N pod
. . -

g ! « P

3 l * w

- times 1n hatching period, survival to staqe;lé;gand

[ . o

g

,in the thrée years of experaments. Those marked (*)

employed in all subseguent procedures.

ek~

Averaqe envxronmenta}~cundxtions, dbvelopgéntal times, median yatchxng

@ on hd
i

to hatching (percent

" of number at §ﬁaqe 18}, ba§ed on all lots of Xflantlc salmor ova incubated

are the lots which were
<

' i

-

-l
. »

a :gmp: Qxryvgen Flow Developmental time  Survival Hatch Wemqﬁtm
"y Cc mg/l yl/seu Days 50% Hatch  Percent percent ‘mg
‘
3.0 12.4 3.7 96 17.6 ' 97 8.2 26.5,, .
x " 3.7 7.8 3.8 97 30.7 72 57.0 gs.et
- 3.7 12.4 | 3.8 a0 i8.9 52‘ " g8.3 28.4
* 3.8 10.6 Ly 92 19.1 ‘ 80 . 82,0 28.F
. " 4.0 3.0 3.9 125 - 3.0 o4 830 0 oos
. © 4.3 1B T 400 86 s 14.3 96 96.0 25.7
4.9, 3.§d 3.5 * 93 32.6 48 ” 39.0 11.9*%
% 49 6.8 3.9, 90 1.1 _ 65 " e9.0 26.6%
49 ‘11.9’&§ 4.0 83 16.3 ™ g5 +84.0 22,1
o 4.9 12.4 3.8 81 ' 18.3 89 °  .79.0 24.3{
& . 5.0  12.0 4.0 77 15.2 86 87 ‘22.4
[ - 5.1 3.5 4.0 70 . 25.7 43 35 .9.3
: 5.2° 5.4 63 8 1.8 66 ™ 55.0 13.2
i , 5.4 8.8 1.8. 88 23.4 . 18.0 16.0
T ; 5.5 8.1 1.9 89 25.0 38 15,0 13.2
L A
' « 5.6 10.2 . 1.9 84 18.4 77 34.4  .15.5
. , :
5 T 5.8 10.3° " 4.9 %6 6.8 89 76.2 76
% ’ 5.8 10.4 0.16 87 30.0 36 Y 69.0 14.5

continued...
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‘9.9 6.2 6.4 49 . 5.0 ME 84.0 7.6 ‘
"o
9.9 8.3 6.7 46 3.6 , 76 .67.0 9.5
3.9 8.9 1.7 57 13.6 42 - 73.0 8.0
9.9 9.5 8.0 0 0 2.7 98 - 80.0 10.9
. 9.9 1l1.6 4.0 19 3.0 . 78 82.6 14.5%
10.0 3.9 4.0 69 10.0 47 34.0 10.0% ., |
10.0  11.9 3.9 43 2.1 «95 . 92.0 14.6* ‘
, 10.3 9.6 1.8 50 8.6, 8 ° 53.0 8.2
v - *
10.5 , 8.1 3.3 49.0 7.2 65.0 50.6 8.9
L]
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I . Txres 1n daysé required by embryos of Atlantic salmon to attain 18 developmental
. o ) -t . g
¥ (S [ 9 -
. , stages  (Garside, 1959) when intubated at 30, 50(;:3 100% air saturation at
bl
; " 4 . '
DI 5 and'.10C. * - .
U o < 1 - : &
p L. - -
" S Temperature .
: “ e \
1 ' ’ 5 C 10 C ’

v Arr saturation ’

¢ & -

ks

TR

. Yoo ‘ Stage 30%  50%  100% 308 508 100% m
- B .
1 3 3 3 3 2 2
2 9 9 9 5 5 5 :
p ) 300 14 T 14 12 6 6 6
! 4 17 17 14 o 9 7.
g " 5 18 1;3 17 10 10 8 ,4»._\
i 6 19 19 18 11 11 3
-
’; ) 7 22 22 20 12 12 10
'“‘ . 8 ‘28 28 24 14 14 11
: T 9 35 35 28 17 17 14
> ° i
) 10 ¢« 38 38 31 21 21 16
' 11 44 41 35 22 22 17
12 . a8 43 37 25 24 19
. 13° 58 49 39 28 25 21
: 14 62 58 43 31 28 26
15 66 60 58 38 31 28
| 16 73 68 65 43 34 32
o 17 83 80 68 53 36 35
18 93 90 83 69 a7 " 43 )

B o

1

-
L

-

[



'xw.f/\:\/v\ . e T -

. . i o
N ~
o - 3
. - - . -
3 ” Iy
o @ N
B ° N = Y . -
2 \\l\ 2 = "
> . - LT*9 = TO0°0d 08 ="N.
Bot/bot LLTE 8910 68 9 mﬁ.ag TE9TC 2570~ 88°0 _SX
STYBU TR Ly 0T S6°0 8L°E 1 o TL™G 2e T~ LO*F I 7 S
ir]
~ *oTIoWY3TIE 0°02 L¥°0 Ly’ - 9v-z S6°¥ 0z° 1~ Ty IC ’ £
. }
£ Bot/Bot 9°6¥ 8L"0 Vs Y _ L9°0- ZL 0~ eI~ Z1°¢ ZR
ST3BWRTIE . T79R1Z 6670 gz°6 612~ LT~ SZ L~ £°9PT A TA .
% UA = <
. 3 . - . uTw/Tu < .m\mm“ -
mxwma ¥ ) Kt mm _Nuouum 35 MOTT usbixo dusy, D adsoaagur uotienbg
— . -
' . ,\k\m,u ° - N ’ zrimlfu.n!i b N . p
-, *(bw)y g1 2Beas ‘aybrem odxque SSOTATEA = "X {(3uad T9d} TeaTaAINS BUTYOIRY = X,
. . - 7y
. f(3uso zod) TRATAINS TRIOY = mm ! (shep) maﬂm Hutygngey w@m = N.n. { (sfep) suty TriuswmdoTsAsp = .mw
- % w3 -
fm.w ‘yotym uT ‘() S2UDTOTFIP0L UOTSSeabex pur ‘G-T stoTaenbes TejuswddTssep O sonTes adeoxoqul
- - . . b TIEYL X .
.._ ¢ . P = " a b
- Aw.w lv 4..! ! N ) : L~ 7 ° a ) <



W

"

To

had . - T e mnERe.  MBare SR -
| / o ]
% - - % - ]
£ // ’ -
: \
® : ’ , ? -
7
o r ( “ - -
) 50 oLc 66°0 657 £9-0- Zz 9~ 5z
L5 . ootz PR - ey 9T 0~ 98°0 6
. S XY © 9eg 09°0 19 9T 0- £°1 tx
z28" O g6 g~ £5°0~ BG"p~ . —— 0B 0~ £7°8 w.ﬂ,
oG - AT ) Z6°0- “zroz- . 66O~ T*oL T
e ; — :
*IZONCD TII0D BnTes * 33995 " 2I0D antea *33800 “II0D surea
TeTaIEd . TeT33Rd W TeTIRRG w
- MOTH usbARG - aanjezsduay, ubtyenby
* ~ ) ' “gT sbels av Bu UT 3yYBTOM OAIqUS = GA #fzuspzed ur
. . -
TRATLINS BUTERGRY = wmz&ucw%nmm UT TeATAIns Te303 = gf !{sdep ut swry HUTYDIRY 40§ = zi {sAep uT awty
- N * 3

\\\Jf Tesuswdoresvp = TZ  csudraenbe Teauswmdoysaep sy3 x03 SJUSTOTFIIOOO0 UCTIETOXA0D TeTaxed pue ssnTea .3,
\ 2

£
.~ ) © L 4eg TIEYL )

- ~ -
Rt

. 5 o
. w— e mae o e . -~ PR ™ SR P . [ - P - i .



P -

W“’ » - ¥

# hdd *
. 1 -
" L
¢ z‘ - ], ? »
1
E
. " 5 Cj//
2‘ . ¢ u .
x3 = flow (ml/um / min} ! o
1
2 \ ‘ * i
* Values for x , F and standard errors ave presented in Table ‘4.
Y . & 3

The calculated "t" values and-the coefficrents of partial -
[ ) . !

‘correlation ‘are presented rn Table 5. Water temperature 1g the most

3]
© i N - o
o B

ifportant factor which detormines the developmental timé and the cmbryo
weight. The variables van be ranked in order of the strength of thasr

effects on development, early survival and weaght. Such ranking 15//
. « p
given in Table 6 along with the degree of statistical signaficance e

" determined by t-tests. .

o -
° . i

. The oxygen content 1s the most important factor to interact with

©

Y

¢
deﬁ%lopment and hatching. The greatest expression of thermal influence

pocurs i1n the overall rate of development. The general results of the

e
»

effects of the monitored variables are presented in Table 6. ° ;
o l 4
T
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& -l h []
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‘. DISCUSSTION . : '
Developmental Rates

‘ v I 2

TheaggYFLOpmentaIMtlmes for simplar flow rates seem to be highly
Fooe .

¥
., dependent on temperature and somewhat less on the oxygen supply (Table 2),

-

a result which is also described by Alderdice et al. (1958). It 1s

<
4

also 1nteresting'to note that the retarding effect of "the lower levels

-

of oxygen is more pronounced at the higher temperature than.at the lower

rl et

) ¢
{Tahle 2 and 3). -

»
&

The developmental rate was less affected by reduced levels of

oxygen at early stages but after the Frkst 10 percent of the development

time had passed‘the retarding effect became %fE§§E§€3yoly stronger.

This increasing retardation has been demonstrated in three gther

P [y

salmonids by Garside (1959, 1966a). - :

- ~

The developmental time to stage 18 is ‘accurately' predictable

if the three important variables, Eemperatures, degree of air-saturatien, and

<

water velocity are known, (Tabie 4). The same conclusion can be drawn for -

s } © ® .
hatchang *rimes, that is, the time required to achieve 50% hatthing. However,

percentage hatching survival has less agreement with the regressions and

4 L4

Gthe precentage survival to stage 18 wajfghe least predictable process.

LY
" %

This may be due in some part 'O longer period of handling in the sampling

» b4 0
procedure. The explanation might also lie partially in the different influences
% * . »

"

of environmental factors employed in the experiments (Tabie 6).

. The features which are less predictable (survival to stage 18 and

-

hatching survival) seem: to be mostly influenced by the available oxygen

L » L}
i

(saksena and Joseph 1972). The second ranking factor, the flow rate
: ks

-

or water supply, also caused differences in,availibility of oxygen.

Thus these two variables can either partJally offset one another or be
. . N )
B} . " y .
additive depending on the guantity of oxygen. :In spite of this, correlation

Y .

>
v

i
i
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TABLE b o’

*

The effects.of temperature, Tevéivwf digsolved oxygen, and flow-rate

or processes in the*émbryos of Atlan?ze salmon.
. <

. ¢ . /
. of wiater through incubation-chambers on various developmental states /

Rank order was deter-

Vi “w
y e
mined from "t* values in Table b. : v
i Status or prouvess Rank of Effent
j : o :
Praimary ' Secondary Tertiary
!

7 Flowk#x

. Developmental . Temp.**% Oxygen, ¥**
time (stage 18) . ’ N
. AJ Lo
Q Hatching time- .a Flowk*k Oxygen**
e - ®
) ¥ ,\;ﬁ , ./
Total survival % Oxygenk** Temp , *.~
L
Hatohing suxvival %  Oxygen** Flow** Temp, **
. . 3 (:Tﬂx\\
, { . »
¢ Embryc weight. Temp.*** Flowk** xygen***
stage 18 . M
J $ / ' /
» - r 4 (__,/
“ . * P<0.05
* “ *% p<0.01 s
vl
\
. *%% P<O.00L ;
?. > - 1 o
' ,
h 5 ’
:
g )
4 -3
? 4
] L « <
] .
' o &
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‘ |
between these two variables failed tou be significant.

»

Although tomperature has a sxbnmf:vant effoct on all the

control.

Oaygen supply measured as absolute concentration or indiyectly
A

as water exchange rate has its prime importance during the hébchlnq process

.
.
2

et 3 JMPAERIEREN s Aol

which 1s created in some measure by more immediate demands of 10C0moton\/

i

»
activity whaich contributes to the rupture of the zona radiata.

.

The general conclusions from the present experiments (Table 627/’/.

are 1in good‘agreement. with those concerning developmental retardation

and mortality which were made by Alderdice gg_gi,.(1958), Garsade, (1959}, i
Cable (1961), Shumway et al. (1964), Kotlyarevskaya (1967), and <

A
Brett (1970 b). : \.

Y

However, an amportant dafference waith those results was, that in .

these experaments the waterflow was measured and evaluated as a factor P
| ~+

in the manner of temperature or oxygen content of the water. Utilizataon C e

o

of this factor tended to rrovide a more accurate basis for aneappreciation

of developmental rate and surwvival. -

~4
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CHAPTER II
, .
VERTEBRAL: NUMBER IN RELATIBN .
b
TO DEVELOPMENTAL RATE IN EMBRYOS OF
ATLANTIC SALMON INCUBATED AT VARIOUS LEVELS

. OF TEMPERATURE AND DISSOLVED OXYGEN
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) INTRODUCTION

L3

3
Numefous orrelations have been drawn between mean numbers

-

of seraated parts of pnpulatloné of the same species of fishes and levels
4

v . ¢
of ceortain environmental variables notably tempexature, dissolved oxygen,

light, and salamaty of thear habitats,

Such correlations are most strongly formed when the values
¥

-

D 3

4

are taken from envivonments during embryonal development. Generally,

-

1]
natural populaticns of species which develop it conditions such as lower
K'\ L3 k3

temperature which retard devélopmental timing have higher average numbers
Py

of such structutes (Garside 1959, 1966 b, 1970, Kinne and Kinne 1962 a, P,

v

Sweet and Kinne 1964, Taning 1952). Removgl of the study of more precise
anal§hlcal céﬁd:tlons in laboratories has extended the information but
net the interpretation"begause of the variety of data obtained and the
many contradictory correlations offered (Tdning 1952, Garsidé 1966 b, 1970,
Fowler 1970, Lindsey and Harrington 1972, Ala and Landsey 1974).

) * In this study vertebral counts have been compared among samples

of young Atlantic salmon fry which had been incubated experimentally in

combinations of temperature and dissolved oxygen. ‘\\\\

- ¥
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MATERTALS AND® METHORS , ; .

Fieshly fertalized ova from a srnéle pair Atlantic salmon

e
° \

(Salmo salar L.) were obtained from the Fish Culture Station, Canada
Department of Envaironment, RR #k“bcb@lxngwood, Nova Scotia, November

14th, 1972 wexe fransported to the Aquaraun at the Life' Sciences
[ LA

¢ o
3

Centre, Dalhousae University.

The ova were divided anto six lots incubated at constant

&

' . :
levels of dissolved oxygen, 30, 50, 100% air-saturation from{fertxlxzatxon
until absorption of yolk at 5 and 10 ¢, at a flow-rate of 4 ml/min.

Incident i1llumination during incubation ain this experament was 8 lux for N

daily l2-hx period. | )

Samples of 30 from each of the .six batches were collected and

| »

© _the fry were stained with Alizarin Red according tozéhe method of .

§ with glyceran. i

I3

Taylor (1967), and cle#red to a state of transparen

1

\ ~ .

The vertebrae, were couTted wi
%

a stereoscopic dissecting microscope .

tsing transmritted light. ‘ =

. |

Lot
was applied to the dlstkibutlons to
' r

| MY )

vertebral counts. [ . .
o ‘ 2
| j> - .

v -n

|

& ' .
' - | | ’ . 4

v
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. . RESULTS

\ 1 L}

The results pf vertebral counts are presented 1n Table 7.
Y a

ihe vertehralvnumggr was hagher in faishes held at lower temperature

.

and hagher oxygen conventration, According to the analysis’of variance,

-

differences appearently caused by temperature and oxygen conceht ration

-

were haighly sigmaficant (P<0.0001) and the interaction between

N i

temperature and oxygen concventration was also sagmaficant, P<0.041,

{Table 8). No complex on gg:galous vexrtebrae were observed in any pf

these samples.

S

I attempted to relate the‘rec;procal values. of developmental
%

time lapsed between stages 4 and 16 with the vertebral number, since

N -

this has been considered to be the perlcé of vextebral fixation
v v 1 = .‘f
(Garside 1966 b}. The correlation coefficients between vertebral

~ -

number and the recaiprocval-value for this period of vertebral determination-

was r = =0.64. Also, correlation was calculated between vertebral number

and the, percentage of tame from fertilization to stage 16 that is

< .

occupred by the respective period of determination. The correlation

-

coefficient was r = -0.016. Nezther r-value was significant.

Correlation coefficent between embryo length at stage 16

and the vertebral number was r = 0.99. This correlation is haghly f
{ . A l
significant (P<0.001).

i
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~

R SN S

:
i

. Wl



N

-y

¢ e

oy weh

o , TRABLE 7

'
vy ¢

Vertebral numbers, period of determination (T, (Gars;éedlﬂeb b),
N Y

period of detexmination as a’percent of total.time to stage 16 (Tp)

and mean total length of embrvos ai stage 16 JTLlﬁ) 1n s1X samples

L = 30) of Atlantic salmon fry ancubpted at twe temperatures and

- ’

three levels of dissolved oxygen, n g '
/_,‘,;-;./A——“""m \ . ) «
Tenp. Oxygen &\. TD 100 TP Tﬁli Vertebrae
¢, Percent T o X + S.E.
Arr~Saturation D h
5 100 51. 1.96 78,5 ° 8.2 / 57.4,+ 0,08

5 . . 50 51 1.96  75.0 8.1 56,6 + 0.11
5 I 86 1.70  76.7 8.0 56.3 + 0.08
10 © 100 25 4.0 78,1 7.8 55,2 + 0,07
10 "50 25 4.0 73,5 - 1.7° 53,9 + 0.07
10 30 34 2.94 79.0 7.5 '~ ° 52,6 + 0,08
- [ 1 -
» # 4

B

.
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«  TABLE A °

o

.

Summary of analysis of variance of/yértebral counts in Atlantic salmon

fxy after incubation at 5 and 10 € and 100, 50 and 30 % air-saturation.

°

]
9

Source é%mé'of \Degr;es of Meaw Variance mﬁrbbahlllty
squares freedom -© “squ§re‘ ratio
Temperature - R 1, 372.0  135.29 00001 4+,
) %
oxygen . . 9eg.0° 2 89,9 182 0.0001 %
Temp X Oxygen 17.8, 2 8.93 3.24 0.041
Exror = 473.0 174 ,  2.75 )
\
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. ! DISCUSSION : ‘
i

. " Phe alteratwon of vortebral number by genetic mechanisms or
» k)

the morphogenetic 1nfluences of environmental variables is a very complex
Y ¢
- I

f problem whach his Latgely eluded wnterpretation.

O q !
Rifect, of tomporatures ’ g . , S

&

- -

+ The gendral offect of temperature as that fish embryos which

davelup at lower temperatures have nore yertebrae than those which

dovelop at higher temperatures {(Fowler 1970, Garside 1970, Landsey 1962,

a, b, Iindsoy and Aly 1965). However, exceptions have occurred (Gaisnide

1966, b, Fowler 1970, Lindsey and Harrington 1972). Examples include .

an ancrease of vertebral nqyber at higher temperatures in sockeye salmon

' Oncorhynchus nerka (Canagarafnam, 1959) . Other results have been

. reported by Lindsey (1954). According to other reforts the lowest 4

number of wvertebrae occurs at an intermedirate tem ature often called -

»

“ e
an "optimum® temperature (Schmidt 1921, Taning 1944§ 1946, Marckmann

T r—————

1954, Seymour 1959, Love 1970). o~ _—
2
Unfortunately, the possible effect of an "optimum"

temperature cannot be determined from experaiments conducted as this
g

was, only at two temperatures. However, it seems to be definite
t

;that the vertebral number of Atlantic salmon embryos at 5 C 1s *

&

o

. higher than at 10 C. .

Effect of Oxygen Concentration

<

:  Oxygen concentration also has an effect on meristac

.t differentiation as shown by works of Kinne and Kinne 1962 a, b), Sweet

s and Kinne (1964), Garsaide (1959, 1966 b). Greater vertebral numbers

q?xe observed in salmonids incubated at retarding levels of dissolved \\\

2 » L.

: oxygen by Taning 1952, Seymour 1959, Garside 1966 b.

i s
¢
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In spate of expectataon of an ereased numbor of vertebrae

the eifect of lowered air-saturation had the roverse effect on the number

©

of wvertebrae of salmon embryos. Thas experament docs not provide encugh

“
-

° information to explain the cause, bul some part can be understood from

£ °
the view of Fowler (19701.

° °

"In general, the eoffect of salanity and oxygen

concentration on merislzes 1s not a sumple one. Tt seems

7
a v

s
prokable that metabolie rate and energy balances are involved,

- x -

but, 1t has not beon possible to separate metabolic iniluences
&

a >
LA

from any others." \

v

Intoraction ot Temperature and Oxygen Level
&

According to the analysis'of wariance the interaction of

]

ot

e~
temperature and oxygen concentration on vertebral number of these embryos
¢
‘ ” ~.F

was signifaicani. Interactions of this kand have not been reported in

the literature. However, it is clear that several environmental and
AY

probably genetic factors might be interacting with each other. The
scarcity of 1nformatum§§n1tﬂus subject 1s explained mostly by the .
Jdack of homogeneocus genetic material {(Fowler 1970). Other dlfflculéles
arise because of possible differential effects at different times Jf

&
Jdevélopmcnt. For example, 6rska (1962) found that embryos of rainbow s
trout exposed at different times of their development to higher temperatures
@

responded by forming dafferent vertebral numbers, depending on which period

of developwment that-the treatment was aﬁplled,(lncludlng trends opposite

- -

-

to those observed by Tdning). Experimental results might be affected by
interactions of still other environmental varlabiés-N_Eef/example 1l1lumination
has effects on bone development as discussed by Fowler 1970, and demonstrated

K
J%Y Korobina et al. 1965. However, no information concerning the interaction

R

-

P
-
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of different intensitics and lengths of illumination,” femperatures,
oxygen concentrations and salanity on vertebral number or other meristic

changes has been publashed. .

.

The fallure of these data te fit a regression which would

.
S
o

relate the number of veértebrae to some aspect of developmental rate T

N :

and hence some measure of rate of dlfferentlatlon as proposed by
‘ R |
Gars;de (1966 b) suggests that 1£ the oragainal hypcthesms of Hubbs

{1926) applies, then Garside's limits for the peraod of vertebral

4 .
determination are not appropriate. However, the strong positive

correlation between body length at stage 16 {(ain ova) and subseqguent
: Y
mean vertebrai nunber does concur with Hubbs' hypothasmsgﬁﬁatw

|

dlfferentlatlon terminates more gradually an retarding conditions therd¢by
allS&xng for the differentiation o? more somites and vexrtebrae than in a
more abruptly éermlnatlng system such as that whach 1s controlled by
a;ceferatlng~devglopmental condations., : \

v

L In a later chapter, metabolic efficiency will be shown to

)

be greatex at lower temperature and higher oxygen supply iggdglthough

in absolute terms there i1s retardation in these conditions relative

to that an hlgher‘temperature, this additional efficirency results in the

>

 formation of more embryonal tissue generally as seen in enhanced

' » !

prehatching length and weight. An increase in the nunber of verte-
brae differentiated appears te be part of this additional synthesis.
! AY
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CHAPTER IIIL
, .
-

GR@VIMETRIC AND MORPHOMETRIC™
CHANGES IN OVA AND EMBRYOS

OF ATLANTIC SALﬁON'INCUBATED AT

VARICOUS LEVELS OF

0

TEMPERATURE AND DISSOLVED OXYGEN
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[ & L
\%rhu avellutar yolk of teleost ova generally s the obvaons . .
¥ N - v
supply of nutrients for most or all the prehatkching dlfiorentzdtﬂbn and

3

i
growth. Additionally, water and ﬁﬁlutes,lntlu ing oxygen may be acquired

and these wall tend to inorease the woaght of the ovam, «foééttang losses

- v

will vocur in varyaing degrees by respiratory and excretory eliminat zon of ©

° / ’

carbon and nitrogen compounds. ,
j . ' . »

[ The available studies on the changes 1@ weight which oceur 1m

} X
[ 1

teleost ova during cmbryogenes&s arc those of Hayes (1949), Lasker (1962}

Blaxter and Hewpel (1966) , Williams (1967), Thomas {(1968), Fluchter ﬁnd Pandian
g
(1968), Gulider (1969), Laurence (1969) , Blaxter (1970a), Love (1970).-

H
Differential utilizataon of yolk during émbryogenesys is a N

v’ ‘. i -

o

3 ®
reasonable expectation arising from differential resparatory performancc.

»
L3

Such differemtials could be anticapated in the present experiment in

»f

- ]
which wade diffcrences in developmental environments with respect to wroo
A {
v LY

temperature and oxygen supply have created marked dlfferenges in devdlop-

mental rates determined from times required to reach structu Czﬁ?tﬁg s
3 AL B
B

\

and hatching. To this end, weights and linear measures for c putation
N .

1

)

of volumes were recorded periodacally of samples of antact ova and also
9 o
the weights of their excised embryos and yoiks. Trends 1n weight changes

will be related to aspects of metabolism in a later chéptefY

"
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MATERIAL. AND METHODS

Ova ol Atlantac salmon were incubated at S and 10 ¢ from 30 to |

A N
"100% air-saturatron in wator flows from 4 1o b mi/min.  Subsamples of

embryos were lraniterred at different times with l-day stop-by-step
adaptation from 5 to 10 ¢ and vice versa. Several control batches were

loft antact during the total timeof the experament. Measurements of
wi . \

1
werght ‘were taken from fresh and fixed samples after drying, the materaal

#
b

for 2 min. of faltér paper. A Mettler electric semimicrobaldnce was use

- [

4
for all wei ing. The same procedure was followed. for the separated
e 7 °

embryﬁf"éona radiata and fixed yolk. The fresh yolk weight was obtained

Jby dissectaion onja plastic weighing tray following removal of embryo and

]

f%ona‘aaalata.“ Werghts were compared among freshly fixed and draied

5§361men5 and multaiplying factors were c¢aloulated based on these values
\
& . y&
- ®

Change ain size of embryo, yolk, and cwbryo with yolk, was

»)‘ 4 '

followed photographically at different developmental stages. Weig%t and

to calculate changes of werght..

-

volumety¥ic measures were th

plénlme&ry of photographs to measure change in yolk size. Results of

{ Y
these ﬁeaﬁprements of c¢hange in size Were then utilized to follow the

d

"

developmen;\pf several recently hateched andividuals without the necessity

té killing them, thereby eliminating the difficulties caused by 1ndividu

variation in initial yolk-size.

] - P

]
formulas 4/3nr3. The value of x°was obtained from the planimeter read

"

whach converted the ellipsoid yolk ER a circle of equal area. fThen r/=

The volume of yolk was calculated as a spherc according to th;//

(circumference /27) X {(constant multiplier), was generated from the

-
[y

calculated.

al

compaxed’with computed volumes generated from

W e o

B R X T

-



v

Measurement. of ovum weirghts was begin two days after fertilazataon.

L The mean gvum weight of a sample of 100 drawn unselectaively an the 1972773

experimen bas 138.9 my, but. only 3B of éhpqé;weiqhed hetween 136140 my.

v At the same time, to avoid the pussabalxﬁy of the effects of
! L] [y ~ o

we;ghlqg errors, the woaghts of three samples 0of 10 dead (white) ova woere
. DR g

algo taken.® There was a gignificant difference between the mean welghts

[y a v

for the two,sample sizes, but not among the mean weights of the three
© Ay

o ©

,
l0=-ovum samples. " K '

. A
\ ’ . "Phe t-tests among thg series of measurements showed that the

¥ «
weighing error 1s not sufficaiently great that 1t would interfere with
s

the ovum weirghts (¥1.11%). However, the group weaght and jandavidual.woight

LY

gnlficant when the data were evaluated with analysis

;5/"

4
of ova were haghl

of wvariance.

3

o

v Mean daily changes in various weights, such as daily yolk dep~

letion, daily embrye and alevin increments were determined by the method

"

of weighted means (Selby 1970). BAs a final observation on growth and

3
[}

size under varaious developmental condations, |the weighted mean embryo
& .
. O yolk weight b?éween developmental stages 1 to 18 was calculated

. from the mean weight of an unselectively drawn sample of 30 from each of

these stages an each of the six lots. The mean weight of the 30-sample

‘' Y

was t ;i multl lied by the number of days withan the corresponding

develo ehtallstage. The sum of the 18 products was then lel/gd by the

v
3

total number &f developmental days to stage, 18, in the appropriate lot.

w i ’

'S . m

&

—
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hERULTS a y

[

A\
Calenlal tons of relatsons among ovam weight, surface (4m™),

3

? »
and volume (4730 ) are presented in Table 9. These velations are,

3
’ ? Log v,

, B = 3

Volume = weaght .
, 1.2 :

Surfoce = 1.410 log W
£

v / '
Combined results of 2500 waié&an neasurements durang development

’

o
/“_ T
soveral envirduments, arc given in Table 10. The weighied mean weights
)
. 4 . S )
for each developmental group of ova é‘i be graded from heaviest to

©

showing the penhenfaqe\change% during slevelopmend {stage 1 to I8) in the !

lightest as, 5C, 100%5 > 8C, 36%8 > 10C, 30%8 ™ 5C, 50%8, ™ 10C, 50%8 *10C, 100%.

According to "t"-tosts all weaghted means are significantly different

5

’ ’ <
(P<0.001), except hptween the group§’at 30% arr-saturation in 5 and 19C.

Interactions of tompexaturé (P<0.0001), stage of development (P~0.0001); ¢

4

arr-saturation (Pv(Q.0001); temperature X stage (P~0.001); temperature x’

arr-saturation (P<0.0001) are very smgﬁxflcant. Effects of developmental
4
stage X air-saturation have masked each other (P<0.69), so the interaction

o

18 nQLQSLgnlflcant on the ovum weight.

4

! The embryo weights at the two exqérimental temperatures and three

levels of air-saturation are presented in Table 11 and Fig. 3, and 4. The

P
e

. 4
solute and percentage weights of structural components of these salmon

LY

%
ovh |(embxyo, yolk, perivitelline fluid, and zona radiata) incubated at

twd tbmperatures and three levels of ailr-saturation are presented at

Tablg 12 and the "tl~tests to compare these measurements are given in Table 13.
© The mean yolk weight at stage 18 is consistently signifaicantly

affected by the experimental conditions, while weight of zona radiata and

o

per1v1te111d&“%lﬁia$ 15 not.- The results of measprements of yolk and embtyd
! ’

‘weights during development from stage 1-18 are presented in Table 14.
i’

2 * .
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- ¥
Log mean weight at each of 17 develupmental .stages for embryos of

Atlantic salmon- ifnicubated at 30, 50 andmléo% air-saturation at 10 C.

&
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Figure 4
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Diameter, surface area, volume, weight and surfac:eivolume ratios of

o

freshly fertalized Atla{tm salmon ova,.

&5

TABLE 9

3
- y

-

Drameter Surfgué.  Volume Wevrgtit sSurface

mm i “mm ng volume
5,0 78.5 65.4 79.8 1.20
5.1 '81.7 69.4 84.7 1.17
62 4.9 73.6 89.8 1.15
5.3 88,2 77.9 95,1 1.13
5.4 al1.6 . 82, 100.5 1.11
‘ 5.5 5.0 87.1 106.2 1,00
. 5.6 98.5 91.9 112.1 1.07
. 5.7 102.0 96.9 118.2 ~1.05
5.8 105.6 102.1 124.6 1.03
5.9 109.3 107.5°+  131.1 1.01
=~ 6.0 113.0 .113.0 137.9 1.00
. 6.1 116.8 118.8 144.9 0.98
6.2 120.7 124.7,  ‘1s2.2 0.96
6.3 1.6 130.9 159.7 b.95
‘ 6.4 128.6 137.2 1é7.4 0.93
6.5 132.7 143.7 175.3 0.92
6.6 136.8j70 150.5 183.6 0.90
© 6.7 141.0 157.4 192.0 0.89
> 6.8 145.2 Y64.6 +  200.8 0.88
6.9 149.5 , 171.9 ,  209.8 0.86
7.0 153.9 179.5 219.0 0.85
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Lave werght of Atlantac salmon ova 1n percent of initial werght durang

3

development at several temperatures and air-saturations. Mean weight

at stage 1 = 139.0 mg = 100%.

T e = Py

B Temperature
55U 10 ¢
. Air-saturation
mbryo- ) *
ngl ‘
slage  100% 50% 30% 100% 50% 0%
'1 = 1007 100 100 100 100 100
2 99.2 99,6 101.4 100.6  102.6  104.0 -
3 98.9 ' 100.9 - 101.9 98.7 100.6 102.0
4 98.8 108.0 110.1 *  98.9 100.8 102.2
5, 98.3 98.0 114.5 93.7 95.6 96.9
6 98.7 ° 98.0 104.5 . 92.7 94.6 95.9
7 100. 2 1015  "102.9 99.0 100.9  102.3
8 99.2 96.8 107.2 102.7 106.3 101.7
9 98.2 9.0 101.8 99.3 101.5 105.6
10 100.8 99. 3 104.3  99.3 101.9 103.3
11 ~ 108.1 101.6 99.7 99.5, . 101.4 102.8
12 103.8 105.1 103.8 109.6 109.1 98.3
13 103.8 104.6 108.4 100.4 108.2 98,7
14 111.4 .’ 106.6 _ 115.1 (ag.s 99.6 107.3
15 109.3 110.5 104.3 }oo.a _102.3 106.6
16 108. 2 108.3  106.7  ,99.8 99.0  106.0
17 "107.0  105.5 108.5 98.8 102.5 108.3nj
18 " 10e.5 112.8 108.5 105.9 103.2 104.9
Mean "105.7 104.3 104.7  101.1 - 102.1 ~ 104.4
S. E. 0.40 0.50 0.49 0.53 0.40  * 0.38
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; TABLE 11

o

Embryo weight in mg laving weight of Atlantic salmon from develop-

mental stages 2 to 18 in temperatures 5 and 10 ¢ and air-saturations

E]

of 100, 50 and 30 %. ) .
Tenporature . Temperature
5C 0 ¢
Stage Alr-saturgtten . Arr-saturat.on
' 100% 50% 30% 100% .50% ' 30%
L ! A hd Py o
-
2 1.230.1 1.240.1 1.2+0.1° 1.210.1 1.2+0.1 1.2+0.1
3. L.4#0.1  1.3%0.1 1.3+0.1 1.4+0.1 1.540.1

4 1.540.1  1.3+0.1 1.3+0.1 1.5+0.1 1.640.1 1.240.1
5. 1.840.1  1.4+0.1  1.440.1 1.e;io.1 1.740.1  1.2:0.1°
6 2.040.1  1.4%0.1  L.4%0.1  2.240.1  1.8+40.1  1.2+0.1
7 2.440.1  1.540.1 1.540.1 2.5+0.1 1.940.1 1.2#0.1
8 ’3.240.1  1.740.1 1.940.1  2.6t0.1  2.04#0.1  1.240.1
s 3.540.1  1.840.1  2.040.1  3.1#0.1 ° 2.3+0.1 1.340.1
10« 3!740.1  2.0#0.1  2.I+0.1  3.6+#0.1  2.6+0.1  1:6+0.2
1 3.940.2  2:2¢0.1  2.140.1  3.740.1°  3.1#0.2  1.6+0.3
12 4.080.2  2.5+0.)  2.1#0.1  4.0¢0.2  3.2¢0.3 ~ 1.8+0.4 -
13 4.1¥0.2  2.740.2 2.240.2  4.040.3 3.21-_0:6 (1.9+0.4
14 4.240.3  2.8+0.2 - 2.4#0.3 . 4.140.4  3.3t0.7 - 2.040.4
15 450004 3.080.3  2.640.3  4.2+0.7 - 3.310.7°v 2.140.5
16 "4.540.5. ‘4.2@:8 3.140.8  4.340.7 3.3£%.7 2.3+0.5
7 ’7.5ﬁ&,%~:38".5i0.8 5.2+0.8 5.5#0.8  5.040.8 4.8+0.8
18 21432 ;6.614.0 11.942.8  14.543.2  12.542.2  10.0+1.8
/ ) \
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ba A ¥

dr¢ bh« mean yolk depletionsday, total yolk depletion, yolk
v

umbzyn\zq/yolk mi), the weiqght ol 1cma1n1nq yolk in #taqb 18,

o Also Jinted

utllludtlwn

N H

the cnluulaf ovum weight as @ pbruuni of the measnred wetiht at stage 18
L ° 1 A
as a ‘whock on t1u acgy any of procedur s, and 'the yolk depletion time fur

/ ‘ the roma@nlug yu]k aite* _Ltage 18, |
o ‘ , )

a L4
- . . Mean yolk &Ypletlcu wds greator at higher temperature and ¢

e ‘o

t

highex oxygen lévul. Obsezvatluns of hatchaing were perfuormed daily PR

B

each chamber. Wot w01ghLa of hatvhed embxyﬁa wrth and without yolk are )

' : presented an Table 15. To ovextome the difificulty an analysis of variance .
ioa & * N “ ‘!

created by different. sample saze, a matmx of sampling cells was desagned h\
. - b

v o t v o
. to compare the 'weights en several days dutiny the halching periods as shown
¢ R .

s Y v

1n Table 16.° .

v .
‘ +The analysis of variance thhtcorrectéd sampling matrax for
: . { N !

embryo weights indicates that temperature and dissolved oxygen generally .

not related to the point in the hatching period when hatching occurs. By

o ? N

l ' contrel the we \y of embryos newly hatched but the weight at hatéhlng s 7

v

calculating the mean weight values to equalize the sample size the analysas

of variance with cgual size resulted again in the same form of results .

]

I'd \.
: {Table 17). The weaghts at hatching of embryos From whach yolk was
exclised, at two temperatures and three oxygen levels, are presented in
~4

Figure 5. Heaviest cmbryos appear to hatch first at 5C, 50 and 30% air-

-
. » »

saturation, and at 10C and 100% hlﬁrsaturatlon. However, at 10C 30% air-

saturation this trend 1s reversed with heaviest embryos at end of the

- ) '
i hatch, and at 5C and N0% air-saturation heaviest embryos hatch in the

f ' > .
4 n

middle of the period. L o

The analysig of variance with unequal sample size (University
. < ‘ )

*of Alberta Div. of Educ. Serv. ANOVA 22) reveals that weight of embryos
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VBB S g ot ST S 2y

Relation ol yolkless :embyxro weight 1o day of halchang

[

and 30, 5‘0 ¥§nd 100% air-gaturation.

A

[~3
13
.
.
t
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[
PN
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p
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1

Figure 5

2.

duraing hatching

°

o

period in Atlantic salmon frgllowmg continuous incubataon at 5 and 1D C,
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Matraix arrangement for calculation of days during the hatehing period, of

A

Co
fvr complete descraiptaion).

Atlantac salmon at 5 and 10 € and three lovels of ajr~saturation {see text

!

Choice “ . g Lo )
£ e AN ‘
" Arr-saturation (%) Alr-saturaton (%) ;
h
& \
100 50 - 30 100 50\ , 30 .
[ ] a
— - N N R !
\ 1 1 i 1 1 1
i
A 10 10 10 ~ 7 7 i
20\ 20 20 15 10 v 18
¥ A \
\f‘)
o, B N
. 1 1 1 1 1 1
R . s '
Vo . NZaN
B 15° 15 13 10 7 10
6 ¥
20 20 23, 15 10 15
1. 1 ‘1 ‘1 1 1
.o 10 10 6 9 7 ;7 .
. v 15 ©15 8 13 10 10
&ﬂx ‘l
‘ - \
R : . / .
k\ v \':» ¥ R
TN l
J i
. veo o 4
N4 . v !

Jppp—

S e

-

ot i

P
T

g _—

o, bt g o B«




&

Summary of analyois of variance amomg hatchonn wogld o of iataet alovains,

L]

'

p

TARIT 1°

g

S

¢

/

»

w relotion to develuimenial varaables, temprerature, oxegen supply and

hatcelang day. The analysis has bedn divided arcortmg the three matricen

w Table 1o to aqnalvoe the hatchaing woughts,

©

'

Source Svm of Degrees Mean  / F ratio  probabiliiy
squares  of freodm o mary

Tomp 5349‘,‘31i 1 549,10 a.3 0.038%
Day 105.7 o 50,5 0,89 0.477
Oxygen . 1liee.0 2 354.0 '9.39  ° 0.030%
Tenmp X Day 120.1 2 60,2 ©1.02 0.438
Temp ¥ Oxygen 172.7 2 86. 3 1.4Gy 0.333
Pay x Oxyge;lh 182.8 4 45,7 0.77 0.593
Error 236.1 .. 4 59.0

Temp ‘ 681.2 A 681.2 18.06*  0.013%
Day \ o ’78.2 2 39.0 1.04 0.433
Oxyden 1332.7 2 666.3 . 17.66 0.010%
Temp X Day JK 2 39.5 1.04 0.430
Temp X Oxygen 204.0 2 102.0 2.70 0.180
Day X Oxygen 216.6 4 54,2 1.44 0.367
Erxor 150.9 4 37.7 k

Temp 125.6 1 125.6  1.24 0.327
Day | 44.2 2 " 221 0.21  0.813
Oxygen 894.8 2 447.4 4.43 0.096
Temp x Day 161.2 2 80.6 0.798 < 0.510

°
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TABLL 17 {eont inucd) a
» * ’
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. - R e ot 2 S e b et s e s i
Source Sum of Degrees | Mean I' ratro  Probabalaty
squares  of freedom  sguare *

— N S et et e et e e~ bt <mir o ety e et e

Temp x Ogygoen 300.3 3 151.1 1.80 0,327
hay x Oxygen 05,1 q 3.8 0.235 0.905

1 A
Temp x Day x Oxygen 3lo.8 = 7.7 0.77 0.594

o

Errox 637 q 100.9 .
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a
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changes wath number of days in hatelhang peraod, (D«0.0076), temperature

% Adtchlng days (P&O.Qﬁ@l)t The effnet of temperature x hatehing days‘

x oxygen level {(D<0.016) was sagnificant, but temperature x hatching dé&
waé‘not a;qniflcant {table 18). Howover, "t"=tests iallmq to show
srgnrizcant. difforences within most embiye weights at 100t arr-saturataon,
on datforent latching days, but they were significant at daffovent temper-
atures and lowered oxygen levels and waithin the mean hatching taime and

+
the start and end of 5C and 100% air saturation and between ithe very early

A

(1-2 days) and the followang perieod at 10C and 100% air-saturation. The

fanal analysas of variance as gaven in Table 19 and Fig. 5. In thas test,

mean weights of the fairst, middle and final thaxds of cach hatching period .

were compared to determine the reles of temperature, level of dissolved
oxygen, and day an hatcﬁlng period. Temperature and hatching day have
significant effects while oxygen has a masking effect (Table 20).

Ten alevains from each group in the 1972-73 experimeni were

a

photographed fave times on average, during the phase of yolk-absorption.

[

Subsamples of this group were removed periodically and preserved for

measurement of both embryos and their yolks. The comparison of photographed

aleving wath dissected and fixed alevins resulted an the following relatlon# -

’Tﬂ‘r-l‘%
based on the following corrected planimeter measurements:
volk mm3 x 313 = yolk mg fixed we1gh%:i 19.5%
\ yolk mm3 x 426 = yolk nig living weight * 21.5% and ~ !

yolk fixed weight % 1.36 = yolk living weight * 9.55%
]
Alevan length x 6.88 was equal to the livang weaght in mg * 2.34%, the
alevin fixed weight x 1.19 = live alevin weight in mg # 1.68%{ and the
faixed yglk (sepafated) weight plus fixed alevin (separated) weight x

1.25 = the fresh yolk + embryo weight % 4.63%.

o EF e v
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TARLE 18 .

Summary of factorial analysis of variance among hatehing weaights of intact

‘ alevins in relation to developmental varaables, temperature, dxygen supply,
# G

and hatching day. The analysis has been divided to illustrate the shifts

1
an signifacance whach occur by the antroduction of another varsable

.
4

‘ (oxygon supply). .

7 «
[ 2 e g
o P50
- w8

s e

Source Som of Degrees Mean I ratio Probabalaty,
) squares of freedom  sruare

e
- »

)

; 1 Temp. : ’ 2848.1 1 2848.1 9.1 0.001%*
" Hatching day 7782.0 2 3891.0  40.0  0.008%*
; Temp. vx Hatch day 643.6 2 321.8 3.29 ~ 0.496
.? Error 4212 4 98.0
1 j ’ Tomp. ' 2848.1 1 2848.1 29.2 0.001%*
Hatching day 7782.0 2 3891.0 39.8 0.008%*
: - .oOxygen 237.7 2 118.8 1.21 0.18
| Temp. x Hatch d ) 643.6 2 321.8 3.29%  0.50
) Temp. x Oxygen 3645.3 <gjjz 1822.7 18.7 ‘0.004**
f - Hatch. d. x Oxygen 571.1 4 © 142.8 1.46 0.22
; Temp. x Hatch. x Oxygen  1453.8 4 T 363.4 3.72 0.016
i Erxor 7672.8 4 57.6
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Mean wélqht of Atlantic salmon embryos {(mg) hatched in three snccessive

X - u
wntervals of cqual time at two temperatures and three oxygen levels,
B B b .

2]

« L0

» TABLE 19

la

>
» 0

B -~

s

Temperature Lapsed Iizu,t:mana ALy saturdtion %
e, . mime 100 - 50 30
. , {Days an percent) ’
l 5 ton 33 + 21,4 28,2 18.4
' Y 28,2 5.0  17.6
‘ \ 100 20.5 3.8 15.7
10 . 33 23.4  14.8  10.8
67 17.4 16,5 14.7
" 100 - 16.8 23.4  15.0
“ ‘;:
’ $ . R X3
' 3

Al



iy e

o

N

ot
-

, R TABLL 20 . ®

Summaxry of factorial analyss of variance in hatching weaght of yolkless

o [

L] ' G‘
alevins an relation to temperature, oxygen supply, and hatching day in

, period. The analysis has been divided to illuqtrate’EE? shifits an
f“v q significance which,;cuur by the antroduction of anolher varaable
} i (oxygen supply). ‘e
{ o ‘ , -
: Soutce X Sum of Degreos Mean F ratios * Drobability
! . squares of freedom  sguare v *
R ‘ " }wo way, lay-oyt ) ) -

| ™ Temperature 13"’1”&9/’%) ol 117.0 10.95 0.006*%
oo Day “is7.0 2 78.8, 7.34 ¢ 0.008%*
— Temp x Day 12.2 2 6.13 - 0.57 C o579 170
i Exror 128.7 4 10.7 ' .
p ‘ Three way lay-out d ’ .
g Temperature /1:17.0 1 7.5 6.9 - o0.08
A Day T 157.6 2. 78.8- 163 " 0.09

oxygen 1.48 2 " 5.74 0.043 0.957 :
Te&p»xinay 1z2.2 2 6.14 0.36 . L7117

§’ Temp x Oxygen 28.5 4 14.0 ~0.84 o 495
f Hatching x Oxygen 30.6 4 7.6 0.449 0.77
g Tem. x Day Oxygen 625.6 4 156.4 \ 9.2 0.04§
¢ Error 149.7 4 12.0 .

. . R ; y

:
GD . ) . . ‘
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* The results for both origanal and transfer lots wore analysed by mule

tiple regressien. The caleulated regrossion cquations {cceffivients given

a

1

@

in Table 21) are for cmbryo weight (mg)

o

log ¥, = -1.31 + log 0.056 X
- log 0.06 X

log ¥, = -1.43 + log 0.56 X

log ¥3a = ~1.86 + log 0.8 X

.

1

epletion ‘an mg/day and change in alevain weight in mg/day.

+ log 0.05 X

1 2

"

>

a

X 1

In which .
¥ = yolk utilization (transfer lot)
Y, = yolk depletion (transfer lot)

\ ¥, = increasing weight (transfer lot) .
. Yla = yolk utilazation (original lot)
Yza = yolk depletion (original lot)
‘QYBa = increasing weight (original lot)
X, = final temperatﬁ}e ()
X2 = final oxygen level (mg/l) :
A . '
. X3 = embryo or alevin weaght (mg)

34 ='griginal tempera%ure {c)

x5 = orlginalloxygen level (mg/l1)

’

°

] ‘ .

N

.
saemmsoasssascusanassacnnonnonnncosonna ()

Partial correlation coefficients (r), multiple regression

2 N
v coefficrents (R ), "t" values and F values for these regressions are

diven in Table 21.°

wg

The values of partial correlation coefficients of

= =l » \:'*' . L + - { ‘e
lpbg Y2a 1.49 + log 0.92 Xl log 0.7 X2 log 0.14 k3 {10)

’r -! & . s g0
+ log 0.5 X, log I(BS ’(; (11)

]

+ . - g 0. L .
9 1 log 0.37 x2 log 0.30 X3 log 0.03 X
+10g 0‘62 XS :b'..‘l’.'.‘v.h.....i'.IIII“'O‘.'I.D"O(7)
3
log Y3 = —%.77 i log 0.71 Xl + log 0.45 X2 + log 0.19 XB - log 0.06 X
+ log 0.17 XS .- severesenenasas R €2 )]
= - - - + : + a -o-c’-o-..o-:-n.»
og Yla 0.57 - 0.03 Xl o002 X2 0.02 XB 3 {9

at stage 18 (oquatrzon 5 in “Dovelop-

mental rate") chapter, for-yolk utilazation’in mg fish/1 mg yolk, and volk

+ log 0.82 Ay - log 0.18 X4

3

4

4
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yolk uwtalwsdtzon and depletion an response to thene var tables are low.
s .

Swnce the highest R value 1s only 0.37 the relative predogtability of

yolk depletzon and utalization an relation to temperature, dissolved

oxygen and yolkless alevin weight 1s weak (Table 2.)). Howoever, the
¢ [

¥
analysis 0f varaance indicates some haghly signifacant effccts fxom the |

1

three varaables, The only saignafacant "™ walue for yolk utilization was
for yolkless alevin weight (P€0.001): for yolk depletion. Siynificant "L"
values were determined for the origanal oxygen level {(9<0.01) ain the

4

transfer group, and temperatnre (P<0.001) in those having constant

environment. Temperature (P<0.01) and oxygen (P<0.001) were significant

in both types of experiments on increase in weight of the alevins. Ranking

of the effects of these varilables, determined by "tL" tests, on yolk

utilizataon, yolk depletion, and ;ncreése in weight arc presented an

5 4

£

Table 23. '

o

Multaiple regression was also employed to dotermihe the extent
to which the embryo weight at stage 18 was determined by total ovum
“\1

weight and by weight of yolk remaining at stage 18, relative to the

regulating influences of temperature and oxygen. The regressions are,

Y, c 2.43 - 0.95 X, + 0.95 X, - 0.09 X, - 0.10/01 X, P & 3 |
¥, = 34.7 + 0.003 X, - 2.09 %, - 0.03 Ry sereseresncrncansna.ss(13)
Y, = 22.0 + 0.07 X, - 1.52 X, - 0.02 X, PP ¢ 7') B
¥, = 0.09 + 0.16 X, + 0.015 Xy sevearssocennanen. creonseancanas (15)

Y4 = "'4-15 + 0-18 Xz + Ooll X4 -'»an-o--cuuq-n---..--.-u---...-&(16)

Y4 = lco - 0.97 Xl + 0;97 X2 oo‘----l'lnunnccl.l:u.-'tvclbgcsto(-17)

Y =O.98+0017 Xl -w-.o;oon..tnu:—a--‘--.a--o-;.-o-..c..u...-(18")“ N

v e

Y = "315 + 0-18 Xz -auc---n..o-»-o-.c.u-.-..----..-.----t-n.o-p(19)

«
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4
In whach . ’ ' « . . . +
i # o
\ A
. . Y, embiyo weight an my N .
Xl = &nlk weaght at stage 18 ' »
& R}
X, = ovum weaght at stage’18 \; ’ ]
- w RS 4
%, = lemperature N ' ‘ i
y N . o ' .
vt X, = oxygen level . '\\\\ A
, . .
) Pariial corrclation coefficients 7%), maltiple regression coc— é
H vy ) -]
fficients (R°), "t" values and F values for these regregsion are gaven 7 |
in Table 2 . - . oot
ot 1
A a
weilghted means weaghts of the saix experimental lots and’ T
N « ' N s, ?
> results of "t" tegts are presented in Table 25. All pairs of mean:, " .
P weights are sigmificantly dafferent by "t" test (P<0.00l1), except tﬁbsi >\»ﬁ g
‘ 7 4 v » o
s IR v
\ ‘from 5 C 30%,air-saturation and 10 C 50% aix-saturation, and from 10 C, :
i 3
. . . X ©
: at 30 and 50§\a1r~saturat10n. Analysas of variance.indicated that \\j .0t §

v t

temperature (P<0.0002), levoel of development (P<0.00003) at sampling, and*® .

>
. . ¢ “ -

their interaction (P<0,01) are highly significant.
« .
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' DISCUBHION

A
Weaght has been adopted as the pr&nﬁ:ya} measure f size

because it provides a more realistic reflection of changes between ¢
¥

5

embryos and yolk than would lincar measures whach are ﬁybject Lo wulep-
endent. changes an proportionalaty {Tusnady 1962, Laurcnce: 1009,
Thomas ¢t al. 1969, Brett 1970 b.). For instance, the embryos at lowoer

oxygen levels develeoped a more slender body than those at higher levels \

I

according t0 the measurements from whach length-wezght relations yére
< )

caleulated an the present oxperaments, . :
The salmon ovum has great andrvaidual variability ip mature

diameter and weight. The range of weight fior all measurements was
A

3

80-220 mg,- 1 day after fextilization. The mean weight of ova.in stage

1 in this study was 139 mg and 77% were within the range of 132-146 mg.
Hayes (1949) gave an average of 108}% mg for ova from Nova Scotian

salmon apd Rudy and Potts (1969) reported 83.9 my average weight for
Atlantic salmon ova from Braitish stock. Probably these differences are due
mainly to the size of spawning females. ‘The ov; in the pxesénéV§Eﬁa§'were
taken from a 7-kg salmon. The diameter of Atlantic salmon ova ranged

between 5-7 mm 1in these experiments, but most of the ova were between .

6.5~6.8 mn dirameter. ‘ ’

]

During the developmental period salmon ova incrgased in weight.
7 s

I /

This can be explained by partial permeabllity of zona radiata toward

various i1ons and water. (Hayes 1930 a, Zot@g 1958, Alderdace and Forregter
ra

1968. Blaxter 1969, Potts and Rudy 1969, Rudy and Potts 1969, Eddy 1974).

o

b . -
However, in an ancillary experiment in which ova-were 1ncqbated at Bﬂoﬁoo .

salinity, the weight declined by a few percent immediately followang - )
% N ‘ . 0n

introduction and remained depressed during the entire developmental period: .

- . - W

(Appendix 5).
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brbryos of salmen and several other specscs of fishes are known

s

to be consastonlly of different sizes at hatching and yolk absorpiion in

r

»
accordance with therr developmental conditions including variation an

temperature, dissolved oxygen and ambient water exchange. Higher temperature

causes retarded cmbryonal growth of salmonids and many other fighes (Atderdice
and Foriester 1968, Garside 1959, 196ba, 1970, Srott 1972, Fluditer and -
Pandiaw 1968, Wadley et al. 1971). Unusually, perhaps, embryonal q;twth

of pPacrfic sardane embryos was ancreased at higher {omperature {(Lasker 19c4).
¥

e

In addition, thexe are some possibfe physical explanations,
~ “‘

including thé temporature effect uﬁ'circulatmng plasma (btatt et al. 19703,

the surfage to volume relation whach becomes increasingly coritical-as

i

xesplratbxy demand increases (Baravak 1963), and the partaal pressure of

[y

dissalved oxygen. Th% prlﬁcapal explanation Haifver, might be differences

in enzyme composition in varicus species (Hochachka and Somero 1971, 1973).

[l

A
A

Also, it seems that at higher temperature,\ﬁ&fferuntiatlon 1S
\

accelerated, but the weight gain proceeds at a relatively slower rate.
e

At %ower oxygen levels the oxygen supply cannot satisfy the increasing

. regquirement, which 1s ynversely related to temperature, and it becomes limiting

&

v

s0'that uptake 1s reduced and we;ght)increment 15 reduced accordingly. Thus,

the amount of yolk used is relatively higher in limiting conditions perx
]

unit increment of embryonal welghﬁ: This then will alter the relative

’

weights of yolk, embryo aqd other coumponents o§ these ova, from stage 1

to 18, as well creating dlffereqces among groups at any stage.

However, afteér stage is the rate of yolk absorption, and the
Lo ¥

growth rate of fry is mainly requlated by the oxygen supply. In experi-
- - ‘_,A{

ments in which fry were transferred to different temperatufes or levels of

“

ox&gen the main regulatingsfactbr was the final temperature. (Table 23).
Y .

L]
s

> Also; the“expecﬁed embryoc weaght to stage 18 can be predicted y

?

RN
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-
with congudorable arcuracy i a partwoular copstant euvizonmont from

the romaininyg yolk wosght and the tolal ovem weight.  (Table 22).

However, predactaons only {rom yolk weight, awr-saturation or temperature

¢

are vory poor lor tho expoctied embryo weight becaunse those facltors aroe

®
pxample 1n tne predictionYof cmbryo weaaht Lo stage 18, the degree of

in anteractions.  The dyfferent variables can mask each other. For
Q

aix-gaturation 15 not sigmaficant according o results of analysis of
variange, hubt ;i Lho some feature ag examined wath multiple regression
and Lhe Lomporatare 1o amitad fzen the caleulation the effoct
or aay caturation bororrs haghly saignaficant {Table 24), Gulidov 1969).
Alqo i a r?chly wxqunaiid environment, development and growth acccler-
ato. (Kime and Fann» T9olb, ustroumova 1969) . The present data arid the
guoted obsorvations  suynat that the*bmbrﬁa size is regulated by
toemperature and nfluvenced by the oxygen supply, volk and ovum size.

One explanation for the larger embryos at 5 C 30% arr~-saturation
couid be that at 50% ayr-saturation Jnfraévai body movements of the

advanced émbryo dlminlsh'&daptlvely and the energy sparced can be used

for §§nthesms of tissues and increase in weight. (Brett 1970a, b, .

)

Lasker and Theilacker 1962).

1 L]

Averago daily yolk depletion conforms to the general trends

for growth of these embryos. These groups of embryos with greater increase

1n weight also have the greater mean daily yolk depletion. Yolk utilization

1s the quantity of yolk required to produce some defined unit of “embryo
and 1s synonymous then with food conversion efficiency. Yolk utilaization

drops sharply after hatching, but increases again toward the time of

S 1

total yolk absorption. These changes can be the result 6f less eff1c1ent

transport of yolk materials (Igmat'eva 1970), but also can result From

the increased locomotor efficiency which follows the absorption of the -
®

I

E

e
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cumberseme yolk.  Thas wdea as supported by resulte of-Thomas ot al.

{1969) who found that the swimming abilety of chinook sdlmon alovins ¥

>
« .

{Oncorhynchus tshawytscha) increased with the reductaon in” the amount

of yolk-sac unial an advanced stage of yolk absorption was reached.s

o -

They also adentafied a perind of roduced swimming abality ocourring
shortly beforo complete yolk absorption. Almosot the same result was '

obtained by Laurence (1969) concerning enecrgy coxpenditure, yolk absorp-

I3

tion, and utilazation, in larvae oi largemouth bass (Micropterus salmoades).

8

- In an atiempt to explain extensive larval mortality ain large-

mouth bass, Laurence (1969) cxamined ovuam and yolk size to determine whether
there was sufficaent nutrient supply to carry larvae to a free-feedang
state, e was ablé to demonstrate that ova and conscquently yolk were

generally of suffaicipnt size Lo support tpéSe larvae to their feeding

+

state. A sxrllar ohsprvation was made for carp Cypranus carpiro by Zonova
> R p

{1973).

' '

S%nce the process of development produces a growing embryo and

©w

alevin, it 1s not surpraising that yolk utilization depends mostly on the

w

saze of the embryo for any stated resparatory rate and amount of yolk re-

maining, at the designated stage, - ’ T '
A genexrdl observation concerning transfer groups is that about
a week was necessary for the embryos to adapt a new environment as indicated /ﬂ,// .

by stabillzatgpn‘géhgrowgh and yolk depletion. (Tables 21-24). i '

— s
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OXYGEN CONSUMPTTION OF OVA AND
EMBRYOS OF ATLANTIC SALMON AT VARIOUS

TE%PERATURES AND LEVELS' O DISSOLVED OXYGEN
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. _ INTRODUCTION -

@ "

L)
L .
Regpirat ean s one of the wost importantiprovesses  the
Y -8 *

Aoy

o § T~ -t . o
measurenent: of which gives anformation abiput, the metabolasm of developing
f

3 »

embryos.,  Tn fith ewmbryos the absolute afmpunt of rospired exygen gencrally

5 L]

rises withetame, but the relative amount respired prer unit of weight
*

decreases as development procceeds (Baravaik 1963, Brachet 1960, Prosser
€

-

1973, Woynarovich 19647,

v

‘ xamination of data on oxygen consumplion by Atlantic salmon

ova, ‘presented by Privplnev (1938) and Hayes et al.®(1991) indicates

.

somewhat irregular ‘fluctusdtions although there are rising trends an
o

both gtudies which are interrupted in each by two pronounced peaks.
Ty, [ \ « .

N !
These changes in oxygen consumption raase the question, "Ig

'
.

there a certain trend wfl pattern, or are suc hanges aJpatier of

)

chance?". In spitefof some contradictions similar results have

her authors an teleost fishes and other embryos

been gescrlbed by,

doveloping in wator. (Benmett 1968, Brachet 1960, Brahma 1966, Laurence

1969, Lgvirup and Iverson 1969, Privolnev 1938, Prosser 1973).

¥

° ‘The major purpose of this phase of the study on Atlantic
salmon embryos has becn to provide further cvaluation of oxygen
consumption in fish embryos which could be associated with the depletion

and the utilization or conversion of the energy sources of the

>

advancing embryo. These processes have been measured in various levels of

*

oxygen supply at temperatures which create pronounced dafferences in

metabolic rate. Equations weréwsubsequently deraved for the prediction

& H

of oxygen consumption in various conditions.

- Ancillary experiments were conducted to determine whether or

q

not there existed cyclic patterns of oxygen consumption, and whether or

not the extraembryonal pof¥hons of the ovum contribute to the consumption

o n///
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of oxygen.

. . The investagation
L4 - e

of oxtracrbryonal reopiralion wan prompled

L ‘ ]

. &

by a knowledgé\DEAthe localazation of oxidative enzymes an yolk ofy the
1

k) ~2
loach Misgurnug fossalis by Abramova et al.- (1965) and an the vitellaine

~

a ¢

membrane %synthltlalflayer) of the ovum of rainbow trout Salmon gairdnera
by Porcellia (1969).
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t . MATERIALS AND METHODS

.

Oxygen consumption in embryonated Atlantic <almon ova was

measured an Warburg manometric resprrometers and alternatively an

. continuons-{low chomboers.

.

Imbryos, volks, and zona radiata were separated
for asolate resparcometry in accordance with ihe procedure of MacKelvie
(1971). They were washed in distilled water and then in 0.9% NaCl

.
S

- solution., From zona radiata "ghost shell" was obtained, described by

o

Bell et al. (1969). Oxygen consumption of ova in water, isolated zona

radiata, yolk,- and embryo an 0.9% saline soluition was measured in

Warburg manometric respirometers following the procedure of Leaqname (1968).

' »

The respirometer flask was approximately 17 ml equipped with
two sidearms and a gentre well. Carbon dioxade was absorbed with 20%

KQH 1n\ the gentre well. The observations were made at 5, 7.5, and 10 C

»

rd 1 A
.. with sha\glng at 60 cycles/min with an amplitude of 20 mm. ‘The total volume

of the system was always maintained at 3.2 ml. Penicallin was.administered

@
o
' » I 3 "

- at\ithe ate 65‘500 T. U./ml of medium in some of the later tests ko
’ a } ”. 1) - :
qs&:unat potenthal errors resulting from bacterial respairation (Bell et al.
e {,ﬂ N ot ¥ ke s
2 & & .
T 1971y, o ! . , . .
. N a 0" v

e " . An" 4ltérnative method for the measurement of oxygen UtlllZ&%lén“
a0 N . L i
. of eggs was effected with simple continuous~flow chambers. Ohe consisted
. ; -

* 3

.\ wof ¥)4-ml glass tube (100 x 7 mm 1.d.) closed at each end by a rulber,

. ® A
stopper throlgh which 3‘3 mm vinyl tube was inserted and sealed. TYhe
R . .

- «
Nt e

a

« + . other type of co;(};tinuoﬁs-flow*respa.ration che?nber was'‘a vertical plexiglass
1 i w Y L

° 3 " 3 "t 1] > .
. . ¢ylinder 80 mm X 45 mm, diameter, in which.25 ova weremsup\ported «on a horizontal

] . EN v
'

. polyvipyl ‘;fscreeﬁ. having a mesh interval of 2 mm.. The ihlet was situated below
:"..? o ¢ - N "l‘, we
., the s‘ér“eenb;\wd the o\uﬁlet passed through a rubber stopper in fhe upper end. -

’ fl
\

> 1Y &
. , Mostly the chambers were operated at a @?cant flow--{:ate of

D
[ . b
4 “ @ < v *

e
- % 4 ml/min but dome tasts were conducted ‘at higher or' lower rates®and §orﬁe

a

* + i * o L
i » A "k N ‘ s
4 AN it

2

A
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f 2
were -conducted at variable f]ow~rafe%. The wncurrent iube was fitied wath
h‘)

a T=coupling to poiablash a bypass flow. Suﬁﬂﬁlﬁvihn enrrent. watle o
-

was diverted from passage thrgugh the chamber via the bypass. £ Collection
\

‘ |
\

in triplicate of S-ml samples of incurrent and exceurreni watér were made

3

ediate time .

variously at 0900, 1200 and lbOO)hr darly, from Staye 2 - 1B, ;

at the beginning and rompletion \of a teQL and ail some into

\

» | |
The rate of flew was caleulated from the time re?ulrdd to we

¥

3
' £ill a 100-ml volumetric flask w;%h the excurrent water, xygen extractaion 4

was determined from the differeuoe{getween diqsalved“ibvo s in the incurrent

and excurrent flows. Levels of dissolved oxygen were det%rmlxod by standard

“

Winkler semimicrotitraimetry (Harper 1953). A blank chamber was also used

durang each test to confirm results.

The recorded data were prodessed acc?rdlng to Sokel and pohl
(1969) and byfprogrammes ANOV 80 of Unaversity of Alberta Division of
Educational Research Sexrvices and BMDO3R 1FECDCB400 computer of
-Dalhousie Universaty to-yield mean oxygen consumption and cu uiatlve

» N ’
oxygen consumption (total consumption at ecach stage) and to establish an

algebraic model from which unit oxygen consumption can be predicted in

«
A

various combinations of the variables emploved. :
- ‘ ,
5 1
~ 3 a -
, .
¥ 4
» ¥
f L , @ iy ki . -
o 1y N T
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i e E g
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The oxygen consumption of recently fertalized ava nere reed

.

from threec io five timen over that of uwnfertilizsd ova an Jhe fyxet b hv,

The cxporimenial results in 1972 ond 1973 wore monsmed dmrgng

' &

stage 16 and the wvalues are summarized in { 1/q7hr in Tahie o,

3

Results of reapairometry by the two Lechnigues were cimilas,

"

Oxygen consumption was regularly greater at 10 € than a¥ 5 ¢ for each of

the three wsolated parts of the ovum as well ag wn the total embryonatod

€

ovult, )
Lt
£ ! r
Oxygen consumption at ™stage 1o in water was greatest in yolk
%

"

and least in zona radiata at 5 C whale at 10 ¢ the decreasing sequence

was embryo, zona radiata and yolk., Oxygen consumption of the total
ovum was only slightly greater than that of isolated yolk which:forms

about 70% of the total weight of 1the livaing ovum at that stage.

-
o

In Ringer's,solution (Warburg respmrometry)‘ht 5, 7.5 and 10 C,

3

oxygen consumption decreased from zona radiata to yolk.

]

» '

&E -ﬁﬂf? ture and the meqigm. Dxygen consumption of the total ovum

‘Calll r~

1s significantly influenced by temperature, medium, and theair interaction
v ”

{P<0,.05). For salmon ~mbryos ‘separately dhly temperature was signifacant

(P<0.053) and for yolk and zona radiata none of these factors caused
significantly different consumption.

Dtherlserles of Warburg respirometric experaments were conducted

i

on later salmon ova at stage 18. From these experiments, equations were

-
- B

» 3
Analysis of variance was applied to the results gyven in Table 26.
The total analysie of all data i1s pregented in Table 27 S;E%reveals that
¥

calculated for the respiration of total ovum, embryo, and yolk where log x is
sy

the weight of‘oxyqen“consumxng material in mg and log Y i1s the oxygen uptake

N

» ! .

el

»
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¥ .

4 v

»

‘ 3
Mcéan oxygen uptake (mm fgfhri~for intact. ova, ‘embryos, and corresponding
o Y

Al Q

yolks, zona radiata at stage 16 (Garside 1959), meas
A . 3

3

intervals in Warburg respirometors adntaining either water or Ringer's

ured an 3, 6, and 1o hr.

[

snlution (Qq/lmtra'fDS). J
v y ™ | W"h&im
' Temperature  Component  ° Medium . Exposure (hr) e T
¢ : 3 6 16
(&4 -
. * WaPer, 48.744.2 .+ 3L.4KL.B 18.540.8
5, Ovum o o
' \ Ringer's 48.3+2.2 16.8+3.5 4.4+1.8
Water ' | 63.5+3.5  48.6+4,2  183.4#32.5
. Embryo R ‘ ’
Ringer's  196.8+48,9 160.0+40.Q 41.0%5.5
4 a ! ts )
2 A\
., Water  -136.0+8.5 104.049.3°  35.542.6
4 Yolk ‘. ' 3 o ¥ Y
. ‘ Ringer's  70.4+20.0 59.1#8.2 ©  60.545.5 .
. : \ Vo .
i .
X ! Water 47.0+1.8 ? 36.0+1.9 36.0+1.57
v Zona, radiata ‘ .
Renger's  197.0%30.0' 244.0+7.2  110.0%6.3
& N -
7.5 Ovam Ripger's  51.1+1.2 °  12.9+42.4 6:12+1,2 °
i . . ‘ -
8
‘ Imbryo Ringer's  688.9+13.0 418.1+20.0
¥ N - & .
* . YoAk 2 2’Rlnger' 5 94.8+1.9 30.140.8 x
' Zona radiata « “Ringer's  433.0+60.0 313.0+25.0
. ' Water « ' 66.4+278 " 44.542.5 «  34.531,2
lo OVUm R N i a” ;a T N 4\., . r:
¢  Ringer's  42.0#1.9  71.1#3.4  21.541.6--
4 *‘\V ¥ ¢ ’; ” ’ ° » -0
o e b - - : i N
' Teaw continugde. .
< BRI ” LT
N p - - ﬂ'&."i :, o, . ~
Kl ‘ ¥ X - ' .:;r \a & )
s ° - = - v , v
S, ¢ & \ . - %
. p . ; ;
' L » * -, Yo *
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TARLE 26 {cont inued), .
¢. Y .
X * ! . , \\
Temperature  Component Med ium - . Exposuxe (hr) i
N A L A e R TR AR e ATACL NSNS g P S R 2 P
a 3 B, 16 s
— S e o b e e :
Water ’ 2;89.‘31}.,082 221.1425.0 2053.8+15.2
AN Eml)ry@ ¢ N ! ) N i
_— Ringer's  207.0%15.0° 320.0423.0  418.0+22.0
.0 Cy 4
Yo . I w - i
, Water 174.0428.0  38.012. 59.0+2.7 :
© yolk ., ‘ ‘ : ' ‘
Ringexr's . 174.0+31.0  38.0+1.8 59.0#2.1
" wWater 148.0+14.0 172.048.8 93.0+3.8
Zona radxata Y .«
- . FRinger's 600.0175.0 546.0+42.0° 250.0+140.0
a B ‘v -
Ad i * . ! N L] L4 ‘
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TABLE 27

Summary of analysis of varaance for Warburg resparometric tests of antact

ova, embryos and correspondang yolks, zona radiata at stage 1o moésux&d

an 3, 6 and 16 hr. aintervals in either water or Ringer's solution \

[3
\

. (9g/1 TDS) at § and 10 C. \

s =

£

-

e LT PR M Y T L G T ST MR RN LD T SR
o

C Souxce ' Sum of Degrees Mean F ratio Prébabmlipy
squares of freedom  sfuare )
n \ v 7 """"“"’v‘
. Temperature . 208225.0 1 2482235,0 6. 7% 0.041*
' Medyum ) " 493310.0 1 493310.0  11.15 0.016*
Component. ,  90569,0 3 30190.0  * 0.68 0.594 '
: ‘ Time - 80878.0 2 40439,0 0.91 0.45 :
} Temp. % Component N&;s.o 3 16581.0 0.37 0.77
‘ ‘ Temp. x Medium 241785,0 ‘ 241785.0 5.47  0.058
g‘; | Temp. X Time e 40165.0 2 -« 20083.0 0.45 0,65 ‘
? i © Medium £ Tame, " 1s6953.0 T2 Y5476.0 1.70 0.26
: Mt\acilum"x' Colponent: 20515.0 3 6838.0 0.5 0.92
i ‘ - Coﬁponeqt%x Timé, . 493323.0 6 82220.0 1.85 0.23
' . Temp. x M;d. x Comp. ' 56689.\0\ 3 18896.0 0.43 0.74
; ;‘L a Temp. ; Med. % Time. 32299.0 ‘ 2 16150.0 0.36 0:51
h | n““ Temp. X Comp. x Time 318866 & 55144.0 1.20 0.41
. o Med. X Comp. x Tame~  422651.0 6 ' 70442.0 1.59 0.29
; 0 brror 265265.0 6 44211.0
PR ' s " D ' ‘
, % = 0.055P>0.01
| | * . ,“” .
' » € - -
. ( . B .
] W ek

-
A e

e o RS - 5 Sl RT3

=



lw*‘(

e 23

0

i=liter/gshr #rable 28). ’ .

] '

=

Intact. embryonated ova appear to haove 4 carvadian rhytbm n

crespuration.  The experimental basis for this observation is given in

o

Appendix 4.
’The mean oxygen consumption per unit weight and uwnit taime at
vqriau; developmental stages has been caloulated for ova JngubaQed at 5
. and 10 ¢ with dastolved vxygen levels 0f’30, 50 and 100% airr-saturation

‘ (Fagures 6 and 7, Table 29). -

% L)
q

The mean oxygen consumption measured daily thrqughaut the |
embryonal phase, (Table 30) shéws that the significant effect by the
experimental variables gare the 1nteraét;ons;of oxygen saturation x flow,

a v .
. and tenmp x oxyqen\x flow according to analysis of variance (Table 32).

The total oxygen consumption (Tablq\31, 32) and 1ts analysas

reveals the three most significant exporimental variables are oxygen level,
]

s - ¥ -

-flow-rate, and oxygen x flow. In spite of differences in mean hourly

oxygen consumption during the developyental time from stage 1 and 15 the
P ;

total sum of oxygen consumption at every stage does not differ from 5 to

10 C at the same level of oxygen content irrespective of the flow-rate

-

and tame required to complete development.

.

-The eguations for linear multaiple regression which best describe

oxygen consumption of salmon ova durihg embryogeny (Stages 1 - 18) are;®

. )

12
Log ¥ = -3.62 + 1.1 Log T + 1.0, Log 0, + 0.23 Log F S

AN 9% F) o

, + 0.39 Log D ... (26).

-

Log Y = -4.86 + 0.065 Log T + 1.11 Log 0, + 0.88 Log F

+ 1,05 Log, § ...(27). co
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! / . TABLE 30 ; K
N ;

AN
Calculatéd mean oxygen consumption {(mg/g/hr) for Atlantic salmon ova from
&

il

! .

v

R

flow-rates. !
f T" .
' % - .
Temp 02 ‘ Flow~rate ml/m1?
e 3% sit. 1.0 2.0 3.0 B.0
5¢ 100 0.02 ° 0.05 0.07  0.18
.- oo 50 0.02 0.04 0.06 0.14
‘ . < 30 0.0}1 0.02 0.04 0.09
‘ y ’
10C 100, 0.04 0.08 0.}4°  0.40
' ' 50 0.02 0.03 0.10 0.20
30 0.0l - . 0.03 0.06 0.12
¢ 1]
Y
- -
L] ‘ Y )
s od ¥ ey , ,
- 'q ‘40 ‘ -
. X, . - -
R W " .
' A ‘ # d
. X ,
~ ” ‘ .
o » 1Y -
f - 1 . ¥
- " 1 T MR o "%

stages 1 to 18 at § and 10 C, 36, 50 and 100% air-saturation at various
L4

1
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*
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* L
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79
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. TABLE 31
Calculated total oxygen consumption (mg/g) of Atlanti;c salmon from stage
L] * >
1 to 18 at 5 and 10 C, 30, 50 and 100% air-saturation. Embryo weight (mg)- °
N o o 7
1s taken at stage 18 for group from 4 ml/min flow-rate.
Temp o, ) Flow—raﬁa ml/min Embryo )
¢ ' % Bat. , 1.0 2.0 4.0 8.0 werght
! 2
5 100 49.8 99.8 . 139.4 358.8 22.1 N
. j 50 43.2 B6.4 129.6 302.0 26.6
30 22.3 44.6 89.3 200.6 1l.9
(I
L™
' ’ .
10 100 41.3 82.5 145.0 412.8 | 14.5
‘ {50 22.6 56.4 112.8 225.6 12.5,
" 30 16.6 49.6 99.4 198.8 10.9 :
¥ . M - (3
4 , \ “
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TABLE 32 Lo . *
- - o ¥ F‘ . ) ‘
) . R L7 : - . \\ K
Summar%“?f analysis of vﬁ?‘ance qf mean and .total oxygen cnnsunp 1on of L
Atlantic salmon ova from stages 1 to 18, at 5 and 10 ¢ and 30, 50 and ‘ ’

-~

N a,n
i

100% air-saturation various flow sates.

¥

v M

Sum of Degrees  Mean

source- " ’ squares  of . squaye b T#0 Probability T
\ freedom . o
- - - e ! .
) . Mean oxygen consumption ) A 4
Temperature 0.11 . 1 0.11 4.81" 0.077
Oxygen L 0.07 2 ' \ 0.035 1.44 0.30 ‘
Flow 0.013 3 0.04 1.71 0.26 '
Temp. ; Oxygen 0.027 2 0.014 0.56 0.59 :
Temp. x Flow 0.026 3 0.09  0.36 0.78 {
Oxyéen X Flow . 0.12 6 0.02 8.31 D.01% gi
Temp. % Oxygen x Flow 1.39 6 0.023 9.66 0.001%* * :
Error L | P 6 0.024 ° |
. i ?
Total oxygen consumption ‘ j
Temperature 438.6 1  438.6 1.03 0.35 . u %
Oxygen ! 1342.0 2 3671.0 8.65 0.017% . %
_Flow - 16290.0 3 5430.1  12.80 «  0.005%+* ) 3
Temp. x Oxygen ) 1189.3 2 594.7 1.40 0.32
Temp. x Flow ' 1290.0 3 430.0 - 1.01 0.45 n
Oxygen x Flow ° 236630.0 6  39438.0 93.0 0.001¥** ; ‘
Temp. X Ox;gen x Fldw 20310 6 3385 0.12 0.1 '
Error 230104 6 424.1 Co




a

> *an which,

oy * |« = oxygen consumpgidn ova {(mg/g/hour) ,
L "t P = femperature of water ©) ] i » . - }
. ?*‘ . ~02; ﬁmskolveé oxygen (mqfi) ) o . - “‘ . . i ,
g . . ‘ v, ,
p F = watdpflow {ﬁlfménYJ > . ’ , ’ ‘ Lé
. D = ?évelopmental age of ova (daygi e Tl
§ = development age of ova ﬁﬂ‘emﬁryonal sgéges ¢ N

3 4 -

. The valculated correlation coefficients arenﬁkesentpd in Table 33 wlph <+,

e .

the variableb that determané oxygen consumption of salmon ova. Corre- °

.
» L ¥ H

lation between oxygen consumption and age of embgro, water temperature,

.

oxygen content, and flow-rate are significant in this,decreasing order

tos

In both Tables variables No. 7, tame an days,

1

. of "t" values (Tables 34).
1s stated as the accumulated -percentages of time required to reach each
stage as a (%) of time reguired to reach stagp 18;

a (%) of tame regquired to reach stage 18% .

2 Lo x100 + (2 o100 + 0l (T18 ox 1003(;/

1o Tie o T8
" ain which N .
‘ » [} ’ b * © .
T, = time in days to stage 1 o
. 5 LI
. T2 = time 1n days to stage 2 :
3 \ ]
- 3 -
T, o= time 1in days to stage 18 v - ‘

> .

n percentage of time required to reach each stage as a (%) of time required

*

to reach stage 18 at 5 C, 100 % air-saturation: . .

v L x100 + (2 x 100) “aun
- T * s
18 cs . 18 C5 . »

. for each of the 's1x environments. Variable No. 8, time, 1s the accumulated
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DISCUSSION

e of ;h& main differences between adult and embryonal oxygen .

%

consumption in addition to the much greater amount per unit of weight for

A

Y
embryos a8 that the amomnt consumed per unmit of weight rises almost con~

o » v

A
txnuouelé}?urlng cmbryogeny but after a certain point then gradually de-

creases spmewhat to values which are more or less constant through much of

-

qgult Irfel

P

1

However, the data in Table 29 and Figures 6 and 7 based on oxygen

®

consuﬁptlcn at two levels of temperature and three levels of dissolved oxygen

a

indicate that oxygen consumption 1s noi a Sample linear phenomenon in the

case of the development of Atlantic salmon embryos: There are substantial

.
- P

peaks in the graphic curves. It 1s possible perhaps to find several ex-

planations. It 1is possible that thexe aré measuring errors from different

ovum sizes and respirometers, flow rates, and temperatures may freate

erratic oscillations in oxygen consumption, In spite of such potential

&

sources of error, results collected from three ycars of experiments total-
#
ling 81 series of determinations indicatd ithat such oscillations are

-

indeed real and must be caused by physiological propert®es of the respiring

“e N a
M

ova generally, and develop;ng‘embryos in partfbular.
Oscillatidns in level of oxygen consumption have been demonstrated
durlné;embyrogenesisﬁln sea urchins (Echinoidea: Echinodermata) by several

investigators including Lgvirup and Iverson (1969). Scholander et al. (1958).

¥

The ‘oscillations were of, sufficient precision as to constitute a cyclic pro-

£

cess i1n these sea urchains. While there 1s a similaraty of pattern among
’

the reported curves of oxygen consumption in salmon ova the.fluctuations

themselves do not form periodic or cyclic changes.
F. 4

In Figures 6, 7 and 8 and curves from Hayes et al. (1951) and ‘

those of the present study for 10 C are of similar -form although not

. v . a

o

»

s e, s P

S——

* -

W A 1 W i ® A s

.
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a Figure 8 a . -
A
.

c

Gpmparison of oxygen consumption of Atlantic salmon ova several times e
1

during incubation at 10 % and 100% air-saturation in the study by Hayes

et al. (1951) and data of the present study (Fiqure 7).

The left v-axis
1s graduated in (mm3) per embryo for.the data of Hayes et al. and the

YR L3
right Y-axis i1s graduated in (mg/g/hr) for mean total covum. Hayes et al.

a

{1951) measured oxygen consumption in intact ova but converted the unit
guantity to unit weight c}fmbtyo on the then reasonable expectations

A o

that only the embryo per se respired.

oy R

ot
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1) i ' N “ F} “" Y I
' coancident in developental stages. Theacurve ngen by Privolnev (1938, 2 3
g A\ . B " 0 o
. ﬂl
p. 168) ¢oancades rather well with present. Qata. Similar form of the

.
-

a

. ”oxygen,consumption trend for rainbow trout ova has 3lso been réported by P

o , (S o n N,
o, ¢ ] ® r»h *
' . Baravik {1963).° . . . ’
AP , B ~ » ) o ‘;» . .. “ « .
According to Hayes et al. (1951) the €,15 no,s gnificant trend L
e R ), - ) - ,
T in oxygen gonsumption &f Atlantic sg}mon embryos. In spite of that, thelr .
., i }\ ‘”(.?‘ "% ® - ”3 X o
cT measured range, waith cgnsxgerabiezfluctuatleh, 15 Letween 131.5 = 156 mm "
. ! 4, T « 2 '
oxygen consumptien per gram.of fresh' embryo per hour at 24 and 35 days . h

Kﬁm,\ v
————

Vj/,r -~ ~of incubation at 10, C and 100 % axr—saturatlon xndxcatlng an 18¢ change .
- e

in respiration.

»
h - L4

3 ’

- - n Lo,

. There 1s again.,a great simalarity batween the Tesults from constant-
s o

- flow respirometry (Fig. 6, 7'and thoe® in Flg‘,B% and the data of Privolnev
«(15938), 1in spite of .the dlfferen Msum.t measures among the studles. Prjvol-

nev (1938) has.found a partial correlation bgtween oxygen consumptren and ’

.

i -

w \ A
y the rate of growth, and Ostreumova (1969) reported differences at different
. & .
embryonal stages. A .

st

' , Structural changes also dould be a factor modifying oxygen cor-
- H ‘ ) .
sumption. Tuchi (1973) observeé different types of hemoglohins and ryth- .
3 ! -~ ]

rocytes 1n the early embryos and recently hatched alevins of rainbow trout. ‘* .

» .
A 0

Brummett and Vernberg (1972) measured the oxygen consumpt;gﬁﬁln

. ) .
anterior and posterior embryonic shield as development proceeded froq!early -,

. -

v | s 7 s -:‘
gagtrula to closure of the blastopore and the anterior shield exhibited a 3

.
h <

concomitant decrease. The explanation is probably that at the time of
. -

blastopore closure the uptake of oxygen improves because of the completion » >

« "

.

of the relatfvely extensive cellular yolk sac which has greatly expanded,
A

the respiration surface. =
Ny

9 . Posterior shield exhibited a significantly higher rate of oxygen

~

uptake than anterior embryonic shield at each of the three stages of

-

€

‘ , . - B
) - et A . > i .,, , - .——-—T . "
- ‘if » #'?’\ ’,?ﬁ@".‘ *' 4’\’ '
E L SV o~
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1

Also, within ova of similar size gnd embyros of the same stage of differ-~
. ;

& ” /” |

aevelopment (stage 12,1%,16, Dppenhejrer 1937). In general, posterior
“
grafts exhibited an increase in sxze earlier in the postoperative period

than did anterior shield grafts. Th refare, from this information there

~

appears to be a general increase in xygen consumption untal blastopore

3

losure. In an unselectively drawn [sample of 10 salmon ova usually six

[
will be in the same stage, but at léast dne .or two will be more advanced

anil the others will be slightly retarded. The range difference in total

can\be as much as two or three embryonal stages, being greater in lower ,
temperature and in the later embryonal stages. Naturally, this means that .
there .5 some variation in oxygen tonsumption within and among samples.

The presence 1n these samples of oLcaSLOnal but outwardly undetectable
A

unfertiliged living ova, or embryos mysteriously arrested in early blastu-

i

lation als \lqtroduced uncontroll?d variation in respirometry, by altering

\
inadvertedly .the dividend in the calculation of the mean. '

!
T [

Anoéher factor causing differences in oxygen consum§£1on is ovum

°

size. Although mean sample weights can be similar among samples, the
.|

s1ze variations wathin various sa%ples can differ markedly ain chposztlon.

\
entiation, weights of embryos can d}ffer by treatment (light, mechanicak

'
agitation, temperature change, pH).

-

‘ Oxygen c u?gtlén can.d1ffer according to the type of respiration
e : <
chamber and the/mimber ¥{f ova in the ghamber. In a canal-like continuous-
&
flow chamber the fixed linear series of ova could rest in a decreasing

L 4
'

gradient of oxygen concentration. The situation 1s entirely gifferent in
a vertical chamber and depends on the horizontal levels of inlet and outlet
and the covering effect of one ovum on another. Except in the Warburg res-
pirometer there should be no problem of interference created by accumulated

wastes.

.
.
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yolk of the loach Misgurnus fossilis by Abramova et al. (1965). Thas

ot

the need for direct utilization of the energy resour @g development
. 4

locat?d in the yolk, according to Abramova. Also, the Yolk has been

demoéhtrated to be metabolically active by Thomas (1968) and in this
study (Appendix 1).

To consader all these results i1t might be*.oncluded that oxygen
} .
consumption of salmon ova oscillates during.embryogenesis. The farst peak

1s located at stages 6-8, and 1s followed by aggeneral decrease, followed
by a second peak at stage 12-14 at 10 C, but not at 5 €, and finally a
definite increase at hatching tame at both temperatures (Fig. 6 and 7).

To explain these changes in relation to structural changes 4«

1s necessary to consider that at stages 6-8 a remarkably high portion .

»

of superficial growth occurred, accompanired by sharp rise of embryonal
body weaght (Table'lf and Figure 3 and 4). The decreasing consumg;xon might,

be explained by the progressive developdept of the circulatory system which

I

begins following stage 8. Thas oxydén transport system efficiently redpces

the amount of oxygen required. The relataively rapid increase in oxygen

t

consumption at 10 C in stage 14 might indicate a rapid increase in

light sensitivity of the eyes and a rise in stimulation of metabolism.

-

‘The ensuing decline could then be attributed to the development of considex-
able 1iris paigment and a decline in photic staimulation {Grusser and Grusser
1961), (Table 29, Figure 3, 4 and Appendix 3). The effect of light

intensity has/been shown to have a stimulating effect on oxygen consumption
~ - -
to a cextaind poant after which 1t i1s retarded (Appendix 3).
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3

B ' The ova _received about i-3 ,,iux 11lumination ine these experiments,

. . ,

and thas 1% perhaps cl‘ose%o the value affecting them 1n the river beds 1f

¢ Y I to-

" o I\E h w K
they are not deeply buhed ’rhe ab%et\ce of -a.peak -response at stage 14, 5C, .

<
» »'

is axplimable hecause at thas temperature the embryo is ;ess actwe and g »

n LS W i Y' . -

would have lower oxygen damand and the developmei'xt p!’ lth% sensxtwmy & » ‘

’!

would o’écux: que s]:qwlY (Table 29 angtﬁlg. & and 7). ' :

“ - @ -
. . ' 4 * » [ - f Py

\ The rise in, pxygen consumpt;,mg, neq@ hatchmg,npartxcularly

o
v " 4

promunced' at 1o C, 1s d:.f.ferent frém t:hat of Hayds et al. (1951) Aowever, " . .

L3S
s
- DS R N .

il L4

gs:xmla:r «1nc}zaasgz.‘&1ave been meashred near the dOnset of hatchmg 1n other ,

» oo . n

telaost fi.s‘heé’&:y La&‘enea (1969), Lasker a,nd "Theilacker (1962) and smith ' v
f » ” A ¥

o

(1952 Aal. Alsowa rxsmg tren§ can be 1%erpreted frgm‘ the results of
F :
Prwcrl,nev (1‘3’3‘85‘ 'in. éi#:ryonal de“velopment of At-.lantlc salmon. Apparently
Q

salmon, vembryos é’!’:e more acts.ve before hatching because they are more tt ,f!‘

o . ¢

complet«el.; formed and.ﬁnuscular. -The enhanced rate of development at 5 C, ' <

4 ' s ¥

o

SD% éur-sai;nrgmen probahky is because these embryos are less active as

»

measmcna(fP ’by lnwera ﬁéartteﬂt ne@t hatching tbé: the groyp at 5 C, 100% air-

v“:")ﬂ 2 b

saturated (Appen,dnrﬂs)‘ Appqrent]?z then, tWe energy cons&rved c0ufd be
L3 \; )
used for' formatmn proées}ses, s & , .

5
N

. o » v

’ ’J;,herg ’.Ls q prcgtessj_ve decline in axygen consumption per umit - ., »

v >
s & , (- *

weaght with mcreaﬁszng Wea.gflt of embryo, yolk, or bcth. »If the embryo,~

13 - th »
o ]

yolk or both s hea»v:.er, thencons&\lptmm of oxygen/per unit weidght is -
» S

¥ w
? IS f]
N ¥ ™ s LS o o ’
smaller: . e P N
- - .« ° ¢ on " . " o .
v “ .,

The general «c;c'mclusi?;h;'f‘iom"tﬁl'? expermént 1s that in syite ofr o

] I

s w

¥ + ?

these mod:.fylﬂg influencesnthe total’ oxygen consamption of ova rises . .o

LY . ‘. ;( ! #
steadily through the develgpp\en,thal phase ,but the l‘consmnptmn oer unit weight i .
- L s ' 4 .
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ﬁ\re& meortant paslc, factors; temperature. oxygen content of the

\

~

a

o

4
@

3

t

1

Y

*

»

- “
" X, Water, and water moVement or flow about the ova. No doubt there are

. e “ .
‘?he lgvgl,of &xyqen gconsumption by fish ova 1s determined by

,athen factors sucﬁ as ligh®, pH, and salinity which nfluenceooxygen
édnsumptwnM 'ﬁogever, 1? thLSAchapter, only the firsgt meéntioned

thrég’fapto;s afq monsmdered, becauyse they are the.most 1mportant
L ¥ o,

varlg\bles J.‘n th%' envuonment of salmon. Ova 1in rivers are buried 25-75 '

] ¥ ) ¥
P

mm dgep 1in gravel and lllumlnatlon then has a very imited effect.
. 3 “ i

Since salmonids spawn in fresh water, there should be no effect asgcribable
) > -

*s

L thce 1t 1s possible for eacinof| these variables ﬁp mask the

“

effeéés Eo somé exgent the effects of any ther of these, the data have

[ ., s “

® beer subjected to® llnear multiple regress analysis. The double logar-
\/ © .
1thmic: t;Ansformatlonﬁwas cons;dered most approprla afher trials with

M -

»
,
al‘lthmEtlc And- partial logar:.‘khmic forms,

wy
.

»4

o
o - ‘Accordxng'to the results of multlple regression analysis given
'Y ﬂ R

an Tablg\34 the qut amporta

lating these variables, it 1s possible to have the '’

e TEAE

fi
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In addition to these major variables (temperature, oxygen ’
saturation, flow-rate) the salmon ovum is affected by several lesser

factors. As we can see from the Warburg respirometry, the activaity of
N .

lb
ovum components 1s altered not only by temperature, but also the medium,

+

time of cxposure, and total weaght (Tables 26, 27, 28).
Xn"spxte of all the difficulties, simplaifying oxygen consumption
in relation to several variables to a linear double legarithmic form

’

vielded good apﬁroxxmatlcns to the calculatxﬁgvff)absolute values when

the’ varying combinations of environmental factors were known.

R Recently, Laurence (1969) measured the oxygen consumption of

ova of largemouth bass Micropterus salmoides with standard Warburg

manometric respirometers at 20 €. He measured 21.79 ml (15.24 mg) whach

15 about the same as the measurement obtairded at 10 ¢ and 4~ml flow at -

|
100% a1r~satufatlon 20.3 mg oxygen consumption per ovum from fertilization

i)

to hatching. Comparisons with other authors are detailed an Appendax, 3.

'

The effect of low levels/of dissolved oxygen and exchange of
water (flow-rate) 1Zwell known. Both mean difference in the oxygen

supply and change ifh permeability of the zona radiata (Hayes et al.

1958, Garside 1959, Silver et al. 1963) alter oxygen consumption.

The retarding effects of low oxygen supply on development
of salmon eﬁbryos has been considered previously in the section on
development and other authors' exper:rments as well (Garside 1966, 1970

Eberhardt et al. 1968, Duodoroff and Shumway 1970, Table lé).

The data in this study were applied to the Vant Hoff QlO

13

relataionship fqr compératlve\purposes. The velocity constants K5 and

Klo were calculated from the equation, : ,

a

log K, £ log B + t; - log B

given by Belehradek.(1930), and Hoar (1966).

> 4

. -
A

-

T
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-

o

] f)q
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These were, o N
on leve ’ '

Oxygen level K5 K]Q

100% of aix 1.20 1.92 ,

saturation -

50% nf pir 0.96. - 1,20 . s

saturation . )

30% of avr 0.47 0.72 ‘ .

saturation . ’
The solutions for . . 1n IS PGS ) = K

ojuti or Lyl the expression, Yo ﬁ§$ﬁ~x 10

KLS T]”‘TQ 8 . "ii
are as follows; . . s N
4
1 .
. syilen level i - R
‘ 1
N\
100% air saturation 3.20 b
~  50% air saturation 2.50
30% air saturation 3.10 \

1
"

~ The value 1.60 for the acceleration in developmemt in air-

' L]
saturated water 1s in close agreement with numerous similar calculations ! .

o U
in the literature (Belehradek 1930). 1 : ]
We, can see then that respiration of salmon ova 1is directed

-

by intrinsic and extrinsic factors simultaneously. gost of the

v

o

oscillations in oxygen consumption during the development of salmon ova
& . .
at constant environmental conditions can be correlated with structural

changes. The experimental conditions can alter the metabolic rate so o
I \
much tyat the results might be far‘grom what 1s actually eccurring in

natu%e.
With rising temperature, flow, oxygen content, and age, the -

.

total consumption of salmon ovum increases. At the same taime the specific
consumption ‘(oxygen consumption mg/’weight unit) might be decreasing =~ ~

for different tissues or parts of the embryo and ovum generally.

“
.
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TNTRODUCTION

o

+ Yolk 1s quantitatively the major fraction of unfertilized fish

ova, generally, andsalmonids in particular. They are, thus, classified

.

as telolecithal ova. Chemically the yolk vontains proteins, phospholipads,

neutral fats, carbohydrates and minerals. Depending on which component

~

predominates, carbohydrate, protein or fatty yolk can be distinguished.

° Yolk has‘been accorded the most attention in gqualitative and @<
- . W 8

quantitative evaluations  {(Barman et al. 1944, Fujino et al. 1971,
Fujino and Momma 1971, Hartmann et al. 1947 Hayes 1949, Hollett and Hayes -

1346, Momma et al. 1970, 1971 Smith 1957, Yamagami and Mohri 1962,°

L d
3! 5

Yamamoto 1956, Young and Phinney 1947). .
There has been considerably less analysis of the encapsulating

zona radiata, or the perivitelline fluad, of the water hardened ovum

e

(Bell et al. 1969, Eddy 1974, Fisher 1963, Fllchter and Pandian 1968,
Hamor and Garside 1973, Hayes 1949, Hurley and Fisher 1966, Manery 1966,

Potts and Rudy 1969, Rudy and Potts 1969, Warren 1947, Young and

L

Smath 1956, Zotin 1958, 1964). v ’
‘ "‘3 N v y
The present study provides both gualitiative and «quant:Lt;at:Lw.-’Vc

o ' 2

analyses of the total ovum, yolk, and zona radiata, as a bage for a N d

1

later consideration of progressive changes 1n composition {hen yolk 1s

assimilated and metabolhized by the advancing embryo and alevin. ‘

"

<
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. volume of 0.05% CaCl

® AT

»
-

- MATERIALS AND METHODS . v .

Qualitative and gquantitative analyses of organic vomponents i .

-«

weye performed on)froshlyfvrtlllzeécwa.from a single“pair of Atlantxi . . \

»
* r v »

salmon (Salmo salar L.) described previously.® N ,
3 ~ @ '

Samples of ova, separated yolk, and zona radiata, were qaﬁlectéd

<

ot

for analytical procedures. ,The chemical determinations were made in

parallel, from Iiving ova and ova frézen at ~75 ¢. Sance 1nf§rellminary

¢ P B

§ - L)
comparisons significant: differences were not apparent most of the-material

- o

used 1nh these analyses was taken’ frem frozen samples.
Yy

’
-

v,

' Quantitative values were determined for phospholipaids, phospholipid

»

phosphorus, cholesag&ol, tqyal lipads, RNA, DNA, total protean, nog-prétein

’ u . Y
nitrogen, total carbohydrate, glucose, ash and water from qpmples collected s
. - ' ‘ - f

i

24 hr. after fertilazation.  ° .. >
o

Most of the samples were dried at 1Q5 C until weight became constant, o

- ¢ i FEEY

but some were dried at 60 C because of some pDSSlbliltY of altég;tlon

in the lipid fraction at_thélhlgher temperature., (Oser 1965). . !
Jotal iqorganlc solids were determined by gravimetric.difference §
following incineration of previously dried ova and parts in an electric .

muffle furnace at 600 C for 30 min (Anonymoué 1960). .

P

S Y 5 P

Immediately after weighing, the qgmples for other analyses

‘4 »

were homogenigzed in a glass homgenizer ;nd extracted with 2.0 ml of N J

13

a 2:1 chloroform methanol mlxiure according to Folch~P1 and Sloane-Stanley

3
’

. ,* '
(1957). The “extraction was repeated twice to ensure complete remdval of )

ikglds,that were soluble ~in this solvent. After each extfraction the suspension

was centrifuged, and the clear supernatants were combined (extract A).

The residue was set aside for DNA extraction.
s 4

. Non-lipid contaminants were removed from extract A with 0.2 ml

»

After centrifugation, the upper @haséﬁ

. . L

3 v 4 e

2 solu?ion.

LR S

PR . "
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N .
¥ : $ - i v

and any material occurring at the interphase were removed and discardeds
4 ‘ - Yo .

# -*
Waghed Chloroform-methano] layer was taken to dryness under reduced

s w
»
I » -

) \
pressure using a Buchler Retary Evapo-Mix flash evdporator. The test

v 5 ¢
3 ) tubes containing the dry resihue’were placed 1h a vacaum desiccator , N
¢ R lid

4 jcontaiming KOH at the bottom. The desiccatgr was evacuated in a refrigefator

' ”
| 3 .

at-4 C oveynlght. The dry resuine of extract A was redissolved in a small
améunt. of whlcrcform—methanoé‘zsl, filtered through glass wool intg.a volumetric
® ry wD @ . a -

£14sk and the volumie was made up to 2.0 ox é.ohml.,LSOluﬁxah A). Samples’ i
® Wy ' . “ﬂ.ctﬁr&

o

’ ’ fﬁom éhesq solutions we're used to déterm%pe thi phosphorus and cholesterol
i - \ content and ph?spholiplq c§m9051t10n.) ﬂ R
t T?taf ph9§p§0rus content was determined by the‘sﬁectrophotometrlc .
! i > method of Faske Subba ﬁadtRow as modirfied by Ba;tlett“(}959). Sa&ples ,
e -
* (0.2 or 0.5 ml) were placed; irt a waEer‘bath at 3é ¢ until a%l the solvent i
s haézevaporated. Conce;trated*sulfuric Qéxd, (lO,N)~was added, 1in 0.5 ml

portions to all the test tubes, including tybes for reagentblanks and

o :1norgan1c rhosphbrus standards of 1, 2, 3, and 4 ¥ g. ,

A 4

co , + "The, tubes were placed in an oven for 3 hr at 180 C. Following -

2
- ®

v this digestion, the .tubes were removed from the ovgﬁ, allowed to cool, .

%

and 2-3 drops of 30% hydrogen peroxide were added. The tubes were then

- e

returned to the oven and the contents were digested for an hour at

5

‘ <
180 C. To those tubes that still contained undigested material, a further

2-3 drops of 30 percent hydrogen peroxide were added and the contents were
digested for an addational hour at 180 C. This step was repeated untal all the sampg.es

? - . .
were clear and colorless solutions. To each of these solutions,. 4.6 ml

ammonium molybdate solution (prepared by mixing 1 ml of ammonium molybdate .
e *
5% solution with 22 ml distilled water and 0.2 ml Fiske-Subba-Row

t

Reagent) was added and thoroughly mixed. » All tubes were placed in a

wag

M -

vigoroésly b01l1ﬁg water bath for seven minutes. The samples were removed

o

e

{

o s o
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[

from the water bath and mixed again. o abSerbancy of samples was read

at 830 ‘mn wave length in & Beckmap ' D. U. spectophatd&etex.

/

The phopholipid é/yp051t10n was determined by thinrlayer

chromatcgraphxcﬁmethod ;mﬁb). {Meze1 and Ambrose 1970, Ambrose and Mezel

N

1971). These procedires yielded quantltle§ of phospholipids based on )

K&K = K&K Laboratories 121 Expressg Stredt, Engineers Hills,
L « . X s r

Plainwiew, New York 11B03, USA. 3
v B *
PCC = Pierce Chemical Company, Box 117, Rockford, ‘Illinois, USA.

o

Sigma = Sigma Chemical Company, P.O. Box 14508, Saint Louis,

Missouri 63178, usa. t * - .. ,

Cholesterol was also determined spectophotometrlcally by both
the specific pr;;edures of Hanel -and Dam (1955) and Zak et al. (1954).
Totdl lipids were d&termlned ;;ectOPhotomét:;cally according to the

$ .

AN

L]

yrocedure of Holland and Gabbott (1971) '

The fraction of the mate al to be used for total carbohydrate

determination was hydrolyzed to glucose with traichloroacetic acad.

- s

. Total njitrogen was measured by the method of Folin and Wu (Oser

ar -

1965} . - Proteln nltgegen was determ{ped by a modified Kjeldahl procedure

e

<
\
N
7

the following standards: | f
/// Supplier and catalog number
//////;;/ = Lysolecithin = Lxsophosphatldyl choline PCC 354601 .
t LA = %—A~Lecithin = Im»A-Phosphatidyl choline . PCC 3—-5130u
‘s = sphingomyelin J " pec 3-8210
] PE «= Phosphatidylethanolamine ‘ K&K 21423
OPE = o~phosphoethanolamine ) . K&K . 17802
PC = Lecathin = Phosphatidyl choline K&K 2462-A
PS = Phosphatidyl-L-serine o K&K 17816
LE = }ys;phosphatidylethan?lamlne ) Sigma L 6751

3

(!o
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" acad present.

a9 b ¢

©

* - -
descraibed by Holland and Gabbott {(1971).. Determination of total protein in

bovine albumin was also determined by this techmique as a standard

{Lowry et al.1951). :

¥
The nucleic acids were determined quantlta%iygly by the

»

+ AN
gfpectrcphotometrie technique of Santen and Agranoff (1963). ~DNA was also

o

measured by the technique of Abraham et al. (1972). In ordex to correct

for interference by substances which absorb unltraviolet radiations an

« e

extract of KOH-~hydrolyzed "tissue breakdown products™ was prepared as

3

described by Santen and Agranoff {1983).

values for unhydrolyzed and hydrolyzed substancénglves the total nucleic

—

These acids were separated by the perchloric acad procedure

3

fl

for spectrophotometr§ given by Santent and Agranoff (1963). °

n

The corrected absorbancy factor for RNA was estimated to be

0.597 and 0.722 for DNA. .
>

e

ﬂnzyme actxv;baeg “of 2’3‘-cyc11c nucleotlde—B‘-phosphohydrolase

il

and adenosxne ‘3 5'-cycllc monophosphatase, abbreviated and

s

géntloned later

\_’
©as 2! 3' cAMP-ase and 3'5'-cAMP-ase respectlvely, were estimated by the

-

method of Olafson et al. (1969). L
\ ,

. .

The difference in spectophotometric

a

"

-
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e . RESULTS “oh . .
! ? A e “ . I3
o 'The me;aqurgd dry weight of ovum, yolk, embryo, A'zona radiata and
- . ‘ . A .
¢ * - g L4
- alevin from fresh samples and those stored at -75 C dried’at 60 and 105 C * -
} * . @
’ ) ] A i
to constant weight are presented co?paratively in Table 35. = , & . .
- - v - : 1 ’ v ? o ¢
o e Apa]ys;s‘of variance revealed.that the drgweights of these faive . -
. entlities were Signlfigankly different (P = 0.024) and the methods of . ’
S o - . . : PR v ’,
- *storage (P = 0.011) also yield significantly different results (Tabl o
- % . !

A3 s > -
36). Signaficant differenves occurred between 60 and 105 C dry 'weight

4 ¥ o

in all fresh samples, with 't' tests.” The dlfferenceé for Zona h

.&‘.? .

radiata, yolk, embryo, and alevin were hxghly significant between ; !

frozen samples at 60 and 105 €, but for whole ova it was ngt 31gniflcant.

s v s

: iQualytative  and quantltatlvé results of the spectophotometric
4 { o

and chrematogzaphic analyses are presented in Table 37. Protein is the,
-~ P ) ‘ x 4 o

e o o
“largest component of the dry substance of the ovum and the yolk (50%), i ’

= Vb s

. . but forms only about 20% of the z¢na radiata. Carbohydrate forms the largest =

v
v 4

component of the zgna radiata, beaing abdut %0%, of dry substance, -

5

Results for the composition of perivmtelllqe fluid were

1

determined as the difference between total weight and sum of the weights -

of the pawtial entities, for each substance identified. These values -
/ 4 e o , P
are given only as fractional wet weights. ’ ‘

t L)
e

i
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~ f  TABLE 3%

*

L34

e
P

1
60 C or 105 C from fresh and deeply frozen ova (~75 C). In addition to
» .

o

a

Comparison of dry materials of Atlantic salmon eva, {stage 1} dried at

. Y
in stage 1, hatched alewins were also measured.

»

Il

’ ”‘Substance Dry Material (percentage total weight)
" c 60 C : 105 C
o ! Sampie /

Fresh Frozen Fresh & “l Frozen
ova . 28.241.6 3:2.0_-!:1.8 23.5+0.98 31.8+1.41
Yolk ., . ’ 35.3+1.8 35.7+1.2 25.940.4 32.6+0.6
Embryo 20.0+1.3 28.0+3.6  ¢18.3+0.5 18.940.6
Zona radiata ) 45.7+1.4 39.1+2.2 8.6+0.8 ,25.140,9
Alevin (Embryo + Yolk) 26.4+0.9 30.8+1.6 24.1:0.8 24.4+3.0 .

3

o -

1

9
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TABLE 36 o .
, ¢ » '
Analysis of variance of pffect of storage method on dry weight of o

component of Atlanti almon ova. Components’ egg, yolk, embryo, zona
radiata, alev1n< \Storage = fresh sample, freezing (-% ‘¢), glycerine-~
' , l ’
aleochol. .

-

! : S /
, ¥
Source _Sum of Degrees Mean F Ratic Probab:.llty_&
squares of freedom squdre ,
Components  337.5 4 84,4 - 5.10 0.024*
1 )C
‘Storage 275.2 . 2 137.6 8.31 0.o11* '
Errox » 132.2 8 16.54 ,
&+
1 ? © / H
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The most frequently analyzed fish ovum 19 that of the rainbow trout
* . :

&

“{Salmo gairdneri (Richardgon) and most of our kndwledye about the composition
“ k3

of Atlantic salmon ovim Originates from the pionecr work of F. R. Hayes

¢ 3
and coworkers. Most of the presentljg;stlmated quantaitative values are in
* 3 ¢
good agreement. with the results of Hayes (1942, 1949), Hayes and Armstrong
’ v

N
(1942), Hayes and Pelluet (1945), and Hayes et al. (1951, 1953). The \
- results of thin-layer chromatography are comparable with the TIC yalues
v ¢

in the ovum of rainbow trout given by Yamagami et al. (1962). . It seems
s N 1
that the only significant difference between rainbow trout and Atlantic

salmon ova 1s that the lipid content of the last 1s about
)

i

¢ 1

} twice as much as the first.

i
)

4 . The composition and weight of ova can varybecause of differen-

l ®

ces in maternal dgenotype, age, phyqlologlﬁﬁl condition and diet during

r 2
R J
-

oogenesis. Algo, mechanical alteration of ovalin preparation for chemical

1
analysis can also create dlSC{GpénCles in composition. For instance, the

difference 1n werght between freshly dissecte and well cleaned zona radiata ,
t @ [y

can be as much as 6 to 1 respectively and this might be an explanation for
the results presented here and those described in the literature. Also, T v

there 1s a serious loss of perivitelline fluid by evaporation and adhesion

v 5
to the instruments during dissection of the ova.

- }

To measure accurately dry weight 1s also a difficult task. ‘

As 1t 1s presented in Table 35 the measured constant weight can vary

L

depending on the temperature used for drying. The weight of the several

-~ «
.

> eomponents more closely total the weight.of the intact ovum when drying

# .+ 1s performed at 60 C rather than at 105 C. The weight loss at 105 C

1

15 due to the decomposition of lipids in the yolk (Oser 1965). Although
less chemrcal zlteration would be expected at 60 C than at 105 C, the

t t @

=1 “ .

T, M
'S R + t ' T
L N Z R - i‘iw!‘iw . ‘gq,
B > e
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reverse ﬁaSOgcurredxn the zona radiata. The explanation is probably that

the water in the zona radiata has cooperative hydrogen bonding {Lehninger

/

1970} which cannot broken easaly at lower temperatures, *

The data/in Table 37 have excellent agreement between the weights

X

determined indirgctly and the dry weights determined gravimetrically.

The discrepangy between the total ovum and the sum of weidhts of yolk and

~

zona radiata 1s probably mostly the result of incadental loss of perivitelline

’ \ s

£luid dutring breparatmons. ‘\v
[\

Certain components recorded in yolk such as RNA and DNA can no
be claimaddefinitely by the method used, as invariable parts of the yolk,

since there is some p6551b111ty that they came from the embryonal

tissue or the vitelline emembrane. However, this could not be tPe,case in

the zona radiata, because the cleénlng process 3gakes highly improbables

o
i P re

the presence of any embryonal tissue. The presence of nucleic acids

% LY

in the zona radiata will be considered further in a later section.

The relatively small propoytion of carbohydrate in fish ova has

*
&

been studied in Salmo gairdneri by Smith” (1952 b) who showed that depletion

» (LS ¢ “a

of this consitituent is especially noticeable during the establaishment )

{
of the blood circulation, hatching, and the onset of starvation after the .

volk has been absorbed. However, Daniel (1947) was unable to detect a
3
fall in total carbohydrate, but rather progressive increase, during the

o

development of Atlantic salmon embryos, i1n agreement with the present

study. In the zona radiata, carhohydrates are probably in the form of

-
v ] ®

1chthglockerat1n and mucoéolysaccharldes (Bell et al. 1969, Porcelli 1969),
Analyzing directly the perivitellln%*fluid of AtlanFlc salmon ova,

Eddy (1974) measured 58 % water, 25 % protein, 12 % lipid and 1:7 %

carbohydrate. With indirect determination of components, total ovum —

& 4

(yolk + zona radiata), in the present study, water was 71 %, protein 20 %,
. ‘ "

e T 853
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Lipad 4.8 % and carbohydrate 0.80 ‘%. The major disctepancy between the
two analyses 1s in the laipid content which can be ‘ea'f;'ily explained by
, loss ‘of lipid during dissection of yoln{c (8-10% of total amount).

The composition of phospholipids has indicated that the main
component. 15 lecithin (PC = phosphatadyl chnlxr:fe), which corresponds to

the determinations in rainbow trout. ova by Yamdgami et al. (1962).

<

. In a later sectmp the changes in these fractions during

s

u

development will be considered. .
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. CHAPTER VI
G “
. NUTRIENT ENERGETICS
. AND GROWTH IN EMBRYOS OF
. , @ ATLANTIC SALMON INCUBATED AT
VAREOUS TEMPERATURES AND LEVELS
. OF DISSOLVED OXYGEN
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. INTRODUCTION

Embryonal differentiation and qrthh of a vertebrafe occur in g

i

a metabolic system under rigorous and constant internal control. The
2

process invelves a serquence of coordinated events which must be
? 13

accomplished in relatively strlét seuence 9nd without extended

v .

interruption 1f the amimal 1s to develop normally. The supply of

v
»

nutrrents to the embryo, and the manner as which they axre ntilized

o
o )

-
by respiratory and anaboli¢ processes have rerdived-relatively little

1
T

attention in fishes. ¢ °

'
N 13

g The development of a f%sh embryo 1s'rogulated by antrinsic

Al
.

and extrinsic factors which are the genctic materials, and the é;emxral v
components of ,the ovum. The extrinsic faétors are the «ffe. tive
o ‘ i

’ w1
.

envaronmental conditions. % -

’

Extrinsic factors Y)’ ’

-

Extrinsic factors have been categorized by Fry {1947, 1971), in the

present context, as being co;Efaullng ox limiting: a controlling factor %

1938, Oya ‘and Kimata 1943, Hayes 1949, Hayes et al. 1951, Einsele 1956,

Tanizaki ¢t al. 19§7, Fry 1957, 1958 a, b, Baravik 1963, 'Lasker '1964,

. A
Hamor 1967, Alderdice and Forrester 1968, 1970, 1971, Ostroumova 1969,

"

Garside 1970, Carlson and Siefert 1974). - .

v

The observationsg agree that lower temperature causes lower

r

metabolic activity and a relatively longer period of differentiation

-

with larger embryonal size at hatching and at yolk absorptlon.'mﬂlgher

g temperature increases metabolism and the rate of differentiation but * - v

) Al A
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LY

smaller embryos are produced at these stages. There are deviations fyom

o Yy

this in some ,fish embryos which are adapted to relatively warmer temperatures.

These fishes have tﬁcrmal optima for maximum growth d?‘a-p;rtlculdr stage and
both lower and ﬁ:uhor temperatures produce smallex ombryoﬁ. (Lasker 1964,
Flachter and Pandian 1968). Certain differences in embryonél growth

réflvvt differences in Q££1c1onby of enerqy ut111éat10n {(Flachtoer

and Pandian 1968). Of course, there are'other, factors which mmqhﬁ affect -

1

embryonal growth such as original size of fertilizéd ova (Garside and Fry 1959),

Q

t
»

but tempeérature and oxygen appear to have the major effects on energy
(v
* utilization.

oy - 4

Intrinsic factors N ,

Inrteleost fish the nutrient, requirements of the embrye are
met by components from the yolku'imﬁlbed watef, and solutes dncluding
dissolved oxyge&. The majorﬂsources of energy are lipids dnd‘protalns; a
salmon ovum loses in weight 77% of its original fat and 45% of its original
protein in producing an average fry (Hayes 1949, smith 1957).
Llpids are typically the major dxe%a;y energy source in fash
(Hochachka and Somero 1973). The aguatic diet 15 often characterized by a
high lipad content, and lipid 1s an gfficient way of Storing energy, Since
i1t has a higher energy content per gram than either protein or carbohydrate.; .
This latter property is particularly valuable since most iish expermeﬁce

severe depletion of their enexrgy reserve for a part of each year.

vHochachka and Hayes (1962), Hochachka and Somero (1971), and prensteln (1974) -

3
3

state that fatty acids of lower molecular#feight are accumulated by the

trout in hypoxia, (Hochachka and Hayes use the word "anoxia"). Fat

accumulation also occurs in salmonid embryos, when,the oxygen contert

of water is lowered {(Blazka 1958}. - *

There are dlfferences in the utilization of yolk components' of

4 M . .

Py s
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. salmonid ova previeus to and after hatching, Prior to hatehing the main

[y - » N <

N energy supply comes from Iprd utilization (Hayes 1930 é, h, 1949)

* v

N I\
<mostly from phdsphiatidyl choline {FC), which 1s the main component of

/,:) yolk lipsds (Yamagamy and Mohri 1962). After Watcehing, some protein

P
a

P4 1
and other jarts ol thao phospholipard fraction are consumed an Salmo

t ¢ Lol [ © N

gazrdneriz (Suyama and Ogane 1958, Vamagami and Mohry 1962}, while

é??a “ihe non~pr0;ein fravtion 1ncreases about fave-fold. E
e ) ! - Since cholesterpl is aﬁ lnteimcdlateynmtﬁhgllcipraductvlnj
5
1ip1d metabalaism it might) be a good indicator of giowth faie in general,
. /and particula¥ly in tge 7ervous system (Bucher ot al. 1960, Howard gﬁ_g;:

\ / 1969, Harry ot al. 1971./Gask1n and Clayton 1972, Xrusky and Naryan 1972,

! / Watanabe and Ando 1972). ;

4

' The genctic anformation in the Fish embryo determines the
e

o

b basic directions of growth, yolk utilization and later the size reached
b : “

by the fish in adult abe (Balinsky 1968). However, there is very little

3

° information available concerning the correlation between the presence

and quantities of certain chemical compounds and the quantaity of genetic

I

material in fish. An amportant exception is thepfignificant correlation
- : Zgﬁ

which has been shown between the growth rate in fish populations and the

o

DNA:RNA ratio by Bulow (1970) and Haines (1973).

-

Total carbohydrates are guantitatively low (less than 1%)

n

r
and probably do not contraibute much to energy sources. (Hayes and |

i o ”

Hollett 1940, Hutchens et al. 1942, Daniel 1947, Zeitoun et al. 1973, ..

~

Yirowitzky and Milman 1973 a, b).

¢

’

ilthough the protein of the yolk is approximately half utilized

during embrycgenesis to produce an average fry there must also be

3

considerable synthesis in the developing embryo. Since RNA controls

N 9
protein synthesis and DNA directly controls RNA synthesis, changes ,

. @ .

» &

- -




°

¢ .

in metabolic regulat:;on by extrinsic t:actors might be plpected to modify

L 4

“this chain of syntheses and create differences in phendtypac ‘characterization.

t ] -~ I

Y

v ™

Correlations have heen bestabl;}}fd%‘etween oxygen consumption or supply,

and DNA synthesis (Brachet 1950, Lgvtrup 1953, 1955, 1958, Deuchar 1966,

B

Das 1967, Cameron and Kostberg 1969, Chopra’ and Smne'tt 1969, Ivanchik and

e 7

Kried’sgab‘ér 1969, Lgvtrup and Iverson 1969,° Abe and Yamana lB?Q, Dontsova:r

and Ivanchik 1970, Abraham et gl. 1972, Haines 1973, Wattlaiff 1972,

v 3

Giudice 1973, Gilbert 1974.) In the present study, protein levels have

been related to quantities of DNA and WA and these are referred to the
t 9 N

3
? N +

. Y %
en;uronmental conditions under which.they formed.

'
v *

. The hest explanation that can be offered on the basis of

enzyme actlv:LtyE 1s that every species ofrfish or any other animal has a N

-
©

combination of énzymes that produces an optimum ehergy utilaization at a

»

13

-’
4
3

particular tempeyature and oxygen level, and the effectiveness of substitute

. 1soénzymes in meégbélmc pathways 1s generally less than as the series
- 4 v

yielding the optimim (Bucher et al. 1960, Brewer and Sang 1970, Deuchar

\ X
1966, Dirksemn 1971, H‘{padle:y 1938, Harmsen 1969, Hbchachka and Hayes 1962,
- Y

# . | .,
Hochachka® and Somero 1973, Lehninger 1970, Somero 1973). Enzyme activity
' 5

<

has been demonstrated in various parts of the embryonated teleost

W ted

embryo, including yolk (Abramova et al. 1965, Hamor and Garside 1973)

vitelline membrane (syntitaial layer and ectodermal /epz_thellmn of the yolk

v

sac (Rom}nim et al. 1969, Porcelli 1969) and the zona radiata (Hamor
and Garsaide 1973).: )
There have been implications that 3'5'cAMP 1s a praincipal
regulator of the activities of oth;r enzymes especially those which are
involved in glycogen and 1lipid metabolism ain fish (Brooker et al. 1968,
Hardman 1971, Ghosh et al. 1972, Ichii 1972, Ohsawa 1972, Kinght 1973,

laidler and Bunting 1973, Naito and Tsushimo 1973, Tash atﬁt;n A973,

?
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Yurowitzky and Milman 1973 a, b, Weiss and Stiller 1974)., Measures

- have been made in the present study to determaine 1f there are relations

o, 1 @

between environmental teméeratpre and oxygen supply, and 3'5'cAMP

~
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MATERIALS ARD METHODS
Changes wn the composition of the ovum and ats constituent

parts, embryo volk and zona radiata were evaluated chemically at several

- 1

embryonal stages. The analytical ?echnxqﬁes were the same as those employed

A

in the initial study of the composation of freshly fertilized ova.

In addition to these analyses the quantities of '3t -cyclic '
nucleotide-3' -phosphohydrolase and 3*,5'-cyclac monophm%pha dge were .
. . - L . el
measured indirectly by spectrophotmetric determination of the hydrolytid
A X .

liberation of phosphorus (Olafson et al. 1969) from “alkaline phosphatase

{orthosphosphoric menoester phosphohydrolage E. C.~No. 3.1.3.1). * Caloric

conversions of the estimated quantites of organic compounds have also been
v'a . ¥ - v
calculated in order to make comparasong with values obtained calorametratally. #ee

-

The calorie values ascribed to the classes of compounds reévealed '

2
s

>

=
o

in this analysis were obtained from Hayes {(1949) and Fliichter and Pandian -
{1968) as follows: <
‘ \
11pad 9400 cal/yg.
...
protein 5650 cal/g. .
carbohydrate 4150 cal/g. .

nonprotein nitrogen 4280 cal/g.
7 4
Tonversion of material combusted, to the necessary amount of oxygen

was calculated from unit values given by Hayes (1949)

Protein 950 ml/g.

4 »
Laipid . 2020 ml/g.
Carbohydrate 810 ml/qg.

3

To have the necessary substrate concentration the M%chaells—Menten

, equation was transformed to theLLineweaver—Burk plot and values of 1/Vmax, \

-l/Km and Km/Vmax were evaluated.'-(Fig 9, 10 after Lehninger (1970)

¥ . o

[V .
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s Figure 9 .
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values of 3'5' ¢ AMP-ase acfivity measturgd as the. amount of phosphorus . '
% ‘ g
liberated by alkaline phosphatase, plotted accoxding to the method of .
, ' ‘ 5
Lineweaver~purk (Lehninger 1970). The Y-intercept iz l/Vmax an which - .
Vmax 1s the maximum liberation of phosphorus (/min). The x~axis s . E
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RESULTS
The dry weight of intact ova mea%ured‘xn late embryonal development
(staqe;ls) from the six developmental environments did not differ from

that og‘staﬁe 1 in the respective groups (Table 38). Neather were
i, . ’
thare éignlficant differences between temperature treatments (P>0.40).

The dry weight of yolk was measured at developmental stage 18

]

,and 10 C experaiments in samples from all

b

(Garside 1959)« from both § C

incubation environments (Table 38). Theré was some increase in dry material
¥ v .
at 10 € and hagher oxygen level, but'according to the anmalysis of vé@xance
dry weight of yolk §énerally was not affected significantly by temperature
P & .

s

aght of the isolated embryos at stage 18 from the six

-

‘developmental environments differs markedly between temperatures, being
' 1}

regularly lower at 10 C, (Table 38).. The influence of dissolved oxygen

o a S

protein/DNA p osbﬁorus,wére in good agreeﬁent with each other and with

4 i i
embryo weight at 10 C but not at'5 C. (Fig. 11 and Tables 39, 40, 41) ]

L v

A THe total protein diminished slightly an the ova from stage

1 tojl8-in\all experiments. Decreases were greater at low oxygen levels,

and at {10 ¢. (Table 39). . :

L}

The amount of RNA and DNA in the total ovum had the same trend
as thoé% in the embryo except that the quantaties of both components
) ‘ %
were considerably less per unait weight than in the embryo. The ratio

@

of RNA/DNA in the yolk was generally higher at 5 C than at 16 C, and

at 100% than at 30% air-saturation. {(Tables 40, 41 and Figures 11, 12, 13).

#

3 The RyA/DNA ratio increased from development stage 1 to 18 in all
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‘seryved samples at stage 18.

éa

5 a

. , c ' \mc

oo

Component  100% 0% 30% 100% \50%\ 30%

°

Ovune 28.2+1.3 31.6+0.8 30.3+1l.3 33.3+1.6 31.7%0.7 28.4%0.9

Yolk 31.3+1.6 33.8+41.0 32.6+1.2 35.8+1.2 33.4+1.4 32.3xIN2

' Embryo 22.1+41.2 25.241.8 27.042.2 19.4+1.4 19.321.8 20.2%2.3
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1h mg/g, for Javing weight, at cach of 18 developmental stages iucubated

N ‘

Estamated amounts of RNA/NNA Qf the ovum, yolk and onfhryo of Atlantac sa%mmn
- |3 . v

o N » ° " . . : R
o ' I
!) C C uy ’c‘ ol') c 3
stage 1008 T 50% 308 100% ¢ . 50% 30%
& - » - o f n “a
) - ) T ) Ovum ¢ ’ U( n” ’
t " ‘J‘n = P i [}
. 1 6.1/1.4 .., 6.1/1.4  6.0/1.4  6.1/1.4, 6./l -61/1.4
x ‘ ’. ' ) ’ Ty .,
S 4 10.3/h.4. 9.9/1.8 ° 9.9/1.2 13.2/1.2 13.5/1.1 " 13.1/1:2
’ 8°  10vRAL.5  10.4/1.2 ) 10.6/1.5 , 15.8/1:3 ° 10.6/1.4 12.3/2.2
1 25 -
’ 11 11.571.7 10.7/0(5 11.3/1.5 15.9/1.3 1l.6/1.3 12.2/1.9
PR 15 ¢ 12.171.7  9.8/1.6 ) 10.6/1.0  15.1%41.8 11.9/1.4 12.5/1.9
i N 18 16.3/1.8 '16.2/1.1 12.0/1.8 . 15.1/2.3 * 13.6/1.3 12.5/2.2
. « T w PR
‘: a a © ° N . o Y()?.k;] 4 - . .
N Y ~ @ < ‘ ke !
, 18 ,  12.5/1.4 10.0/109 °8.8/1,5  8.8/1.7  8.2/1.0  7,6/1J7
¢ B . a « ')“‘ i ot
- 3 " \‘\n 5 o Embryo . N . )
‘ " ! N ° ) ‘ ) ‘ -, ‘ 9 7 N
: . 4 5.0/2.6. ¢ 7.2/2.6  B.9/2.6 " 15.4/2.4 13.6/2.4  19.7/2.4
“ . N Wt [ "
6 ° . 19.0/2.8° 16.0/2.8 °14.0/2.8 16J0/2.6 = 12.0/2.8 V™ 8.0/2.6
B @ ¢ - : L ’ ’ ¢ 4D “ v
Vo ' 10 28.8/3.6  24.0/3.5 20.0/3.0 22.0/3.2 14.0/3.0 10.0/2.8
N a ‘\1 ) 3 L4 e - ° ' n d 3“
- 214 34.2/3.8 ¢ 38.0/3.6 22,0/3.2 24.0/3.4 .18.0/3.3 -$2.0/3.0
Lo ) * n LR .. - > Fr )
L 16 32.0/4.0 ' 22.0/3.7 17.0/3:1 . 25.0/3.% 20.0/3.4, 13.0/3.1
18 ' 2k.1/4.4 .16.2/3;8 12.2/3.0 26.6/36 ° 211&?/3:% 14.4/3.3
1 v . s
» P - R 5, N N N K ¥
) ‘ o r °[’ © "
. I
L A 2 <, , ' !
£ v . c ,_“e ""
° Y & w® k nn ‘L
. Y ; . -
,ax:" - - - .
1 R . "7 .
: - &ﬁ - PX) 1

b

at”’ two temperatures and three levels of ﬁis;:mlvoci oxygern (3 arr-saturation).’® ,

o

s

t
%
o

w

o g



»
2

»Lontent of Ag

v

" Temperature

[N

®

~  weight and

3

“ 0"

Y

otein,\RNA/BNA ratio,~protean/DNA phosphorus, per unit dry
N - ey

‘
120 v,

-

¢
TABLL 4]

.

> !'

[

1

ryo welght of Atlantic salmon embryo at stage 18, from

1ncuba%ion at two tem erature@vaqd three levéls of dissolved oxygen

1] -
(% awxr—saturakaon).

3

.

&
t

|
i

1

s

Air-saturation

Protein  RNA/DNA  Protein Embryo weaidght
C % mg/y DNA P may
w00 452 4,11 - 312 22,1
5 ¢ %) ' 448 4.26 418 26.6
30 311 4.07 300 11.9
‘ b , -
, {
{ 100 510 7.4 380 14.5
‘10 * 50 440 6.2 340 12.5
s 30 371 4.4 - 326 10.0
- %3
- (') - -
.
. . ,

R I

a
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Of‘lléld and the decrease of nonpolar l;plds was higher at 10 C than at 1
5 C at 100% air-saturation but w$s the opposite ;t lower air saturations.
(Table 43, Fig. 15, 16, and 17). “ ‘ ' &
Phospholipids in.these embryos generally increased from stﬁge
11 to stage 18 (measurements from earlier stages were omitted to conserve . g
ova). The increase was greatest at low temperature and lower oxygen ;
‘concentratlon. (Table 44). . ’ ‘ ,
The totalvllpid content 9f embryops was estimated only at stage i ?
‘18 and 1t seems to follow the pat?e%n of phosphél;pid change, haighest o
at the lower temperature and lower é ygen levels. (Table 39). ’ ;

1
v

experiments. The® increase has a broad peak about stages 4 to 8 at

5 and 10 €. The highest ratio at stage 18 occurred at"50% arr-saturation

»
. T e

at both 5 and 10 C. (Table 40 and Figure 14). ’ \

\

“
[

The phospﬁbrus content of phospholipids was estimated From

whole ova at six developmental stages. -

. ot

The estimated amount decreased from stage T to 18 in all |

/.« experiments. The‘&xeatest decrease in total amount of phospholipid P

a

1108 ug/g; and 43.1 mg/g phospholipid was at 5 C, 100% arr-saturation.

The decrease was less at higher temperature and also at lower oxygen .

O N

, s .
concentration in both temperatures (Table 42, 43 and Fig. 15). At the
same tamé¢ the daily decrease (total® amount decreased/ﬁotal\develapmental

tlmenin days) was highest at 10 C and less wath declaning’ temperature

-

and oxygen concentration. «

o After comparison with tripalmitin standard the total lipad 1

o
4

content was’ estimated. The decrease of total lipid had the same trend

o

as #hat for phospholipid. Phospholaipid was‘apdht half of the total amount

) E

]

\ k
\ The phospholipid content in the yolk also decreased during

1

development. The decrease was greatest at 5 C and 100% air-saturation
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AP

. Total content of phospholipad phosphorus of ovum, yolk, and embryo of
Atlantic salmon in Yg/g for livang weight at some of the 18 developmental

stages at two temperatures and three levels of dissolved oxygen (% air-

saturation).

v

. 132

‘TABLE 4.2

’

. . 5C 0 ¢
Stage ’ 100% . 50% 30% 100% 5Q8 30%
' . Ovum
, 1 1659 1659 1659 1659 1659 1659
C o4 1201 1298 1364 1254 1390 1628
. 7 - - o = 1o20 1376 1616
8 1135 1251 1276 - . -
.9 a - - . - 948 . . 970 1293
. 11 849 946 981 - - -
13 - - - 871 “g93 1073
. 15 792 924 046 R
18 550 -« 911 928 847 862 927
Total decrease 1108 . 748 o T30 7796 733
Decrease/day 13.3 8.30 7.9 ]:8.8 :[7.0 " 10.6
) ° 'Yolk h
1 1659 1659 1659 £59 1659 1659
18 . 631 1030 1276 . 809 924 990
; Embryo
’ 1 1628 1716 1980 1496 1540 1760
15 1870 ‘ 1980 2420 1628 1716 1953
18 2090 2420 3482 1760 2090 — 2338

TSP
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r TABLE 43 .
b \ -
! Quantities of phospholipids (PL) non-polar lipaids (NPL) and total lipids
{ (TL) of Atlantic salmon ovum and embyro in mg/g, for living weight, at two
temperaturcs and three levels of dissolved oxygen (% air-saturation}.
. o
100% 50% 30%
< \ stage Temp PL  NPL  TL PL  NPL  TL PL,  NPL  TL
Ovam ° ’
§ 1 5  §4.5 66.5 131 64.5 66.5. 131 64,5 66.5 131
£ . D )
l 4 . 46.7 65.3 112 50.5 65.5 116-  53.0 65.0 "118
& . »
8 . 44.1 60.3 104 48.6 37.6 86 49,6 38.7 88
» 11 * 33.0 55.6 79, 36.8 43.1 80 38.1 45.0 83
15 . 31.0 36.6 6B 36.0 33.3 69 36.8 38.5 75
18 21.4 41.5 63 3§l4 29.7 _B5 36.0 33.8 70
Ty
Total decrease 43.1 25.0, 68 29.0 36.8 G6 28.4 32.7 61

3
»
AJ 4 L3

Decrease mg/day 0.52 0.30 0.8 0.32 (.41 0.73 0.30 0.35 0.65

, 1 10° 64.5 66.5 131 " 84.5 66.5 131 64.5 6.5 131
: 1 : 48.8 45.0 94 54.0 41,2 95 63.3 34.4 98
7 39.7 50.5 90 50.0 44.2 94 62.6 3g£5 96
, ) 9 . 36.8 50.7 88 38.0 51.4 89 50.3 40.0 90
13 . 33.8 47.5° 81 - 35.0 5L.0 86 41.7 45.8 88
18 o« 33.0 36.4 69 33.5 41.5 75 36.0 42.4 78
£ -
] ( Total decrease 31.5 30.1 62 30.9 25.0 56 28.5 24.1 53
' Decrease mg/day 0.73 0.70 1.43 0.66 0.53 1.20 0.41 0.35 0.76
' Embryo b
. : .
18 . 5 81.3 17.7 99 94.0 21.0 115  135.5 45.0% 160
‘ 18 10 68.4 6.6 75 81.3 4.7 86 91.0, 14.0 105
{7 ‘
zz; _ )
1 e

W, e
1
e
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- e

5 s e L T 4 ¥
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TABLE 44 5

Absolute amount of pho%phollg;ds of yolk and Gmhryoqu Atloantaic salmon in

v

mg/g, for living weaght, at two tomperatures and three levels of dissolved
N *

oxygen (% arr-gaturataion).

S 5¢ 10 ¢ 4
Pad
Developmental stage 100% 50% 30% 100%' 501 30%
Yolk
. 1 64.4 &64.5 64.5 64.5 64.5 64.5 -
18 24.6 4\%0 19.6 31.5 36.0 38.5
’ Embrym '
R A 63.3 66.7 77.0 58.2 , 6L.0 68.4
15 72,7+ 77.0 94.0 63.3 67.0 76,1
18 81.3 94.0  135.5  058.4 81.3 91.0
\
| :
v ¢
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1 v -
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Example of distribution of phospholipi oompdunds on T34 plates {aklxeviationg
PR !

.

gaven in Figurc 19). Phospholipids were oxtracted from miost ova of Atlantie

salmdn incubdted @at two stages of development in wars w ¢ pbinatiens of C“‘
temperature and dissolved oxygen. . . v"’ .« T
‘ From left to right, . - ﬁ‘m\ .La"' .
lank (control) L ow At :”‘ R
2. Btage 18; 10C and 100% alr:saturatqu n fﬁ >\¥‘ ‘
. 3 “ .
d 3. _Stage 18; 5C and 30% aix-saturation . = o

8

®

@
.
k3
cf
ES
-

. Stage I; (common to all gx s)

13 [ e N L
5. Stage 18; 10C and 5 alr—sat.m:\abxg "
. 6. Stage 18; 10C and 30} air-saturation. “
13 o . \
. 7. Btage C and 100% air-saturation '
o ~ \
8. - Stage 5C and 50% air-saturation
o . . .
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. « that value detérmineghdlrectly from the amount of phosphorus.

A Q :
o Ry , Al . O W . v 1 . “
1 . . . - L
! . FE.

- + w ¢

" ? S
. and legs at 10 € or at Iower oxygen concentral toun (Table 44},

Y L Y N ¢ L
p o JIhe rerat wye changes in phdopholipade are’precsented in Tables

.

© b 3
- 45, 46 and 47. At both temperatures, and thiee levels\of air-saturation

o ' r
v - 'Y o o~

- oy phosphatidyl cholane (rc) scem: to be the major cofponcnt., yudntitatively,

N v °
W of melabolaic oxidations. The estimation of absolute ameunts of

B \
1 ’ s

~ot  Y'phospholipids 15 presented “in Tables 46 and 47, 1L was also PC whach
o had tho greatesi dedrease from stage 1 +o stage 18. The decrease.was

\
y /! v 4 o

gﬁeateejAat low temperature and high oxygen conceniration.
I’ o

[}

in the yolk at stage 18 faye components were separated

.

!

[

by TLC. :Thesg\qorﬁ the came af those adentified in stage 18 salmon

' ombryos pxcopt QAk PE which was not detegted. AL 5 €, 100% air-saturation

T~

the order of amounis 'of phospholipids was, PCoPSeS™LEPLC. TIn all other

gxperumental conditions the yvolk was composed at stage 18 of the same

R »

\phosphollpnds, axcepL‘for the 3uxt?9090d rank of IC; (PC PS»ILL>S>LE),

ag shown in Table 47.

T

The absoiute amounts of phO&PhOll?ld vompouudﬁ present in the
embryo from theumost to least, were: PC?PSZPE)LE>S>IQWQL 5 C and
100% alr:gaturathn from most to loasg r€qp;ctively: At 30} arr-saturation
’ " thas o;der 18 dlffegént only in the amount of S which s thg least an thas
case. At 10 Chand 10&% arr-saturation thais oxder is, PC>PS;LC>SAPE>LE.

» i

Z

3

At 10 ¢ and 30% airr-saturatybn the order of components 15¢ PC>PS>LE>PE§LC>S,

- n

(Table 47). . “ ’ }%% ¥

b

. \ o

presented in Table 48. «The agreement of the methods of spectrophotometry ,
3]

for phospholipid P and TLC in thys example 15 96.3%. The difference for 'the

4
L a

'
sum of the phospholiprds varied in these experiments from 85-98% of
N 3 - g . -

a

t » A

The cholestergl content ain these salmon ova rose from stage 1
4

'
.
n x

+ ~ A
A Y

>

°

fThe quantities of phospholipad P estimated by TLC (Figt .19, 20) are

=y

=0

T

Th

»

i e

P

e

i A
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Amounts oi phospholapids of yolk and ewbryo Atlantic salmon an igfy

upper line and an percent {Lower laine) of amount at si:atje 18, for livang o

woight, at two tomperatures and tfree levele of dissolved oxygen {% air=
saturation}. Abbrevaations are, lysophosphatidyl choline (1), sphingg-

myelin (8), phosphatidyl cholane” (PC), phosphatidyl-L-serine (P3),

lysophosphatldylethénalamne S{LE) and phosphamdyq.etimmlamwe {(rn) .

2,

o e

. ¢ % o \,
Compound  Temp  Oxygen \g, R . . (
. G air<sat.s  IC 8 re t P, Y pL
N, .
Yolk 1327 2493 J14406 4259 1470 - f
5B 100 | . 3
o 5»3 :!().1. 63.‘3 " 1?-1 5-9 i [
/ 5
.- 202371813 20471 6171 1591 -
30 & N Y
5.5 4.4 7.13  14.9 3.8 p -
| (o ’
3771 2970 15985 4800 2165 -
10 100,
; 12.2 9.6 55.5 15.6 7.0 - ‘
3249 2281 21839 4649 1540. -
. 30 TN
> 9.7 6.8 65.1 13.8 4 -
° o—'—\/ 7 A
Enbryo 3645 6426 32648 14214 593 14986 ,
5 100 ) - ‘ 1
. £ 5.7 10.2 47.8 22.2 13.9 19.2 - ko ,
: 4257 1190+ 55000 30360 19280~ 24200
a 30 3.1 0.9 4.3  22.3 14.2 " 18.2 -
N 5280 3872 22880 7920 13200 2728 .
10 oo R b o
. 12.0..-8.8 52.0 18.0 3.0 6.2
‘ 4365 2182 63466 15866 8140 4840
30 N -

4.4 . 2.2 b64.0 16.0- 8.2 4.9 .

B ‘
N n o - = i
¢
* 3
* a
[
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i . TABLD 48 )
‘. i @ ) e -
. i Estimated Rf walues (rotardation factar? ' g{uant;im_;es of phosphelipad
.0 . R (ug/c,m?} on TI2 plate, phosphorus multipliex {phospholipad/phosphorus) ,
z h . ' vhospholipad (Bg)/ovam (g}, in stage 1, and phosphorus (Hg) /phospholaipi
.t
(g} an recently fertalized ova of Atlantic salmon. Abbrev:'uatmns axre,
. co lysophosphatidyl choline (LC), L-A-Phosphatidyl c,:hcln.ne {Lad) , sphangomyelin
Tt sy, pho'sghat1dylethanolamme {PD}, ortho-phosphatidylethanolanine (QPI;)G,
\L’ . D ph&sphatldylchcllne {r2), and phasphatidyl-L-serine (PS).
' . Compouned RE value pg/cmg P multiplier phospholipids phophorus
: (ug/q) Hg/g
/ e 0.30 + 0.05  4.08 36.6 3126 85
§ , 1A 0.38 + 0.06 3.8 2.5 182 4.0
g 8 0.41 + 0.08 9.9 67.2 5009 75
,}i r\ 7 PE 0.44 + 0.07 3.5 L0 25.4 1401 10.8
| ‘ © o opE 0.58 #0.03 5.0 ‘ 28,4 95 ., 3.3
" pc ' 0.62 £ 0.08 . 430 [ 48.6 39738 820
? N ! ks
pg < 0.71 + o.(Is , 50 " . 28.8 11000 380
e IE . 0.77 % 0.06 . 5.3 39.2 . oaz2 T, 220
‘ wotal ° C : . k; 1598.1
| .
N : ' N '
; ) a ) .
i T « ’ ) ' - ” v
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to 1B in all experiments, ‘This ancrease 158 greater at 5 C than at

10 € but is reduced by lower oxygen levels. (Table 49 and Fag. 18).
-~ - -

The cholesterol content of yolk after an anitial increase then decreased.

a

The decrecase was greater at 10 € than at 5 € and was greater at hagh

oxygen concentration than at low. The cholesterol gontent of the embryo

-

increased significantly from stage 9 to stage 18 ‘(Table 48). The

“

cholesterol/DNA ratio increased generally from stage 1 o 4 and then

-

levelled and gradually decreased (Tables 40, 49), The*hholestcrql/pna

ratio was hagher at lower temperature and high oxygen concentration at

stage 18 *1n the embryo. :

»

The amount of glucose increased at low temperature and oxvgen

levels, from early to late stages of development. (Table 50). The

amount of carbohydrate increased in all experamental groups with the same

trend as that observed in glucose. (Table 50).

.

s The enzyme activity of 3'5'cAMP~ase decreased from stage 4 to 18,

&
»

but was relatwvely higher at higher temeprature and higher air-saturation.

(Table 51). The enzyme activity oflg'B'cAMpuase rises from stage 4 to 18

» '

at 10 C but decreases with lower temperature and lower air-saturatioms.

v
o4

{rable 51).
The chemical composition of 25 mm fry at 5 C and 10 C and

100% air-saturation is presentedoln Table 52. Amounts of total lipad,

protein, non-protein N, total cafbohydrate and ash are greater at 5 C.

Amounts of RNA, DNA, phospholipid P, phospholipid and glycogen were higher

at 10°C. Dry weight was higher at 5 C Fhag‘at 10 €. Table 53 s?ows the

caloric values of components for comparison of results with other studies

derived by other techniques.

The amounts of different organic compounds at certain developmental

stages were compared with the respective embryo weights fog/each experamental
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TABLE 49
‘ ¥

Iy

|}

1

-

s of cholesterol an ovuh, yoik, and embryo of Atlantid

<

1

salmwon in mg/q,. for Live weight, at two temperatures and three levels

~

of dissolved oxygen (% arr-saturation).

AY hd L“' : \
o 5¢° e - 10c L g
Stage GG 50% 30% 100%  how 30% A,
v R . M ] ‘s - . |
g . ' Ovum - C
» 4? “l ! . f N
1 0.65 0.65  0.65 L0.65 " 0.65 b/B5 :
) , . £ ] " , -
.4 1.38 0.75  0.60 0.90 0.80 0.70 \
-8 1.50 1.50 1,10 . 0.92 0.66 0.53 \
1L 1.60 1.50 1.50¢ 1.00  .0.53 . 0.48
15 1.70,  1.50 ~-1.30 1.1 0.52  0.50
18 1.80 2,10 1.60 120 d.oo 0.80
N ‘m )
v R
s N I 1 \o
. " volk i’
S [ :
N 3
1 0.68 0.68 0.68 0.68 0.68 0.68
4’ 0.60  0.83 1.65» 0.36  0.76  0.80 ¥
"9 0.80  1.20  1.80 1.10 . - 1.49 ,
.. y
.18 0.40 0,45 0.50 0,33 ° 039 T 0.4
.4 Rty
i3 4 L
. : Embrya
: ? Y
4’ 0.10 0.10°  0.10 0.10 0.10 0.10
g £ 0.30 0.29 © 0,28 0.45 0.42 0.17 .
18 4,98 2.70 2.30 ' 1.30 0.85 0.70 § \
A , ' )
. ) -
\.

B N . - -
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TABRLE S0

B

guantaties of glucose and total carbohydrate aim otva (mg/qg lave weight)

&
'

of Atlantic salmofi, at. two tomperatures and three levels of dissnlved

3

oxygen .« (% aip-satuxataon).

3

s
\ )

Y C;td (812 Wum;w:?-:&;f po—- . 1(} (:‘4—-* .
PLAges 100% H0% 30% 100% 509, 30 ‘
. ) .
S . 7 L Ao, g ey Ea T
Glucose . .
& * +
c LN LJs: 1.8 1.18 .oras. is 1.8
. 6 1.40°  1.50 1.60 «  ° 1419 1.20 1,20 7
. N 1.65 1.75 2,10 1.10 1.20 1.35
\ ﬁ CL2.02 2.30 2.64 1.03 1.25 1.54
! , . . R "’ )
r X . ’ - ‘n
5 N Carbohydrate
s . "
R AT £3.62 f({ 3.62 3.62 3.62 3.62
5 “)ﬂ — st % .
ST e %.65 + 3.90 4.10 3.70 3.80 3490
Ve 12077 3700 4430 4460 3.80 4.0 4.30
ay ¢ Nt t Yy ? '
o «(18 3.84 . 4.70  5.50 4.00,  4.25  4.55
1 \'\3 ® « “ 5
. . L .. : y . R .
. ’ ;\c» | . ! °
a - ey - nt * ¢ =) N °
‘rr;. ) :? .- ' ‘VL‘ ’
& N m}_f? - “_u ;' . .
San W v, *
k] \ Is ¢ n -
\ “u ! "o &ﬁi ‘ \;
LY ~ M . n R v, R - o .
& . @ a g * . ’ @ - L
) a A M ‘.; ¢ . * N .
. N [ » v
: o ’ . 4 ' * \
LY A \, 7). a ‘P D 4 "

-4

e

I
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TARLE 5],

.

Dotemal od values of epgyne activaty of 35 cAMP-ase and 2'3 cAMP-ase

%

of Atlantie salmon ova expessed o amouni<s' of phinsphorus Liberatoed
N 3

& L4

by alkal inc phosphatase,.ection (A); IMP/q{ovam) : DNA(mg) /g {ovum) ;

@ v

cholesterol¥mg), section (€)7 at two .

°

gection (B); and, MR/ {ovum)

?

tomperatures and three levels of dussolved 6xyqonw(% an=gaturation), |

[andnasssacic b AL LTINS S S I S Saia i an bl e T i S e e A e AL TR S amrrmw-mc'-uwmvw~vv;¥xmﬁ
- & 100 . ;! ya
{214~ €3 Tasge - s M Sameren Y. U &S RTE e oot citensprehos B meweeea G R T TR ) TR e T 0 RS W RSConmOwe
Arages ~qgny D 30% ~ oon, 50% 3% .
3750 ¢ AMP-ase P 3 5
. s ) L a . ‘
4 251.0 - 21,0 . 251.0 - on1.0 7 281,07 251.0 ’
18 125.0 100.0 33.0 198.0 " 150.0 110.0°
. ce ) - )
¢ P 1 14 = 3 a e
4 - 9.5 0 96.5 96,5 104.6 104.6 104.6 . 7
18 . 28,4 " - 3.2 11.0 55.0 42.9 33.3°
0%0 o -
J (C) - 5 u 1 '
‘4 2510 2510 2510 ,"2510 W C oosle v
t . i “
18 25.1 37.0,  14.3 1523 176.4 157.1 T~
I, Y * . I
s 213 eAMP-ase v 0, ' ﬁas ' “
(A) )L " o // a
P M M [ ' "o o
-4 " 370 - 370 30 - o300 .
18 173.5 = J.e* . 730 - - 480.0
Al t s v « * a4 ’ +
n . (B) \ . . ) .
4 142.0 - “vo 14200 142.0 - * o 142.0
18 . 45.6 ‘.- 11.5 159.0 - 33.3 "
L 3
{c)!,\‘
4 3700 . - 3700 3700, 3700
18 34.8 -, 15.0 ° *440 - 685
” #' . ] . . ) ¥ b._%;k ;
! - v £ * ot 4 - " - & “
N . ¥ ,Miﬂ";;’:‘ ‘[ ' \‘L»‘“":":"‘
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TARIL b2 |

Miiferonces tn gross chemeal composition (migesg) and caleulated
1

calorae values 1n Atlantee salmon fry all tame of total yolk ahsorption,

v

at 5 apd 10ee, 1007 arresaturat von.

' »

]
B I R T B o e T

6 o 10 <
Component “Werght Calorzes CWewght | Calories
(msg /e7) (mg/ur)
RN 6.1 - (’ 7.9 -
DNA 4.0 - \ 1.5 -
\ 3
Cholestorol 1.0 - \ 0.2 ' -
Phospholipad P 97.0 ug - X L12.7 ug -
Phospholipid 1.8 b - 4.4 -
’
Total lipads 11.0 103.4 o 5.l T47.9
Protein 122.0 689.0 85.0 480.0
Non protein N *10.7 13.6 8,0 34.2
[
i
Glycogen .1 - 1.9 -
Carbohydrat e 3.8 15.5 ; 3 ﬁ"’"’ 14.9
TO y '
mdt l(h’.() - l]zu 7 -
o % \ -
col/ weight. 852 N - 517 -
o q ]
t’al/dry weaqght. 5259 - B * 5119 -
» e
S — , o e e
» r o
k . ' .
@ ) L1 3 . @ '
Q¢+ o » i .
- - , - A4 ’ . .
. . L 3
. 5 " o / tle ’
: . =2 SN
f’ Y i
S .. ’ -

iEA

‘-E.

A et F
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n 3 -
oxygon (% airx-saturation). -
1 1
5 e, g : by
1Y - 4 o i » b
, o N n . T 10 ¢
y , Process,, Htedae . L00% 50% 30% 100% . 50% 30%
»
T AN ol \ y - e
&
, Yolk Embryo * 1.08 ™ 2.00 1.22 «0.97 1.08 0.69
conversion ¢
* y e - ¥ - -
g' N FI y \ 1. 2;8 1- SQ
Al
i ’ \ ¥ 0t
* ' IS *
b Cal/Animal Eubivo 34 47 4 19 17 15, I
- n
' Fr 16 - - - B - - -
< y 4 > AR
. &
e ° \
a i N 7
: Calorices Embryo 97 85 119 a5 %100 108 \
. |, ‘consumed . . ) . )
: . , Fﬂy 208 - - 241 PR -
i o oag " I A ’
l .
z o . o y
' Gal/mg gain Embryo 3.98  2.85  9.15 6.5 7.3 9.6
R N e s w
‘ B * 3 £
f . - Fry 1 54 - T 1.70 - -
¢ S “ Y . L
* 2 . “10
s«i 1 ? ~ ¢ ¥ ‘ - ‘
5
. i Utalization Enmbryo 35 55 20 20 17 14
efficiency . 4 - »oon
' C(s) Fey |, 58 - - . 34 - - vy
L3
* » ® ¥
7 . ' [}
‘5‘ ] - e L *

\ - . .
‘A « . ? P a v a‘ , 4 6 -
i ‘ - - ~ “ Ty . o M i

. - “ & N R 1] R .
1 ¢ o L3 o -
' R v o " L P N -
- ) ® . " so " " S *
- q: N [ M o
, L4 , P S , “‘ﬁ:‘ ) N - y @ .
¢ o T R s ¢ (‘: . * LN
2 @ ’ YR ) o -,‘ " (e .nrh ot v M IS
| 4 ')’ ~ \,_‘ ;{ AN o -~
h - - RN : L. - < PR Yo - N i
- o *'1 © .
o 4 % ki = e ! v )
' . 2 a " . - - X e
A R i , e b
s & ® « -
fr ACT I S - I, !
X # " °
- v - " t ’ a -
) e e . !
' ® - -

' b
u

2
1
» T

1

¢

TABIEL B3

u

Yolk convorsioh (ngg L gainfmq/yolk deplotaon mg), 1otal calorxies/animal,

* ! i > . ] » s
calories consumed, utilization efficiency of galories (caloriosanimal 100/

& ,

Al @
valories consumcd), in Atlantig salmon embryos

3 § ‘

¥

\d

AN

at stage 18, and in fry (at

total yolk absorptaon), at two temperatures and three levels of dissolved

.

>

o

e

e

i
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. é 1 . 150 L
\ . N * ' s ' .
d A ; 3 w
' . ¢ KY . ¢ . ¢ .
. group by means of the 5PSS multaple xegression computer program of

S

ation cocfficaents of chemically

o ‘

¢ @
Noxthwostern Unaversily. Pearson cqyrc]
M [T o “
' a
determined compounds (mg/g) with émbryo weight' (mg) were cxceedaingly  ©
i 4 @

] v [}

significant for phospholipidg (P<0,0001), RNA {(P<(.0001), vriy nxgﬁmfaeant
& a

b 5
for total lapad (Pﬁo.;ﬁ),oand siguificant for 3'5%0AMP ane (P-0.0L2) *
. 2 ) ‘ “:'u“o N " ' " i
~—fnd for RNA/DNA (P 0.009). 'The cbeﬁilqigﬁ of 'determination (&%) 'was
é ' 'y * :L'. ! “t
\ o . 0.86, the R-valuc 8.39, and the stfandard errox, uf estimated embryo .
¢ 1 : ¢ < \ \ " ! f s *
weight from the variables was 2.57. Then, af all the waraables axc: . x
v , ] - « I .
“eomputed in order.of swgnificance from the most to thcnlwﬁsﬁ according ¢
. o Ly ‘ ® & [ . o
. , «~  to this analysais ﬁﬁﬁ order 1s: .. P o
. ‘. Cholesterol , \ -,
v \ Y Lo,
L, Temperature v . .
» '~/ R ’ ' ‘“ ’ .
r (315 CAMP-ase ot -t /7 - :
i - . -
. ;' ; RNA .
. oﬂ i ra . .
'i « ) , ; ': . N
oo Cholesterol /DNA . - w
- & ‘3 i
LA ] . Y . i 1« L
. ’ ’ - © Oxygen ' \ L \
o -‘ ¢ 1 N R . . ' . »
. . - S Developmental stage ’ ,
. DNA . e
¥ . , §
y , B
, - . T . RNA/DNA : R
. * - . . By
& e Phospholipid and, = ; o0
I3 - e R
Total llpﬁfc . . ” ’
b L] Wb
" \ In the multiple regression, total lipad (P¢0.00001), RNA/DNA
v ) L : !
: . (P<0.0001) and 2'3'cAMP-ase were highly significant (P<0.0001) with the .
® 3 < v ¥
‘{' 2-tail ‘probability.’ Variances with the 2 - tailed t-test were highly oo
‘ 8 g Y > !
e significant for the amounts of RNAF(.P<0.DO§),ncholesterol (P<0.0001)
.o  cholesterol/DNA (£<0,002), and 2'3'caAMP-ase activaity (P<0.0001)!* ' .  ®
' v A . . as . .
f ¢ 5 The ainteraction between embryo weight and the chéhical com~
{ . . . W vt
? L : .«',

» L ~
ponents of salmon ova was analysed waith BMDO3R computer program. 3

Double logarithmic transformation provaded the beﬁt&léast squares

v L 1
@ .

v ? S en “

P

[y [ " a s v
s .
- © 4 - .
H

%

oy -

R s P 3
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e . . #
~ . rmiessiuq. Besides the chemical components, tht equatiny has three
¢ ‘ ather variables, temperature, oxygen and developmental <iage as a measure
of age of the cmbryo, The wmportance of the variables as predictors '
i i Lo . L
3 ‘ of ombryo woliht according to tetests ard, in descendang ordor \ ‘
. o . *
° NEE i ] n B \
?15 ¢ 1 o ’ Im 4 \\O
¥ , M
i ¢ ’ e « Tomperature
\ . ° , . Cholesterol . \
(IR R . ¢ N 5 .
° hd t 1 “0 N
. )} N - ‘ ~ Rygen
. R L  Developmental stage :
B < i.‘ 4
g "L . 0 phivspholipids
. 2'3’cAM}P~ase
\ . TN 3'5'eAMP-ase
‘ ' - L
{ ¢ "
0 o Total laipid’
"t < ¢ o &
P — | ' DNA™
- “ N 3 3
!. To rci,veal significant effects, linear regression of cmbryo
' weight as a dependcnt variable wag calculated against each component. \
~ L3
o - S
1 »
: According to thas analysis the order for predictaon of cmbryo weight
. using a single factor 1s: *
i,f % , * Phospholipids (P<0.001) ,
1 : d
L] ]
e " . ' Rholesterol {P<0.1)
s ‘ ‘\4( RNA (P<0.01) - o o
re ] ' ’ 4 A N
. ‘ RNA/DNA (P<0.1) °
T » -
b 3'5'cAMP-ase (P<0.005)
fx"' “or n" ’ ! .
;I " A 2'3'caMp-ase (P<0.1)
’ . Total lipads (P<0.2)
- Cholesterol/DNA (P<0.5)
. . '&g first three components are highly sagnificarit and the last
000 - *
§
Lo four componénts are nonsignificant according to the tests. ,

w
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The ecquataons for lineay matiple mgiosi\&@n, calvulated by the i
) carlieyr montioned PSS and 1~Mr)¢S 3R cc\ﬁuautor proarams, which beot descyibe
’ tﬁe embryo werght, galoul até-d from chemycal ;ompnnnnm and cnvi x.om}wntal
. factors are: P , ?
' iﬁ»og ¥ ~70.01 » 2.0 log X1 i 0.52 log Xﬁ - 0.3:1. !30;; :{3 10,12 Jog Xl 4 . -~
. 278 ;icig g = 0.1 log =.0.43 lc:r; ﬁg 10.33 log ¥ -
‘ 0.4.00g Xyy = 0.4b 10g Xy v v v v v e o (289, : ‘
Jdog ¥ = 0.35 - 1.54 Jaq Xl 4 6(3.54; log x? - 6.‘: Jog x3 1 “D.()Oé log X4 4 a
1.76 log X, 0.61 log X, + 2,27 log X, = 1.84 log X + :
' . 1.1 log X, 1 0.49 log X, —‘3.306 gnq Xy, = 1.76 1oy B, ... (20) _
Log¥s5.3»3\.f)'lo§x3......?..5 D . (30) . '
S The x° values f;;)x' the three equations (28,7 20 and éQ) arc, 0,82, 0.86 -~ =
-and 0,63 respretavely, and the P<0,001 foxr"all tllle three (aquatléns. . -
The abbroviations are: b , . v )
Ty = Embryo weight in mg .‘
X, = Temperaturc g incubation water in C ) ’ ) ‘
X2 = Dissolved oxygen mg/L T
x3 = Phospholipid content of total in mg/g o . )
X 4 = Total lipid content. of total ovim in n:q/c; X
xs = RNA content of ovum Jj;i mg/qg ' o
- X6 = DNA ctmte;at of ovum in mg/g > ’ . ) ) ]
. . - . . .
X7 = RNA/DNA ratio in ovum ) - . i n\ . ﬁ; .
Xg = Chigs esterol.content of ovum 1n mg/g I ' -,
Xq = Cholebtetol/QNA Tatid' an ovum “ b, ,
xlo = Developmentafl stage of embryo ! )
- xll ==‘Enzymeﬁ activaity of %'5'cAMP-as;e ‘of ovum " N
}4{12 = E;lzyme aqt1v1ty of 2'3! cAMP—a;e of ovum, ’
' '/ @ @
p)
. o AP T
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The develnpmont of a4 salmon embiyo 19 aceompanied by hanges
+

in ithe chemical components n the ovum generally.  Soveral compononts
notably laprds and proteins provide the necossary encrgy for morphngenetas,

«

osmotic, mechaniral or structural work (Bretti 19u2). Components such
at minerals, aminoe acids, saceharides, build the cmbiyoual body .
Becouse of the high sensativity pf spectrophotometry and TLO

analyses il was possible to detect changes 1n lipeds and proteins usgd in

’

embryogenesrs from fertrlization to stage 18, changes which arr Pan®

- ¥ .
also scen ain the weight of ova during embryogonesis.
- -
, The composition of the frechly fertilized salmon ovum as rich

2

' an protein and llpmdnwhlch are 56% and 39% of the dry weight respectavely.

However, from stage 1 to 18 the main energy spurce appears 10 have been

the lapid fraction while protein seems Lo have formed the <econdary cnergy

‘ source and carbohydrate, nop~protein-nitrogen accumulate in very small amounts

(Table 39). These results are in agreement with thooe of Hayes (1949), ’

‘
i

Igvtrup (1953) and Hayes (1971).

The total lipad content of the ovum decrpasos somewhat more at

0

10 ¢, to 25%, than at,§ C, to 27% (calculated from data in Table 39 and éxq. 14) .,

@
-

The quantity per wmit of embryo weight at 10 ¢ 1s,almost double that at 5 C,

and 18 to be expécted because of the ancreased enorgy demand at the higher

temperature. i - "

,
v 3

Also, the hagher energy demand maght be the reason that at

-
B

higher temperature the utilizafaon of phospholipids takes precedence

., over the non-potar Lipids (Fig, 15 and 16), in agreement: witq the
- wd 7 (] ” - P
6‘”obsef%atmdp of Smith {1957). At lawer”QQf;saturatlon the tendency for :

utalization of phogﬁhollplés 1s higher and 15 also demonstrated in

P I

Fig. 15 &nd 16. Théstrcnd seems to be reversed only for non-polar lipixds.

-



.. S

*

Weman s 3

Ls3

r.

Yo

N A
Apparent ly these cmbiyos use more protein at luw temporature

and low oxygrn lovel. P?nbabiy, deccmposition and the synthesis of protean
. are parallel ag in the ea;b of Traturu, embryos (imoh and Minomidana 1973)
but ihe synthesis un wnhibited somewhat al lower oxygen supply <0 ithat

the amoypt. of oxidized protein 15 groalor.

The amount of RNA 15 controlled by ibhe amount of DNA and
&5

the DNA contonl of an ~mbryo 1o telaked to tho number of Yiable cellso.

.

Since the rate of protein synihesis ar dependent on the amount of RNA,

then conditions which regulate the guantity of DNA,anﬂ1rovL]y rogulato '

)

ihe protein synthesis. The DNA content of ewbrye i1s highor at lower

temperature and haigher oxygen level but the RNA 1o almoﬁgrun:form

» -

although it diminiohies slightly at the lowest oxyqgen level {Table 40%. N
Consequently, the XWA/DNA rataio 19 also bigher at low temperature and
higher oxygen level., Thais ratio 1g in perfect correlation with grdwih

expressed as wéiglit. of embryos (Frg,. 11). The ombryo weight, the RNA/DNA

3
@ »

ratio and the amount of protein per mmit of dry werght seem Lo be well

o a

stabilized ‘at 5 ¢, independently of oxygoen level, but at 10 C they lose
some stabality (Table 41 and fig. 4). . -

The mean ratio fxom the data awvailable ain Table 40 for the

a

RNA/DNA ratio in the embryos reveals that it as higher at 5 € and highe
oxygen content. In qeneral, an increase ain thas ratic aindicates an

wnerease in mxiolic actnvm&y (Balingky 1968). This suggests that cell '

. ~ ,

proliferation is relatavely greater from stages 1 to 18 at the lower -
tpmperature and the higher air-saturation. Proceeding to the

supraorganasmal tovel there have been two studies which somewhat

. 3 .

‘parallel this relation in salmon embryos, Both studies indacate that ,

-

mean body-size of age-classes within fish populations increases with

increasing ratios of RNA/DNA in their muscle tissue (Bulow 1970, Haines

1973). ' "

-~
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1t nof a steady process, but one in which periods of more rapid utilization

f

altefnate withl less active peraods (Chopra and Simnott 1969, Ignat'eva
1973, Iave 1970).

The amount. of lotal lipid consumed from stage 1 Lo 18 13 68 wgfg.

.
+

, This 1n 6.8% of th% ovum weirght. whale the indivaidual difference withan ova

. due Lo saize variation, discrepancy in water content, shifiing of developmental
°

v °

rate, and other -faclors can be 48 1fgh as two-fold. Correlation belween 3
+ the lotal lipad consumption and embryo weighi as signafacant (v = 0.75,

.

+, P<0.0l, Fag.z2l). There is lltgle wonder then thal soeveral authors failed '
to find significant chQégﬁs in dry weaght, lipid or proggln of an ovum.
Hayes (1949) referred to the high probabalaiiy of error in these meacurements
because of normal we;ght variations among ova.

\ There scems Lo be a4 certain change in the reolation »f lipad -
components an develorment al different embryonal <1ages and envirommental
conditions (Tables 43, 4?, 44, 46 and 47).

:

Phosphatidyl choline

\

- Phosphatidyl choline (PC) seems tgisé’the compound among the
. ’
phospholipids of which the haghest amount is consimed, an observation
S AN L

that agrees wikh thal of Yamagami and Mohri (1962) for rainbow trout. The
relative and absolute ambunts of PC decrease with the decreasing order of

both temperature and oxygen in.the present study while in the other study .
] ) ‘
they noted that a decrease in PC occurred only after hatching. ‘However, *

they noted a decrease during ear}dier development in a third comppund which -

5 3

o

- N \
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5\\ they claamed was a kund of PC, In the preseat «tudy, three meleenlar
-
Tt

forms of PO apporently nceurred which were not distinetly coparable by

4 a

TLC but which may account for the discrepancy in the two sots of data,

sinee they oficr the ratio PC:TE as 91:10, and the ratio PC:lyso-PR

o o

15 90:11 for Atlantic salmon embryos. There may 1o be spoc£QQa

v
v

epecitic differencee. \ . .
Sphingomyelin '

o
"

Spltingonyelin {8) was the second~ranking component which was
\ \

utilized at 5 ¢ and plosphatidyl-Imeorane (D) at 10 €. However, these

sl
two components seem Lo change in their order of utalazation with the

diminishing level of oxXygen so at 30% dir-saturation the sccond component

4 @ .

which was utilized was PS at 5 ¢ and § at 10 C. These results support’ the
.

N

: 1dea that Psﬂlé Formed by a metabolic pathway which 15 different from that

of PC or phosphatidyl ethapolamine (PE). (Bloch 1960, Billimoria ahd Lowis

»

» 1968). ’ N 1 v 0

< M

Lysophosphatidylethanolamane.

*The amqﬁnt lysophosphatldylethﬁnclamlne (LB} decreased in

°
.

all the experaments considerably during incubation. There was no Obvious

r
° » * -
* trend to-sugh decrease which could be associated with.developmental environments.
-

Lysolecithan

¥

"I

'

? The amount of iysolecmthln or lyscphosphatidylcholink (LC)

6

- .

decreabed wath raising temperature and lower oxygen content.
b -

Phosphdtidylethanolamine

. S
4

v

. ' The amount of PE increased with incrcased alr-saturation

a

2 ®
-

ahd was higher at lower temperature. .

-
@ ’ *

Amounts of glucose, carbohydrate, and mon-protein nitrogen

indrease during the development of salmon emﬁ}yos according to results
§ N

v of this experiment and those of Hayes and Hollett (1940), Hayes and Armstrong .

£
]

.

°

\
A

#

o

5]
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4 ' A . t -
{1942), and Hayes (1949), §Tables 30 and 50}., " R
! ‘ The amount of glucose and other cvarbohydrates rises with . .
PR : v ’

4 ¢ 1
. decreasing temperature and oxygen content of the experimental environments.
2 3

« .

Thas Qbsegvatlon{suppoits the 1dea that at different temﬁeraturps the
’ : / . . . .

. mgtabplzc“pathways are also dlfferenﬁ. Hochachka and Héyes“{f962) -

> [}

‘ pastulated that in brook troutﬂ‘ynerQY‘from carbohydrate maintained at -

N : [~ -
low and high temperature comes from the Embden-Meyerhof glucose-phosphate~

»
- . .t a N

fructose—phosphate-tr%ose, or Dickens dxrecEloxldatxve hexose-monophosphate

- ' [ <

H pathways,arespectlveiy. , However, there is little other ﬂaﬁg‘on . .

« @ | A

carbohydrate metabolism in fishes except fér those of Daniel 1947, Nagai anq,
é ’ / . ‘u 2 .
. Ikeda 1971 and 197la. The first author aﬂso,o?senved an increasing tendency,
" / ! \\\ "

£or éiycogen syﬁ%hesis from fertlllzatlonfto late embryonal stages,in -

§ [

-
it x - 11 & £
5

% "y , Atlantic salmon. The other two authors have suggested that fish (carp) "'
* . Ld . . ‘H ‘ ) )
: ¢ have a revarsxble Embdnn~Meyerhof pathwa% sp that g1y~OQen 15 not a .
i '." P 3 .
$ &“ 'prlnclpal storageuform %or energy in ca p, and also pot 1n“herr1ng (Balbontxn
e ¥ ‘ "‘ . . © “' g A — / " o
’ 1”’ ° v \31873') !“ ) R 'JL’ ' a® - am
A “ - . o . " . - n . o ' . .
3 ) ' Choidsterol’ . ! ‘ A' L . .

Sr A ] < ! / 4

N , ; g Cholestercl isg a%produ¢t of ﬁ1p1ﬁ catabolLsm, It 1s synthesmzed
w ‘v' ‘r ’ ‘n- o

I,
lnweQSentlally all anlmalttlssueg TYF estimated valies of chokesterol R
f

Lo a?

“ '
v n M - 4 -

lln : ¥
1§ ’ o in the whole OVum and the embryonare n accoxdance”ﬂuth the measuted

it 2
o N A
[ > el e . "a o

embryonal welght (Table ﬁ? and quu 1@). . At theg, same tame, a; the

3 f ’N"\h., n, . o . !J \a * . \ ;
oo “chplesteror qontent of the whole ovuJ slowly r;sgs, the content’ of

} / y - a n

Yo a2/ yolk 1s decreased}§ut that of the embryo rises sharply (Tab&e 49)‘ .

[
L2 IR S - ~

The me&n absorute amaunt.pf éholestercl Ip mg/g of embryo at stage 18

i %

/ almost formsﬂa single Ting ‘tr=0. 98} from nﬁe staxt;ng amount at -

/7 0 stage l, except ;q the ehbryos ‘from 5. c'at 30% qu 10 C at-SOt and C o .

’ . "5o%” afr~saturatzon. Thése embryos ar probqbly under ¢ertalnwtatabol1c LR
L . . o e - | e ‘ . 31\\ \

" stress and thls seems to raduca tﬁe chqlesterol conteﬁt in the 1owe; level$
" ,:ﬂ - ¥ L4 e.
1 “, . < ' 0. '5 . [ - . .

1 L
» o
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. ae Lof oxygén which are reflected in,yvalues of cholesterol somewhat lower

o ¢ -

. fiian those predicted by the relatiomn 1n-Fig, 15. .

) L3

" {
s N [
" v S . s,

Enzymes mf‘” . s .

- » &y N E .

¢ K . . l’otential homone land enzyme regulating activity of 3° S‘cAMP
* T ! o' N « [

3
. “% - and 2'3* cAME‘ -has' be‘ém indirectly estlmated through the determindtion of

' °
o wr ¢

v the corxespondmg amounts of" 3“3 cAMP-nuSe, and 2'3'cAMPiase actaivaty.
- @ npt. [y \\, V: r *m v ,.,3 [+

d - shen the’ activmty of" these *:H: enz@ Is }uqh then the amount

\N‘ £

I3

: . of 3'%" CAME and 2'3 cAMP present g also expected to be high and therefore
b @J 6 LAY
, . the rethatmn of cthei’ en;yrﬂes an certam mtabolw pathways should be .
- - w”: ‘h‘.vu»¢ . , - , - k"b' ‘ . ] \
f . hanced‘ RS ' - "

¢

! - 'I’he camparlson and the enzyme actwiéles of 3'S'cAMP-ase

\ and the measured dmount of cholestero). and mga shows‘that the enzyme
s < v L :’3
dctz.vxty dw:.ded by the ahqunt of cholesterol or DNA guz,es hlgh«Er. values
k) x .2'\ ¢ wt
v o N
. .. at h:.gher temperatures axid hlgher arp~saturation.’ . The same values for

<

g TR ,2'3'cAMP~ase seem to have saimilar trend g;%ablez “’51}‘ Thé rgﬁults suggest

>

. -

. I‘
N / N ' that hlgﬁ&?r temperature and lower oxygen }p‘veis prmdé'* less enzyme of.

) 3'5'cAMP than that’ of 2'3'CAMP ang that ‘this relat: might have a role

e ‘

‘\; / / . , in devglopment. However, possmly thef m;asureé 2' ! cAMP-ase 15 simply .

.ty -

-

I . RNA-ase act:thy. The role of 2'3’cw¥’ mrght be ded ed from the 25-mm "

. w .
» | / alevms. At’thas t:unf the alev,t_%s* held a‘b 1‘0(‘{:’ were heavier than R
]; : thosaenheld at's' ¢ rk]:aemg 141.4 q%ndt 135 2 ng, respectively. The a:,n:-’ . '
o saturation was’ \mm an both- SeAtS. ' The cal/g of dry WElght was estlmated '

? :“
v - L 'y .

. as 5&19 and 5259 at 10 C and 5C respectlvely. Consequently, the lower

- ¥ : 11ve we:.ght répresents a.morei effz.elent developméntal rate and lower o

: ¢

oxygen ncons-.umptzl.on. Thus, “at ms timg, those at 10 ¢ showed faster gr’;)w-t:h

4 i

v
WA

o . i

" . “than at 5 C. At the same time, enzyme acthty’ of 2'3'chMP-ase expressed

] ° -

. ] -

5 oot in mM P/DNA mg was estimated Ias 123.3 and 0.00, respectively, and in the

. - ~f
A B Hei:d anfi the };ody of alevins from'5 C, "and 172.0 and 49.0 respectively,

] ‘s ? . rd
5 LW s [
. J ‘ 4 4
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in the head and the body of alevins from 10 €. Since this activity is
s PN

higher in the head regipn in salmon, a parallel to the-increase noted

v

in rat brain {Gilbert, 1974}, there may also be a protexn«syntﬁesxs

& -

factor interfering with miNA. : "
A . 7

It was found Ly Weiss and Stiller {1274} that dibutyryl cyclic
x

1

« Lai}
adenosane 3'5'-monophosphate’ exerted 1{3 areatest sy presaave effect upon
* ‘ he

» i ©

total lipidssynthesis in embryonal rat brain slites aaed 7-10 days.
A ?

They made the suggestion that CAMP, agreing from the hydrolysis of

‘dibutyryl cAMP, may control the synthesis of brain lipids by regulating

3
1

the utlllJatlon of acétyl-coenzyme A. Because of the indirect :

' : O
measurement in these experiments the high activiiy values of 3'5'cAMP-ase ;

L4

might be 1nd1£ht1ng that lipid synthesis.is high in certain experlﬁental

L]

. condltlcn%. Indeed, these values are low at hagh temperature and

. . N

at high air-saturations.when at the same time the lapid content of

BT

these ‘embryos followed the reversed pattern {Tables 44 and 51). '

L} b 1

;- ¥
There appears to be a correlation between these results and

u »

those for cell performance, reckoned as duration of spérm ﬁbtlllty‘at

various temperatures 1n brook trout ahd rainbow trout {Ilandroth 1947, -
n ¢ v
Hamor 1966), and the level of adcnosine 3'5'CAMP in the sperm at various

~temperatures (Tash and Mann 1973}.

Calorimetry . .
§ 3 .._;._H__.,ﬂ,

- &
The calculated efficiency values in this study were 35% and

-

P
20% at 5 and 10 C and nermal air-saturation for Salmo salar, and they

have a.similar trend to those of Flucter and Pandian {1968), which

\\>were 68%, 54.5% and 47% for 10, 15 and«20 C for Solea solea,-both

¢
species measured aftex hatching.
P

. It seems that the efficiency and chemical changes are the
st

’

&
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result of gdaptation of Atlantic salmon to a uningronment. During
early-.embryonal development the water temperatm the natural surroundings

‘of salmon lare near 0 €.  Rater, when they enter the alevin stage the water -
¢ 15 warmnjﬂ‘and 1nderd the~fTowth relative to temperature and oxygen

’ s "
, supply changes in relation to certain chemical romponents, indicating

that” the alevin has beogun to adapt to warmer temy« ratnures,

. - ~ + ~

The efficiency calvulated as dalories/unit weaight at embryonal

.

stage 18 1st;}eater at 5 € than at 10 € and generally less at

* lower oxygen concentrations {Table %3}, Thas dxffnﬁgn~e does not gorrespond

- -

) fully to welght relations which shift following hatching to favour the
10 € embryos. One jossible explanation could be, that the swimming ability

of alevans increases until an advanced stage of yolk absorption as reached,
= '
as was observed in zase of rhinook salmon (Oncorhynchus tshawytscha, Thomas

t gl,‘1969). Sinze the Atlantie salmon embryes at 5 C had relatively

G oot

-

¢ »

smaller yolk per unit embryo weight dub to greater embryonal growth the
' energyhrequired to carry this rould cause a substantial difference in

" energy utilization, a= in the case of larvae of largemouth bass

{Micropterus salmoides) which was measured by Laurence (1969). Ancther

.

explanation might involve the changes of surface/volume relations after

'

hatching, and the better oxygen supply created by direct contact of gills

3

with the surrounding water. However, Laurence (1973) had the same low

¥ B
v ’

values for embryonal and prolarval teleost tautog(Tautog pnitis) when

[

he used ash-free dry weight for determination of efficiency of yolk conversion.

The combusted calories/mg are, in the case of fry, almost the

+ *

same as those calculated by Hayes and Pelluet (1945) and Hayes (1949).
The amounts of reguired oxygen‘estlmatea calorimetrically and the amount

of oxygen measured respirometrically are in very good agreement {Table 54).
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This suggests that the values measured and the trends wnterpreted g;ve'

L ]

.
true approximation to what occurs in Atlantic salmon embryos from the
1
i effects of environmental conditions in nature.
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y CONCLUSIONS " .

» »

* L] ’
The pramary undertaking in this study was to develop an

o

explanation to satisfy the guestion voncerning the causes of growth

differentials which create advanced embryos having considerably 4

different‘lengths and weights while outwarqu appearing to have the

7 * =N

same degree of structural differentiation. . ) ¢

The pramary explahation offered is that this embryonal growth,

g g

which is based chemically .on the components of yolk both for structural

-

materials and energy, i1s determined by the control of qualitative and

”&3 *

»

quantitativeputalization of these components.

Information from this study, indicates that embyros at.the moment =~ ~ .

.

of hatchmn% are considerably larger and heavier when development has occdired )

[

at lower temperature or in greater oxygen supply than those whose dévelop— ' i
3
ment passed 1n warmer temperature or in a reduced supply ©f Sxigen. The

i

interpretation arising from a study of biochemical changes in ‘the yolk and §
o -

forming embryos, and caloric conversions, is’that efficiency is.greater at

lower temperature and higher levels of dissolved oxygen. Thus foriexample,

'\
3980 cal. are required for a gain of 1 g of embrye at 5 € and 5900 are

required for the same growth increment at 10 C in air-saturated water.’n‘fy ¥

’ . [(§ v

Similarly, in water of 30% air~-saturation, respectively 9150 and 9600 cal.

i

. ¢ #

are required to produce 1 g of embryonal tissues. Thus, theaeff1c1ency of '}

o © . ¢ W ¥

yolk conversion varies'from 35 to 14% within the range of developmental . NS 3
- ’

environments employed in this study. " é

v 1

These differences are the result of differentials in the prao-~

structural e%g@gpts, and oxidized for energy. Singe lipids generally have

more energy than proteins, on average 9400 and 5650 cal/g respectively, N

. a

portional guantities of yolk components which are incorporated into g
!
!



1eb

[ -
the consequénces of differential utalizations are obvious. Itﬁ&as
;‘ 2

been demonstrated in this study by monitoring progressive Hepletions

4
1

of various yolk fractions, that those embryos developed at lower

°

. temperaﬁhre utilized more yolk lipid, particularly the energy rich

[

‘ . phospholipids, and less yolk protein than those developed at a hmghei’

temperature and that these trends hold also for yalk"utllmzation in

R

‘A

1Y

. . -
of the ovum.

Id

] Ohe of the very frequent conversion products among lipads in

- ————

- synthetic and catabolic proce¥ses during embryogenesis 1s thought to be

cholesterol.. The highér average levels and the higher levels in,late
2 a -

embryogenesis occur in conditions which produced greater oxygen consump-

[ ¢

R

tion (Table 55, and Fig. 18). This suggests that more 1ipids G%;e extr-
Ay . " EA ,

¥, acted from the yolk and directed into emérgy production in the embryo.

i ,  Therefore, the ptailization of lipids appears to be tﬁé key to growth and

’

-

ava;laﬁility of energy for phyﬁléloglc activities.

-

e o,

a Although it 1s commonplage to state that specific conditions
Yy . . @ . AN
- prbdqge or cause caﬁtaln organismic processes of development, including
‘*Jx" o l\ . R ® *

awi
growth, -the kineticg are nerther direct nor simple and the more so when

L]

. the organism dives continuously in a relatively unstable environment.
. . p
{l
ature on eyery, level” or organization in these salmon embryos, they were

also reguldted in thear metabolic performance'by variocus states of

] “ ‘ - '

n

€ ¥

R
-t
@

1 - '

ipids. Thus, conditions whach promote lapid

In addition to the all pervading tonic influence of environmental tempexr--

produce a\larger embryp per unit of depleted yolk, the convertible portion

¢

R I

et o ety afh e e ce dirl

-
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{

TABLE 55

.

"

Fo o« Average cholesterol content {mg/g) of ova, weighted mean embfyo

w

weaght (mg) wathan stages 1-18, cholesterol (mg/g) in embryo, embryo

¥

wexghti(mg) at stage 18, 3'5'caMP-ase actavity/mq, and lipid content
of embrVo (mg/g) of Atlantic salmon embryos at stage 18 at various
» W

temperatures and levels of dissolved oxygen (% air-saturation). -

A,
"k - t - N
T o < * Component 5¢C pl0 C -
100%  50% 304 - 1005 50% 30%
. " Cholesterol (mg/g) 1.43  1.33  1.12  °0.97  0.68  0.58
! Weighted mean weight 6.9 5.8 3.5 5.4 4.9 3.9 -
y ’ Embryo Cholesterol 4.98  2.70  2.30 1.30  0.85  0.70
N » ‘v " ~
Exbryo weight, %ﬁ . .
, stage 1B . 22,1 26.6 11.9 14.5 12.5_, 10.0°
3'5'dAMP-ase (ovum) 125.¢ 100.0  33.0  198.0 150.0 110.0
Total ripid (embryo) 98.9 115.0° 160.0 5.2 ’%?.4 105.0 °
B ~ - ) *- *
) A’ n‘x ® 2
1 * e "
% -
k )\g@
w‘;“ hd ) .
1, 3 ;L .
" .
% v & -
E
' a
" -~
F & \v

' P T

e

e
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’ ~
-

respixatory capacity imposed by the degree of availablity of o&ygen.
remy
It has been possible to relate these developmental processes y

to metabolic performance modified by these external conditions on the

A ]
one hand, and to variations in certain "intrinsic control'mechanisms”, !

L) ] a ~

praimarily enzymes, which have also beqd'shown to be influenced in guantity

n

(and activity by these same envirommental conditions. Thué, 1t becomes a

®

_ - ]
reabonable.notion to see a route in which the metabolic delivery of energy

4

. o a
and materials also«éoverns these intransic control mechaq;sms which in
ALY =

. ’ A
turn requlate the mobilization of molecules of structural synthesis and
energy production, th@ gross expression of whach is manifest in the form,
size, and state of complexity of the developing embryos in equivalent
units of time. = - . .
)T g‘\\ . ‘ s ;

Among the well knéwn control mechanisms for which guantitatave
analyses have been developed with some perfeftion are, DNA, RNA, and two . 4

forms of nucleotides (2'3'cAMP and 3'5'cAMP). The production of DNA which

directly controls the production of the protein regulator, RNA, has been ) -

demonstrated to be greater in embryos having greater oxygen consumption

’

and these are the embryos which developed 'in higher levels of oxygen and ‘
lowfr temperature (Table 56, Fig. 22). These are, also, the embryos which

att the, largest average length and weight with minimum oxidative

— &
utilization of yolk proteins (Table 57).

The cyclaic nucleotides which we;e quantitatively determined only
indirectly by the assay of activities of their respective hydrolyz&ng
enzymes (3.1.3 I.E.C.) also increased concomitantly with respiratory
performance as shown in Table 55. The higher inferred level of cAMP
1mpeded:synthe51s of llg;ds and enhan;ed the metabolic utilization of

L3

exastang lipads wathin a temperature level, with the result that more "

»

.y - - B i S D S ————)
[ LAY
"' Lo -
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“ TABLE 56
¢ ;

/
Awerageagzﬁ\content (mg/q) of embryo, total oxygen consumption, mean

< .
oxygen consumption quotlené (Koz), mean DNA quotient (KDNA) and Qlo

- bt Ao e W S ot

N

- values for ovum at stages 1-18 of Atlantic salmon embryos at various N
! ., temperatures and levels of dissolved oxygen (% air-saturation).
b .
’ \ 5 ¢ 10c
4
) . &pO% 50% 30% 100% 50% 30% N
x v . \6‘ , -
DNA (mg/g) 3.5 3.3 3.0 3.1 C_M : 2.9
Total oxygen (gm) 139.4 129.6 89.3 145.0  112.8 99.4
K02 1.2 0.96 0.47 1.92 1.20 0.72 4
KDNA 0.34 0.29 0.15 9,0.61 0.40 0.24
{ Q0% & - - - E 3.2 2.5 3.1
b - b 3
0, DNA - - - 3.6 2.6 3.2
v &
* “
& -
’ 3
4 o’

I Ea
o ‘

T
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S - . . .
‘Energy consumption of Sdlmo salar embryp from 1ipid and from proten
r’ s N ‘ 14 LY a .‘.—-.7.‘ ¢ AQL :‘ *®

ol

‘between stages 1-18 1n ‘perdent of caloric values dnd total calorie ;
MY ) N : -
ccnsumg@mon at varicus temperatures #nd levels of dissolved oxygen
(% arr-saturation). . R
s . s L
»
) & 5¢ 10 €
&
. 100% 50% 30% 100% 50% 30%
\
Lipad 86 82 63 B0 74 64
Protein 14 18 27 .20 ° 26 36
calories 742 758 810 715 709 774
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consumption and therefore, with greater body’ qrowth. Indeed, 2*3' cAMP

’ 2
‘strated, it does not account for records in which vertebral numb;% varied ~

PR s , o~ u
protein was available for tmgrue synthesis (Fig. 23). : . ‘ i
k-4 - 1

The ‘nucleotide 2'3' cAMP which 15 thought to be involvéd ™n < ™* .

-

‘ -4
the regulal‘}ion of proteain synthesis varaed directly with total oxygen : o ’
i
i

hd a
s @ * Ay .

[N 4

was‘present"in concentrations which wer%\é; direct relation to pfoteln
levels 1n advanced embryos. o, /

~ In addlt:;n to dgtowth, and developmental rate measured by the
progressive dlfferentzgpfbn o? observabfe éfructurqs,.the number of ’
ver;eﬁrae which was differentiated was also directly related to the amount 3
of RNA and indirectly to the amount of DNA (Table 58, Fig. 24). Although \
1t would seem that the basis for the numerical determination of seriated
parts in these embryos by teyperature and oxygen supply has been demon~— ‘¥

4 v b

directly with temperature (summaries, Garside 1966b, and Lindsey and

Harrangton 1972). The nature of the relation between RNA and vertebral

nymber in other species, especially noh~salmonid species, remains to be

demonstrated to determine to what extent the phenomenon might be species- Q

l' €

b 5

specific. '

All bf the statistically significant correlations which were

t

determined between various pairs of measures in this study have been :"

assembled in a chart to 1llustrate the interrelations indicated by the R '
various responses {Figure 25). Control of respiratory performance by ¢ 5
tempera%ure: and oxygen consumpticn as a function of supply, “regulates v

the formation of intransic control mechanisms such as mcleic acids 7 “

and cyclic nucleotides and these gediate the utilization of yolk energy

and material supplies so that dif¥ferent conversion efflciencie§rresult.

i
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. .
Vertebral number, average RNA/DNA ratio between

(Salmo salar) at various temperatures and“levels of dissclved oxygen

* for vertebral differeptiation, Garside 1966b
{

FﬂBLE 58 ¢

i

g N

)
Y

tages 4-16 (time

o

) of Rtlahtic salmon

(¥ arr-satiiratiom). ! ‘ ’
W, ' 2 "
- . 5 C we oo
o 1008 S0%'  30v 1005 50%  30%
Vertebral number 57.4  56.6  56.3  55.2 53,9  52.6
RNA/DNA 7.1 6.0 5.6 6.8 5.3 .8 «
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These differences result from greater enexrqgy cost for physiological

maintenance at higher témperature, a stress which is compounded by greater

oxidation of the eritical nprotein supply relative to lipid supply, at a

o

phase in the life cyclesat which the protéin supply 1s finite and is

most urgently requlreg for tissuve synthesas.
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