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" rates, possibly due to the reduced metabollc actnwty of GH at the I0wer weter _

%

‘ABSTRACT

g

The present report desorihes c_l;ojnges in circulatihg levels of growth hormone (GH) -
in relation to various environmental »factors, and spontaneous'oVulation in the.goldfi'sh,'_ ‘
Caressibs auratus L. A si'gnificant-daily cycle in s_erum GH levels was found only in goldfish
sampled in February; at this time of the year circulating GH concentrations reached peak :
Ievels shortly after the onset of the scotophase Throughout the rest of the year, danly
rhythms in serum GH levels were not found. . A ',, o

~ The mean dally serum GH level in goldfish was found to vary on a seasonal basls
-The hlghest serum GH levels occurred in.fish sampled in March ‘and June, whereas the

el

lowest level was found in fnsh sampled in November These changes appear to be related ')‘
~to seasonal verlatnor:s in daylength and mns suggested that'changes in the duration of the
. photophase or scotophase during the year may be the env:rorwnental factor by whnch
seasonal changes in c:rculatmg GH levels are regulated ‘
o In goldflsh seesonal vanatlons m growth rates were found that are stm:lar to those
reported for other temperate-zone teleost flshes The growth rates were c|osel¥ related_ . .
to changes in water temperature wrth the highest growth rates occurrmg in the summer,

Aand the lowest growth rates occurring |n the wmter months There is a lag period of

fRal
Sttt o

] sever_al_weeks between seasonal maxima in mean danly serum GH levels ‘and the growth :
_ temperatures. Female goldfish exhlbuted faster growth rates than male flsh at certain
times of the year, but these varnatrons were not related to sexual differences in serum GH ' t -
‘levels. _ S S B e, "Q.". e
“The lnfluence of temperature end photopenod on body growth and curculatmg GH - -
levels were studied at various t:rnes throughout the year At all tlmes of the year,
: mcreased water temperature usually resulted in an mcreased growth rate; nncreesed serum
" GH levels were generally found in frsh exposed to the warmer temperah.re Photopenod
| was shown to modufy the growth response to temperature, especaelly durmg the early part
_ '-of the year when goldf:sh exposed to 20 °C and long photopenod exh:bated hogher growL
. rates than fish exposed to short photopenod and 20 *C.. This suggests that the effect of 4 o
Co : o 5 o

v s



photoperuod on the growth rates may varyona seasonal baS|s A consustent effect of
photopenod on serum GH Ievels similar to that on growth rates was not found

Durmg spontaneous ovulatlon /Wgoldflsh the ovulatory surge of gonadotropth

~ ‘(GtH) is accompamed by a substantial increase in the circulating level of GH. In ovulatory

- goldflsh the plasma GH level mcreased in a manner similar to the plasma GtH level, but

some temporal dlfferences were observed. Itis suggested that hypothalamlc
gonadotropm—releasmg hormone (GnRH) caused the release of both GtH and GH ‘from the

pltultary, although the méchamsm by which GnRH may stlmulate GH release is not known.

[y
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envnronmental variables such as photopenod and temperature undoubtedly contrlbute to .- . E "
the annual pattern of somatic growthi in teleosts (Shul man 1974; Brett 1979 Rlcker T
1 979) oo . . ‘ . “"" - 'v ;{y" -

’ hormone’ gonadotropm lPeter and Crim, 1979; Peter, 1981). Relatively lnttle research . . _' 5
although evndence to date has supported the hypothesis that growth hormone (GH) ha\s an o

’ 1981)

' crrculatlng levels of GHin fISh. Recently, however a raduomunoassay (RIA) for measurmg
" blood levels of GH in goldflsh Carassius auratus has been developed and valldated (Cook

et al 1983) makmg the measurement of endogenous levels of GH poss:ble m a teleost

(A

E changes in serum levels of GH ona seasonal basns in goldflsh and relates these changes to

L GENERAL INTRODUCTION '

Many teleost fishes found in temperate climatic zones show a marked annual cycle
in the growth of somatic and gonadal tissues, (Shul man, 1974; Ricker, 1979; Peter and )

Crlm 1979). In general, somatic and gonadal growth are alternate actnvmes D

spring—spawning tdleosts, with gonadal growth occurring in autumn or wlnter and somatlp‘ el

growth belng fastest in summer and slowest in winter. Metabolic requnrements assocrated ' _

-~

' ,'w:th gonadal maturation, seasonal varlatuons in food avaulablllty and seasonal changes in

-

The endocrine control of gonadal growth has recelved much attentlon m redent

a.

years arfid the annual cycle of gonadal matura,tlon is known to be regulated by the pltwtary \

¥,

however, has been done on the endocrine regulatuon of somatlc growth in, teleost fIShBS

4

o

|mportant role m controlllng somatic growth lKayes 1878; Donaldson et a/ 1979 Coek

»

Most of the research concernmg GH in teleost fishes has been concerned wuth the

effects of exogenously admmlstered GH (for review: Donaldson et al., 1979) and llttle

work has been done on the mfluence of .endogenous GH on Somatic growth Ama jOI’ A

factor preventlng such work has been the lack of a suntable method for determrnlng

S

i
%

<

' specles

The present report is the firstto attempt to describe changes un cnrt:ulatmg levels

of GH throughout the annual growth cycle of a teleost fish. The second chapter descrlbes

: seasonal varlatlons m somatnc growth rates Chapter lalso reports changes ln serum

[




- . ) A . . §
. : \

concentrations of GH'during a complete 24 hour peﬁ_j\c?d at virious times throughobt the

year. Chapter lll describes the eff‘ec'ts of various temperature and photoperiod regimes

on the rate of body growth and serum GH levels several times throughout the year in
goldf_iéh. Previous ;epdrts have also Iinl{ed GH with reproductive activities of teleast
- fishes (Chang et a/., 1982; Stacey et a/.. 1983a) and Chapter IV describes variations in

blood GH levels associated with _sp'ontanéo‘u's. ovulationvin goldfish.



Il. DAILY. AND SEASONAL VARIATIONS IN CIRCULATING LEVELS OF
GROWTH HORMONE IN GOLDFISH, Carassius auratus

A. INTRODUCTION

Seasonal- growth cycles appear to be unlversal in teleost specnes found m :
temperate cllmatlc zones (Ricker, 1979) Varsatlons in somatic. growth rates throughout
the year have been characterlzed for several teleost specnes, ‘mcludung -common carp,

. | Cypr/nus carpio, (Kawamota et a/ 1957). the suckers Catos‘t'omus commersoni and C. ’
catostomus (Basset 1957) barbel Barbus barbus, (Hunt and Jones 1975); black crappne
Pomoxzs nigromacul atus, (Hames 1980) blueglll sunflsh /.epom/s macroch/rus (Gerknng
1966), the perch Perca't /uwat// is and P f /avescens {Le Cren, 1951 Kearns and: Atchlson

. 1979) northern pnke Esox /uctus (Dlana and MacKay 1978) brown trout; Sa/mo trurta
(Swift, 196 1), various coregomd specnes (Hogman 1968; Berg 1970; Hagen, 1970, and

‘ several marine teleost specles from the Azov and Black Seas (Shul man 1974) Desp;te -

: the duversnty in the the species noted above somatlc growth tends to follow the seasons

in all specues studned with the hxghest somat:c growth rate occwrlng in the summer and a.

 very reduced growth rate in the wnnter ‘ | '

Food avallabullty reproductlve actnvmes and env:ronmental vanables such as :
temperature and photopernod undoubtedly contrlbute to the seasonal varuatnons in groV\rth o

) »rates (Swuft 1961, Gerkmg 1966 Shulman 1974 Brett 1979) Few studnes have

exammed the endocrme regulatxon of the somatlc growth cycle |n flshes although several B

authors have suggested that seasonal varlatlons in GH may be lnvolved in the growth cycle‘, '
(Pickford, 1957 Gross et a/ 1965 Gerklng 1966; Adelman 1977 Kayes 1977 Brett
1979) A number of studles usmg mdnrect measurements of the pntuutary content of GH
/have suggested that the pltwtary content of GH may vary ona seasonal basns (Scruggs
1951 Swnft and Packford 1965 Bhargava and Raizada, 1973 Kaul and Vollrath 1974) In
these studnes however correspondmg varlatlons in cwculatmg levels of GH could not be -

determined and the relatnon of endogenous GH to the growth cycle could not be

T ascertamed

More recently Cook (19811measured serum GH Ievels in. goldflsh at three S

dlfferent times in the year and found evndence for a seasonal varlatnon in serum GHeIevels



v

in goldfish, with iricre'ased serum Jevels of GH in August and lower levels. in February. The

experimental design of the sgdy, however, did not allow detinitive conclusions to be

""‘made-‘r’e’gar:din‘g‘me‘caUS‘e‘of‘the‘variationS‘in"serum‘GH“Ievels“in“addition—these‘\variations*

. were not correlated with sumulataneous changes in somatlc growth rates.
Slgnlfncant da:ly varlatuons in the curculatmg levels of a number of hormones in
teleost fnshes have been described. For example in goldflsh clrculatmg levels of cortisol

(Peter etga/ 1978, thyrold hormones (Spleler and Noeske, .1978), gonadotropm (Hontela

* and Peter 1978) and prolactm (McKeown and Peter, 1976) have been shown to vary on a

dauly bas;s Few studies have examuned snmllar changes in GH in teleost flshes Daily
varlatlons in plasma GH levels: m ;uvenlle kokanee salmon, Oncorhynchus nerka have been
described (Leatherland et a., 1974), although .the hetero_lo_gous RIA used in thlsstudy is of
questionable validity (Nicoll, 1975). In tilapla Sarotherodon .rr-)‘ossamb/.'cus di'el changes in -
the nuclear area of the somatotrophs have been reported (Carlllo etal., 1981) but the _
‘relation of thrs observatlon to cnrculatxng levels of GH is not known Ina prellmlnary study :
Cook( 1 98 1) could fmd no evudence of a danly varlatlon in serum. levels of GH in goldflsh
although only a Ilmlted number of envnronmental condmons were mvestlgated and it was
suggested that GH was released ina pulsatlle manner ssmllar to the sntuatnon in mammals
Other mformatlon on posslble daily- cycles in canUlatmg GH levels in teleost flshes is not.
avallable ' - o ' . |
In the present study changes in cnrculatmg levels of GHi in goldflsh durung a .

complete 24 hour perlod were determined at various tlmes throughout the year Changes .

Cin cnrculatlng Ievels of GH in relatlon to the seasonal somatlc growth cycle of the goldflsh |

-

were also mvestlgated The present report represents the flrst comprehensuve study of

thls nature in a teleost specnes

-



B. MATERIALS AND METHODS -

— - Experimental- Animels =
' GOldflSh Caras.S/us auratus of the common or comet varieties, were purchased
from Ozark Flsherles Stoutland Mussoun or Grassyforks Fusherles Co., Ltd, Martunsvalle
Indiana several times throughout the year in 1982 and 1983. On arrival, the fish were.
placed in flow—through stock aquarla (1500 or 4800 litre) qu maintained for seven to
fourteen days at 12~ l B*Cona s:mulated atural photoperlod (Edmonton) as an initial
acclimation period. Durmg this time, the fish were fed in excess w;th commercually
prepared fISh. food (Ewos peliets) at Ieast twice dally The chemlcal composmon of the
" food used in the present study is shown in Appendix |. -
) Experlmental Malntenance Reglmes _ R .
" Followung the lmtual accllmatnon peruod three groups of goldflsh of mlxed sex
were randomly selected from the stock aquarla and anaesthetuzed by |mmersnon in 0 05%
' tncame methanesulphonate (MS- 222) until’ opercular movements had ceased The first
‘ group of goldflsh conslsted of approxlmately 10 anlmals of each sex and after gentle
'_ blottmg on damp paper towellmg to remove excess monsture each fnsh was welghed to
" the nearest decngram The length of each fnsh as measured from the tlp of the snout to
';- the end of the scale—covermg on the body was also recorded All fish in thIS group were

- then kllled by spmal transectton and the welght of gonadal tlssues noted for each flsh

Followmg anaesthesna goldflsh in tlae other two groups were fm-cllpped for

' mdlvndgal |dent|flcat|on and the body welght and Iength recorded for each f:sh On o
recovery from the anaesthetlc, each of the two groups were placed |n a 225 lltre s
. flow—through aquarlum The fnsh were then exposed to temperature and photoperlodlc .
' condltnons slmulatmg natural enwronmental condltlons (Edmonton) approprlate for the tnme
- of year dunhg whlch the experlment was. conducted The photoperlod was ad justed
’ .weekly to allow for natural mcreases or decreases in daylength In addmon full hghts on.
and total darkness were preceded by 45 minutes of decreased llght Ievels sumulatmg B
i ‘-natural dawn and dusk condrtlons respectlvely The fish were fed ad l/bnum 5 ‘ .
. lapproxlmately 5% body welght in food per day) with Ewos pellets usmg automatnc feeders



designed to deliver five to eight grams of food every 30 minutes throughout the

- photophase. This experiment was repeated several times throughout the year; the’

environmentaLCo‘nditionsus’ed_ineachsexperimentare_summar_izedein_‘[abIe 2.1

Sampling Procedures ‘ 4
| After a number of days of exposure to the experlmental conditions (see Table 2.1),
groups of six to seven fish were randemly selected for samphng every two hours
“commencnng at 08:00 hr and continuing for a minimum of 24 hours. For Experlment 2. 5
fewaer fish were available and groups of f:sh were sampled every three hours mstead of
: every two hours. ‘All flSh in each sample group were from the same aquarlum selectlon of
the sample groups alternated between the two aquana so that followmg the removal of
two successive sample groups from the sam}e aqaurlum‘, the next twogroups..wer_e
selected from the other aquarium. Th'roug'hout'_the scotophase, removal of the fish‘vWas
‘aided by the, use of a dim red Ilght 1 o "'. R e SRR _ _ '
On removal from the aquarnum the fush were anaesthetlzed by |mmersnon in ,
Ms-222. Durlng the scotophase, the fish were anaesthetlzed in darkness, although - _ ;
subsequent samplmg took place in the hght Individual fish. were identified by the f|n chp ‘
: markmgs gently blotted on damp paper towellmg and the body welght and lehgth ' '
recorded for each frsh Blood samples were then taken from each fish by msertlng a
- 25, gauge needle attached to almi dlsposable syrunge into the caudal vasculature and
vremovmg 0 3 to 1 ml of blood; each blood sample was transferred toa test tube placed
- over chuped ice, and allowed to clot for spveral hours Followmg centnfugatlon at
' 130009, the serum was collected from e;&\h sample, lmmedlately frozen on dry ice, and -
stored at 30 °C for several weeks untll ass‘ayed for GH Samphng of each group was .
.. _started approxnmately 5 mmutes before the deslgnated sampling tume and was usually'
- completed 10 to 15 munutes after removal of the fish from the aquarlum On completlon SRS

' of sampllng each fish was kulled by spmal transectnon and the welght of gonadal tlssues

'recorded for ‘each fnsh
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Table 2.1. Summary of experimental coﬁditions used in Experiments 2.1 through 2.7.

._Photoperiod?

. - Date of? ‘ o - Length of

.Experiment Samp}ing Lights On Lights Off ' °C+1 N*  Experiment!

21 ‘ng.'15 0800 17:20 6 99 28
22 Mar, 22 __0'6:05 1815 6 96 28
2.3'4. May8 0508 . 1943 . 1 0 08 28

" 34 ".‘Jun.e 10 04:05 23,:53. 18 101 23 ,_"
2.5 nys .04:15-’--- 21v:‘o'7, 22 B 61 24
26 :‘Aug.'2>b_5i' ‘de:oo 1930 T | a2
2.7 - N"ov.vé : os:oo.-‘ -“ -1-7:0“9 ] o '.1b'4 30.

T e e

Date on which samplin commanced

Lights on and lights off preceded by: 45 rhmutes of low light Ievels
Total number,of fish sampled. » , _

-Days of exposure to experimental condmons
,Growth hormone data not available. '

L I



Growth Hormone Radloimmunoassay R o o L - | R
Serum levels of GH were measured using the RIA descrlbed by, Cook et a( (1’983)

Thls RIA was developed usmg GH purified from carp pltmtarues and has beert extensuvely

valndated for the measurement of crrculatlng GH levels in goldfish (Cook 1981 Cook

I4
/et al.,. 1983) All samples from each experiment were assayed in dupllcate wuthm the same

13 h

' RIA The procedures for thls RIA are descrlbed fully elsewhere (Cook 1981; Cook etal.,
1983, e FE

Calculation of Growth Rates

Instantaneous relatlve growth rates were calculated using the following formula

. B

G=(w,=w) X100 o . q‘-
'Mxm—m -

where G represents the percent uncrease in body welght per day, and W, and w, represent
the body weight (g) at times t, and t,, respectlvely (Rlcker 1979) .
.~ A'linear growth rate (LGR) was calculated from body lengths usnng a sumllar

' equatuon '

LGR = (Il,~}) X 100
WX {h=t)

Q.

i where LGR is the percent mcrease in body length per day, and Il and I represent body"
' Iengths {cm) at tlmes t, and t, respectlvely ' 'b
L A change in body welght may also reflect a change in gonadal welght and,
. therefore a growth rate was calculated using the following formula
SGR (sw2 - sw,) X 100
sw,‘x {t, - t,l




where SGR is the somatlc growth rate or the percent increase in somatlc welght per day
-and’ sw1 and sw, represent somatlc weight (g) attimes t, and t,, respectnvely

In this study, somatic welght is defined as the total body weight minus the waeight

of the gonadal tissue. The welght of the gonad for each fish could not be determined at
the start of the experlment. Therefore, the gonosomatic index lGSI) of each fish in the

‘group sacrificed at the start of the experlment was calculated as foliows: )

GS| = gonadal weight X 100

total bcdy weight

The average GSl for each sex in the group sacrificed mmally was determined and an

appproxlmate somatic welght for each fish at the start of the experlment (ws,) calculated

.as follows: -~

ws, = w, = [w, X (GSI,/100)]

where W is the lntltal total body welght of the f:sh and GSIl is the average GSI from flSh
of the same sex sacrufuced at the start of the expernment An approxnmate somatlc welght
for each fush at the end of the e\xperlment (ws,) was also calculated usmg a s«mllar

Q-

equatnon

“ws, = w, = [w, X (6S,/100)1

i,

where w, is the total body welght of the fish at the end of the experlment and GSl, is the

.. _‘ average GSl for all fish of the same sex sacnflced at the end: of the experlment.
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Stetietlcel Procedures ‘ :
Growth hormone and growth rete data were normalized usmg a Ioganthmuc ‘

transformatnon Anelysls of vanance and Duncan's multuple range test (p<0. 05 Steel and

“Torrie, 1960) were used to determme differences in serum GH levels on both a daily and
seasonal basls and dnfferences in growth rates throughout the year. Sexual dlfferences in A
serum GH levels ware determlned usmg Student‘s t-test (p<0 05) whereas the ' ‘
Mann—Whltney U-test (p<0 05) was used to. determme sexual differences in growth rates o
(Snedecor and Cochran 1980). AII calculatnons descrlptlve statistics and statnstlcal '

procedures were done using the _Statlstlcal.Package for the Social Sciences (SPSS)
prograrns {Nie et 'é/,, 1975) available through tf_ie'Unive,rsity of Alberta corr{puting system.

Y
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" C. RESULTS -

Delly Yarlatlom in Serum Growth l'lormone Levels

Serum GH levels from goidfish sampled over a 26 hour penod in February of
- 1983 (Experrment 2 1) are sshown in Flgure 21. A slgmflcmt increase in serum GH levels
"~ was detected in fish sampled at 20:00 hr as compared to fish sampled at 02:00, 04:00,
06:00, 08:00. _OAQ.O_OB‘. 10:00, 12:00, 14.00_,and 22|.00 hr. Goldfish sampled at 04:00 hr - -
had significantly lower serum GH levels as compared to fish sampled at 10:.008,14:00, '
16:00 16’00 and 20:00 hr. Serum Ievels of GH in fish sampled 24 hours apart at both
08: 00 and 10:00 hr were not sugmflcantly dufferem. o |
- Flgure 2.2 shows the serum GH levels of goldflsh sampled over a 26 hour perlod

in.March of 1983 (Expernment 2.2). In this experlment a sngnlflcant increase in serum GH .
. "levels was detected in flSh sampled at 20:00 hr as compared to fnsh sampled at 08:00,

‘ 10,00, 14: OO and 24 00 hr Flsh sampled at 08: 00 hr had sngmflcantly Iower serum GH

“levels than fish sampled at 02: 00 04 00, 06:00, 08: 00B, 10: OOB 16 00 18 00 20:00 and S

' 22'00 hr Serum Ievels of GH in fnsh sampled at 24: 00 hr were algo sngmflcantly lower
' than the levels in flSh sampled at ‘lO 00 16: 00 and 20: 00 htﬁl Serum GH Ievels in fish
| sampled at o8 OOB hr were sngmflcantly hlgher than in flsh sampled 24 hours earher at
'-,osoom | o o -
‘ ~ ‘Serum GH Ievels |n fISh sampled over a 28 hour perlod in June of 1983
_ ' (Expenment 24) are shown |n Flgure 2 3 Serum GH concentratlons in fish sampled at }
, "24 :00 hr were sugmflcantly Iower than in flsh sampled at 04 00, 06 00 o8: OOB 10 OOB
. 10:00, 12 00 and 14 00 hr. FISh sampled at 18: 00 hr -also had slgnlflcantly lower serum S
- »GH levels than fish sampled at 10 00 and 10: OOB hr Growth hormone levels-in- serum - . )
- from fish sampled at 08 00 and 10 00 hr 24 hours apart were not s:gnlflcantly dnfferent
. Flgure 24 depncts serum GH levels ln goldfush sampled over a28 hour penod in-
- July, 1983 (Experlment 2. 5) Go\dflsh sampled at 09: 00 hr had srgnlflcantly hlgher serum =
- concentratlons of GH than fish sa 06 00, 15 00 18 00 and 24 00 hr Serum .
'levels of GHi in flsh sampled 24 hours apart at both 09 00 and 12 00 hr were not _ g

‘. .sugmflcantly dlfferent

- 1The letter 'B’_.indi'cate‘stl'le secondsa'mple‘24 hours iater at this'time* =
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Figure 2.1. Serum growth hormone (GH) levels from goldfish sampled in February, 1983.

The fish were acclimated to 6 £ 1 * C and a photoperiod simulating natural -
conditions(Edmonton). Lights on at 08:00 hr and lights off at 17:20 hr were .
preceded by 45 minutes simulating dawn and dusk conditions, respectively. Values
are X=SEM. The results of Duncan's multiple range test (p<0.05) are indicated;

groups with common underscoring are not significantly different For samples taken.

4 hours apart, the second sample at a given time is represented by a closed
triangle; in the range test results, the time followed by a "B” represents the second °

.sample at that time. Note the log,, ordinate axis. _ ‘
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Figure 2.2.- Serum growth hormone (GH) levels from goldfish sampled in March, 1983.

The fish were acclimated to 6 * 1 ¢ C and a photoperiod simulating natural
conditions(Edmonton). Lights on at 06:05 hr and lights off at 18:15 hr were ,
preceded by 45 minutes simulating dawn and dusk conditions, respectively. Values

are X+SEM: The results of Duncan's multiple range test {p<0.05) are indicated;
groups-with-common-underscoring-are-not-significantly-different --For samples-taken___

ng Growth Hdrmohe'l‘per ml Serum

4 hours apart, the second sample at a given time is represented by a closed
triangle; in the range test results, the time followed by a “B" represents the second

sample at that time. Note the'log,, ordinate axis.
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- Figure 2.3. Serum growth hormone (GH) levels from goldfish sampled in June, 1983. The
fish were acclimated to 18 + 1 * C and a photqperiod simulating natural o
conditions(Edmonton). Lights on at 04:05 hr and lights of f at-20:53 hr were ‘
preceded by 45 minutes simulating dawn and dusk conditions, respectively. Values

. are X+SEM. The results of Duncan's multiple range test {p<0.05) are indicated; -

‘ , groups with common underscoring are not significantly different. For samples taken L

4 hours-apart,the second sample at a@ giver time is represented by a closed ,
triangle; in the range test results, the time followed by a "B” represents the second
sample at that time. Note the log,, ordinate axis. : _ o
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Figure 2.4. Serum growth hormone (GH) levels from goldfish sampléa.in July, 1983. The

fish were-acclimated to 22 + 1° C and a photoperiod simulating natural

conditions(Edmonton). Lights on at 04:15 hr and lights of f at 21:07 hr were

preceded by 45 minutes simulating.dawn and dusk conditions, respectively. Values

are X+SEM. The results of Duncan's multiple range test (p<0.05) are indicated;

groups with common underscoring are not significantly different For samples taken
4 hours apart, the second_ sample_at_a_given_time_is_represented by_a closed

- triangle; in the rfrnge test results, the time followed by a "B” represents the second

" ng Growth Hormone per mi Serum

sample at that ti

Aol

Note the log,, ordinate axis.
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In Figure 2.5 serum concentrations of GH in goldfish sampled over a 24 hour

period in August, 1982 (Experiment AZ.é) are shown. Fish sampled at 12:00 and 14:00 hr

had significantly lower serum GH levels than fish sampled at 02:00 and 20:00 hr, Fish
sampled 24 hours apart at 08:00 hr did not have significantly different serum GH Ievels
Serum Ievels of GHin flsh sampled over a 28 hour period in November of 1982
~ (Experiment 2.7) are shown in Flgure 26. FlSh sampled at 02:00 hr had sugnlflcantly lower -
_serum levels of GH than fish sampled at 24 00 hr. Fnsh sampled 24 hours apart at os8: 00
10: OO and 12:00 hr did not have sugnlflcantly dlfferent serum GH levels. ‘

Seasonel Changes in Serum Growth Hormone Levels and Growth'Rates _

. Varlatlons throughout the year in serum GH levels are shown in Flgure 2 7. The .
mean serum GH levels reported for the dlfferent tumes of the year were calculated from -
the values found over a 24 hour penod in each of Experlments 2.1 through 2. 7. The

lowest mean dally serum GH level was measured in flSh sampled in November ‘the serum

GH |eve| at this time of the year was sngnlflcantly lower than at any other time of the year -

" The mean dally serum GH level in flSh sampled in February was sumllar to the level found in
goldfrsh sampled durlng August, and was sngmfncantly lower than the serum levels of GH -

found in fish sampled during March, June, and July. The highest clrculatlng levels of GH.

were found in fish sampled in March and June' in fish sampled during July; the mean daily .

serum level of GH was significantly lower compared to flsh sampled in March or June .

Changes in growth rates throughout the year are summarlzed in Table 2.2

_ Variations in SGR are also shown |n Flgure 2.7. The lowest SGR values were observed in- -

. fish sampled during February and March. ln fish sampled durlng May the SGR was o

B sngnlflcantly increased compared to the SGR of fish sampled earller inthe’ year but the |

SGR in May was not sngnlflcantly"d’fferent from the SGR of fish sampled in November '

o Somatlc growth rates were mcreased even more |n fish sampled durlng June and July as |
| ) compared to May; the 'SGR value in fish sampled in July was greater than i in any other :

'group Goldfish. sampled in August had a srgnlflcantly lower SGR compared to flSh in June

or July. However the SGR value durlng August was’ st|II sngn:flcantly elevated as compared-"

to the SGR at-other. tlmes of the year. Relatlve changes throughout the year; =} growth

rate based on total body welght were slmllar to the seasonal varlatlons in S R '(da_ta' not
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e25. Serum'gro-wth'hormone (GH) levels from goldfish sampled in August, 1982.
The fish were acclimated to 25 + 1 ° C and a photoperiod simulating natural | o
. conditions(Edmonton).” Lights on at 06:00 hr and lights off at 19:30 hr were

preceded by 45 minutes simulating dawn and dusk conditions, respectively. Values

T are X+SEM The resuits of Duncan’s multiple range test (p<0.05) are indicated:

".groups with common underscoring are not significantly different. For samples taken
' 24 hours apart, the second sample at a given time is represented by a closed - ,
triangle; in the range test results, the time followed by a "B" represents the second

‘s‘a.mple at that time. Note the Igg,,, ordinate axis. .
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Figure 26. Serum growth hormone (GH) levels from goldflsh sampled in November 1982.

.\

)

ng Growth Hormone per ml Serum

The fish were acclimated to 8 + 1 °.C and a photoperiod sim
conditions(Edmonton). Lights on at 08:00 hr and lights of f at
R preceded by 45 minutes simulating dawn and dusk conditions, respectively. Values
e ——are-X+SEM-—The results-of-Duncan’s multiple-range-test-(p<0.05)-are-indicated;,——-

b

lating natural
17:00 hr were

groups with common underscoring are not significantly different For samples taken
24 hours apart, the second sample at a given time is represented by a closed

0800

~triangle; in the range test results, the time followed by a'B" represents the second |
' sample ‘at that tlme Note the. Iog,.. ordlnate axis. :
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Table 2. 2 Instantaneous relative growth rates from goldflsh sampled at varlous times

o thrOughout the year.

Instantaneous-Relative-Growth Rates

‘. Experlrrlent L Date @ SGR! ’LGR?

21 Feb. 15 89 0128001 ) 0072001
22 Mr22 96 0212002 003001
23 May8 - 108 . 051002 0.05:0.01

| ,2.4‘.3 . Jdune 10 - 101 1341008 027002

‘25" wiys 61 2521018 . ' 039003

26 ‘Alg 25 B4 . 'vf_:'1707:t>_.o7 0172003 |

27 Nov. 9 104 - 056£003 ",011+001" |

' Duncan 's Multlple Range Tests (p<0 05): _
. SGR: ng Mar May Nov Aug June July S
l.GR Mar May g Nov Aug June July S

% mcrease in somatlc welght per day

% mcrease in body length per day

All values are X+SEM
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} The linear growth rate (LGR) was lowest in-fish sampled in Februar'y,‘ March and

‘ ':__"Mayfthe mean LGB values. aLthese times_of the year. werenotsngnlflcantly dlfferent (T able_

| 2. 2) In fish. sampled during June and JuIy LGR values were sugmflcantly mcreased as:

. . "compared to the earller samples the LGR value from flSh in the July sample was higher
than at any other sample tlme The mean. l:GR value was sngnlflcantly lower in flSh sampled

: m August as: compared to the June and July samples In November the LGR was

L »sngnlflcantly decreased compared to flSh sampled in August but the mean LGR value was’

e stlll slgmflcantly greater than in flsh sampled durlng February, March or May.

o The groups of flsh sampled in Experlments 2.1 through 27 contalned both males -
| . and females (see MATERIALS [and METHODS) In order to determlne if sexual dlfferences
were present serum GH levels and the mstantaneous retatlve growth rates were found
. for each sex at the vanoustlmes throughout the year The mean dauly serum GH level N
. SGR LGR; and GSI for each sex are presented in Table 2. 3 The fish sampled in August -
were sexually regressed and the sex of each fish could not be vnsually determlned '
: consequently data for each sex at thls tire are not avallable In Experlments 2 1 through
.' 2 7. sample sizes for each sex were too small to allow for the statlstlcal comparlson of
o dlfferences ln serum GH levels between male and female goldflsh at each of the tlmes _ |
._ : durlng the 24 hour samphng pprlod However when the data for each 24 hour samphng
. perlod IS pooled the mean serum GH level dld not d|ffer sugnlflcantly between the sexes m

*the expernments conducted from February to July (T able 2. 3) On the other hand |n "

' November male goldflsh had a sugnlflcantly Iower serum Ievel of GH than female goldflsh

Desplte thls dlfference varlatuons throughout the year in serum GH Ievels for each sex -
- followed the trends observed when mean dally serum GH levels were averaged for both \ ’
, 'sexes (Flgure 2 7. ‘_ ' _ ' \ _ ' , B |

' Sexual dlfferences in SGR were not observed m the experlments conducted in . .

| : ,.‘February and July ln the March May June and November experlments however female

_ :goldflsh had a sngmflcantly hlgher SGR than male goldflsh ln addmon durmg the June I» :

; experlment female goldflsh had a S|gnlf|cantly hugher LGFl than male goldflsh sexual
dlfferences in LGR were not observed at any other tlme of the year Although sexual o

S dlfferences m growth rates were observed at certaln tlmes of the year SGR and LGR for

X
N ;
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N both sexes followed the pat‘tern observed When‘growtrr rates of both sexes were

f averaged (Table 2. 2), with the hlghest growth rates occurrmg in June and July and reduced

_ 'growth rates occurrung in flSh sampled in Fabruary or March
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D. DlSCUSSION \
" Ina prelrmmary study, Cook (198 1) found no evidence for daily varlatlons in serum

‘G_H _levels in goldfishrthe present study also provndes little evidence for daily changes i in -

' serum 'Gl-l levels throughdut most of the year. In February however, serum GH levels do
fluctuate .ona daily basis. At this tlme of the year serum GH concentratlons remaxn -
relatlvely stable throughout the photophase but i lncrease substantlally shortly after the start’ o

.7 of the scotophase (Flgure 21 ), thereafter, serum GH Ievels decrease and by the mlddle.of

| the scotophase serum GH levels have reached the lowest Ievels observed’ By the s’tart of .

the next photophase serum GH levels have returned to values similar to those observed

durmg the prevnous light phase At thls tlme of the year, therefore there appears to be a

l

| peak m cnrculatnng GH. levels that may be determmed by the start of the scptophase or the A
end of the photophase _ ' o - '
o contrast to the February experlment snmllar results were not obtamed in any of
:the other expenments conducted at varuous times throughout the year Durlng the March
: experlment -peak serum GH levels' were also attamed shortly after the start of the _ |
| - .scotophase (Figure Z2l but serum GH levels from fnsh sampled 24 hours apart were
" .slgmfucantly dufferent. Due to me Iack of duplrcatuon in serum GH concentratnons ut |s not '
' - hkely that the pattem in serurn GH levels in March is part of a regular dauly rhythm |
. Although there were srgmfucant dlfferences in serum GH levels between sample times
_ : wrthm the 24 hour samplung penod m the June July and Augustexpenments there was
. _' also a lack of duplncatlon in the serum \ GH measurments over the next 24 hour penod in
.:several mstances (Fagures 23 to 2. 5) lnducatmg that reproducuble danly rhythms are not
) llkely present at these tlmes of the year Durlng November the vanabllnty at each sample
: 'tlme is smaller but serum GH levels remamed relatnvely unchanged throughout the 28 hour
‘ ~samp||ng perlod Therefore in the experuments conducted from March to November ' »
there does not appear to be sugmflcant danly varratlons in curculatlng GH levels in goldflsh

ln mammals vanous stresses have been shown to alter GH release (for revnew

S " Chuodmn and Liuzzi; 1979) In the present study select:on of the sample groups was L ,

mterchanged between two aquarla anditi is posslble that stresses assoclated wrth the

- - removal of a sample group may have mfluenced the serum Gl-l Ievels of the goldfnsh

" remanmng in tha aquarnum However, the magmtude and durect:on of the changes mn serum
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GH levels between the sample groups was different in Ex'perirnents 53 through 2.7, and . ‘
- would suggest that varlatlons in serum GH Ievels observed throughout the samplmg |

perlods were not affected to any large extent by the samplmg procedure Furthermore T

".Cook l198 1) could flnd llttle evudence to suggest that stresses assocnated with blood
_' sampllng mfluenced subsequent serum GH levelswn goldfush On thls basns itis not Iukely
" that stresses assoclated with samplmg are responsuble for the results obtalned |n -

' Expenments 2.1 through 2 7 however ‘the use of groups of goldflsh malntalned in

: mdlwdual aquaria would have reduced the possublllty of stress—mduced changes |n serum .
GH levels : ' ' ' '

ln other teleost specles there lS only c:rcumstantlal evndence to suggest the

S presence of a daily rhythm in mrculatlng GH Ievels in one study usmg kokanee salmon

S|gn|f|cant peaks in plasma GH levels were observed at 03 00 and 12 OP hr |n jUVBﬂI'G flsh .
_ _mamtamed at 10— 1 2 °c under a natural photoper:od (Leatherland et al., 1974) However ,
these authors did not present evndence concernmg the reproducnblllty of this rhythm or
"whether sumllar vanatlons were present at other tlmes of the year or under other
envnronmental condltlons The valldlty of the heterologous RIA used in the study is also -
: questlonable (Nlcoll 1975) A dally varlatlon in the nuclear area of somatotrophs in tllapla
‘has also been demonstrated (Canllo et al 1980) In tllapla the nuclear area of the }
B somatotrophs was greatest at the end of the photophase and at- elght hours after the start ) '
of the scotophase However the relatuonshlp between dally changes in the nuclear area of"
) somatotrophs. and cxrculatmg Ievels of GH in the tllapla ls not known T
o Further research is requlred to mvestlgate the pOSSlbI'ItY that dally rhythms in
| serum GH leVels may bé pres?nt in goldfush mamtanned under other experlmental e

_‘ y' E -condmons ‘For- exemple -a number. of p,hyslologlcal processes are known to be mfluencedl\‘ P
- by food mtake lDelahunty et al;, 1978) ln trout lSaImo galrdnen) delly rhythms in thyrold'

- hormones have also been shown to be mfluenced by food nntake (Eales etal., 198 . The : " -

- pulsa’ale releese of GH in rats is known to be suppressed by food depnvatlon - e

@ mnenbawn 198 1) and |t is posslble that food intake may also mfluence serum GH levels |

- vm goldfnsh ln the present study food was ava:lable contmuously throughout the : '-_‘ ) ‘_ |
- photophase Further research is requlred to determme if feedmg on a more restncted but N

: b’ .regular b8$l$ may mfluence secretlon of GH m the goldfcsh :
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Seasonal varlatlons in the growth rate of somatic tlssues have been descrlbed fora

wide varlety of teleost specaes (see’ lNTRODUCTlON) and a number ‘of studles have

suggested that changes in curculatlng levels of. GH may be assoclated with the seasonal

cycle in growth rates (PlefOI"d 1957 Gross et al., 1965 Sw:ft and PlefOl’d 1965
Gerklng 1966 Shul man 1974 Cook 1981) The present study, however |s the first to ,‘ ) 4
descrlbe serum Ievels of GH assoclated with the seasona )vanatlons in growth rates m a -
teleost specnes In the goldfish, the hlghest mean dally serum levels of GH were found in.
goldf:sh sampled ln March and June, whereas the Iowest level occurred in fnsh sampled in .
o November The hlghest mean daily serum Ievels of GH occurred several weeks before. :
' sugnlflcant increases |n the growth rates were' found \a sugmflcant mcrease in the somatlc
: growth rate was not detected until May whereas a snngflcant acceleratlon in the lingar . -
growth rate was not observed untll June In goldflsh therefore the seasonal increase m

‘, cnrculatlng GH Ievels precedes the seasonal mcrease |n growth rates

In a study usmg hypophysecwmlzed Fundu/us heteroc//tus to bloassay the GH o

- ’cohtent of the pltUltary glands of perch Perca f/uwatllls captured at varlous tlmes of the‘ o
year, Swnft and Plckford (1965) found that the growth—promotmg actnvuty of perch ’
"pltwtar:es was hlghest in June one month prlor to the perlod of maxlmum growth in perch

, The observatlon that, in goldflsh and presumably perch the. seasonal peak in c:rculatlng GH '

- .levels occurs several weeks pnor to the optlmal growth rate of the fush may be related to

‘. a number of parameters Swaft and Puckford l1965l suggested that water temperature
B may be |mportant in governmg two aspects of the seasonal cycle in GH secretlorL Flrstly.
: '.‘lncreasmg water temperatures dunng the sprlng may stlmulate lncreased productnon and
secretnon of GH secondly. mcreasedtemperature may also mcrease the responslveness » )
- of target tlssues to GH In the present study the lncrease ln mean dally serum GH levels i in
. “ March cannot be explamed by temperature—nnduced mcreases in the productlon and )
- secretxon of GH by the pltwtary, because the water temperature in March was |dentlcal to
E the temperature used m the February expenment (6 °Cl Furthermore in June the mean
l ~ daily ¢ serum GH levels were snmllar to- those found |n March although the temperawre had
! mcreased t6 18 °C. ' ' o - B
. On'the basus of their data Sw'ft and PICkal'd (1965) could not rule out, or support
the pOSSlblllty that mcreasmg daylengths dur\mg the sprmg months may stlmulate the .



.seasonal mcrease in curculatmg GH Ievels in the present study, mcreases m serum GH
_Ievels from February to June correspond well wnth the mcreasmg daylengths whereas

' from July to November serum Ievels of GH decrease as the daylength becomes shorter.
l

Although thls evndence is only cnrcumstantlal varlatuons m 'the duratuon of the photophase -

or scotophase throughout the year may serve as the enwronmental cue by whuch seasonal :

- _ varlatlons in mean dally curculatmg GH- levels are regulated _ e

Enwronmental temperature has been shown to mfluence the growth of many
o .-.teleost specres (for revnew Brett 1979) In most flshes the growth rate mcreases wuth

" _mcreasmg water temperature until an optnmal temperature ls reached abdve whlch growth

= '_ rates declme Temperature is known to affect varlous parameters related to the growth

of flshes mcludlng food avallablllty and mtake metabollc requlrements and food

| 'conversnon rates and efﬂcnencnes (Shul‘man 1974 Brett 1979) It has also been
suggested that temperature may mfluence the secretory dynamncs of GH and. the '» | _ '

o responsnveness of tnssues to GH (Swnft and Plckford 1965 Adelman 1977 Kayes, 1977)
ln the study by SW|ft and PICkaI’d (1965) |t was. suggested that the delay between maxlmal : -,:

L fpltwtary GH concentratnons and maxlmum growth rates was a result of reduced

o ; target—tlssue responsuveness at lower water temperatures Th|s hypothes:s may also e

o observed |n goldflsh

explam the the lag perlod between maxrmal serum GH concentratlons and growth rates .’

qv-_.l

\: ln the present study the mcreases in growth rate were closely related to changes o

: . L
v _'_m water temperature A sugnlfxcant acceleratlon m the somatlc growth rate was not

’ '_tobserved dntll May when water temperature had mcreased from 6 to. 10 °C a sugmflcant

- '-._fmcrease in the lmear growth rate was not detected untnl June when the water temperature

: _was 18 °C The hnghest growth rates were attamed in; July when water temperature was
- 22 °C several weeks after the peak m mean dauly senm GH concentratlons had been

- '”reached In August temperature was mcreased to 25 °C but the growth rates had declmed

f'by ttus tlme Iti is not Ilkely that the optlmum temperature for growth in goldflsh had been

. o .exceeded in August as 25 °C is wrthm the lnrmts for optmral growth of carp (Adelman
- , 1977) and the declme m growth rates m August ls most hkely related to reduced

i clrculatmg levels of GH at this tume In November growth rates declmed further as’

L ftemperature was reduced t09 °c the Iowest serum levels of GH were detected at thls "] o

’_;»

e
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o
tlme although the Iowest growth rates were not observed untnl several weeks later when
water temperatures were. lowest Therefore in goldflsh there is a delay between '

‘ maxnmum serum GH levels and growth rates and mlmmum growth rates and serum GH _' '

. Tevels™ _ »
The level at whnch temperature may act to reduce tissue responsuveness is not
' _.known In addltlon to the varlous metabollc processes listed above temperature would

o presumably mfluence varlous ‘other parameters related to growth or the action of GH

o mcludlng GH receptors the rate of protem synthesns and bone growth the metabohc

' clearance rate of GH from the. c:rculat:on or other hormones such as the thyrond .
‘ '_hormones whlch may. act synergnstncally wnth GH to. promote growth in mammals the .
actnons of GH are known to.be medtated by a class of secondary hormonal agents known
“as the somatomedlns (Daughaday 1982) Although the presence of somatomedms in
teleost fushes has not been satlsfactoruly demonstrated itis mterestmg to speculate that
'_ :temperature may also affect vanous aspects related to the metabolrc actlvrty of these
| ‘somatomedms Obwously more research is requxred before the mechamsm by Whlch
"temperature infiuences growth rates in teleost fishes is known T
i the present study s:gnrf:cant dlfferences in growth rates between male and
-'female goldflsh were found (T able 23) A number of other teleost specnes have been
- reported to exhlbrt sexual varlatlons in growth rates (Shul’ man, 1974 Hunt and Jones | ’
1975) Although female goldflsh did have faster growth rates at oertaln txmes of the year

B _ the pattem of seasonal vanatlons in growth rates was s:mrlar for both sexes justlfymg the

- _prewous paragraphs o

' : .combnnatuon of data from both sexes for statnstucal companson and dlSCUSSlon ythe
S Sng\vfucant sexual drfferences in’ serum levels of GH were not detected in fnsh
' sampled from February to July but, in November, ,female fish dld have a sugmflcantly hlgher C

: .mean danly serum GH level as compared to male flsh. However the growth rates were ,;i LT

i - slovyer at thns tzme and the serum GH Ievels of frsh sampled in November were the Iowest E

R detected throughout the year suggestmg that the Sexual d‘fference in the serum. GH level

PR

may not. be physrologncally slgmfncant ‘, L B oy ' S
In summary, sngmfncant daily fluctuatlons ln the serum GH Ievel in goldfnsh appear to N :

be absent throughoLt most of the year in February however a slgmflcant dally vanatlon |s L
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: present ln both male and female goldfishy Jrnean daily serum GH levels are hnghest from
March through June, and lowest in’ November Itis suggested that seasonal changes in the
duratuon of the photophase or scotOphase may act as the envrronmental factor by which } N
—~—seasonal changes in-mean- dally serum- Gl-Hevels -are- regulated-——There are-also- seasonal———

varlatlons in growth rates in goldfrsh that are sumllar to those reported for other’

- temperate—zone teleost flShBS A Iag perrod of several weeks between seasonal maxima
in mean dally serum GH levels and growth rates is most llkely due to reduced metabolic

activity of GH as a result of lower water temperatures as water temperatures mcrease )

the metabollc actnv.ty of GH also increases. Although female goldflsh exhlblt faster
growth rates than male frsh at certain trmes of the year' these varlatlons do not appear to

be related to sexual dlfferences in serum GH levels



INFLUENCES OF TEMPERATURE AND PHOTOPERIbD ON THE RATE

T o | BODY GROWTH, AND | ON CIRCULATING GROWTH HORMONE LEVELS
IN GOLDFISH Carasszus auratus '

A. INTRODUCTION
Temperature and photoperlod are: known to be two envnronmental varuables with .

i .the potentsal to mfluence the rate of body growth iri teleost flshes (Shuf'man, 1974 Brett,

' 1979) Generally growth rates. have been shovyn to mcrease with lncreasnng water
‘temperature until an opt|mum temperature is reached, above whnch an increase in¢
temperature results in. decreased ‘growth rates (Brett, 1979). -Environmental temperature

: acts asa Controllmg Factor mfluencmg metabollc expendltures food intake and
conversuon rates and related metabollc processes which ultimately affect the rate of
somatic growth in teleost fnshes (Brett 1979) in Chapter Il growth rates throughout the |

'~ year in goldfish were closely related to changes m water temperature, with mcreased
growth rates present m fish mamtalned at the warmer temperatures (T able 2.2). The
mfluence of photoperlod on body growth in teleost flshes is not as well documented
altl??ough in general Iong daygength or mcreasmg daylengths over a perlod of time is

- stimulatory to body?growth in freshwater fushes especxally when applled at certain times

- of the year (Brett 1979) . if; iy .

. i Although the effects of temperature and photopenod on body growth have been - -
st/udued in several teleost spemes the lnfluence of these two varlable; or: endogen0us o

. 4, levels of @H have not been documented Growth response to exogenously admmlstered

GH have been reported to be temperature dependent in'a number of teleost specnes -

(Plckford 1957 Adeiman, 1977 Kayes, 1977) and it has been suggested that -

temperature may mfluence endogenous levels of GH, metabohc turnover rates of GH, or

target—tnssue responsnveness 1o GH (Puckford 1957; Swift and Pnckford 1965 Adelman ,

1977; Kayes, 1977) na prehmlnary study by Cook (1981), the mean dally serum GH Ievel ,

was mcreased |n goldflsh exposed t6 a water temperature of 20 °Cin February as .

compared to fush mamtamed at 12 °C; however a similar response to temperature was’

absent in goldfush 'sampled durlng Aprll The effect of temperature on endogenous Ievels '

of GH at other tnmes of the year and under other envuronmental condmons were not

T ,.~

: AR ',' . s . LN PR
B T (o B o
. i ..Ab.,,- . . B . . - . '.
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studied. ‘
"—“'“:*—'“‘_The‘influehce"ofphotbperiodic-conditions-ohsecretionfof‘GHi'has:not—beeh%-‘~~-——‘—-’->f
mvestlgated although Iught is thought to be a "Directive Factor” capable of'stimulating |
brain— pltuntary responses in teleost fishes (Brett 1979) Swift and Plckford (1965) have. |
, suggested that seasonal increases in the natural daylength may act as the mltlal stlmulus to \
,hypophyseal GH synthesns in perch, Perca f/uwatllls in goldflsh seasonal varlatnons in
serum GH levels may also be related to natural changes in daylength (Chapter . In.
contrast photoperlodlc condltlons did not mfluence the growth response of common
carp Cypr/nus carpio, to bovine GH m;ectnons (Adeiman, 1977) ’
In the present study, the mfluences of varlous temperature and photoperiod
' Acondmons on the rate of somatic growth in goldfnsh were studied usmg a factonal design
wnth'two Ievels of constant temperature and daylength thns de5|gn allowed the mfluence ;
of eachenvnronmental variable and the possnble mteractlon of photopenodand' :
temperature to be evaluated Servjm GH levels in the fish exposed to the -en\)irohmehtal
‘regimes were also cletermined’ This experiment was répeateo several tim'esthroughout :
~ the year to determine if the rnfluences of temperature and photoperlod on the rate of -

\
body growth in goldflsh also vary ona seasonal basns



32

' B. MATERIALS AND METHODS -

P ,
Experlmental Animals ' _

_ The source and malntenance procedures f%:he go‘ldfish used in the present.study
were described prevuously (Chapter . ' '
Experlmental Procedures , _ _
L Followmg the. mmal acchmatlon perlod to general laboratory condmons a group of '
10 goldflsh was randomly selected from the stock aquarlum shortly before 08 00 hr.

' After anaesthetlzatlon in MS 222 and gentle blottmg on damp paper towellung the body

: welght and length were recorded for each flsh and a blood sample removed from the , "

AN

o :gonadal txssues recorded A second group of 10 goldf:sh was also removed from the

stock aquarlum at 16 00 hr of the same day and sampled in a slmllar manner Samplmg of

these two groups was started approxlmately 10 mlnutes before the desugnated sampllng S

‘.tlme and was usually completed wnthln 15 to 20 mlnutes of the removal of the flsh from
'theaquanum R , Lo '_ : ) '

' After sampllng of the 08 00 hr group was completed elght addmonal groups of
goldfnsh were randomly selected from the stock aquarlum wnth each’ group consnstung of ', :
| ~20 goldflsh of mlxed sex lwhen possnble each group conststed of 10 male ahd 10 female .
goldflshl The fnsh were anaesthetlzed in MS- 222 fm—clspped for mdtvudual udentlfucatlon o

' and the body welght and Iength recorded for each fish. On recovery from the anaesthetlc , T -

each group of goldfxsh was placed in an lnleIdual 90 l:tre flow—through aquaruum and .
’_ acclimated for a period of elght days to a photoperuod of 12 hours l:ght and 12 hours
darkness (12L 1 2D) and a water temperature of 12+1 °C.

’ On the mornmg of the mnth day desugnated as Day 1 of the expernmental perlod
each group of flSh was anaesthetxzed and the body welght and Iength recorded for each
f:sh The fnsh were returned to the aquarxa and two groups randomiy selected and
exposed to each of the followmg condmons 16L80 12+‘l °C: 16LBD 20+1 °C 8L 160
12+1 °C; 8L: 160 20+1 °C. For the groups exposed to 20 °C the water temperature was
| slowly ralsed over a period of several hours Although the tnme of hghts on was 3
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approxnmately 08 OO hr, the tlmung was staggered in the aquarla so that. subsequent

sampling of 1 the experlmental groups lsee below) would occur at approxlmately the same

tlme durlng the photoperlod Throughout the acchmatlon perlod the flSh were fed in
excess twice daily with Ewos pellets The groups of flSh sampled on Day 10 of the
experlmental perlod (see below) were also fed twice dally However the groups of
: goldflsh sampled on Day 30 were fed ad / /b/tum with Ewos pellets usmg the automatlc :
/eeders descrlbed prevuously (Chapter ll) ‘ |

: On Day 10 of the experlmental pernod four groups of goldf:sh exposed to each

of the envnronmental COI"ldIthI"lS were sampled At 08: 00 hr one half of the fish in one of L

the groups was' randomly selected from the aquanum and anaesthetlzed in, MS 222, The
o body welght and lengtﬁ were determlned for each flSh and a blood sample taken from the
: ’caudal vasculature. The flSh were then kllled by spmal transectlon and the gonadal tlssues “
Lo 'removed and welghed This samphng was repeated untll half of the goldflsh in each of the
\I four aquarla had been sampled at 08 00 hr. The goldflsh remalnmg in these four aquarla
. -were sampled ina slmllar manner at 16 00 hr of the ‘same day. On Day 30 of the =
v expenmental perlod these sampllng procedures were repeated usmg the goldflsh |n the | |
remalnmgfouraquana : Y e ' o
| Several experlments usmg the procedures descrlbed above were performed at
‘ varIOus times throughout the year A total of six experlments were’ conducted the tlmes '
- - of the year durlng whxch the experlments were performed and the gonosomatlc mdex L

L (GSl) of the flSh sampled at the start of each e-xperlment are shown in Table 31

Blood Samplmg Procedures , »
‘ Blood samples were obtamed from the caudal vasculature of the goldflsh and the -

.' ‘serum from each sample collected and stored usung the methods descrlbed prevnously

v (Chapter lI)

& -

: Growth Hormone Raduonmmunpassay

Serum Ievels of GH were determmed usmg the RIA descrlbed brlefly in Chapter I
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- 'Table 3:1. The times of year durm% which Expenment 3.1 through 3.6 were conducted
. and the gonosomatic index (GSI) of male and female goldfish sacrificed at the start.
_of each experiment ' ‘

" Experiment ko ' Time of Ypér" ' Sex N A - GSI

31 January- M 7 14,8207}
o . Febrpary R R 1}_3 , ‘. 7.1x0.8 -

,_'3.2" SRR " March= . M . .9 . -
S - April ‘ Fooo

33 Apri-

ng
o
9]
H
(@]
Lo

ng

(8]
NN
s
it

34 June-
- . < July

S35 . September-. . . - .- 10 _ i 0:420.1
S : ctober S .

3.6 e Nov.evmber-—’- o ‘M“':' } _5:.
L co Dece‘m'ber N .

S0

: O

1 M—maIeF female
S AII values are, X+SEM



,Calculatlon of GrowthRates.“ S ‘ o . . ,

Instantaneous relatuve growth rates (SGR and LGR) were calculated for goldfush

: sacrlflced on Day 30 only, using the equatlons descrlbed prewously (Chapter . Somatnc
welghts on Day 1 were calculated using the average GSI from the group of flsh sacrlflced : :
at the start of the. expernment on Day 30. somat:c welghts were calculated usmg the

'average GSI values from fish of the same sex sacnfuced at thls tlme

Statlsticel Procedures . _
" Growth hormone and growth rate data were normallzed usnng a logarnthmlc

- transformatlort The mfluence of temperature and photoperlod on serum GH Ievels on Day

L 10 and Day 30 and on the growth rates were analyzed usmg factorlal analysls of varlance

"'(p<0 05 Snedecor and Cochran 1980) In all groups serum GH levels represent the .

| ,laverage of the values obtamed from the 08 00 and 16 00 hr samples For the fnsh -

s sacnflced on Day 10 and on Day 30. dlfferences in the mean serum GH levels between the ‘

B experlmental groups were analyzed usung one-way analysns of vanance and Duncan s

. : multnple range test (p<0. 05 Steel and Torne 1960) GAnalysas of varlance and Duncan s

' multnple range. test (p<0 0 ‘l) were also used to analyze dlfferences in the growth rates '

- vbetween expenmental groups on Day 30 Sample slzes ‘of less than 20 resulted frorh the

) death of some of the anlmals durlng the expenmental penod in the case of the growth
R rates fash whuch could not be ldentlfled from the fm—chp marklngs were not mcluded ln
.theanalysns _ - A ‘, A SR T - . :
o ) Student's t—test (p<0 05) was used to test for sexual varlatnons dlfferences L
between the 08: 00 hr and 16 o]0} hr samples and dlfferences between the Day 10 and Day
’ 30 samples in serum GH levels thhnn each experlmental group (Snedecor and Cochran

e ) 1980) Sexual dlfferences in the growth rates were analyzed usung the Mann-Whltney

- U—test (P<O 01). All descrlptwe statlstlcs calculatlons and statlstncal analyses were done
; _usmg the SPSS (Nle et al., 1975) and BMDP (DIXOI'I et al., 198 1l program packages Lo
' avallable through the Unnversnty of Alberta computlng system
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C.RESULTS - R

-, Experiment 3.1 (January-February) : .
Flgure 3.1 shows the serum GH Ievels in the experlmental groups from the
January February experlment There were no slgnlflcant dlfferences in- serum GH levels -

: between the 08: 00 and 16 00 hr samples or between male and female goldfnsh inany of .

o .the experlmental groups (data not shown) On both Day 10 and Day 30 the Iowest serum‘ S

g ‘GH level was detected m goldflsh exposed to 8L: ISD 12 °C the serum GH level in thls B
group was similar to the serum GH level of flsh exposed to 16L 8D 12 °C but was o

sngmf:cantly lower than the serum GH levels m all other groups FlSh sub jected to 16L 8D, lv
20 °C and 8L 16D 20 °C. had snmllar serum GH levels m both these groups the serum GH o

Ievels were sugmfncantly hugher as compared to each of the other groups o - '

Correspondmg mstantaneous relatlve growth rates (SGR and LGR) are .shown m

o Table 3 2 and Table 3 3 The SGR was sngnlfucantly hlgher in- the group of flSh exposed to‘-i L

S 161.80 20 °C The LGR showed a snmllar trend, with the hughest rate present m the
-,‘.16LSD 20 oC group Slgmflcant sexual dlfferences‘m the growth rates were not i
- “ detected (data not shown) R N e

B _ The results of the factorlal analysls of varuance are summarlzed in Table 3 4 On o
“both: Day ‘IO and Day 30, only temperature sngnlflcantly mfluenced serum GH Ievels
: ‘However the lnteractlon of temperature and photoperlod d:d have a sngmflcant effect on

' ',both sen and LGR

; 'Experiment 3 2 (March-AprlI)
Serum GH levels in Expenment 3 2 are shown m Flgure 3 2 ln the' 8L l GD 20 °C

: group sacrlflced on Day 10 flsh sampled at 08 00 had a slgmflcantly mcreased serum GH“_ o

level compared to flSh sampled at 16 00 hr (59 0:8 8 and 32, 2+1 2 respectlvely) on Day .

" 30 the 08 00 hr sample |n th:s group also had a s:gniflcantly hlgher serum GH level than
'N\tne fnsh sampled at: 16 00 hr (77 6+79 and 34. 117 8 respectxvely) No other group had

slgmfucant dnfferences in serum GH levels between the 08:00 and 16 00 hr samples (data L

not shown) Also, no slgmflcant sexual dlfferences in serum GH levels were observed '
wrthnn any expenmental group ldata not shownl | L RIS R 3 - L
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" Figure 3.1. Serum growth hormone {GH) levels in goldfish maintained under different
: environmental regimes in January—-February: All values are X+SEM The initial sample
“represents the serum GH levél in fish sampled at the start of the experiment The
- . results of Duncan’s multiple range test are indicated; groups with common
_underscoring are not significantly different (p>0.05). The bracketed letters below
T the abscissa represent eéach expeririental group in the range test The numbers »
: _above the abscissa are the sample size of each.group. Note the log,, ordinate axis.
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Table 3.4. Resulits of the factorial analysis of variance showing the significant effects of

" temperature, photoperiod, and the temperature—photoperiod interaction on serum .
growth hormone (GH) levels on Day 10 and Day 30, and somatic growth rates (SGR)

. and linear growth rates (LGR) on Day 30. Values of P are indicated where a '

————significant-ef fect-was-detected:-nonsignificance-(NS)-is-based-on-p>0.05:

. Experiment . -

Variable ' Sowce . 31, 32 33 34 35 36
P \

©GH Photoperiod . =~ NS - .001 NS NS NS ...03

s Temperature - .001 001 .001 ,.001 001 ~.001

interaction NS .04.° .01 .I'Ns' NS 001

Da 30 \ >~  g . . :
(!H : - Photoperiod = NS -

S NS 01 NS _ .001

Temperature ‘04 ..001 .001 - .001 001
. Interaction . - NS 01 NS°- 03  .001 .
"~ SGR ' Photopericd 001, NS 00T NS 03 NS
R - Temperature = .001."...001 .02 . .02 - .001. NS . .
~ . interaction * 01 NS - -01 ' NS. NS .04
LGR - Photoperiod - 001 = NS:. 001 NS .02 NS
. Temperature .. . -.001 -.001 - .001- .01 . .001 001
"Interaction 001 NS .01 NS NS NS

0

S



Figuré 3.2.°Serum gfthh hormone (GH) levéls in goldfish m_giniéined under different
. environmental regimes in-March-April. All values are X*SEM. The initial sample. "

 _samiple size 0

ng Grpwth‘,H‘_or‘moine"pe"vram‘l S_a-ru'rvn‘[ e

represents the serum.G o
Significant differences between Day 10 and Day 30 in serum GH levels under each -

H level in fish sampled at the start of the experiment

, ‘experimental regime are indicated by "# (p<0.01). The results of Duncan’s multiple .
.~ range-test-are-indicated; groups.with. common.underscoring are not ¢ significantly-

different (p>0.05). The bracketed letters below the abscissa represent each’
. experimental ?roup in the range test  The numbers above the abscissaare the:
each group. Note the log;; ordinate axis. C o

‘50

7ok o

30

20¢

.
20
v Initial v .
[ sample  12%G 0% . 2™
M) o ) e, C(D)e e

o Ei-périfne'niél Regime



a2
On Day 10 flsh sub jected to 16L8D 12 °C had a ssgmflcantly Iower serum GH
level than all other- groups sampled at thls t|me Serum GH Ievels in the other groups _
-—-sampled at -this-time- were not. sngmflcantly dlf_ferent_ln -the- 16L.8D,_l 2.C. groupsacrxflced____;_
~on Day 30 the serum GH level was sugmfucantly elevated as compared to the same group '
sacrlfnced on Day 10 On Day 30 the serum GH level in the lSLBD 12°C group was - :
R sngmfncantly lower as compared to the level in only the 8L1 6D, 20 °C group '
o In two groups of fish exposed to 20 °C the mean SGR values were stgmflcantly
” jmcreased compared to the SGR from the groups exposed to 12 °C @ able 3. 2) The
3 jhlghest LGR values were also found in the groups of flsh exposed to 20 °C but the
: v : mcrease was sngmflcant in only the. 16L8D 20°C group compared to the two 12 °C
- 'groups T able 3%) Sexual dlfferences in growth rates were not observed in any : e
. _experlmental group (data not shown) o o o R -
The factor:al analysns of varlance (T able 3. 4) detected a sngmfncant mteractmn of
: temperature and photoperlod affectlng serum GH Ievels on Day - 10 On Day 30 however
L only temperature sngmflcantly mfluenced serum GH Ievels Temperature was also the maln : : _‘

' vanable unfluencmg the growth rates of f:sh in the expenmental groups (T able 3. 4)

o Experlment 3. 3 (Aprll May) _ , o Lol
e Flgure 3 3 shows the serum GH ‘evels of flSh sampled in the Apnl May experl\erk- B
' : ‘(Experlment 3 3) No sngmflcant dufferences |n serum GH levels were observed between A
‘.lflSh sampled at 08 00 and 16 00 hr or between male and female goldflsh wnthsn any | ’
' expenmental group (data not shown) On Day 10 the serum GH level in the group sampled ‘ S
_ at the start of the expenment was. slmllar to ‘the Ievel in the ‘lGLBD 20 °C group serum '
GH levels in these two groups were szgmﬁcaptly l'ngher compared to the Ievels ln the other
. groups sampled on Day 10 On Day 30 the serurn GH Ievel in the- 16L8D 20 °C group
, was s:gmfucantly lower than the Ievel observed in tl'ns group on Day 10 The 8L160 20 °C
A‘ | ‘ _,group on Day 30 had a sugmflcantly elevated serum GH: level compared to the same group -
: on Day lO The group of flsh sampled at the start of the expenment and the 8L16D 20 - '«.' L
| ’ '”'.’"-_.oc group sampled on Day 30 had similar’ levels of GH and the GH levels in both these L
::fgroups were sugnlfucantly hlgher than the serum GH levels in the all other groups sampled -
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Flgure 3.3 Serum growth hormone (GH) Ievels in goldfish 1 mamtamed under dlfferent
: environmental regimes in.April-May. All values are X+SEM. The initial sample oy
represents the serum GH level in fish sampled at the start of the experiment.
~ Significant dif ferences between Day. 10.and Day 30 in serum GH levels under each
‘ " experimental regime are indicated by '*" (p<0.01). The results of Duncan’'s multiple . ;-
—~——~range test-are-indicated;-groups-with-common-underscoring-are not- Stgmfrcantly—-!
different (p>0.05). The bracketed letters:-below the abscissa represent each ‘
.experimental ?roup in the range test. The numbers above the abscnssa are the {
_ sample snze o each group Note the Iog,, ordinate axis.
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The instanta'neous relative growth rates for goldfish sacrificed on Day 30 are. |
—— summar:zed m#able% 2- and -Table-3:3.-The-SGR- m flSh -exposed-to-16L:8D: ~202C- was—!\--———
sugmﬂcantly higher than the SGR in the othef groups The LGR was S|gn|f|cantly Righer i in E
“the two groups of flsh exposed to the warmer temperature also the LGR of the 16L:8D,
20 °C group was sngnlflcantly hngher than the LGR measured in fish exposed to 8L: 160 20
°C. Tﬁvére were no sngnvfucant dnfferences in SGR or LGR between the sexes (data not

shown) .

-

. S . . 8 .
tOn both-Day 10 and Day 30, a temperature photoperlod mteractnon sugnlflcantly

- mfluenced serum GH levels (T able 3 4) A temperature and photoperlod mteractlon also

J

had a sngmfncant effect on both the SGR and LGR in this experlment
Expenment 3.4 (June July) .
: Serum GH levels in fnsh from the June July experiment are shown in Figure 3. 4,
No Stgnufncant dnfferences in serum GH levels were found between fish sampled at 08: OO
‘!' and 16 OO hr or bgtween sexes wuthm any expernmental group (data not shown). 'On Day
R 30, the serum GH levelin the 8L 16D, 20 °G group was sngnufucantly elevated compared to
- .the serum GH. levels in .the group of f:sh sampled at the start of the exp&"nment and the -
16L8D’1 2 °C and BL 16D 12 °C groups On Day -30, the serum GH level ‘of the 16L 8D
) 20 °C group was sugmﬂcantly hlgher than the serum GH level in the same experlmental
. group SaCl'lfICBd on Day 10, and all other groups sampled on Day 30 '
_ As shown m Table 3.2, the SGR of the 8L16D 20°C group was slgmflcantly
Vi mcreased compared to the groups exposed to 12 °C but not compared to the 16L:8D, 20
. °C group Similar LGR values were observed in the 16L.8D; 20 °C and the. 8L16D 20 °C
groups. and the mean LGR values in these two groups were s;gmﬂcantly hlgher than the
‘_ LGRin the two groups at 12 °C Sngmfncant sex&al dufferences in the growth rates were
not found (data not shownl St , _ ‘ _ R
- On Day lO temperature was the only vanable s:gmflcantly mfluenclng serum GH
- ‘levels T able 3. 4) Both temperature and phOtopenod slgnafucantly mfluenced serum GH
- 'Ievels on, Day 30 although the mteractnon of these vanables was not sngmflcant.

Ternperature was the only variable s:gmfncantly mfluenclng SGR and LQR n th'.-‘?. experiment -

-

<

¥
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Figure 3.4. Serum'g‘rowth Rormone: (GH) levels in goldfish maintained under different
. environmental regimes in June—July. All values are X+SEM. ‘The initial sample.
represents the serum GH level in fish sampled at the start of the experiment

f.

-~
P

Significant differences between Day 10 and Day 30in serum GH levels under each
experimental regime are indicated by ‘* (p<0.01). The results of Duncan’s multiple
range test are indicated; groups with common underscoring are not significantly
different (p>0.05). The bracketed letters below the abscissa represent each
experimental group in the range test The numbers above the abscissa are the
sample size of each group. Note the log,, ordinate axis. :
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Expenment 35 (September-October)

Figure 3.5. There were no svgnlfucant dvfferences in serum GH ievels between fish

‘. sampled at 08: OO and 16:00 hr in any experimental group (data not shown) The goldfnsh
-used- Yn this expernment were sexually regressed (T able 3.1) and the sexes could not be '
vnsually dlstmgu:shed, therefore, sexual dlfferences in any of the varlables co.uld not be

'determined On both Dayn 10 and Day 30, the serum GH levels in all groups were -

Serum GH levels from_ the. groups of | fnsh sampled m thls experlment are shown in ‘

: s:gmflcantly lower than the. serum GH Ievel of. the group of fush sampled at the start of the ' C

E experlment On Day 10, the 8L16D 12 °C group had a sxgmflcantly lower serum GH level .

than flSh m the 16L 8D.. 20 *C and 8L: 16D, 20 °C groups, whereas the serum GH level in the
' 16L:8D, 12 °C group was s:gmflcantly lower compared to only the 16L 8D, 20 °C group

. On Day 30, fnsh from the 8L 16D 12 °C group had a sngnlflcantly lower serum’ GH Ievel

| h than the two groups at 20 °C

The hlghest instantaneous relatlve growth rates were found |n goldflsh mamtamed '

at20 °c The SGR and LGR of both the. 16L:8D, 20 °C and 8L 16D, 20 °C groups were

sngmf:cantly hugher compared to the growth rates of flSh maintained at 12°C (T able 3 2.

.on Day 30 there was a s:gmfucant temperature—photoperuod mteractlon mfluencmg serum

" and Table 3 3)

On Day 10 temperature was the mam varuable affectmg serum GH Ievels whereas _

‘ GH Ievels T able 3 4) Both photoperlod and temperature mfluenced the growth rates

- ’although the unteractlon of these two varlables dld not sngmfxcantly affect elther the SGR

or LGR.

Expenment 3 6 (November-December)

Serum GH levels from Expenment 3 6 in November—-December are shown in Flgure', -
36 Serum GH levels m male and female goldfnsh and in fish. sampled at 08 00 and 16 00 L
4 ‘ hr were not sngmf:cantly d:fferent w:th:n any group Serum GH levels. m the group sampled
mmally and the 16L8D 12C sampled on Day 10 were similar, ‘and s:gnlfncantly lower than -

in the. other groups sampled on Day 10 On Day 10 the serum GH level in the 16L8D 20

| °C group was s»gmf:cantly elevated compared to all other groups sampled on. Day 10. and
" the mmal sample group On Day 30 the: serurn GH level in the lSLBD 20 o gro.xp was

x
L



Figure 3.5.- Serum gfowth hormone (GH) ievels. in goldfish maihtained_undef different

environmental regimes.in September-October. All values -are X+SEM. The initial .

sample represents the serum GH level.in fish sampled at the start of the ex;)‘eriment .
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The results of Duncan’s muitipie range test are indicated. groups with common "\
underscoring are not significantly different (p>0.05). The bracketed letters below -
the abscissa represent each experimental group in the range test The numbers

. above the'abscissa are the sample size of each group. Note the log,, ordinate axis.
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\ . .

. _Figﬁre 36. Serum growth hormone:-(GH) levels in gol’dfish maintained under diffefent
environmental regimes in November-December. Ali values are X+SEM.- The initial

sample rep
Significant di
—_experimental.regime ar.
~range test are i
different (p>0.
experimental

resents the serum GH level in fish sampled at the start of the experiment
fferences between Day 10 and Day 30 in serum GH levels under each: 5
e indicated by ‘*' (p<0.0.1). The results'of Duncan's muiltiple . . -

ndicated; groups with'common underscoring are not significantly
05). The bracketed letters below the abscissa represent each. ==~
roup in the range test The numbers above the abscissa are the

sample size of each group. Note the log,, ordinate axis.
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srgmflcantly |ncreased compared to the serum GH levels in the same expenmental group

sacrnflced on Day 10, the initial sample group and all other expenmental groups sampled R

s

on Day 30 The 8L 160 20 °C group sampled on Day 30 also had a sugmflcantly hlgher
serum GH Ievel compared to the group sampled at the start of the experlment and the :
16L 8D 12 °C and 8L: 16D, 12C groups sampled on Day 30 N

, No sugnlfncant dlfferences in the SGR of the experlmental groups were observed
(T able 3 2) In contrast the LGR of the 16LBD 20 °C and 8L:16D, 20 oC groups were
s:gmflcantly hlgher compared to LGR values of the two groups held at 12°C: T able 3. 3) »
N On both Day lO and Day 30 there was a sngnnflcant mteractnon of temperature and ‘
photopenod affectmg serum GH levels (T able 3.4). The temperature-photopenod |
mteractnon also sngmfucantly mfluenced SGR values whereas temperature was the maln

effect mfluencmg LGR values o
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D. onscussuou

The results of the present study mdlcate that temperature and photopenod can o

» ‘mfluence serum GH levels in goldfnsh and wnth the exceptlon of the prellmlnary study by
s Cook (1981), the current study is the first to demonstrate the effect of these '

'enwronmental parameters on clrculatlng GH levels in a teleost specres In general the

- results of the present study suggest that mcreased water temperature usually results in’

' 3 elevated serum GH Ievels in goldflsh However the response to temperature was )

o somewhat varlable from expenment to experument and the mcrease in serum GH Ievels at '

s ‘the hugher temperature was. not always sugnnflcant. The mfluence of photoperlod on serum S "

: GH levels was less predlctable although sugnlflcant mteractnons of temperature and.

o photopenod affectlng serum GH levels were evudent in a number of expenments T able

o
. S

| . In the present study the experrments were conducted at varlous trmes throughout '

the year and thls may have nnfluenced serum GH levels in the experumental groups A

o seasonal cycle in curculatung GH levels in goldflsh was: descrubed prev:ously (Chapter ll) and"’b :

E lthe serum GH levels in- the groups of fish sarr‘lpled at the start of each expermant in the ', L

tl?i‘?}present study also demonstrated a snmllar pattern The hlghest serum GH levels were
' observed m the lmtlal groups from the March-Aprul (Flgure 3 2) and the Aprnl—May (Flgure

~3;3l expenments whereas the lowest serum GH Ievel was found m flsh sampled at the

- -;start of the November— December expenment (anure 3 6) However the serum GH levels S

o in the groups sampled at the start of each expenment were somewhat hlgher compared to
. the serum Ievels of GH. in fish sampled at a comparable t:me of the year in the seasonal

o study lChapter II) Thls may have resulted from the fact that fush sacnfnced at the stert each Lty .~

o .f,fexpenrnent were obtanned dlrectly from the stock aqua'uum and therefore. were treated R

L ‘A'qurte dnfferently from the fish used in the expenments descrlbed in Chapter II

_ o W:thm the groups of goldfrsh expoeed to the vanous env:ronmental regtmes
- vanatsons in serum GH levels from exper:ment to expenment also tended to follow a ,'1 ~ : 3
, " pattern snmnlar to that descnbed in the seasonal study (Chapter‘ll) lnall expenmental
o groups the Iowest serum GH level was found in fnsh from the Septehtber-October
'. ,experlment (anure 3 5) approxlmately the same t:me of the year when the lowest mean
! 'dally serum GH level was fomd m the seasonal study (Chapter II) in addmon the hzghest
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- serum GH lavels i in each expenmental group generally comclded with the time of year

| - ‘when t the hnghest mean danly serum levels of GH were detected (Chapter Il) Thns is

: espec:ally true for the groups of goldfush mamtamed at 12 °C; at 20 °C, serum GH Ievels
were more vartable from expernment to expenment These results suggest that a seasonal o
' mfluence on serum GH Ievels was present even after several weeks exposure to artnflclal

g temperature and photoperlod regnmes The prevnous envuromental hnstory of the goldflsh ;:‘ '

o 'used in each experument may have contnbuted to thls observatlon Pnor to eaoh

. ’experlment the goldfush were obtained from the supphers and therefore had been

o prevuously sub jected to natural env:ronmental condltlons

~1In most teleost specles temperature has a major mfluence on the rate of body

growth (for revcew Brett 1979) ln general growth rates mcrease wsth mcreasmg water .

j temperature untnl an optnmum temperature is reached above whuch mcreases in-

) __f‘temperawre cause decreased growth rates lBrett 1979) In the seasonal study (Chapter Il) .

: growth rates throughout the year in goldfnsh were closely correlated wtth changes in
- water temperature w:th mcreased growth rates evudent in fush rnamtalned -at the hlgher

| , {»temperatures (T able 22) Temperature also had a ma;or mfluence on thegrowth rates of

- B the. goldflsh m the present study Under the same photoperuod goldﬁsh s;.b;ected to 20 :

4"°C usually Had' mcreased somatnc and Imear growth rates as compared to fush kept at 12 °C

| ‘(l' able 32and Table 3 3) However photoperlod dad modufy the response of the growth

L "rates to mcreased temperature as evndenced by the sng'uflcmt effects of photopenod

v .vand temperature-photopernod lnteractlon in several of the expenments (T dale 3. 4) For -
' example in the January-February March-—Aprll and Apnl-May expertrnents the Imear

L -growthrate in the 161.80 20 °C group washlgher than in the 8L16D 20 °C. group the
e somatlc growth rate was. also hlgher in the 16LBD 20°C group ln the January-February

B »vand Apr1|-May expenments Later in the year however long photopenod was not ‘ ’
o stnmulatory to bodygrowth Imear and somatlc growth rates were slmnlar in the 16LBD 20-' SRR
. °C and 8L 160 20 °C groups or even shghtly hngher m the 8L160 20 °C group ' o

i other freshwater teleost specues evudence to date also suggests that long

'vphotoperuod or more lmportantly mcreaslng photopenod apphed over several months lS ‘
sttmulatory to body growth especme when apphed at certam tlmes of the year (Brett ﬂ o
o 1979) in the present study a seasonal effect of the stm'platlon of boﬂy growth by long o

- IWK
TR



photoperlod |s also evudent in goldflsh Durlng the early part of year when daylengths are
lncreasmg; long photoperlod ls stlmulatory to body growth whereas later m the year Iong

' photopenods do not resulti in lncreased ‘somatic growth ,
' ‘ A conslstent effect of photoperlod on ‘serum GH levels similarto that descnbed
o for growth rates was not apparent in the current study For example durlng the

R March Aprll Aprll May and June-July expenments the mfluence of photOperlod was

e hughly varlable lFlgures 3 2 33 and 34). Throughout the rest of the year, serum GH levels ‘

. photoperuod cycle may prov:de more meanmgful results regardmg the mfl ‘

o were: usually slmllar in fish exposed to elther 16L:8D or 8L lGD at the same temperature B
S In Chapter I, it was suggested that the relattve changes in daylength throughout the year

may provude the env;ronmental stlmulus by whlch seasonal changes in curculattng GH Ievels o -

- "are regulated ln the present study constant photoperlod condmons were used and lt is .
L ; 'llkely that the mfluence of photopenod on serum GH levels throughout the year. could not o
be accurately assessed usmg the present expenmental d6$lgn. Future studles using -~ .

-photopenods wnh daylengths that are mcreaslng or decreasmg wuth respect o the natural

: photopenod on serum Gl-l Ievels in goldflsh However the photopenod an temperamre .

. ‘,-

‘ 'fregtmes used m the present study are commonly used in laboratory mvestlgauons studymg :
| . hormonal changes in goldflsh (Peter and Hontela l 978 Peter etal., 1978) and the serum he

R envnronmental condmons

, ,GH levels md growth rates undel' the vanous envnronmental regtmes determlned in the v
' . _-_‘present study will prov:de a valuable reference for future studnes in goldfnsh usmg snmllar

/.."

Th° 9"°“’th "3“’3 in f'Sh GXPosed to each set of envvronmental condmons were not S

| ':‘ , | always related to the clrculatlng Ievels of GH lncreased somatnc or lmear growth rates
“_f . -were observed wuthout a colncldent mcrease in serum GH Ievels and decreased growth

o ‘ % rates were not always related to decreased serum levels of GH. lt is. posslble that the lack .

ofa relat:onshlp between clrculatmg GH levels and growth rates m some of the
expenments may be due to dnfferences in some process related to the metaboltc actnvnty

- " of GH, suchas the 1 l|c turnover rate of GH or target-t:ssue responslveness ln

. :Vvaddmon exposure o the artlflclal envnrormental condrbcns used in the present study may o
b have been. stressful ln some way to the goldftsh posstbly contnbutmg to the lack of a
correlatlon between serum GH levels andthe growth rates in some of the experlments

&,
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in summary mcreased serum GH Ievels were usually observed in goldflsh exposed
o to 20 C compared to fnsh mamtauned at 12 'C under the same photoperuod Vanatnons
———frorrrexpenmenﬁcrexpenment inserum- GHievelsm ﬁshsampled*atthestartohach
‘ _ expenment and in fnsh exposed to the same set of enwronmental conditions, tended to
follow.a seasonal pattern snm:lar to that desclbed prevnously in goldfush Increased
_~temperature usually resulted in increased growth rates, although photoperlodﬂld mod|fy
| the response of the growth rates to temperature Thns was especaally evndent in
| experrments conducted m the early. part of thp year when fnsh exposed to 20 °C and a long
' '_ photoperlod exhnbuted hngher growth rates than fish exposed 10 20 °C and a shol"t '

o 'pho(tgopenod suggestmg that the effect of photopernod on the growth rate may vary on a

e seasonal. basis. A consnstent seasonal effect of photopenod on serum GH levels similar to

that on growth rates was not observed possxbly due’ to the artnﬂcal nature of the.constant »

photoperuods used m ‘the present study



IV. CHANGES IN CIRCULATING LEVELS OF GROWTH HORMONE DURING . .
~ SPONTANEOUS OVULATION IN GOLDFISH, Carassius auratus

o,
A

L ef a/ 1972 Ojeda: and Jameson;{

A INTRODUCTION ‘

Clrculatlng Ievels of GH have been shown to increase’ around the tlme of- ovulatlon

ina number of tetrapod species ing B(Genazzani et a/., 1975), rats (chkerman
3 I . . )

3 'Sc'anes et al., 1979). In addition,
ing:in aqteleost specnes the whlte

) 'changes |n plasma levels of GH ass o
tly_descrged (Stacey et a/., 1983a) In -

-. sucker, Catostomus commers'é’n/ i,
e suckers plasma GH COncentratuons are.sign _%{;\t ‘elevate in ovulated and spent flsh as
g
: compared to prespawmng ammals The report by Chang et al. (1982) that a synthetlc

‘ uanalogue of mammallan lutelnlzmg hormone—releasmg hormone des Gly1° [D- Ala‘]-

O lutelnuznng hormone—releasmg hormone ethylamlde (LHRH A), lncreased serum levels of

- GH m@male goldflsh also suggests that m teleost flshes GH may be mfluenced by

. reproductnve actlvmes

Ovulatnon in goldfush usually occurs durmg the latter- part of the scotophase of a.

‘ ;-16L BD photoperlod A preovulatory surge of GtH begms in the flrst half of the

- _ photophase precedmg ovulatlon and peak clrculatung levels of GtH are reached durlng the L

| scotophase (Stacey et a/ 1979) The present repbrt desnbes changes in plasma levels of‘ B

- GH assocnated w:thfhe ocl:tory surge of GtH in goldflsh and provndes further‘} ev:dence

' that GH may be related to reproductlve actwutues of teleost flshes

n

T PETTIN *
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- B.MATERIALS AND METHODS

Expenmentel Ammals L e

Mature female goldflsh of'the common or comet varletles were purchased from
Grassyforks Flshenes Co. Inc, Martmsvnlle lndrana throughout the spawmng season of |
1983. The fish were malntalned in 225 Iutre flow—through aquarla ¢ 2 14 °C 16 hours
hght and 8 hours darlfphotoperlod 16L:8D), hghts on at 08 00 hr and lights off at 24 OO '
hr) for a minimum of three weeks prior to use. The flSh were fed in excess wuth Ewos
pellets at Ieast twn:e dally LT o Ce o '

| Expenmental Procedures o s 4

Ovulatuon was umtlated usmg the procedures of. Stacey et a/ (1979) Groups of
seven to ten flSh w:th mature ovarnes (lndlcated by a soft dlstended abdomen) were . "

f selected from the stock aquarla and transferred to 70 lltre flow-through aquarra (12— 14

°C; 16LBD lnghts on. at 08 00.hr and lughts off at 24 00 hr). All flSh in each aquarlum were

\\ fm—ohpped for mdlvndual |dent|f|cat|on The f:sh were fed in-excess w:th Ewos pellets TR E

P

. twice dally

i each aquanum was nncreased to 20 ES °C over a penod of several hours on Day 2 of the -
expenmental pernod At 10 00 hr. on Day 3 floatlng artlflclal vegetatlon two spermla’tmg
male goldflsh and a female mduced to perform spawnlng behav:or by an in ;ectlon of
prostaglandm F,alpha}(Stacey 1976) were mtroduced to each aquanum The vegetatnon
males and prostaglandm-m jected female were rernoved shortly after the start of the .
Scotophase on Day 4. All flsh were checked for ovulatlon llndlcated by the release of a T
stream of oocytes from the ov:pore follomng the apphcatxon of: gentle pressure to the
abdomen) between 06 00 and 1000 hr on Day 4 The non-ovulatory group consnsts of

'; mature fnsh whu:h had not ovulated by 10 00 hr on Day 4 " '

A D

L

Sampllng Procedures

Followmgan mmal accllmatlon penod of two to three days the water temperature _ o
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' twice wuth a minimum of sux hours between samples Pl’lOl’ to blogd sampllng the flsh
were anaesthetlzed in MS 222 Hepanmzed blood samples (200 to 300 ul} were taken
__;_from the caudal vasculatureuslngazs gauge. needlelattached to.a-1- mi d:sposable syrmge
‘ Blood samples were kept on chlpped ice for a maximum' of one hour and then centrlfuged s
. at 130009 for three mmutes The plasma from each sample was collected |mmed|ately B
frozen on dry ice and stored at 30 °C for several weeks untul assayed for GH and GtH ‘
PCapture of the flSh durlng the scotophase was alded by the use of a dxm red flashhght
_ Durmg the scotophase all fish were anaesthetlzed in total darkness although subsequent o

_samplmg was done in the Iught.

,___Hormone Measurements . B T A P

Plasma levels of GH were determuned usmg the RlA descnbed brlefly m Chapter 0o

‘ Plasma GtH concentratlons were measured by RIA usung antlsera to carp GtH as descrlbed'f, S

| prevuously (Crlm et a/ 1976 Hontela and Peter 1978 1980‘) S L
oo 3 B . - A . a ',u‘l -

Stet:stlcal Procedures o o = : :.“_: R ‘ '. = ‘»

. All data for plasma levels of GH and GtH were normahzed usmg a Iogarlthmlc

s »transformatnon Statlstncal comparlsons between hormone levels at the varlous tlmes

'throughout the expenmental penod ‘were done usmg analysns of varlance (p<0 05l

. followed by Duncans multnple range test {p<0.05; Steel and Torne 1960) Dufferences in. '; S

- vhormone Ievas between ovulatory and nonOVulatory groups at each of the sample tlmes R
o ,v»were compared usmg unpalred t- test for groups with unecmal vanances (p<0 05 e
. ' Snedecor and Cochran 1980) Sample sxzes in the ovulated groups at.24:00 hr on Day 1
’ .“be 00 hr on Day 3 and 1200 hr on Day 6 were too small to permlt statustlcal companson | ,‘ .
) .-. ‘ and these groups were ormtted from the: statlstncal tests All- descnptlve statnstncs and |
S _statlstucal tests were done usmg the SPSS package Mie et al., K 975) avallable through the
E Un:vers:ty of Alberta computmg sy.stem o

T



C RESULTS

Changes in plasma GH Ievels durnng the experlmental periodhare shown in anure |

4.1. Correspondlng changes in plasma Ievels of GtH are shown in Flgure 4 2. AII . \ '

E were generally small in magnltude although there were some sngmflcant dlfferences

ovulatlons occurred durlng the scotophase of Day 4. .

' Slgmflcant increases in plasma GH ﬁgf\centratlons in the ovulatory group as
’ _:compared to the non—ovulatory group, oqpﬁrred between 24: OO hr on Day 3 and 10 00hr -~
on Day 4. Peak plasma levels of GHin dvulatory fish appeared to have been reached .
- during the early’ part of the scotphase on Day 4. By 17: 00 hr on Day 4, plasma ' | |
fconcentratnons of GH had decreased to levels not S|gn|f|cantly dlfferent from those found [ R
in non—ovulatory fISh On Days 6 8and 12, plasma GH Ievels were somewhat Iower in the ,
:ovulated anlmals although the dlfferences are not statistically slgmfucant in the '

-~
non= ovulatery group plasma GH Ievels remamed relatlvely unchanged throughout the

)

_ |
. experlmental per:od w:th the exc taon of a relatlvely small but sngnlflcant mcrease durmg

Days 3 and 4, possubly assocsét\ad wrth the mcrease ln water temperature occurrmg on Day 5

Varlatlons ln plama GtH cgﬁcentratnons (Figure 4 2) in the ovulatory group are Tt )

f'_snmllar to those reported by Stacey et a/ (1979) Plasma GtH. levels- began to mcrease
early in the: Inght phase of Day 3vand contmued to mcrease untnl the Iatter part of the o

'scotophase on. Day 4! P\asmai’itH concentratnons decreased rapndly followmg ovulatuon

and by 22 00- hr on Day 4 had returned to Ievels not sugnuflcantly dlfferent from thos

.'the non- ovulatory group In fnsh WhICh did not ovulate varlatlons in. plasma GtH Ievel :

F
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| D.DISCUSSION - o e

xS

N  the fe'm»e doldhsh the ovulatorv su'qe SMEC) el accqm‘gamed by asurgem M
X \ %”’ . ' .7 . T - . . .
:Jlasma GH leveis Arthougn the naghest c:rculatmg leve.. ot G Scour at approx:mately the ‘b’j@

same tlme as the peak n plasma GtH levels there are temporal d:fferen._es between the
nncreases n the plasma ievets of these two hormones The ovulatory surge in GtH begms .

-~ \‘3

] earher wrth mncreased levels of Gth oc"urrmg by about the mlddle of. the photophase :
precedmg ovulaudn. m'-reased plasma GH levets were hot detected untll the onset of the
scotophase The peak in GH levels occurs earlv it the scotophase: durlng whnch ovulatuon

. occurs GtH levels do not peak untxl later m the scotophase in addmon plasma GH
concentratnons remam at pealc levels for at Jeast two hours mto the photophase followmg

k . ovulatnon whereas GtH- levels have dec@ased s;grﬁ’f:cantly by this tume Latemn the -
photophase follpwmg ovulat:on nowevﬂr plasma GH levels have decreased to values |

g similar to those found n non0vulatory fush in contrast GtH levels are Stl" scgnufucantly | T :

.elevated untul about two hours before the onset of the next scotophase Therefore the .

B : peak m plasma GH Ievels may be of longer duranon that the GtH peak but the overall

' m!:r‘iaase in plasma GH ocdurs over a shorter time peruod that does the ov%atory GtH.

?

L "'Jt

'surge . g ",'
. i

The nncrease in plasma G?-l levels in ovulatory fush cannot be attrlbuted td stresse{i‘ r
N K

4 B assoc;ated with the handhng of the f:sh or/to‘a“da"ly vanatnén in curculatmg GH {5\ W

: concentratxons as s«mnlar mcreases were nof observed in non ovulatpry flsh exposed”to

v.-.-

‘ the same experlmental condmons ln addmon mcreases in serum GH Ievels of the same ' f '

magnltude as seen in ovulatory fish have not been detected wherx serum GH Ievels in - e e

‘- sexually mature goldflsh were measured throughout a complete 24 houn perlod (Chapter . "

' II) ‘Fhe mcrease in plasma concehtratlons of GH therefore must be related to the process

.,‘, Lowe

e

of ovulatlon

N Lo 4

e mamrnals estrogens have been shown to elevate curculatmg levels of GH

3 o
..f-ve

lchkerman etal. 1972 W:edeman et?é/ 1976) and the perlovulatory mcreases in

cxrculatmg GH Ievels in tetrapods have been attrlbuted to correspondmg lncreases m
ar cnrculatlng estrogens and csther sterouds (D:ckerman etal., 1972 Genazzanu et a/ 1975

O Jeda and Jameson 19-'-77 Scanes et a/ 1979) ln teleost flshes however the lnfluence

of estrogens and other steronds .qnylasma GH levels IS not known ln goldflsh p 8

R s B ST VA : S WU L ) e
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.5 :

- estradnol levels have been shown to increase during preOptlc lesion= lnduced ovulatlon and S

spontaneous ovulatndn lStacev eral.. 1983bl In contrast the hlghest plasma levels: of GH

mn wtld spawmng suckers occur n ovulated and spent ammals (Stacey etal., 19833) wheh SRl

c:r(:ulatmg estraduol c,oncentrat:ons are at the lowest levels fOund durmg the spawmng

\

‘ perlod (Scott et a/ 1983> Further work 1s obvnously requured before me perlovulatory

.;-'Ez;

i GH in female goldf:sh (Chang et a/ 1982% may%d nmportant in explamlng concurrent

o mcreases n plasma levels of GH and GtH durmg spontaneous ovulatlon in goldflsh Iy

SELE

- were observed lt |s suggested that hypothalamlc GnRH may stlmulate |ncreased plasma o |

“in plasma GH levels in goldflsh, :" f'n'i | R

mcrease n GH Ievels m teleost flshes can be attnbuted to steroudal lnfluences

The observatuon that mtrapemtoneal n ]ectlon of LHRH-A mcreases serum tevels of—-_ : -

Atthough the actual mechanlsm by whn:h LHRH A stlmulates mcreased serum Ievels of GH _ o 3,;
in goldfush is not khown it |s possnble that durlng spontaneous ovulatuon endogenous y
hypothalamnc gonadotropm—releasmg hormone (GnRH) may stnmulate both Gt and GH

release from the pltwtary Durmg both spontaneous ovulation (see above) and LHRH A
admmlstratlon l'T Marchant and J.. Chang unpubllshed results)\ cnroulatmg levels of G - -
begm to mcrease before GH levels and remain elevated for a longer penod of time.* :%“ )

|fferent from that of the gonadotrophs Further research is needed, however before it

somatotrophs respond dlrectly to GnRH the dynatmcs of the response is apparently

B IYS known Whether or not hypothalamlc )GnRH gs respons:ble for the perlovulatory lncrease

Cin summary the ovulatory surge of GtH in goldflsh is assocnated wuth mcreased o

plasma Ievels of GH although temporal dlfferences between the peaks of GH and’ GtH '

l‘?“"} .

Ievels of GH although the mechanism of thls actlon is not known Thls study provndes

LN

further evxdence that GH may be related tQ,.the reproductlve actlvmes of teleost flshes . N

G
o
%
~



V. GENERAL DISCUSSION- . - i

D T RN A ST TR L S

~ : E ' : JRUE AL - o PR . . e
. . - . o S L K . e e e
L
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~The preVious chapters presented'information regarding the mfluences of .
_ enwronmental varlables and reproductwe actwmes on cnrculatmg levels of GH in goldfnd'l

B

- (Carassrus auratus) ThlS chapter summarlzes the results : rom Chapter 1, Ill and v, and

presents a general dlscu55|on of these reSuIts : RE , _' f o

in Chapter ll vanatlons g] serum GH Ievels durmg a complete 24 hour perlod at:

varxous tlmes throughout the year are descrnbed m goldfrsh mamtamed uréer snmulated

_natural env:ronmental condmons Although dauly cycles have been descrlbed for a number -

-of hormones n goldf:sh (revaewed in C ter H, evldence concernmg danly changes in..

‘ ;c:rculatmg Ievels of GH in teleost flshes is hmlted A prehmmary study in goldfush

‘ suggested that dally cycles in serum GH levels were absent and that GH may be released in"

A

- a pulsatlle manner slmllar to that in mammals (Cook 198 1) ln the current study slgmflcant': S

: daaly varnatnons m serum GH levels in goldfrsh are also absent throughout most of the year -

In. February however a sngnlfncant peak in c:rculatlng concentratlons of GH us found

' ‘shortly after: the onset of the scotophase, suggestpng that the peak may be determmed by .

- the start of the scotophase or the end. of the photophase At other tlmes of the year

¢{sugn|f|cant dnfferences in serum GH Ievels were found between some of the sample tnmes L

- 'wrthm the 24 hour samphng penod but the Iack of dupllcatlon in serum GH levels over the. .

e 0w

" next 24 hour pynod mdlcates that reproduclble danly rhythms in serum GH Ievels are not:

,"_"present at these,tm;es of the year lnterestmgly the only s:gnlflcant daqu cycle in serum
: "GH Ievels wa§ prrved at the tlme of the year when mean dally serum GH levels are

5 Fand

’-mcreasmg Just pruoﬁ'o the tnme o

Prevnoni&iuthors ( evnewed in Ch?ptgl; lﬁ have su'ggested that seasonal changes |n

’ cnrcmatnng GH levels may be responsuble for'the anmﬁl cycle in body growth |n teleost

flshes The present study ‘hovyever rs’the fl ;

e ‘ relatlon to the annual somatlc growth cycle of ateleost specnes (Chaptsr ll) The. hlghest

N
.-mean dauly serum GH Ievels were found in goldflsh sampled in March and June m July and

| Augest,,mean dally serum: Ievels of GH are decreased wnth the Iowest Ievels occurrmg in «

-thegyear ‘when the serum GH levels are the hlghest {see

t.yo document changes in serum GH Ievels in ,’ :
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flsh sampled m November ‘These varlatnons do not appear to be related to changes n

- water temperature but do correspond tmseasonal changes in daylength Therefore nt lS ‘

n.__'#

R B R

.

o

' mcreasmg daylengths durnng the sprlng rnay stlmulat

' 'growth rates were closely related to chan&es in water "temper '

‘can be more fulTy understood

suggested that seasonal changes m the duratnon of the photophase or scotophase may be -

the envnronmental factor by whlch seasonal changelm ‘serum GH. levels are regulated

mcreased serum levels of GH.

- whereas decreasnng daylengths dunng the fall result in: decreased serurn GH levels Future '

studles usmg photoperlods with daylengths that are mcreasmg or decreasang wrth respect

to the normal photopenod may prov:de more evndence regerdmg the role of the seasonal

.photoperlod cycle in the regulatlon of\curculatmg GH levels in gol&flsh s

Seasonal vanatlons in the rates of mcrease in somatnc weught and body length in-

: QOldflSh mauntauned under the sumulated natural envnronmental condmons (Chapter i were .

sumllar to the seasonal changes in the growth rates observed in other temperate-zone

.teleost specues (for revuew Brett, 1979) growth rates in goldﬂsh were hnghest durlng the

. ;sr;mmer and lowest in the wunter months Unllke c:rculatmg GH Ievels. vanatnons m the

"t ;

belng hughest in flsh exposed to warmer temperatures There wa‘&also a lag pernod of
several weeks between seasonal maxlmums in serum GH levels and the growth rates Thl§

_Iag pernod may be attrlbuted to reduced rqetabollc actlwtly of GH at the Iower water R

PN

. tem ratures earller in the year‘ as water temperature mcreases the metaboﬁc acntvnty of

v

- GH also mcreases Changes throughout the. year |n varuous parameters related to the

- _metabohc act:vnty of GH such as the metabohc clearance rate of GH and target-tlssue

.

S ,responsweness to GH should also be studled in the future so that the relatlonshlp between ; .

' -seasonal changes |n curculat;ng levels of GH and the annual growth cycle m teleost flshes

The goldflsh used in the seasonal study descr:bed |n Chapter l were mamtamed at

’ Wi -c

' 'temperatures and photopenods srmulatlng en{nronmental condltnons (Edmonton)
) approprrate for the tlme of year durlng Wthh % experlment was conducted The SRR _
R ‘laboratory studles could not exactly dupllcate natural envuronmental condltlons and studles R g

R usmg a wald teleost populatnon mamtamed under natural enwronmental condltlons are

5"

o needed to conflrm the observatlons regardmg changes ln serum GH levels in relatlon to the

' 'annual growth cycle descnbed in goldflsh However lt is mterestmg to note that serum GH




_levels in goldflsh sampled at the start of each experrment in Chapter lII also followed a.

pattern snmllar to that descr(bed n goldf:sh sampled durmg the seasonal study (Chapter lll

‘ __provnd(ng fur ther evcdence that a seaSonal cycle in curculatmg GH leve(s is present in _l v '

' goldfush mauntamed under other: envuronrnental condmons

- ‘ The mfluences of- _"nsfant temperature and photopenod reglmes on growth rates -
o iand serum GH levels in goldfnsh were studled rn Chapter . Wnth the exceptuon of a . . -
' ,prelnmlnary study in goldf(sh (Cook 198 1) and the clrcumstantlal evndence presented in. -
Chapter I regardnng the role of photopernod in the seasonal cycle in serum GH Ievels the

e E effects of the%envuronmental factors on curculattng GH levels havg not been atudled in a o

- ;‘teleost specues In the expenments descrnbed in Chapter lll goldfush were exposed to
artnfncnal temperature and photopernod regvmes seVeral tlmes throughout the year :
: vejs, whereas the %“

71@

less prednctable lngtze seasonal study

?3- A Increased temperatures usually resulted in elevate' s@rum G

- mfluence of photopenod on serum GH Ievels w

_ ' :'x_:(Chapter Ill varuatlons in serum GH Ievels did not appear to be related 16 changes in water
j “'temperature however it Chapter llI mcreased temperature resulted in elevated serum GH
i Iet?els throughgut most of the year Thls mconsnstency rnay be exp(au;ed by the fact that '
. ..the envnronmental reglmes used |n the Chapter lll experuments were artlfnclal and exposure
R :to the constant photopenod and temperature reglmes may have resulted in an abnormal
h mt’luence of tempertaure on serum GH levels The nnfluence of other water temperatures ' !
in combmatlon wrth other experlmental condttons (such as mcreasung or decreasmg -
| phot0perl0d5l on serum GH Ievels should be ,studled xn the future to clanfy the role of
S 'temperature ln the regulatron of crrculatmg GH levels ln teleost fushes SRR ‘

o Increased temperature has been shown to have a stnmulatory effect on body -
Tl growth in teleost fnshes (for revnew Brett 1979l ln both the seasonal study (Chapterll) :
3 and Chapter lII temperature was also shown to have a major mfluence 'on the growth rates

' .of goldflsh wuth the‘ ‘lghest growth rates almost lnvarlably found in ftsh exposed to the "'
' ).’ 2t o .
warmer temperatures ln Chapter Ill however photopertod dnd modlfy the growth

o response to ternperature especxally durmg the early part of the year when at 20 °C, the

o hlghest growth rates were found in go(dfush exposed to the long photopernod However _
v \ - 'dunng the autumn and early wrnter Iong photoperlod dnd not sttmulate hlgher growth rates -

.'|n fact shghltyhrgher growth rates were found in; goldf:sh exposed toa short e

ulf.\" .‘~' : LR Lo T R ‘v. ¥ 3 o L B '



photoperiod ‘althoughthese increases in QrOWth rates were not significant. These resuits

suggest that the photoperlod mfluence on body growth may vary on a seasonal basns wnth

photoperlod havmg a sprmg and an "autumn” effect Dunng the early part of the year
when daylength is’ nnc.asmg exposure to Iong photoperlod is stnmulatmg to somatlc
growth (the spnng effectl Durmg the"porttenof the year when daylengths are
R decreasmg sh&x photoperlod may be somewhat more stlmulatory to body growth (the
~' . autumn effect) These results must be’ consrdered to be prellmlnary as. the dnfferences in
the growth rates were not always sngmflcant and a Slmﬂal' response to photopenod was *
not observed lq flsh kept at the colder temperature Research in other teleost speaes |
however does provnde some- support for the observatlons regardmg the effect of ‘ B
' photoperlod on the growth rates in goldf:sh ln general long photopenod or mcreasmg _
photoperlods at certam t:mes of the year stlmulate body growth in other teleost fnshes ) f’ |
(for revnew Brett 1979) Studles usmg other photoperlod and temperature condltlons : '_ -
should be conducted to conflrm ttge seasenal effect of photopenod on body growth m } o
goldfnsh desérlbed in, the present study B S _' S A
" ,, “ e In the fourth chapter of thrs report cnrculatmg GH levels m goldflsh were found to %!

mcrease durlng spontaneous ovulat:on ln goldfush The peak in plasma GH levels was very 4‘
.Slmnlar to the ovulatory peak in plasma GtH Ievels that has been observed ln goldflsh ‘ '. g

’:(Stacey et a/ 1979) it |s not known if c:rculatmg GH has a specnfuc role in any process e .

- f‘related to. reproductlon in teleost flshes but the results presented in Chapter v and
2

_jewdence from other studles (revnewedli_ - .'

\ap ter lV) certamly do suggest that clrculatmg R
: _GH levels ll’l teleosts flshes may be related to reproductlve actrv:tles Further experlments
: '_-shomd be conducted to. determme |f other aspects related to- reproductlon |n teleosts can _
; mfluence cnrculatnng GH levels In add:t:on the possuble mfluence of endogenous GnRH on
GH release ln teleost fushes also merlts further study PR ‘ | Sl | . S
In conclus»on the present study is the fu'st to document changes in C|rculatmg |
‘: -concentratlons of GH in relatnon to- the annual growth cycle of a teleost specnes Although -
"the mfluences of constant temperatures and photopenods on serum GH Ievels were '
| :"studned under al’tlflClal condmons the role of natﬁnl changes in; these envnronmental

: . " factors throughdut the year in the regulatlon of the seasenal cycle in. curculatnng GH levels

. :.'-remams unclear However the results of the present study do prgvnde a basls for the
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B ge‘neraiion of hypotheses. w‘hichicm be}‘téStej'd ih;fdture studies, regarding the .inflb_ences’ =

K é{environmental_ COnditiohs on Cichlaiin'g _GH levels and growth rafes in teleost fishes. ° ‘

.../ : <
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.__-_p___Theﬁcommercnally prepared. Ewos fnsh_food (pellet size. 5p). used in_the present’ _
| study was purchased from Astra Chemncals Ltd Mlssussauga Ontarlo and the followmg )

‘» _analysns of the‘composmon of the food wasA provoded by the ma_nufacturer. B R

_‘»l!-'.‘(j)'»'.' : R Crude' Protein ... 50.0% ' o T B A

&

C ,.Ash-,.'....' ........ 100%,
. Water.....90%

o Fibre ... 30% S N
I “'Carbohydrates ... 13.0% . - . ~ )

T o n R

: : Ry

o i y P

- B

S . ’v.“,’, ','
?‘: : ”F 4 "\;{ i

" "

"CrudeFat ........ _15’.0% E S S | I r

R



