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Coho salmon (Oncorhynchus kisutch) mature and spawn naturally in

fresh water. I investigated the feasibility of artificially inducing

maturation and/or ovulation of coho salmon remaining in seawater during

the spawning season, and contrasted artificially induced ovulation,

hormone profiles of maturing salmon and effects of salmon gonadotropin

and steroids in vitro on oocytes of coho salmon in seawater to salmon in

fresh water. Information from these studies furthered understanding of

the reproductive physiology of salmon, and provided an insight of the

effects of seawater on salmon during maturation and ovulation.

Partially purified salmon gonadotropin followed by luteinizing

hormone-releasing hormone analogue, purified gonadotropin followed by

luteinizing hormone-releasing hormone analogue, salmon pituitary extracts,

whole chum salmon pituitary, and 174-hydroxy-20$-dihydroprogesterone (4

pregnen-17a,20S-dio1-3 one) were in the order presented shown to be

effective inducers of ovulation in those salmon held in fresh water and
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to a lesser extent in seawater. Cortisone and human chorionic gonado-

tropin were ineffective at inducing ovulation in salmon, Whole chum

salmon pituitary, partially purified salmon gonadotropin followed by

luteinizing hormone-releasing hormone analogue, and purified salmon

gonadotropin followed by luteinizing hormone-releasing hormone analogue

were able to induce ovulation at least 6 wk earlier than the peak

spawning time of the coho salmon. Hormone treatments were less effective

or in some cases ineffective in inducing ovulation in salmon in sea-

water, due either to the high mortalities prior to ovulation, inhibiting

factors associated with fish maturing in seawater or osmoregulatory

difficulties.

In general, blood hormone profiles of estradio1-17a, thyroxine,

androgens, and progesterone differed between coho salmon in fresh and

those in seawater. These different profiles may be reflecting the

osmoregulatory difficulties of maturing fish in seawater. Increased

sodium and osmolality levels in fish in seawater occurred concurrently

with high adult salmon mortality. Furthermore, females in seawater had

incomplete ovulation and dehydrated eggs. I conclude from the hormone

profiles, the dehydrated eggs, the incomplete ovulation and the high

adult mortality that the fish are unable to cope with seawater while

undergoing final maturation and ovulation.

Partially purified salmon gonadotropin and 17a-hydroxy-20a-dihydro-

progesterone were the most effective compounds tested for inducing

oocyte maturation in coho salmon in fresh water. 20B-hydroxyprogester-

one (4 pregnen-20ao1-3 one) was less effective, and progesterone, cort-

isol and cortisone were relatively ineffective in inducing oocyte matur-

ation in vitro. 17a-hydroxyprogesterone was only slightly effective in



i'flducing germinal vesicle breakdown n Pocytes of fish held in seawater,

Oocyte maturation was not induced in all other experiments concerning

oocytes from fish in seawater, It is unknown if this was due to the

preexisting condition of the egg associated with the osmoregulatory

problems of 'maturing fish in seawater or some other factor,
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SEXUAL MATURATION OF COHO SALMON (ONCORHYNCHUS KISUTCH);
INDUCED OVULATION, IN VITRO INDUCT ION OF FINAL MATURATION
AND OVULATION, AND SERUM HORMONE AND ION LEVELS OF SALMON
IN SEAWATER VERSUS FRESH WATER,

I, Induced Ovulation of Coho Salmon Held in Seawater or
Fresh Water,

INTRODUCTION

Reproductive control of salmon mould he valuable in enhancing

propagation of these fish. Improper timing of spawning of the fish,

reproductive failure and prespawning mortality have been problems in

hatcheries. Therefore, techniques for inducing spawning in salmon in

hatcheries would be valuable.

Studies on enhanced maturation and ovulation in salmon are few.

Funk et al. (1973) achieved acceleration of ovarian maturation in im-

mature pink salmon (Oncorhynchus gorbuscha) by administering chinook

salmon (O. tshawytscha) gonadotropin or gonadotropin and estradio1-170.

Female chinook salmon were induced to spawn earlier than normal by in-

jections with SG-G100 (partially purified salmon gonadotropin) and

saline extracts of salmon pituitary glands (Hunter et al. 1978). SG-

G100, SG-G100 plus 17a-hydroxy-200-dihydroprogesterone (4 pregnen-17a,

2oa dio1-3 one), SG-G100 plus luteinizing hormone-releasing hormone ana-

6 10
logue (D-ala ,des Gly -LH-RH ethyl amide) or luteinizing hormone-releas-

ing hormone analogue alone administered to coho salmon adults in fresh

water were effective in inducing final maturation and ovulation

(Jalabert et al. 1978b; Donaldson et al. 1978, 1979). Hence, hormone

administration has been shown to be successful in inducing ovulation

in salmon.

Coho salmon that have returned to Weyerhaeuser's Ore Aqua facilities
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in Newport, Oregon, remain in seawater during final maturation and ovu-

lation and do not enter fresh water in this final phase. Under normal

circumstances mature coho salmon enter freshwater streams to spawn. The

entrance of salmon into fresh water induces osmotic changes in the fish,

of which some may influence or interact with the maturational and

ovulatory processes of salmon (Woodhead 1975). For example, those salmon

that are held at Ore Aqua facilities in seawater during the spawning

season apparently have osmoregulatory problems (see chapter 2) and are

characterized by high mortalities and low survival of the eggs. During

1977, 1978, and 1979 less than 35%, 68% and 40%, respectively, of the

females were spawned, the majority of the fish died before ovulating.

Not only do the salmon experience the stress of remaining in seawater,

additional handling of the fish during examination for ripeness causes

loss of scales, thereby reducing protection against infection. The fish

are much more susceptable to handling stress in seawater than in fresh

water. Apparently in fresh water, the scales harden or become resorbed

(auchi et al. 1972), a process which has not been reported to occur in

seawater. Thus the problems of salmon remaining in seawater during final

maturation and ovulation are considerable. Consequently, the main ob-

jective of this study was to determine if hormone administration to

adult female coho salmon returning to seawater facilities can enhance

maturation and ovulation.

Compounds that were tested for induced maturation and ovulation

include pituitary extracts, gonadotropin, luteinizing hormone-releasing

hormone analogue,17a-hydroxy-208-dihydroprogesterone, 208-hydroxyproges-

terone (4 pregnen-20801-3 one), cortisone, and clomiphene citrate
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(1-p(Btdiethylamino ethoxy)-pheny1,42-diphenylt-2,-chlorethylene

citrate). The compounds selected were based on their known reproductive

effects, In teleosts, the brain, pituitary gland,testis, and ovary and

to a lesser extent the thyroid and interrenal plus environmental factors

are considered to be the major influences in reproductive development

(Donaldson 1973). Clomiphene citrate is a synthetic compound that acts

at the hypothalamo-hypophyseal level stimulating gonadotropin release

and has been shown to induce ovulation in carp, Cyprinus carpio (Kapur

and Toor 1979).

Jalabert et al. (1978b) demonstrated hormonal treatment 5 wk prior

to natural ovulation was effective in inducing ovulation in coho salmon.

However, the most effective timing for the injections prior to ovulation

is not clearly known. I investigated treatments at different times in

the spawning season to determine the optimal time for injections. The

objectives of my study were 1) to determine if hormone administration to

adult female coho salmon returning to seawater facilities can enhance

maturation and ovulation and 2) to compare ovulation induced in salmon

held in fresh water versus seawater.



MATERIALS AND METHODS

Hormonal preparations

Frozen chinook salmon pituitaries, collected in 1977 from the Aber-

nathy Cultural Development Center, Washington, were used in the prepara-

tion of a salmon pituitary extract (SPE) by extractions with ethanol fol-

lowing the procedures of Donaldson et al. (1972). See Appendix 1.

Frozen coho salmon pituitaries, collected in 1978 from Fall Creek

Hatchery, Oregon, were used in the preparation of SPE or partially puri-

fied gonadotropin (SG-G100) at the Department of Fisheries and Oceans,

West Vancouver, Canada, following the procedures of Donaldson et al.

(1972). Appendix 1. SG-G100 was prepared by ethanol extractions and

gel filtration. The SG-G100 contains only glycoprotein with the major

constituent being gonadotropin (GTH) with some thyrotropin.

GTH is purified from crude extracts of salmon pituitary glands by

gel filtration and affinity chromatography, and was obtained from Syndell

Laboratories LTD, Canada. Frozen whole chum pituitaries (PIT) that had

not been subjected to any extractions were also obtained from Syndell

Laboratories LTD, Canada. Luteinizing hormone-releasing hormone analogue

(LH-RH) was obtained from Penisula Laboratories, Inc., California.

The hormones mentioned in the text, tables, and figures are abbre-

viated as follows:

4

chinook or coho salmon pituitary extract
purified salmon gonadotropin
whole chum salmon pituitary
partially purified coho salmon gonadotropin
luteinizing hormone-releasing hormone analogue
human chorionic gonadotropin
208-hydroxyprogesterone (4 pregnen-208o1-3 one)

SPE

GTH :

PIT :

SG-G100 :

LH-R1 :

HCG :

208-PROG :
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CC ; clomiphene citrate (1-p(S-diethylamino ethoxy),
pheny1-312T.diphenyl,-2,chlorethylene citrate)

CORT ; cortisone

17a-20aPR0G 17a-hydroxy-20a-di1tydroprogesterone (4 pregnen-17a,
20adio1-3 one)

Injections

The morning of the injections, the hormones were dissolved or sus-

pended in 1 ml physiological saline (diebe 1968) in 1977 and 1978 or

0,6% NaC1 in distilled water in 1979, and delivered intraperitoneally to

fish through a 21 g 2.5 cm needle attached to a 3 ml tuberculin syringe.

The volume given to each fish in 1977 and 1978 was 1.0 ml. All injec-

tion volumes in 1979 were based on 0.1 ml/kg body weight; maximum volume

given to any fish was 0.5 ml.

1977 Return

In 1977, adult female coho slamon, averaging 2.5 kg, returning to

Ore Aqua's Newport, Oregon, facility were captured by hoop net at the

fish ladder. The salmon were transported to Oregon State University's

Marine Science Center, anesthetized with 50 01 of MS 222 (ethylm-amino-

benzoate methanesulfonate), tagged with metal clip-on opercular tags for

identification, injected with hormones, and placed into two 4-m circular

seawater tanks. The fish were captured between October 13, 1977 and

October 21, 1977, which is considered to be the early run of returning

salmon from the ocean. On October 19, 1977, adult female coho salmon at

Weyerhaeuser's Wright Creek Hatchery were anesthetized with MS 222, tag-

ged with metal clip-on opercular tags, injected with hormones, and placed

into a 4-m circular freshwater tank. A small number of males were



placed in each of the holding tanks in seawater and fresh water to

provide ripe males for spawning. The salmon held in seawater (514) or

fresh water (FW) were injected as follows;

11 5

6 1

6 3

9 5

9

1 17a-20a PROG plus CC
(1 mg/id)

2nd inj

5167 (n)

Day 10 from
1st injection

ection
FW (n)
Day 3 from
1st injection

6

The temperature and salinity of seawater at Newport ranged between

9°C and 16°C and 28 mg/1 and 32 mg/1, respectively. The temperature at

Wright Creek ranged between 6°C and 12°C.

The fish at Wright Creek and Newport were netted and checked twice

a week to determine if they were ripe (ovulated) on the basis of external

observation of physical characteristics, such as, softness of the

abdominal region and body color. The length of time to ovulation was

noted for each fish. Eggs from the fish were fertilized with sperm

pooled from three males, held in seawater or fresh water, respectively,

and reared at Wright Creek Hatchery to determine percentage to eye-up

and swim-up. Survival of juveniles was monitored to assess any possible

adverse effects from the hormone administration on development.

Control (saline)

HCG (2000 1U/individual) HCG (4) HCG (1)

Chinook SPE (25 mg/id)

17a-20a PROG (1 mg/id) 17a-20a PROG(2)

CC (1 mg/id) CC (5)

No, of fish 1st injection
SW- nt Day 0



1978 Return, Early and Late. Entry Gxoups

In 1978, only adults held in seawater were available, To minimize

handling, adult female coho salmon returning to Newport on September 22,

1978 were shunted at a DaNeil Fish Ladder into a container containing the

anesthetic 2 phenoxyethanol at 0.5 m1/1, tagged with floy tags (Floy Tags

and Manufacturing, Seattle) at the operculum, injected with hormones,

and carefully placed back onto the DaNeil ladder, These fish are

considered the early entry group. The fish then slid down the water

coated ladder into a container immersed in the raceway. After recovery,

the fish on its own accord swam up the raceway into an 8 in sand pond.

Thus the fish never experienced fresh water during the spawning season.

Several untagged males were also allowed to enter the pond, for use at

spawning. On November 1, 1978, another group of 50 females, which was

considered the late entry group, was seined past the DaNeil ladder in a

raceway and handled and injected in the same manner as the early entry

group. After recovery, the fish on its own accord swam up the raceway

into the 8 in pond already containing the first group of females. The

coho salmon were treated as follows:

No. of fish

Early Late
Entry Entry
Group Group

1st injection

Day 0

2nd injection
(early entry group only)
Day 11 from 1st injection

10 10 Control (saline) Control (saline)

10 Coho SPE (5 mg/id) Coho SPE (5 mg/id)

10 10 Coho SPE (30 mg/id) Coho SPE (30 mg/id)

10 10 208-FROG (15 mg/ind) 208-FROG (15 mg/id)

10 10 208-FROG (30 mg/id) 208-FROG (30 mg/id)

10 Cortisone (15 mg/id)
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The fish were checked every'few days for ovulation, After spawning,

a subsample of approximately 100 eggs from each fish were transferred

to Oregon State University's Smith Farm Facility, Corvallis, fertilized

with sperm from 2 or 3 males, and reared to determine percentage to eye-

up and swim-up. At the time of ovulation, blood from each fish was col-

lected from the caudal vessel into heparinized syringes. After centri-

fugation, the plasma samples were frozen at -20°C until they were analyz-

ed for estradio1-178, progesterone, and cortisol.

In 1978, the temperature and salinity of seawater at Newport ranged

between 8°C and 16°C and 29 mg/I and 32 mg/1, respectively.

1979 Return

On September 28 1979, 70 female coho salmon, averaging 2.5 kg,

were netted from seawater raceways at Newport, anesthetized (2 phenoxy-

ethanol at 0.5 m1/1), tagged with floy tags at the operculum (2 tags per

fish), weighed to the nearest 0.1 kg, and placed into a 4-m circular

seawater tank. On October 1,1979, 70 female coho salmon were transported

in seawater tanks from Newport to Weyerhaeuser's Jefferson facility.

They were anesthetized while still on the transport truck at Jefferson,

tagged, and slid down a tube into a 15-m long swimming pool containing

fresh water. The salmon held in seawater (SW) or fresh water (FW), were

injected October 15, 1979 and October 16, 1979, respectively, as follows:



The fish from each of the freshwater and seawater treatment groups

were checked twice a wk for maturity. At the time of ovulation, serum

samples and a subsample of eggs were taken from each fish. Eggs were

fertilized by a minimum of 2 males, and reared to determine percentage

survival. Serum samples were separated from red blood cells and frozen

(-20oC) until assayed for estradiol 17a, progesterone, thyroxine, and

androgens.

The temperature and salinity of seawater at Newport ranged between

9oC and 15°C and 30 mg/1 and 32 mg/1, respectively, The temperature of

fresh water at Jefferson averaged 140C.

Assays

Cortisol was assayed in 15 pl of plasma by competive protein bind-

ing assay as described by Strange and Schreck (1978). Thyroxine was

determined in 25 pl of plasma by radio immunoassay (RIA) described by

Dickhoff et al. (1978). The intra-assay and interassay coefficients of

variation for the thyroxine RIA of coho salmon plasma were 6,1% (n=6)

No. of fish
SW FW

1st injection
Day 0

2nd injection
Day. 3 from 1st injection

9
7 Control (no injection) Control (no injection)

10 8 Control (0.6% saline) Control (0.6% saline)

10 11 SG-G100 (0.1 mg/kg) LH-RH (0.062 mg/kg)

12 10 GTH (0.2 mg/kg) LH-RH (0.062 mg/kg)

22 19 PIT (10 mg/kg) PIT (50 mg/kg)



10

and 21% ( =5), respectively, The antibody binding ranged between 47 and

56% in the assays-,

Estradio1-17a, progesterone, and androgens were determined by

radioimmunoassay described by Korenman et al, (1974), Koligian and

Stormshak (1977) and Vernon Gay (Department of Physiology, University

of Pittsburg, Pennsylvania), respectively. Each RIA was validated for

adult coho salmon plasma and serum. All assays were modified by reducing

the amount of phosphate buffered saline-gelatin (PG) added to each ex-

tract. Each steroid RIA followed a standardized procedure, Each blood

sample was extracted twice with diethyl ether for estradio1-17a or hexane:

benzene (2;1) for progesterone and androgens after 1000 dpm of appropriate

31i-steroid in PG (used to estimate extraction recovery had been incubated

with the plasma. The aqueous phase was frozen in liquid N2 and the

extracts decanted, combined and dried under air. The extracts were dis-

solved in 0.25 ml of PG or 0.2 ml of PG (when recovery efficiency was

not determined). For recovery, 0.05 ml PG-extract solution was counted.

Extraction efficiencies were only determined initially and then not de-

termined after it was established with great reliability that efficien-

cies exceeded 85%. Antiserum at 0.1 ml in the proper dilution of PG was

added to each extract and to the standards which ranged from 7.8 to 2000

pg of the steroid. In addition, 0.1 ml of 6-globulin was added to each

tube in the estradio1-178 assay. After the samples were incubated for

30 min, 0.1 ml of 311-steriod (10,000 dpm in PG) was added to each tube.

Samples were incubated for 60 min (for androgens and progesterone) or 90

min for estradio1-17a, placed in an ice bath for 15 min with dextran-

coated charcoal suspension (1.0 m1 for androgens, progesterone and 0.5 ml



for estradio1-178) added to each tube, The samples were centrifuged,

decanted into Insta-gel scintillation fluid and counted in a Packard

liquid scintillation spectrophotometer.

Estradio1-178 was determined in 100 l of plasma or serum. Anti-

serum was Niswender's anti-estradio1-170 (S-244) diluted 1:85,000 in PG.

This assay is highly specific for estradio1-178. No cross reactivity

was found with 17-keto-estradio1-178 Korenman et al. (1974) determined

cross reactivity of estrone and estriol to be 2.6% and 4.2%, respectively.

The intra-assay and interassay coefficients of variation for the RIA of

coho salmon plasma were 14.5% (n=6) and 8.2% (n=6), respectively. The

lower limit of detection was about 6 pg/tube. The antibody binding

ranged between 50 and 58% in the assays.

Progesterone was determined in 100 pl of plasma or serum. The anti-

serum was Niswender's anti-progesterone (11-BSA) diluted 1:40,000 in PG.

Less than 0.5% cross reactivity was found with 17a-hydroxyprogesterone.

Koligian and Stormashak (1977) determined cross reactivity of pregnen-

olone, 4 pregnen-200o1-3 one and testosterone to be 3.7, 1.5 and 0.8%,

respectively. The intra-assay and interassay coefficients of variation

for the RIA of coho salmon plasma were 13% (n=8) and 5.4% (a=6). The

antibody binding ranged between 29 and 41% in the assays. The lower

limit of detection is about 5 pg/tube.

Androgens were determined in 10 la of plasma. The antiserum used

was Niswender's anti-testosterone (11-BSA), The assay reflects testost-

erone (100%), 11-ketotestosterone (112%) and dihydrotestosterone (69%).

The intra-assay and interassay coefficients of variation for the RIA of

coho salmon plasma were 7.4% (n=9) and 26.7% (n=7). The antibody binding
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ranged between 39 and 58% in the AssAys, The lower limit of detection

is about 12 pg/tube.

Statistics

For percentage to eye-up, percentage to swim-up, hormone concentra-

tions, and mean days to ovulations the Student Newman-Keuls test was

used for computing the significances of differences for samples of un-

equal sizes following preliminary analysis of variance. The accumulative

percentage ovulation data was analyzed by a 2x2 contingency table follow-

ed-by the Bonferonni approach (Neter and Wasserman 1974). In all tests,

the level of significance was P<0.05.



RESULTS

1977 Return

At day 12 from the day of the initial injection, more treated fish

in fresh water compared to those in seawater had ovulated (P(3.05)

(Fig.1). The SPE- and 17a-20a FROG-treated fish in fresh water had 100%

and 80% ovulations, respectively, whereas only 40% of the control fish

had ovulated (P4.0.05). The SPE-treated fish in seawater had ovulated

more significantly (50%) than controls (12.5%). By day 38, more treated

groups from fresh water had ovulated than those from seawater (Fig.1).

By day 38, 75% of the SPE-treated fish in seawater had ovulated compared

to 25% for the controls (P40.05). One fish from seawater was injected

with 17a-20a FROG plus CC and it died prior to ovulation. None of the

fish from seawater injected a second time survived. Only 3 fish from

fresh water were injected a second; and 2 of these fish were treated

with 17a-20f; FROG and did not differ in mean days to ovulation compared

to the fish that were injected once only.

SPE and 17a-20a PROG treatments of fish in seawater had reduced the

interval to ovulation (Table 1) compared to controls, but due to the low

numbers of fish the differences were not significant statistically. By

day 38, there was a total of 60.6% mortality of all fish in seawater

compared to 7.1% mortality for all fish from fresh water (Table 1).

Mean percentage survival to eyed-stage from eggs from all experimental

fish from seawater was high, averaging 84% (Table 1).
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FIGURE 1: Accumulative percentage ovulations at days 12 and 38 of female
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TABLE 1: Mean days to ovulation, total percentage mortality of the adults, and mean percentage sur-
vival to eyed stage from eggs of femal?coho salmon treated with saline (Control), chinook
pituitary extract (SPE), 17a-hydroxy-200-dihydroprogesterone (17a-20a PROG), clomiphene
citrate (CC), human choronic gonadotropin (HCG), or 17a- 200 PROG plus CC. Maturing coho
salmon were held either in seawater or fresh water during experiments in 1977,

Treatment
mean days to ovulation

(R±SE)(n)

total percentage
mortality

mean percentage survival
to eyed stage (%)

Seawater

Control 20±8.0 (2) 75.0 96.1

SPE 12±2.9 (3) 25,0 82.1

17a-200 PROG 11 (1) 83.3 80.5

CC 14±5.5 (3) 50.0 77.5

HCG (0) 100.0

17a-200 PROG plus CC (0) 100.0

Fresh Water

Control 23±3.3 (4) 20,0 no data

SPE 8±0.0 (3) 0.0 no data

17a-200 PROG 11±2.1 (5) 0.0 no data

HCG 19 (1) 0.0 no data



1978 Return, Early and Late Entry Groups

The last fish to ovulate in the early group was on November 27,

1978, after a 66 day period from the time of the first injection. In the

early returning group, only fish treated with SPE (5 mg/individual and
1

30 mg/individual) had ovulated by day 17 after injection (Fig. 2).

Twenty-five percent of the SPE (5 mg/individual)-treated fish had ovulat-

ed compared to controls which had no ovulations (significant at 12.<0.05)

(Fig. 2). No significant differences were noted among the late returning

group by day 11 after injection although the SPE (30 mg/individual)-

treated fish had 66.6% ovulation compared to 45.5% for the controls.

Most fish ovulated due to treatments on day 11 for the late returning

group. By day 29 and 66 for the late and early returning groups, re-

spectively, the fish had either died or ovulated.

The total percentage mortality of the adults was relatively low in

the early and late returning groups, 19.2% and 19.6%, respectively

(Table 2). Mortalities were very low during the first part of the season

with an increase toward the end of October, regardless if the fish were

from the early or late entry group. Survival to eyed-stage and swim-up

stage was very low for all fish (Table 2). Less than 10.0% survived in

any one group.

1979 Return

No significant differences between the uninjected and saline inject-

ed controls were noted, so the data were combined and all controls con-

sidered as one group. At day 17 more experimental fish from fresh water

had ovulated than those from seawater (significant at P<0.05, Fig. 3).

16



50-

z 30-o

0
o 100-

z
cc 70-
Li
a_

50-

30-

10-

EARLY DAY 66
LATE DAY 29

CONTROL 2011- 2011- SPE
PROG PROG (5)
(15) (30)

S PE CORT
(30)

FIGURE 2; Accumulative percentage ovulations at days 11 and 17, which
show the greatest ovulatory response from the treatments,
and days 29 and 66, which is at the end of the test period,
of female coho salmon treated with saline (control), 20$-
dihydroprogesterone (20$-PR0G)(15 mg/individual), 20$-PR0G
(30 mg/individual), coho salmon pituitary extract (SPE)
(5 mg/individual), SPE (30 mg/individual), or cortisone
(CORI). Solid bars represent fish from the early entry
group, and dotted bars represent fish from the late entry
group. All experimental fish were held in seawater.

17

0 I0

i00- EARLY DAY 17
LATE DAY 11

1978 SW
MI EARLY
I= LATE

90

70-



Table 2. Mean days to ovulation, total percentage mortality of the adults, and mean percentage survival
to eyed-stage and swim-up stage from eggs of female coho salmon treated with saline (control),

20a-hydroxyprogesterone (20a-PROG)(15 mg/individual), 20a-PROG (30 mg/individual), coho salmon
pituitary extract (SPE)(5 mg/individual), SPE (30 mg/individual), or cortisone. Maturing

salmon in 1978 were held in seawater during the experiments,

Treatment
(mg/individual)

mean days to ovulation
(x±SE)(n)

total percentage
mortality

mean percentage mean percentage
survival to survival to
eyed stage swim-up stage

Early Entry Group

Control 50±6 (4) 20.0 31.4 6,5

20a-PR0G (15) 42±4 (5) 28.5 45.2 9.9

20a-PR0G (30) 49±3 (8) 11.1 21.4 0.0

SPE (5) 36±9 (3) 20.0 0.4 0.0

SPE (30) 41±7 (5) 16,6 39.1 0.6

Late Entry Group

Control 12±2 (10) 9.0 31.2 5,5

200-PR0G (15) 15±4 (6) 33,3 10.3 0,0

200-PROG (30) 11±2 (8) 20.0 11.8 3.5

SPE (30) 10±1 (8) 11.1 14,0 0.0

Cortisone(15) 14±3 (7) 25.0 24.6 2,5
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In fresh water at day 17, 82% of the salmon treated with SG.,G100 plus

LH-RH, 50% of the salmon treated with GTH plus LH-RH, and 42,2% of the

salmon treated with PIT had ovulated compared to 50% for control fish

(P<0.05). In seawater by day 17, SG-G100 plus LH-RR- and GTH plus

LH-RH-treated fish had significantly higher percentage ovulations (40%

and 33.3%, respectively) compared to control fish (5.5%). In fresh water

by day 60, only the SG-G100 plus LH,RH-treated fish had significantly

higher percentage ovulation (90.9%) than controls (40.0%).

Mean days to ovulation were lower in all fish treated in fresh water

compared to all fish treated in seawater (Table 3). SG-G100 plus LH-RH-,

GTH plus LH-RH-, and PIT-treated fish in fresh water all had significant-

ly reduced mean days to ovulation compared to control fish. All treat-

ments of fish in seawater reduced the mean days to ovulation compared to

controls, but not significantly. The mean percentage survival to eyed-

stage and to swim-up stage was low, averaging 15.5% in both the seawater

and freshwater groups (Table 3). There was no mortality of fish held in

fresh water by day 17; however, there was 47% mortality for fish held in

seawater. The high mortality experienced by fish in seawater occurred

concurrently with high mortality in Ore Aqua's brood fish. Although

screened for pathogens, no disease was detected in the fish held in

seawater. Mortalities of fish held infreshwater after 32 days into the

study was due to an outbreak of furunculosis.

Plasma Hormone Concentrations



TABLE 3: Mean days to ovulation, total percentage mortality of the adults, and mean percentage survival

to eyed-stage and swim-up stage from eggs of female coho salmon treated with saline or uninjected

(control), partially purified salmon gonadotropin (SG-G100) plus luteinizing hormone-releasing

hormone analogue (LH-RH), purified salmon gonadotropin (GTH) plus LH-RH, or whole chum salmon

pituitary (PIT). Maturing coho salmon were held either in seawater or fresh water in 1979.

Treatment mean days to ovulation
(x±SE)(n)

total percentage
mortality

mean percentage
survival to
eyed-stage

mean percentage
survival to
swim-up stage

Seawater

Control 36±5 (8) 55.5 94.3 47.3

SG-G100 plus LH-RH 24±9 (5) 44.4 34.9 23.8

GTH plus LH-RI 19±9 (5) 50,0 92,0 49,0

PIT 32±8 (6) 72.7 67.0 41.6

Fresh Water

Control 40±6 (6) 60.0 90.4 35.7

SG-G100 15±1 (10) 9.0 85.6 53.3

GTH plus LH-R1 21±5 (7) 30.0 89.8 33.5

PIT 14±2 (9) 52.6 73.8 46.4



1978 Return, Early and Late Entry Groups

At the time of ovulation, neither progesterone nor estradio1-17$

concentrations differed significantly between treatment groups (Table 4),

In the early entry group, SPE (30 mg/individual)-treated fish had

significantly higher cortisol levels compared to the controls. In the

late entry group, SPE (30 mg/individual)-treated fish had slightly higher

levels of cortisol, compared to controls but this difference was not sig-

nificant. Cortisone-treated fish had significantly higher cortisol levels

compared to those of controls. Overall, cortisol concentrations from the

fish of the late entry groups were higher compared to cortisol levels from

fish of the early entry groups.

1979 Return

No significant differences were noted in hormone concentrations in

the treated fish held in seawater or fresh water (Table 5). Hormone

levels from treated fish held in seawater tended to be different from

those of treated fish in fresh water, although sample sizes in these

groups were too low to note significant differences. For example, control

fish in seawater had greatly elevated levels of androgens (1.28.93±47.04

ng/ml) than those of PIT-treated fish in seawater (18.03±2.82 ng/m1), but

not significantly.
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TABLE 4: Mean plasma progesterone, estradio1-170, and cortisol concentrations of female coho salmon at
ovulation from the early entry or late entry group in 1978 treated with saline (control), 2013-
hydroxyprogesterone (20$-PROG)(15 mg/individual), 20$-PR0G (30 mg/individual), coho salmon
pituitary extract (SPE)(5 mg/individual), SPE (30 mg/individual), or cortisone.

Treatment Hormone_concentrations (ng/ml)

(mg/individual) (x±SE)(n)

Progesterone Estradio1-178 Cortisol

Early Entry Group

Control 0.72±0.20 (4) 0.41±0.06 (4) 76± 8 (4)

20$-PR0G (15) 0.79±0.16 (5) 0.47±0.05 (5) 110±20 (3)

200-PR0G (30) 0.51±0.13 (9) 0.39±0.04 (8) 76±12 (7)

SPE (5) 0.99±0.29 (3) 0.42±0.07 (3) 76±11 (3)

SPE (30) 0.35±0.12 (5) 0.37±0.07 (5) 177±31 (5)

Late Entry Group

Control 0.62±0.15 (10) 0.36±0.04 (10) 124± 8 (10)

20f3-PR0G (15) 0.59±0.22 (5) 0.48±0.05 (5) 122±12 (6)

200-PR0G (30) 0.58±0.12 (8) 0.35±0.03 (8) 135±15 (8)

SPE (30) 1.11±0.17 (8) 0.35±0.05 (8) 155±23 (8)

Cortisone(15) 0.51±0.17 (6) 0.44±0.08 (6) 204±30 (4)



TABLE 5: Mean serum progesterone, estradio1-170,thyroxine, and androgen concentrations of female coho
held in seawater or fresh water at ovulation treated with saline or uninjected (control),
partially purified salmon gonadotropin (SG-G100) plus luteinizing hormone-releasing hormone
analogue (LH-RH), purified salmon gonadotropin (GTH) plus LH-RH, or whole chum salmon pituitary

(PIT) in 1979.

Treatment

Progesterone

Hormone concentrations (ng/m1)

(Tc±SE)(n)

Estradio1-178 Thyroxine Androgens

Seawater

Control 0.69±0.24 (6) 0.66±0.11 (5) 3.6±0.3 (5) 128.93±47.01 (5)

SG-G100 plus LH-RH 2.16±0.95 (3) 0.64±0.14 (4) 3.2±1.2 (2) 28.56 (1)

GTH plus LH-R}1 0.69±0.00 (2) 0.37 (1) 1.9 (1) 67.12±55.70 (2)

PIT 4.04±3.41 (5) 0.98±0.27 (5) 2.2±0.8 (4) 18.03± 2.82 (4)

Fresh Water

Control 2.44±1.38 (4) 0.53±0.14 (5) 2.2±0.9 (5) 50.32±15.25 (5)

SG-G100 plus LH-RH 6.73±2.93 (8) 1.28±0.23 (8) 2.5±0.3 (8) 127,01±43.34 (6)

GTH plus LW-RH 4.45±2.74 (7) 1.64±0.44 (6) 2.5±0.8 (7) 108.92±42,72 (5)

PIT 3.45±1.06 (6) 1.21±0.25 (7) 3.5±0.2 (7) 121.19±33.20 (8)



DISCUSSION

SG-G100 plus LH-RH, GTH plus LH-RH, SPE, PIT and 17q-206 FROG were

shown in the order presented to be effective inducers of ovulation in

those salmon in fresh water and to a lesser extent in seawater. Presum-

ably, ovarian responsiveness to the administered hormones is mediated

through the hypothalamic-pituitary gonadal axis (Breton and Weil 1973;

Jalabert 1976; Jalabert et al. 1978b; Peter 1980). This response of the

ovary to the hormones is dependent on the maturational stage of the female

and of the dosage of hormone employed.

SG-G100 plus LH-R1, GTH plus LH-RH and two injections of PIT were

able to induce ovulation at least 6 wk earlier in salmon than the normal

peak spawning time of the coho salmon. It is evident that priming with

gonadotropin or pituitary extracts is necessary for this ovulatory re-

sponse, particularly when hormones are given before 6 wk of natural

spawning. In 1978, fish in seawater had less than 30% ovulation with

two injections of SPE given 11 days apart and given 7 wk prior to the

peak spawning time. This low response was either due to the inhibitory

effect of seawater on ovulation (reviewed in Chapts. 1,2, and 3) or due

to lack of priming. The first injection given 11 days before the second

could not be defined as a priming dose. Donaldson et al. (1977) demon-

strated that treatment with LH-RH alone in coho salmon was less effective

than treatment after a priming dose of SG-G100.

The administered gonadotropin probably acts by stimulating the

follicular and pituitary receptors. The follicular receptors in turn are

able to respond to the LH-RH-induced endogenous gonadotropin release.

This is speculative since the mechanism of priming action was not
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determined in this study. However, as reviewed by Peter (1978), priming

effects of the responsiveness of the pituitary by LH-RH has been demon-

strated in mammals. Elevated gonadotropin levels following two injections

with synthetic LH-RH at 0.1 pg/g fish have been shown in goldfish (Peter

1980). However, according to Peter (1980) excessive dosages and/or

multiple injections of synthetic LH-RH nay be detrimental by desensi-

tizing the gonadotropin releasing mechanism. The SG-G100 plus LH-RH and

GTH plus LH-RH treatments may be analogous to the two injections of LH-RH

given to goldfish since these two treatments produced the greatest ovul-

atory response in coho salmon.

The priming is evident to be important when comparing the SG-G100

plus LH-RH and the Syndell GTH plus LH-RH. Both dosages of LH-RH were

the same with different primers that had comparable gonadotropic activity

(as determined by Syndell Laboratories, Canada). The gonadotropins were

prepared from two different species of Oncorhynchus. Syndell GTH was

prepared from chum salmon which may show a species specific difference,

which may account for the lowered ovulatory response compared to the

coho SG-G100. It has been claimed that high dosages of synthetic LH-RH

alone are needed in lower vertebrates. However, we have shown that 0.06

mg/kg to be effective with the proper priming.

Without priming of gonadotropin, 17a-208 PROG was implicated in

negative feedback inhibition of endogenous gonadotropin when administered

too early, approximately 3 wk prior to natural ovulation (Jalabert et al.

1978a). Therefore, priming with gonadotropin is important with 17a-20a

PROG when administered to salmon 3 wk before ovulation. I found 17a-20a

PROG to be effective without priming when administered in less than 3 wk
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before natural ovulation. In rainbow trout, 174-208. FROG when adminis-

tered alone within a couple of weeks of natural ovulation induced matur-

ation and ovulation (Jalabert et al. 1978a). 20a,-PROG (30 mg/individual)

was slightly effective in inducing early ovulation 2 wk prior to natural

ovulation, but was ineffective when administered 6 wk prior to ovulation.

As in the case of 17a-200 PROG, 20a-PROG may also exert an inhibitory

effect on gonadotropin secretion when administered too early.

Cortisone and human chorionic gonadotropin were totally ineffective

at inducing ovulation, however, only one fish in fresh water was tested

with human chorionic gonadotropin. Cortisone treatment was only tested

on coho salmon held in seawater. As will be furthered discussed, salmon

maturing in seawater experience osmoregulatory and reproductive problems.

Therefore, the salmon in seawater may not be fully able to respond to

treatments, i.e. cortisone. Cortisol concentrations have been shown to

be high in maturing sockeye salmon (0. nerka)(Donaldson and Fagerlund

1968). Other investigations as reviewed by Woodhead (1975) have also

demonstrated high plasma corticosteroid levels during spawning migration

of Pacific salmon. Because corticosteroids may be elevated in adult

salmon during handling stress (Woodhead 1975), the values seen may be

higher than actual basal levels. For example, cortisol levels were

higher in the fish from the late entry group compared to the fish in the

early entry group. These higher levels may be due to the handling since

the late entry fish ovulated within 3 wk after injections and were sub-

jected to more handling than the fish in the early entry group. Further

studies in adult salmon would be required to determine the physiological

role of corticosteroids in maturation and to determine if indeed, cortisol
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or cortisone would be an effective inducer of maturation,

Hormonal treatments were less effective or in some cases ineffective

in inducing ovulation in salmon in seawater. Either due to the high

mortalities prior to ovulation, inhibiting factors associated with fish

maturing in seawater or osmoregulatory difficulties, the ftilin seawater

had reduced responses to the treatments. Normally, salmon undergo a

change in osmotic environment when they enter fresh water from the ocean

during final migration. These osmotic changes effect the endocrine system

and thus may exert an effect on maturation and ovulation (Woodhead 1975).

The next chapter shows that there are different hormone profiles of coho

salmon in seawater versus fresh water during final maturation. The

hormone concentrations of female coho salmon in seawater at ovulation were

more variable than concentrations of the salmon in fresh water. Addit-

ionally, elevated serum sodium and osmolality occurred concomitant with

high mortalities in salmon remaining in seawater during maturation and

ovulation, suggesting osmoregulatory failure (Chapt. 2). The inter-

relationships of the endocrine system between osmoregulation and repro-

duction are not fully known. However, the fish's inability to respond

to hormone treatment may be in part due to the detrimental influence

from the osmoregulatory difficulties.

Furthermore, there was poor survival of eggs of salmon held in sea-

water. Egg survival to swim-up was very low in treated fish and control

fish from both seawater and fresh water except for 1977. There was no

major differences in egg survival among eggs from treated fish and control

fish. Hunter at al. (1979) showed no differences among eggs from treated

and control coho salmon in fresh water, survival was high in all groups.
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In fresh water in 1979, egg survival to swim-up stage was low. The

reason for this poor survival is unclear. In fresh water of that year,

the high constant temperature of 14.4°C may have contributed to low egg

survival. Normally in hatcheries egg survival to swim-up stage averages

90%. There are many factors influencing overall egg quality, (i.e.,

environment, fitness of females, sperm quality, nutrients, etc.). Also

osmoregulatory factors may be playing an overriding role since the eggs

came from fish maturing in seawater. In many cases the eggs of fish in

seawater were noted to be collapsed, presumably from being dehydrated,

and the females had little ovarian fluid at ovulation. Water content of

these eggs, determined by Ore Aqua personnel was 2% lower than in eggs

from salmon in fresh water. Also egg sodium and osmolality levels were

higher in females in seawater compared to those in fish in fresh water.

The ionic constituents for egg maturation have been established as a

critical requirement for maturation in Xenopus laevis oocytes (Baltus

et al. 1977). Although unknown as to their exact role in salmon oocytes,

cations can be assumed to have a predominant role in maturation. The ion

inbalance and dehydration noted in the oocytes from fish in seawater

correlated with low egg survival is indicative of the ion requirement

for oocyte maturation.

Male salmon in seawater also showed signs of dehydration, such as

having smaller amounts of milt (seminal fluid) compared to that of male

salmon in fresh water. In the pike (Esox lucius), stressing factors such

as confinement, handling, and drop in water temperature were shown to

stop ovarian development and ovulation (De Montalembert et al, 1978),

In this case, seawater could be considered the stressing agent, and thus
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hinder maturation and ovulation.

In summary, SG-G100 plus LH-RH, GTH plus LH-RH, PIT, SPE and

17a-206 PROG in that order were effective for inducing ovulation of sal-

mon in fresh water and somewhat effective in salmon in seawater. Osmo-

regulatory difficulties or high adult mortality seemed to have diminished

the responses seen in the seawater groups, Induced ovulation of coho

salmon in seawater may still not be practical since we are still not sure

of the reproductive physiology of the species, and prescribing a treat-

ment protocal will require more elucidation of hormones and timing.

However, in fresh water, hormones can be effective in enhancing early

ovulation in coho salmon and thus overcome problems such as prespawning

mortality.



II, Hormone and Ion Profiles of Collo Salmon

Fresh. Water or Seawater during Final
Maturation and Ovulation or Spermiation

INTRODUCTION

Knowing levels of hormones concurrent with the determination of

oocyte maturation would further aid in elucidating the process of sexual

maturation in coho salmon (Oncorhynchus kisutch), Hormone profiles of

coho salmon during the full final stages of maturation have not been

determined.

Little is known of the actual pituitary involvement during repro-

ductive cycles of salmon (Breton et al. 1973). The pituitary gonadotro-

pins and gonadal steroids are considered to be the major mediators in the

control of reproduction in fish (Donaldson 1973; Fontaine 1976). The

influence of environmental factors is mediated through brain centers

through the activity of the adenohypophysis. Gonadotropin, which is

released from the pars distallis, is thought to stimulate various gonadal

activities (deVlaming 1974). Whether there are one or two gonadotropins

in teleosts has not been resolved. Both biochemical and histophysiolo-

gical methods have been used to attempt to answer this question (Chestnut

1970; Idler et al. 1975a, 1975b; Pierce et al. 1976). Idler et al. (1975

a,b) and Idler and Ng (1979) have demonstrated biochemical and biological

properties of two types of gonadotropin from salmon, concluding that there

are at least two types of gonadotropin. Other pituitary hormones that may

exert an indirect or a direct effect on reproduction in salmon are thyro-

tropin prolactin, and corticotropin (Reinboth 1972, Fontaine 1976,

Jalabert 1976). Thyrotropin, a glycoprotein hormone, may act directly on
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the gonad itself; Fontaine (1976) suggested that this could be the result

of homology between thyrotropin and gonadotropin. The role of the pitui-

tary hormones other than gonadotropin in reproduction is unclear and

information is often contradictory.

Jalabert (1976) concluded from in vitro studies in rainbow trout

(Salmo gairdneri) that the gonadotropic action of the pituitary is me-

diated by direct steroid action on oocyte maturation. The steroid

responsible for this action is 17a-hydroxy-20f3 dihydroprogesterone (17a-

20(3 PROG) which is produced by the follicle after stimulation by gonado-

tropin (Jalabert 19761. 17a-hydroxy-200 dihydroprogesterone has been

found in the blood of Pacific salmon at the time of spawning (Schmidt and

Idler 1962). 17a-hydroxy-200 dihydroprogesterone and 17a-hydroxyproges-

terone have been shown to be present in high levels in rainbow trout

during oocyte maturation (Campbell et al. 1980). The suggested site of

hormone production in the salmon ovary is the theca interna which contains

specialized cells which synthesize steroids (Chestnut 1970; Hoar and

Nagahama 1978).

Corticosteroids may also be involved in triggering maturation of

female salmon, or may at least participate in some way in the maturation

processes. Jalabert (1976) showed that cortisol and cortisone increase

sensitivity of the follicle to gonadotropin. Elevated cortisol was re-

corded in sockeye salmon (0. nerka) during sexual maturation (Donaldson

and Fagerlund 1968). Schmidt and Idler (1962) demonstrated elevated

cortisone in the final phases of salmon migration. Sundararaj and Goswami

(1977) suggested that gonadotropin stimulated the interrenal tissue of

Indian catfish (Heteropneustes fossilis) to release corticosteroids which
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acted on the oocytes to induce maturation.

The role of estradio1-17a in sexual maturation in unclear. Yamazaki

(1976) showed that estradio1-17$ did not affect gonadal maturation of

rainbow trout and kokanee salmon (D, nerka). Lambert et al, (1978)

suggested that estradio1-17a is probably involved in oviparous yolk pro-

tein formation, yet estradio1-l7a' was not necessarily elevated simul-

taneously with vitellogenesis in his study of rainbow trout. Estrogens

increased during maturation in Atlantic salmon (S. salar) (Cedard et al.

1961) and brown trout (S. trutta) (Crim and Idler 1978). Schreck at al.

(1973) failed to demonstrate a gonadosomatic index-estrogen relationship

in rainbow trout at different stages of ovarian development. Estradiol-

17a levels were elevated while gonadotropin levels were low in coho salmon

(Jalabert et al. 1978b) and rainbow trout (Fostier at al, 1978) just prior

to ovulation. At the time of ovulation in these fish, gonadotropin levels

had slightly increased while estradio1-17a levels had decreased. Fostier

et al. (1978) concluded that no generalization could be made about the

role of estrogen during final maturation.

Coho salmon, an anadromous species, undergo two migrations during

their life cycle. The first migration occurs in the spring when the

salmon (Ca. 18 months) migrate downstream and go through morphological

and physiological changes referred to as smoltification that prepare the

fish for life in seawater (see review by Hoar 1976). After 18 to 24

months at sea, the fish return as adults to fresh water to undergo sexual

maturation. Not only does the salmon undergo its final maturation upon

entrance into fresh water, but it experiences many other morphological

and physiological changes which enable the fish to survive in fresh water
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(Woodhead 1975), Collo salmon artificially held in seawater for maturation

experience difficulties, such as dehydration of eggs and osmoregulatory

problems. Changes in salmon that normally occur upon entrance into fresh

water which ensure the fish's survival may also influence and aid in final

maturation.

The present investigation was undertaken to understand the fish's

apparent inability to survive in seawater during final stages of matura-

tion and ovulation. The main objective of this study was to describe the

hormonal changes of coho salmon and relate its reproductive development

in seawater to that in fresh water during final maturation. Plasma and

serum levels of estradio1-17a, progesterone, androgens, and cortisol

concomitatut with determination of oocyte maturation were measured in order

to further elucidate the process of sexual maturation. Endocrine

involvement between osmoregulation and reproduction has not been esta-

blished in adult salmon. Osmoregulatory factors may be inhibitory or

antagonistic of reproductive functions of coho salmon remaining in sea-

water. To further aid in understanding osmoregulatory processes of fish

in an unnatural environment, serum sodium, osmolality and thyroxine were

measured in fish in fresh water and seawater during the spawning season.

Gonadosomatic index and oocyte development were determined to establish

reproductive development of the salmon. Time of spermiation was noted for

male salmon. Further information on the reproductive physiology of salmon

would not only further our biological understanding but aid in salmon

management programs by providing potential means of reproductive control

of salmon.



MATERIALS AND METHODS

1978 Return

Starting on September 22,1978, two or three female coho salmon,

which averaged 2.5 kg, returning to Weyerhaeuser's Ore Aqua's facility

at Newport, Oregon, were sampled on days 6, 14, 24, 28, 34, 40, and 45

for plasma and gonads. Days 6 through 40 represent final maturation and

day 45 represents ovulation. These fish remained in seawater during final

maturation and ovulation, and did not enter fresh water during this final

phase. Blood was collected in heparinized syringes from the caudal

vessels, centrifuged and the plasma was drawn off and frozen at -20°C

until analyzed for progesterone, estradio1-1713 and cortisol. Gonads were

weight of one gonad x 2
taken to determine the gonadosomatic index

(GSMweight of fish

x 100) and for histological examination to determine the stage of oocyte

maturation. Stages of oocyte maturation in adult coho salmon as described

by Jalabert et al. (1976) for rainbow trout were defined as follows: 1)

premigrating germinal vesicle, 2) migration of germinal vesicle; migration

and segregation of lipid drops, 3) germinal vesicle against chorion with

distinct contour, and 4) vitelline maturation, coelescence of lipid drops

and germinal vesicle breakdown.

1979 Return

Ten female coho salmon were killed and sampled for serum and oocytes

from fish held in seawater and fresh water every 2 weeks from September

14,1979 until December 5,1979. This group was considered the early entry

group. Comparative data was also collected from groups returning in

35
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middle (September 26, 1979) and late (October 15,1979) part of their

spawning run. Ten males were also sampled for serum at each of these

times. The fish in seawater were at Weyerhaeuser's Ore Aqua Newport fac-

ility, while the fish in fresh water were at Weyerhaeuser's Jefferson

facility. The temperature and salinity of seawater at Newport ranged

between 9°C and 15°C and 30 mel and 32 mg/1, respectively. The temper-

ature of fresh water at Jefferson averaged 14°C,

These fish from fresh water and seawater that were sampled were

allowed to suffocate which meant being out of the water for about 10

min before serum and oocytes were taken. To determine if there was an

effect on the hormone levels due to this type of sampling, blood was

taken from ten male fish that were killed immediately by a blow to the

head and ten male fish were allowed to suffocate for ten minutes.

The blood collected was held on ice for 30 min, centrifuged, serum

drawn off, divided into two, and half of the serum was frozen at -20°C

until they were analyzed for estradio1-17S, progesterone, androgens, and

thyroxine. The other half of the serum was kept on ice and anylyzed the

same day that they were sampled for sodium and osmolality. Samples of

eggs from the fish were fixed in a Stockard's fixing agent (4% glacial

acetic acid and 5% formaldeahyde dissolved in Cortland's salt solution)

and analyzed immediately with an unaided eye, or within a couple of days

under a dissecting microscope. The gonadosomatic index was determined

for each female salmon.

Assays
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Cortisol was assayed in 15 pl of plasma by competitive protein

binding assay as described by Strange and Schreck (1978). Thyroxine was

determined in 25 pl of plasma by radioimmunoassay (RIA) described by

Dickhoff et al. (1978). The intra-assay and interassay coefficients of

variation for the thyroxine RIA of coho salmon plasma were 6.1% (n=6) and

21.0% (n=5), respectively. The antibody binding ranged between 47 and

56% in the assays.

Estradio1-178 was determined in 100 ul of plasma by modifying a RIA

described by Korenman et al. (1974). See Chapter 1 for modifications and

assay procedures for estradio1-1713, progesterone and androgen RIAs. The

intra-assay and interassay coefficients of variation for the RIA of coho

salmon plasma were 14.8% (n=6) and 26.0% (n=10), respectively. The lower

limit of detection was about 6 pg/tube. The antibody binding ranged

between 47 and 56% in the assays.

Progesterone was determined in 100 pl of plasma by modifying a RIA

described by Koligian and Stormshak (1977). The intra-assay and inter-

assay coefficients of variation for the RIA of coho salmon plasma were

13.2% (n=10) and 5.4% (n=6), respectively. The antibody binding ranged

between 36 and 46% in the assays. The lower limit of detection is about

5 pg/tube.

Androgens were determined in 10 pl of plasma by modifying a RIA from

personal communication of Vernon Gay (Department of Physiology, University

of Pittsburg, Pennsylvania). The intra-assay and interassay coefficients

of variation for the RIA of coho salmon plasma were 7.4% (n=9) and 26.7%

(n=7). The antibody binding ranged between 39 and 58% in the assays. The

lower limit of detection is about 12 pg/tube.
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Sodium and osmolality were determined by flame spectrophotometer and

osmometer, respectl:vely, by personnel at Weyerhaeuser's Ore Aqua Spring-

field facility, Oregon.

Statistics

Data for hormone concentrations were analyzed by a Student Newman-

Keuls test which was used for computing the significances of differences

for samples of unequal sizes following preliminary analysis of variance.

In all tests, the level of significance was 1),< 0.05.

More specifically, the particular analysis of variance tested was the

completely randomized design with an unequal number of samples and unequal

determinations per sample. Determinations were made on total sums of

squares and mean squares using subtotals which represented an unequal

number of responses. Between sample sums of squares were also computed.

Example of design: Mean serum steroid concentrations for early entry
male coho salmon held in seawater or fresh water
during the spawning season. The sample number
reDresents the date of sample.

Determinations

Seawater Fresh Water

Sample number Sample number

1 2 3 4 1 2 3

Oct lOct 9-Nov gNov 22 Oct 1Nov 9Nov 22

1 5 6 7 2 6 12 18

2 4 6 6 1 7 10 16

3 5 8 7 1 8 10 15

4 4 7 6 8 10 14

5 5 7 11 16

6 6 12

7 5 11

SUMS 34 27 33 4 29 76 79

nij 7 4 5 3 4 7 5



RESULTS

1978

Generally the fish that had entered the facility by the end of Sep-

tember had completed vitellogenesis, with the germinal vesicle being

subperipheral. The female salmon underwent oocyte maturation during

October 6 to November 1, 1978 with ovulation occurring on November 6,1978

(Table 6). The GSI for females increased from 11.21±0.28 % (i±SE) on

September 22,1978 to 23.87% on November 1,1978. Similarly, estradio1-17a

concentrations followed the same trend as the GSIts, increasing just prior

to ovulation. At ovulation, estradio1-17a levels decreased. Progesterone

levels were low during the final stages of maturation, ranging between

0.32±0.15 to 1.04±0.06 ng/ml (Table 6). Cortisol levels showed a slight

decrease just prior to ovulation and at ovulation compared to the final

stages of oocyte maturation. Due to the difficulty of obtaining adult

salmon, only 2 or 3 salmon were sampled at each of these times thus re-

sulting in considerable variation of hormone concentrations especially

cortisol.

1979

The ten male fish that were sampled after being immediately killed

or allowed to suffocate did not have significantly different hormone

levels. The results are as follows:

39



TABLE 6: Mean gonadosomatic index (GSI)(%), plasma progesterone, estradio1-1713 and cortisol concentrations
(ng/ml) for female coho salmon in 1978 entering seawater facilities on days 0, 6, 14, 24, 28, 34,

and 45 during final maturation and ovulation. Stages of oocyte maturation include migrating
germinal vesicle (MGV), peripheral germinal vesicle (PGV), germinal vesicle breakdown (GVBD), and

ovulation (OV).

Date Day n Stage of oocyte
maturation

GSI (%)
(x±SE)

Hormone concentrations (ng/ml)
(T&SE)

Progesterone Estradio1-17(3 Cortisol

September 22 0 2 unknown 11.21±0.28 0.84±0.45 1.09±0.14 154

September 28 6 2 unknown 9.55±3.55 0.79±0.36 0.99±0.01 82±15

October 6 14 3 MGV 13.73±2.19 0.77±0.16 1.32±0.23 145±17

October 16 24 2 MGV 19.39±2.09 0.32-1-0.15 1.52±0.98 106± 1

October 20 28 3 PGV 15.87±1.01 0.40±0.15 1.27±0.29 219±32

October 26 34 2 PGV 16.40±3.41 1.04±0.06 1.07±0.37 201±59

November 1 40 2 PGV,GVBD 23.87±3.21 0.77±0.57 1.59±0.42 97±28

November 6 45 1 OV no data 0.66 0.48 141



Hormone concentrations (agiml)
(17±SE)

Salmon killed
immediately

Salmon suffocated
in 10 min
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Androgen levels were significantly higher in male fish that suffocated to

those of fish that were immediately killed. With the exception of andro-

gens, apparently suffocation and waiting 10 min to sample did not sub-

stantially alter the levels of the hormones.

Peak spawning time for all three entry groups was December 5 and 6,

1979, approximately 3 wk later than the previous year. Overall, as ex-

ected and with a few exceptions, the GSI (%) and egg diameter (mm) in-

creased through final maturation (Table 7). The GSI and egg diameter of

fish held in fresh water also showed greater increases compared to the

GSI and egg diameter of fish in seawater. Interestingly, salmon from the

middle and late entry groups that returned to the seawater facility were

at the same stage of egg development as those early entry fish that had

already entered and were being held in that facility.

In most cases there was a lack of complete ovulation in fish in sea-

water. In some instances, half of the eggs in one skein (ovary) were

over-ripe, characterized by being semi-transparent, and the eggs in the

other ovary had not yet ovulated but appeared matured, characterized by

germinal vesicle breakdown. Overripe eggs are those that are held in

the body cavity for an extended period after ovulation.

Estradio1-176 Androgens Progesterone Thyroxine

0,13±0.02

0.17±0.01

35.65±13.02

107.96±19.38

0,55±0.20

0,29±0.08

7,3±0.9

9.3±1.0
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TABLE 7; Mean gonadosomatic index (GSI)(%) and egg diameter (pm) for

female coho salmon in 1979 held in seawater or fresh water
during final maturation and ovulation, Early, middle, and late
entry refers to the entrance time of the fish during the
spawning season. Stages of oocyte maturation include premigra-
tins germinal vesicle (PMGV), migrating germinal vesicle CMGV),
peripheral germinal vesicle (PGV), germinal vesicle breakdown
(GVBD), and ovulation (0V), Number in (n) refers to numbers
of female salmon in that sample. Egg diameter was averaged
from 6 eggs from each female.

Date Egg Stage GST (Z) Egg diameter (mm)
(x±SE)(n) (x±SE)(n)

Early Entry
Seawater

September 17 PMGV,MGV 10,1±0.2
October 2 MGV 15.5±0.2
October 9 MGV 17.0±0.2
October 23 PGV
November 13 OV

Fresh Water
October 1 PMGV 11.4±0.8
October 11 15.2±0.5
October 25 PGV 16.8±2.1

Middle Entry
Seawater

September 26 PMGV,MGV 11.3±0.4
October 9 MGV 16.2±0.6
October 23 PGV
November 11 OV

Fresh Water
October 11 14.1±0.7
October 25 PGV 19.5±1.0
December 5 OV

Late Entry
Seawater

October 15 PGV 15.3±0.7
October 29 PGV, GVBD 17.2±1.0
November 11 OV

Fresh Water
October 25 PGV, GVBD 20.7±3.1
December 5 OV

(10) 5,1±0.1 (10)
(10) 6.4±0.2 (10)
(10) 5.7±0.2 (10)

(10) 5.3±0.2 (10)
(10) 6.1±0.1 (10)
(10) 6,3±0.2 (10)

(10) 5.4±0.1 (10)
(10) 6.2±0,1 (10)

(10) 6.2±0.1 (10)
(10) 7.2±0.1 (10)

(10) 6.4±0,2 (10)
(10) 6.6±0.1 (10)

(10) 6.9±G.2 (10)
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September 17, September 26 and October 15,1979 represent the dates

when fish from the early, middle and late entry groups, respectively,

entered the seawater facility in Newport from the ocean (Figs, 4 and 5,

Table 8). On October 9,19790 both male and female coho salmon of the

early entry group in seawater had significantly higher sodium levels

(214±10 and 197±8 meq/1, respectively), than those of male and female

fish in seawater on October 2,1979 (174±2 and 173±3 meq/1, respectively)

(Figs. 4 and 5). Those values from October 2, 1979 are considered the

normal values seen in salmon from seawater. At this same period on Oct-

ober 9,1979, sodium levels for male and female salmon in fresh water were

151±1 and 145±1 meq/1, respectively, compared to those levels for salmon

on October 1,1979 (150±1 and 147±1 meq/1).

The sodium and osmolality levels for male salmon are slightly higher

than the levels for female salmon held in both fresh water or seawater

(Figs. 4 and 5, Table 8). The time when the sodium and osmolality levels

significantly increased in salmon held in seawater which was about the

first part of October, is also the time when the number of mortalities

were beginning to increase. Until this time the mortality in fish in sea-

water was low with a sudden surge occurring at the time of the increased

sodium and osmolality levels. The mortalities after this period remained

high through the duration of the spawning season. Osmolality and sodium

levels varied little during the time of oocyte maturation of female salmon

in fresh water. Males in fresh water showed a similar trend with little

variation of sodium and osmolality levels during the final maturation.

Both male and female salmon in seawater had higher sodium and osmolality

levels at the end of the spawning season (December 6) compared to those
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represents spermiation of the male salmon. In seawater, the dotted lines and squares represent

serum sodium, and the dotted lines dots represent serum osmolality. In fresh water, the solid

lines and squares represent serum sodium and the solid lines and dots represent serum

osmolality.



232-

216-

200-

184-

4168-

5152-

136-

FEMALE
D CI SW Na

SW Osm
D--0 FW Na

FVV Osm

/ .. .................
...... . .........

................. ......... . ...
............

........................................................................... //
.............................

.............

120 vi elltatassil--1- ?ocyto rnpturat Ion

15 20 30 10 20 30

SEPT OCT

,- ovul9tlon

NOV

500

vb
460

0

-420 E
>-
1

-380
-J
0

-340 (7)

-300

260

DATE

FIGURE 5: Mean serum sodium (Na)(meq/1) and osmolality (Osm)(m0s/kg) concentrations for female Coho salmon
held in seawater (SW) or fresh water (FW) during the final maturation of the spawning season
from September 15 to December 5,1979. Initial point represents fish in seawater. End point

represents ovulation of the female coho salmon. In seawater, dotted lines and squares represent
serum sodium, and dotted lines and dots represent serum osmolality, In fresh water, the solid
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TABLE 8: Mean serum sodium (neq/1) and osmolality (m0s/kg) values for
Pale and female coho salmon in 1979 held in seawater or fresh
water during the spawning season, Middle and late entry refers
to the entrance time of the fish from the ocean during the
spawning season.

Date Sodium (neq/1)
(x±SE)(n)

Osmolality (mOs/kg)
(i±SE)(n)

Female

Middle Entry
Seawater

September 26 181± 1 (23) 384± 4 (25)
October 9 205± 9 (11) 435±21 (10)
October 23 204±10 (10) 430±23 (10)

Fresh Water
October 11 140± 3 (10) 303± 5 (10)
October 25 141± 2 (11) 321± 3 (11)
December 5 137± 6 (7)

Late Entry
Seawater

October 15 182± 1 (21) 377± 3 (21)
October 23 187±10 (10) 415±19 (10)

Fresh Water
October 25 136± 2 (10) 314± 4 (10)

Male

Middle Entry
Seawater

September 26 182± 1 (25) 393± 2 (25)
October 9 195± 6 (10) 416±13 (10)
October 23 195± 8 (8) 413±18 (8)

Fresh Water
October 11 147± 1 (10) 319± 5 (10)

October 25 139± 1 (9) 322± 4 (10)
Late Entry

Seawater
October 15 189± 2 (25) 404± 8 (25)
October 23 203± 9 (10) 444±16 (10)

Fresh Water
October 25 140± 2 (10) 325± 5 (10)
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early in the spawning season (October 1,1979).

Estradi01-17a. concentrations of female salmon in either fresh water

or seawater were significantly lower at ovulation compared to estradiol-

170 concentrations at entrance of the salmon to the Newport facility from

the ocean (Fig. 6). Estradio1-170 levels in female coho salmon in sea-

water on October 9 and 11, 1979 were significantly higher (6.38±0.52

ng/ml) than levels in salmon in fresh water (3.96+0.55 ng/ml). Females

from the middle and late entry groups showed a similar trend, having

higher levels of estradio1-170 in fish from seawater than fish from fresh

water (Table 9). Estradio1-17a levels of female coho salmon in seawater

at ovulation were significantly lower (1.05+0.29 ng/ml) than estradiol-

170 levels from fish in fresh water (2.10±0.21 ng/m1)(Fig. 6). Estradiol-

17a levels of male salmon in seawater were higher (0.75±0.31 ng/ml) than

estradio1-178 levels of male salmon in fresh water (0.23+0.04 ng/ml), but

not significantly (Fig. 6). Similarly, estradio1-170 levels of male

salmon in seawater from the middle entry group were higher than those in

salmon in fresh water (Table 10). Otherwise, estradio1-17a values were

low in male coho salmon from seawater or fresh water and did not vary

significantly during the spawning season.

Progesterone levels of both male and female in fresh water were low

and covaried with a range from 0.26±0.03 to 0.72±0.21 ng/ml (Fig. 7). In

general, progesterone levels for both male and female salmon in seawater

were higher than progesterone levels of fish in fresh water, but not

significantly. As with the estradio1-17a levels, progesterone levels on

October 9 and 11, 1979 in early entry female and male salmon in seawater

were elevated compared to progesterone levels of salmon in fresh water.
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TABLE 9: Mean serum progesterone, estradio1-17a, thyroxine and androgen concentrations (ng/ml) of female
coho salmon in 1979 held in seawater or fresh water during the spawning season. Middle and
late entry refers to the entrance time of the fish from the ocean during the spawning season.

Date
Hormone concentrations (ng/ml)

(X±SE)(n)

Progesterone Estradio1-17$ Thyroxine Androgens

Female
Middle Entry

Seawater
September 26 0.52±0.06 (26) 2.36±0.26 (27) 5.9±0.8 (25) 45.94± 4.40 (17)

October 9 0.57±0.06 (10) 6.18±0.66 (10) 3.2±0.6 (10) 52.62±21.03 (6)

October 23 0.40±0.13 (10) 3.29±0.42 (10) 4,5±0.7 (10) 65.39±26.62 (9)

November 11 3.43±2.68 (8) 0.96±0.26 (7) 4,5±0.5 (8) 47.34±20.52 (5)

Fresh Water
October 11 0.44±0.07 (9) 2.86±0.30 (10) 3.9±1.1 (4) 58.44±21.87 (9)

October 25 1.30±0.60 (10) 3.50±0.70 (10) 3.7±0.5 (11) 175.97±23.94 (9)

December 5 0.38±0.05 (10) 2.09±0.21 (10) 2,2±0.3 (10) 67.60±10.59 (10)

Late Entry
Seawater
October 15 0.90±0.10 (20) 5.88±0.41 (20) 4.9±0.4 (19) 55.23±15.14 (11)

October 23 2.38±0.96 (10) 4.79±1.13 (10) 2.6±0,5 (10) 132.82±20.40 (10)

November 11 3.43±2.68 (8) 0.96±0.26 (7) 4.5±0.5 (8) 47.34±20.52 (5)

Fresh Water
October 25 0.78±0.31 (8) 4.72±1.15 (8) 3.3±0.3 (10) 97.99±17.88 (9)

December 5 0.38±0.05 (10) 2.09±0.21 (10) 2.2±0.3 (10) 67,60±10.59 (10)



TABLE 10: Mean serum progesterone, estradio1-170, thyroxine and androgen concentrations (ng/ml) of male
coho salmon in 1979 in seawater or fresh water during the spawning season. Middle and late
entry refers to the entrance time of the fish from the ocean during the spawning season.

Hormone concentrations (ng/ml)
Date (X±SE)(n)

Progesterone Estradio1-17a Thyroxine Androgens

Male
Middle Entry

Seawater
October 9 2.76±1.47 (8) 0.98±0.45 (8) 4.3±0.4 (7) 56.37±28.98 (2)
October 23 0.47±0.09 (6) 0.05±0.01 (8) 7.3±1.1 (8) 21.62± 6.34 (6)

November 13 3.97±2.13 (5) 0.12±0.04 (5) 5.6±0.4 (5) 43.89± 1.30 (2)
Fresh Water

October 11 0.28±0.04 (10) 0.40±0.14 (9) 4.9±0.8 (7) 60.31±14.26 (10)

October 25 0.63±0.28 (9) 0.42±0.27 (9) 4.7±0.4 (10) 116.13±12.20 (10)

December 5 0.30±0.04 (10) 0.17±0.07 (10) 2.5±0.4 (10) 55.06± 6.89 (10)

Late Entry
Seawater
October 15 0.47±0.05 (25) 0.31±0.05 (24) 6.0±0.5 (23) 42.83± 7.70 (17)

October 29 1.13±0.53 (10) 0.10±0.00 (10) 5,2±0.7 (10) 22.45± 7.45 (10)

November 13 3.97±2.13 (5) 0.12±0.04 (5) 5.6±0.4 (5) 43.89± 1.30 (2)

Fresh Water
October 25 0.44±0.12 (11) 0.12±0.03 (10) 5.2±1.0 (10) 90.79±16.94 (9)

December 5 0.30±0.04 (10) 0.17±0.07 (10) 2.5±0.4 (10) 55.06± 6.89 (10)
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The middle entry fish showed the same trend with higher progesterone

levels for male and female salmon in seawater on October 9,1979 to those

for the fish in fresh water on October 11,1979 (Tables 9 and 10). Pro-

gesterone levels were higher in male and female coho salmon in all entry

groups in seawater at spermiation and ovulation than progesterone levels

in salmon in fresh water (Fig. 7, Tables 9 and 10).

In general, thyroxine levels of male salmon were higher than those in

females in both seawater and fresh water (Fig. 8). Thyroxine concentra-

tions were significantly elevated in male salmon in fresh water on Oct-

ober 11 and 25, 1979 (5.5+0.8 and 4.9+0.5 ng/ml, respectively) from those

found in female salmon in fresh water (3.3+0.3 and 2,9+0.5 ng/ml). The

trend of both male and female coho salmon in fresh water showed a

general decrease in thyroxine levels during the spawning season until the

time of spermiation and ovulation (Fig. 8, Tables 9 and 10). Thyroxine

levels were significantly lower in female coho salmon in fresh water at

ovulation (2.2+0.3 ng/ml) than thyroxine levels in female salmon at the

onset of oocyte maturation on October 1,1979 (4.5+0.5 ng/ml). At ovula-

tion of female salmon, thyroxine level was higher in fish in seawater

(4.4+0.5 ng/ml) contrasted to thyroxine level of fish in fresh water

(2.2±0.3 ng/ml) (Fig. 8). Similarly, thyroxine levels were higher in

male coho salmon at spermiation in seawater than those of salmon in

fresh water. Thyroxine levels on October 25,1979 were significantly

elevated in male coho salmon from the early entry group in seawater (8.4+

0.9 g/inl) compared to those of males in fresh water (4.9+0,5 ng/ml) and

to those of females in both fresh water and seawater (2.9+0.5 and 3.9+

0.3 ng/ml, respectively).
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,FIGURE 8: Mean serum thyroxine ,concentrations (ng/ml) for male and female coho salmon held in seawater (SW)
or fresh water (FW) during the spawning season from September 15 to December 5,1979. Initial
point for female salmon represents fish in seawater. Male salmon in seawater are represented by
dotted lines and squares, and in fresh water by solid lines and squares. Female salmon in sea-
water are represented by dotted lines and dots, and in fresh water by solid lines and dots.
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Androgen levels were higher in male and female salmon in fresh water

than those of salmon in seawater during the latter stages of final

maturation between October 20 and December 5,1979 (Fig. 9). However,

during this period, only androgen levels in male salmon in fresh water

were significantly higher than those of male salmon in seawater. Greater

variation of androgen levels occurred with the female salmon in both

fresh water and particularly in seawater (Fig. 9 and Table 9). Until

October 20,1979, androgen levels were very similar in male and female

salmon in both fresh water and seawater (between 53.23 to 107.90 ng/ml)

except for levels in female salmon in seawater on October 2,1979 (168.01

ng/ml). This concentration in female salmon was higher, but not sig-

nificantly, due to the large variation (168.01±56.73 ng/ml).
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DISCUSSION

In general, hormone profiles of estradio1-17e,thyroxine, androgens

and progesterone differed between coho salmon in fresh water and those

in seawater. These different profiles of hormones of maturing salmon in

seawater were correlated with collapsed or dehydrated eggs, ovaries that

were not completely ovulated, low egg survival and high adult mortality.

Furthermore, sodium and osmolality concentrations in fish in seawater had

substantially increased in the first part of October, concurrently with

the high adult mortality which is highly suggestive of osmoregulatory

difficulties. There appears to be strong interrelationships of osmo-

regulatory and reproductive factors of female coho salmon remaining in

seawater to spawn. For example, the egg ion inbalance which was shown

may result in incomplete oocyte maturation (Chapt. 1), Therefore, the

actual influence of osmoregulatory factors may be inhibitory or antago-

nistic of reproductive processes. The response of the ovary may also be

desensitized due to the hypersaline environment. Different responses of

the ovary to gonadotropin after exposure to different temperature in

goldfish was demonstrated by Cook and Peter (1980). When the salmon

normally enter fresh water from the ocean, they must undergo osmotic

changes; these osmotic changes effect or are effected by the endocrine

system (Woodhead 1975). Thus if the salmon do not enter fresh water

normally, the endocrine system in response to the fish remaining in sea-

water during maturation may not be able to respond properly.

Estradio1-178 levels in females in fresh water decreased at the end

of vitellogenesis, followed by an increase during the first stage of

oocyte maturation and then depressed levels at ovulation. In contrast,
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estradio1-175.. levels in females in seawater were decreasing during the

first stage of oocyte maturation with even lower levels at ovulation com-

pared to those of females in fresh water. The elevation of estradio1-170

of females in seawater around October 10,1979 may be due to hemoconcen-

tration, as suggested by the increased sodium and osmolality levels

rather than an actual increase in hormone concentrations. Estradio1-170

levels in males in both seawater and fresh water had similar trends ex-

cept for around October 10,1979 when higher levels were found in male

salmon in seawater. Otherwise, the profiles of estradio1-17a did not

vary between male salmon in fresh water or seawater. The role of estro-

gen during final maturation and ovulation is unknown. In coho salmon

(Talabert et al. 1978b) and rainbow trout (Fostier et al. 1978), estra-

dio1-1713 levels were elevated just prior to ovulation with a decrease at

ovulation. The estradiol-l78 levels of the salmon in fresh water in my

study showed this same trend including an increase in steroid in the

early stages of oocyte maturation. Estradio1-17a is believed to play

a prominent role in yolk synthesis, although Fostier et al, (1978) pro-

posed that no generalization may be made about the role of estrogen

during final maturation and ovulation. However, steroid hormones,

especially estradiol-l7, have been implicated in modulating the changes

of responsivenss to LH-R1 during reproductive cycles of mammals

(reviewed by Peter 1978). Furthermore, in the rat, it has been esta-

blished that estradiol-l7a enhances the responsivenss of follicular cells

of gonadotropins which causes an increase in LH receptors (Richards 1979).

Although, estradio1-17 role has not been established in oocyte maturation

and ovulation, it is evident from research in higher vertebrates that
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estrogens may influence the responsiveness of gonadotropins, and thus

may be involved in final maturation. Until more is known of the role

of estrogen in oocyte maturation and ovulation, one cannot speculate

what the different estradio1-175 levels of the females in seawater

to those of females in fresh water mean. The levels may just be reflect-

ing the osmoregulatory problems of the salmon maturing in seawater.

Progesterone concentrations in females and males in seawater were

higher and extremely variable at ovulation compared to those

concentrations of fish in fresh water. Progesterone levels, similarly

to the levels of estradio1-17a,were elevated around the first part of

October, perhaps due to hemoconcentration, as suggested by the increased

sodium and osmolality levels. Campbell et al. (1980) suggested that

progesterone is not implicated:. oocyte maturation in rainbow trout,

The progesterone levels of male and female salmon in my study (about 0.6

ng/ml) were slightly lower than the progesterone levels measured in rain-

bow trout (Campbell et al. 1978). Campbell et al. (1978) considered 17a-

hydroxy-20a-dihydroprogesterone or 17a-hydroxyprogesterone to be the

active mediators in oocyte maturation. The concentrations that Campbell

et al. (1980) found for 17a-hydroxy-200-dihydroprogesterone, 17a-hydroxy

progesterone, and progesterone for female rainbow trout were 480, 89, and

2.3 ng/ml, respectively. Even though progesterone may not be involved in

oocyte maturation, the hormone profiles of fish in seawater and fresh

water were different and again may be reflective of the osmoregulatory

difficulties the fish in seawater are encountering.

Androgen concentrations in females and males in fresh water were

similar and covaried, showing an increase during the first stages of
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maturation with lowered levels at ovulation and spermiation, Androgen

levels in females and males in seawater were also similar and covaried

except at the first of October, when the androgen level for females in

seawater was higher than that for males in seawater. The androgen levels

in fish in seawater remained stable during the first stages of maturation

with lowered levels at ovulation and spermiation. Schmidt and Idler

(1962) and Campbell et al. (1980) have shown high testosterone levels in

female Atlantic salmon (Salmo salar)(32 neml) and rainbow trout (187

ng/ml) and high 11-ketotestosterone and testosterone in male Atlantic

salmon (48 and 108 ng/ml, respectively) and rainbow trout (98 and 59

ng/ml, respectively) during the spawning season. Campbell et al. (1980)

suggested that the active steroid in male rainbow trout was 11-keto-

testosterone and that 11-ketotestosterone was probably not the major

steroid in female rainbow trout. It is unclear from my study which

androgen, either 11-ketotestosterone or testosterone, was higher in

female or male salmon since the antibody used binds both androgens and

I used no separation techniques in the assay.

Thyroxine levels in male and female salmon in fresh water generally

decreased during the spawning season with lowered levels present at the

time of spermiation and ovulation. Thyroxine levels in male salmon in

seawater increased during the early stages of maturation and decreased at

spermiation, but the level of thyroxine at spermiation was significantly

higher in males in seawater than in fresh water. Thyroxine concentra-

tions in female salmon in seawater varied slightly and essentially stayed

the same at ovulation, with the level of thyroxine at ovulation higher

in females in seawater than in fresh water, The role of thyroxine in
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ovarian development is unknown. Studies on Atlantic salmon and Pacific

salmon have shown a general decrease in thyroid activity as the fish

migrate upstream in fresh water until the time they spawned (reviewed

by Woodhead 1975). Thyroxine which has been implicated in the process

of parr-smolt transformation of juvenile salmon (Dickhoff et al. 1978),

may also play a praminent role in the fish's readiness of freshwater

entrance. Thyroxine levels in salmon that remained in seawater did not

decrease. If one interprets that high concentrations of this hormone

are indicative of biological function, it is possible that thyroxine in

salmon in seawater may be involved in osmoregulation and/or general

metabolism. However, as with the other hormones measured, the different

profiles may just be reflecting the inability of the fish to remain in

seawater during maturation.

It is apparent from the hormone profiles, the dehydrated eggs, lit-

tle seminal fluid, ovaries that have not completely ovulated, low egg

survival and high adult mortality that the fish are unable to cope with

seawater while maturing. As stated in Chapter 1, seawater could be con-

sidered a stressful agent, hindering maturation and ovulation or sper-

miation. Although it is not clear what the roles of the different

hormones have in final maturation, it is probable that they have some

active role in reproductive activity. For instance, hormonal treatments

which were effective in inducing ovulation in salmon in fresh water were

less effective or in some cases ineffective in inducing ovulation in

salmon in seawater. The influences of osmoregulatory factors of fish in

seawater are considerable. The regulatory mechanisms were not established
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in this study. However, it is highly suggestive that the osmoregulatory

factors strongly influence the maturational processes of cap salmon 2n

a hypersaline environment. In summary, coho salmon are unable to remain

in seawater during final maturation, Different hormone profiles are

noted in fish in seawater from those in fresh water, and these differ-:.

ences indicate inadequate or desensitized control of reproduction by the

endocrine system.



III. In Vitro Induction of Final Maturation
and Ovulation in Coho Salmon

INTRODUCTION

The role of steroids and gonadotropin in oocyte maturation and ovul-

ation in salmon has not been clearly elucidated. To date, no in vitro

studies have been reported for coho salmon (Oncorhynchus kisutch) oocyte

maturation and/or ovulation. In an effort to evaluate the hormonal

control of maturation and ovulation in coho salmon, the effects of certain

steroids and gonadotropin were determined in vitro on maturation and

ovulation in coho salmon. My further objectives were to use this infor-

mation to allow assessment for candidate ovulatory compounds for use in

in vivo tests for induced spawning of salmon.

Oocyte maturation in fish has been defined as those biochemical

changes occurring at the completion of vitellogenesis that include the

migration of the germinal vesicle to a peripheral location with subsequent

germinal vesicle breakdown (Jalabert 1976; Goetz and Theofan 1979).

Ovulation is considered to be the release of the matured oocyte from the

follicle (Ialabert 1976). Jalabert (1976) considered ovulation to be

separated from maturation as a distinct process that is mediated indirect-

ly by gonadotropin and triggered by epinephrine and/or prostaglandin.

17a-hydroxy-208-dihydroprogesterone has been implicated as the most potent

mediator of maturation in vitro and in vivo studies in rainbow trout

(Jalabert 1976; Jalabert et al. 1978a). This steroid has been shown to be

at high levels in rainbow trout during maturation (Campbell et al. 1980).

Steroids and gonadotropin have been effective in vitro inducers of
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oocyte maturation and ovulation in different species of fish, The regu-

lation and role of hormones at final maturation, however, are still

unknown. Different species of fish responldifferently to the hormones

tested. Partially purified salmon gonadotropin (SG-G100) and cortisol

induced ovulation of the oocytes of the medaka (Oryzias latiRes) in vitro

(Hirose 1971; Hirose and Donaldson 1972), Goetz and Bergman (1978)

demonstrated that both progestogens and 11-deoxycorticosteroids were

effective in inducing germinal vesicle breakdown in brook trout (Salve-

linus fontinalis). 17a-hydroxy-200-dihydroprogesterone, 20a-hydroxy-

progesterone and 11-deoxycortisol induced oocyte maturation in yellow

perch (Perca flavescens) (Goetz and Theofan 1979). Similar to Jalabert's

(1976) findings with rainbow trout, Goetz and Theofan (1979) suggested

17a-hydroxy-200-dihydroprogesterone to be the most effective inducer of

maturation in yellow perch oocytes. According to Goetz and Theofan (1979),

17a-hydroxy-20f3-dihydroprogesterone may be responsible for prostaglandin

release which in turn induces ovulation. In contrast, the interrenal in

catfish (Heteropneustes fossilis) is suggested to be the intermediate

relay between the pituitary and gonad in mediating oocyte maturation

(Sundararaj and Goswami 1977). Sundararaj and Goswami (1977) hypothesized

that corticosteroids are rekased from the interrenal in response to gonad-

otrppin and act on the follicular tissue inducing oocyte maturation,

Generally, the pituitary gonadotropins and gonadal steroids are

considered to be the major influence in the control of reproduction in

fish (Donaldson 1973, Fontaine 1976), Although species differences and

the dependence of fish on their external environment have produced dif-

ferent adaptations in terms of behavioral and hormonal interactions



64

during reproduction (Hoar 1969; Liley 1969; Donaldson 1973; deVlaming

1974). For example, coho salmon undergo a long seaward 'migration, and

upon entering fresh water, begin a starvation period until they reproduce,

and subsequently die. These salmon during their final migration must

face a change in their osmotic environment, changing from a hypoosmo-

regulator to a hyperosmoregulator upon entry into fresh water, These

osmotic changes can influence the endocrine system and final maturation

(Woodhead 1975). The endocrine involvement may vary in the maturation

processes in salmon compared to other species of fish, because of their

life history patterns and osmotic environment,

The main objective of my study was to determine the effects of

steroids and gonadotropin on oocyte maturation in coho salmon and steel-

head trout (Salmo gairdneri). The coho salmon that were tested were

held in fresh water or in seawater, an unnatural environment, during the

spawning season. Those salmon that are held in seawater during final

maturation and ovulation have osmoregulatory difficulties, ion in-

balance, dehydration, and high adult mortality (Chapters 1 and 2). An

attempt was made to determine if the ova from the salmon held in seawater

responded differently to the hormone treatments than the ova of the

salmon in fresh water. 17a-hydroxy-20B-dihydroprogesterone was tested

on steelhead trout ova to determine its maturational effect. 17a-hydroxy-

2013-dihydroprogesterone, 20B-hydroxyprogesterone,, 17a-hydroxyproges-

terone, progesterone, cortisol, deoxycorticosterone, cortisone, and

partially purified salmon gonadotropin (SG-G100) were tested in coho

salmon ova to determine their effects of oocyte maturation and ovulation,
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Information from this study would further our understanding of the effect

of these hormones on maturation and would also provide information for

use in the reproductive control of salmon.



MATERIALS AND METHODS

1979, Steelhead trout

As a trial experiment, oocytes from one steelhead trout from Marion

Forks Hatchery, Oregon were incubated in vitro following Goetzts (1976)

procedures on April 30,1979 for 72 hr at Oregon State University,

Corvallis, Oregon. At this time, the germinal vesicle was located at

the periphery, which is just prior to germinal vesicle breakdown. Only

oocytes from one fish were employed due to the lack of fish at this time

of year. Pieces of intact ovary (containing about 30 ova each) were cut

from the ovary and immediately placed into individual 10 or 25 ml Erlen-

meyer flasks and placed into a plexiglass gassing chamber (Seecubator,

E-C Apparatus Corp., U.S.A.). Sixteen of the flasks contained 10 ml of

Cortland's salt solution (Wolf 1963), and 16 flasks contained 10 ml of

Cortland's salt solution with 17a-hydroxy-20a-dihydroprogesterone (17a-

20a PROG) at 2 ng/ml medium. The proper concentration of hormone was

first dissolved in propylene glycol and added to the salt solution at a

volume of 0.01 ml. The incubator kept in a temperature controlled room

at 15.6oC was flushed with a mixture of 60% 02:40% N2 every 8 hr for 15

sec, and shaken periodically. At 8, 16, 32, 40, 48, 56, 64, 72 hr after

the ova were placed in the flasks, 2 flasks from each treatment were

removed, and the oocytes were immediately placed into a modified Stock-

ard's fixing agent (5% formaldeahyde and 4% glacial acetic acid dissolved

in Cortland's salt solution). Stages of the oocytes were ascertained

under a dissecting microscope. Stages of oocyte maturation in steel-

head trout as described by Jalabert et al. (1976) for rainbow trout

66



67

were defined as follows; 1) premigrating germinal vesicl; 2) migration of

germinal vesicle, migration and segregation of lipid drop; 3) germinal

vesicle against chorion with distinct contour and 4) vitelline maturat-

ion, coelescence of lipid drops and germinal vesicle breakdown,

1979, Coho Salmon

Ten adult female coho salmon were killed by suffocation or by a blow

to the head to obtain oocytes for incubation. Three fish were from fresh

water at Weyerhaeuser's Jefferson facility, Oregon. Seven fish were from

seawater at Weyerhaeuser's Ore Aqua Newport facility. The fish at New-

port remained in seawater during final maturation and ovulation, and

did not enter fresh water during this phase. Once the fish were killed,

the ovaries were removed and held in ice-cooled Cortland's salt solution.

The ovaries were then transported to Oregon State University and cut into

groups of approximately 10 ova each immediately placed into 25 ml Erlen-

meyer flasks containing 10 ml of Cortlands' saline solution. The flasks

were either control flasks or contained the Cortland's saline solution

with the appropriate dosage of hormone. Control flasks received either

propylene glycol:ethanol (1:1) or no additive. The steroid hormones

were initially suspended in either propylene glycol or propylene glycol:

ethanol. SG-G100 was initially dissolved in Cortland's saline solution.

The aliquot of these concentrated solutions were dissolved directly in

the salt solution never exceeding 1 pl/ml medium. Each treatment was

duplicated. The flasks were held in the Seecubator which was located in

a constant temperature room at 15.6oC. The Seecubator was flushed with

a mixture of 60% 02;40% N2 and shaken periodically until the end of the
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test period. At the end of incubation, oocytes were removed from the

flasks and placed into a Stockard's solution for fixation and clearing.

After treatment in the fixing agent, the oocytes were carefully separated

from each other and evaluated under a dissection microscope.

Oocytes from one fish from seawater were tested with 17a-hydroxy-

progesterone, 20a-hydroxyprogesterone, progesterone, or deaxycortico-

sterone at 2 ng/ml medium incubated at 8, 19, 26, 49, 51, 68, or 87 hr

from the start of incubation, to determine the effects of the duration of

the treatments on oocyte maturation. Oocytes from one fish from fresh

water and from two fish from seawater were tested with 17a-hydroxy-20a-

dihydroprogesterone, 17a-hydroxyprogesterone, 20S-hydroxyprogesterone,

progesterone, cortisol, cortisone or SG-G100 to determine the effects

of these hormones on germinal vesicle breakdown at the concentrations

of 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, and 10 pg/ml medium.

Oocytes from one fish in seawater and from one fish in fresh water that

had already undergone GVBD were tested with these same hormones at

similar concentrations for ovulation.



RESULTS

1979 Steelhead trout

At the beginning of the experiment at 0 hr, over 50% of the ova had

undergone germinal vesicle breakdown (GVBD)(Table 11). By 64 hr from the

start of the incubations, all oocytes had natured (GVBD). Interestingly,

there was 57% ovulation in the control oocytes compared to 16% ovulation

of the oocytes treated with 17a-hydroxy-20a7dihydroprogesterone at 72 hr

from the beginning of incubation.

1979, Coho Salmon

The maturation of oocytes in coho salmon appeared to be slightly

different than that of rainbow trout (Jalabert et al. 1976) and chum

salmon (0. gorbuscha)(0sanai et al. 1978). I modified four stages

described by these researchrs for coho salmon as follows (Fig. 10):

premigrating germinal vesicle
migration of germinal vesicle; migration and segregation of
lipid drops, the development of cortical cytoplasm
germinal vesicle against chorion with distinct contour
vitelline maturation, coelescence of lipid drops and germinal
diffused against the chorion.

Oocytes from six salmon in seawater and oocytes from one salmon in

fresh water had high mortalities or did not respond to treatments.

Oocytes from salmon held in seawater treated with 17a-hydroxyproges-

terone had 34.5% GVBD compared to no oocyte maturation for the controls

by 64 hr (Table 12). No ovulation occurred in either group,

In coho salmon in fresh water, SG-G100 and 17a-hdyroxy-20a-dihydro-

progesterone were found to be the most potent hormones in inducing oocyte

maturation. The medium effective dose for SG-G100 and 17a-hydroxy-20a-
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TABLE 11; In vitro effects of 17q-hydroxy-20Sdihydroprogesterone
(17a-206-PROG) at 2 ng/ml nedium at different times on steel-
head trout ova on final maturation and ovulation in April,
1979. Each percentage represents 20 to 30 oocytes and all
results represent data from one donor. Stages of maturation
include peripheral germinal vesicle (PGV), germinal vesicle
breakdown (GVBD), and ovulation (OVUL). Time represents
sampling time with 0 hr being the starting time of incubation.

Time
(hours)

PGV
Control
GVBD

Stages of Maturation (%)

17a-208-PR0G
OVUL PGV GVBD OVUL

0 38.6 61.4 38.1 61.9

16 7.3 92.7 3.6 6.7 93.3

32 11.8 88.2 4.2 96.2 1,9

40 100.0 100.0

48 100.0 10.1 100.0 4.4

56 15.2 84.4 3.1 100.0 4.9

64 100.0 69.4 100.0 14.1

72 100.0 57.1 100.0 16.5
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FIGURE 10: Oocytes undergoing final maturation and ovulation from coho
salmon (Oncorhynchus kisutch) in the fall, 1979. Stages of
oocyte maturation include 1) migrating germinal vesicle
2) peripheral germinal vesicle and 3 and 4) germinal vesicle
breakdown. 5 represents an overripe egg which is held in
the body cavity for an extended period after ovulation and
is characterized by a semi-transparency. GV is germinal
vesicle, ld are lipid droplets, dgv is diffused germinal
vesicle and tr is transparency.
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TABLE 12; In vitro effects of 174hydroxyprogesterone (170H FROG) at
2 ng/m1 medium at different times on ova of coho salmon from
seawater on final maturation in fall, 1979. Each percentage
represents 20 to 30 oocytes and all results represent data
from one donor. Stages of maturation include migrating
germinal vesicle (tMGV), peripheral germinal vesicle (PGV) and
germinal vesicle breakdown (GVBD). Time represents sampling
time with 0 hr being the starting time of incubation.

Time
(hour)

MGV
Stages of Maturation (%)

PGV GVBD

0 100

16 100

25 91.7 8.3

40 100

64 65.3 34.7

64 (Control) 76.5 23.5
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dihydroprogesterone were near 0,005 and 0.03 Pg/ma -medium, respectively

(Fig. 11). 20a-hydroxyprogesterone, progesterone, cortisone, and

cortisol were less effective in inducing oocyte maturation with the

medium effective dose to be about 0.07, 0.25, 0.35, and 0.5 vg/m1

medium, respectively. Less than 6.5% GVBD occurred with controls.

In coho salmon in fresh water, SG-G100 at 10 hg/m1 medium, proges-

terone at 0.01 pg/ml, and cortisol at 10 Pg/m1 caused at least 39%

ovulation (Table 13). At the start of incubation these ova had already

undergone germinal vesicle breakdown. Ovulation for the two control

groups were 1) 16.6% with propylene glycol:ethanol and 2) 10.5% without

propylene glycol:ethanol. Less than 30% ovulation occurred in fish

ova treated with 17a-hydroxy-20a-dihydroprogesterone, 20a-hydroxypro-

gesterone, and cortisone. The ova from salmon in seawater that had

appeared to have undergone germinal vesicle breakdown were also collapsed

which probably meant dehydration and ion inbalance. Few of the eggs from

the different treated oocytes ovulated with most of the oocytes appearing

like overripe eggs. Overripe eggs are eggs that have been retained in

the body cavity for an extended period after ovulation (Fig. 10(5)) and

are characterized by a semi-transparency. Overripe eggs are not viable,

and cannot be fertilized.



100-

0
0.001

---i ::- 0 cr
a. /dr
03 i -

I co:

(N1

0 8/PA

0.005 0.01
sr

0.05 0.1

.....................

6
DOSE - topqn1
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TABLE 13: In vitro effects of partially purified salmon gonadotropin
(I$G-G100), 174,hydroxy-208-dihydroprogesterone (17a-208 PROG),
206-hydroxyprogesterone (208-PROG), progesterone, cortisol,
and cortisone on ovulation in oocytes of coho salmon from
fresh water that have already undergone germinal vesicle
breakdown. Control groups include those with propylene
glycol:ethanol or without propylene glycol:ethanol (w/o).

Treatment (jig/m1) Ovulation (%)

SG-G100
0.01 31.1
0.1 no data
1.0 5,6

10.0 50.0
17a-20(3 PROG

0.01 9.5
0.1 16,0
1.0 10.0

10.0 15.0
201S-PROG

0.01 5.0
0.1 4.6
1.0 4.0

10.0 20.0
Progesterone

0.01 39.2
0.1 10.6
1.0 31.8

10.0 19.1
Cortisol

0.01 9.5
0.1 5.0
1.0 5.2

10.0 41.6
Cortisone

0.01 9.5
0.1 5.0
1.0 15.0

10.0 33.3
Control

16.6
w/o 10.5



DISCUSSION

In steelhead trout, over 60% of the oocytes had matured by the start

of the in vitro incubation, Surprisingly, 17a-hydroxy-20a-dihydropro-___

gesterone seemed to inhibit ovulation by the end of the experiment com-

pared to the controls. The dosage used could be considered to be in a

physiological range (2 neml medium) since Campbell et al. (1980) had

found 174-hydroxy-20B-dihydroprogesterone levels to be 480 ng/ml in rain-

bow trout.

Germinal vesicle breakdown in coho salmon is more similar to that in

brook trout than rainbow trout. In coho salmon, the germinal vesicle is

still visible when it disperses in GVBD, unlike that in rainbow trout

where the germinal vesicle disappears completely.

In coho salmon held in fresh water, SG-G100 was the most effective

inducer of GVBD, followed by the progestogens and the 11-oxygenated

corticosteroids. Oocytes from only one fish from seawater responded to

treatment, and of the steroid tested, 17a-hydroxyprogesterone, was

relatively ineffective in inducing oocyte maturation.

Piscine gonadotropins have been shown to be effective in inducing

GVBD or ovulation in vitro. At very low dosages, SG-G100 was capable of

stimulating GVBD in coho salmon oocytes and at higher dosages SG-G100 was

effective in inducing 50% ovulation. Jalabert et al. (1974) had shown

gonadotropin to be effective in rainbow trout oocyte maturation. Goetz

(1976) demonstrated that crude and partially purified carp pituitary

preparations were very effective in inducing GVBD in brook trout oocytes,

and that these preparations were more effective than nonpituitary
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mammalian gonadotropins such as human chorionic gonadotropin, However,

in vitro incubations: of oocytes with gonadotropin were only, slightly

effective in causing germinal vesicle breakdown in several species of

fish. In yellow perch, both piscine and mammalian gonadotropin prepar-

ations were relatively ineffective in inducing GVHD (Goetz 1976).

Goswami et al, (1974) demonstrated salmon gonadotropin to be ineffective

in inducing oocyte maturation in the Indian catfish, According to

Sundararaj and Goswami (1977) Indian catfish have an interrenal relay

included in final maturation, and therefolegonadotropin would have an

indirect role by first stimulating the interrenal which in turn releases

corticosteroids which act on the oocyte inducing maturation. Also, the

possibility of species specific activity of gonadotropin cannot be dis-

counted. Primarily, however, gonadotropin released from the pituitary

is believed to induce maturation by stimulating the ovaries to synthesize

steroids which act on the oocyte (Donaldson 1973; Fontaine 1973; Funk et

al. 1973; Jalabert 1976). I found coho salmon SG-G100 to be very effec-

tive in directly stimulating coho salmon oocyte maturation.

17a-hydroxyprogesterone and particularly 17a-hydroxy-20a-dihydro-

progesterone were both implicated as the natural mediators in oocyte

maturation (Campbell et al. 1980). 17a-hydroxy-20a-dihydroprogesterone

and to a lesser extent 20a-hydroxyprogesterone were very effective in

inducing maturation in coho salmon, but both of these steroids were

totally ineffective in inducing ovulation, Progesterone, at a much

higher concentration was effective in inducing GVBD and at lower dosages

in inducing ovulation. Campbell et al. (1980) proposed that progesterone

does not have an active role in maturation. Goetz (1976) in a review
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of several studies, suggested that progesterone is probably metabolized

to number of different steroids that are effective maturational compounds.

Progesterone levels measured in rainbow trout (Campbell et al, 1980) and

coho salmon (Sower, Chapt. 2) were low compared to the progesterone

derivative levels of 17a-hydroxy-20E-dihydroprogesterone and 17a-hydroxy-

progesterone during final maturation and ovulation.

11-oxygenated corticosteroids have not been shown to be effective

inducers of oocyte maturation in rainbow trout (Jalabert 1976), however,

cortisol and cortisone increased follicular sensitivity to gonadotropin

and thus increased the percentage of oocyte maturation (Jalabert 1975).

Cortisol and cortisone in my study were relatively ineffective in in-

ducing maturation except at very high levels (exceeding 0.3 pg/m1

medium). At similar concentrations, cortisol and cortisone in yellow

perch and brook trout (Goetz and Bergman 1978) produced similar results.

Oocytes from fish from seawater or fresh water did not respond to

several treatments including deoxycorticosterone, which may be due to

the procedures or some preexisting condition of the oocyte which will

be discussed later. So it is unknown what the effects of the 11-deoxy-

genated steroids are in coho salmon. 11-deoxygenated steroids were very

effective in GVBD in northern pike (Esox lucius) and goldfish (Jalabert

et al. 1973; Jalabert 1976).

In the steroid-induced GVBD in coho salmon, ovulation rarely

followed spontaneously. However,when the ova were removed from the fish

just at the completion of GVBD, ovulation occurred in vitro. This

response may be due to certain factors that were present within the

ovary when it was removed. SG-G100 which induced 50% ovulation may have



80

synergized or activated those factors present in the ovary, The same

may be true for cortisol and progesterone. Steroids may not directly

stimulate ovulation in vivo (Goetz and Theofan 1979). Steroids and

gonadotropin probably stimulate factors responsible for the dissociation

of the follicle and oocyte and thus in the steroid induced maturation

in vitro, these factors would not be present (Jalabert and Szollosi

1975; Goetz and Theofan 1979). Prostaglandins have been implicated as

the most likely candidates for ovulation in fish and have been demon-

strated to be effective in ovulation in goldfish (Carassius auratus)

(Stacey and Pandey 1975), yellow perch (Goetz and Theofan 1979), and

rainbow trout, northern pike and goldfish (Jalabert 1976).

17a-hydroxyprogesterone at 2 ng/ml medium was relatively ineffective

in inducing maturation. This may be due to the dosage used or the fact

that the ova were from female fish held in seawater. 17a-hydroxyproges-

terone has been shown to be effective in inducing GVBD in northern pike

(Jalabert 1976), yellow perch and brook trout (Goetz and Bergman 1978).

It is difficult to generalize from this one experiment about the effects

of hormones on fish that remained in seawater during maturation. However,

most of the ova involving fish in seawater did not respond to treatments,

partly due to high mortality and unusual clearing, generally associated

with overripe eggs. As summarized in Chapters 1 and 2, salmon that re-

mained in seawater experience osmoregulatory and reproductive difficul-

ties. For instance, eggs that were ovulated from fish in seawater had

27 less water content and higher egg osmolality and sodium than those

in fish from fresh water. Highly correlated with tinse ion inbalancffiand

dehydration were ovaries that had not completely ovulated and low
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survival of the fertilized eggs to swim-up stage, As discussed in Chapter

1, the ionic consitituent for egg maturation has proven to be important

in other fish and amphibians (Baltus et al. 1977). Consequently, the

ion inbalance may interfer with the maturational processes and prevent

complete oocyte maturation. Thus, when the oocytes are removed from fish

in seawater for in vitro incubation, the maturational process may have

already been inhibited and would be unable to continue even in the proper

medium.

In summary, SG-G100 and 17a-hydroxy-208-dihydroprogesterone were the

most effective hormones tested for inducing oocyte maturation in coho

salmon in fresh water. 2U-hydroxyprogesterone was less effective and

cortisol and cortisone were relatively ineffective in inducing oocyte

maturation. It is unlikely that SG-G100 or the steroids tested directly

stimulate ovulation in coho salmon. Those oocytes from fish in seawater

were unable to respond to treatments, with probable cause given to

improper ion constituents within the eggs.



CONCLUSIONS

In summary, SG-G100 plus LH-RH, GTH plus LH-RH, SPE, PIT and 1740,200

PROG were all shown to effectively induce ovulation in those salmon held

in fresh water and to a lesser extent in seawater. Hormone and ion

profiles differed between coho salmon in fresh water and those in sea-

water. SG-G100 and 17a-200 PROG were the most effective inducers of in

vitro germinal vesicle breakdown of coho salmon in fresh water.

Salmon remaining in seawater were unable to adequately adapt to sea-

water while undergoing maturation and ovulation. I suggest that

dehydration and improper ion balance are related to mortalities of the

salmon. A strong correlation existed between elevated sodium and

osmolality levels and high adult mortalities of salmon in seawater. The

endocrine involvement has not been established between osmoregulation

and reproduction. In seawater, osmoregulatory difficulties predominantly

effect maturation and ovulation (Chapters 1,2, and 3). The interrelation-

ship may be such that any disturbance of either osmoregulation or

maturation effects the other system. I recommend from these studies

that coho salmon be allowed to mature in fresh water, their natural

environment. For thousands of years, coho salmon have undergone their

final migration from the ocean to freshwater streams to spawn. At this

time we still lack definative information on the role of the endocrine

system in reproductive and osmoregulatory systems. Until we can under-

stand the physiology of these fish, it is presumptious to think that we

can control their physiology in an unnatural condition. However, under

normal conditions and even though there is much to learn, hormones can
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be effective in enhancing early ovulation in coho salmon in fresh water

and overcome problems such as prespawning mortality. Greater efforts

should be made to further our understanding of the reproductive

physiology of coho salmon under natural conditions.
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APPENDIX



APPENDIX I: Outline of purification procedure for salmon pttuitary
extract (SPE) and partially purified salmon gonadotropin
(SO-G100) from Donaldson et al, (1972),

DONALDSON ET AL.

Fmzen pituitary glands
100 g

Homogenized in 50 ml 40% ethanol at 2°C
ceatriifuged

Residue
extraction repeated 3 limes in
500, 400 and 400 ml 40% ethanol

Supernatant luids combined end
adjusted to pfl 5.2 with glacial acetic acid;

cicId 100% ethanol added to a conteatraiion of S5% viv;
allowed be stand 20 itr at 2°C, then
decanted and centrifuge:1

Residue
crude gonaciotroph, SPE

2.55 g

S1110411:0 ant

discarded

Gel filtered on tephadox G-I00 0.1 ill NH4HCO3 PH 8.3

Gon.adotropic friaction lyophilized and redissolved

Gel filtered on Srepltadez G-I 00 0.1 NH4HCO3 pH. 8.3

Gonadotropic froctiboi lyophilized
SG-G100 SGG100

280 lug
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