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To determine whether meiotic maturation of ovarian follicles,

ovulation, and oviposition are influenced by male mating behaviors,

female rough-skinned newts (Taricha granulosa) were captured prior

to contact with males and maintained in simulated pond conditions.

Females were either exposed to male courtship and inseminated or

were isolated from male contact. Follicular maturation was

accelerated after only 10 hours of amplexus. Further, as determined

by the presence of oviducal eggs, only mated females ovulated, and

this occurred 11 to 32 days after exposure of the female to male

courtship and insemination. To determine whether male mating

behaviors or insemination causes ovulation, cloacae were occluded

in half of the females that were paired with nuptial males.

Neither females that were exposed to male courtship but were not

inseminated, nor unmated controls ovulated. In contrast, a high

percentage of inseminated females both ovulated and oviposited.

Progesterone is known to play an integral role in the

stimulation of meiotic maturation and ovulation in amphibians.

Unmated females injected with exogenous gonadotropin, ovine LH,

were sacrificed at various intervals following injections, and



plasma progesterone concentrations were measured by radioimmuno-

assay. LH induced ovulation. Further, ovulation, induced by

injections of exogenous LH, was associated with an increase in

plasma progesterone levels: Progesterone concentration was highest

one day prior to the onset of ovulation.

Plasma progesterone levels were measured in females sacrificed

at various intervals during and following mating, and also in

unmated control females. There was no significant difference in

plasma progesterone concentrations in mated and unmated females

during the first 4 days following initiation of mating behaviors.

A significant difference between mated and unmated females was

found 13 days after pairing. These results support the hypothesis

that male mating behaviors stimulate the release of gonadotropin

which acts on the ovary to facilitate the production of a steroid,

probably progesterone, capable of inducing maturation and ovulation.

Furthermore, male courtship with insemination induces ovulation in

T. granulosa. This is the first documentation of induced ovulation

in any species of amphibians.
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Role of Male Mating Behavior in the Induction of Ovulation
in Rough-Skinned Newts, Taricha granulosa

INTRODUCTION

Because the relationships between male mating behaviors and

the female endocrine responses of meiotic maturation and ovulation

are not well understood for any amphibian species, the investiga-

tions described in this thesis were designed to study the relation-

ships in the newt, Taricha granulosa. As an introduction, the

reproductive pattern and courtship behaviors of T. granulosa are

described, as well as the reproductive patterns of other amphibians

as they relate to the courtship behaviors of the male. In addition,

the endocrine control of follicular maturation and ovulation in the

amphibian is briefly reviewed.

Breeding patterns of the newt, T. granulosa, have been

described by Pimentel (1952). Although some males remain in more

permanent ponds during summer months, the great influx of males to

the ponds occurs during periods of rainfall and warm temperature

beginning in September and continuing into the spring. Females

return to the breeding ponds later than the males. Pimentel (1952)

found that all female T. granulosa entering the breeding ponds

possess well developed ovaries. In Taricha (Triturus) torosa,

Miller and Robbins (1954) determined that the ovary is approximately

75% mature at the end of estivation. They noted yolk deposition

occurs during estivation and the breeding migration, reaching

completion shortly prior to ovulation. Mating in T. granulosa

begins when the females return to the breeding ponds, with
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oviposition occurring sometime thereafter and continuing into June

or July. During June and July, when water temperatures rise above

20°C, females leave the breeding ponds and begin a period of

estivation lasting until the late fall or winter migration to the

breeding ponds.

No striking differences have been noted in courtship behavior

patterns between T. torosa and T. granulosa and both resemble

patterns of other species of Taricha (Pimentel, 1952). The court-

ship behaviors of T. granulosa have been recorded by Pimentel

(1952) and Covell (1923) and can be divided into the five stages

described by Salthe (1967). Initial recognition of a female by a

male (Stage A of Salthe) is apparently in response to movement by

the female, chemical signals emanating from the female, or visual

cues. Prior to assuming the dorsal amplectic posture, the male

sometimes positions himself so that his nares are very close to

the cloaca of the female. Amplexus does not always occur following

male-female contact because some females are sexually unattractive

(Moore, 1978). Once the male has assumed the dorsal amplectic

position (Stage B of Salthe), two predominant movements are

characteristic of the behavior. First, spasmodic contractions of

the hind limbs cause a stroking of the female from mid-abdomen to

just posterior to her cloaca. Secondly, the male rubs the female's

nares with his submandibular region containing hedonic glands.

Both movements usually increase in frequency as amplexus progresses.

Although the female is initially passive upon being elapsed, she

elicits vigorous escape reactions when a male attempts to apply
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his hedonic glands to her nostrils. The intensity of this reaction,

however, decreases as amplexus progresses. Rubbing of the male's

cloaca on the female's dorsum, as well as stimulation of the

female's cloaca with the male's hind limbs, persists throughout

amplexus.

At the climax of amplexus, the male releases the female and

slowly crawls over the female (Stage C of Salthe), his cloaca

remaining not far from the female's head. The male proceeds in an

arc with the female following, her nose abutting his cloaca. If

the female does not swim away, the male moves to a position about

15-20 cm from the female and deposits a spermatophore (Stage D of

Salthe), a soft, white sperm mass atop a pillar of mucopoly-

saccharide. The male then moves forward while the female advances

to where the male deposited the spermatophore, at which point the

spermatophore adheres to her cloaca (Stage E of Salthe).

Pimentel (1952) stated that all T. granulosa females that he

examined prior to when they entered the breeding ponds had

ovulated and possessed oviducal eggs. This statement is in

contrast to observations made by the author during an earlier

study in the spring of 1977; 100% of T. granulosa females captured

prior to entering breeding ponds were without oviducal eggs

(McCormack, unpublished).

Work with T. granulosa by Oliver and McCurdy (1974) on

Vancouver Island indicated that eggs are laid singly [which is

characteristic of T. granulosa but not other congeneric species

(Chandler, 1918)] and are released singly from the ovary. They



4

found a maximum of three eggs in an oviduct at any one time.

Further, egg deposition apparently occurs on consecutive days.

Covell (1923) and Pimentel (1952) suggested that egg laying in T.

granulosa persists over a period of 4-5 weeks. Although mating may

occur more than once during the breeding season (Pimentel, 1952),

females are believed to continue to oviposit for 2 months beyond

cessation of male mating behaviors (Oliver and McCurdy, 1974).

There are two general breeding patterns among urodeles

(Salthe and Mecham, 1974). The first, representative of temperate

regions, involves an autumn mating. In these species, sperm are

stored in the spermatatheca until spring. Mating may occur again

with the onset of warmer temperatures and oviposition occurs in

late spring or early summer. The second pattern, typical of very

cold regions, differs in that there is no autumn mating season and

oviposition occurs either along with, or a few days following early

spring mating. Although mating behaviors are frequently observed

in T. granulosa during autumn, it is not clear whether spermato-

phores are deposited at this time.

There is some confusion in the literature concerning the use

of the terms "ovulation" and "oviposition." By definition,

ovulation refers to the discharge of the oocytes from the ovary,

and oviposition refers to the deposition of eggs. Because several

authors failed to make a distinction between these terms, it was

necessary to examine the experimental design of the respective

authors to determine which phenomenon they were investigating or

discussing.
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Observations concerning the role of mating behaviors in the

induction of ovulation in urodeles are scattered and inconclusive.

Pimentel (1952), as mentioned earlier, stated that ovulation had

occurred prior to spring mating in T. granulosa. On the basis of

observations to the contrary, the author proposes a re-evaluation

of the statement and suggests that ovulation may succeed mating,

and further, that mating may be necessary for ovulation to occur.

In studies of Cynops (Diemyctylus, Triturus) pyrrhogaster, Tsutsui

(1931) observed that ovulation occurs 2 to 30 days after spring

mating. In one instance, egg deposition occurred several months

after autumn mating. Tsutsui (1931) speculated that the presence

of spermatozoa are necessary for ovulation to occur. Although the

majority of unmated females did not deposit eggs, he noted that

some unmated females did oviposit unfertilized eggs in response to

warm water temperatures, indicating that ovulation may occur

without mating.

Humphrey (1976) speculated that ovulation in the axolotl,

Ambystoma mexicanum, is not spontaneous, but is dependent on the

reception of the spermatozoa into the cloaca, followed by stimula-

tion of the hypophysis via the nervous system. He based this idea

on the observation that, when female A. mexicanum are injected

with follicle-stimulating hormone (FSH), they deposit more eggs

when inseminated by a nuptial male than if isolated from males.

It is known, however, that such a nervous reaction does not occur

in all urodele species. The role of the spermatophore in the

induction of ovulation in amphibians remains to be determined.
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Pimentel (1952) proposed that secretions from the male hedonic

and abdominal glands stimulate the female to accept the spermato-

phore. Rogoff (1927) demonstrated in Notophthalmus (Diemyctylus,

Triturus) viridescens that hedonic gland secretions of the male act

via the olfactory sensory channels to cause the female to remain

quiescent during amplexus. When the nostrils of the female were

plugged, the female did not follow the male to pick up the

deposited spermatophore. Rogoff's work has not been confirmed in

N. viridescens or any other species. Nor have the effects of

hedonic gland secretions on female behaviors and hormone levels

been studied.

The role of male mating behaviors in the induction of

ovulation in urodeles has not been defined. Little is known of

temporal relationships between various aspects of mating behaviors,

insemination, and ovulation.

Anuran (frags and toads) reproductive patterns differ from

those of urodeles. Anurans generally employ external fertiliza-

tion and ovulation is often complete, or at least underway, before

the female will accept amplectic behavior of the male (Oplinger,

1966). Bragg (1941) speculated that ovulation occurs in ten

common anuran species of Oklahoma only if the male has retained

his amplectic grip over a considerable period of time. From

examination of Bragg's experimental design, however, it appears

that his observations are in reference to oviposition rather than

ovulation. Although Bragg attributed major significance to

clasping behavior in the induction of ovulation in female anurans
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which he believed are clasped prior to ovulation, no evidence

exists to prove that clasping plays such a role. Salthe and

Mecham (1974) suggested that the willingness of a female to engage

in clasping indicates that her physiological state has progressed

to the extent that ovulation is inevitable. Urodeles, on the other

hand, employ internal fertilization; ovulation frequently succeeds

amplexus, with oviposition occurring at a time dissociated from

mating. Thus, the reproductive patterns in anurans differ from

those in urodeles.

Hormonal Control of Ovulation in Amphibians

Gonadotropic regulation of ovulation in anurans and urodeles

has been reviewed by Dodd (1960), Barr (1968), and Lofts (1974).

It is well established that injections of gonadotropic preparations

into intact females results in ovulation (see review by Lofts,

1974). Injections of homogenized amphibian pituitary glands into

Amphibia have uniformly resulted in ovulation. In T. granulosa,

which generally fail to oviposit under laboratory conditions,

Oliver and McCurdy (1974) were able to induce ovulation and ovi-

position with the implantation of a second hypophysis. Nadamitsu

(1953) has also induced ovulation in vitro by administering homo-

plastic pituitaries to C. pyrrhogaster and to three species of

Rana.

In prespawning amphibians it is known that mammalian

luteinizing hormone (LH) and human chorionic gonadotropin (HCG)

are effective in inducing ovulation and germinal vesicle breakdown
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in both in vitro and in vivo conditions (Wright, 1945 and 1950;

Nadamitsu, 1953). Homoplastic pituitary extracts are, however,

usually more effective. Vellano et al. (1974) noted that in vivo

injections of ovine LH, but not FSH, induced ovulation in intact

newts. The differential effects of mammalian LH and FSH on

ovulatory response suggest a dual hormonal control with FSH

generally evoking a follicular growth response, while LH generally

acts as a potent inducer of ovulation (Lofts, 1974). Licht et al.

(1976), using fractionated pituitaries of Ambystoma tigrinum,

obtained two distinct preparations resembling FSH and LH in

biological activity. Further, in conducting in vitro studies using

the two fractions in Ambystoma ovaries, they established that

ovulation in the urodele amphibian is primarily under the control

of a LH-like molecule.

A number of steroid hormones have been shown to affect ovula-

tion in amphibians, including progestins, androgens, and adreno-

cortical steroids (see review by Barr, 1968). Estrogenic steroids

have generally been shown to inhibit ovulation (Wright, 1961a).

Excessive doses employed in some of the studies, however, make the

physiological significance questionable. On the basis of such

work, a hypothesis as to the sequential nature of the mechanism

controlling ovulation has been suggested by Wright (1961b), Masui

(1967), Schuetz (1967), and Smith et al. (1968). They suggest

that gonadotropins act indirectly to initiate maturation and

ovulation by stimulating synthesis of a steroidal intermediate

produced by the follicular tissues.
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Although the steroid responsible for the induction of

maturation and ovulation has not been identified, evidence indicates

that it is a progesterone-like molecule. Thorton (1972) determined

that a progesterone-like factor is synthesized by the pre-ovulatory

follicle following gonadotropic stimulation. Schuetz (1971) found

that pituitary tissue from Rana pipiens was less effective than

progesterone in stimulating maturation, but was more effective in

producing ovulation. Utilizing two hormones, progesterone and

mammalian LH, he established that ovulation and maturation can

occur independently of each other (Schuetz, 1971). He also noted

that mammalian LH produced both maturation and ovulation, suggest-

ing that maturation and ovulation could be initiated by a single

gonadotropin. He suggested, in light of the unequal activity of

progesterone and pituitary hormone, that variables other than the

presence of the steroid are significant in determining whether

maturation or ovulation will take place.

Fortune et al. (1975) measured endogenous progesterone

concentrations during ovulation and maturation in ovaries of

Xenopus laevis. They found that progesterone concentration in

ovarian tissue treated with frog pituitary homogenate (FPH) was

not correlated with maturation, but was correlated with the number

of ovulations obtained. On the other hand, they determined that

progesterone concentrations in HCG-treated tissue were correlated

with maturation, but not ovulation. Further, they determined that

ovulation requires higher levels of progesterone than does

maturation.
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Kambara (1954) has suggested that certain steroids, including

progesterone, testosterone propionate, and deoxycorticosterone

acetate, augment the action of pituitary hormones in inducing

ovulation. This is supported by work of Kambara (1954) using Bufo

bufo in which all three steroids were capable of inducing ovulation

in both the intact and hypophysectomized female. Lofts (1974)

suggests that steroids other than progestins which cause ovulation

may be effective because they are converted to a progestin by

ovarian tissue.

In light of the ability of adrenocorticosteroids to induce

ovulation, Sundararaj and Goswami (1966) and Sundararaj and Anand

(1972), based on their work with the catfish (Heteropneustes

fossilis), suggested that the stimulus for ovulation may act

initially through the pituitary-adrenal axis rather than the ovary.

Sundararaj and Anand (1972) proposed that the follicular maturation

and ovulation which was induced by either injections of salmon

gonadotropin or exogenous LH was a result of an increased production

of corticosteroids by the interrenals. Barr (1968) suggested that

in those species with complex breeding behaviors, neural stimuli

acting via the pituitary-adrenal axis may be more important than

neural stimuli of environmental origin in stimulating maturation

and ovulation.

Histological studies of the pituitary at various stages of

the reproductive cycle indicate that secretion of gonadotropin is

variable throughout the year (see review by van Oordt, 1974).

Differential seasonal responses of follicular processes to hormones
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have been described by Schuetz (1971) and Smith et al. (1968).

There is a seasonal capacity of progesterone to stimulate ovulation,

and of the pituitary hormones to produce maturation or ovulation

(Wright, 1945, 1961a; Berger and Li, 1960; Edgren and Carter, 1963).

Wright (1945, 1950) noted marked seasonal variation in sensitivity

of Rana pipiens ovaries to gonadotropins in vitro. He found he

could cause a gradually increasing number of eggs to ovulate from

winter to spring. He also noted a progressive increase in the

percentage of eggs ovulated with increasing concentrations of

pituitary tissues. Above a maximum concentration, however, the

number of ovulated eggs decreased.

Temperature is known to interact with the pituitary-gonadal

axis in the control of ovulation in the amphibian (van Tienhoven,

1968). In the salamander, Pleurodeles waltlii, oviposition can be

stimulated by exposure to cold water and subsequent transfer to

warmer water (Noble, 1931). Tsutsui (1931) has noted oviposition

in unmated female C. pyrrhogaster in response to warm water

temperatures. Roth (1974) determined that temperature and

circulating gonadotropin interacted to control the pattern of

follicular growth and rates of ovarian growth within the reptile,

Anolis carolinensis.

Temperature stimuli could effect changes through a variety

of channels (Bentley, 1976). They may act directly on the brain

to influence the release of hormones from the median eminence.

Temperature could affect gonadotropin formation and release within

the pituitary. Responsiveness of target tissues to gonadotropins
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may be altered. Finally, clearance rates of the hormones may be

affected.

To date, no investigation has been done to determine any

correlations between male mating behaviors and hormonal changes in

the female amphibian. The following diagram summarizes the present

hypothesis concerning the hormonal control of ovulation in

amphibians (see review by Redshaw, 1972).

Exogenous factors

(e.g. temperature, photoperiod, nutrition, and mating behaviors)

HYPOTHALAMUS

1

ADENOHYPHOPHYSIS

ACTH

INTERRENALS

cortical steroids

N
OVARY

Gonadotropins

follicle cells in OVARY

progesterone

(follicular maturation
and ovulation)

In summary, the role of male mating behavior in the induction

of ovulation in the urodele has not been established. Temporal

relationships between amplexus and insemination, and maturation

and ovulation have not been determined. Nor have temporal rela-

tionships between levels of gonadotropic and ovarian hormones, and



13

mating behaviors and ovulation been defined.

The purpose of this research was to provide information

concerning the role of male mating behavior in the induction of

ovulation in the newt, T. granulosa. In light of the nature and

duration of the male mating behavior, it was hypothesized that the

mating behavior induces maturation of follicles and ovulation. The

temporal relationships between mating and ovulation were investi-

gated. Further, in light of the integral role of progesterone in

the stimulation of maturation and ovulation in amphibians, and

the hypothesis that male mating behavior induces ovulation, it

seemed logical that the effects of male mating behavior on the

induction of ovulation in T. granulosa would be reflected in

changes in plasma progesterone levels in the female. Therefore,

plasma progesterone levels were measured during and following

mating, as well as in unmated females. Plasma progesterone levels

were also measured in unmated females following gonadotropic

stimulation with ovine LH.
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METHODS AND MATERIALS

During February and March, 1978, female rough-skinned newts,

T. granulosa, were captured prior to their entrance into breeding

ponds. The ponds are located at Oak Creek Laboratories, 11 km

northwest of Corvallis, and Soap Creek Wildlife Refuge, 16 km

north of Corvallis, both property of Oregon State University. A

total of 90 m of drift fence, 20 cm high, was placed approximately

50 m from the breeding ponds. The fence was constructed of

2.5 x 1.74 cm hardware cloth covered with plastic. Pit traps were

placed at 6-9 m intervals along the drift fence on the side

opposite the breeding ponds in order to intercept females

approaching the ponds for breeding purposes. Although the majority

of male newts had already returned to the breeding ponds,

infrequently males were caught in the traps. Because only unmated

females could be used in the experiments, when a nuptial male was

found in a trap, all occupants were released.

Generally, females were removed from the pit traps and

placed in buckets within 48 hours. Newts captured at Oak Creek

were removed from the traps and taken to Soap Creek. Until the

onset of a given experiment, groups of 5-20 females were held in

22-liter plastic buckets with aquatic vegetation and sticks. Newts

were toe clipped in order to distinguish individual females.

All males used in mating experiments were captured from the

ponds at Soap Creek Wildlife Refuge within an hour of the

initiation of an experiment. Only males exhibiting nuptial
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characteristics were chosen.

To determine the effects of mating, unmated females were

paired singly with males in 22-liter plastic buckets approximately

half full of pond water. Nearly all females captured in the drift

fences were clasped by the male within 15 minutes of pairing. If a

pair did not engage in amplexus or failed to remain in amplexus for

one hour after pairing, the male was replaced with another. If the

pairs still failed to exhibit amplexus for an hour, the female was

eliminated from the experiment. Approximately 5% of the females

were discarded for this reason.

Completion of mating was determined by visual inspection of

the female's cloaca for the presence of a spermatophore. It

appeared as a mass of sperm and mucopolysaccharide protruding from

the cloaca. When females failed to pick up the spermatophore

deposited by the male, spermatophores could be observed in the

buckets as soft, white masses. Following completion of mating,

males were released and the females retained in their respective

containers.

All control (unmated) females were placed in individual

buckets without a male at the time of pairing of mated females.

All conditions, with the exception of the presence or absence of

a nuptial male, were similar for both mated and control females.

All buckets were set in 15-20 cm of water along the edge of

a pond in order that temperature and light variations would be

similar for all newts in a given experiment. All experiments were

conducted at Soap Creek Wildlife Refuge during February and
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March, 1978.

Newts killed for the collection of plasma for radioimmunoassay

of progesterone were decapitated on site at Soap Creek within 20

minutes of removal from experimental containers. Heparinized 2 or

3 ml centrifuge tubes were used to collect the blood. Samples were

kept in an ice-chest for 1-2 hours until transported to 0.S.U., at

which time they were centrifuged for 10 minutes and the plasma

stored at -20°C until assayed for progesterone. Following

decapitation, the number of eggs in each oviduct and the cloaca

was recorded. Water temperatures were recorded during each

collection period.

Radioimmunoassay of Plasma Progesterone

Plasma progesterone concentrations were measured using the

procedure of Louis et. al. (1973) with modifications to

accommodate the low plasma volumes available from individual

newts. The antiserum, anti-progesterone-11-BSA serum (11337

received from Gordon Niswender), does not react appreciably with

other steroids, with the exception of estradio1-178. At physio-

logical concentrations, however, specificity of the antiserum for

estradio1-178 was negligible (Koligan and Stormshak, 1977).

Measurements are given in terms of plasma progesterone concentra-

tions.

Due to the small amounts of plasma available from a single

newt, 100 pl samples were extracted singly. To calculate extrac-

tion efficiency, 3H-progesterone tracer (4000-5000 cpm in 100 pl;
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New England Nuclear, 114 Ci/mmole) was added to each sample tube

and air-dried at 40°C prior to addition of 100 pl of serum. Serum

was extracted using 2 ml of redistilled benzene-hexane (1:2).

Following vigorous vortexing (30 seconds) and a 30-minute incubation

at room temperature, 1 ml of the organic phase was transferred to

scintillation vials, air-dried at 40°C and counted in 10 ml of

toluene-based scintillation fluid (formula in Appendix) for

calculation of extraction efficiency. Each sample was corrected for

extraction efficiency; average extraction efficiency was 89.7 ± 2.2%

(mean ± S.E.). The remaining sample was stored at -20°C for a

minimum of 3 hours to freeze the aqueous portion. The organic

phase (1 ml) was poured into culture tubes (12 x 75 mm) and air-

dried at 40°C. Two sets of standards containing 0, 25, 50, 100,

200, 500, and 1000 pg (100 pl) progesterone in absolute ethanol were

air-dried at 40°C and included in each assay.

Antiserum (100 p1), diluted 1:000 with 0.1% gelatin in 0.01 M

phosphate-buffered saline (GPBS, pH = 7), was added to each tube

and the contents mixed by vortexing.. Following a 30-minute

incubation at room temperature, competitor 3H-progesterone

(20,000 cpm in 100 pl 0.1% GPBS; New England Nuclear, 114 Ci/mmole)

was added and the contents again vortexed. After a 16-18 hour

incubation at 5°C, 1 ml dextran-charcoal [0.25 g Dextran T-70

(Pharmacia)/1, 2.5 g Neutralized Norit (Sigma)/1 in GPBS] was

added (and briefly vortexed) to incorporate the free progesterone

into the precipitate. After a 15-minute incubation in an ice

bath, the tubes were centrifuged for 10 minutes (2500 x g) at 5°C.
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A fraction of the supernatant (0.7 ml) was added to 7 ml of

toluene:Triton X-100 scintillation fluid (formula in Appendix) and

counted for 10 min or 10,000 counts in a liquid scintillation

spectrometer. The average binding for the antiserum was 25.5 ± 2.0%

(mean ± S.E.), of which 2.1% was non-specific.

The assay was validated using female T. granulosa plasma.

First, plasma was chromatographed to determine if new plasma

contained significant amounts of progestins other than progesterone

or inhibiting factors. Two hundred pl of 3H-progesterone (4000-

5000 cpm) was air-dried at 40°C prior to the addition of 2 ml of

pooled female newt plasma (newts were captured during January and

February, 1978). After mixing, the plasma was incubated at room

temperature for 30 minutes. Following incubation, the sample was

extracted twice with 20 ml of benzene-hexane (1:2). After each

addition of benzene-hexane, the sample was shaken for 2 minutes and

allowed to settle for 30 minutes. Each organic phase was aspirated,

air-dried at 40°C, and the combined extracts brought to a volume of

0.5 ml with redistilled chloroform-ethanol (95:5). The sample was

then applied to a Sephadex LH-20 column (1 x 32 cm). The

column was eluted with redistilled chloroform-95% ethanol (95:5)

and 12 fractions of 2.5 ml each were collected. An aliquot (0.5

ml) of each fraction was removed and prepared for determination of

3H-progesterone to determine in which fractions the progesterone

was eluted. The remainder of each fraction (2 ml) was air-dried

and assayed for progesterone. Recovery of 3H-progesterone

following extraction and chromatography was 95.0%. As noted in
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Fig. 1, the only significant progesterone activity recognized by

the antibody coincided with the fraction in which 3H-progesterone

was eluted. It was concluded that progesterone is the major

progestin in newt plasma.

To determine if the volume of plasma extracted affected the

assay, 100,.200, and 500 pl aliquots of pooled plasma were

extracted. The volume of plasma had no effect: 100 pl yielded

1.49 ± 0.03 ng/ml (mean ± S.E.), 200 pl yielded 1.38 ± 0.75 ng/ml,

and 500 pl yielded 1.3 ng/ml.

Accuracy of the progesterone procedure was evaluated by the

addition of 50, 200, and 500 pg progesterone prior to extraction

of 200 pl of pooled female T. granulosa plasma. The known

quantities of progesterone were added and air-dried at 40°C prior

to the normal assay procedure as outlined above. Recovery of the

added progesterone (following subtraction of progesterone contained

in the 200 pl of plasma) was: 50 pg, 90 ± 2.2% (mean ± S.E.);

200 pg, 96 ± 4.0%; and 500 pg, 100%.

Intra-assay variability was calculated from replicates

(n = 9) of a plasma pool collected during February and March. The

coefficient of variation was very low (3.0%) in the pooled plasma

which contained 309.3 ± 2.8 pg progesterone/ml. Inter-assay

precision was determined from replicates of a plasma pool (n = 7);

the progesterone concentration was found to be 74.2 ± 4.14 pg/ml

(coefficient of variation = 14.0%).

The assay sensitivity, the smallest amount significantly

different from zero was 10 pg/tube, or 0.01 ng/ml.
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Figure 1. Elution profile of 3H-progesterone after passage through
a Sephadex LH-20 column (1 x 32 cm) compared to
progesterone recovered following radioimmunoassay of
extracted plasma. The column was eluted with redistilled
chloroform-95% ethanol (95:5).

pg progesterone/fraction

- - - - counts per minute/fraction
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Experiment I: Effects of Amplexus on Follicular Maturation and
Plasma Progesterone Levels

Fifty-four female newts were captured between 6 and 11

February and held until 13 February (day 1). At 0800 on day 1,

freshly collected males were individually paired with an unmated

female in a container. Within 30 minutes, 30 pairs were in

amplexus. Fifteen females were not paired with males and used as

controls. Females with different dates of capture were evenly

distributed among the mated and unmated groups.

Mated females were sacrificed at 10, 33, 56, 76, and 100

hours post-pairing. Unmated control females were sacrificed at

10, 56, and 100 hours post-pairing. Blood was collected at the

time of sacrifice, and water temperature in the buckets was

recorded. With 24 hours of decapitation--during which time the

newts were kept in Ringer's solution at 0°C--the number of eggs in

each oviduct was counted, and the percent of follicles undergoing

meiotic maturation was determined. The presence or absence of

sperm was ascertained by microscopic inspection of fluid pipeted

from the cloacae of all females.

The percentage of follicles exhibiting maturation was

determined by calculating the percentage of oocytes in which the

oocyte nucleus (germinal vesicle) had migrated to a position just

beneath the animal pole. In the present experiment, the left

ovary was removed, heated to boiling in amphibian Ringer's

solution, and examined under a binocular dissecting scope (for
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details of this procedure see Schuetz, 1967). Average follicular

diameter was calculated for follicles from each female. Twenty-

five follicles (all of which were about average, or larger in

diameter) were then dissected to determine the percentage of oocytes

in which the germinal vesicle had migrated to the surface of the

animal hemisphere. Measurements were recorded in terms of

"percent follicular maturation."

Experiment II. Effects of Mating on Ovulation and Plasma
Progesterone Levels

Forty-five females were caught in drift fences from 20 to 25

February. They were toe clipped to distinguish date of capture and

individually paired with males on 25 February (day 1) at 1100. All

pairs were in amplexus within 3 hours. Ten additional females were

paired with males on day 2. By day 3, 40 of the 55 mated females

were observed to have cloacal spermatophores. These 40 were placed

in a 1.3 x 1.3 m polyurethane tub. Mated females showing no cloacal

spermatophores were released. In order to simulate pond conditions,

the tub was set in the water along the pond margin at a depth of

15-20 cm and filled with 20-25 cm of pond water, grass tufts,

aquatic vegetation, and small sticks. On day 3, 40 unmated females,

also captured in drift fences from 20 to 25 February, were toe

clipped and placed in an adjacent 1.3 x 1.3 m polyurethane tub

prepared as described above.

Equal numbers of mated and control females (n = 4 to 6) were

killed on days 8, 14, 18, 20, 22, 24, 26, and 32. Blood was
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collected from each animal for determination of progesterone levels.

The number of oocytes in each oviduct and cloaca was recorded.

Experiment III. Effects of Exogenous Ovine LH on Ovulation and
Plasma Progesterone Levels

Forty female newts were collected from the drift fence on

9 March, 1978. On 11 March (day 1), 25 were assigned randomly to

an experimental group, and the remaining 15 designated as controls.

All were toe clipped. Experimental animals were placed in a 1 x 1

m tin enclosure placed at a depth of 15-20 cm along the pond

margin. Control animals were placed in a 1.3 x 1.3 m polyurethane

tub placed along the pond margin in 15-20 cm of water. Ample

aquatic vegetation was included in each container.

On day 1 and day 2 at about 1600, all experimental females

were injected intraperitoneally with 100 jig of LH (ovine NIH

LH-S-19) in 0.1 ml amphibian Ringer's solution. Control females

were not injected. On each of days 3, 4, 5, 6, and 8, five injected

females were sacrificed. On each of days 3, 5, and 8, five control

females were also killed. Following decapitation, blood was

collected for assay of progesterone and the number of oviducal

eggs counted. All collections of plasma were begun at 1700.

Experiment IV: Effects of Insemination on Ovulation, Oviposition,
and Plasma Progesterone Levels

In order to determine whether mating without insemination

would induce ovulation, 27 unmated females were divided into three

groups: inseminated mated females (Group A), uninseminated mated
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females (Group B), and unmated females (Group C). Group A

consisted of females caught between 9 and 15 March; Group B of

females captured between 6 and 18 March; and Group C, of females

caught on 9 March.

On day 1, all Group A individuals were paired with males. By

day 2, 8 pairs had completed mating (as determined by the presence

of a spermatophore in the cloaca of the female). The 8 pairs were

allowed to continue in amplexus until they separated, at which time

the male was released.

On day 1, the cloaca of each female of Group B (n = 14) was

occluded with a 9 mm Autoclip (Clay Adams). The stainless steel

clip closed the lips of the cloaca and extended approximately 4 mm

from the ventral surface. Within 5 minutes of clipping the cloaca,

each female was paired with a nuptial male in a separate bucket.

All pairs were in amplexus within 15 minutes of pairing. Mated

pairs were allowed to remain in amplexus until they separated of

their own accord, at which time the male was released. If a pair

had not separated by 72 hours post-pairing, the pair was manually

separated and the male released. Following removal of the male,

the stainless steel clip that was covering the cloaca was removed

and the female returned to the bucket.

Group C (n = 5) served as a control group. Each female was

placed in a separate bucket on day 1.

Females in all groups were maintained in individual buckets

throughout the experiment. In order to provide natural materials

on which females could oviposition, rooted aquatic vegetation dug
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from the pond was placed in each bucket. These plants were

selected because newts had been observed to attach their eggs to

them. Any amphibian eggs which had been attached were carefully

removed prior to placement in the buckets. All buckets were placed

in 15-20 cm of pond water in one of two 1.3 x 1.3 m polyurethane

tubs set in 25-30 cm of pond water.

The females were not disturbed during the week following the

removal of the males. On days 11 and 13, the vegetation in all

containers was examined for newt eggs, and the number of eggs was

recorded. On day 13, 6 mated females which had ovipositioned

(Group A), 6 clipped and mated females (Group B), and 5 control

females (Group C) were decapitated. Their blood was collected for

assay of progesterone, and the number of oviducal eggs was recorded.
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RESULTS

Experiment I: Effects of Amplexus on Follicular Maturation and
Plasma Progesterone Levels

Follicular maturation in mated females was higher than in

unmated females after 10 hours of amplexus and remained constant

thereafter (Fig. 2). Follicular maturation in unmated females

increased during the experimental period. Data were analyzed using

a 2 x 3 analysis of variance (ANOVA). Due to a significant inter-

action value for treatment (mated, unmated) and time (0, 56, 100

hours post-pairing) (F = 4.4; df = 2,12; P <0.05), the significant

main effects are irrelevant and therefore regression analyses were

used. The change in follicular maturation during the experimental

period, as described by the slope, in the mated group (slope = S =

0.0006) was significantly different from that of the unmated group

(a = 0.004) (t = 2.56, df = 26, P <0.05). Further, there was no

significant difference in follicular maturation between mated

females with cloacal spermatophores and those without cloacal

spermatophores. Cloacal spermatophores were found in 41% of the

mated females. Neither mated nor unmated females ovulated or

oviposited during this experiment.

During the experimental period, which included a maximum of

100 hours of exposure to male courtship and mating, changes in

plasma progesterone concentrations were similar for mated and

unmated females (Fig. 3). Progesterone levels in mated and unmated

females were not significantly different at 10, 56, and 100 hours
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Figure 2. Changes in percent follicular maturation in mated and
unmated female newts (Taricha granulosa) within 100
hours post-pairing. (For details, see description of
Experiment I in text.)

x mated females
o unmated females

slope of mated females
- - - slope of unmated females
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Figure 3. Changes in plasma progesterone concentrations in mated
and unmated female newts (Taricha granulosa) within 100
hours post-pairing. Vertical lines represent ± S.E.
for each group (n = 5 or 6). (For details, see
description of Experiment I in text.)
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post-pairing, as determined by a 2 x 3 ANOVA (for main treatment

effect; F = 0.82; df = 1,12; P < 0.5). Progesterone levels in

mated females decreased significantly (for main time effect;

F = 73.05; df = 1,12; P < 0.001), especially between 10 and 33

hours post-pairing (Fig. 3). As indicated in Figure 4, there was no

significant difference in plasma progesterone levels between mated

females with or without sperm in the cloaca. Newts sacrificed at

10 hours post-pairing were not included in calculations comparing

progesterone levels in mated females with and without spermatophores

(Fig. 4) due to the exceptionally high progesterone concentrations

at 10 hours post-pairing (Fig. 3).

Ambient water temperature during collection periods

generally increased (Fig. 5).

Experiment II: Effects of Mating on Ovulation and Plasma
Progesterone Levels

Mating induced ovulation in T. granulosa. During the 32 days

of observation, none of the females that were isolated from

contact with males ovulated, whereas up to 60% of the inseminated

females had ovulated prior to the date of sacrifice (Fig. 6).

Incidence of ovulation, as determined by the presence of

oviducal eggs, peaked at 22-24 days post-pairing (Fig. 6). There

was no significant difference in the number of eggs found in the

left and right oviducts (Table 1). Cloacal eggs were found only

infrequently. A maximum of 64 oviducal eggs were observed in one

female. Incidence of oviposition was not measured in this
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Figure 4. Plasma progesterone concentrations in inseminated and
uninseminated mated female newts (Taricha granulosa).
Vertical lines represent ± S.E. The number in each
histogram refers to the group size. (For details,

see description of Experiment I in text.)
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Figure 5. Water temperature variation in containers at the time
of collection during respective experimental periods.
Numbers in parentheses refer to the number of hours
that elapsed between the start of Experiment I and
the time of sacrifice. (For details of each experiment
see Methods and Materials.)
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Figure 6. Effects of male mating on ovulation in the newt,
Taricha granulosa. To determine the percent of females
with oviducal eggs, 5 mated and 5 unmated females were
killed and examined on each day for which there is a
data point. (See text for details of Experiment II.)
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Table 1. Number of oviducal eggs found in the left and right
oviducts of mated female newts and LH-injected unmated
newts (Taricha granulosa).

Number of Number of
eggs in left eggs in right

oviduct oviduct

Experiment N1 Mean S.E. Range Mean S.E. Range

II 15 9.46 ± 2.52 1-35 9.20 ± 1.60 0-29

III 6 26.00 ± 8.63 3-53 35.66 ± 14.18 2-100

IV 4 25.5 ± 3.17 16-29 29.50 ± 4.48 17-38

1N refers to the number of animals containing oviducal eggs.
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experiment.

Plasma progesterone concentrations were measured in animals

collected on days 18, 20, 22, and 24 post-pairing. The progesterone

concentrations of unmated females, mated females that had ovulated,

and mated females that had not ovulated were analyzed with a one-way

ANOVA (F = 4.60; df = 2.35; P< 0.05) followed by the Student -

Neuman-Keuls multiple range test. Progesterone levels in ovulated

mated females were significantly higher than in mated females that

had not ovulated (Fig. 7). Progesterone concentrations of unmated

females were not significantly different from either group of mated

females.

A general increase in ambient water temperature occurred

during the 32-day period of the experiment (Fig. 5).

Experiment III: Effects of Exogenous Ovine LH on Ovulation and
Plasma Progesterone Levels

Ovine LH induced ovulation in unmated T. granulosa. The

percentage of injected females with oviducal eggs increased

linearly with time after day 4, whereas all control females failed

to ovulate (Table 2). Approximately equal numbers of eggs

were found in the left and right oviducts (Table 1).

LH caused an increase in plasma progesterone concentrations

(see Fig. 8). Progesterone concentrations in LH-injected females

were 7-fold higher than in control females on day 3. Progesterone

concentrations in LH-injected females declined between day 3 and

8; whereas, they remained constant in the control group. On day 8,
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Figure 7. Plasma progesterone concentrations in unmated female
newts (Taricha granulosa), mated female newts with
oviducal eggs, and mated female newts without oviducal
eggs. Vertical lines represent ± S.E. The number in
each histogram refers to group size. (See text for
details of Experiment II.)
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Table 2. Percentage of LH-injected and control female newts
containing oviducal eggs (Taricha granulosa).

Percent of Percent of
LH-injected control females

Collection females with with oviducal
day N oviducal eggs eggs

3 5 0 0

4 5 0

5 5 20 0

6 6 33

8 5 60 0
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Figure 8. Changes in plasma progesterone concentrations in
control or ovine LH-injected female newts (Taricha
granulosa). Vertical lines represent ± S.E. (See

text for details of Experiment III.)
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progesterone concentrations in the LH-injected group and the

control group were similar.

Data were analyzed using a 2 x 2 ANOVA. The statistical

analyses were performed on logarithmic transformations of the data

due to a lack of homogeneity of the variances. Due to a signifi-

cant interaction value for treatment (LH-injected, control) and

time (day 1, day 6) (F = 100.6; df = 1.8; P < 0.001), the signifi-

cant main effects are irrelevant and therefore regression analyses

were used. Changes in progesterone concentrations with time, as

described by the slope, in the LH-injected group (B = 0.373) were

significantly different from the control group (B = - 0.028)

(t = 3.137, df = 44; P < 0.01).

Experiment IV: Effects of Insemination on Ovulation, Oviposition,
and Plasma Progesterone Levels

Mating behaviors without insemination did not induce ovula-

tion. Females with occluded cloacae that were exposed to male

courtship (Group B) and control females that were never exposed to

males (Group C) failed to ovulate, whereas 67% of the inseminated

mated females (Group A) not only ovulated, but also oviposited.

In those females that ovulated, equal numbers of eggs were found

in each oviduct (Table 1). Oviducal eggs were not found in any

control female (Group C, n = 5) on day 13, or in any female with a

blocked cloaca (Group B) on day 13 (n = 6) or day 18 (n = 9).

Oviposition in inseminated females was noted on day 11 and 13;

inseminated females deposited 32.6 ± 8.9 (mean ± S.E.) eggs by
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day 11 and 50.4 ± 10.9 by day 13.

Progesterone concentrations in mated females, either with or

without insemination, were significantly higher than in unmated

females (Fig. 9), as indicated by the results of a one-way ANOVA

(F = 8.91; df = 2,11; P < 0.005).
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Figure 9. Plasma progesterone concentrations in inseminated
(Group A) and uninseminated (Group B) mated females
and unmated female newts (Group C) (Taricha granulosa)
13 days after starting Experiment IV. Vertical lines
represent ± S.E. Numbers in each histogram refer to
group size.
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DISCUSSION

These experiments demonstrated that female rough-skinned

newts, T. granulosa, are induced ovulators. Female newts had not

ovulated prior to entering the breeding ponds. Some ovarian

follicles, however, possessed germinal vesicles which had migrated

to the surface of the animal hemisphere, indicating an advanced

stage of follicular maturation. Exposure to male courtship

behaviors was shown to increase the percentage of follicles with

displaced germinal vesicles. Furthermore, the only females that

ovulated were those which were exposed to male mating behaviors and

were inseminated. Ovulation never occurred in the females in

which insemination was prevented during exposure to male courtship

behaviors. In addition, mated females did not ovulate immediately

following mating behaviors. The majority of mated females

ovulated 3 weeks after pairing,and some females still contained

oviducal eggs a month after mating.

Follicular maturation in mated females was significantly

higher at 10 hours post-pairing than in unmated females (Experiment

I). Follicular maturation in mated females remained constant

between 10 and 100 hours post-pairing, whereas follicular matura-

tion in unmated females increased linearly. The data indicated

that mating behaviors accelerated follicular maturation within 10

hours of the initiation of mating behaviors. Since insemination

does not occur until the end of the mating behavior, the initial

male mating behaviors were more likely the cause of meiotic
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maturation at 10 hours post-pairing than was insemination. The

increase in follicular maturation levels in the unmated controls

may have been stimulated by the increase in ambient water tempera-

ture during the experimental period (Lofts, 1974).

Female T. granulosa had not ovulated prior to their return to

the nuptial habitat. All females captured in drift fences prior to

their entrance into the breeding ponds did not contain oviducal

eggs. These observations are in contrast to Pimentel's (1952)

statement that all females found entering the breeding ponds had

oviducal eggs. It is possible that females captured by Pimentel

had previously mated in creeks or puddles, or had temporarily left

the ponds after mating.

Male mating behavior induced ovulation in the newt, T.

granulosa. Mated females both ovulated and oviposited by day 11

post-pairing (Experiment IV), whereas in no instance did an unmated

female ovulate. Thus, ovulation only occurred in females exposed

to male mating behaviors.

Ovulation did not occur until after mating and was protracted

over a period of at least a. month. Evidence of ovulation was first

detected 11 days post-pairing in Experiment IV, and 12 days post-

pairing in Experiment II. The greatest percentage of mated

females with oviducal eggs was observed 22-24 days post-pairing

(Experiment II), and some females still possessed oviducal eggs

32 days after the initiation of male mating behaviors. Thus, the

time interval between mating and ovulation was variable--possibly

dependent on water temperature. Although unmated controls never
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ovulated, the fact that the warmest water temperatures coincided

with the peak in the percentage of females showing oviducal eggs

(days 20-24, Experiment II) may reflect effects of temperature in

the stimulation of ovulation.

Although a maximum of 60% of the mated females exhibited

oviducal eggs in Experiment II, this figure may be dependent on

the actual rate of passage of eggs down the oviduct. If the rate

of egg movement down the oviduct is slow (e.g., requiring 4-5 days

between ovulation and oviposition), 60% may approximate the actual

percentage of ovulated females. On the other hand, if egg movement

down the oviduct is fast (e.g., requiring only 2 days between

ovulation and oviposition), then,due to the fact that females were

sacrificed every third day, the figure of 60% may indicate that all

females had ovulated. Unfortunately, the rate of passage of eggs

down the oviduct is unknown.

Ovulation and oviposition did not occur when insemination

was blocked by occlusion of the cloaca during mating. All unmated

controls and mated females with occluded cloacae failed to ovulate;

whereas a high percentage (67%) of inseminated females both

ovulated and oviposited (Experiment IV). It is possible that

occlusion of the cloacae (Experiment IV) stressed the females

sufficiently to inhibit normal responses to male mating behaviors.

However, on the basis of observations of the females for the first

two hours immediately following clipping of the cloacae and

periodic observations of their behavior during amplexus, occlusion

of the cloacae did not alter behavior of the male or female. It
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is possible that male mating behavior without insemination does

induce ovulation, but the presence of the spermatozoa in the

urogenital system is requisite for oviposition. The fact that

ovulation was not observed in any mated uninseminated females argues

against this possibility. Although results of Experiment IV do not

support the hypothesis that mating without insemination induces

ovulation, the evidence does not exclude the possibility. It is

still possible that more time was necessary for ovulation to occur

in the absence of the spermatozoa. Results of this experiment

indicated that male mating behavior without insemination does not

induce ovulation.

The fact that oviposition in most urodeles is temporally

dissociated from mating (Salthe and Mecham, 1974) suggests that

mating generally precedes ovulation. Little is known, however,

concerning extrinsic factors associated with the induction of

ovulation in Amphibia. Induction of ovulation by male mating

behaviors in urodeles has been suggested by Tsutsui (1931), who

observed that ovulation occurred 2 days after mating in C.

pyrrhogaster. He also found, however, that unmated females

ovulated in response to warm water temperatures, indicating that

mating is not necessary for the induction of ovulation. Humphrey

(1976) has speculated that ovulation in the axolotl, A. mexicanum,

is induced by reception of the spermatozoa into the cloaca. He

based the hypothesis on the observation that the presence of the

spermatozoa in the cloaca of the female stimulated oviposition of

additional eggs in FSH-treated females. Thus, although the
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hypothesis may be correct, conclusive evidence is lacking. Bragg

(1941) attributed major significance to amplectic clasping by the

male in the induction of ovulation in ten common species of anurans

in Oklahoma. The experiment did not, however, include a group of

unmated controls. Furthermore, upon examination of the experiment,

it appears that Bragg may have been referring to the phenomenon of

oviposition rather than ovulation. Thus, the induction of ovula-

tion by male mating behaviors has not been previously demonstrated

for other amphibian species. This research is the first documenta-

tion of induced ovulation in any amphibian species.

Licht (1976) has proposed that ovulation in the urodele and

anuran is dependent on the amphibian gonadotropin, LH. Evidence

suggests that this gonadotropin stimulates the follicle cells to

synthesize the steroid intermediate, progesterone, to effect

maturation and ovulation. Further, it has been shown that frog

pituitary homogenate (FPH) induces maturation and ovulation by

stimulating an increase in endogenous progesterone in the ovary of

Xenopus laevis (Fortune et al., 1975). In light of the hypothesis

that mating induces ovulation in T. granulosa, plasma progesterone

levels were measured at various intervals following injections of

the gonadotropin, ovine LH, in unmated females and in non-

injected unmated controls.

LH-induced ovulation was associated with an increase in

plasma progesterone concentrations. Plasma progesterone levels in

injected females peaked one day prior to the onset of ovulation.

The percentage of ovulated females increased with time as mean
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plasma progesterone levels decreased. Progesterone concentrations

in injected females were similar to those in non-injected control

females by day 8. Non-injected control females did not ovulate, and

plasma progesterone levels were the same at the beginning and end

of the experiment. Similarly, Vellano et al. (1.974) stimulated

ovulation in the newt, Triturus cristatus, by administering ovine

(NIH) LH in vivo. The ability of LH to induce ovulation in the

newt, T. granulosa, is supportive of the hypothesis that mating

facilitates the release of a gonadotropin which acts on the ovary

to stimulate maturation and ovulation.

The increase in plasma progesterone concentrations associated

with LH-induced ovulation in T. granulosa is consistent with the

work of Fortune et al. (1975). They determined that ovarian

progesterone levels in FPH-treated ovarian tissue were correlated

with the number of follicles that ovulated. In addition, progeste-

rone levels in HCG-treated ovaries were correlated with degree of

follicular maturation.

Thorton and Evennet (1969) concluded that pituitary gonado-

tropin released into the blood of Bufo bufo acts on the ovarian

follicles and causes them to produce a progesterone-like factor

which stimulates maturation and ovulation. The pre-ovulatory rise

of plasma progesterone levels in T. granulosa is similar to the

pre-ovulatory peak in concentration of the progesterone-like factor

in the blood of Bufo bufo 12-15 hours prior to ovulation. The

pre-ovulatory rise in progesterone suggests that male mating

behaviors in T. granulosa facilitates the release of a
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gonadotropin which acts on the ovary to stimulate the synthesis of

progesterone.

Plasma progesterone levels decreased following the initial

surge of progesterone (Fig. 8), with a concommitant increase in

the percentage of ovulated females (Table 2). These results might

be explained in light of the work of Thorton (1972); the

progesterone-like factor in the plasma of HCG injected "winter"

toads (Bufo bufo) which reached a peak 12-15 hours prior to

ovulation, decreased to undetectable levels in ovulating toads and

post-ovulatory follicles. If the role of progesterone in the

induction of maturation and ovulation in T. granulosa parallels

that of the progesterone-like factor in Bufo bufo, progesterone

levels in ovulated females would be expected to be lower than in

pre-ovulatory females. Assuming that ovulated females sacrificed

in Experiment III were in progressively later stages of ovulation

with time, a relative decline in plasma progesterone concentrations

would be expected.

In considering the relationship between the pre-ovulatory

rise in progesterone in T. granulosa and the pre-ovulatory surge

of a progesterone-like factor in Bufo bufo, the respective patterns

of ovulation must also be considered. In contrast to the protracted

period of ovulation in T. granulosa in nature, Bufo bufo sheds all

mature oocytes in a short time during spring spawning (Lofts, 1974).

Thus, whereas the single pre-ovulatory surge may cause the release

of all mature oocytes in Bufo bufo, the protracted period of

ovulation in T. granulosa in nature may be associated with a
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periodic increase in progesterone levels.

The similarity in plasma progesterone levels in injected

females and non-injected controls on day 8 could be interpreted in

light of the work of Fortune et al. (1975) with X. laevis. They

determined that the large follicles (those capable of maturation

and ovulation) were the major site of progesterone synthesis in

response to gonadotropin stimulation. The major source of

progesterone synthesis of ovulated T. granulosa females would thus

be reduced in proportion to the number of large follicles ovulated.

If day 8 injected females were either post-ovulatory or in the

latter stages of ovulation, plasma progesterone levels in injected

and non-injected females could be expected to be similar.

An alternative explanation for the decrease in plasma

progesterone levels following the initial surge of progesterone on

day 3 is based on the fact that exogenous LH injections were

administered only on the first two days of the experiment.

Exogenous LH may have begun to be cleared from circulation by day 3.

It is thus possible that production of progesterone by ovarian

follicles diminished as a result of the depletion of circulating

LH.

In order to determine the temporal relationships between

mating, ovulation and progesterone levels, the plasma progesterone

levels also were measured during (Experiment I) and after mating

(Experiments II and IV). Although mating did not increase

progesterone levels within 4 days of the initiation of mating

behavior, progesterone levels in mated females were significantly
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higher than in unmated females 13 days post-pairing. No signifi-

cant difference was found, however, between mated and unmated

females 18-24 days post-pairing. In addition, mated females with

oviducal eggs showed significantly higher levels of progesterone

than did mated females without oviducal eggs, although neither was

significantly different than the unmated controls. Therefore,

these data indicated that male mating behaviors in T. granulosa

were effective in stimulating the production of progesterone in

the female. The temporal relationships between mating, ovulation,

and the increase in plasma progesterone levels, however, were not

distinct. Plasma progesterone levels appeared to be relative to

a variety of factors other than the stimuli of male mating

behaviors.

In Experiment I, a significant decrease in plasma proges-

terone concentrations occurred in both mated and unmated females

between 10 and 56 hours post-pairing. The 10-fold decrease in

progesterone levels may have been in response to the 8 to 10°C

increase in water temperature during the initial 56 hours of the

experiment. Rates of pituitary secretions are affected by tempera-

ture as well as the biological activity of the pituitary hormones.

Furthermore, the temperature flux may have affected changes in

secretion and clearance rates of progesterone and other steroids,

including adrenocorticoids which may play an integral role in the

stimulation of ovulation in amphibians (Smith, 1955).

In view of the fact that mating induced ovulation, and that

ovulation was protracted over the period of a month, plasma
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progesterone levels would be expected to be higher in mated

females than in unmated females. This was exhibited in females

sacrificed 13 days post-pairing (Experiment IV). Progesterone

concentrations in mated females were not, however, significantly

different than in unmated females sacrificed 18-24 days after

pairing (Experiment II). This difference in results might be

explained on the basis that the longer interval of 18-24 days

permitted a greater degree of expression of individual variation

in response to stimuli inducing ovulation, obscuring a distinct

pre-ovulatory rise in progesterone levels. Furthermore, as

mentioned above, the pre-ovulatory rise in progesterone in T.

granulosa may be periodic, relative to a complex of stimuli other

than mating and insemination. Such a periodicity could obliterate

a marked difference in plasma progesterone levels between mated

and unmated females. It is also possible that mated females

sacrificed 18-24 days post-pairing were either in the latter stages

of the process of ovulation, or post-ovulatory. If all mated

females had either completed, or nearly completed ovulation

(thereby having depleted the ovaries of large secretory pre-

ovulatory follicles), plasma concentrations of mated females would

be expected to be similar to those of unmated controls.

Results of Experiment IV indicated that mating without

insemination increased plasma progesterone levels above proges-

terone levels of unmated females. It is possible that male mating

behavior without insemination does induce maturation of the primary

oocytes, but the presence of the spermatozoa is necessary for
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induction of ovulation. This hypothesis is proposed in light of

the work of Fortune et al. (1975) who determined that ovulation

requires higher levels of endogenous ovarian progesterone than does

maturation (X. laevis). Mating without insemination may stimulate

production of progesterone sufficient for induction of maturation,

but not ovulation.

The similarity in plasma progesterone levels in inseminated

and uninseminated females in Experiment IV might be ascribed to the

fact that the inseminated females had oviposited large numbers of

eggs. Having released the majority of oocytes capable of ovulation,

the ovaries of the inseminated females may have contained only those

oocytes in early stages of maturation. Because maturation requires

lower levels of progesterone than does ovulation (Fortune et al.,

1975), the similarity in plasma progesterone levels in inseminated

and uninseminated females may indicate that the ovaries of both

groups were in the process of maturation.

In Experiment IV, females mated with occluded cloacae

(preventing insemination) exhibited higher progesterone levels

than did unmated females, suggesting that male mating behavior

(without insemination) stimulated progesterone synthesis. In

Experiment I, however, plasma progesterone levels in mated and

unmated females were not significantly different 4 days after

pairing. The lack of difference in plasma progesterone levels in

mated and unmated females in Experiment I might be ascribed to a

number of factors. First, the longer interval of 13 days in

Experiment IV may have been necessary for changes in plasma
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progesterone levels to be initiated. Secondly, ambient water

temperatures were relatively warmer during Experiment IV than

during Experiment I. Increased temperatures may have permitted

stimuli from the amplectic behavior of the male to be effective in

stimulating the release of gonadotropin thus. facilitating proges-

terone synthesis by the ovarian follicles. Thirdly, it is

possible that mating did not stimulate an increase in progesterone

concentrations in the mated females in Experiment IV; the relative

difference may be due to a decline in progesterone concentrations

in females which did not mate rather than an increase in

progesterone levels in mated females. Such a decline in unmated

females could be advantageous in that low progesterone levels

would inhibit the onset of final maturation of primary oocytes

until mating occurred at a later time.

A maximum of 64 oviducal eggs was observed in a mated female.

This is in contrast to a maximum of 3 oviducal eggs found by Oliver

and McCurdy (1964) in a field study of T. granulosa on Vancouver

Island. The relatively warmer temperatures of western Oregon may

stimulate ovulation of larger numbers of oocytes. Although

captivity and manipulation may potentially have affected patterns

of ovulation of the newts, behavior patterns of newts in captivity

were comparable to those in nature. In addition, the newts

appeared to acquire sufficient nutrition from the aquatic

vegetation placed in the tubs and buckets as the stomachs of

sacrificed females generally contained an abundance of moss,

snails, and amphibian eggs.
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In summary, induction of ovulation by male mating behavior

has been documented for the first time in an amphibian species.

Male courtship with insemination induced ovulation in the newt,

T. granulosa. Male courtship without insemination did not induce

ovulation. Follicular maturation was accelerated in mated females

10 hours after pairing. Oviducal eggs were not observed until 12

days after pairing. Oviposition, and thus ovulation, was first

observed 11 days after pairing. The percentage of mated females

with oviducal eggs peaked 22 to 24 days after pairing. Further-

more, oviducal eggs were observed in mated females over a period

of at least a month after mating.

Previous research has indicated that progesterone is integral

in gonadotropin-stimulated induction of maturation and ovulation in

amphibians. Therefore, it was hypothesized that male mating

behavior stimulated the release of a gonadotropin which acts on the

ovary to stimulate the synthesis of progesterone, a steroid capable

of inducing follicular maturation and ovulation. Ovine LH

administered in vivo induced ovulation. Plasma progesterone levels

measured by radioimmunoassay indicated that ovulation following

injections of ovine LH was associated with an increase in plasma

progesterone levels. Furthermore, plasma progesterone levels in

mated females were significantly higher than in unmated females

13 days after pairing, but not 18-24 days after pairing.
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APPENDIX I

SCINTILLATION FLUID FORMULAE

Toluene-based Scintillation fluid

5.0 g 2.5-diphenyl oxazole (PPO)/1

Dissolve fluor in technical grade toluene

Triton Scintillation Fluid

7.0 g PP0/1

Dissolve in toluene and Triton-x 100 (2:1)


