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INTRODUCTION 

Reproduction in many species is confined to 

a time of the year when the probability of sur-

vival for both the adults and offspring is maxi-

mum. While the ubiquity of the seasonal varia-

tion in reproductive activity has been recog-

nized by man for thousands of years, it is only 

within the past 60 years that the length of the 

day, or photoperiod, has been recognized to 

be for many species the major environmental 

variable that synchronizes the reproductive 

cycle with the appropriate season of the year. 

The early failure to recognize the impor-

tance of day length in the control of annual 

reproductive cycles is undoubtedly due to the 

fact that the photoperiod itself does not 

directly determine the most advantageous 

time of the year for producing offspring. 

Instead, such environmental variables as food 

supply, competition, predation pressure and 

climate are the "ultimate factors" that deter-

mine the most advantageous time of the year 

for an organism to reproduce (Baker, 1938). 

However, because such factors are not always 

reliable signals for determining the time of the 

year and because they often do not allow an 

organism to prepare in advance for the changing 

seasons, natural selection has resulted in the 

use of "proximate factors" as signals announc-

ing the approach of a changing environment 

(Baker, 1938). In a wide diversity of both 

plant and animal species living outside of the 

equatorial regions of the world, the proximate 

factor that is used to identify the appropriate 

season for reproductive activity is the annual 

cycle in daylength. The strong reliance on 

daylength for the timing of the reproductive 

season is undoubtedly due to the noise-free 

nature of this variable and therefore its relia-

bility as a marker of the phase of the seasonal 

environmental cycle. 

Many organisms (e.g., hamsters, voles, 

ferrets, most temperate zone birds) require 

long days for the induction of reproductive 

activity (Gaston and Menaker, 1967; Hoffman, 

1973; Grocock and Clarke, 1974; Thorpe and 

Herbert, 1976; Farner, 1975), while other 

species (e.g. sheep, deer, mink) utilize short 

days to signal the onset and maintenance of 

gonadal function (Lodge and Salisbury, 1970; 

Lincoln and Davidson, 1977; Mirarchi et al., 

1978). In many animals, a period of sensitivity 

to the light cycle is followed by a period of 

insensitivity. For example, in many species 

of birds, gonadal regression follows photic-

induced gonadal development even though i f 

the animals are maintained on photostimula- B 

tory long days. In order to become responsive I 

again to long days, the birds must first be • 

exposed to short days for a species specific • 

period of time (Wolfson, 1952; Farner and I 

Follett, 1966). Similarly, gonadal regression I 

which occurs in golden (Syrian) hamsters in • 

response to exposure to short days is followed E 

by gonadal recrudescence after a prolonged 

exposure to short days (Reiter, 1972; Turek 

et al., 1975a). In order to become responsive 

again to the inhibitory effects of short days, 

hamsters must be exposed to long days for 

about 11 weeks (Stetson et al., 1977). The 

physiological state in which an animal is tem-

porarily incapable of responding to a particu-

lar light cycle that had previously altered 

neuroendocrine-gonadal activity is referred to 

as the "refractory" condition (Farner and 

Follett, 1966). ; 

The refractory condition observed in many 

species demonstrates that the neuroendocrine-

gonadal axis is not simply a passive system 

driven by the annual cycle in daylength. Fur-

thermore, in some photoperiodic species, 

annual gonadal cycles can be observed in the 

absence of a change in photoperiodic condi-

tions (Berthold et a l , 1971; Schwab, 1971; 

Ducker et al., 1973; Gwinner and Dorka, 

1976). In most birds which show gonadal cycles 

under constant environmental conditions, the 

period of this cycle is usually slightly less than 

1 year. This deviation of the period from 

exactly 1 year excludes the possibility that 
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PHOTOPERIODIC CONTROL OF REPRODUCTION 33 

uncontrolled environmental variables are regu-

lating gonadal activity and suggests that the 

gonadal cycle is generated by an endogenous 

rhythm with a period of about 1 year (circan-

nual). Thus, in at least some species, the photo-

period does not simply induce or terminate 

reproductive events, but instead synchronizes 

an endogenous circannual rhythm so that 

the reproductive events occur at the appropri-

ate time of the year (Gwinner and Dorka, 

1976; Gwinner, 1977). 

In order for the photoperiod to alter the 

breeding condition of an animal, the following 

events must occur: 1) light must be perceived 

by the organism; 2) an assessment of the length 

of the day (or night) must be made, implying 

the existence of a time measuring system; 

3) information from the time measuring system 

must be transferred to the hypothalamic-

pituitary axis which directly regulates gonadal 

function and 4) an alteration in hypothalamic-

hypophyseal-gonadal activity must occur. Our 

understanding of the neuroendocrine events 

associated with the above aspects of the photo-

periodic response in vertebrates has been de-

rived mainly from studies on birds and mam-

mals. Because excellent reviews on the photo-

periodic control of neuroendocrine-gonadal 

activity in birds have recently been published 

(Farner, 1975; Follett and Davies, 1975), 

this review will mainly emphasize the studies 

that have been carried out in mammals. 

Perception and Transmission 

of Photic Information 

One of the major differences in the photo-

sexual response between mammals and the 

lower vertebrates is the manner by which light 

is perceived. Although there is some evidence 

to suggest that neonatal rats possess a non-

ocular photoreceptor(s) that is involved in the 

entrainment of a circadian rhythm (Zweig et 

al., 1966; Wetterberg et al., 1970), it appears 

that in mammals the eye is solely responsible 

for the perception of light which is used to 

measure photoperiodic time. This hypothesis 

is supported by the observation that the photo-

periodic control of reproductive function in 

mammals is abolished following the removal 

of the eyes (Thomson, 1954; Hoffman and 

Reiter, 1965; Dixit et al., 1977). In contrast, 

extraocular photoreceptors mediate the gonadal 

response to light in both reptiles and birds 

(Benoit, 1964; Menaker and Keatts, 1968; 

Oishi and Lauber, 1973; Underwood, 1975). 

The existence of extraretinal receptors for the 

mediation of the photoperiodic response in 

birds is supported by a number of different 

experimental findings: 1) the reproductive 

condition of blind birds can still be altered 

by changes in the light-dark environment 

(Fig. 1; Benoit, 1964; Underwood and Menaker, 

1970; Homma et al., 1972; McMillian et al., 

1975; Yokoyama and Farner, 1976); 2) an 

alteration of the amount of light reaching the 

brain (but not the eyes) by various techniques 

can alter the photoperiodic gonadal response 

(Fig. 1; Menaker et al., 1970; Gwinner et ai., 

1971;Turek, 1975) and 3) directing illumina-

tion into the brain via light-conducting fibers 

or radioluminescent implants can induce 

gonadal development (Homma and Sakaki-

bara, 1971; Oliver and Bayle, 1976; Yokoyama 
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FIG. 1. Effects of low intensity red light exposure 
(0.15 ergs/cm2 /second) of the eyes and/or brain 
photoreceptors on the testis weight of house sparrows. 
The birds were sacrificed after a 24 day exposure to an 
LD 16:8 red light-dark cycle. Birds were either 
clipped (head feathers removed) or hooded (opaque 

material applied beneath and above skin of skull) to 
alter the amount of light reaching the brain. Initial 
control birds (IC) sacrificed prior to the start of the 
experiment had regressed testes. Testicular growth 
occurred only in those birds with clipped head feath-
ers, while blinding had no effect on the photoperiodic 
response. Red light was used because of an earlier 
suggestion that retinal photoreceptors were highly 
responsive to light in the orange-red region of the 
spectrum but comparable results have also been ob-
tained using white light. (Redrawn from McMillan et 
al., 1975). 
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34 TUREK AND CAMPBELL 

and Farner, 1978). Extraretinal receptors have 

been implicated in various stages of the avian 

reproductive cycle including photic-induced 

gonadal growth, gonadal regression and the 

photorefractory condition (Menaker and Keatts, 

1968; Turek, 1975; Underwood, 1975). Thus, 

in birds, the eyes do not appear to play a major 

role in the perception of light involved in the 

photoperiodic control of reproduction, al-

though there is some evidence to suggest that 

retinally perceived light does influence the 

reproductive system (Homma et al., 1972; 

Yokoyama and Farner, 1976). 

Although the mammalian eye is clearly 

involved in the perception of light used to 

measure time, the identity of the photore-

ceptors involved in the photoperiodic response 

remains unknown. One should be cautious in 

assuming that rhodopsin-containing rods of the 

retina are involved in this process since albino 

rats with complete degeneration of the rods 

can still perceive light. Light which is used for 

light-dark and pattern discrimination, as well 

as for the entrainment of the plasma corticos-

terone rhythm, can still be perceived by albino 

rats following the loss of all known retmal 

rod photoreceptors due to exposure to constant 

light (Anderson and O'Steen, 1972; Bennett 

et al., 1972; Dunn et a l , 1972). Recent evi-

dence suggests that while exposure to constant 

light causes severe damage to rod photorecep-

tors, the cones are much less affected 

(Cicerone, 1976). Whether or not the percep-

tion of light which influences the photoperiodic 

response is also perceived by photoreceptors 

other than the rhodopsin-containing rods re-

mains to be determined. 

Attempts to determine the pathway by 

which photic information is transmitted from 

the eye to the system involved in photoperiodic 

time measurement have been carried out most 

extensively in the golden hamster (Rusak and 

Morin, 1976;Morin et al., 1977). Lesions which 

interrupt the primary optic tract (POT) in this 

species do not alter the photoperiodic control 

of gonadal function. In contrast, lesions of 

the retinohypothalamic tract (RHT), which 

provides a direct connection between the 

retina and the suprachiasmatic nuclei (SCN) 

of the hypothalamus (Eichler and Moore, 

1974), completely block gonadal regression 

induced by short days in both male and female 

hamsters (Rusak and Morin, 1976; Stetson and 

Watson-Whitmyre, 1976). While these studies 

indicate that the RHT is responsible for the 

transmission of light involved in the photo-

periodic response, the data are not conclusive 

since the only means currently available for 

transecting the RHT and leaving the POT intact 

involve the destruction of the SCN. Numerous 

investigators have demonstrated that the SCN 

are involved in the entrainment as well as the 

generation of a variety of different circadian 

rhythms including drinking, wheel running 

activity, adrenal corticosterone secretion and 

pineal N-acetyltransferase activity (Stephan 

and Zucker, 1972; Moore and Klein, 1974; 

Moore and Eichler, 1976; Stetson and Watson-

Whitmyre, 1976; Rusak, 1977). Since it is 

well established that circadian organization is 

involved in photoperiodic time measurement in 

the hamster (see below), lesions of the RHT-

SCN complex disrupt not only visual informa-

tion about the environment, but may also 

disrupt part of the circadian system involved 

in photoperiodic time measurement. Clearly 

lesions of the RHT-SCN complex do not simply 

disrupt the pathway of photic signals to the 

brain since gonadal function in lesioned animals 

is maintained regardless of the photoperiodic 

condition, whereas blinding leads to gonadal 

atrophy (Stetson and Watson-Whitmyre, 1976; 

Gravis, 1978). 

While the existence of a direct connection 

between the retina and the -hypothalamus has 

been documented for a number of different 

mammalian species (Hendrickson et al., 1972; 

Moore, 1973; Thorpe and Herbert, 1976), the 

importance of this projection for the transmis-

sion of light involved in the photoperiodic 

response in species other than the golden ham-

ster remains to be determined. 

Photoperiodic Time Measurement 

Since it was first discovered that the photo-

period was a primary environmental signal regu-

lating the seasonal reproductive cycle in animals 

(Rowan, 1925; Bissonette, 1932), a great deal 

of attention has been directed toward dis-

covering how animals measure the length of 

the day. Some of the early hypotheses that 

were advanced to answer this question were: 

1) the total duration of activity, not light per 

se, is responsible for photic-induced gonadal 

development (Rowan, 1928; 1938); 2) the 

relative ratio of light to dark as compared 

to the previous ratio is the determining factor 

in initiating a photoperiodic response (Bis-

sonette, 1930; 1931) and 3) the total duration 
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PHOTOPERIODIC CONTROL OF REPRODUCTION 35 

of the light or dark period is measured by some 

sort of hourglass timing mechanism (Jenner 

and Engels, 1952; Farner et al., 1953; Wolfson, 

1960). In 1936, Running, noting that light 

cycles can synchronize the endogenous rhythm 

of plant leaf movements and that the light 

cycle also controls the photoperiodic response 

of flowering, proposed that the physiological 

basis of photoperiodism in plants may involve 

the organism's endogenous daily rhythms. This 

hypothesis was ignored by workers in verte-

brate photoperiodism for many years and it 

was not until 1963 that this hypothesis was 

tested in birds (Hamner, 1963) and not until 

1972 was it tested in mammals (Elliott et al., 

1972). 

What is now referred to as the "Biinning Hy-

pothesis" is usually evoked to explain photo-

periodic time measurement in vertebrates 

(Pittendrigh, 1967; 1972). The general con-

cept which underlies this hypothesis is that 

photoperiodic time measurement somehow 

involves an endogenous biological clock with a 

period of about 24 (circadian) h. One of the 

most powerful methods of demonstrating 

that circadian rhythmicity is involved is the 

use of what are known as "resonance light 

cycles" (Nanda and Hamner, 1958). Resonance 

light cycles consist of a fixed photoperiod 

coupled to dark periods of varying duration 

so that the total duration of the light-dark 

cycle is systematically changed. (In most 

studies, resonance light cycles which are multi-

ples of 12 h are employed. A typical series of 

resonance light cycles are depicted on the left 

side of Fig. 2.) Positive results from resonance 

experiments (i.e., photoperiodic induction rises 

and falls as a function of the duration of the 

light-dark cycle) demonstrate that neither the 

duration of light nor the duration of dark is 

the determining factor in inducing a photo-

periodic response. Instead, such results indicate 

that time measurement involves a response to 

light which varies on a circadian basis. An 

examination of the gonadal response of golden 

hamsters exposed to various resonance light 

cycles indicates that a circadian clock is in-

volved in measuring the length of the day in 

this species (Fig. 3). Exposure to light cycles 

of LD 6:18 or LD 6:42 induce gonadal atro-

phy, demonstrating that these regimes are being 

interpreted as short days. In contrast, gonadal 

function is maintained in animals exposed to 

either LD 6:30 or 6:54, indicating that these 

regimes are being interpreted as long days. 

Resonance experiments have been carried 

out on a number of different avian species 

(Hamner, 1963; Follett and Sharp, 1969; 

Turek, 1972, 1974; Gwinner and Eriksson, 

1977), but only in a few different mammals 

(Elliott et al , 1972; Grocock and Clarke, 

1974; Stetson et al., 1976). These studies 

have been confined almost exclusively to males. 

Because the results of resonance experiments 

have always implicated circadian rhythmicity 

in vertebrate photoperiodic time measurement, 

it is generally assumed that such a mechanism 

exists in the majority of birds and mammals. 

However, studies involving more species, as 

well as females of previously examined species, 

are necessary in order to validate this general-

ity. 

Other experiments have demonstrated that 

short pulses of light at certain times of the day 

can induce gonadal development (Follett et 

al., 1974; Elliott, 1976; Farner et al., 1977). 

These data also indicate that photoperiodic 
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FIG. 2. Diagrammatical representation of the 
external-coincidence model and the way in which this 
model is used to explain the gonadal response to 
resonance light cycles. The light portion of the cycle is 
represented by the horizontal bars and whether 
or not the environmental light cycle will be interpret-
ed as a long or a short day is shown on the right. The 
model predicts that there is a circadian rhythm of 
sensitivity to light, drawn as a sine wave at the top, 
which is entrained by the environmental light cycle. 
When light is coincident with the photoinducible 
phase of the sensitivity rhythm (0j:crosshatched bars), 
drawn arbitrarily between 12 and 16 h after the onset 
of light, the animal will interpret the light cycle as 
representing a long day. In resonance light cycles 
consisting of a 6 h light period, the cycle will be 
interpreted as a short day when the cycle is 24, 48 or 
72 h in duration, but will be interpreted as a long day 
when the cycle is 36 or 60 h in length. (From Turek, 
1978a). 
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36 TUREK AND CAMPBELL 

I C 24 36 4 8 6 0 
Cycle length (hours) 

FIG. 3. Testicular weight (mean ± SEM) of initial 
control animals (IC) and of groups of golden hamsters 
that were maintained on one of four different reso-
nance light cycles (6 h of light/cycle) for 89 days. 
Photostimulation of testicular maintenance was 
observed in animals maintained on 36 and 60 h cycles, 
but not in animals exposed to cycles that were 24 or 
48 h in length. These results indicate that a circadian 
clock is involved in measuring the length of day. 
(Redrawn from Elliott, 1974). 

time measurement in birds and mammals 

involves a circadian clock, but the mechanism 

for such time measuring capabilities is not 

known. Two general hypotheses have been 

formulated to describe the possible role of a 

daily biological clock in measuring the length 

of the day. Pittendrigh (1972) has termed these 

two hypotheses the "external coincidence" and 

"internal coincidence" models. The external 

coincidence model predicts that photoperiodic 

induction occurs when light is coincident (or 

not coincident) with a certain phase of a 

daily biological rhythm of sensitivity to light 

(Fig. 2). An important feature of the external 

coincidence model is that light has a dual 

function: first, it serves to entrain a rhythm 

of sensitivity to light which is presumed to be 

an endogenous circadian rhythm and second, 

light induces a particular response when it 

is coincident (or not coincident) with a particu-

lar phase of the photosensitivity rhythm. 

The internal coincidence model predicts that 

photoperiodic induction occurs when two or 

more diurnal rhythms are in a particular phase 

relationship with respect to one another. 

In this model, light serves only as an entrain-

ing agent and does not play an active role in 

inducing a photoperiodic response. As the 

length of the day changes, different phase 

relationships will inevitably be established be-

tween various circadian rhythms and only 

under certain conditions will the phase relation-

ship between the internal oscillators be such 

that photoperiodic induction will occur 

(Danilevsky et al., 1970; Pittendrigh, 1972). 

Although a great deal of effort has been spent, 

in a number of different species, to prove or 

disprove either model, none of the experi-

ments has been conclusive (Turek, 1978a). 

It appears that before it will be possible to 

define more precisely the role of the circadian 

system in photoperiodic time measurement, 

more information must be obtained on: 1) the 

location of the biological clock involved in the 

photoperiodic response and 2) how this time 

measuring system is coupled to the hypothal-

amic-pituitary system controlling gonadal func-

tion. A great deal of attention has recently 

been focused on the SCN in the hypothalamus 

as being an important component of the 

circadian system involved in measuring the 

length of the day. As discussed in the previous 

section, lesions of the SCN in the golden ham-

ster abolish the photoperiodic gonadal response 

and lesioned animals remain reproductively 

competent irrespective of photoperiodic treat-

ment (Rusak and Morin, 1976; Stetson and 

Watson-Whitmyre, 1976). Thus, destruction of 

what is thought to be an important component 

of the circadian system (Morin et al., 1977; 

Raisman and Brown-Grant, 1977; Rusak, 

1977) renders the animal incapable of differ-

entiating between various daylengths. 

Why an impairment of the circadian organ-

ization of the hamster leads to the maintenance 

of reproductive competence during exposure 

to nonstimulatory lighting conditions is not 

known. There is no a priori reason to expect 

that the disruption of the circadian system 

involved in photoperiodic time measurement 

would result in the maintenance of gonadal 

function. An explanation for this result prob-

ably lies in the determination of how the cir-

cadian system is coupled to the hypothalamic-

hypophyseal axis responsible for gonadotropin 

release. At the present time, very little is known 

about the neuroendocrine events which link the 

time measuring system (SCN?) with the gonad-

otropin control center. There is evidence to 

suggest that the pineal gland is involved in this 

process and the next section will discuss the 

potential role of the pineal gland in the photo-

periodic response. 
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PHOTOPERIODIC CONTROL OF REPRODUCTION 37 

Information Transfer from the Photoperiodic 

Clock to the Gonadotropin Control Center: 

Role of the Pineal Gland 

Hundreds of papers have been published 

demonstrating that either the removal of the 

pineal gland or the administration of pineal 

material can influence neuroendocrine-gonadal 

activity in mammals (for reviews see Quay, 

1975; Reiter, 1974; 1977; Minneman and 

Wurtman, 1975; Relkin, 1976). Nevertheless, 

the physiological role of this gland in the re-

productive system is still not understood. 

A close link between the pineal gland and the 

photoperiodic control of the neuroendocrine-

gonadal axis in mammals is suggested by the 

many studies demonstrating that the removal 

of the pineal gland alters the ability of a num-

ber of animals to respond appropriately to 

changes in the light-dark environment. For 

example, in the ferret, vole, golden and 

Djungarian hamster, pinealectomy blocks the 

inhibitory effects of short days on gonadal 

activity (Hoffmann and Reiter, 1965; Hoffmann, 

1974; Farrar and Clarke, 1976; Thorpe and 

Herbert, 1976). As depicted in Fig. 4, the 

effect of pinealectomy in photoperiodic mam-

mals is not a trivial one. Removal of the pineal 

gland in the Djungarian hamster prevents 

gonadal regression which normally occurs 

during exposure to short days (Hoffmann, 

1974). The importance of this gland in the 

photoperiodic response of mammals is under-

scored by our failure to find in the literature 

a single demonstration that the removal of 

the pineal gland did not alter how an animal 

responded to a subsequent photoperiodic 

challenge. In addition to the effects observed 

in mammals, pinealectomy has been found to 

alter the photoperiodic response of fish and 

lizards (Levey, 1973; DeVlaming, 1975; 

DeVlaming and Vodicnik, 1977), although 

the removal of the pineal gland has minimal 

effects upon the avian photosexual response 

(Turek, 1978a). 

The mammalian pineal gland is generally 

assumed to produce a substance, or substances, 

which inhibits neuroendocrine-gonadal function 

since pinealectomy can block the inhibitory 

effects of short days. However, in both the 

ferret and the Djungarian hamster, pinealecto-

my results in an inhibition of gonadal growth 

in animals exposed to a stimulatory light 

cycle (Herbert, 1969; Hoffmann and Kuderling, 

1975; Brackman and Hoffmann, 1977). Thus, 

it appears that at least in these two species, 

the removal of the pineal gland can promote 

as well as inhibit gonadal function, depending 

upon the photoperiodic conditions at the time 

of surgery. These results are particularly inter-

esting in view of the recent reports that a pineal 

product, melatonin, can either inhibit or pro-

mote gonadal function, once again depending 

upon the photoperiodic conditions (see below). 

Much of the search for the pineal hormone 

responsible for regulating neuroendocrine-

gonadal activity has centered around the 

indoleamine N-acetyl-5-methoxytryptamine, 

commonly known as melatonin. However, a 

large body of evidence has accumulated which 

demonstrates that melatonin-free extract ma-

terial from the pineal gland, particularly poly-

peptide-like molecules, can inhibit hypothala-

mic-hypophyseal-gonadal activity under a vari-

ety of different experimental conditions (Ben-

son et al., 1971; Vaughan et al., 1972; Orts et 

a l , 1974; Ebels et al., 1975; Moszkowska et 

al., 1976; Rosenblum et al , 1976; Reiter and 

Vaughan, 1977; Orts, 1977). Arginine vaso-

tocin, a peptide with known antigonadotropin 

properties, has been isolated from pineal tis-

sue, (Pavel et al., 1973; Reiter and Vaughan, 

1977), but it is clearly not the only active pep-

800 400 

300J; 

FIG. 4. Mean (± SEM) weight of the testes and sex 
accessory glands of control (C) and pinealectomized 
(Px) Djungarian hamsters that had been maintained on 
a nonstimulatory LD 8:16 light cycle for two months. 
At the start of the experiment all of the animals 
had sexually mature testes as ascertained by palpation. 
Pinealectomy prevented the gonadal and sex accessory 
gland atrophy which normally occurs during exposure 
to short days. (Redrawn from Hoffmann, 1974). 
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38 TUREK AND CAMPBELL 

tide molecule in the pineal gland (Rosenblum 

et al., 1976). 

Antigonadal or antigonadotropic effects of 

melatonin administration have been observed 

in a number of different mammalian species 

including ferrets, weasels, mice, monkeys, 

rats, gerbils, rabbits and hamsters (Rust and 

Meyer, 1969; Debeljuk et al., 1971; Vaughan 

et al., 1976; Fiske and Macdonald, 1975; 

Turek et al., 1976a; Lynch and Ebstein, 1976; 

Thorpe and Herbert, 1976). However, the 

magnitude of the effect of melatonin on neuro-

endocrine gonadal activity appears to vary 

widely from species to species. For example, 

while chronic melatonin treatment induced 

testicular atrophy in two photoperiodic species, 

the golden hamster and the grasshopper mouse, 

it did not alter gonadal size in two nonphoto-

periodic species, the laboratory rat and the 

house mouse (Turek et al., 1976a). Because 

the effects of melatonin on neuroendocrine-

gonadal activity appear to be more pronounced 

in species whose reproductive condition is 

regulated by the length of the day, it has been 

suggested that the pineal gland may play a more 

important role in regulating testicular function 

in animals whose reproductive activity is 

markedly dependent upon seasonal changes 

in day length, as compared to animals whose 

reproductive performance is relatively insensi-

tive to photoperiodic cues (Hoffmann, 1975; 

Turek, et al., 1976a). 

In the golden hamster, a photoperiodic 

species in which pinealectomy blocks short 

O 1 0 0 

0300 
1000 
,0300 

; 2 o -

ID 

Weeks of T r e a t m e n t 

FIG. 5. Percent of female golden hamsters showing 
estrous cycles at the end of each weekly interval 
during daily administration of melatonin (25 Mg/day) 
or oil vehicle. Injections were performed at either 
0300 or 1000 h during exposure to an LD 14:10 light 
cycle (lights off = 1400). Melatonin injections in the 
late afternoon, but not in the morning, resulted in the 
loss of estrous cyclicity in 100% of the animals within 
7 weeks. (Redrawn from Tamarkin et al., 1976b). 

day-induced gonadal regression (Hoffman and 

Reiter, 1965), melatonin treatment can have a 

severely inhibitory effect on gonadal function. 

Daily melatonin injections when given near the 

end of the light period (but not near the 

beginning) of an LD 14:10 light cycle both 

decrease serum levels of LH and FSH and in-

duce testicular atrophy in male hamsters 

and block ovulation and induce acyclicity 

in female hamsters (Fig. 5; Tamarkin et al., 

1976b, 1977a). Furthermore, the s.c. implanta-

tion of melatonin-filled Silastic capsules in-

duces testicular atrophy in mature hamsters 

maintained on photostimulatory long days, 

and prevents photic-induced gonadal recrudes-

cence (Fig. 6; Turek et al., 1976b). Melatonin 

treatment in the golden and Djungarian hamster 

leads to the inhibition of gonadal activity in 

pinealectomized, as well as intact, animals 

(Fig. 6), indicating that the effects of exog-

enous melatonin are not mediated via the 

pineal gland (Turek, 1977a; Tamarkin et al, 

1977b; Hoffmann and Kuderling, 1977). 

In all species that have been studied, there 

is a diurnal variation in pineal melatonin 

— 1600 

800 

n 

* • '-' 

r*i A rhfo 

IC 0 25 100 300 

Melatonin Capsule Length (mm) 

FIG. 6. Mean paired testis weight (± SEM) of intact 
and pinealectomized (Px) hamsters that were implant-
ed with either an empty Silastic capsule (0) or mela-
tonin-filled Silastic capsules of various sizes. Prior to 
implantation of the capsules, the animals were main-
tained on an LD 6:18 photoperiod for 65 days to 
induce testicular atrophy. The testis weight of initial 
control (IC) animals sacrificed at this time is shown in 
the left panel. After capsule implantation, all of the 
animals were transferred to an LD 14:10 photoperiod 
and sacrificed 45 days later. The suppression of 
testicular growth in pinealectomized as well as intact 
animals demonstrates that the antigonadal effect i 
melatonin is not mediated via the pineal gland. (From 
Turek, 1977a). 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
io

lre
p
ro

d
/a

rtic
le

/2
0
/1

/3
2
/4

5
5
9
0
5
0
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



PHOTOPERIODIC CONTROL OF REPRODUCTION 39 

synthesis and release, with higher serum mela-

tonin levels during the night than during the 

day (Ozaki et al., 1976; Rollag and Niswender, 

1976; Kennaway et al., 1977). This diurnal 

rhythm of melatonin synthesis is thought to 

be due to the control of pineal N-acetyltransfer-

ase activity by the sympathetic nerves inner-

vating the pineal gland (Kappers, I960; Axel-

rod, 1975). The enzyme, N-acetyltransferase, 

which is responsible for converting serotonin 

to N-acetylserotonin, a precursor of melatonin, 

has a much higher level of activity during the 

dark than during the light (Klein and Weller, 

1970; Binkley, 1976; Binkley et al , 1977). 

Therefore, the inhibitory effects of melatonin 

are consistent with the hypothesis that short 

day-induced gonadal atrophy in the hamster 

occurs in response to an increase in pineal 

melatonin synthesis and release during expo-

sure to short days or constant darkness. Recent 

experiments with hamsters however, indicate 

that the effect of melatonin on neuroendo-

crine-gonadal activity is not always inhibitory 

and that the relationship between the pineal 

gland, melatonin and the hypothalamic-hy-

pophyseal system regulating pituitary gonado-

tropin release is more complex than previously 

thought. Melatonin can stimulate gonadal 

function under certain photoperiodic condi-

tions in the golden hamster. The administration 

of melatonin is able to prevent normally 

occurring gonadal regression in animals trans-

ferred from long to short days (Reiter et al., 

1975; Turek et al., 1975b; Turek and Losee, 

1978). Furthermore, if melatonin treatment 

is delayed until testicular regression has already 

occurred, testicular growth is induced in 

melatonin-treated animals well in advance of 

spontaneous testicular recrudescence (Fig. 7). 

This stimulatory effect of melatonin on gonadal 

activity during exposure to short days should 

be compared with the inhibitory effect of 

melatonin during exposure to long days (c.f. 

Figs. 6, 7). 

While the above results demonstrate that 

melatonin treatment can both stimulate and 

. inhibit gonadal activity in hamsters, under cer-

tain experimental conditions, melatonin does 

. not appear to have any effect. For example, 

melatonin cannot prevent gonadal growth 

indefinitely in animals moved from short to 

long days (Turek and Losee, 1978). The time 

course of testicular regrowth in melatonin-

treated animals transferred to long days is 

similar to that observed during spontaneous 

12 C ^ " ^ * " ^ ^ * ^ * 
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0 3 6 9 12 15 18 21 24 

Weeks in LD 6 18 

FIG. 7. Mean testis width (± SEM) of golden 
hamsters moved from a photostimulatory LD 14:10 
cycle to a nonstimulatory LD 6:18 cycle for 24 weeks. 
Animals in one group (o—o) were implanted with 
empty capsules while animals in a second group (•—•) 
received 100 mm long melatonin-filled capsules at the 
time of transfer to LD 6:18. The implantation of 100 
mm long melatonin-filled capsules into a third group 
(•—•) was delayed until they had been exposed to LD 
6:18 for 6 weeks. Melatonin treatment was found to 
prevent testicular regression and induce testicular 
growth in animals maintained on short days. (Redrawn 
from Turek and Losee, 1978). 

testicular recrudescence in untreated animals 

maintained on short days. If the delayed re-

growth of the testes in melatonin-treated ani-

mals exposed to long days is actually due to 

spontaneous testicular recrudescence, this re-

sponse would indicate that melatonin is able 

to prevent photic-induced testicular growth, 

but not photic independent gonadal growth 

in hamsters. Support for this hypothesis is 

found in the observation that melatonin cannot 

inhibit testicular growth in the golden hamster 

during the first 9 weeks of life (Turek, unpub-

lished results), a photic independent event 

(Reiter et al., 1970). 

In a second species, the Djungarian hamster, 

Hoffmann has also found that melatonin inhi-

bits testicular function when the photoperiod 

is stimulatory and stimulates gonadal activity 

during exposure to inhibitory short days (Hoff-

mann, 1973; Hoffmann, 1974). In addition, 

in this species the photoperiod does influence 

gonadal development early in life and mela-

tonin administration can delay this develop-

ment (Brackmann, 1977). 

The demonstration that immunoreactive 

melatonin shows a nocturnal rise in the cir-

culation of many species (Rollag and Niswender, 

1976; Kennaway et al., 1977), indicates that 

total melatonin secretion over a 24 h period is 

greater during exposure to short days than 

during long days. Since gonadal regression 
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40 TUREK AND CAMPBELL 

occurs when hamsters are exposed to short 

days, when total pineal melatonin secretion 

is presumably increased, it is perplexing to 

observe that melatonin can act in a progonadal 

manner. However, recent experiments indicate 

that the effect of melatonin on neuroendocrine-

gonadal activity in hamsters maintained on a 

particular photoperiod is not based solely on 

the total amount of melatonin administered. 

Daily melatonin injections during the late 

afternoon of an LD 14:10 light cycle induce 

testicular regression in males and anestrus in 

females (Fig. 5), while the same injections when 

given in the morning have no detectable effect 

upon reproductive function (Tamarkin et al., 

1976b, 1977b). Such results caution against 

making assumptions about the action of mela-

tonin on neuroendocrine-gonadal activity that 

are based solely on serum melatonin levels 

determined at limited time periods of the day 

or night. 

Melatonin treatment has been shown to alter 

neuroendocrine-gonadal activity at the level of 

the hypothalamus and pituitary gland, as well 

as the ovary and testis (Kamberi et al., 1971; 

Peat and Kinson, 1970; Trentini et al , 1976; 

Martin and Klein, 1976; Kano and Miyachi, 

1976; Kao and Weisz, 1977). However, a 

definite site of action of endogenous mela-

tonin has not been conclusively demonstrated. 

The observation that melatonin can stimulate, 

inhibit, or have no effect on neuroendocrine-

gonadal activity, depending upon the photo-

periodic conditions at the time of treatment, 

suggests that melatonin may alter neuroendo-

crine-gonadal activity by an interaction with 

the circadian system involved in photoperiodic 

time measurement. A link between melatonin 

and at least part of the circadian system, the 

SCN, has been established by Moore and 

Klein (1974). They observed that ablation 

of the SCN abolishes the diurnal rhythm of 

pineal N-acetyltransferase activity. In addi-

tion, melatonin has been localized immuno-

histologically in the SCN (Bubenik et al., 

1976) suggesting a possible effect of mela-

tonin on SCN activity. Melatonin has also 

been found in the retina of rats and chickens 

(Bubenik et al., 1976; Pang et al., 1977) and 

the intriguing possibility that the photoperiodic 

control of neuroendocrine-gonadal activity may 

involve melatonin found in the retina and the 

SCN, as well as the pineal gland, remains to 

be investigated. 

In this brief review of the role of the pineal 

gland in the photoperiodic gonadal response, 

we have chosen to emphasize the possible 

physiological role of melatonin, rather than 

the polypeptides for the following reasons: 

1) melatonin administration to a variety of 

different photoperiodic species alters the 

gonadal response of the animals to photic 

information (Rust and Meyer, 1969; Hoffmann, 

1974; Reiter et al., 1975;Turek et a l , 1975b, 

1976a; Thorpe and Herbert, 1976; Lynch and 

Epstein, 1976); 2) the antigonadal action of 

melatonin is observed in pinealectomized ani-

mals indicating that the response to exogenous 

melatonin is not mediated via other pineal 

products (Turek, 1977a; Tamarkin et al, 

1977b; Hoffmann and Kiiderling, 1977); 

3) the pineal gland appears to be the principal 

source of circulating melatonin (Pang et al., 

1974; Ozaki and Lynch, 1976; Kennaway et 

al., 1977) and 4) the synthesis and release of 

pineal melatonin is regulated by the photo-

period, as would be expected of a substance in-

volved in the photoperiodic control of repro-

duction (Ozaki et al., 1976; Rollag and Nis-

wender, 1976; Kennaway et al., 1977). While 

these observations suggest that melatonin is 

a pineal hormone involved in the photoperiodic 

control of reproduction, more information is 

necessary in order to establish that melatonin is 

indeed the major pineal product to influence 

the hypothalamic-pituitary-gonadal axis. 

Photic-induced Changes in the 

Hypothalamic-Pituitary-Gonadal Axis 

Testicular atrophy, induced in many species 

by an exposure to a nonstimulatory photo-

period, is accompanied by a cessation of 

spermatogenesis and a decline in serum andro-

gen levels (Lodge and Salisbury, 1970; Desjar-

dins et al., 1971; Berndtson and Desjardins, 

1974; Grocock and Clarke, 1975; Lincoln 

et al., 1977). In many female mammals, an 

exposure to a nonstimulatory light cycle 

induces acyclicity which is accompanied by 

a cessation of ovulation and marked changes 

in serum estrogen and progesterone levels 

(Seegal and Goldman, 1975; Sharp and Ginther, 

1975; Van Horn, 1975; Van Horn and Resko, 

1977; Legan et al., 1977; Oxender et al, 

1977). Photic-induced inhibition of repro-

ductive physiology is also associated with a 

reduction in sexual behavior (Sachs, 1969; 

Adkins, 1973; Crews, 1975; Morin et al., 

1977; Campbell et al., 1978). While this de-
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PHOTOPERIODIC CONTROL OF REPRODUCTION 41 

cline in reproductive behavior is probably due, 

at least in part, to a decline in circulating 

steroid levels (Beach and Pauker, 1949; Tiefer, 

1970), it appears that an exposure to a non-

stimulating photoperiod can also decrease the 

behavioral responsiveness of seasonally breed-

ing animals to the stimulating effects of gonadal 

hormones (Lincoln et al., 1972; Steel and 

Hinde, 1976; Morin and Zucker, 1978; Camp-

bell et al., 1978). For example, significantly 

higher incidences of intromission and ejacula-

tion are observed in testosterone-treated, 

castrated hamsters maintained on stimulatory 

long days than in similarly treated animals 

exposed to nonstimulatory short days (Fig. 

8). 

In addition to changes in the reproductive 

system and sexual behavior, there are a number 

of other behavioral and metabolic changes 

which accompany alterations in the photo-

period. For example, many male animals 

become highly aggressive toward conspecifics 

and establish territories in response to long 

day stimulation (Lincoln et al., 1972; Crews, 

1974; McKeever, 1963). In some species 

(Crews, 1974), the onset of aggression is very 

rapid in response to long day exposure and 

precedes mating, suggesting that this behavioral 

change is a steroid independent one. Further-
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FIG. 8. Percent of castrate male golden hamsters 
intromitting and ejaculating 40 days after implanta-
tion with a testosterone-filled Silastic capsule that 
maintained serum testosterone levels found in intact, 

; sexually mature males («3.0 ng/ml). The animals were 
castrated and maintained under either LD 14:10 or 
6:18 for 10 weeks prior to the start of testosterone 
treatment and they remained under these respective 
light cycles for the duration of the study. Significantly 
higher incidences of both intromission and ejaculation 
were observed in long day as compared to short day 
animals. (Redrawn from Campbell et al., 1978). 

more, seasonal changes in body weight occur 

in Djungarian hamsters (Heldmaier and Hoff-

mann, 1974), ground squirrels (McKeever, 

1963), dairy cattle (Peters et al., 1978), lem-

mings (Hasler et al., 1976) and golden ham-

sters (Campbell, unpublished observations). 

In at least some species, there is no con-

comitant change in food intake, which 

suggests that there is an alteration in metabolic 

processes due to the alteration in daylength 

(Peters et al., 1978). Much more work is 

required to ascertain whether seasonal changes 

in both body weight and aggression are steroid 

dependent or steroid independent responses 

to photoperiodic stimulation. 

While the length of the day appears to have 

only a minimal effect upon the reproductive 

system of the laboratory rat, constant bright 

light leads to a rapid and quite severe disrup-

tion of the estrous cycle. Even within the 

first two cycles in this lighting condition, 

the gonadotropin surge is either absent or 

delayed (Campbell and Schwartz, 1978) and 

ovulation often fails to occur (McCormack 

and Sridaran, 1978; Campbell and Schwartz, 

1978). Eventually a state of persistent vaginal 

estrus occurs, characterized by continuous 

vaginal cornification, constant behavioral re-

ceptivity, cystic follicles and anovulation 

(Lawton and Schwartz, 1967). This constant 

light syndrome also occurs in a small propor-

tion of female mice (Campbell et al., 1976) 

and after a very prolonged period of time in 

female hamsters (Kent et al., 1968). In rats, 

the condition of persistent estrus only occurs 

if the intensity of illumination is sufficiently 

great; exposure to dim continuous light simply 

results in a free running rhythm of LH release 

and ovulation (McCormack and Sridaran, 

1978). As valuable as these experimental 

paradigms have been in characterizing the 

interdependence of the various rhythms of 

the estrous cycle and the critical role that 

light cues play in synchronizing these rhythms, 

the changes induced do not appear to be 

similar to those observed in seasonally breeding 

animals exposed to different light cycles. In 

fact, seasonally breeding animals respond 

quite differently to constant light than they 

do to long day photoperiods (Kent et al., 

1968). For these reasons, we feel it is inappro-

priate to attempt to reconcile the effects of 

constant light on the reproductive system 

within the context of the adaptive physiological 

changes in neuroendocrine gonadal activity that 
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42 TUREK AND CAMPBELL 

are regulated by the annual cycle in day length. 

In female mammals, follicular growth is 

controlled by tonic gonadotropin secretion 

and the signal for ovulation depends upon an 

abrupt "surge" of LH and FSH at the mid-

point in the cycle (Schwartz, 1973). The pre-

ovulatory surge of gonadotropic hormones is 

apparently absent during the photoperiod-

controlled anestrous season in ewes and horses 

(Fig. 9; Yuthasastrakosol et al., 1975;Oxender 

et al., 1977), although most measurements 

made have been relatively infrequent. In fe-

male hamsters made acyclic due to exposure 

to short days, there are large diurnal fluctua-

tions in serum gonadotropin concentrations 

that are similar in timing (i.e., mid-afternoon) 

and in magnitude to the LH/FSH peaks seen 

only every fourth day in cycling animals main-

tained on photostimulatory long days (Bast and 
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FIG. 9. Serum levels of LH in control mares that 
were maintained either indoors or outdoors and 
exposed to natural light only and in experimental 
mares exposed to artificial long days (LD 16:8 by 
week 2) beginning December 11. The LH values are 
centered at two different points (onset and end of 
estrus) to allow plotting of average values. Average 
serum levels of LH remained blow 15 ng/ml through-
out anestrus, and the elevated serum LH concentration 
associated with ovulation was not observed at any 
time in anestrous mares. The rise in LH associated 
with the first estrus occurred earlier in mares exposed 
to the increased daylength than in control animals 
exposed to natural lighting conditions. (From Oxender 
etal., 1977). 

Greenwald, 1974; Seegal and Goldman, 1975; 

Bridges and Goldman, 1975). Thus, in the 

hamster the seasonal anovulatory state is 

correlated with diurnal fluctuations in serum 

gonadotropin concentrations, whereas other 

species have not been examined sufficiently 

closely to determine if diurnal fluctuations oc-

cur. The characterization of serum gonadotropin 

and steroid profiles during the anestrous season 

is clearly required in more species before any 

generalizations about photic-induced changes 

in female pituitary gonadotropin regulation 

can be made. 

Circulating levels of LH and FSH are re-

duced during exposure to a nonstimulatory 

photoperiod in males of a variety of different 

species including trout, sparrows, quail, rams 

and hamsters (Berndtson and Desjardins, 1974; 

Follett and Davies, 1975; Turek et al., 1975a, 

1976c, Schanbacher and Ford, 1976; Breton 

and Billiard, 1977; Lincoln et al , 1977). A 

decrease in pituitary gonadotropin content 

is correlated with the photic-induced reduction 

in serum gonadotropin levels (Berndtson and 

Desjardins, 1974). Prolactin may also play 

an important role in the photoperiodic control 

of reproductive function as suggested by 

recent studies on the golden hamster: serum 

and pituitary prolactin levels are depressed in 

hamsters exposed to short days (Reiter et al., 

1975) and daily prolactin injections can induce 

testicular growth and increase serum testos-

terone levels in hamsters maintained on short 

days (Bartke et al., 1975). It has been suggested 

that the mechanism by which prolactin stimu-

lates testicular function is through an increased 

binding of LH (Bex and Bartke, 1977; Bartke 

et al., 1978). However, in view of the reported 

antigonadal effects of prolactin (Sivelle et al., 

1978) and the observation that serum prolactin 

levels are reduced during the breeding season 

of deer and sheep (Pelletier, 1973; Lincoln 

et al , 1978; Mirachi et al., 1978), further 

studies are needed before a precise role for 

prolactin in the photoperiodic control of 

reproduction in the male can be ascertained. 

Recent studies on the male golden hamster 

indicate that the photoperiod inhibits pituitary 

gonadotropin release at the level of the hypo-

thalamus rather than at the level of the pitui-

tary gland. The effect of various doses of 

exogenous gonadotropin releasing hormone 

(LHRH) on pituitary LH and FSH release 

was found to be the same in castrated male 

hamsters exposed to either long or short days 
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(Turek et al., 1977), suggesting that the photo-

period does not directly alter the responsiveness 

of the pituitary gland to LHRH. Further-

more, Pickard (1977) has recently reported 

that hypothalamic LHRH content is in-

creased by about 25% in male hamsters 

exposed to short days for 13 weeks when 

compared to control animals maintained on 

photostimulatory long days. Since this increase 

in hypothalamic LHRH was correlated with a 

decrease in serum and pituitary LH concen-

tration, it was hypothesized that an exposure 

to short days inhibits hypothalamic LHRH 

release, which would, in turn, result in a de-

crease in the synthesis and release of 

LH from the pituitary gland (Pickard, 

1977). 

The mechanism by which the photoperiod 

regulates hypothalamic LHRH activity is not 

known. A number of recent reports indicate 

that at least part of the photic-induced change 

in pituitary gonadotropin release may be 

due to an alteration in the sensitivity to steroid 

feedback of the gonadotropin control center, 

as suggested by Hoffmann (1973). Gonadal 

hormones inhibit gonadotropin release (Gay 

and Midgley, 1969; Campbell and Schwartz, 

1977) and in both sheep and hamsters, an 

exposure to a nonstimulatory photoperiod 

renders the hypothalamic-hypophyseal axis 

extremely sensitive to the negative feedback 

effect of steroid hormones (Pelletier and 

Ortavant, 1975a; Tamarkin et al , 1976a; 

Legan et al., 1977; Turek, 1977b; Ellis and 

Turek, 1978a). The pineal gland may mediate 

photic-induced changes in steroid feedback 

sensitivity in the male hamster, since pinealec-

tomy blocks the short day-induced increase in 

responsiveness to testosterone feedback (Fig. 

10). 

While the above studies indicate that an 

alteration in steroid feedback sensitivity is 

involved in the photoperiodic control of 

neuroendocrine-gonadal activity, other studies 

suggest that the photoperiod can alter hy-

pothalamic-pituitary gonadal activity independ-

ent of steroid hormones. In animals as diverse 

as grouse, quail, sparrows, pony mares and 

rams, photic-induced changes in circulating 

gonadotropin levels are observed in castrated 

as well as intact animals (Wilson and Follett, 

1974; Pelletier and Ortavant, 1975b; Gibson 

et al., 1975; Garcia and Ginther, 1976; Mat-

tocks et al , 1976; Sharp and Moss, 1977). 

; Interestingly, while the photoperiod can alter 

serum levels of LH in castrated rams (Pelletier 

and Ortavant, 1975b), no effect of day length 

is observed in ovariectomized ewes (Legan et 

al., 1977). A second line of evidence which sug-

gests that the photoperiod can alter hypothal-

amic-hypophyseal activity independently of 

steroid hormones is the observation that castra-

tion of birds, hamsters and hares exposed to 

nonstimulatory short days does not result in 

as marked an increase in serum gonadotropin 

levels as it does following castration of animals 

maintained on a stimulatory photoperiod 

(Davis and Meyer, 1973; Gibson et al., 1975; 

Turek et al., 1975c; Tamarkin et al., 1976a). 

Adrenal steroids are apparently not involved 

in this response since castrated-adrenalecto-

mized hamsters exposed to short days also 

show an attenuated castration response (Ellis 

and Turek, 1978b). 

Taken together, the results obtained in 

Testosterone Capsule l e n g t h ( m m ) 

FIG. 10. Mean (± SEM) serum levels of LH in 
castrated hamsters 21 days after the implantation of 
either empty or various size testosterone-filled cap-
sules. Prior to testosterone treatment, the animals had 
been either sham pinealectomized (Sham) or pinealec-
tomized (Px) and maintained on either LD 14:10 
(top) or LD 6:18 (bottom) for 8 weeks. The inhibi-
tory effects of testosterone were more pronounced in 
sham operated LD 14:10 animals or PX animals 
exposed to either photoperiod. The results indicate 
that the pineal gland mediates, at least in part, the 
short day-induced increase in steroid feedback sensitiv-
ity. (From Turek, 1978b). 
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castrated and testosterone treated animals 

belonging to a number of different species 

suggest that two mechanisms, one steroid 

dependent, the other steroid independent, 

are involved in the photoperiodic control of 

neuroendocrine-gonadal activity. Whether or 

not these two mechanisms for the photo-

periodic control of reproduction share a com-

mon neuroendocrine pathway from the light 

receptors, to the clock involved in time meas-

urement, to the pineal gland and to the gonado-

tropin control center, remains to be deter-

mined. 

SUMMARY 

The annual reproductive season in numerous 

species is regulated by the seasonal change in 

the length of the day. Control of the breeding 

season by photoperiod implies that an organism 

can perceive light, differentiate between subtle 

changes in the proportion of light to dark per 

day, and transduce this information into 

changes in the hypothalamic-pituitary-gonadal 

axis. In lower vertebrates, it is well established 

that light which is involved in the photoper-

iodic control of reproduction is perceived 

primarily by nonocular photoreceptors, pre-

sumably located in the brain. In contrast, 

the eyes appear to be the principal photore-

ceptor for this response in mammals. An 

endogenous circadian clock is involved in the 

process of measuring the length of the day, 

although neither the physiological nor the 

cellular basis of this process is known. The 

neuroendocrine events associated with the 

transfer of information from the photoper-

iodic time measuring system to the hypothal-

amic-pituitary system responsible for gonado-

tropin regulation remain an enigma, although 

there is evidence to suggest that the pineal 

gland and its product, melatonin, are involved 

in this process. Both steroid dependent and 

steroid independent mechanisms are apparently 

involved in the photoperiodic alteration of 

hypothalamic-pituitary activity. Photic-induced 

changes in circulating gonadotropin levels 

then lead to an alteration in germ cell activity 

and steroid hormone production by the gonads, 

which in turn lead to a number of behavioral 

and metabolic changes. Thus, the modification 

of environmental lighting, either under natural 

or artificial conditions, can trigger a sequence 

of neuroendocrine changes which can ultimate-

ly alter a broad range of physiological and 

behavioral systems in the organism. 
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