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_Abstract ] :
| Mammalian populations exhibit considerable variation in reproductive
. Y
i . . e
responses to environmental factors. Environments may be considered 'S

i

piedictable or unpredictable for a speéieé depehdent upon the resources

utilized and their availability. Two general reproduccive'stratégies

seem to have evolved in mammalian populations. The obiigate \\\- )
strategist is adapted to predictable environments and has strict : L o
. ' . : ) b
seasonal reproduction usually cued by photoperiod signals or nutritional _
""cycles. The facultative strategist, by nature of the .uncertainty E
of the environment, has evolved highly flexible reproductive'
. responses to fluctuations of the . resources. The pineal gland
- appears to be involved in the conversion of environmental
information to reproductive response. -
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Censiderable work over the past dozen yeats-nas emphesized the
1mportant role of environmental factors as they influence reproduction,
but little attempt has been made to understand the bas*c biologlcal
patterns evident in such studies. That photonerlcd nutrition and
other envmronmental factors influence mammalian reproductlon 1s now
well documented. How these factors elicit respouses and the selective

forces affecting these responses has not been determined. We will

~attempt in the following discussion to focus on the importance of

different environmental factors that affect reproductive adaptaticns.
to varying environmental regimes.
A primary selective force influeneing reproduction in wild

mammal populatlons is the neCESSltV to produce ‘offspring at the mest
[ 4

optimal time for survival. Survival of populat’ons is dependent
on'surnival of offspring, and proper timing of the :eproductzve
proeess with respeet td.environmental fevofableness is critical.

“The environment seldom presents a picture of constant conditions. - ---
Many factors in the environment such as food,.moisture, and temperature,
to name a few, exhibit continuous variation. A predictable
envirenment cha:acteristically kas a .dependable cycle of favorable .
and less favorable‘conditions. It is highly advantageous for a population
in such an environment toAsyncnronize its reproductive processes. In thel
predictable environment, timing =% teproductive activity is a simnie
:process such that the pcpulaticn can cue to any environmentel variable
which; coupled wich its eestatibn period, permits nartdrition’and
suﬁsequent independence of the offspring to occur at the optimal season.

In unpredictable environments, however, appropriate timing of reproductive
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processes is a much more complex problem. For populations in these

environments, it becomes necessary to have much greater flexibility
! ’:'

in the various reproductive processes and to cue reproductive responses
1
! )

to thé more immediate conditions in the enviromment. The population
must be prepared to take maximum advantage of favorable conditions

and to expend the minimum reproductive effort during unfavorable

regimes.

j T
i
Two general reproductive strategies have been variously exploited
by mammalian populations as adaptive mechanisms to cope with differing

environmental conditions. The first is what we shall refer to as an

obligate reproductive strategy, characterized by a strict seasonal —

‘'reproductive cycle coupled with constant rate of productivity adapted

to maintain the.population at a relatively uniform density. 'Populqtipn
fluctuatioﬁs in the obiigate strategist result from differemtial
mér;ality on an annual scale, not differential reproductive performagce.
In constrast, the facultative repfoductive strategist is a high}y
opportunistic breeder.. There is considerahle_fléxibility in the

énset of\breeding‘and'the repfoductive rate, désigned to exploit
favorable condi;ions-in the environment when they occur. The faculﬁatiQe
strategist exhibits wide fluctuationms in poéulation density attribut;blé
not only to differential annual nmortality buf to change; in qualicy of
reproductive performance. As in all biological systems, there exists
a.gtadient between the two strategies. Thus, we would expect to find
mammalian populations which approach an obligace strategy but maintain
same,deggee of flexibility. and other populztions which approach a
facultative str&tegy but have some inflexibility in certain of their.

reproductive parameters. Most mammalian populations de, in fact, lie

somewhere on this gradient rather_than at the extremes.
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The two reproductive strategies pefmit pobulation édaptations
to stable, predictable ehyironments on the one hand (obligate) and

uncertain, highly variable environments on the other (facultative).

The uncertainty of any environment must be measured in terms of‘thé,

species ucilizing-thac environment and the‘rssqurcss upon which that
vspec1es deponds. 1f these resources fl ucbaate in ‘an upredictablc
manner, the environment becomes an uncertalﬁ one for that spec1es.
However, another species living in the same habitat and not dependent

on the particular fluctuating resource may, in fact, consider the

environment as being stable.

~
—————

It is the degree of uncertainty in the env1ronment for a : -

partlcular Spec1es tnat determines in large measure the extent of . o By

§

facultative or leigate strategy expressea'by the population. One

.can observe closely related species with similar reproducfive regimes
employing.these two different strategies to cope with their respectively
differing envi;onmental'conditioﬂs. The tsmmar'wallaby, Macropus
eugenii, found on Ksngarso Island off the coasﬁ of South Australia
would appear to be a very strict osligatestrategist. The predictable
nature of the island climatic reglme and onset of the grow1ng season

permits adaptat‘on o‘ a r1g1d reproductlve cycle (F;g 1; Berger, 1970)

In contrast, the red kanga;oo; Megaleia rufa, living in the arid
interior of centrzl Australia ﬁas become a facultative strategist,
entering anestrus during the drought periods and resuming breeding
activity during periods of more favorable foo& supply (Fig. 2;
4News$me, 1964 and 1966). Both of these macropéd marsupials have
.léctation qqntrollédydelayed-implantation ahd.lohg psfiods of pouch

suckling. 'The wallaby, however, has modified the delay cycle with

e
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remains dormant, but viable (8 erger, 1966) The red kaagaroo, in
conﬁrast, is a continuous breeder and enters anescrus ‘with failure
' .
!
of post-partum estrus whenever envrionmental conditions become
t

i .
severe (see below). The second modification encountered in these two

species is the age of onset of sexual maturity. The tammar reaches

B
-~

sexual maturity at one year of age and is capable of reproduc1ng

e

during ‘the .breeding season following its birth, while the red kangarco

shows an irregular pattern of maturation (between 17 and 40 months

of age) dependent on the env1ronmenta1 conditions (Newsoze, 1965) .

The magnitude of reproductive expression for either a facultative
4or obligate strategist is related to a number of factors independent
of climaric v1sc1551tudes. The-sing1e~most-inportant factor in this
-regard is the longev1ty of the spec1es. Thecgreater the longevity;,
the lower the reproductive effort can be as the potentiaf of having

a second and third chance to reproduce during subsequent breeding

seasons favors conservation of energy during any ore season. The

. exact opposite is observed in short-lived animals. The need for

very high reproductive rates is obvious. The second factor which
affects level of production is the species position in the energy flowA
pyramid, or, more simply stated, the degree of predator pressure exerted
on a given species. When a species is effectively removed from severe
predator pressure by its size:(large‘unguiaCes and carnivores), by its
avaiiability (bats) or}by diverse strategies that remove the species

from the ecvironment Eor long reriods of time (kibernation), then

survival potential for the population is increased and the reproductive

eifort can correspondingly decrease. For those animals experiencing
high predation pressure, however, survival of the population is

Annandant am nradiuriae large numbers of offspring to thus maximize
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the probability of individual survival. lfost small herbivores and

gramnivores as well as a number of smalllgarnivdres and. insectivores
aie in this positioﬁ. Ia Ehése groups, large énd/or frequeqc l;tters
are charactéristicﬂ | |

‘Wheﬁher the‘séecies isAlong—liﬁed or ndﬁ or éubjgct to high

predator pressure does not affect its necessity to become a facultative

or obligate strategist. However, the magnitude offpopuiétibh

i

fluctuations observed in a facultative strategist or the population

— _ : ,
density maintained by an obligate strategist do reflect these parameters

(Fig. 4). The species evaluaﬁiqn of environmental uncertainty

determines the degree of facultative or obligate strategy expressed.

The more uncertain an environment is_for a particular species, the

more intense the facultative strategy emploved. The gradation in

' strategies observed thus becomes a function of the gradatfon in

environmental uncertainty. It should be ncted that longevity can
have a moderating effect on environmental dﬁcertainty. A long-lived
species ‘can "overlook" some of the less major environmental fluctuations

that become important to a short-lived species. The variation in

~ onset of winter snows from one vear to the next would be of little

import to deer populations, but the same climatic fluctuationms can
seriously affect mouse or vole populations. Deer, with a longevity

of some dozen vears, and producing only one fawning a’ year, have

completed their reproductive cvcle well before the winter snows ever

arrive. Mouse, and vole populations on the other hand, due to their

short life span, prcduce multiple litters and the onset of early snows
can affect juvenile survival as well as shorten the potential

breeding secason. Longevity can, in effect, act to smooth the environment
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and lesﬁen uncertaihcy for the population. However, it should be

‘ emphasizad that'longevity‘in itself does not obviate the need for

i

féculgative strategy and when environmental uncertainty is extreme,
longevity does not confer automatic immunity.

Obligate Strategy

;As stated previously, the obligate strategist is most nighly

j . A
ad%p;ed to living in a predictable envirmoment where the cycle of

reéource.availability presents little variation from year to year.
This{—;; fact, appears to be Ehe case with the tammar wallaby on
Kangaroo Island,-South Australia. The island receivés more precipitatién
fhan the nearby mainiand, averaging 22-25 inches a year. The rainfall
is extremely reliable and the.i%land ;arely experiences a dro?ght.‘
Ihe_wintér témperatufes are nild with very occasiona% frost, while
summét temperatures are never extreme (Bauer, 1963). The mild
temperatures and good rainfall allow a long vegetative growingAseason ‘
with good food quality aﬁd évailability throughout much cf the year.

The optimal season, how;ﬁér, is during the sprihg months (September -
November) when new grass grow;h occurs. It is therefore not 5urpr£sing
that yoﬁng wallabies emerge permanently from the pouch during this
season. The tarmar Qallaby experiences z non-breeding season during
which time if carries an unimplanted, quiescent blastocyst in utero.
With the onset of the breéding seascn the blastocyst resu&es development

and the females return to estrus after completion of the pregnancy

cycle (Fig. 3). From.the onset of active gestation through the period

of pouch life requires approximately 9 months. In order for the young

to be placed "on foot" at the most favorable time of the year

B (September-October), aétive.gestation must be initiated in early
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f0r a given species (Gause, 1934; Andrewarcha and Birch, 1954).
Howéver, if env1ronmental conditions change; i e., less food available,
thea it follows that "K" must change and is therefore not a conétaAg.
Only with a predictablé environment can the carrying capacity rémain‘
stable. (ihe concept -of a constant "K" is valid 6nly'in such an
environment and the postulate that each species possesses a species
specific "K" approaches validity only for an obligate strategist living
under suéh conditions. |

A.very precise reproductive pattern emerges for:the obligéte strate-

gist. Reproductive activity is an all-or-none response initiated at

a specific time, the number of offspring produced per individual per

season is constant, and the oﬁéet of sexual maturity is an age-dependent
response. The only pafameter in such a reproductive regime that is
responsive to the eﬁvironment is the onset of reproductive activity.
Because of all-or-none response and the precise timing involved, only
certain environmental parameters could effectively act as signalg.
The environmental signal must be precise and reliable on an annual
cycle. Temperature, because of its variable nature, would not be
expectea to affect the precision reproductive respénses observed in
the obligate strategist. Photoperiod and nutritional cycles under
certain circumstances do have the reliability necessary for such a
signal device.

Photoperiod as the ratio of light to dark in a 24-hour day, is
probably insufficient'in itself to act as a cue for onset of reproduction
in an obligate strategist. As demonstrated in the tammar wallaby,
ihe actual length of the photoperiod regiﬁe is less important than

the presence of decreasing photophase from one day to the next. The

Rarh LTS P A AR TR W 0
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.regions of the tropics a rainy season, or monsoon, has a very regular

j'
|

[obliéate strategist must be cued very precisely to a specific time

of the. year for initiation of reproductive activity. Thus., while

- reptoduttive activity may be stimulated by long o;.short photoperiod.

in the 1aboratory, it seems highly probable that in the natural
enviroqment a specific photoperiod length threshold if you like,
triggers reproductive responses. Further, ﬁo differeqtiate‘seasons,
the animais would respond to that threshold when it is reachédAon an
increasing'photopgfiod (spring bréeder) or Aecreasing photopériod
(fall breedér).} The constant photoperiod condiéions o§ the 1abora£ory
represent a severe.artif;ct in the study of réproductive resbonées.
Under natural :egimes, the animal.is experiencing daily changing
photoperlod——-elther decrea51ng or 1ncre351ng. Thus, for all 6bligate
strategishs, the increment of change in dally photoperlod is probably
as significant as the actual length.‘ B

The second environmental factor that may potentially'act as a
Ciignal for the onset of reproductive‘activity in an obligate strategist
is the nutritional cycles especiélly evident in the tropics. In many
pgttern of occurrence from one yeér to the next. A number of plants
initiate théir vegetative growth at the end of the monsoon and flower_.
and fruit dﬁring the dry season. For man& mammals ;he vegetative
growth of specific plant foods qndoubtedly triggers reproductive
activity. For example, the cfée shrew (Iégig g;;E) in Tﬁailand
ceases breeding altogéther in June with the onset of the monsoon season.
Breeding begins abruptly in November after the rgins‘havg stopped and

the vegetaticn has commenced to grow (Fig. 5). Stomach analyses of

tree shrews at this seascan show a dramatic shift in food habits from




-arthropods ‘to green plant tissues and fruits (Negus, 1972 unpublished)

Farther couth in the Malayan Peninsula .where rainfall is heavy  throughout

HAN

I
the year, tree shrews become asynchronous 1n their breeding, doubtless

due to the lack of a seasonal signal in the environment (Medway, 1969).
Thus;pin some tropical regions where dry and rainy seasons are highly
predictable, food resource signals afford reliable cues for obligatory
strategies. The obligate strategist is probablv:not responuing to
theiquality or quantity of the vegetation as is the facultative
strategist (see belon) but merely to the absence or presence of a
particular group of plant foods. Reproductive effort in the facultative

7

strategist is adjusted to the quality of rhe plant foods, while the

P

obligate strategist: again expresses a 51mple on-off response.

Facultative Strateev

In contrast to the environmental conditions favoring obligate
reproductive strategies, many nammalian populations live in highly
uncertain environments. The uncertain env1ronme1t presents challenging
'probleng for reproductive adjustments. Wlth no assurance of future -

favorableness, populations are obliged to cue reproductive efforts,

to immediate environmental.conditions. TheAmost successful
facultative strategists will be those species whose gestation periods‘.
are short enough (i.e. small size and short life span) so that they
can complete a reproductive cycle during limited perlods of favorable
conditions. Larger speciesAWLth greater longevity and consequently

A longer.gestation periods who exhibit facultative strategy are at a

disadvantage. Improved environmental conditions which cue initiation

of breeding activity in larzer species may not necessarily be indicative
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of- favorable Londxtlons when the of;sprlng become Lndependent. We

would thus ant1c1pate that few large species would 1nhab1t extremely .
° ; .' .

uncertain environments requ1ring employment of Sttlct facultative

I
strategies. However, large species in unpredictable ecosystems, 1in
spite ‘of failure to attain the degree of reproductive effectiveness

observed in snaller forms, cannot survive with other than facuitative

responses.

Microtine rodents, by naeure of their extremely short lifespan
(< one yearj, position in the energy pyramid (small herbivores with
high predatory pressure) and their predilection for rather uncertain
environments (gfasélands, tundra), are excellenF candidates to have
evolved extreme facultative repreductive strategies. Indeed, the
legendary violent fluctuations in density of some species (e.g.,

Microtus montanus, Dicrostonvx groenlandicus, Lemmus lemm us) attest

to the existence of highly facultative reproductive strategies. The

montane meadow vole (Micrcotus montanus) inhabits the mesic meadows

. and aspen stands throughout the montane regions of western North

“ America. A strict herbi voée of small size, adults average about 40
grams in weight. The species has a reflex ovulatory cvcle (Cross, 1971),
a gestation period of 21 days (Negus & Pinter, 1965), followed typicéiiy
by post-partum estrus. Ycung are weaned at two-three weeks, and may

N\ .
be sexually mature at five weeks of age. As the most abundant small

" mammal in the western grasslands, it is subjected to extreme predator

pressure by weasels, foxes, coyotes, nawks, owls and snekes. In the
latitudes that encompass the range of M. montanus (33° N - 50° N),

the general climatic regime is one of a three-six mencth zrowing seasom

and a six—nine month period of vegetational dormancy. However, considerable
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uncertainty attends the climatic regime of this region. The date of

b

sndﬁi@élt—off fromfthé'surche of the ground and initiation qfu
veget;tive growth varies by a month or more from year to year.
the;e is great annual variation in the termination of ﬁhengrowing
season and advent of snowcover on tﬁe ground.’ Unpreéictable droughts

of varying lengths may occur during the growing season. These climatic

fluctuations -confer considerable uncertainty cto the availabiltiy of

food resourcés for Microtus moutanus. Ig'the reproductive cycle of

M. montanus was cued solely by photoperiod signals as in the tammar
wallaby, onset of breeding activity frequently would occur during
unf;vorable'conditions and energy wastage-wouid result. Evolutionary
ééizatiqé for reproductive straﬁegy generally proceeds in the direcﬁion

\,
\ . .
of maximum efficiency under a given set of conditions and gene pool

potential.'

.Microtus montanus must have a siznal from the environment wore

accufate than photoperiod to predict the availability of fluctuating
plant food resources. The most likely éource of such a sig£al is in
thé»plant resources themselves; Such a possibility was suggested long
ago by Bodenheimer (1949) as a result of his studies of reproductive.

rates in Microtus guenfheri populations in Israel. Some years ago,

we also hypothesized the existence of a signal in the plant resources

of Microtus montanus, and initiated experiments to test the validity

J

" of the concept. Using laboratory-reared Micrctus from an éutbred
bregding colony, we tested the influence of green plant food in the

‘diet on various reproductive parameters (Pinter and Negus, l965;>

Negus 2nd Pinter, 1966). These investigaticns demonstrated that very

small amounts of fresh green plants or plant extracts in the diet can

Similarly,
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elicit a uterine weight increase, and rapid estrous response in young
females as well as affect a quantitative increase in the number of

offspfing-produced (?igs. 6 and 7; Table 1). - Wild adult Microtus,

captured in the field in October in non-breedidg condition, became

reproductively active after being fed aﬁsupplément of lettuce in the
diet for three weeks in the laboratory under a short daylength regime
(Negus and Berger, 1971). Controls without lettuce remained sexually

inactive (Table 2). The short tlme lag and the small dosage required

e ————— e e

to elic1t a respouse 1mmedlatel} suggested an hormonal rather than

—_— - - —_———— vt

nutrltlonal stimulus. Hinkley (1966) subsequently demoqstrated a

significant increase in the gonadotroph cells of the anterlor pituitary
in response to extracts of green plant foods in the diet of M. mon*anus._
It seems clear'that some substances in growing green plants are capable
of stimulating reproductive activity in this species. Fiei&-data
concerning-iﬁitiation and cessation ofvreproduction in .this species

in Wyoming ;ﬁd Utah support the contept. §imi1ar1y, field studies

.ofAthe red kangaroo (Fig. 2; Newsome, 1966) and the European :abbit
(Poole, 1960) in Australia provide evidence that plant signals are

the basis for ttiggering reproduction in the highly uncertain envirqnmént

in the interior of that continent. The experiments of Pinter and Negus

(1965) employing both diet and photoperiod as variables also demonstrate

that plant signals may act synergistically with long photoperiod, or

antagonistically with short photoperiod. We can envision that photoperiod //’

acts as a proximate stimulds in mon aﬂus. winile the plant s*gnal acts
as the ultimate stimulus for the initiation and cessation of reproductive
‘activity. This mechanism permits maximum opportunism to occur as far

as length and timing of the reproductive season is concerned, as well

D e e AP D T, 08
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as qualitative responses in the reproductive process. Batzli and

Pitelka (1971) prov1de further evidence that the fall and winter
.
bteeding season of Microtus californicus in Califormia is 51gnalled

by the initiation of grass growth with the onset of the rainy season
in October.

Facultative éﬁrategi§ts have additional means for adjusting
reﬁroauctive efforts to eavironmental viscissitudes. Contraryvto
leigate strategists that, once triggered, become Fotally‘committed
to ;eprodﬁction, the extreme facultative breeder can cease reproductive
_efforts at any time by failure of return to estrus in fesponse to
worsening conditions. A notabie aspect of the stimulating‘signals

from substances in plant resources is that they may ''come and go,"

as it were, st any time, or :hey may intensify or diminish. On the

basis of our data from Microtus montanus it appears as if frequency
[ 4

of post partum estrus and number of ova ovulated can further modify

%

reproductive efforts in response to intensity of the plant signal
(Table 3). In fact, field data confirm these laboratory observations

-

rather well. For éxaﬁplé,'field populations of Microtus momtanus

in Red Butte Canyon of northern Utah ceased breeding altogether in
July-August, 1971, in response to a prolonged dry period of about six
weeks duration. Failure to return to estrus was doubtless the mancner

by which cessaticn was accomplished. With the occurrence of one good

oy e e

rainfall in late August, breeding again commenced with more than 50%
incidence of early pregnancy in the first week of September. As ' i
discussed previously,'the same mechanism is seen to be operative in

the red kangaroo (Megaleia rufa) of interior Australia. Wwhen drougﬁt

conditions become extrame, there is no return to estrus following
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- parturition, and ‘anestrus ensues unti! rainfall occurs sufficent
to cause a new. growth cf grasses (Newsome, --1964 -and. 1965) .

. 1}
t )

‘ [fhe'stimulatory'substances in élant food reéources seem to be
vasséc?ated with the Meristematic'regions of plants. "It follows that
the c;ncentratiqns of these substances would decline if vegetati?e
growth were iﬁhiﬁited by climatic factors, oriceased altggether at
completion of the plant life cycle by flowering and fruiting;‘ Since
our laboratory breeding experiments demonstrated Both higher numbers
ot maturing follicles in. the ovaries and seme increaae in litter sizes
in respomnse to green plant food suprlements kFigs. 6 and 7; Table 3),
we would expect adjustments to be made in these parameters in wild
populations as responses to variations in the plaat resources.

During the summers of 1960 and 1961, we scrutinized this aspect of

reproduction in Wyoming populations of Microtus monranus. JWe compared

embryo counts from adult females taken prior to the fruiting cf the
primary food grasses with those from adults taken directly following
the cessation of vegetatlve plant growth. -In both vears the results

were identlcal. Prlor to frultlng of the grasses mean Pmbrvo counts’

were 6.2 {1960) and 6.3 (1961), and within two weeks after fruiting

of the grasses the méan number of embryos had declined to 5.0 and 4.9.

This evidence suggests that facultative strategists do respond in
qualitative ways to subtle changes in plant resources.

In many small carnivores a compromise exists between obligatory
and facultative reproduction. That is, in such forms as small
mustelids and canldr'the'trmlng of the feperULt’vc process remains

obligatory and is cued by photoperiod, whereas the litter size may

be highly variable, as in foxes, and is correlated with abundance of
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the prey species (Llovd, 1970) .. Whether these litter size variations
reflect, responses to nutritional influenceés Or to some more subtle "~ C

sish&l has not been determinad.
fi.Species»employing intermediate strategieé demonstrate rather

| 4 .
well!the selective effect of predictable and unpredictable events for
'6Siiéat6r§ and facﬁltati?é”féépdnﬁés respectively. For weasel and

fox éopulations it is totally predictable that the time of éreatest

fooé abundance and optimal climatic condit;ons will always occur in

the summer when prev species reach CHeirnhighest annual densitie;.
Consequently, the timing of the reproductivé eycle is obligatory and
;s_adequately cued by photoﬁeridd'signalsl However, the vearly
fluctuagions in population density of prey species are highly variable
and unpredictable. A facultatiQe response in terms of litter size‘
;djusts prodﬁctivity to this uncertain aspect of ;he small carnivecres
envifonment; Larger carnivores, wiose prey species exhibit stable
densities, do not have facultative responses in litzer éize. Large
anerbivores such aé the white-tailed deer, while obligate in the

timing of reproduc;ion, again retain a degreé of facultative response

to changes in the qualify of their food resources (Cheatum and Severinghaus,
1950). In favorable years the incidence éf twinning is high éomﬁéged to

less favorable years. o S

The ability to respond to signals from food rescurces is doubtless

s wide spread phenomenon ameng many mammals, just as photoperiod signals

]

are reliable cues for many species. This is not surprising when we.

realize that cycles ef vegetative growth occur at all latitudes while

the cycles of cnangiang photcperizd and tempercture virtually disappear
5 p r y

ey s

in the tropics. It is tempting to suggest that all facultative
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strategists db,.in'fécé;'cue to food resource cycles and only the
obligate stfétegist can remove his reproductive responses from this -
enfironmental parameter.

!
Neuroendrocrine Pathwavs

!

fSnvironmental information obviouély*plays‘a crucial role in the
regulation of reproductive processes in mammalian.fopulations\: For
'such inflﬁences to.be‘effectivé requires efficient pathwayvs for the
;ecep;ién and conversion of'informa;ion into physiological responses.

Doubtless, other members of this symposium will discuss this subject

in the detail it deserves.: We will here only suggest a neurocendocrine i

o

mechanism that appears to be involved as dn "envirommental sensor"

in mammals (Fig. 8)._. A . o ' ' ' o p.&
For many years we have known that changes in photqperiod elicit i

reproductive responses in mammals and other vertebrates (Rtwan, 1938;

ﬁarshall, 1962). These responses reéuit from increasing or decreasiﬁg ';?

amounts of FSH released by the.%nterior pituitary. However,lthe
pathway by which light information is converted to.endocrine responses
has remained an enigma. Evidence is now emerging to sﬁpport the

éoncept that the mammalian pineal is intimately ianvolved in the
conversion process (Wurtman, et al., 1968). The synthesis of

melatonin (S-me:hoxy-N-acetyltryptaminé) whi;h is synthesized only in the pineal
in mammals is ﬁighly responsiQe to light/dark cycles. The longer the
daily dark period, the more‘melatonin‘is synthesized. This catecholamine
exerts an inhibitory influence on the release of gonadotrophins

possibly via :He hypo;halamic—pituitary axis (Debeljuk, SE.él'; 19790).
'Uhéer long photoperiods less melafoﬂin‘is produqed and serum FSH

concentration increasas (Sorrentino, 1968). Pinealectomy removes



L 18

1nhib1tion by melatonln and hypertrdphy of the reproduc.ive tract
results (Reiter and.Sorrentlno, 1970) It appears.that a crucial
link has been found in the neuroendocrine pathway that transmits .
fphotOperiod signals} 'There is-stiil mdch tojleath concerning'
the manner in which the pineal accompllshes this unlque transduction.
Recently we have obtained evidence (Table 4) that plant rescurce
signals may be transmitted via this same pathway (Negus and Berger, 1971).
It seems likely iﬁac we are workisg with substances quite different

from the piaat estrogens, described by-otﬁer workers (Bickoff, 1963).
Recent experiments with ovariectomized Hicrotus failed to demonstrate

a uterine response to green plant food-supplements, suggesting these
stimulating substances are not'estrogenic id action (Berger, 1§72A
unpubllshed) Pineal weight'and hydroxy;indole-o—ﬁethyl ttansterase

activity have been demonstrated to decrease in response to green

plant supplements in the diet of M. montanus. The pineal response

to the plant supplement was similar regardless of the photoperiod

regimes to which the animals. were exposed. Thus; it appears that

both photoperiod and nutritional stimuli are mediated through the pineal

and probably the h)pothalamlc petu1tary axis. It is quite probable

that a number of different envircnmental fac'ors act via the p11eal

and other end organ receptors to elicit reproductive responses

in mammalian populaticas.
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Figure 1

The months of birth of offspring found in three different populations'—"

of tammar vallabies (Macropus eugenii), A) the natural populat*on on
Kangaroo Island South‘Australia; 85' the laboratory population raised |
in Canberra, A.C.T. Australia; and C) the iaboratory population raised
in Louisiana, United Statea | Note the complece reversal in tine of
birth of the United States population (C) as compared to the fwo
.AuSCralian pcpulations (A and B).

(from Berger,'l970)

Figure 2.

‘The percent of breeding female red kangaroos. Megaleia rufa (

throughout a 15 month period as compared to the drought index (-=--)
. _ .
for the same period in the same region. Positive values in the

}
drought index indicate increasing aridity. Note that there is .a
decrease in breeding during severe drought and a corresponding increase

to 100% performance during periods of no drought (negative index).

(after Newsome, 1966)

Figure 3.
A diagramatic representation of the vearly reproductive regime

of a typical adult female tammar (Maropus eugenii). The breeding

season and non-breeding season are demarcated by vertical broken
lines. The fate of each follicle and ovulated egg is represented by -
the same type of line.' bne'ean trace the fate of a follicle in the
orary, the ovulated egg from chat follicle ir the uterus, and the
resulting young in the pouch.

"(€vom Rercer. 1970)



Figure 4.

?A schematicAdiagram of the environmental conditions dictating

4‘ob1igaté (//1]) and- facultative (\\\\) reproductive strategies. The

influence of longevity on-environmental stability is indicated on the

abcissa and the influences of longevity and predator pressure on

reproductive rate are indicated on the ordinate. Note that both

- obligate and facultative'strategiéts can exhibit high or low.re-

productive rates and there is considerable overlap in the two strategies.
Only when environmental conditions become extreme is one strategy

employed to the total exculsion of the other.

- Figure 5.

The breeding season of the tree shrew -(Tupaia glis) near Bangkok,

~ Thailand (1965-1966), as evidenced by per cenﬁ of adult femalgs

pregnant in samples taken throughout the year. Hatched bar indicates

extent of monsoon season.

(after.Negus? 1972, jurfpublished)

Figure #/ 7

Frequency of litter sizes in Microtus montanus with 5 gms /day

of sprouted oats (greens) added to the diet, and with unsprouted oat

seeds (non-greens) added to the diet.

. Figure f é

The cumulative number of offspring produced in 110 days of mated

life in a breeding experiment with Microtus montanus. . Solid line
indicates producticn of pairs receiving sprouted oat supplements.

Broken line indicates production of pairs receiving basal diet only.
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Figure 8.

Proposed model of pathways by which envxronmental stlmuli affect

reproductive responses. The solid lines indicate known 1nteractions

and the broken lines indicate as yet unproven pathways. While the

diagram is primarily concerned with light and nutritiomnal stimuli
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it is anticipated that other environmental factors also act via one

of the two suggested pathways. . 4 : o
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- TABLE 1. Effects of feeding 5 gms/day of sprouted wheat on the estrous
cycle and reproductive tract weight in 3-4-week-cld female Microtus
montanus. {after liegus and Pinter, 1966)

P
o
X4 showing X repro.
Treatment N estrous tract wt
response . (mz)
Greens 10 90 - 42.8 (+15.4)
Control 10 10 31.7 (+13.6)
i
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TABLE 2. PReproductive tract and gonad weight responses to daily
_ dietary supplement of zrecen plants in wild non-breeding Microtus
.. montanus. Animals were held under a 8L/16D -photcperiod regime.
(after Negus and Berger, 1971)

H

No. of X reprnd. tract.
ani- Sex Treatment or gonac wt. !
mals _ (mg/g body wt.

'8 ? Greens 0.50 + 0.33 -
8 ? No greers 0.38 = 0.14 l
8 o) Greens - 0.95 + 0.56 .
8 el No greens 0.32 + 0.3LJ-

MrrT

N e

B e e



o TABLE 3. Effect of ‘feeding spinach extract oa -uvarian-activity in ...

4—week-old femaie Microtus moncanus. (after. Negus.and Zerger, 1971) -

2y i

i ' l' Mean no.
| Treatment . |- ~ N '}~ developing' ' |  Range
l follicles

Extract 10 7.5
Control 8 2.9

(#3.25) . 2-11
(¥2.90) - = 2

— !. '
' : f\
’ i
1
f
. g
[




i
i

.  TTABLE 4. Effect of daily dietary fresh plant supplemeant or" pineal
- “weight in Micrctus montanus. (atter Negus and HBerger, 1971)

z Pineai weight ‘_

No. of ~ Light Treatment
-animals | . regime o (mg)
18 . 8L 16D Greens - 0.096 + 0.028
16 8L 16D No greens 0.123 + 0.043
16 12L 12D - Greens: ©0.091 + 0.040
19 12L 12D - - No greens '0.130 + 0.068
27 leL 8D - Greens 0.08€6 + 0.040
- 24 16L 8D No greens - -0.116 + 0.047




