
tal interpretation is peculiar to M .  mon- 
tanus remains to be determined. Howev- 
er, the ovarian response of the labora- 
tory mouse suggests the potential of a 
more general mammalian response to 
chemical cues in the food resource. 
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Chemical Triggering of Reproduction in Microtus montanus 

Abstract. In a replicated experiment, nonbreeding winter populations of Microtus 
montanus were given supplements of rolled oats coated with 6-methoxybenzoxazolin- 
one, a naturally occurring plant derivative. After 3 weeks of this feeding regime, 
samples from the populations demonstrated a high incidence of pregnancy in 
females and testicular hypertrophy in males. Control populations receiving rolled 
oats coated only with the solvent showed no  reproductive activity. These results 
demonstrate that the presence of 6-methoxybenzoxazolinone in the plant food 
resource acts as the ultimate cue to  trigger reproductive effort in Microtus montanus. 

In 1977, we presented field experimen- 
tal evidence that the montane vole (Mi- 
crotus m o ~ t a n u s )  is cued to its reproduc- 
tive effort by chemicals in the plant food 
resources ( I ) .  Subsequently, we were 
successful in isolating and identifying the 
active chemical component (2) .  Re- 
sponses to 6-methoxybenzoxazolinone 
( 6 - M B O A )  were directly comparable to 
those elicited from fresh grass supple- 
ments and laboratory experiments with 
crude extracts (3) .  However, the ulti- 
mate proof of the efficacy of 6-MBOA in 
triggering reproduction remained to be 
demonstrated in the field. We now pre- 
sent experimental proof that 6-MBOA is 
responsible for triggering reproduction in 
Microtus montanus. 

Replicated field experiments were ac- 
complished in the winters of 1978-79 and 
1979-80, in the salt grass meadows (Dis- 
tichlis stricta) at Timpie Springs, Utah. 
Previous triggering experiments had 
been performed at the identical site ( I ) .  
Experimental and control plots were se- 
lected as described (1,  4). Before each 
experiment, the Microtus population 
was sampled by livetrapping (Table 1 ) ;  
these samples demonstrated that the 
populations were reproductively inac- 
tive. We then provided supplemental 
food in the experimental and control 
plots. In the experimental plots, the sup- 

plemental food consisted of rolled oats 
coated with 6-MBOA (40 kg per gram of 
oats) (5). The supplemental food for the 
control plot was rolled oats coated with 
solvent only. Thus, the only difference 
between the supplemental treatments in 
the two plots was the addition of 6- 
MBOA in the experimental plot. Oats 
were distributed in each plot at the rate 
of 1 kg every 7 days for 3 weeks. Petri 
dishes containing the oats were placed 
beside runways; the food was protected 
from weather by galvanized metal shel- 
ters (6).  

When the supplemental feeding period 
was terminated, both areas were sam- 
pled by livetrapping, and the animals 
were killed and examined for reproduc- 
tive activity (7) .  In the winter of 1978-79, 
the experimental regime was initiated on 
13 January 1979 and terminated on 1 1  
February. In the winter of 1979-80, a 
similar experiment was initiated on 24 
November 1979 and terminated on 17 
December. The rationale for the earlier 
timing of the second experiment was to 
determine whether there was a period 
before the winter solstice (22 December) 
when the population would be unrespon- 
sive to 6 - M B O A .  The two experimental 
regimes produced essentially identical 
results (Table 1 ) .  

In both experiments, a large propor- 

Table I. Reproductive responses of female and male Microtus montanus to supplements of 6- 
MBOA coated on rolled oats (E) during January and February 1979 (experiment 1) and 
November and December 1979 (experiment 2), compared with responses of control animals (C) 
that received supplements of rolled oats coated only w ~ t h  the solvent. 

Date ,,, Proportion Weight of 
Sex Treatment pregnant uterus or testes 

(mg) 

Experiment 1 
4 December 1978 0 Presample 6 0.0 4.6 + 1.5 
11 February 1979 0 E 11 0.6 58.6 t 8.0* 
11 February 1979 P C 11 0.0 32.7 t 18.2 
I1 February 1979 d E 11 231.6 + 55.8 
I1 February 1979 d C 8 139.2 + 76.6 

Experiment 2 
29 October 1979 0 Presample 8 0.0 10.6 t 5.4 
18 December 1979 0 E 7 0.86 40.1 + 8.7* 
18 December 1979 P C 22 0.0 14.2 + 7.9 
18 December 1979 d E 9 137.2 + 35.1 
18 December 1979 d C 10 63.2 + 57.2 

*Includes only the uterme weights of an~mals not vlslbly pregnant. 
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tion of the females in the experimental 
plots were in early pregnancy at the 
termination of the regimes. None of the 
females in the control plots were preg- 
nant, nor were there large follicles in the 
ovaries. The mean testicular weight of 
experimental males was considerably 
greater than that of control males (Table 
1). There was no apparent inhibition of 
response in the experiment that preced- 
ed the winter solstice. 

These results demonstrate that 6- 
MBOA elicits a rapid commitment to 
reproductive effort in both male and fe- 
male Microtus montanus. The signifi- 
cance of this response can now be 
placed in ecological perspective. 2,4-Di- 
hydroxy-7-methoxy-2H-1,4-benzoxazin- 
3-(4H)-one (DIMBOA), the precursor of 
6-MBOA, is particularly abundant as the 
glucoside in vegetatively growing young 
seedlings (8). Injury of plant tissue by a 
predator releases enzymes that facilitate 
a rapid conversion of DIMBOA to 6- 
MBOA. When Microtus eats young, ac- 
tively growing plants, it ingests 6- 
MBOA. This chemical, therefore, repre- 
sents a reliable cue that the vegetative 
growing season has begun. Timing its 
reproductive effort to the 6-MBOA cue 
permits this short-lived herbivore to pro- 
duce offspring at the optimal time for 
survival of the young, even in fluctuating 
environments. In essence, the cue en- 
sures that an abundant vegetative food 
resource will be available in the near 
future and is an indicator of spring graw- 
ing conditions as well as of drought ter- 
mination. 

Many mammalian species appear to 
utilize changes in the photoperiod as 
cues to initiate or cease reproductive 
efforts (9). Although photoperiod 
changes are sufficient cues in highly pre- 
dictable environments and for species 
with longevities of several years, Micro- 
tus montanus typically lives less than 1 
year and has only one breeding season in 
which to make a reproductive effort. 
Being strict herbivores in montane grass- 
lands, these animals use a food resource 
whose abundance is temporally uncer- 
tain; that is, vegetative growth might 
begin in a montane meadow during April 
in one year and during late June in anoth- 
er, depending on snowmelt and other 
climatic conditions. Thus, photoperiod is 
of little predictive value, whereas the 
presence of 6-MBOA in plants affords 
close tracking of the food resource and 
optimal timing of reproductive effort. 
Field observations have confirmed that 
Microtus montanus populations syn- 
chronize reproductive effort with the on- 
set of vegetative growth, including ces- 
sation of reproduction during drought 

and immediate resumption after rainfall- 
induced vegetative growth (10). 

This cueing mechanism may prove to 
be common among herbivorous mam- 
mals inhabiting highly unpredictable en- 
vironments. Observational data on rab- 
bits, kangaroos, other microtine rodents 
and desert rodents (11) suggest that these 
species may also respond to cues from 
their vegetative food resources. Our in- 
vestigations of the physiological path- 
way of 6-MBOA in Microtus indicate 
that the site of action of 6-MBOA is high 
in the neuroendocrine circuitry. Accord- 
ingly, 6-MBOA may elicit reproductive 
responses in a wide spectrum of verte- 
brate systems. 

The population consequences of this 
reproductive cueing mechanism await 
further study. However, our present 
knowledge of differential age at first re- 
production and fitness of Microtus mon- 
tanus cohorts (10) indicates that yearly 
differences in the time of appearance of 
6-MBOA in the food resource may exert 
large effects on population dynamics. 
Thus, 6-MBOA may have a role in the 
legendary multiannual population fluctu- 
ations of microtine rodents. 
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Photoregulated Ion Binding 

Abstract. A photoregulated chelating agent has been synthesized. It is a photo- 
chromic azobenzene compound containing two iminodiacetic acid groups and can 
exist as cis and trans stereoisomers. The planar trans isomer does not bind zinc ions. 
On exposure to light of 320 nanometers, the trans isomer is converted to a nonplanar 
cis isomer, which, because of cooperativity between the two iminodiacetic acid 
groups, binds zinc ions with the value of the binding constant estimated to be 
1 . I  x 10' 0.2 x lo5 liters per mole at a ratio of one molecule of chelating agent to 
one zinc ion. The interconversion of the cis and trans isomers is reversible, 
suggesting possible application of this class of compounds as photoresponsive ion 
pumps. 

Photochromic compounds (I) function 
as photoregulators in such naturally oc- 
curring photoresponsive systems as the 
retina of the eye (rhodopsin), the purple 
membrane of halophilic bacteria (bacter- 
iorhodopsin), and the phytochrome sys- 
tems of plants (2). Common to all of 
these systems is a mechanism by which a 
light-induced change in the configuration 
of a low molecular weight photochromic 
compound induces a conformational 
change in a macromolecule. In model 
systems constructed to mimic the behav- 
ior of these naturally occurring process- 
es, enzyme activity (3) or ion fluxes 

70 0036-807518111002-0070$01.00/0 Copyright O 198 1 AAAS 

through a membrane (4) are modulated 
by a photochromic effector. 

In this report, we describe a photo- 
chromic compound that can be induced 
to bind or to release an ion when stimu- 
lated by light of appropriate wave- 
lengths. Although we know of no analo- 
gous low molecular weight compounds 
in nature, a study of molecules of this 
kind may provide information about 
macromolecular ionophores that are reg- 
ulated, directly or indirectly, by light (5). 
Moreover, compounds of this type might 
be useful as photoswitching devices in 
biological experiments (6) and could also 
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