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ABSTRACT

The search for methods to control nuisance rodents 
prompted investigation of the synthetic estrogen, mestranol, 
to suppress reproduction. Mestranol was selected for 
trial because of its demonstrated antifertility effect 
on rats (Rattus rattus). In field trials with the steroid 
a significant reduction in testes size and sperm production 
was noted in the Merriam kangaroo rat (Dipodomys merriami). 
Trials were conducted in Southern Arizona on the Santa 
Rita Experimental Range, some 30 miles south of Tucson. 
Rolled barley with mestranol at .01 percent and .05 percent 
concentrations were placed in two ten-acre study plots.
The plots were treated three times at two week intervals 
with one-half killogram bait per acre. The first treatment 
was intended to coincide with the expected beginning of the 
Merriam kangaroo rat breeding season. Mestranol lacked 
the long-term effects necessary to reduce and control a 
polytocus desert rodent species. Mestranol, or similar 
drugs, will be given future trials to determine their 
usefulness. .
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INTRODUCTION AND LITERATURE REVIEW

This study is an initial evaluation of the syn
thetic estrogen compound mestranol (17*-ethynyl- 3-methoxy- 
estra-1,3,5,(10)-trien-17p-ol) for the control of native 
desert rodents. The Syntex Corporation developed this 
potent gametocide and completed the initial laboratory 
evaluation.

Numerous studies which have been published recently 
(Wood, 1965; Balser, 1964; and Cummings; 1966) reveal that 
artificially controlled mammal populations are difficult 
to maintain at a selected density. This investigation 
tested the effectiveness of mestranol in controlling desert 
rodents and maintaining low density populations.

One of the major problems of wildlife management 
is the manipulation of wild populations to provide densities 
in accord with habitat productivity and land-use practices 
(Wood, 1965). Control of wildlife damage often means 
control of animal numbers. The general public often 
objects to direct control (Cummings, 1966).

When control is deemed necessary, it is important 
that the methods chosen be precise and selective. No 
method is acceptable if it results in the inadvertent 
death of a great number of animals during the process of
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controlling a few that are causing damage (Leopold et al., 
1964). Cummings (1966) noted that animal control programs 
should consider protective, repellent, biological, or other 
nonlethal methods as well as reductional control. Howard 
(1967) indicated that most people accept carefully planned 
ecological dislocations in nature more readily than they 
do the elimination of nuisance vertebrates with poisonous 
materials.

There are several types of animal control methods. 
These can be broadly classified as: 1) killing; 2) fright
ening; and 3) prevention of birth. Killing is a direct 
reduction method and if enough money is spent almost any 
pest species can be reduced (Davis, 1961). Frightening 
does not directly change the mortality rate but it may 
indirectly affect it by preventing the animals from feeding 
or resting. In many populations when the mortality rate 
is increased, a density compensation occurs (Nicholson,
1957).

The concept of density .compensation infers that 
the effectiveness of a population mortality factor increases 
as the density of the population increases. In a sparse 
population a pathogen might remove ten percent of the 
population, while in a dense population it might remove . 
twenty percent.
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Christian (1957) noted that as the density of a 

rodent population increases social pressures grow, producing 
stress. This stress causes activation of the pituitary- 
adrenocortical system, which results in a related increase 
in adrenocorticotrophin and a reduction in gonadotrophins 
and growth hormone. The over-all result is a decrease in 
reproduction and an increase in mortality.

It is well known that the numbers of animals in
crease along a sigmoid curve with birth and mortality rates 
changing linearly with time. An important feature of this 
curve is that growth of a population is self-limiting and 
this self-limitation occurs in part through the action of 
density dependent factors (Davis, 1961). Wetherbee (1964) 
noted that it is difficult to artificially push most 
vertebrate pests off the top of the sigmoid curve unless 
the control effort is unrelenting or accompanied by con
current control of the biotic requirements that nurture it.

Killing and frightening are at best only temporary 
expedients in controlling rodent populations. Christian 
and Davis (1957) indicated that an effective control must 
curtail reproduction. Balser (1964) reported that by 
suppression of reproduction in a population to a level 
below that of natural mortality, a population decrease 
may be obtained with greater certainty than by increasing 
the mortality rate.



4
. Lauckhart (1962) noted that a loss or change of 

habitat might depress reproduction and increase losses 
from other causes. Poorly fed adults produce less young, 
and the off-spring that do survive are generally weaker 
and more susceptable to disease and predators.

Antifertility agents have been largely unexploited 
in the regulation of troublesome vertebrates. When re
production can be suppressed economically, this procedure 
is far superior to attempts to regulate population den
sities by increasing one or more mortality factors (Howard, 
1967).

Termination of the production of young without a 
change in cyclic breeding patterns will prevent compensation 
(Balser, 1964). This principle is the basis for control of 
insect populations by the use of sterilized males (Knipling, 
1960; Simpson, 1958); the management of predator populations 
with antifertility agents (Balser, 1964); and the management 
of canine breeding with chemosterilents (Jackson, 1953).
This principle was applied experimentally to wild foxes 
(Urocyon cineroargenteus) by hysterectomyzing vixens at the 
start of the breeding season (Lord, 1956). Sterile vixens 
and their fertile mates remained paired.

The suppression of reproduction as a means of 
managing animals offers several desirable features. In
humane treatment of animals is avoided. The population
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can be held at a particular level by avoiding compensatory 
mechanisms (Davis, 1961). Thus the effect is rather 
prompt and direct and avoids complicating counteractions.

Balser (1964) also reported that it may be more 
practical to prevent animals from being born than to reduce 
their numbers after they are partially or fully grown and 
established in a secure environment. The same author 
(Balser, 1964) noted that the use of toxic agents may cause 
a bait aversion in target species. A readily eaten anti
fertility agent may permit a higher percentage of target 
animals to be treated and non-lethal antifertility agents 
should be more acceptable to the public.

Biologists have postulated that sterile individuals 
in a population exert greater control pressure on that 
population than the removal of an equal number of fertile 
individuals. Howard (1967) indicated that sterile indi
viduals not only fail to contribute to the next generation . 
but compete for space, food, and social position. If 
sterile individuals fail to behave as fertile individuals 
socially, problems might arise. Should they lose aggres
siveness and become submissive they might be ignored in the 
normal territoriality and peck order, so that the population 
threshold might increase.

The most practical method to suppress reproduction 
at this date is to upset the normal endocrine balance by
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oral administration of a bait containing a synthetic 
estrogen (Balser, 1964). Methods of administering small 
doses of estrogen to block ovulation are well established 
for humans and for certain domestic animals. However, 
these require daily administration over a specific period 
of time, which is impractical for field application.

Small concentrations of estrogen or a larger amount 
of androgen can exert an action at the hypothalmic- 
pituitary areas in new-born rodents in such a way that 
their future ability to produce ova or sperm and sex hormones 
is essentially lost (Howard, 1967). Barraclough (1961) 
indicated that the physiological mode of action is through 
the interruption of pituitary growth. This is the area 
where Howard (1967) indicated mestranol and other estrogens 
would be most effective in sterility in rodents.

Mestranol is a highly effective antifertility 
agent acting on both male and female rodents. The Syntex 
Corporation (Syntex release, 1966) reported that in 
laboratory rodents, particularly rats (Rattus rattus), 
microgram quantities of the chemosterilant administered 
during the first five days of life as a single oral or 
subcutaneous dose prevents normal sexual development of 
both males and females. When given in slightly higher 
doses, adult female rats fail to ovulate. When similar 
doses are given to adult male rats, both the biosynthesis
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of testicular hormone and production of sperm are impaired 
or halted. When mestranol was fed or injected at low levels 
to nursing rats, significant gonadal changes were observed 
in the offspring and at slightly higher dosage levels, 
future reproductive ability was completely lost.

Field tests of antifertility agents present certain 
difficulties, one of which is identification of individual 
animals which have consumed treated baits. Incorporation of 
a chemical marker into antifertility baits would alleviate 
much of this problem providing the label was effective in 
a single oral dose and persisted in the animal for an ex
tended period of time (Linhart and Kennelly, 1967). The 
same authors (Linhart and Kennelly, 1967) reported that 
demethylchlor-tetracycline, hereafter referred to as DMCT, 
chelates with calcium ions in bones and teeth and induces 
a characteristic golden-yellow fluorescence.

DMCT is a broad spectrum antibiotic of the tetra
cycline group. The phenomenon of bone fluorescence was 
first noted by Milch, Rail, and Tobie (1957, 1958) who 
found that tetracycline-induced fluorescence in soft 
tissues disappeared within a matter of hours, but persisted 
in long, flat bones for extended periods of time. Deposition 
of tetracycline was limited to areas of new bone growth and 
thus the intensity and amount of fluorescence is directly 
related to age.



Kelly and Buyske (1960) showed that the tetra
cyclines are poorly metabolized by oral intake but that 
increased uptake can be induced by injection. Linhart 
and Kennelly (1967) indicated that even small oral doses 
of DMCT were sufficient to cause grossly visible bone 
fluorescence. Investigation of DMCT as a field label 
for antifertility studies was undertaken in this study.



STUDY AREA AND RODENT SPECIES

Study Area
The field study was conducted on the 60,000 acre 

Santa Rita Experimental Range, some 30 miles south of 
Tucson, Arizona. This Rocky Mountain Forest and Range 
Experiment Station extends from the typical creosote desert 
at an elevation of 3,000 feet with annual rainfall of 
9-10 inches, to the oak-woodland at 4,500 feet elevation 
with rainfall of 18-20 inches.

The study area was located in the creosote bush- 
mesquite lower Sonoran desert type at the lower elevations, 
in the northwest corner of the Experimental Range (Figure 
1). The area is dominated by velvet mesquite (Prosopis 
juliflora var. velutina), burro weed (Haplopapis ten- 
uisectus), creosote bush (Larrea tridentata), and annual 
grasses and is described by Shreve (1951).

Conditions found on the Experimental Range are 
believed to be representative of about 20 million acres 
of rangeland in Arizona, New Mexico, and Texas (Reynolds, 
1954). The climate of this desert grassland may be 
characterized by high rainfall and temperatures in summer 
and moderate rainfall and temperatures during the winter. 
Average winter temperatures are high enough to permit

9
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Figure 1. Location of study area on the Santa Rita 
Experimental Range, Pima County, Arizona.
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growth of plants adapted to growing at low temperatures 
when rainfall is favorable, These climatic conditions 
result in two growth periods for plants. One group, 
dominated by annual grasses, matures during the late 
winter and early spring. The other is a perennial grass 
type and matures during the late summer (Reynolds, 1958).
Mean monthly temperatures reach a low of 47°F in January 
and rise to a high of about 85°F in July.

Study Plots
In this investigation an attempt was made to evaluate 

the effects of mestranol on desert rodent populations when 
fed at 0.01 percent and 0.05 percent concentrations in 
baits. In 1966, two three-acre plots in similar habitats 
were used for this purpose, immigration of rodents into 
these areas was suspected after the mestranol treatments 
and therefore these study plots were enlarged to ten acres 
in 1967. It was felt that enlargement of the plots would 
reduce rodent immigrations and allow a more exact quanti
tative evaluation.

Each of the ten-acre plots were 250 yards square. 
Located in the center of the first plot was a square one- 
acre enclosure in the center of a second square three-acre 
enclosure. This area was constructed in 1963 in an earlier 
experiment. At that time both inner and outer areas were 
pitted, to concentrate the scant rainfall, and seeded to
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grasses and legumes (Figure 2). The low fences of both 
enclosures were designed to stop rodent or jackrabbit 
movement. They only restricted movement because both 
burrowing by the rodents and washing by rains reduced 
their effectiveness. New plant growth inside the enclosures 
was abundant enough to attract rodents. A center area of 
similar size and shape, without the low fences, was es
tablished in Plot B. A four acre live-trap study area 
was also established in Plot B.

Rodent Species
The Merriam kangaroo rat was the principle species 

upon which mestranol was tested. It was selected as the 
subject for testing because of its economic importance, 
population abundance, and its wide-spread distribution.
Other species of rodents which are indigenous to the area 
and which were captured during the investigation were the 
banner-tailed kangaroo rat (Dipodomys spectabilis), the 
white-throated woodrat (Neotoma albigula), grasshopper 
mouse (Onychomys leucogastor), Price pocket mouse (Per- 
ognathus penicillatus), white-footed mouse (Peromyscus 
eremicus), and the cotton rat (Sigmodon hispidus).

Reynolds (1958) reported that the population 
densities of the various rodent species found on the 
Santa Rita Experimental Range varied greatly from year
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Figure 2. Fenced .01 percent mestranol area which was 
pitted and seeded to grasses and legumes.
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to year. Between 1946 and 1950, he found that the Merriam 
kangaroo rat outnumbered other rodent species four to one.

In this study I found that the Merriam kangaroo rat Was 
captured at a ratio of three to one over the next most 
numerous species, the Price pocket mouse.

The Merriam kangaroo rat, a small rodent of the 
family Heteromyidae, inhabits the creosote bush type and 
some desert shrub-grasslands of Arizona, California,
Nevada, New Mexico, Texas, and Mexico. Its distributional 
range has been reported to coincide closely with that of 
creosote bush (Monson and Kessler, 1940). Most of the 
lands inhabited by Merriam kangaroo rats are managed 
primarily as rangelands for cattle.grazing. Water yield 
is low from these areas, but sediment yield is high.
Whether to furnish grazing or to reduce erosion, these 
lands must be managed so as to maintain the best plant 
cover (Reynolds, 1958).

Reynolds (1954) noted that the Merriam kangaroo 
rat is one of the important disseminaters of velvet mesquite 
seed on certain rangelands of southern Arizona. Mesquite, 
because it dominates and eliminates the more desirable 
perennial grasses, has been an undesirable invader of many 
rangelands during the past half century. Once mesquite 
and Merriam kangaroo rats become established on the same 
site, a potent animal agency is available for further 
thickening of a mesquite stand (Reynolds, 1954).
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Reynolds (1958) noted that the diet of the Merriam 

kangaroo rat is mainly seeds. Grass seeds were most often 
taken, forks were second, and shrubs, third. During the 
period of seed maturation in July, mesquite beans may 
exceed 27 percent of the kangaroo rat's diet (Reynolds 
and Glendening, 1949). A portion of the seed collected 
by kangaroo rats is stored beneath the soil surface.
Seed caches are buried h to 1% inches beneath the soil 
surface and caches contain 1 to 13 seeds which is an ideal 
environment for germination and establishment (Reynolds, 
1950A). Paulson (1950) reported that on some areas, 
enough seedlings develop from kangaroo rat caches to 
produce potentially not less than eight mesquite trees 
per acre per year.

Reynolds (1958) indicated that in advance stages 
of range deterioration, Merriam kangaroo rat activity 
may be sufficient to prevent range recovery even though 
cattle grazing is completely terminated. Many perennial 
grasses produce seed which are preferred by kangaroo rats. 
When the seed supply is low, Merriam kangaroo rats may 
consume the entire seed supply (Reynolds and Glendening, 

1949).
Maintainance of desert grasslands in a highly 

productive state requires continual attention. Severe 
depletion of perennial grasses can be benefitted by range
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reseeding. Since this practice required considerable in
vestment, the relation of Merriam kangaroo rats is im
portant (Reynolds, 1958). The same author (Reynolds,
1958) indicated that if seed smaller than 500,000 seeds 
per pound is planted, the effect of Merriam kangaroo 
rats is insignificant, but if larger seed is planted, a 
reduction of rat numbers is a wise investment. The expense 
of reducing rat populations in relation to the other costs 
of reseeding is small. Wood (1965) effectively reduced 
rodent numbers, including kangaroo rats, over large areas 
of New Mexico desert with poison at a cost of $.035 to 
$.077 per acre.

Reynolds (1960) noted that on the Santa Rita 
Experimental Range, Merriam kangaroo rats breed over the 
greater part of the year. Pregnant kangaroo rats were 
first noted by Reynolds (1960) in March, showed peaks 
during May and September, and fell to zero during the 
winter. A similar two-phase breeding season has been 
observed in Dipodomys ordii and Dipodomys microps (Duke, 
1944) , Reynolds (1960) reported that the average number 
of young per female Merriam kangaroo rat varied from 1.50 
in October to 2.18 in September.

The two peaks of pregnancy in Merriam kangaroo 
rats correspond with the periods of new plant growth in 
early spring and late summer (Reynolds, 1960). The estrous
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cycle of Microtus guentheri is apparently associated with 
a gonadotropic factor found in fresh green plant material 
(Bodenheimer and Sulman, 1946). Hungerford (1964) reported 
that vitamin A or a closely associated substance derived 
from green plant material apparently acts as a stimulator 
which influences the rate of breeding in Gambel's quail. 
(Lophortyx gambelii).

During the breeding season Reynolds (1960) noted 
that adult females occupy home ranges to the virtual 
exclusion of other individuals of the same sex. Adult 
males have slightly larger home ranges which overlap 
ranges of both sexes. The average size of home ranges 
in acres is 0.466 for adult males, 0.373 for adult females, 
and 0.243 for immature animals.



METHODS AND PROCEDURES

The present evaluation of mestranol was conducted 
in two phases, field and laboratory. The field study in
volved treatment of desert rodents with the steroid, 
investigation of mestranol1s ability to reduce and control 
rodent populations, and its effects upon rodent sexual 
behavior and movements. The laboratory phase involved 
bait acceptance tests, reproductive examination of cap
tured specimens, and histological examination of collected 
reproductive organs. DMCT's effectiveness in marking 
treated rodents was examined in the laboratory by inspection 
of each specimen.

Field Evaluation
The plots were treated with two different con

centrations of mestranol. Plot A was treated with .01 
percent mestranol, by weight, and plot B with mestranol 
at .05 percent concentration. The baits for each area 
contained .10 percent DMCT, by weight.

The plots were treated three times at two week 
intervals. The first treatment was intended to coincide 
with the expected beginning of the breeding of the Merriam 
kangaroo rat. In 1966 area A was treated on June 7, 22,

18
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and July 6. Area B was treated on June 15, 30, and July 
16. Although these treatments were somewhat later than 
the beginning of the Merriam kangaroo rat breeding season, 
it was felt they would yield useful information.

The 1967 treatment dates fell more closely to 
the optimum treatment period. Ten-acre area A was treated 
on March 25, April 7, and 21. Ten-acre area B was treated 
on March 17, 31, and April 14.

Bait was placed in all holes, runways, or other 
places where rodent activity occurred (Figure 3). Each 
application required approximately 0.5 killograms of bait 
per acre. Selective treatment allowed concentration of 
bait and kept most of the bait from exposed areas where 
non-target animals might consume it.

Throughout the study treated and control areas 
were sampled with snap-traps. The line transect prin
ciple of sampling vegetation (Canfield, 1941) was adapted 
to sampling rodent populations. Transects consisted of 
lines of 10 traps spaced 45 feet apart and trapped for 
three successive nights.

The census area covered by each trap-line was 
determined by taking the average diameter of the Merriam 
kangaroo rat’s home range as indicated by Reynolds (1960). 
Using a distance of 75 feet on each side of the trap- 
line as a basis, each line censused an area of 1.5 acres.



Figure 3. Selective application of treated bait.
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The census data was analyzed and converted into density 
per acre by the multinomial method (Zippin, 1958). There 
were advantages in using the line transect technique adapted 
to snap-traps. The small number of traps per sampling 
unit reduced labor and made possible more adequate sampling 
of treated and control areas. All captured rodents were 
examined in the laboratory.

The center areas of plot A and B were poisoned with 
heavy doses of strychnine bait in 1966 and 1967. These 
areas and their control plots were then saturated with 
snap-traps at monthly intervals for four months. This was 
done to determine if mestranol produced an area which kept 
other rodents from immigrating, and to compare mestranol1s 
population controlling ability with that of strychnine.

A live-trap study was initiated in the spring of 
1967 in a four-acre section of plot B. Fifty live-traps 
were set at weekly intervals during a three-month period. 
Traps were placed in a 50 foot grid interval system. 
Captured animals were inspected for reproductive condition, 
toe clipped for later identification, and released. By 
using the trap-retrap method, reproductive condition of 
the residents was observed over an extended period of time. 
At the completion of the live-trap study, the area was 

saturated with snap-traps to remove as many rodents as 
possible for laboratory examination.
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Laboratory Evaluation

Four Merriam kangaroo rats were live-trapped and 
placed in separate cages to test their acceptance of 
mestranol baits. These rats were acclimated to their 
new environment and food for seven days prior to testing. 
During this period the animals were fed rolled barley.
Each cage was then thoroughly cleaned and four different 
test baits were offered in each cage in equal amounts of 
five grams. The baits were placed in petri dishes equi
distant from each other. Baits were allowed to remain in 
the cages overnight. The following morning all remaining 
bait was removed and weighed; the dishes were refilled and 
replaced. This procedure was repeated for five consecutive 
days.

Rodents caught in the snap-traps were examined for 
outward evidence of reproductive condition before autopsy. 
Total length, tail length, hind foot length, ear length, 
and total weight were recorded.

From male specimens, the testes with epididymis 
intact were removed, measured, weighed, and preserved 
in ten percent formalin solution for later hystological 
examination. The entire reproductive tract, excluding the 
vagina, was removed from female rodents. This was weighed, 
measured, and similarly preserved for later examination.
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The carcass of each specimen was skinned and placed 

in a room containing carrion beetles (family Dermestidae), 
which removed the flesh from the skeleton. Exposure of 
bones to light was minimized since prolonged exposure 
greatly diminishes the intensity of fluorescence (Byske 
et al., 1960). The cleaned skeletons were grossly ex
amined under a 125 watt ultraviolet light (3600 A. U. 
to 3700 A. U.). If fluorescence was evident, it was 
assumed that the individual had consumed treated bait.

Histology
Histological examination of key tissues was under

taken to determine some of the physiological effects of 
mestranol. Serial tissue sections of female reproductive 
tracts were examined for corpora lutea, implantation sites, 
and general condition. Serial tissue sections from testes 
were examined for physiological condition and spermatogensis 
This information was evaluated and compared with other 
data collected.

Tissues to be sectioned were fixed using an Auto- 
technicon (model-2A) programmed for the following fixative 
procedure: one half hour in 50 percent alcohol, one hour
in each 70 percent alcohol and 80 percent alcohol, one 
half hour in 95 percent alcohol, three immersions of 

one half hour each in 100 percent alcohol, three immersions
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of one half hour each in xylene, and two hours in paraffin. 
The Autotechnicon is a machine made by the Technicon 
Company of New York for automatically•processing and staining 
histological tissue specimens. After the tissue specimens 
were fixed they were embedded in tissuemat. A rotary 
microtome, set to cut at 8u, was used to make sections.
The sections were mounted on slides, stained with hema- 
toxylin-eosin, and cover-slipped. Tissue sections were 
examined under a high-powered microscope.



RESULTS

Mestranol administered to desert rodents did have 
a measurable effect upon reproduction. No obvious change 
in sexual behavior or in normal movement of these rodents 
was observed.

Mestranol administered in rolled barley bait was 
readily eaten by caged Merriam kangaroo rats without 
evidence of nausea or aversion. No toxic symptoms were 
exhibited in doses up to 50 times the reported effective 
dose. An analysis of variance test (F = .276, df = 3,
56, P > .10) indicated that mestranol treated baits were 
accepted as readily as untreated baits (Table 1).

When DMCT was administered to three caged Merriam 
kangaroo rats and twelve white laboratory mice no bait 
aversion or toxicity was noted. Rodents treated with the 
tetracycline were sacrificed at intervals varying from one 
month after treatment to eight months after treatment. 
Portions of bone and tooth dentine from sacrificed animals 
showed fluorescence when viewed under an ultraviolet light. 
Gross fluorescence was most pronounced in the mandible 
and incisors. Gross fluorescence was not observed in any 
of the captured field specimens.
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Table 1. Summary of bait acceptance by caged Merriam 

kangaroo rats.

Barley
Barley 
+ Al.

Barley + Al.
+ .01 percent 
mestranol

Barley + Al.
+ .05 percent 
mestranol

N 15 15 15 15
<x 22.4 g 21.0 g 26.6 g 27.2 g
X 1.49g 1.4 Og 1.77g 1.81g
6X 1.54 1.05 1.50 1.67

Table 2. Analysis of differences in testes weight from
samples collected from treated and control sites
during 1966 and 1967.

DF Tabular t t Value Significance
.01% Vs. Control 52 3.50 10.74 p <  .001
.05% Vs. Control 46 3.52 9.99 p< .001
.01% Vs. .05% 32 3.64 4.91 p< . 001
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During 1966 and 1967, 108 rodents were snap- 

trapped on the treated areas and 68 on the reference 
areas. A student's t-'test, Table 2, indicated that the 
mean testes weight of the adult male Merriam kangaroo 
rat is associated with the steroid treatment and that 
mestranol at .01 percent concentration caused the greatest 
reduction in testes weight. A chi-square test (X̂  =
35.70, df = 1, p < .001) indicated that spermatogensis 
was associated with mestranol treatment (Figure 4).

A chi-square test (X2 = .71, df = 1, p < .250) 
indicated that the percentage of pregnant Merriam kangaroo 
rat adults was not associated with mestranol treatment. 
Figure 5 shows this relationship graphically. A chi- 
square test (X2 = .21, df = 1, p <.500) also indicated 

that the number of subadult rodents found on the treatment 
area was not associated with mestranol treatment (Figure 

6) .
On the four-acre .05 percent mestranol live-trap 

study area, a total of 46 rodents .were captured, marked, 
and released during the summer of 1967. Of these, 27 
were Merriam kangaroo rats. Thirteen of these kangaroo 
rats were captured only once which indicated a large 
population turnover and/or a great deal of movement through 
the area. Of the six adult female Merriam kangaroo rats 
captured three or more times during the study, four failed
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to show any reproductive signs while the two rats which 
showed visible reproductive signs did not do so until 
late in the breeding season. Five adult male Merriam 
kangaroo rats which were consistently recaptured were 
found to be scrotal at some time during the live-trap 
study. Three of these male kangaroo rats did not become 
scrotal until late in their breeding season.

Home range size relations of the Merriam kangaroo, 
as determined from live-trappings, were found not to differ 
greatly from what Reynolds (1960) indicated (Figure 7). 
Average size of home ranges of mestranol treated Merriam 
kangaroo rats in acres was: .484 for adult males, .401
for adult females, and .185 for all subadults (Table 3).

Live-trapping and snap-trapping of mestranol 
treated and reference areas which had been poisoned with 
strychnine revealed that mestranol treatment slowed rodent 
reinvasion. Figure 8 shows the live-trapping success over 
the four month period following strychnine application. 
Saturation snap-trapping of these poisoned areas at monthly 
intervals for four months during 1966 revealed that 
treated and control areas had nearly equal rodent densities, 
but that again invasion was slowed by close to one month 
(Table 4).

Periodic snap-trapping throughout the study using 
the line transect method yielded a population density of
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Figure 7, Home range relations of the Merriam kangaroo 
rat as determined from live-trapping a 4 acre 
mestranol treated quadrat on the Santa Rita 
Experimental Range during the summer of 1967. 
Solid lines - adult females; dash lines - 
adult males; dotted lines - immature animals.
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Table 3, Average home range size occupied by adult male, 

adult female, and immature Merriam kangaroo 
rats from May to October of 1967.

Age Sex Number Average area, acres
adult d1 5 .484 ± .022
adult 9 6 .401 + .020
immature d\9 3 .185 ± .083

Table 4. Number of rodents captured per 100 trap-nights 
on mestranol treated and control areas after 
strychnine application on June 8, 1966.

Date 
July 15 
August 8 
September 19 
October 16

Untreated Control

11.4

7.0
4.2

Mestranol Treated 
1
4.7 
6.5
3.7
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3.81 ± 0,35 rodents per acre on the mestranol'-treated 
areas. The same method revealed a rodent density of 4.30 ± 
0.47 rodents per acre on the reference area.

Histological examination of testes of adult males 
collected from treated and control areas indicated that 
spermatogensis was affected by mestranol treatment. Adult 
male rodents with testes in the abdominal position, showed 
a lack of interstitial development, degeneration of semi
niferous tubules, and no sperm production. Testes of adult 
male rodents classed as abdominal were histologically 
similar to juvenile male rodents. All male rodents with 
testes in the scrotal position showed normal spermatogensis. 
Serial tissue sections of reproductive tracts removed from 
captured female rodents on both treated and reference areas 
revealed no significant differences. Corpora lutea pro
duction, uterian development, implantation sites, and embryo 
development appeared similar. Exceptions to this were 
that the uteri of two grasshopper mice captured on the 
mestranol area were quite enlarged and filled with a milky 
substance. Also, three adult female Merriam kangaroo rats 
from the mestranol treatment area had reabsorbed their 
embryos. None of the above exceptions occurred frequently 
enough to be considered significant.



DISCUSSION

Control of a desert rodent population with mestranol 
involves many factors. Not all of its measurable effects 
on laboratory animals were duplicated in wild rodents. 
Mestranol is a potent antifertility agent and baits pre
pared with mestranol and rolled barley were removed by 
rodents on the study areas. Movement of fertile rodents 
into the treated areas tended to negate the usefulness 
of this steroid on small study areas.

Serial tissue sections as well as gross examin
ation, revealed that mestranol had an adverse affect on 
spermatogensis. Neither tissue sections nor gross examin
ation revealed a retardation of sperm production for any 
length of time. Thus sexual behavior may or may not have 
been altered. It is possible that a loss of sexual drive 
alone would cause the rodent to be replaced in the normal 
peck order.

Four of six adult female Merriam kangaroo rats 
. captured consistently during the live-trap study on the 
mestranol-treated area failed to show any visible re
productive signs during their normal breeding season. 
Although histological examination of adult female Merriam 
kangaroo rats failed to show any adverse affects caused
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by mestranol, any possible change of sexual behavior was 
not measured. Jackson (1959) indicated that antifertility 
affects may be produced without obvious histological damage.

It is possible that a delayed breeding, rather than 
complete sterilization, would negate the effect of mestranol 
at the dosages tested. An insufficient dose of the steroid 
may have had the effect of delaying ovulation and/or sperm 
production rather than terminating fertility for the entire 
breeding season.

The large variety of food in the desert and the fact 
that many desert rodents store much of their food may have 
caused insufficient dosage. If sufficient bait had been 
eaten, the dosage levels used and the frequency of treat
ments would have been sufficient to cause reproductive 
failure. Storing of the bait would tend to extend bait 
effectiveness and allow retreatment, but it no doubt caused 
much of the bait to be lost.

A bait acceptance test revealed that mestranol at 
the 0.01 percent concentration was eaten in greater quantity 
than mestranol bait at the 0.05 percent level. In the wild 
the higher dosage level might also have lower acceptance, 
making the lowest effective dosage desirable.

In this study no change in territory size or 
behavior was found with m ;tranol treatment. There was 
a question as to whether or not mestranol-treated rodents
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would produce a buffer zone which prevented immigration 
of other rodents into treated areas. During the live- 
trap study 27 Merriam kangaroo rats were caught on the 
mestranol-treated area. Only 14 of these rats were con
sidered to be residents, indicating that the other 13 
were new arrivals. Of the 14 resident kangaroo rats many 
were not captured until late in the breeding season, 
which indicated that they had also immigrated.

Mestranol appeared to slow rodent reinvasion.
Both live-trapping and snap-trapping of strychnine-treated 
reference and control areas indicated that rodent re
invasion was slowed. The lack of reproduction may have 
caused a buffer zone to occur around the poisoned areas.
The vacant areas which mestranol caused would have to be 
filled before the center poisoned areas would be reoccupied

A population reduction of 50 to 75 percent could 
be achieved, following the treatment procedure used in 
this study, in a desert situation where reinvasion was 
negligible. In this study one milligram of mestranol per 
acre would be expected to reduce an expected population 
of eight Merriam kangaroo rats to four. This assumes an 
initial population of four adults, of which two are females 
who fail to produce the four expected young.

DMCT was not an effective single dose field label 
for antifertility studies of desert rodents. Although
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DMCT did effectively mark laboratory mice and caged kangaroo 
rats, its affects were not grossly observable in the field. 
The lack of grossly observable fluorescence indicated that 
a higher concentration in a single dose, or several low 
concentration treatments are needed for effective marking 
to take place. This lack of observable fluorescence may 
be an indication that in the wild the treated bait was 
ignored.



CONCLUSIONS

Mestranol is an effective antifertility agent but 
it lacks the long-term effects necessary to reduce and 
control a polytocus desert species. Control of desert 
rodents having several litters a year required an anti
fertility agent which produces permanent sterility from 
one bait application. If this is not possible the bait 
must be made continuously available.

In a polygamous species, like the Merriam kangaroo 
rat, it appears more practical to halt fertility in the 
females, unless enough males can be affected to substantially 
reduce productivity. The breeding territory which the 
Merriam kangaroo rat adult female maintains makes her an 
ideal target for an antifertility drug, if a loss of sexual 
aggressiveness does not occur upon sterilization.

The results obtained in both the laboratory tests 
and the field tests seem to indicate that mestranol, when 
used in the concentrations tested, did result in reduction 
of fertility. Bait containing this steroid was acceptable 
to the principal species investigated, the Merriam kangaroo 
rat.

The fact that the population numbers were not 
reduced on these test areas is insignificant. Reinvasion
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by fertile rodents from surrounding areas would have re
populated these plots in a short period even if all of the 
resident rodents had been removed. I believe that anti
fertility treatment of desert areas must be done on a large 
scale in order to achieve any satisfactory rodent control. 
Treatment of large strips surrounding an area threatened 
by rodents may produce a buffer zone, which would slow any 
rodent reinvasion.

Economically, mestranol does not seem to have much 
value when applied by itself. It is necessary to wait at 
least one breeding cycle before any affects can be seen and 
many retreatments may be necessary in order to achieve any 
high degree of sterility. Mestranol, or a similar drug, 
in conjunction with other control methods will probably 
become a valuable adjunct to an integrated control of pest 
species. A combination of antifertility drugs and con
ventional methods will probably make synergistic effects 
possible, with the amount of control greatly exceeding the 
sum of the parts.

Mestranol is not the panacea for desert rodent 
control but it no doubt does have a place. Mestranol, or 
similar drugs, should be given larger scale future field 
trials to determine its usefulness.



APPENDIX

Mestranol Specifications 
Chemical Name: 170<-ethynyl-3-methoxy-estra

-1,3,5(10)-trien-17p-ol 
y\  >x-— CECH

Mestranol

Empirical Formula: Cgi Hgg O2
Molecular Weight: 310
Melting Point: 145.0 to 152.0°C
Physical Form: White solid (powder)
Stability: Stable in dry powder form over

extended periods of time
Solubility (22°C): Water- 32-34 micrograms

per lOOcc
Alcohol (ethyl)-25 mila- 
grams per cc
Sesame Oil-10 milagrams 
per cc

Formulation: At the present time mestranol
is available from Syntax Labor
atories in technical form, 97.0% 
active.
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Toxicology and Pharmocology of Mestranol 

Anderson (et al., 1966) reported that mestranol 
had a lethal dosage level of greater than 5 g/Kg in white 
mice. Rats tolerated diets containing less than 2h ppm 
for six months. Dogs were fed 2, 5, or 10 ug/Kg per day 
for one year with weight loss occurring at the high dose 
level.

Harlan rats fed 0.08 mg/Kg showed normal pregnancy, 
lactation, and fertility indices and neonatal viability 
equal to the controls but a reduced number of conceptions. 
There was no teratogenicity (Anderson, et al., 1966).

It is not likely that accidental consumption by 
pets or other desirable animals of bait containing 0.01% 
mestranol could have any toxic effects. If twenty pounds 
of bait are swallowed, this would be equivalent to one 
gram of mestranol, which is less than the reported lethal 
dosage.

Handling and Storage Recommendations for Mestranol 
Temporary estrogenic effects to man can be caused 

by repeated accidental dosages of mestranol through in
gestion of bait, by absorption through skin in handling 
of the technical chemical, or through inhalation. Ac
cordingly, inhalation should be avoided and protective 
gloves worn when handling bait or technical chemical.
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The technical chemical should be stored in a dry, 

air tight container which has been well labeled as to 
contents. Prepared bait should also be stored in a dry, 
air tight container which has been well labeled. Both 
technical and prepared baits should only be handled by 
well informed individuals who take the necessary safety 
precautions.

DMCT Specifications
DMCT is a broad-spectrum antibiotic derived from 

a strain of Streptomyces aureofaci'ens. It is closely 
related chemically to tetracycline and has been shown 
to have several advantages which make it a valuable aid 
to antimicrobial therapeutics. It has a greater anti
biotic potency and a greater stability in body fluids 
due to a slow degradation (Lederle Laboratories release 
1965).

DMCT is available from the Lederle Laboratories 
Division of American Cynamid Company, Pearl River, New 
York.

Bait Formulation
Two concentrations of mestranol were tested in 

this study. Bait containing 0.01% mestranol by weight 
and bait containing 0.05% mestranol by weight. The 
desired quantity of mestranol was placed in a small beaker
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to which ethyl alcohol (100%) was slowly added until all 
mestranol went into solution. The desired amount of DMCT 
was dissolved in distilled water and combined with the 
mestranol alcohol solution. This mixture was placed in 
a spraying device and applied to rolled barley which had 
been spread evenly on a table covered with a plastic 
sheet. Grain was mixed continuously during application 
to assure a uniform mixture. After application of mestranol 
DMCT solution to grain, the bait was allowed to air-dry 
at room temperature for 24 hours. The bait was then 
placed in well labeled plastic bags.

Percent Mestranol 
Bait Desired

Amount of 
Mestranol Per 
2kg Rolled Barley

Mg of Mestranol 
Per Gram of 
Finished Bait

0.0025 0.05
0.10
0.20
0.40
0.80
1.00

0.025
0.05
0.10
0.20
0.40
0.50

0.005
0.01
0.02
0.04
0.05

0.01% Mestranol Bait Formula 
(For Desert Rodents)

Small Batch Large Batch
Rolled Barley
Mestranol (Tech, grade 97%) 
Alcohol (ethanol)
DMCT
h 2o

lOOOg
O.lg
lOcc
l.Og
90.Occ

l.Og 
lOOcc 
10.Og

10,OOOg

900.Occ
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0.05% Mestranol Bait Formula 

(For Desert Rodents)
Small Batch

Rolled Barley lOOOg
Mestranol (Tech, grade 97%) 0.5g
Alcohol (ethanol) 50.Occ
DMCT l.Og
HgO 50.Occ

/

Large Batch
10,OOOg 
5. Og 
500.Occ 
10. Og 
500.Occ
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