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ALPHA-NAPHTHYL TH IOU REA AS A CONDITIONING REPELLENT FOR PROTECTING CONIFER SEED 

PETER C. PASSOF, Forest Advisor, Cooperative Extension, University of California, Ukiah, California 
REX E. MARSH, Specialist in Vertebrate Ecology, Wildlife and Fisheries Biology, University of California, 
Davis, California 
WAL TEA E. HOWARD, Professor of Wildlife Biology and Ecologist, Wildlife and Fisheries Biology, University 
of California, Davis, California 

ABSTRACT: The object of this study was to find an alternative rodent repellent to take the 
place of endrin when direct seeding to regenerate coniferous forests. Compounds with 
aversive conditioning repellent attributes were screened . Even though still falling far 
short of endrin, which also acts as a lethal rodenticide, alpha-naphthylthiourea (ANTU) 
treated seed produced about twice as many seedlings as did the untreated seed. Both the 
laboratory and field evaluation procedures and results are discussed. It is hoped that 
with more research the efficacy of ANTU as a seed protectant can be further Improved. The 
compound is much too promising to abandon as a candidate repellent for deer mice and 
possibly other rodent species. j 

INTRODUCTION 

Deer mice (Peromyscus spp.) and other seed-eating rodents have long been considered a 
major problem when conifer-forest regeneration is by direct-seeding methods. The nature 
and severity of the problem and need for counter-measures have been well substantiated 
(Abbot, 1961; Hooven, 1958; Moore, 1949; Smith and Aldous, 1947; Spencer, 1954; Tevis , 1953 
and 1956). Both deer mice and other rodent species consume much of the seed used in rees
tablishing vegetative cover following burns and in improving range or wildlife habitat. 
The literature on seed predation by animals has been very thoroughly reviewed by Janzen (1971) . 

Endrin, a persistent chlorinated hydrocarbon insecticide has been used as a rodent 
repellent on conifer seeds since 1956 (Fish and Wildlife Service, 1956}. According to 
Radwan et al . (1970} endrin was introduced then by the U.S. Fish and Wildlife Service as an 
interim-Seed protectant until a better protectant was .l_Vailable. Early formulations used 
to protect conifer seeds contained both thiram (ArasarfW) and endrin; however, in some regions 
of the western states thiram was eventually omitted because evidence was lacking that it 
benefited seedling production (Crouch and Radwan, 1972}. Increasing concern over environ
mental contamination with chlorinated hydrocarbons has prompted studies to find an equally 
effective seed protectant that lacks the undesirable characteristics of endrin. Adverse 
effects on fish and other wildlife from endrin used as an insecticide have been well docu
mented. The significance of isolated incidents of bird losses from endrin-treated tree seed 
has not been established (Hamrick, 1968). 

Endrin as a conifer seed protectant seems, from the little evidence available, to 
possess no significant or potentially significant wildlife hazard . Endrin as an insecticide, 
howevet, is for the most part beyond the challenge as a hazard. The reason for the difference 
is that endrin as a seed protectant is used in relatively minute amounts and applied very 
infrequently. The difference is confirmed by research of Bollen and Tu (1971} and Marston 
~ !.!_. (1969). 

Because of current attitudes toward all persistent chlorinated hydrocarbons, however, 
it would appear that endrin will soon be drastically restricted if not eliminated.* 
Present constraints prevent certain governmental agencies from making use of endrin for any 
purpose . Hazards related to endrin-treated conifer seeds are currently being investigated 
in southeastern forests. Some foresters and scientists take the optimistic attitude that 
endrin as a seed protectant is a sound and environmentally acceptable practice to reduce 
rodent losses, as is evidenced by its use as a conifer seed protectant for 18 years. To 
discontinue use of endrin without the availability of suitable alternatives will certainly 
be challenged by many, because a substantial number of acres is seeded annually (Table 1), 
and endrin has been the most effective means of preventing rodent depredations . 

* The authors• discussion of endrin in this article is for the purpose of providing back
ground information and in no way is intended to constitute a recolllTlendation or endorsement 
of the use of endrin. 
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Table I. Forest direct-seeding in fiscal years 1967 to 1973 on federal lands, nonfederal 
public lands, and private property.* 

Acres Direct-Seeded 
Ownershle 19~7 19~8 19~9 1970 1971 1972 1973 

Fede ra 1 Lands 56,480 51,510 67 ,950 67 ,370 5'4,931 lt5, 15lt lto, 109 

Nonfederal Public lt,555 8, 153 9,600 8,6'47 8,778 lt, 115 8,628 

Private Property 120,967 158,335 llt7,0lt3 187,51'4 179,232 175, 192 152,091 

Total Reported 182,002 217,998 224,593 263,531 2'42,9'41 22'4,461 200,828 

* Figures from U.S. Forest Service, Department of Agriculture, Annual Reports - Forest 
and Windbarrler Planting and Seeding in the United States. 

It usually is not possible to establish tree stands of the density desired by direct 
seeding methods if an effective rodent repellent is not used . In some situations total 
failure can be expected. If populations of the depredating species of rodents are effec
tively reduced, much protection is provided to the untreated seed. The control of forest 
rodents was practiced prior to the introduction of endrin (Hooven, 1953), and in some 
situations rodent control with toxic bait is currently used in conjunction with endrin 
t~eated seed (Passof , 197'4). 

Many individuals recognized that foresters would inevitably be faced with the problem 
of losing endrin because of increasing opposition to persistent chlorinated hydrocarbon 
pesticides . We embarked upon preliminary rodent repellent studies in 1967 , but did not 
initiate a systematic screening program in search of substitutes for endrin until early in 
1969. This early research was supported by the California State Division of Forestry, and 
reported in the 1969-1970 Progress Report to that Division (Howard and Marsh, 1970) . 
Unfortunately, an economy move forced the California Division of Forestry to terminate this 
support, but thanks to the efforts of concerned individuals at the Portland Center of the 
U.S. Bureau of land Management, a contract was negotiated with BLM to continue our search 
for a substitute for endrin. 

SE~ECTING CANDIDATE MATERIALS 

We evaluated just those compounds that were known to us, based on our previous expe
riences In rodent behavior or on literature reports, to have repellent qualities. Where 
repellency appears to have some correlation with chemical structure, candidate compounds 
were then selected by chemical structure alone. In our selection of candidate compounds 
for evaluation purposes we took into consideration their availability, costs, suitability 
for registration, and their physical and pharmacological properties. 

There are decided advantages of selecting compounds that are already on the market, 
especially those that are presently registered as pesticides. Expanding an existing 
registration to include the protection of forest seeds may take only a fraction of the 
time and expense required to register a new chemical. Also, seed protectants against 
rodents have such a limited marketing potential that few companies would be interested in 
anything other than one of their products a lready marketed. 

·The Fish and Wildlife Service Wildlife Research Center at Denver screened hundreds of 
compounds of relatively unknown characteristics for many years, testing for both toxic and 
repellent qualities (Kverno and Hood, 1963). Since this procedure did not uncover a su i t
able and marketable substitute for endrin, we chose to make our selection of potential 
candidate repellents quite narrow, but to include compounds having aversive conditioning 
attributes. 

Having more than a single research team involved in eva luating repellents has some 
decided advantages since different test approaches or procedures may select different 
compounds of merit as candidate materials . As an example, preceding our systematic s creening 
program, the University's Statewide Extension Forester asked whether we had any suggestions 
for possible conifer seed protectants. Since resea~ch under way on rodent chemosterilants 
had shown that estrogenic compounds such as diethylstilbesterol (DES) and mestranol in diets 
created strong aversions to those diets, they seemed logical candidates as rodent repellents . 
Subsequently, batches of Douglas-fir (Pseudotsuga menziesii), red fir (Abies magnifica), and 
ponderosa pine (~ eonderosa), seed were treated with DES, and .other batches were treated 
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with mestranol. A resulting series of Douglas-fir seed spot tests established in Mendocino 
County was discussed as part of an Animal Damage Field Trip held in the area · In l968 (Passof 
1968). Even though the field results were di sappointing, H. A. Radwan of the U.S. Forest 

1 

Service alertly observed possible reasons. Through his foresight and that of his col
leagues, mestranol was further tested and demonstrated efficacy at levels of 2% -on Douglas 
fir seed (Crouch and Radwan, 1971) . This higher concentration of mestranol has given 
promising results in further tests in laboratory and fiel~ by the Forest-Animal Unit of the 
Bureau of Sport Fisheries and Wildlife, Olympia, Washington. 

LABORATORY EVALUATION PROCEDURES 

Our procedure for evaluating the laboratory efficacy ·of a candidate compound Is designed 
for great sensitivity to avoid overlooking a compound which mig~t- pro~uce a con~it i 9ij~~ 
repellency . Condit ioned repellency results from. the abil i ty of deer mice to ass9ciate . an 
initially acceptable compound which produces a physiological change causing some discomfort 
or ill feeling in the animal . This previous experience causes t~e animal to r~ject or 
avoid the compound in future exposures. This learned avoidance or aversive conditioning is 
also called conditioned repellency. It could be cons i dered loosely synonymous with "bait 
shyness", learned avoidance associated with sublethal toxicity. Conditioned repellency Is 
be! ieved to be quite different from simple taste or odor repellency, where a compound is 
rejected because of gustatory or olfactory stimulus without any deep-seated biological 
activity acting as reinforcement. After an initial exposure, both taste and odor can 
provide cues for future rejection. Olfactory acuity is highly developed in deer mice 
(Peromyscus maniculatus) and a major factor in their ability to locate conifer seed (Howard 
and Cole, l967; Howard~!:!.!._. 1968). Our previous studies suggest that conditioned repel
lency may take slightly longer to develop, but is more lasting. We have demonstrated that 
conditioned repellency produced in deer mice with sublethal levels of sodium fluoroacetate 
(1080) lasted for at least eight months (unpublished) . 

In the initial screening tests, 50 treated sunflower seeds are offered to each of ten 
(sexes equal) individually caged mice not previously used on any test or previously exposed 
to sunflower seed. They were also provided with Purina laboratory chow to reduce any 
possibility of a test bias resulting from starvation . Laboratory chow is not a preferred 
food of deer mice . These tests were always conducted with a minimum of ten mice for six 
consecutive days, with results tabulated daily. The criteria used for determining the 
efficacy of a candidate compound in the laboratory was the number of treated seeds cracked 
open , regardless of whether the endosperm had been eaten . A corresponding number of mice 
were used for controls and received 50 untreated sunflower seeds. Since sunflower seeds 
are highly preferred by deer mice, they worked well in the initial screening tests. The 
most promising candidate compounds were later tested using 100 Douglas-fir seeds daily per 
test animal. Conifer seeds were not used in the initial screening tests because· of their 
high cost and the quantity of seed required for the nutritional needs of deer mice to be 
sat isfied even partially. We normally treat seeds in lots of, at least, 500 grams to 
minimize errors in preparation. 

We believe that a test duration of six days is highly important and much more likely 
to reveal a conditioned repellency than the three-days as outlined by Kverno and Hood (1963). 
Other laboratories are now also using test periods longer than three days. It is highly 
possible that a ten-day period would turn up· additional conditioning repellents, although 
losing so much seed initially under field situations could make the candidate material of 
low practical value . 

LABORATORY EFFICACY 

During our laboratory screening of selected candidate repellents we came up with 
several promising ones. This included several chlorinated hydrocarbons - dleldr~ and 
chlordane, of which dieldrin held the greatest promise. Colchicine and Gophaclde were also 
effective aversive conditioners but , for other reasons were not pursued beyond the Initial 
screening tests. Also waiting further evaluation is red squill, a plant extract containing 
"scilliroside'~ one of the glycosides which is quite biologically active on some rodent 
species. Of those compounds screened, thiourea and two derivatives, alpha-naphthylthiourea 
and l-phenyl-2-thiourea, all ranked high in producing a conditioned repellency toward the 
treated seed. The influence on seed germination of these three compounds will be discussed 
later in detail, but phytotoxicity studies eliminated all except alpha-naphthylthlourea. 
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Alpha-naphthylthiourea (commercial rodenticide grade, active ingredient 92%) was 
evaluated In.the laboratory as an aversive conditioner on P. maniculatus, P. truei, and 
laboratory mice (Mus musculus}. Results were quite comparable for all ~hree species. 

A typical example of the ability of 4%-alpha-naphthylthiourea (commonly referred to as 
ANTU} to Induce an avers~on to Douglas-fi~ seed i s provided in Figure I . The average 
consumption of Douglas-fir seed by!_. man1culatus dropped from 60.2 to 1.2% by the third 
day and rose slightly to 6.2% on the sixth day . Reduction in seed consumption from the 
first day's exposure to the sixth day amounts to 89.7%. Seed consumption by P. truei on 
the sixth and flnal day of the test was 27.3% of that on day one (a 72.7% reduct1"0ilT:'" 
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Figure I. Aversive conditioning response when two species of wild 
captured Peromyscus were offered Douglas-fir seed treated with 4% 
ANTU for six consecutive days. Ten mice (sexes equal) made up 
each of the two groups, with each mouse offered 100 treated seeds 
daily pl us . laboratory chow. 

P. maniculatus from our own breeding colony did not differ appreciably in results from 
P. maniculatus collected from the wild in Mendocino County (coastal region) and near Mount 
Shasta (inland region). Replicated tests indicate some variations between individual mice 
and between groups of mice, not surprising in view of the complexity of the cause and 
effect relation in aversive conditioning. The data suggest that aversion develops faster 
from a large initial (first night) exposure to the compound, though further study is needed. 

While 1% ANTU protected sunflower seed from deer mice, 4% was necessary for the same 
protection of Douglas-fir seed . This is probably an· expression of surface area, although 
hardness and texture of the seed coat and the ability of the mice to manipulate seed of 
certain shapes and sizes may also play an important role. The optimum percentage of active 
ingredient wi I .I have to be determined for each species of tree seed. 

Adequate techniques for measuring simultaneously both the magnitude and frequency of 
reinforcement to maintain a meaningful aversion have not been developed for this compound 
or for any other potential conditioning repellent. From our particular studies of various 
aversive conditioners we are convinced that the aversion in deer mice is associated 
primarily with the chemical not with Douglas-fir seed. If th.at holds true in comprehensive 

283 



studies, untreated seed will get very li~tle protection from . deer mice, if any,, io 
blendings of treated and untreated Douglas-fir seed. This may not be the case with other 
rodents or with food items ranking lower in the animal's food preference. 

Douglas-fir seed treated with 4% ANTU and. offered in a free-choice situation under 
laboratory conditions is rarely fatal to deer mice. 

CHARACTERISTICS OF ANTU 

ANTU was initially developed in a rather unusual manner. - During World War 1.1 a cur
rently used rodenticide, red squill, wa·s no longer available since it came mostly from the 
Mediterranean area, where shipping was curtailed . This prompted Dr. Curt Richter in early 
1942 to investigate the possibilities of thiourea derivatives as a pot~nt i al substitute for 
red squill. Phenyl thiourea (phenylthiocarbamide or l-phenyl-2-thiourea}, used in numerous 
studies on taste thresholds and on the inherita.nce of taste ability. in humans, was found to 
be highly toxic to laboratory rats (Richte r and Cl isb·y, 1941). Thfs then led to a study of 
closely related compounds, including the parent compound, thiourea . 

As the result of Richter's studies alpha-naphthylthiourea was selected and developed 
as a rodenticide for Norway rats (Rattus norve icus}. It was found not to be sufficiently 
toxic for other species. ANTU, (C10H7· NHCSNH2 or (C11H10N2S}, is one of the s \ngle 
N-substituted thiourea derivatives . It contains the thioureido grouping (NHCSN~2 }, in which 
only a single hydrogen of the thiourea molecule is replaced by a substitute (Dieke et al., 
1947). --

In our· studies of suitable conifer seed protectants we evaluated only 14 of several 
hundred thiourea derivatives that are available. The thiourea derivatives are a fasci
nating group of compounds which should probably be scrutinized more closely for their 
potential in resolving vertebrate pest problems. Quite apart from the ANTU used as a 
rodenticide, other thiourea derivatives have proved to be Interesting compounds in fields 
as varied as medicine, biochemistry, physiology , behavior, and genetics (Richter, 1945). 

ANTU varies considerably in toxicity to different animal species , with Norway rats 
(Rattus norve icus} being the most susceptible . In fact the closely related roof rat 
(R. rattus and the house mouse (H. musculus} are not sufficiently susceptible for the 
compound to be useful as a rodentTcide against them. Birds are considered highly immune 
to ANTU . Twelve Rhesus monkeys (Hacaca mulatta} given ANTU by stomach tube in 10% acacia 
solution gave an L050 of 4,250 mg/kg (Freeman , 1954). If toxicity to humans parallels 
that of primates, it means that the compound is a very safe material for man to use. In 
the absence of specific data on humans, however, ANTU should be handled with care to avoid 
accidental ingestion or unnecessary exposure. 

The parent compound thiourea was shown in 1933 to prevent browning in cut fruit, and 
patents were obtained for that use. It was also found to prevent mold on wheat and to 
protect oranges against stem-rot, but since the compound depressed thyroid activity it was 
considered unsuitable for use in foods (Jacobs, 1958) . 

At present, although available and federally registered for Norway rat control only, 
ANTU is not used extensively as a rodenticide. Given most often for its lack of popularity 
are the following reasons: 

1. It is effective only for Norway rats, not for other conman commensal rodents 
such as roof rat and house mouse. 

2. ANTU is not especially well accepted in baits, and, therefore, is effective 
only with highly preferred foods such as horse meat or fish. Prebaiting is 
necessary to insure maximum effectiveness. 

3, Sublethal doses produce bait shyness, an aversion to the bait and/or the 
toxicant (Gaines and Hayes, 1952). Depending on the level of exposure this 
bait shyness in rats can last for at least four months . Hence, ANTU cannot 
be used on the same population of rats without a relatively long waiting 
period between poisoning programs. 

4. An induced tolerance can develop in rats from small sublethal doses. This 
tolerance decreases control, though not nearly as significantly as does 
bait shyness . 
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The mode of action of this compound and factors affecting physiological activity have 
been studied in some detail (Bentley et!.!_. , 1955; Byerrum and DuBois, 1947; Di eke et al., 
1947; DuBo is ~!J_., 1946a, 1946b; Dieke and Richter, 1945, 1946 ; Karel and Meyer, 19"4'8; 
Kusano ~!J_., 1972; Lillie, 1945; McClosky and Smith, 1945; Meyer and Karel, 1947, 1948; 
Rall and North, 1952). 

DuBois ~!l· (1946b) found that ANTU markedly interferes with carbohydrate metabolism 
in rats. The prominent and cons i stent pathological changes are pleural effusion and 
pulmonary edema. An accumulation of fluid in the chest cavity literally drowns the animal. 
Norway rats are highly susceptible to ANTU , whereas dogs and pigs are moderately susceptible. 
Some species, such as dogs, can be protected by the emetic properties of the compound even 
If a fatal dose is ingested (Richter , 1945) . 

When ANTU is used for controlling Norway rats, there is little documented evidence of 
secondary poisoning occurring, and in some references secondary poisoning has been reported 
not to occur (Fish and Wildlife Service, 1959; National Pest Control Association, 1970). 
When rats poisoned with the compound were deliberately fed to pigs, no deaths resulted. 

The various characteristics which make alpha-naphthylthiourea a poor rodenticide for 
most species are the reasons the compound was selected as a conditioning repellent to 
protect conifer seed from deer mice. 

Any potential seed protectant must be tested for possible phytotoxic ity to the seed 
and emerging seedlings . Inhibitory effects on germination were evaluated for the parent 
compound thiourea and two of its derivatives , l-phenyl-2-thiourea and ANTU, all having 
repellent potentials. Each of three seed samples was treated with one of the test compounds 
at the concentration of 4% by weight . All treated seed and untreated controls were from 
a single lot of Douglas-fir seed. Seed germination tests for phytotoxicity were conducted 
by the California Department of Food and Agriculture Seed Laboratory prior to any field 
evaluations. Old seed which was unsuitable for commercial purposes was used, so germination 
percentages are lower than normal. 

The results (Table 2) showed l-phenyl-2-thiourea to be highly toxic to Douglas-fir seed . 
Thlourea is also considered toxic, although samples #10001 and #10005 had respective 
germinations of 36% and 25%. In any case, these two samples were classified as abnormal 
germinants by the seed analyst. These germination tes ts were read after 26 days and 
conducted without prechilling the seed at the seed laboratory. 

Table 2. Germination tests of Douglas-fir seed treated with thiourea and two derivatives. 
All samples from the same seed lot (California Division of Forestry #23 ) and were trea ted 
on June 24 or July 8, 1971 . After treatment, half the samp les were stored at room tempera
ture and half in the freezer until they were sent to the seed laboratory in mid-September, 
1971. 

Laborato!)'. No. Chemical Treatment (%) Percent Germination Posttreatmen t Stora9e 

10004 l-phenyl-2-thiourea (4.0) 0 a 

10000 l-phenyl-2-thiourea (4.0) 0 b 

10005 thiourea (4.0) 25 a 

10001 thiourea (4.0) 36 b 

10006 alpha-naphthylthiourea (4.0) 40 a 

10002 alpha-naphthylthiourea (4 .0) 45 b 

10003 control (untreated) 51 b 

a = stored at room temperature until sent to seed laboratory. 
b - stored in freezer until sent to seed laboratory. 

Seed treated with ANTU and then stored at room temperature had 11 % l owe r germination 
than the control. Seed stored in the freezer following treatment had only 6% lower g~rmi
nation than the control seed also stored in the freezer. Of the three compounds, ANTU had 
by far the least effect on germination. 

These germ i nation tests indicated that ANTU would not likely in hib it ge rmination in
tolerably. A slight increase in seeding rate could be used to compensa te for this l oss, 
hence the first field tests were planned for and conducted in the winter of 1971. 
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In 1972-73 we encountered some problems of phytotoxicity from the seed treatment. To 
what extent it influenced our f ield studies we do not. know, possibly very Httle, for the 
seed was applied very shortly after treatment. Many seed samples set aside~ for later ' 
germination studies had drastically reduced germination, but since one particular treated 
seed lot germinated at 89% and an untreated sample of the same lot germinated at 86%, we 
feel that the problem was caused or hastened by handling or storage conditions. Whether the 
ANTU itself or the chemical impurities present are responsible remains unknown. Impurities 
are under suspicion, and progress has already been made - in finding sources of purer ANTU . 
Volatiles given off by ANTU or its impurities are apparently capable of inhibrtlng germina
tion in untreated seed samples stored in the same container. 

It is interesting that parent compound, thiourea, has been used to break dormancy· rn -
bi~terbrush (Purshia tridentata) seed (Pearson, 1957). This permitted artificial seeding 
of bitterbrush in the spring , thereby reducing the much greater seed depredation by rodents 
that occurs when seeding is in the fall. Pearson might well have received some unknowing 
benefits from his dormancy- breaking seed treatment, for some repellency to rodents may have 
resulted if significant amounts of thiourea remained on the seed. The value of modifying 
seed germination with thiourea has been studied by others also (Deuber, 1932; Sanderson and 
Mcintosh, 1961; Thompson and Kosar, 1939; Tukey and Carlson, 1945) . Johnson (1946) studied 
the effect of thiourea as a substitute for cold treatment on some forest tree seeds. A 
thorough review of research on thiourea and its value in breaking seed dormancy l'JlaY provide 
a better insight on overcoming phytotoxicity. / 

FIELD TESTS 

The most prom1s1ng results in the 1971-1972 field evaluations were on a 20-acre · rec
tangular parcel in Mendocino County. After division into two nearly square ten-acre plots 
of comparable physical characteristics, the west plot was seeded with 4% ANTU Douglas-fir 
seed, and the east plot with untreated seed, both seeded at 3/4 pound per acre with a 
cyclone seeder on December 8, 1971. Seeding counts were taken on 40 mil-acre plots in each 
ten-acre site on Hay 31, 1972. The ANTU plot averaged 1.42 seedlings per mil-acre samples, 
vs. 0 . 35 in the untreated plot (a 4:1 ratio) . 

This and other plot data in Mendocino County gave considerable encouragement even 
though replicated one-acre test plots established on Bureau of Land Management property In 
Oregon that year were inconclusive, presumably because of their small size. Encouragement 
was sufficient to justify larger test blocks of 10-30 acres. Also, since seeding Is 
normally by helicopte~ subsequent field tests would be flown on for objective analysis of the 
compound at the operational level. 

In the fall of 1972, we contacted four major forest landowners in California who were 
currently involved with operational programs of direct seeding. Permiss ion was granted to 
use ANTU as an alternative to endrin on a portion of lands scheduled for seeding that year. 
Six additional locations were established in the BLH's Eugene District -- three on the 
inter ior Cascade Mountain Range and three on the coastal range. 

Of the four California locations each had four treatment blocks : two ANTU, one endrin, 
one untreated control. The two Oregon locations each had three blocks : two ANTU and one 
untreated control. The total of 22 plots ranged from 10 to 50 acres (average 33 acres). 
Except for the McCloud River (California) location, seeded with a mix of 0.5 pound of 
Douglas-fir and 1 .5 pounds of ponderosa pine seed per acre, all areas were seeded exclu
sively with Douglas-fir. The two Oregon locations were seeded at 1 pound per acre, Big 
River at 0.5 pound per acre, and the Navarro River and Klamath River sites at 0.75 pound 
per acre . 

The ANTU seed used was prepared in a manner usable ~n normal operatjons not simpJy __ _ 
laboratory-size lots . The slurry was prepared with Rhople~ AC-33 (Rohm a·nd Haas Co.) 
diluted with water at the ratio of 1:7. Alkaline Fast Green 2-G dye (Allied Chemical 
Corporation, National Analine Division) was dissolved In this solution and ANTU was added 
and kept in suspension. This mixture was slowly poured over the conifer seed as it was 
tumbred in a cement mixer until a uniform coating had been achieved . The seed was spread 
in a thin layer on plastic sheeting and air-dried at least overnight at room temperature. 
The dried conifer seed contained 4% w/w ANTU (calculated on the basis that the chemical 
was 100% pure). The evaluation was strictly experimental since ANTU is not registered for 
use as a seed protectant. The endrin-treated seed (0 . 5% active ingredient) was obtained by 
private timber companies through their normal sources and seeded in accordance to their 
normal operations. 
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Rodent indices were established for all 22 plots. Transect-type trap lines were 
established, using.on most plots 100 snap traps spaced approximately 30 feet apart , and run 
for three consecutive nights. Extremely inclement weather restricted trapping to two nights 
on three plots, and on very steep terra i n the number of traps used was occasionally limited 
to 50 per night. 

To evaluate the efficacy of the field treatments, a stocking survey was conducted on the 
four California locations by establishing 50 randomly located 1 mil-acre (0.001 acre) plots 
per block and counting all germinants. Used as an aid in the survey was a light wooden 
frame with an interior area of 1/4 mil-acre . Plots were established only on bare mineral 
soil, purposely Ignoring areas with undisturbed vegetation. Since all of the California 
locations had been logged with crawler-type tractors, at least 50% of · the ground was 
excellent seed bed. 

Even though most of the Oregon plots were logged by cable yarders and in some cases 
there was not as much bare mineral ground, the same stocking survey procedures were used 
whenever possible. On two plots where little or no burning had been conducted, there was 
great difficulty in locating readable plots, so 80 plots of 1/4 mil-acre were established 
there. 

RESULTS 

Deer mice were by far the principal small mammal captured in the pretreatment censusing, 
and their numbers were sufficient to warrant normal seed-protection procedures (Table 3). 
Also caught were pinyon mice (P. truei) (6), shrews (Sorex spp . ) (11), voles (Microtus spp.) 
(23), and chipmunks (Eutamias spp~, for a total Of"lib additional mammals in 5,400 trap 
nights. Small rodents (other than P. maniculatus) and shrews represented only 7.3% of 630 
animals captured in the plots . -

Table 3. Deer mice (P . maniculatus) captures per 100 trap nights by location and plot 
treatment designation:- All trapping was prior to seeding . Except where specified othe r 
wise , plots were trapped for three consecutive nights . 

Location 
(Dates of Trapping) 

CALIFORNIA 

Navarro River 
(Nov. 28-30, 1972) 

P Big River 
(Nov. 19-21, 1972) 

Klamath River 
(Jan . 4-6, 1973) 

HcCloud River 
(Nov. 7-9, 1972) 

OREGON 

Cascade Ht. Range 
(Nov. 28-30, 1972) 

Coast Ht. Range 
(Dec. 19-21, 1973) 

Number of Deer Mice 
Alpha-naphthylthiourea 
Plot A Plot B 

7, 3 4.3 

4.7 4.0 

27. 7 36.5'~ 

6.3 6.3 

6.6t 

1. 3 9. 3 

Captured Per 100 Trap Ni 9hts 

Control Plot Endrin Plot 

3, 3 3,0 

3.6 3.0 

35.3 19 .0* 

21.0 11 .o '~ 

6.6t 

10.6 

1: Weather permitted only two nights of trapping. 
'"'" Trapped November 29 through December 1, 1972. 

t The same trapping data are used for the adjacent plots since the single trapline ran 
through both. 

Figures 2 and 3 show the number of germinants per acre and percent of plots stocked 
with one or more seedlings . A series of analyses of variance were calculated to determine 
any s ignif icant differences in numbers of seedlings per acre and stocking among the various 
locations or treatments. Since the t wo Oregon plots had no plots with endrin treatment, 
the analyses examined differences within the California locations using endrin, and then 
compared the Cali fornia and Oregon locati ons wi th the four endrin plots omitted. 
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Figure 2. The average number of conifer germinants per acre resulting in 
each of six locations seeded with alpha-naphthylthiourea-treated seed, 
compared with areas seeded with untreated seed and (in four of the six 
locations) endrin-treated seed. All areas were direct-seeded 'by helicopter 
at the following rates: (a) 0.5 lb Douglas-fir and 1.5 lb ponderosa pine 
per acre; (b) 1.0 lb Douglas-fir per acre; (c) 0.5 lb Douglas-fir per acre; 
and (d) 0.75 lb Douglas-fir per acre. 
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Figure 3. The percent of mil-acre plots stocked with one or more conifer 
germinants in each of six locations seeded with alpha-naphthylthiourea
treated seed, compared with areas seeded with untreated seed and (in four 
of six locations) endrin-treated seed. All areas were direct-seeded by 
hel !copter at the rates indicated in FigureZ. 
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Where ponderosa pine was also used, approximately equal proportions of pine and 
Douglas-fir germlnants were noted in the ANTU and endrin treated plots. It was established 
prior to seeding that 47% of the conifer seed ·mix (by count) was ponderosa pine however 
58% of the germinated seedlings were pine. Since no germinate test was availabie for th; 
pine the variation may be due to seed viability differences between the two species. 

. Table~ 4 and 5 lead to the conclusion that endrin was best in giving adequate protection 
1n the Cal 1fornla tests. Excluding endrin from the analysis and examining the six locations 
In Oregon and California, however, indicates that ANTU seed did produce significantly more 
seedlings than untreated seed. This experimental seed protectant definitely shows excellent 
promise even though less effective than endrin. 

----" 
Table 4. Statlstlc'ally si'gnificant differences when analyzing numbers of seedlings per acre 
for California locations only . 

Treatment 

Control Plots 

Alpha-naphthylthlourea Plots 

Endrln Plots 

Average Number Seedlings Per Acre I 

595 a* 

1160 a 

3055 b 

*Means followed by the same letter are not statistically significant from one another 
at the 95% probability level . Least significant difference for control vs. endrin 
plots = 1917. LSD for alpha-naphthylthiourea vs. endrin or control = 1660. 

Table 5. Statistically significant differences when analyzing numbers of seedlings per acre 
for all locations excluding endrin treatment. 

Treatment 

Control Plots 

Alpha-naphthylthiourea Plots 

Average Number Seedlings Per Acre 

505 

977* 
*The mean Is statistically significant from the control at the 95% probability level. 

Least significant difference (LSD) = 349 . 

Differences In the number of germinants between the endrin treated seed and ANTU treat
ment were greatest In the Klamath River site where deer mouse populations were extremely 
high. One possible explanation for this difference is that endrin is highly toxic to deer 
mice and, hence, both reductional control of the mouse population and seed repellency can 
be accomplished with the use of endrin treated seed, This can have the tendency to exag
gerate the efficacy of endrin. Endrin's lethal effects make rather inappropriate a com
parison with nontoxic repellents. 

DISCUSSION AND CONCLUSIONS 

Laboratory studies have shown ANTU to be an aversive conditioning repellent that can 
give Douglas-fir seed a high degree of protection from P. maniculatus and P. truei. The 
efficacy is not limited to the genus Peromyscus, as studies on laboratory mic~ongly 
indicate. Since ANTU Is effective on sunflower, Douglas-fir, and ponderosa pine seed, it 
may hold promise for a wide variety of seed. 

Since ANTU seed produced about twice as many germinants per acre as did untreated seed, 
under a wide range of difficult operational field conditions , the compound merits considera
tion as a potentially useful conditioning repellent for protecting conifer seed. 

Still, endrln treated seed yielded significantly more germinants than either ANTU 
seed or untreated seed. The reason may be the differing characteristics of ANTU and endrin 
(Marsh et al., In press). Birds, known predators of Douglas-fir seed (Hagar, 1960), 
might have consumed ANTU seed with no aversion; and insects, suspected in some instances of 
causing high field losses of seed (Laurence and Rediske, 1962), may be largely unaffected 
by ANTU. 

Field stocking data are very difficult to analyze as to varying treatment effects. The 
number of seedlings reflects not only biological agents present but several physical 
factors such as abnormal weather, soil type, aspect , and time of seeding (Kverno and 
Hartwell, 1957; Strothman, 1971). 
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Further, what is an adequate number of seedlings per acre following art i ficial or 
natural seedfall? Guidelines va ry with geography and landowner policy. Prior experience 
with anticipated mortality and competition dictate min imum acceptable stocking standards. 
Schubert and Adams (1971) suggested seed i ng rates adjusted to produce about 800 seedlings 
per acre. For Douglas-fir they reconmend 0.5 to 0.75 pound of seed per acre (approximately 
20,000 viable seeds per acre) to achieve the 800 per acre count. Minimum stocking as 
defined by the California Division of Fores t ry (1970) for the north coastal area has been 
established at 900 coniferous seedlings per acre at least one year old. 

If the mediocre results with ANTU were due partly to reduced germination caused by 
poor s torage conditions or , possibly, by chemical impurities, improvement of those condi
tions could give more than marg i nally acceptable stocking in future field studies. 

Since ANTU at the rates used produced little or no mortal i ty among deer mice, a large 
population s uch as found at Klamath might require preseed ing applications of a toxic bait 
such as chlorophac i none (Harsh~!.!_. , in press; Passof, 1974) . 

I 
I 

Final judgment on ANTU must await further study. At present, however, endrln's per-
formance as measured by ge rminants is superior. Its continued registration by the 
Env i ronmental Protection Agency seems justified from a foresters viewpoint until comparable 
alternatives are well proven. Hore research Is necessary to increase the efficacy of ANTU 
as a truly effective conifer seed protectant. It is, however , much too promi sing to abandon 
as ·a cand idate repellent for deer mice and possibly other rodent species. 
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