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ABSTRACT

Many terrestrial molluscs (slugs and snails) are economically important

because of their feeding activities on ornamental plants and vegetable and

field crops. Studies of their habits, biology, and chemical control have

been conducted by the Oregon Agricultural Experiment Station since 1911.

This report discusses the common species of Oregon, their origins, and

identification (including a key to the common species of western Oregon).

The early history of chemical slug and snail control is reviewed with

emphasis on studies at OSU during the l95Os. Research on chemical control

since 1967 is covered in detail, including methods of raising the animals,

annotated tables of chemicals explored, and methods for testing candidate

materials. Special molluscicidal studies are discussed, including the

relative value of baits containing more than one toxicant, laboratory and

field comparisons of some leading toxicants, and the differential susceptibility

to poisons according to the species and age of the molluscs.



CHEMICAL CONTROL OF TERRESTRIAL SLUGS AND SNAILS

H. H. Crowell

INTRODUCTION

The economic importance of land slugs and snails and the problems

associated with their control have been discussed by various workers

(Lovett and Black, 1920; Mead, 1961; Judge, 1969; Barry, 1969; Getzin and

Cole, 1964; Thompson, 1942; Hunter, 1969, and others). Most species of

these terrestrial gastropods (Phylum Mollusca) are omnivorous feeders --

leaves, stems, bulbs, tubers, fungi, lichens, algae, and animal matter of

all kinds. Their feeding activities on leafy vegetables, green beans,

strawberries, potatoes, leguminous crops, and ornamental plants in the

Pacific Northwest are of greatest concern.

The Oregon Agricultural Experiment Station recognized the importance

of slugs to truck crops and ornamental plantings in the higher rainfall

portions of the state by authorizing studies on life history and control

as early as 1911 (Lovett and Black, 1920). Work done through 1919 resulted

in recommending baits of chopped lettuce or other leafy vegetable, poisoned

with calcium arsenate, the only effective toxicant available at that time

which lent itself to bait formulation.

Almost 15 years later, another chemical control substance was discovered --

this time by accident -- which remained the principal ingredient of poison

baits for about four decades. Formed by the polymerization of four molecules

of acetaldehyde, metaldehyde is a unique compound, highly insoluble in

water, which has a rapid and violent effect on slugs and snails. By either

ingestion or external contact, the material causes paralysis of the animal

and stimulates the numerous mucus glands to produce great quantities of

viscid slime. This strange reaction (no other animals are known to be

similarly affected) was discovered about 1934 in South Africa when "Meta-FueU',

a canned, solid fuel used to heat small domestic appliances, was left

exposed outdoors overnight. The accumulation of paralyzed slugs and snails

was noted the next morning and word of this new material for control of



of these pests soon appeared in local gardening papers and magazines

(Gimingham and Newton, 1937). The relationship between "Meta-Fuel" and

metaldehyde was recognized and recommendations soon appeared for the use

of metaldehyde-bran baits for slug and snail control in home gardens.

From about 1937 until 1973, there was no effective single chemical

available for slug and snail control except metaldehyde.

The observation was also made soon after the discovery of the activity

of metaldehyde that control of molluscs exposed under protected moist

conditions was not as successful as when desiccating conditions prevailed

(Jary and Austin, 1937). Considerable study has been made of this aspect

of metaldehyde intoxication and the conclusions have generally been that,

although metaldehyde is actually 'toxic" to land molluscs, the principal

effect is the stimulation of the mucous* glands with the subsequent loss

of moisture to the animals through excessive sliming (Thomas, 1948; Craig

and Vincent, 1952). Thus, under moist conditions, many animals are spared

death through dehydration and are able to throw off the toxic effects of

the material in a few days. It is this ability of the molluscs to survive,

metaldehyde intoxication under certain conditions that has led, principally,

to the search for new toxicants. The fact that toxicants considerably

more active against land molluscs than metaldehyde do exist will be brought

out in this report.

WHAT ARE TERRESTRIAL SLUGS AND SNAILS?

Slugs and snails are closely related molluscs, snails bearing the

obvious distinction of an external shell large enough to enclose the

entire animal.' The ability to withdraw the soft body parts into a rigid

Various proprietary slug/snail baits have contained in addition to

metaldehyde, other toxicants, such as calcium arsenate, sodium fluosilicate,

dieldrin or carbaryl. These materials were added either to enhance the

toxicity of metaldehyde or for their effects against other pests such as

cutworms, root weevils, sowbugs, and earwigs.

* Theword "mucus" is a noun, referring to the slippery, viscous

secretion from the "mucous" (adjective) glands.
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shell is an advantage which allows the snail to survive under rather severe

conditions of drought and heat. The large requirement for lime (CaCO3) for

construction of the shell, on the other hand, tends to restrict snails to

areas where the soil is rich in calcium.

The land molluscs we refer to as "slugs" are usually without an external

shell, and represent three families (on the West Coast) which evolved

independently from three groups of snail ancestors (Janus, 1965). Besides

economy in calcium, slugs have the advantage of being able to alter their

form so as to slip through narrow places and to burrow into the ground in

search of food or shelter (Morton, 1960). Lack of a protecting shell,

however, leaves them vulnerable to desiccation if trapped in the open during

the day. The moist climate west of the Cascade Mountains, plus the infrequent

sources of calcium (lime), make much of the Pacific Northwest a good habitat

for slugs and an inferior one for snails.

With the exception of the slug genus Prophysaon (and probably the little

marsh or gray field slug, Agriolimax laevis), all the land molluscs of

economic importance as pests of crops and home gardens in the U.S. are

introduced species, mostly from northern Europe. The most commonly destructive

species is the gray garden slug, Agriolimax reticulatus (Muller) (referred to

in most U.S. literature as Deroceras reticulatum), primarily because of its

appetite for fresh vegetation and its ability to reproduce during almost

any month of the year. There are estimated to be about 725 species of land

snails and 40 species of slugs now recognized in the 48 contiguous states;

of these, 44 species of snail and 16 species of slug are not native (Burch

1960; Getz and Chichester, 1971). (See Appendix I for key to common slug

species of Oregon.)

Only a few slug and snail species have been available in the field

or have been laboratory reared for the chemical screening and other tests

mentioned in this report. Common names for most of them have been approved

and published by the Entomological Society of America (ESA), since these

molluscs are often of concern to entomologists because of their econonic

importance. Unfortunately, most of the common names are based more on long

usage than on rationality. Many are cumbersome, descriptively inaccurate,

or conflict with common names for the same species as used in other

English-speaking countries. Since most of the species dealt with here have
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more than one common name in general use, listed below is the one approved

by the ESA, plus several others in use elsewhere.

Species names of molluscs Common name Other common names
used in the tests reported approved by in use

on here the ESA

Agriol imax reticulatus
Mtiller

(referred to in most U.S.
literature as Deroceras
reticulatum).

Agriolimax laevis (Miller)
(referred to in most U.S.
literature as Deroceras
laeve).

Anon ater ater (L.) *

Anon ater rufus (L.) *

Limax flavus (L.)

Limax maximus (L.)

Prophysaon andersoni
(J. G. Cooper)

Helix aspersa (L.)

Gray Garden Slug

Gray Field Slug

European Black
Slug

Tawny Garden Slug

Spotted Garden
Slug

Reticulated Slug

Brown Garden Snail
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Reticulated Slug;
Gray Field Slug
Netted Slug
Milky Slug

Marsh Slug
Brown Slug
Smooth Slug

Large Black Slug
Black Slug

Large Red Slug

Tawny Slug
Cellar Slug
Yellow Slug

Great Slug
Giant Garden SLug
Great Gray Slug

Netted Slug
British Garden Slug

European Brown Snail
Brown Snail
Common Snail

* The European Black Slug, Anon ater (L.), is now generally recognized
to occur as two subspecies, A. ater ater, which is black and possesses
internal differences; and A. ater rufus, which may be brick red, brown
or yellow, but not black. The red subspecies is the predominant one
in western Oregon.

Monadenia fidelis Pacific Woods Snail

(Gray) Faithful Snail



HISTORY OF SLUG CONTROL STUDIES AT OSU

After the intensive studies of Lovett and Black (1920), slug biology

and control studies in Oregon for many years were confined to surveys and

field tests of metaldehyde-calcium arsenate baits (Thompson, 1942). Lack

of satisfactory effectiveness, together with high cost of baiting large

areas, brought attention to the need for renewed work on slug control.

Extensive damage suffered by many field and forage crops in western Oregon

was of greatest concern.

Emphasis during the l950s was directed toward (1) acquiring a better

understanding of the metabolism of slugs, (2) finding a more toxic ingredient

for baits, and (3) developing a more durable metaldehyde-arsenate bait. A

study on metabolism in the gray garden slug, Agriolimax (Deroceras)

reticulatus (Muller), was conducted in 1955 utilizing the respiratory

inhibition technique (White, 1955). Since most insecticides are ineffective

against slugs, it was suspected that these molluscs might possess variations

in cellular respiration, glycolysis or other fundamental processes.

Evidence was found in this study that the general metabolic processes of

the slug are not essentially different from those found in other organisms.

In the same study, however, the comparative toxicities of metaldehyde,

parathion, and heptachlor were investigated with the production of more

questions than answers. The mechanism and site of action of metaldehyde

on land molluscs were not discovered, and are still unknown. Parathion

and heptachior were both found to be toxic when injected parenterally, but

topical applicaitons produced low mortality, even at rates as high as

800 mg/kg. Parathion was less toxic than heptachlor -- 50 times as much

as is lethal to most insects being needed for an LD50 dosage on the gray

garden slug. It would seem that metaldehyde, although unsatisfactory for

field control of slugs and snails under all conditions, was still (and

for reasons unknown) the most powerful and specific toxicant known for

these animals.

Much of the failure of metaldehyde baits to give satisfactory and

lasting control of slugs in the field was long attributed to the presumed

loss of both attractiveness and toxicity of baits after exposure to the

weather. In a series of laboratory tests, more than 70 insecticides and

other toxicants were formulated into baits containing some metaldehyde
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since this material was considered .t time to be more of an attractant

than a true toxicant. None of the materials tested (see Appendix II) was

as effective as calcium arsenate in the metaldehyde combination baits

(Terriere and Dickason, unpublished report; 1955). These conclusions

were strengthened by additional studies in which 40 chemicals (including

commercially available insecticides, fungicides, acaracides, and miscellaneous

copper, arsenic, and dinitro compounds) were sprayed on Swiss chard leaves

and offered to gray garden slugs in petri dishes. None of these materials

was considered by Terriere and Dickason to be effective enough by the

techniques employed to warrant further testing (see Appendix III).

The studies were continued for several more years (Terriere and Boose,

unpublished annual report, 1959) with the purposes (1) of finding chemicals

with greater molluscicidal activity than metaldehyde against slugs and their

eggs, (2) to learn something of the mode of action of metaldehyde, and

(3) to gather information on the stability of metaldehyde in contact with

the soil. To test materials for contact activity, the chemicals were

formulated as 0.5 per cent sprays (or lower if found effective) and applied

to the inside surfaces of petri dish tops and bottoms. After evaporation of

the solvents, a wad of moist cotton and 3 to 5 mature slugs (Agriolimax

reticulatus) were added to each dish. Observations on slug mortality were

made after 24 hours. Seventy materials were tested in this manner and those

giving at least 30 per cent mortality were re-tested at lower rates (Table I)

Names of all the materials tested are listed in Appendix IV. As a result

of these tests, a series of dinitro alkyl phenols was shown to be as toxic

by contact as metaldehyde against the gray garden slug.

Materials showing high contact toxicity against mature slugs were

then tested for ovicidal activity by blending them at different rates

with dry soil, adding water, and introducing freshly collected slug eggs.

After three weeks, the eggs were isolated and examined microscopically for

evidence of development of hatching. Several of the dinitro phenol

compounds (commonly used commercially as herbicides) were found to be

ovicidal down to and including five parts per million (ppm). Metaldehyde,

by comparison, failed to prevent embryo development at 100 ppm. Materials

found to be ovicidal when mixed with soil are listed in Table II.

The stability of metaldehyde in contact with soil also was investigated

in the laboratory and in a small field test. Metaldehyde determinations
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were by the method of Giang and Smith (1956) and involved de-polymerizing

the material to acetaldehyde, which was then collected and quantitatively

determined colorimetrically. In the field test, two small areas of dry

fallow soil were treated with 10 per cent metaldehyde dust at the rate of

20 pounds active ingredient per acre. The plots were immediately rotary

tilled to a depth of approximately six inches and one of the plots was

sprinkler irrigated for three hours. Both plots were sampled after 12

hours and the dry plot was re-sampled after 24, 28, and 96 hours. Results

of the analyses:

Soil Plot Theoretical amount Amounts of metaldehyde after --
of metaldehyde 12 hrs 24 hrs 48 hrs 96 hrs

(ppm) (ppm) (ppm) (ppm)

In the laboratory studies, soil-metaldehyde-water mixtures were

aspirated and the exhaust air passed through bisulfite traps, which were

then analyzed for acetaldehyde. The results indicated that as much as

25 per cent of the metaldehyde could be lost after two hours in moist soil

and 50 per cent in 24 hours. Breakdown of the metaldehyde seemed to be

faster in alkaline soil (pH 8.8) than in an acid one (pH 5.0).

CURRENT MOLLUSCICIDAL RESEARCH AT OSU

As a result of the studies just described and of tests and observations

in the field, the Agricultural Experiment Station was able to make additional

recommendations for slug control, such as the use of dinitro pre-emergence

herbicidal sprays in bean plantings. The problems of recovery from metaldehyde

poisoning and the rapid breakdown of this molluscicide in contact with

moist soil still remained, however, and a better toxicant -- one which

could be formulated into baits -- was still needed. The molluscicidal

activity of methiocarb (Mesurol®) was discovered more than 10 years ago

(Getzin and Cole, 1964), but it has become commercially available for

limited use in bait form only recently. Baits are expensive, however,

and methiocarb has not shown high efficacy when used as a spray. It is
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the main purpose of this report to cscu ss the work of the last decade in

the search for a better molluscicide and of more positive methods for

reducing slug and snail damage in crops and gardens.

Description of Testing Methods

Most candidate chemicals have been tested at Oregon State University

in a laboratory or "molluscitorium", where mollusc-rearing facilities are

also available. A method simulating natural conditions was devised consisting

of a series of wooden test boxes (45.7 centimeters x24.i centimeters x8.9

centimeters deep), each containing about 4.0 centimeters of moist soil and

having a partial partition dividing the box into an open arena (about 580

square centimeters in area) and a covered hlrefugeu of about 232 square

centimeters in area. A salt barrier (table salt stuck to rubber cement)

on the 2 centimeter lip of the arena walls prevents escape of the molluscs and

a weighted corrugated cardboard lid covers (and darkens) the refuge section

of each box. A 3.8 centimeter opening in the partition allows access

between the arena and the refuge. Experimental animals are placed in the

test boxes without food for at least 48 hours prior to the initiation of a

test. A teaspoon of test bait is placed in a pile near the center of

the arena where it is readily available to the molluscs when they emerge

from the refuge at night in search of food. Observations are made at

regular intervals of the numbers of animals lying in the arenas (indicating

intoxication from ingesting the baits), or are dead. Since slugs and

snails poisoned with molluscicides will often lie on moist soil for several

days before dying or effecting a recovery, the criterion of death used is

the lack of any muscular contraction when an animal is tapped sharply with

a probe.

Evaluation of a chemical for contact toxicity can also be accomplished

with dry formulations. To test a granular pesticide, the amount of formulation

Baits of candidate molluscicides are formulated on millrun wheat bran, a
material very attractive to land molluscs. Technical grade chemicals are
preferred, but acceptable baits can also be formulated from wettable powders
or emulsifiable concentrates. Acetone is added with stirring to dissolve

and incorporate the chemicals with the bran. In some tests, proprietary

or commercial bait formulations are used for comparison. New materials are

formulated at 2 per cent strength, a "rational" concentration from which
information on whether a material possesses any molluscicidal activity can
be determined.
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needed to cover the 580 square centimeter area of the arenas is calculated

and weighed for rates such as 1 lb Al/acre when the granules are shaken,

evenly by hand from a vial over the surface of the moist soil. Wettable

powders are handled in a similar way but the small amount of powder required

for the individual boxes is extended with a weighed amount (0.7 g) of

20 to 30 mesh attaclay to get satisfactory coverage of the soil. Emulsifiable

concentrates have not been used in contact studies because of the difficulty

of spraying the soil without contaminating the wooden sides of the boxes.

Experience has shown that 10 days is required, after exposure of the

test animals to the toxicants, to properly determine the ultimate results

of a test. In other words, almost without exception the molluscs are able

to either recover from their intoxicated condition (and return to the refuges),

or die, in this period of time. The animals and bodies are then removed,

the exposed molluscs are destroyed and the untreated checks are returned to

the cultures. The surface of the soil in both the refuges and the arenas

is carefully scraped and scooped out so as to remove all traces of the test

toxicants. Fresh soil (sieved, but not sterilized) is then added to cover

the remains of the previous layer, leveled, and wet thoroughly with tap

water. After the salt barriers have been checked for completeness, fresh

test animals can be added to the boxes for a new test.

Rearing of Molluscs for Testing

In the Willamette Valley of Oregon, only slugs are of economic importance,

but the few species of snails occurring in any numbers in the state are

occasionally seen in home gardens or in cultivated fields. (Certain small

species can be pests in commercial greenhouses, but no survey of the extent

or seriousness of their presence has been made in Oregon.) The brown

garden snail (Helix aspersa), a common pest of California, occurs In several

established colonies along the coast and in southern Oregon. A culture of

Helix has been maintained at OSU for several years and this species is

included in all tests of potential molluscicides.

Since slugs and snails are not always readily available outdoors, two

methods have been employed to assure a supply of test animals at all times

of the year. Outdoor enclosures, called 'corrals, were built near the

Molluscitorium to concentrate slugs and provideshelter and food so they

might reproduce during the greater part of the year. Wooden (cedar)
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enclosures of 1.5 m x 3.0 m x 0.6 m dimensions were built with the bottom

boards extending 5.0 to 8.0 centimeters below the surface of the ground.

Hollow brick tiles along each side inside the enclosures were kept covered

with a thick mat of hay (wet down daily with a hose during dry weather).

The large amount of space, sheltered from the sun and insulated against

freezing weather, is shelter for the slugs. The hay also supplies a small

amount of food, decaying vegetative matter and fungi. Pellets of small

animal food (PURINA Laboratory Chow) are thrown in from time to time

according to the need.

Escape of the animals over the 45.7 centimeters wooden walls is prevented

by aluminum window screening. Strips are fastened around the edges of

over-hanging boards and extend down about 10 centimeters. The free edge

of the screen strip has three or four horizontal strands of wire removed,

exposing a row of sharp, downward-pointing wires to deter the passage of

the softbodied animals. These barriers are not "slug proof" but quite

efficient if the population inside the "corral" is not excessive. The

barriers will not prevent the entry of slugs from outside. Large boards

are sometimes laid on the soil between the two rows of tile shelters as

temporary refuges to facilitate collecting animals for laboratory tests.

Certain species of slugs and snails also are reared in the Molluscitorium.

This facility consists of a room (8.8 m x 5.8 m x 2.7 m, about 140 cubic

meters) in a concrete brick building. Heat is supplied by a 220 V "Thermador"

electric heater with built-in thermostat. The heater is mounted on a low

wooden frame on its back, so that the fan draws air from floor level and

blows it across the heating elements toward the ceiling. At the opposite

end of the room is a wall-mounted air conditioner of 15,000 BTU capacity-'.

During cool weather only a fan operates (continuously), moving 13,800 cubic

feet of air per hour. Ten percent of this air is exhausted to the outside.

The cooling mechanism comes on automatically at 210 C and is capable of

holding the room at this temperature even when outside temperatures rise

to 35° C or higher. Extremes of temperature within the Molluscitoriufli

can be kept between 18° and 21° C quite consistently throughout the year.

Rather simple methods to continuously rear three species of mollusc

have been developed with the capability of producing sufficient numbers

Frigidaire
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for routine testing of molluscicides. Other species, including the large

red slug (Anon ater rufus), have been reared for limited periods but rio

successful method of continuous mass rearing of this species has been

developed yet at Oregon State. Only recently has continuous mass rearing

of our most common slug pest, the gray garden slug, Agriolimax reticulatus

(Deroceras reticulatum), been successful.

Although there are accounts of slug-rearing methods in literature

on invertebrates, most of these pertain to studies on isolated individuals

or involve terraria provided with grass sod, decaying leaves, rotten wood,

etc. (Godan, 1958; Newton, 1966; Sivik, 1954; Needham, 1959; Stephenson,

1961). Terraria were tried, but were found unsuitable for mass rearing

of experimental animals. Both slugs and snails are reared in plastic

"crisper chests (10 x 32 x 25 cm = 8000 Cu. cm) of clear, rigid polystyren$".

No toxicity problems have been experienced in using these plastic containers.

Two or three holes are drilled or burned through the lids for ventilation,

pieces of plastic screen are glued (waterproof contact cement) over the

holes to prevent escape of slugs or small snails. A standard sandy-loam

soil from greenhouse supplies is spread over the bottoms of the chests and

kept moist, but not wet. To conserve shelf space and soil, eggs from

breeding animals are placed in smaller crisper chests until the hatched

and growing juveniles begin to appear crowded.

The feeding of both slug and snail cultures has been greatly simplified

by the discovery that fresh lettuce, fungi, or other natural foods can be

completely replaced with a standard laboratory preparation. PURINA

Laboratory Chow, a pelleted preparation designed for the complete nutrition

of hamsters, white rats, and other small laboratory animals, is readily

accepted by the molluscs and appears to furnish all their nutritional

needs for rapid growth. (Snails, however, need more calcium for their

shells than is available in the Lab Chow, so a supply of ground agricultural-

grade limestone of about 92 per cent CaCO3 is added to the soil surface in

the plastic rearing chests.)

Candidate Chemicals for Screening Tests and Tabulated Results

Selection of materials for testing has largely been dictated by the

availability of experimental insecticides, nematicides, and acaricides

Perma Industries, Inc., P. 0. Box 975, 928 Eighth St., Henderson, KY 42420.



from chemical companies. Few fungicides and herbicides have been tested

because generally they are not active against animal systems (with certain

outstanding exceptions, such as the dinitro herbicides). Commercial

companies are interested in having their experimental pesticides tested

for molluscicidal activity since a wide spectrum of activity usually has

economic advantages.

A list of more than 170 materials, which have been tested since the

1967 progress report (Crowell, 1967), is presented in Table III. An

attempt has been made to group them broadly according to chemical relationships,

but the identity of several of the materials has never been released by

the manufacturing company. As was to be expected, most candidate materials

fail to show promising activity in the preliminary bait tests. Materials

categorized as Hfairu showed some molluscicidal activity in baits or by

contact -- a bonus" feature for a pesticide being developed primarily

for other purposes than mollusc control. Only a few materials have come

close to being equally effective against more than one species of mollusc

but many show high activity against one species while being only fair or

poor against others.

More than 30 materials showed promising molluscicidal activity (as

indicated by the categories "Good" and "Very good" in the Activity Rating

Column of Table III). Most of these materials have been arranged in the

"Annotated List" (Table IV) to allow for additional information regarding

their efficacy. Chemical identification of these compounds is given in

Appendix VI. It should be noted that metaldehyde is not included in this

table. Most of the metaldehyde baits used in these tests were commercial

products which varied widely in toxicant content and in the base carrier

and/or additives.

Contact versus Oral Route of Toxicants

It has long been known that metaldehyde elicits its effect on molluscs

as readily by external contact as by ingestion in bait form (Thomas, 1948;

Craig & Vincent, 1952). In the laboratory screening program at OSU, various

materials have been compared to metaldehyde for contact activity by means

of soil surface application. To avoid contaminating the wooden sides of

the test box arenas with sprays, granular formulations and wettable powders

(diluted and extended by blending dry with granular attaclay) have been

scattered over the moist soil surface. Slugs or snails are induced to
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emerge from the test box refuges and to forage across the treated soil by

the presence of a small pile of millrun bran in the center of the arena.

Table V summarizes the results of a series of such tests with mature Helix

and Anon ater.

In general, mortality from contact with broadcast toxicartts reflects

the results from ingestion of baits. However, the 5 pounds Al/acre rate

used to achieve these results is high and probably considerably heavier

than would be needed to get the same results with baits of the same materials.

It will also be noted that metaldehyde produced lower mortality by broadcast

application than might be expected from the use of baits. This is explained

by the known instability of this polymer in contact with moist soil.

STUDIES ON COMBINATION BAITS

Because of metaldehyde's attractiveness for, and paralyzing effects

on land molluscs, this chemical has often been combined with a second

material in attempts to increase the killing power of a bait. For many

years the most effective commercial baits contained both nietaldehyde and

calcium arsenate. Stricter pesticide laws have resulted in the disappearance

of arsenicals from bait formulations. Some chemical additives, such as

sodium fluosilicate, only widen the spectrum of activity to include control

of pill bugs, cutworms, or other pests and will not be considered here.

Carbaryl (Sevin)-metaldehyde combinations, however, are effective molluscicides

and are commercially available.

Carbaryl-metaldehyde

The activity of carbaryl against the gray garden slug, Agriolimax

reticulatus, was first brought out by Ruppel (1959). However, A. reticulatus

is very susceptible to toxicants in general and it was later found that

carbaryl by itself is a low grade poison for most slugs and snails (Godan,

etc.). Summaries of data from laboratory tests at OSU are given in Table

VI and VII. Neither material used alone was highly effective against

Helix and Anon, but when combined they compared favorably with the standard,

methiocarb. (The low apparent efficacy of methiocarb against Helix in these

tests was not normal -- the long-term average mortality being 81 to 86

percent, as shown in Table III.)
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Methiocarb-metaldehyde and UC-30045-metaldehyde

Methiocarb (Mesurol) and UC-30045 (an experimental carbamate insecticide)

were used in laboratory-formulated baits to test the possibility that the

addition of metaldehyde might improve the already excellent molluscicidal

performance of these materials. Results are summarized in Table VIII.

No real or consistent differences in mortality with either Anon or

Helix could be seen where UC-30045 was compared with and without metaldehyde.

Addition of metaldehyde to methiocarb against Anon seemed at first to

actually delay mortality, but after 10 days there appeared to be no real

differences. It was concluded from these tests that the addition of

metaldehyde to baits containing methiocarb or UC-30045 would have little

or no value. The tests also served to demonstrate the high rate of recovery

for both Anon slugs and Helix snails from intoxication by metaldehyde

alone. (These tests were not designed to measure possible differences in

attractiveness of the various baits, all formulated on milirun wheat bran.)

Methiocarb-Metaldehyde: Field Tests

An ideal situation occurred in the fall of 1968 for small-scale field

comparisons of methiocarb and metaldehyde baits. After an unusually wet

August, a wheat stubble field on University property became heavily infested

with s1ugs' by late October. Weather was either overcast or with daily

showers over a four-week period when three tests were conducted.

Ten bait stations, about one meter square, were established by clearing

the stubble and trash down to bare soil in areas at least seven meters

(20 feet) apart. New stations were established for each of the three

experiments. Test baits were formulated of milirun wheat bran and contained

(1) 2 per cent methiocarb, (2) 2 per cent methiocarb plus 1 per cent

metaldehyde, or (3) 2 per cent metaldehyde. Small piles of bait were located

systematically in the cleared areas and numbers and species of slugs found

within 15 centimeters (6 inches) radii of the piles at various time intervals

were recorded. The first two tests compared the methiocarb bait with one

to which metaldehyde had been added. In the third test, methiocarb and

metaldehyde were compared in separate bait formulations.

More than 90 percent of this population was the gray garden slug,
Agriolimax reticulatus.
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Principal results of these three tests are given in Tables IX through

XII. Analyses conducted on data from Tests "B" and "C" were based on 10

replications.

In general, cumulative numbers of slugs attracted to, and immobilized

by, the baits reached their peaks after 72 hours. No real differences

could be seen in numbers of slugs attracted by methiocarb baits, with or

without the addition of metaldehyde. However, the combination baits allowed

a higher rate of recovery as shown by the decreasing numbers of slugs

recorded after 72 hours at the methio-meta combination bait stations

(Table IX, Test "B"). Consideration of individual species encountered

in these tests showed no real differences in numbers attracted to, or

immobilized by, the two types of bait (Table X).

In Test "C", a bait of 2 per cent methiocarb was compared to one

containing 2 percent metaldehyde under conditions designed to estimate both

attractiveness and killing power. These comparisons had often been made

in the laboratory, but proper conditions had not been experienced previously

for an unequivical field demonstration.

Baits were freshly prepared from technical grade methiocarb and from

50 per cent wettable powder metaldehyde. The test was run in the same

manner as Tests "A" and "B". Weather conditions during the 96 hours of the

test were ideal to obviate desiccation as a factor in slug mortality. Results

are summarized in Tables XI and XII.

Recovery of slugs from poisoning by the 2 per cent metaldehyde bait

occurred to the extent of 85 per cent under the moist field conditions of

this 96-hour test. The recorded disappearance of slugs from the metaldehyde

bait station after the 48-hour observation is shown in Table XI. No

recovery was indicated from the methiocarb data but increases in numbers of

slugs immobilized by the bait dropped off sharply after 48 hours. The

metaldehyde baits attracted more slugs (all species) during the first 24

hours and may be more attractive to P. andersoni and M. gaates than those

containing methiocarb alone (Table XII).

TESTS AND OBSERVATIONS ON NON-ECONOMIC OR EXOTIC SPECIES

Use of poison baits or sprays for control of injurious or pest species

of land mollusc is not without side effects. Aside from possible hazards

or harm to pets and small children or to beneficial insects, there is the

- 15 -



question of the reaction of non-injurious or exotic mollusc species to

various toxicants. From time to time, species other than the comon

economic forms have been available for limited tests.

Monadenia fidelis (Gray), the faithful" or Pacific woods snail

A group of maturing snails, available in 1974 from a laboratory

culture, was used in comparison to mature Helix and maturing Limax flavus

in tests with several poison baits. The results (Table XIII) indicated that

Monadenia may have a high natural tolerance to methiocarb and UC-2l865

(an oxidized, breakdown product of aldicarb) but is more sensitive to

metaldehyde than Limax flavus. Since Monadenia is an attractive, non-economic,

fungus-feeding snail of the western coniferous forests, increasing replacement

of metaldehyde with methiocarb in commercial baits should benefit this

species.

Veronicella sp., representing a tropical family of slugs

A maturing specimen of the genus Veronicella was intercepted on a

bunch of bananas in 1973 and made available for study. Enough offspring

from eggs laid by this specimen were reared in the laboratory for one test

with three selected poison baits.

Results indicated that mature slugs of this exotic species are

particularly sensitive to metaldehyde (100 per cent mortality from a

3.25 per cent "Bug-Geta" bait). Exposure to two formulations of 2 per cent

methiocarb produced 73 and 87 per cent mortality.

Lehmannia jnjrginata (Muller), the tree slug

Although common in southern California and other parts of the U.S.,

this species is not of real economic importance in Oregon. Enough slugs

were laboratory-reared in 1975 to conduct one test with three commercial

baits

Ten days after exposure to the test baits, the highest mortality of

these slugs was achieved with a metaldehyde 3.25 per cent - calcium arsenate

5.00 percent bait (93.3 per cent mortality). A 2 per cent methiocarb

bait killed 73.3 per cent and a meta. 3.0 per cent - sodium fluosilicate

5.0 per cent apple pomace bait accounted for only 20 per cent mortality.

These reactions to the toxicants were very similar to the results with

Helix aspersa snails exposed to the same bait samples.
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AGE-RELATED DIFFERENTIAL SUSCEPTIBILITY TO MOLLUSCICIDES

One of the most interesting phenomena in the physiology of terrestrial

molluscs is the tolerance to poisons possessed by immature specimens of

some species. It is well known that insect larvae (such as cutworms)

become increasingly tolerant to insecticides as they mature but increasing

susceptibility with age in another organism was not anticipated. It became

apparent early, when conducting chemical screening tests, that considerable

differences exist between species in the sensitivity of mature specimens to

poisons. Later, when some species were field-collected at different times

of the year, repeatability of tests became erratic. Finally, when both

immature and mature forms became available at the same time in laboratory

cultures, comparisons could be made to demonstrate the differences in

susceptibility between age groups.

Godan (1966) has studied this phenomenon with several slug species.

Her work brought out that young slugs (Limax flavus) were quite tolerant

of certain carbamates, growing more susceptible as they developed into

their egg-laying period. Later they again became tolerant in their old

age. She also examined susceptibility differences due to body weight

and area of foot-sole, but these factors appeared to have less to do with

response to chemicals (by contact) than the age differences.

Studies on age differential susceptibility at OSU have been conducted

with baits by the same test box technique as used for chemical screening.

This method, however, does not distinguish between differences in suscepti-

bility and possible differences in attraction to the bait carrier. Juvenile

and mature forms of four species have been available in the rnolluscitorium

cultures from time to time for these tests. Commercial baits containing

metaldehyde with various additives have been compared to Mesurol formulations

in most of the trials (see Appendix IV). No difficulties have been

experienced except in the case of Agriolimax reticulatus, the juvenile forms

of which are so small and delicate that a high percent would be unaccounted

for after 2 or 3 days. A modification of the testing technique, substituting

plastic boxes lined with damp filter paper, still did not prevent high

mortality in the checks as well as in the treated boxes. A more refined

method of testing will be required for this species.
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Summaries of the data, collected during 1975 and 1976, are given in

Tables XIV, XV and XVI.

The difference in susceptibility to UC-21865 and Mesurol with juvenile

and maturing Anon (Table XIV) appears to be several fold. Recovery from

metaldehyde poisoning was high for both ages under the humid conditions

in the test boxes. The carbaryl combination ("Killer Bait") was the best

of the metaldehyde-containing baits, and the results suggest that the age

differential susceptibility indicated may be to the carbaryl, rather than

to metaldehyde.

Results with Helix (Table XV) show little evidence for differences in

susceptibility except to "Go-West" and "Killer Bai't". The former is

formulated on chunks of apple pomace which may not be attractive or edible

for a small snail. The difference seen with the carbaryl bait appears to

be real, although the data are from two tests only.

Limax showed no real differences in susceptibility to Mesurol (Table

XVI), but may be affected differentially by metaldehyde according to age.

(The low mortality from "Go-West" is attributed to the lack of attractiveness

of the apple pomace bait.) The single test with UC-2l865 cannot be considered

conclusive.

Field Control of Slugs

Attempts to evaluate promising chemicals under field conditions have

been generally disappointing. Factors involved include skewed distributions

of slug populations, weather, type of crop or vegetation, and migratory

activities of the molluscs. Since the ultimate purpose of screening

candidate molluscicides is to provide a tool for field control, four of

these tests are discussed here.

Test A. Spring Control of Slugs on Beans with Dinitro Sprays

Cool rainy periods often follow the planting or emergence of bush green

beans in the Willamette Valley. This condition is ideal for the feeding of

newly hatched and partially mature gray garden slugs and slows growth

of the bean seedlings. Because the immature slugs remain underground,

feeding on the cotyledons or below-ground portions of the bean stems,

the use of conventional slug baits is ineffective. Metaldehyde sprays
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do not appear to reach the concealed slugs, and the material soon breaks

down in contact with moist soil. No other effective pesticide is available

or registered for this specific use.

DNBP (4,6-dinitro-o-sec-butylphenol or dinoseb) formulations, known

to be highly toxic to slugs by contact, are commonly sprayed on the soil

surface for pre-emergent weed control on beans. Undoubtedly significant

reductions in slug populations are obtained incidentally if applications

are made at times when many slugs are on the soil surface. But information

was needed on the effects of late applications on both seedling plants and

slug populations. (Rates up to 4.5 lbs Al/acre are registered for use

at seedling emergence, but not later than this stage.)

Tests conducted in 1960 indicated that DNBP could be sprayed on

seedling beans without inflicting appreciable plant injury if the application

rates were restricted to the 1.5 to 2.0 lbs Al/acre range. No performance

data on slug control were obtained at that time.

Two trials were conducted with DNBP on experimental plantings of

bush beans at Corvallis in 1968. A moderate infestation of iimature slugs

(Agriolimax reticulatus) was present in the first planting, which was

sprayed at rates of 1, 1.5 and 2.0 pounds of active dinitroamine per acre.

The seedling bean plants were just showing their first trifoliate leaves.

Three days later, the foliage was examined for chemical injury and sub-plots

(8 linear feet of row) were screened for the presence of live slugs. Results

of the slug counts are given in Table XVII. Bean leaves present at the time

of application showed some chemical injury proportional to the rate of

DNBP used. Leafburning at the one pound rate was slight; at the two pound

rate, moderately severe. All plants, however, recovered and subsequent

growth was normal. No yields were taken.

The second test was made solely for phytotoxic observations on bean

plants from four different planting dates. Plant injury was again found to

be proportional to the rate of DNBP used, except in the youngest (emerging

to "crook) stages, where injury was only slight at all three rates used.

It was concluded that bush beans can be sprayed with dinoseb herbicides

at various stages of seedling development at rates below two pounds Al per

acre without seriously affecting growth of the plants. The rate of the

herbicide which will give satisfactory reduction of gray garden slug
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populations was not definitely established, but it appears to be very close

to that which could cause serious injury to emerged plants.

Test B. Control of Slugs on Fallow Ground.

In September of 1968, an area of fallow land at the Vegetable Crops

Horticulture Farm at Corvallis was found to be heavily infested with slugs

(gray garden slug, 90 per cent; Milax, Prophysaon and Anon spp., 10 per cent

This area was divided into four equal plots of 35 feet by 48 feet (10.7 m

by 14.6 m), or approximately 1/30 acre in size. Pre-treatment estimates of

slug populations were made by the "bran board" method (a tablespoon of

millrun wheat bran placed on the ground and covered by a board Ca. 12 inches

square). Ten of these attractant stations per plot were examined after

24 hours and the numbers of slugs under each recorded. On the afternoon

of the same day, the molluscicides were applied as follows:

Plot 1. UC-30045, 10 per cent granules, spread by hand at 2 lbs Al/acre

rate.

Plot 2. Pelletized commercial bait (metaldehyde 2.0 per cent; carbaryl

4.0 per cent) spread by hand at 10 lbs bait/acre.

Plot 3. Mesurol (methiocarb), 50 per cent WP, sprayed on the soil at

the rate of 2 lbs Al/acre.

Plot 4. Untreated check.

Rain fell during the first 24 hours after treatment, followed by generally

cloudy weather during the remainder of the test period.

Observations made 24 and 48 hours after treatment revealed large

numbers of slugs paralyzed or dead on the soil surface, particularly in

Plots 1 and 3. By the end of the week, hundreds of dead slugs were evident

in these treated plots. But in spite of the observed mortality, reduction

of populations in the treated plots, as indicated by the "bran board"

records, was not only unsatisfactory (Table XVIII), but inferior to the

untreated check

Explanation for the apparent paradox lay in the observations that

heavy migrations of slugs were taking place each night from a wheat

stubble field across a bordering lane into the experimental area. The

only conclusions possible from this test were that broadcast applications

of UC-30045 and methiocarb formulations at the rate of 2 pounds active

ingredient per acre could be lethal to many slugs crawling over the soil

so treated.
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Test C. Seed Furrow Treatments for Slug ContrOl on Beans

Since germinating bean seed and bean, seedlings are subject to underground

attack by immature slugs, a field trial was conducted in the spring of 1973

to test the effectiveness of several chemicals applied in the seed furrow.

Granular formulations were dropped with the seed from a V-belt planter,

while wettable powders were suspended in water and run into the furrow

by gravity with a container and hose attachment. All applications (except

Treatment #7 - a diazinon seed treatment) were at the rate of 1 ounce

(28 grams) Al per 1,000 feet of row. Replicated single-row plots were

established in cloddy soil of an area known to be infested with several species

of slug.

To evaluate the results, a stand count of emerged seedlings was made

as an indication of phytotoxicity, and plots were given numerical ratings.

according to the degree of slug injury to the seedlings. This information

is summarized in Table XIX.

Slug damage throughout the test area was considered to be moderately

heavy. None of the materials as used gave indications of slug control as

measured by the plant injury ratings. Some protection against slugs had

been expected from the, use of Mesurol, Furadan, or Zectran, at least. It

is conjectured that movement of slugs into the single-row plots overshadowed

any activity of the chemicals. There has been no opportunity to repeat

this test using larger plot size.

Test D. Slug Control Tests on Greenhouse Bedding Plants

A commercial grower of bedding plants near Salem, Oregon, complained

of heavy slug damage in March, 1975. For several weeks or months each spring,

flats of plants are massed on a crushed rock ground surface in his greenhouses

and sprinkler irrigated as needed, thus creating an ideal situation for the

build-up of slug populations. The use of commercial metaldehyde baits was

reported to be unsatisfactory for the prevention of excessive slug damage.

Areas of approximately 28 square meters (300-370 square feet) of pansy

flats were available for four treatments with two replications of each. After

making a pre-count of numbers, species, and relative age of slugs observed

under a representative number of flats in each area, the crushed rock under

flats in four of the areas was sprayed with Mesurol (rnethiocarb) 75 per cent
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wettable powder suspensions of either 0.25 per cent or 0.5 per cent active

ingredient. Two other areas were treated with 2 per cent Mesurol bait

granules scattered over the surface of plants and soil at the rate of 72

pounds of bait per acre. Two small, extra areas (40 plants of pansies in

each) were sprayed with Mesurol directly on the plants. These plots were

observed for both slug control and phytotoxicity.

Results of the treatments were evaluated by making two slug counts,

a week apart, under the same flats examined in the pre-counts. Numbers of

live, normal slugs were combined in preparing Table XX (half-grown and adult

gray garden slugs, Agriolimax reticulatus) and Table XXI (juvenile and

immature European black slugs, Anon ater,and Anon hortensis).

Although total numbers of slugs recorded were low, both the spray and

bait formulations of Mesurol appeared to reduce populations of gray garden

slugs effectively and equally. Pansy plants sprayed directly with both

0.25 per cent and 0.5 per cent Mesurol showed no signs of phytotoxicity.

Slug control in these small plots was reported (by hired workers) to be

better in those areas than where the sprays were directed under the flats.

No control of the Anion slugs was accomplished by these treatments, however,

a situation attributed to the high per cent (essentially 100 per cent) of

juvenile and immature forms in these populations.
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Table I. Results of Molluscicide Laboratory Screening Tests with Residual

Sprays on the Gray Garden Slug, 1959 (Terriere & Boose)

Concentrations causing at least 30% mortality
Compound after 24 hours exposure.

0.5% 0.25% 0.12% 0.06%

N-methyl, a-naphthyl carbamate,
(Sevin) x

dinitro 0-sec. butyl phenol
(Dow General Weed Killer) x x x x

dinitro o-cyclohexyl phenol
(DN Dry Mix No. 1) x x x x

dinitro o-cyclohexyl phenol
dicyclohexylamine salt x x

dinitro 0-sec. butyl phenol
(the unformulated compound) x x X X

dinitro o-isopropyl phenol x X X X

3,4,6-trichioro, 2-nitro phenol x

dinitro 0-sec. butyl phenol,
triethanol amine salt. (ON 289) x x x

propargyl N-phenyl carbamate x X

alpha cyano, 2,4-dichioro phenyl
acrylic acid x x

2-chiorallyl dimethyl dithio
carbamate x x

methyl N-nitro, N-ethyl carbamate x

methyl N-nitro N-isopropyl carbamate x

2,4-dinitro anisole x

N-allyl, a-chloro hexyl acetamide x

metal dehyde x x x x

dinitro o-sec. butyl phenol,
mixed alkanol amine salt, (prenierge) x x x x
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Table II. Results of Slug Ovicide Laboratory Screening Tests with Moist Soil

and Selected Candidate Molluscicides, 1959 (Terriere & Boose)

Compound Concentration preventing embryo development.

20 ppm 10 ppm 5 ppm

dinitro o-sec. butyl phenol x X X

dinitro o-cyclohexyl phenol x x

DCHA salt of dinitro o-cycle
hexyl phenol x

dinitro o-isopropyl phenol x X X

dinitro o-phenyi phenol x

3,4,6 trichiore 2-nitro phenol x

dinitro 0-sec. butyl phenol,
mixed alkanolamine salt,
(Premerge) x x x

dinitro 0-sec butyl phenol,
triethanolamine salt, (ON 289) x X X

Note: nietaldehyde as high as 100 ppm did not prevent embryo development.
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Table III. Chemicals Tested against one or more Species for Molluscicidal

Activity at Oregon State University, 1966-1976.

Chemical Activity

relationship Candidate Materials Rating

chlorinated BAY 58733 Poor

hydrocarbons GC-9160 Poor

Thiodan Poor

Organo- GS-10133 Poor

chlorine

Organo- SD-8447 (Gardona) Poor

phosphates Dursban (chlorpyrifos) (Lorsban) Poor

BAY SRA 12869 (BAY 92114) (isophenphos) Poor

BAY 77488 (phoxim) Poor

BAY 93820 Poor

BAY 88991 Poor

BAY 91273 Poor

BAY 78182 Poor

BAY 80833 Poor

BAY NTN 8629 Fair (Anon)
Poor (Helix;

Limax)

GC-6506 Poor

C-9491 (iodofenphos) Poor

Dyfonate (fonofos) Poor

Herc 19223 * Good

Herc 14469 Fair

Herc 17413 Poor

N-2596 Poor

R-15792 Poor

R-15996 Poor

Herc 14503 (Torak) (dialifor) Poor

Guthion (azinphosmethyl) Fair to Poor
TD-8550 * Poor (slugs) to Good

VC-1-13 Poor

VC-9-104 Fair (at 4%)

VC-3-668 Poor

VC-3-759 Poor

VC-3-764 Fair (4% bait)

VC-3-786 Poor

Ethyl Guthion (azinphosethyl) Fair to Poor

Orthene (acephate) Poor

AC-92,100 (Counter) (terbufos) Poor

*promising materials included in Table IV.
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Table III continued

Organo-
phosphates
(continued)

Organo-

tins

Carbamates

CGA-1 2223 *

AC 52160 (Abate; Biothion)
GC-3707 (Bomyl)
C-2446 (Thiocron; amidithion)
AC-47031
AC- 47470

Herc 528 (Delnav)
DS-24465
C-8874
CP-471 14 (feni trothion)

UNI_R_677*

TD-5032 (hexamethylditin) *
TD-1612 (trimethyltin hydroxide) *

TD-1611
TO- 1613

Plictran (tricyclohexyltin
hydroxide) *

Du-Ter (triphenyltin hydroxide)
Brestan (triphenyltin acetate)
SD-14114
SD- 14328

BAY 37344 (Mesurol; rnethiocarb) *

BAY 38799
BAY 62862 *
BAY 62863
BAY 78389
BAY 78537
BAY 85032
BAY 99485
BAY 44646 (Matacil; aminocarb) *
BAY HOX 1901
BAY 39007 (Baygon; propoxur)
ORTHO 5305 (bait)
ORTI-lO 5305 (granular) *
ORTHO 5353 (Bux)
ORTHO 5353 (Bux on Kobrite) *

Ciba 17018
Ciba 8353
Ciba 9643
Ciba 10015 *

Ciba 11753
Lannate (methomy1) *
NC-6897 (FISONS) (bendiocarb)

GS 13798
Herc 9007

* Promising materials included in Table IV.
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Good (H. & A.)
Poor
Poor
Poor
Poor
Poor
Poor
Fair (Helix); Poor (Limax)
Poor
Poor

Good
Very good
Very good
Poor
Poor

Good (Helix)
Fa i r

Poor
Poor
Poor

Very good
Poor
Good
Poor
Fa i r

Poor
Poor
Poor
Fair to Good
Poor
Poor
Fair
Good
Fa i r

Fair to Good
Poor to Fair
Fa i r

Poor to Fair
Poor (slugs)
Good (snails)
Poor
Good
Poor to Fair
(contact)
Poor
Poor



Table III continued

Carbamates UC-25074-S * Good to Fair
(continued) Furadan (carbofuran) Fair

EP-332 (Carzol; formainidine) * Good to Fair
EP-333 (Fundal; Galecron;

chlordimeform) Poor

EP-334 Poor

EP-316 (SN-316; promecarb) Fair

SD-8530 (Landrin) Fair

Upjohn 12927 Poor

Zectran (mexacarbate) * Good

UC-30044 Fair
UC-30045 * Very Good
UC-34096 Fair
UC-21865 * Good to Fair
UC-46207 * Fair to Good

UC-51109 Fair to Poor
UC-51162 Poor to Fair
UC-50674 Fair to Poor
UC-49035 Poor to Fair
UC-49695 ** Good to Poor
UC-52234 Fair to Poor
UC-52235 Fair to Poor
UC-51717 Fair to Poor
UC-51762 (2% bait) Poor to Fair
UC-51762 (4% bait) * Fair to Good
R-10534 (STAUFFER) ** Good to Fair
R-10632 ** Good to Poor
R-11163 Poor
R-11520 ** Good to Fair
R-11782 ** Good
R-12466 Good to Fair
R-12783 Poor
R-13293 ** Good to Fair
R-13580 ** Good
R-13906 ** Good

Carbamoyl- SD-14999 Fair
oximes SD-16898 * Good

SD-17250 * Very Good
UC-20047-A (Tranid) * Good

UC-21149 (Temik; aldicarb) * Good

Mi scel 1 aneous

Synthetic
Compounds

Synthetic SD-41706 Poor
pyrethroids SD-43775 Poor

FMC-33297 Poor

* Promising materials included in Table IV.
** Tests too limited for inclusion of "Good" compounds in Table IV.
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Table III Continued

N-trityl-morphol me Frescon (SD-9396; WL-8008)

nitrobutyl benzine Mobil 9087

aldehyde Gl utaral dehyde

nitrosal icyl CP-43057

analides Bayer 73 (Bayluscide)

phenyl ureas TH-6040 (Dimilin)
TH-6038

* Promising materials included in Table IV.
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Poor

Poor

Poor

Poor
Poor

Poor
Poor

p01 imerized

acetaldehyde metaldehyde Poor to Good

dinitro UC-l9786 Poor

butenoic acid
(I.G.R.) CGA-13353 Poor

phenyl BAY 42688 Poor

suiphonates BAY 80530 Poor

quinoxaline BAY 44526 Poor

benzimidazol NC-5016 (Lovozal) * Good to Fair

dinitro UC-21427 Fair (repellent)

biotoxin Thiolutin Fair (5% bait)

(Herbicides) loxynil Fair

Bromoxynil (Buctril) * Good (contact)
chioroxynil * Fair to Good

Casoron Poor

Composition BAY 49854 Poor

unknown

(I.G.R.) TH-6042 Poor

(I.G.R.) TH-604l Poor

R-l0043 (STAUFFER) Poor

R-l0044 Poor

R-1l3l6 Poor

R-ll445 Poor

R-17335 Poor

AC-72499 Poor

HOE 2838 Poor

TD-631 (PENNWALT) Poor

TD-889 Poor

TD-913 Poor



Table III concluded

Compos i tion

unknown
(continued)

TD-982
TD-1298
TD-1575
TD-1578
TD-1580
TD-1581
TD-1583
TD-1584
TO- 16 10

TD-5047
TO- 5084

TO- 517 5

TB- 5 176

ER-6624 (EssO) **
ER-8687 **
ER-8699 **
ER-8989 **

UC-44858
UC-49033
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Poor
Fair
Poor
Poor
Poor
Poor
Poor
Poor
Poor
Poor

Poor to Fair
Poor
Fa i r

Good to Poor
Very Good (H,A,L)
Very Good
Very Good (bait)
Poor
Poor

** Tests too limited for inclusion of "Good" compounds in Table IV.



Table IV. Annotated list of chemicals having promising activity against one or more species of land

* Cm.) = mature animals Anon Anon ater
(juv) = juvenile animals Helix = Helix aspersa

**See Appendix VI for specific chemical names..

Limax Limax flavus
Deroceras = Agriolimax

mollusc in OSU laboratory screening tests, 1966 1976

Code number
and other
Designations **

Years
when
studied

Species of
mollusc
tested *

Met hod

& rate

No. of
tests

conducted
Mean %

mortality

UC- 30045

(carbamate)

1966

1967

Anon (m.)
I, II

2% bait
4% bait

4

5

78.3
92.0

II II 1% bait 1 73.3

Anon (juv) 4% bait 1 80.0

Helix Cm.) 1% bait 1 40.0
II II 2% bait 4 71.7

4% bait 5 88.0

Helix (juv) 4% bait 1 72.0

UC-5 1762

(carbamate)

1975

1976

Anon (m.)
" I'

Helix (iii.)

2% bait
4% bait
2% bait

3

2

5

40.0
73.3
78.7

4% bait 2 93.3

Limax Cm.) 2% bait 1 0

UC-25074 S
(UC-34096)
(carbamate)

1966
1967

Anon (v.)

Helix Cm.)
Helix (juv)

2% bait
4% bait
2% bait
2% bait

4

1

4

1

29.9
93.3
67.1
46.7

4% bait 2 42.5

Agniol imax 2% bait 1 100

(Deroceras) 4% bait 1 100

L. maximus 2% bait 1 40

Coment 5

Effective at 2% bait conc. and
above. Juveniles susceptible
to 4% conc., at least. One of

the most promising materials
tested, but not being developed
further by manufacturer (Union
Carbide Corp.).

Considerable activity except
for 'hard to kill" L. flavus.
Currently under development
by producing company (Union
Carbide).

Rather specific for Agniolimax.
Not being developed currently
by its producer (Union Carbide
Corp.).
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Code Number Years Species of No. of
and other when mollusc Method tests Mean %

EIesi gnations studied tested * & rate conducted mortality

UC-46207 1973 Anon (juv) 2% bait 2 20.0

(carbamate) 1974 Helix (m.) 2% bait 10 75.8

1975 Limax (m.)
fl avus

2% bait 4 82.0

Deroceras 2% bait 1 40.7

UC-21 865 1973 Anon (m.) 2% bait 2 66.7

(carbamate) 1974 Helix (m.) 5 lbs./A 1 20.0

1975 Anon (imm.) 5 lbs./A 1 6.7

1976 Anon (juv) 2% bait 2 2.2

Helix (m.) 2% bait 15 78.9

Helix (juv) 2% bait 2 80.2

Limax (m.) 2% bait 52.1

Limax (juv) 2% bait 0

Deroceras 2% bait 2 40.4

L. maximus 2% bait 1 6.7

Monadeni a 2% bait 1 6.7

Methomyl 1966 Anon () 1% bait 1 40.0

IN-1l79 1967 2% bait 1 86.7

LANN ATE 1970
It 4% bait 2 33.2

N UDRI N Anon (juv) 4% bait 2 16.5

2% bait 1 6.7

Helix (m.) 1% bait 1 86.7

2% bait 1 53.3
II 4% bait 2 83.4

Helix (juv) 2% bait 1 73.3

4% bait 3 76.1

Deroceras 2% bait 1 53.3

(Agriol imax) 4% bait 1 73.3

C-i 0015 1966 Agniol imax 4% bait 1 8.0

(carbamate) 1969 (Deroceras)

ENT. NO. 27410 Helix (v.) 2% bait 1 93.3

5 lb./A 1 26.7

Anon 2% bait 1 40.0

5 lb./A 1 20.0

Comments

Very promising material
but has been dropped from
further development by the
chemical company (Union Carbide).

Being developed as a
nematicide by producing
company (Union Carbide).
Poor activity against
"hard to kill" juvenile
slugs and non-injurious
forms such as Limax
maximus and the Monadenia
snail.

Erratic, Anon less susceptible
than Helix. Juv. Anon tolerant
of this material. Registered
for use on a number of vegetable
and field crops as an insecti-
cidal spray by the manufacturers
(DuPont Chemical Co. and Shell
Chemical Co.).

A soil insecticide which was
active against Helix as a 2%
bait. (Ciba-Geigy Chemical
Co.).



** Used as a standard -- not all tests included in these averages.
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Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %

Desi ynations studied tested * & rate conducted mortality

Ortho 5305 1967 Anon (m.) 0.5% bait 1 13.3

(carbamate) 1.0% bait
2.0% bait

1

1

13.3
46.7

4.0% bait 1 73.3

5 lbs./A 1 86.7

(10 G.)

Helix 5 lbs./A 1 100.0

0.5% bait 1 26.7

1.0% bait 1 66.7

2.0% bait 1 60.0

4.0% bait 1 16.7

L. maximus 2.0% bait 1 0

Ortho BUX 1969 Anon (m.) 2% bait 5 58.7

(carbamates) 1970

1976 Helix 2% bait 7 61.0

methi ocarb
BAY 37344
** MESUROL

(carbamate)

1966
1967
1968
1969
1970

Anon (m.)
Anon (½m.)
Anon (juv)
Anon (m.)

2% bait
2% bait
2% bait
3 lb./A
5 lb./A

14

3

4

95.2
86.7
41.7
95.6
100.0

1971 Helix (m.) 2% bait 29 81.4

1972 Helix (juv) 2% bait 86.6

1973 Helix(m.) 5 lb./A 73.3

1974 Limax flavus 2% bait 14 42.7

1975 L. maximus 2% bait 1 100.0

1976 Deroceras 2% bait 7 92.4

Monadenia 2% bait 1 6.7

Corrnents

More toxic by contact in
granular formulation than
as a bait. Dropped from
active development by
company (Chevron Chemical
Company).

Some activity as a bait, but
tends to be repellant. Still

under development as a soil
insecticide by Chevron Chem-
ical Company.

Received registration as a 2%
bait for slug & snail control in
lawns and flower gardens by its
manufacturer (Chemagro Agricul-
tural Division, Mobay Chemical

Co.). Being further developed as
a molluscicide, insecticide,
miticide, and bird repellant.
Used in most of these 1966-76
lab tests as the standard for
comparison.



Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %
Designations studied tested * & rate conducted mortality

BAY 62862 1967 Anon (m.) 1.0% bait 1 46.7

(phenyl 1968
1 2.0% bait 4 86.7

carbamate) I' 4.0% bait 2 80.0

Helix 2.0% bait 3 64.4

4.0% bait 2 93.3

formetanate HC1 1966 Anon 0.5% bait 1 20.0

EP-332 1967 1% bait 1 33.3

CARZOL 1969 2% bait 3 64.5

(carbamate) 4% bait 2 66.7

Anon (juv) 2% bait 2 16.7

4% bait 1 33.3

Anon (m.) 5 lb. /A 1 73.3

Helix (m.) 0.5% bait 1 20.0

1% bait 1 80.0

2% bait 4 70.0

4% bait 2 60.0
II II 5 lb./A 1 6.7

Helix (juv) 2% bait 2 20.0

4% bait 3 38.9

Agri ol imax 2% bait 1 86.7

(Deroceras) 4% bait 1 93.3

L. maximus 2% bait 1 100.0

mexacanbate 1971 Limax 1.0% bait 1 0

ZECTRAN I' 4.0% bait 1 0

(carbamate) Helix
1

1.0% bait
4.0% bait

2

2

50.0
56.7

Comments

Showed considerable promise
against both Helix and ma-
ture Anon. Not being ac-
tively developed by its
manufacturer (Chemagro Agri-
cultural Division, Mobay
Chemical Company).

Erratic against Helix and Anion --
more promising for other species.
Being developed by the producer,
NOR-AM Agricultural Products,
Inc. It is registered as a
miticide on fruit trees.

A re-evaluation of a material
which had promise once as an
effective molluscicide. No
further development by manu-
facturer (Dow Chemical Company).



Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %

Designations studied tested * & rate conducted mortality

carbofuran 1966 Anon (m.) 4% bait 1 40.0

N IA-i 0242 5 lb./A 1 80.0

FU RADAN Anon (juv) 1% bait 1 6.7

(carbamate) 2% bait 1 13.3

ii II

4% bait 1

8% bait 1

6,7

40.0

Helix (v.) 1% bait 1 13.3

2% bait 1 33.3

4% bait 1 40.0

8% bait 1 73.3

Helix (juv) 4% bait 2 50.0
5 lb./A 1 20.0

Agriol imax 4% bait 2 80.0

(Deroceras) 5 lb./A 1 0

LOVOZAL 1969 Anon (m.) 0.25% bait 3 95.5

(NC-50l6) 1970 0.5% bait 3 93.3

(benzimidazol) 1.0% bait 2 90.0
II II 2.0% bait 5 90.7

Helix (m.) 2.0% bait 3 71.1

Helix (juv) 0.25% bait 1 73.3

0.5% bait 1 46.7

Limax (.) 0.25% bait 1 60.0

0.5% bait 1 100.0

(2½ yr. old
baits)

Anon 0.25% bait 1 11.1

(sub-mature)
Helix (juv) 0.25% bait 1 33.3

Limax (ii.) 0.25% bait 1 73.3

0.5% bait 1 60.0

Comments

Baits effective only at high
rates. Surface application
of 10% granular too hazardous
to wildlife. Not effective
on juvenile molluscs. Has a
few plant protection registra-
tions and is being developed
further as an insecticide by
its manufacturer (FMC Corp.).

A rapid-killing material which
did not produce the paralysis
common to metaldehyde and
carbamate poisoning. More effec-
tive against Limax and Anion than
Helix. Repellant at higher
bait concentrations. This

miticide now dropped from re-
search program by FISONS Cor-

poration.



Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %

Desi gnations studied tested * & rate conducted mortality

aldicarb 1970 Anon (m.) 0.25% bait 1 53.3

TEMIK 1976 II 0.5% bait 1 53.3

(a methyl- 1.0% bait 3 59. 6

carbamoyl - 2.0% bait 3 75.2

oxime) 1 lb./A 2 93.3

2 lbs./A 1 80.0

3 lbs./A 1 100.0
II II 0.5 lb./A 1 80.0

Anon (juv) 0.5% bait 1 33.3

1.0% bait 1 40.0

2.0% bait 1 33.3
II II

1 lb./A 1 80.0

Helix (m.) 0.25% bait 1 66.7

0.5% bait 2 40.0

1.0% bait 3 64.5

2.0% bait 2 70.0
II II

1 lb./A 2 20.0

Limax (ii.) 0.25% bait 3 64.4

0.5% bait 5 77.3

1.0% bait 5 77.3

2.0% bait 3 75.6

1 lb./A 4 68.3

UC-20047 A 1966 Anon (L) 2% bait 5 20.0

TRANID 1967 4% bait 2 10.0

(carbamoyl-oxime) Anon (juv) 1% bait 1 0

2% bait 2 33.3

4% bait 1 6.7
U 8% bait 1 0

Helix (v.) 1% bait 20.0

2% bait 6 74.4

4% bait 3 86.7
II 8% bait 1 80.0

Helix (juv) 2% bait 1 46.7

L. maximus 2% bait 1 20.0

Comments

A very active pesticide
against molluscs, but better
by contact than by ingestion
of baits. A developing pes-
ticide for plant protection
in the field and greenhouse.
Considerable slug control is
claimed for its. use with
potted ornamental plants
(Union Carbide Corporation).

This material has registration
as a miticide on fruit trees.
Effective as a bait at 2 or
4% against mature Helix --
poor against Anon slugs
(Union Carbide Corp.).



Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %

Des ignat ions studied tested * & rate conducted mortality

SD-i7250
(a methyl-

carbamoyl-
oxime)

1968
1969

Anon (m.)
"

II It

Anon (juv)

0.25% bait
0.5% bait
1.0% bait
2.0% bait
0.25% bait

1

1

1

1

2

20.0

46.7
66.7
93.3
10.0

0.5% bait 2 36.6

1.0% bait 2 56.7
II 2.0% bait 2 70.0

Helix (L) 0.25% bait 5 44.0
0.5% bait 5 58.7

1.0% bait 5 72.0
II II 2.0% bait 5 82.7

Helix (juv) 1.0% bait 1 53.3

2.0% bait 1 40.0
Deroceras 0.25% bait 2 43.3

0.5% bait 2 76.6

1.0% bait 3 93.3

2.0% bait 3 95.3

Limax flavus 0.25% bait 3 17.8

(juv.) 0.5% bait
1.0% bait

3

3

28.9
37.8

2.0% bait 3 57.8

SD-i 6898

(analog of
SD-i 7250)

(carbamoyl-

oxime)

1969 Anon (m.)

II

Helix

0.25% bait
0.5% bait
1.0% bait
2.0% bait
0.25% bait
0.5% bait

1

1

1

1

1

1

20.0
33.3

66.7
3.3

80.0
86. 7

1.0% bait 1 93.3

2.0% bait 1 100 .0

Comments

This is one of the few materials
considered to be as good as, or
slightly better than methiocarb
(Mesurol) against several species
of land mollusc. Not being de-
veloped currently by its producer
(Shell Development Co.).

Similar to SD-.17250 in moliuscici-
dal activity, but not being de-
veloped currently by SHELL
Devel opment Company.



Table IV continued.

cyhe x at i n

PLICTRAN
(tn cycl ohexyl

tin hydroxide)
DOWCO 213

1968
1969
1976

Anon (m.)

II

Helix (juv)

II II

Agriol imax

(Deroceras)

Limax flavus

Limax maximus

Anon (i.)

II

Helix (L)

De rocer as

Comments

Most active molluscicide tested.
Only Anon showed some toler-
ance of 5 species tested. De-

velopment was discontinued by
its manufacturer because of
toxic hazards and other con-
siderations (PENNWALT Corp.).

Showed promise as a bait
against Helix, but has low
activity against slugs.
Poor as a contact pesticide.
Registered on fruit trees
as a miticide by the manu-
facturer (Dow Chemical Com-

pany).

0.0625% bait 1 40.0

0.125% bait 1 73.3

0.25% bait 4 90.0

0.5% bait 4 71.7

1.0% bait 4 58.3

2.0% bait 4 71.7

4.0% bait 5 49.3

0.25% bait 3 77.8

0.5% bait 1 13.3

1.0% bait 1 40.0

0.0625% bait 1 93.3

0.125% bait 1 86.7

0.25% bait 4 89.2

0.5% bait 4 90.0

1.0% bait 6 100.0

2.0% bait 1 93.3

4.0% bait 3 64.3

0.25% bait 2 96.6

2.0% bait 2 80.5

4.0% bait 2 74.9

0.25% bait 2 96.7

1.0% bait 2 93.3

2.0% bait 1 100.0

4.0% bait 1 93.3

0.25% bait 2 93.3

0.5% bait 1 100.0

1.0% bait 1 93.3

2.0% bait 1 73.3

0.25% bait 1 100.0

2.0% bait 1 6.7

4.0% bait 1 13.3

5 lbs./A 1 6.7

2.0% bait 2 70.0

4.0% bait 1 100.0

5 lbs./A 1 0

2.0% bait 1 53.3
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Species of No. of

mol lusc Met hod tests Mean %
tested * & rate conducted mortal i ty

Code Number Years

and other when

Des i gnat ions studied

TD-5032 1966

(hexamethyl - 1967

ditin) 1968
1970

II II

Anon (.juv)

Helix (v.)



Table IV continued.

Code Number
and other
Designations

Years
when

studied

Species of
mollusc
tested *

Method
& rate

No. of
tests

conducted
Mean %

mortality

TD-1612
trimethyltin
hydroxi de

(analog of
TD-5032)

1968 Anon ( m.)

Helix

0.25% bait
0.5% bait
1.0% bait
2.0% bait
0.25% bait
0.5% bait

2

2

2

2

2

2

73.3
63.3
83. 3

66.6
86.6
90.0

1.0% bait 2 86.6

2.0% bait 3 84.4

Deroceras 0.25% bait 2 90.0

0.5% bait 2 96.6

1.0% bait 2 93.3

2.0% bait 2 96.6

Limax flavus 0.25% bait 1 93.3
II II 0.5% bait 1 80.0

1.0% bait 1 100.0

2.0% bait 1 86.7

bromoxynil
BUCTRIL
(a benzonitrile
herbicide)

1970
1976

Anon (m.)
II

U U

Helix (juv)

2% bait
1 lb./A
3 lbs./A
2% bait
1 lb./A

1

1

1

1

1

26.7
80.0
93.3

86.7
86.7

3 lbs./A 1 80.0

Anion 2% bait 2 6.7

(sub. mat.)

chloroxynil
(a benzonitrile
herbicide)

1970 Anon (m.)
I'

H

U II

Helix (juv)

2% bait
1 lb./A
3 lbs./A
2% bait

1

1

1

1

13.3
60.0
80.0
73.3

1 lb./A 1 60.0

3 lbs./A 1 100.0

Comments

One of the best materials studied.
Effective down through 0.25% as
a bait for 4 species of mollusc.

Not being developed currently by
its producer (Pennwalt Corpora-
tion).

Very toxic by contact, but
seems to be repellant as a
bait to slugs, especially.
Being developed as an herbi-
cide by Amchem Products, Inc.
and Rhodia, Inc.

Similar to bromoxynil in
contact action. An expenimen-
tal herbicide not under
development at present time.
(Amchem Products, Inc. and
Rhodia, Inc.



Table IV continued.

Code Number Years Species of No. of

and other when mollusc Method tests Mean %

Designations studied tested * & rate conducted mortality

TD-8550
(organo-
phosphate)

1970 Anon (m.)
Helix (juv)
Limax (m.)

2% bait
2% bait
2% bait

1

1

1

6.7
93.3
0

Herc 19223
(organo-phosphate)

1969 Anon

Hel ix

1% bait
2% bait
1% bait

1

1

1

60.0
73.3
86.7

2% bait 1 93.3

CGA-1 2223

(organ o -

phosphate)

1976 Anon (m.)
Helix (m.)

II II

Limax (m.)

4% bait
2% bait
4% bait
2% bait

1

1

2

1

92.3
86.7
73.4
13.3

II II 4% bait 1 20.0

UNI-R677
R677-1
(organoti n)

1976
1977

Helix
Limax

1.6% bait
1.6% bait

1

2

93.3
73.4

Comments

Too specific in activity, but of
interest because of its being an

0-P. Development suspended by
producing company, PENNWALT Corp.

A highly unstable material which
was never considered for con'mer-
cial development, according to
Hercules, Inc.

Unusually active for an
organo-phosphate material.
Being developed as a wide
spectrum insecticide and
nematicide by Ciba-Geigy
Corporati on

Unusually promising compound
being developed by UNIROYAL, Inc.
as a selective foliar insecticide
miticide. Laboratory testing as
a molluscicide still in preliminE
stages.



Table V. Results of exposing molluscs to soil surface application

of various pesticide chemicals under laboratory conditions,

Corvall is, 1976-1977

* Result of 1 test only.
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Toxicant and Formulation
used -- all at 5 lbs

Al/acre rate.

Percent Mortality after 10 days

Helix aspersa Anon ater rufus

mean of 2 tests) (mean of 2 tests)

Metaldehyde 50% WP

Methiocarb 75% WP

Aldicarb lOG

UC-21865 75% WP

UC-51762 75% WP

Attaclay check

0

76.7

86.7

10.0

53.3

0

*

23.4

86.7

93.3

6.7

36.7

0

*



Table VI. Toxicity of metaldehyde and carbaryl baits, used singly and in

combination, compared to the standard methiocarb bait against

immature specimens of the brown garden snail, Helix aspersa, 1970

Materials -- Percent Mortality after 10 Days
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(Laboratory
formulated
baits.)

Test
#3.

Test
#2

Test

#3

Test
#4

Test
#5

Mean of
5 Tests

Metaldehyde 2% 13.3 13.3 6.7 13.3 26.7 14.7

Metaldehyde 5% 26.7 33.3 26.7 6.7 86.7 36.0

Carbaryl 2% 33.3 20.0 20.0 0 26.7 20.0

Carbaryl 5% 73.3 46.6 40.0 6.7 60.0 45.3

Metaldehyde 2% 66.7 80.0 53.3 20.0 60.0 56.0

Carbaryl 5%

Methiocarb 2% 60.0 53.3 60.0 26.7 86.7 57.3

Untreated Check 0 0 0 0 0 0



Table VII. Toxicity of metaldehyde and carbaryl baits, used singly and

in combination, compared to the standard methiocarb (Mesurol)

bait against mature specimens of the European black slug,

Anon ater, 1970
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Materials -- Percent mortality after 10 days

(Laboratory
formulated
baits.)

Test

#1

Test

#2

Mean of

2 tests.

Metaldehyde 2% 33.3 33.3 33.3

Metaldehyde 5% 53.3 20.0 36.7

Carbaryl 2% 33.3 0 16.7

Carbaryl 5% 40.0 33.3 36.7

Metaldehyde 2% 80.0 80.0 80.0

& Carbaryl 5%

Methiocarb 2% 100 100 100

Untreated check 0 0 0



Table VIII. Laboratory comparison of two effective carbamate molluscicidal

baits, with and without addition of different percentages of

metaldehyde, against two species of land niollusc, 1968

* A mixed population of mature and immature snails was used for Helix
test #2.
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Test bait composition Percent mortality after 10 days.

Anon ater (slugs) Helix aspersa (snails)
Thst #2 *Test #1 Test #2 Test #1

UC-30045 2% 93.3 93.3 93.3 73.3

Methiocarb 2% 93.3 100 73.3 53.3

Methiocarb 2% 86.7 86.7 86.7 46.7

metaldehyde 0.5%

Methiocarb 2% 73.3 86.7 86.7 40.0

metaldehyde 1%

Methiocarb 2% 86.7 80.0 86.7 46.7

metaldehyde 2%

Metaldehyde 0.5% 6.7 6.7 13.3 0

Metaldehyde 1% 13.3 20.0 0 20.0

Metaldehyde 2% 20.0 20.0 6.7 6.7

UC-30045 2% 86.7 100 93.3 60.0

metaldehyde 0.5%

UC-30045 2% 93.3 100 86.7 53.3

metaldehyde 1%

UC-30045 2% 93.3 80.0 93.3 66.7

metal dehyde 2%

Untreated check 20.0 0 0 0



Table IX. Cumulative records of field slugs attracted to poison bait

stations in comparisons of methiocarb alone versus a

methiocarb-metaldehyde combination bait.

Vegetable Crops Farm, Corvallis, Oregon, October - November, 1968

El apsed

time

Mean number slugs (all species) per bait station

Statistical analysis of Test "B" data indicates significant

differences due to treatments after 72 hours at the 5 per cent

level of probability (*) and at the 1 per cent level
(**).

Differences in Test "A" were not significant.
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Test AU Test "B"

Methio alone Methio-meta Methio

combination

(2%) (2% - 1%)

alone

(2%)

Methio-meta
combination
(2% - 1%)

24 hrs. 19.5 21.5 9.1 9.1

48 hrs. 28.5 27.2

72 hrs. 26.9 23.7 43.1 * 37.7 *

4 days
40.3 ** 27.2 **

5 days
38.7 ** 22.0 **

6 days
38.4 ** 27.5 **

7 days 23.6 19.8 --



Table X. Record of slug species represented at bait stations in field

Tests '1A and "Be at two time periods.

Vegetable Crops Farm, Corvallis, Oregon, October - November, 1968
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Methio.
alone

Methio-
meta.

Methio. Methio-

alone meta.

24 hours
Agriolimax
reticulatus 90.3 90.0 92.4 90.7

P rophys aon

1.3 1.3 1.0 1.0andersoni

Anon sp.
(immatures) 3.6 4.6 1.7 0.9

Milax gagates 4.8 4.1 4.9 7,4

72 hours
A. reticulatus 84.0 78.5 92.0 87.6

P. andersoni 3. 5 3.2 0.5 2.0

Anon sp. 4.6 7.4 1.7 1.8

M. gagates 7.9 10.9 5.8 8.6

Time
period

Species
of

slug

Mean percent of species recorded per bait station

Test 11A Test "B"



Table XI. Mean numbers of dead or affected slugs (all species) present

at bait stations of methiocarb and of metaldehyde. Test 'C.

Vegetable Crops Farm, Corvallis, Oregon, November, 1968

LSD-' at 5% level -- 5.95
at 1% level -- 7.92

Based on interaction of Treatment X Time.
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Elapsed
time

Mean number of slugs per bait station

Methi ocarb Metal dehyde

bait (2%) bait (2%)

24 hours 9.2 13.1

48 hours 22.8 25.4

72 hours 23.8 10.5 **

96 hours 25.1 3.8 **



Table XII. Differential attractiveness of methiocarb (Mesurol) and

metaldehyde baits for four species of slugs.

Vegetable Crops Farm, Corvallis, Oregon, November, 168

Percent of total number recorded

*

* The total number of slugs attracted to the metaldehyde baits during
the first 24 hours was significantly higher (P = 0.05) than the
number at the methiocarb baits. (Numbers involved with three of the
slug species were too small to allow for meaningful analyses.)
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Elapsed time &
type of bait

Agriolimax Prophysaon Anon Milax Total

no.

of
slugs

reticulatus andersoni sp. gagates

24 hours

Methiocarb 96.8 0 1.6 1.6 184

Metaldehyde 89.7 2.3 1.5 6.5 263

48 hours

Methiocarb 91.2 0 3.3 5.5 457

Metaldehyde 88.2 1.6 1.2 9.0 509



Table XIII. Response of a non-economic, mature snail species (Monadenia)

to several molluscicidal baits in a laboratory comparison

with two pest species, Corvallis, Oregon, 1974
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Percent mortality after 10 days

Material and
concentration
(poison baits)

Monadenia Helix Limax

fidelis aspersa flavus

(1 test)

(mean of
3 tests)

(mean of

2 tests)

:i,. UC-21865 2% 6.7 83.3 60.0

2. Mesurol 2% 6.7 95.6 40.0

(Wipe-Out)

3. Metaldehyde 3.25% 33.3 80.0 10.0

4. Meta. 3.25% 80.0 96.7 16.7

Ca arsenate 5.0%

5. Untreated check 0 2.2 0



Table XIV. Summary of results from several laboratory tests of poison

baits with juvenile versus maturing specimens of the European

"red slug, Anon ater rufus, Corvallis, 1975-1976

Mean Percent Mortality after 10 Days
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* "Juvenile" is a term indicating that the "ininature" slugs used in
these tests still possessed the dark lateral line which disappears
within a month or two in the development of this species.

** Figures in ( ) indicate number of tests conducted.

Toxicants and bait
formulations Juvenile slugs * Maturing slugs

UC-21865 2%
(on wheat millrun) 3.4 (2) ** 66.7 (2)

Mesurol 2%
("Wipe-Out") 38.3 (4) 98.3 (4)

Mesurol 2%
("Si ug-Geta") 28.4 (4) 90.0 (4)

Metaldehyde-caicium arsenate
("Bug-Geta", old formula) 3.3 (4) 15.0 (4)

Metal dehyde-sodi urn

fluosil icate ("Go-West") 3.4 (4) 3.4 (4)

Metal dehyde-carbaryl
(Miller's "Killer Bait") 10.0 (2) 63.3 (2)

Metal dehyde

(Corry's "Death") O (2) 6.7 (2)

Untreated CHECK O (4) 0 (4)



Table XV. Sumary of results from several laboratory tests of poison baits

with immature versus mature specimens of the brown garden snail,

Helix aspersa, Corvallis, 1975-1976

Toxicarits and bait
formulations

Mean Percent Mortality after 10 Days

Iniriature snails * Mature snaiTs *
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* Specimens selected for uniformity in size according to shell diameters:

Immatures: Mean diam. = 12.5 nm; Range = 10-15 mm.

Matures: Mean diam. - 28.7 mm; Range = 27-30 mm.

** Figures in ( )
indicate number of tests conducted.

UC-21865 2%
(on wheat milirun)

Mesurol 2%
("Wipe-Out")

Mesurol 2%
("SI ug-Geta")

Metal dehyde-cal ci urn

arsenate
("Bug-Geta", old formula)

Metal dehyde-sodium
fluosilicate
("Go-West")

Metaldehyde-carbaryl
(Miller's "Killer Bait")

Metal dehyde

(Corry's "Death")

Untreated CHECK

80.0

85.0

91.7

93.3

8.3

23.4

36.7

0

(2)

(4)

(4)

(4)

(4)

(2)

(2)

(4)

** 93.3

94.9

98.3

81.7

28.4

63.3

33.3

3.4

(2)

(4)

(4)

(4)

(4)

(2)

(2)

(4)



Table XVI. Summary of results from several laboratory tests of poison

baits with immature versus mature specimens of the tawny garden

slug, Limax flavus, Corvallis, 1975-1976

Mean Percent Mortality after 10 Days

* Sexual maturity

** Figures in ( ) indicate number of tests conducted.
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Toxicants and bait
formul ations Immature slugs Mature slugs *

UC-21865 2%
(on wheat millrun)

Mesurol 2%
("Wipe-Out'1)

Mesurol 2%
(uSlug_Getan)

Metal dehyde-cal ci um

arsenate
(Bug-Geta", old formula)

Metal dehyde-sodi um

fluosil icate
("Go West")

Metal dehyde-carbaryl
(Miller's uKiller Bait")

Metal dehyde

(Corry's "Death")

Untreated CHECK

0

61.7

72.2

8.4

2.8

4.2

4.2

0

(1)

(3)

(3)

(2)

(3)

(2)

(2)

(3)

** 40.0

77.8

73.3

16.7

6.7

13.4

36.7

0

(1)

(3)

(3)

(2)

(3)

(2)

(2)

(3)



Table XVII. Effects of dinitro herbicide sprays on slug populations

in seedling bean rows three days after application,

Corvallis, June 3, 1968

Treatments No. of live slugs per 8 row feet - by replicates

F ri III IV' V Means
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DNBP 1.0 lb/acre 4 16 8 3 4 7.0

DNBP 1.5 lb/acre 8 7 11 4 4 6.8

DNBP 2.0 lb/acre 1 1. 1 1 1 1.0

Untreated check 9 19 5 10 1 8.8



Table XVIII. Results of Fallow Soil Surface Treatments for Control of

Mature Gray Garden Slugs (A9riolimax reticUlatus),

Corvallis, 1968

Plot Treatments

(Materials applied in
PM of 18 Sept., imme- Pre-count
diately after taking
pre-count.)

UC-30045 lOG

(granules)

Metaldehyde-carbaryl
bait pellets

Mesurol (methiocarb)
50% WP spray

Untreated check

* Means of 10 bran-board samples per plot.

Mean Number of Slugs/Bran Board* Percent reduction
(below precourit)

of slug population

72 hours 7 days on 7th day.

after after

treatment treatment

- 53 -

52,5 31.2 24.7 53

41.8 26.7 21.7 47

24.4 32.5 16.8 31

26.1 13.0 10.2 61



Table XIX. Results of a Field Trial of Furrow Treatments for Slug Control

on Green Bush Beans, Corvallis, 1973

* 20 seedlings from each of 5 replicates -- rated from
0 (all with heavy injury) to 80 (no slug injury).

** Seedling stand significantly lower than check.
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Treatments -
all except #7

at rate of
1 oz Al/bOO'

Mean number
seedlings

per 50 foot
plot,

Mean ratings *
for degree
of slug
injury.

1.

2.

3.

Mesurol 75 WP

Furadan 10 G

Lorsban 10 G

224.0

230.0

208.4 **

52.8

56.0

51.0

4. Dasanit 15 G 218.4 52.8

5. Primicid 5 G 235.6 58.4

6. Volaton 10 G 249.6 53.3

7. "Agrox 2-Way" 244.2 56.8

8. Zectran 25 WP 228.2 51.2

9. N-2596 10 G 246.2 54.8

10. Untreated Check 242.4 57.6



Table XX. Effects of Mesurol spray and bait treatments on gray garden

slug (Agriolimax reticulatus) populations in pansy bedding plant

greenhouses. Salem, Oregon, March, 1975

Treatment -
(made imediately
after Pre-count
on March 12

Mesurol bait

(2%)

Mesurol spray
(0. 5%)

Mesurol spray
(0.25%)

Untreated
check

Total numbers of live gray garden slugs

5 0 1

5 0 2

7 2 1

15 12 10
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Pre- count 1st Post-count 2nd Post-count

(March 12) (March 19) (March 26)



Table XXI. Effects of Mesurol spray and bait treatments on juvenile and

immature arionid (Anon ater and Arionhortensis) populations

in pansy bedding plant greenhouses, Salem, Oregon, March, 1975

Treatment -
(made immediately
after pre-count
on March 12)

Mesurol spray
(0.25%)

Total numbers of live arionid slugs

Mesurol bait
(2%) 4 3 2

Mesurol spray
(0.5%) 3 3 3

4 8 12

Untreated check 3 4 4
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P re-count 1st Post-count 2nd Post-count

(March 12) (March 19) (March 26)



APPENDIX I

SIMPLIFIED KEY to the COMMON SLUGS of WESTERN OREGON

A slug is essentially a snail without an external shell. Both animals

are molluscs, belonging to the Phylum Mollusca which includes the clam,

octopus, and oyster. The internal organs, which a true snail protects

inside its shell, are contained in the elongate body of the slug. Without

the ability to prevent excessive water evaporation from its moist body by

withdrawing into a shell, the slug is largely restricted to moist climates.

Most slugs actually possess a shell, but this is very small and usually

enclosed within the humped, shield-like mantle on the slug's back.

Slugs are hermaphroditic, that is, each individual contains both

male and female organs. Mating is mutual and each individual is capable

of laying eggs. Slugs usually live only one year to 18 months and egg

laying is heaviest for most species from late summer until cold weather.

The following key is based entirely on external characteristics.

(A study of the internal organs is essential for positive identification

of many species.) Many of the markings and color patterns of young slugs

differ from those of the mature forms and color patterns of adult slugs

often vary. For these reasons, an identification from this key may not

always be possible, since the key is based on the typical characters of

mature specimens. Little difficulty should be experienced however, because

of the small number of species included in the key.

All molluscs treated in this key are of European origin with the

exceptions of the timber slug (Ariolimax columbiana), the reticulated

slug (Prophysaon andersoni), and possibly the gray field slug (Agriolimax

laeve).

Definitions of some of the terms:

Anterior --- head end

Breathing pore (pneumostome) --- a single opening to the respiratory
cavity, located on the right side of the mantle; size of the hole
controlled by muscles; very conspicuous when animal is active;
may be closed when animal at rest.

Dorsal --- back or top area
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Foot --- the locomotory organ; the long, broad ventral area on which
the snail or slug glides.

Keel --- a dorsal ridge on the slug's body behind the mantle area,
as opposed to a rounded dorsal area of the body.

Mantle --- a membraneous flap or outer covering of the softer parts
of a mollusc; the rounded, shield-like area on a slug's back
behind the head.

Posterior --- rear end of a body part.

Sole --- the actual surface of the foot in contact with the ground
can be viewed best by allowing animal to crawl on a glass sheet.

Tentacle --- one of two pairs of sensory organs on head of animal;
longer pair have eyes at tips, lower shorter pair have tasting
or smelling organs.

Ventral --- bottom or underneath side.

AC KNOWLEDGMENTS

Information from the following publications has been used extensively

in preparing this key to the common slugs of Western Oregon:

"How to Know the Eastern Land Snails", John B. Burch. Wm. C. Brown

Company, Dubuque, Iowa.

"Land Mollusca of North America (North of Mexico)." Henry A. Pilsbry.

Monograph No. 3. Acad. of Natural Sciences of Philadelphia. Vol. I & II.

1939-1948.

Simplified Key to Common Slugs of Western Oregon

la Animal without an external shell 2

lb Animal with a visible external shell 10

2a Very large robust slugs when extended (6-10 inches); rounded posterior
end with conspicuous pit filled with mucous tissue

Timber slug, Ariolimax columbianus (Gould)

Live primarily in wooded or forest land. Two distinct
varieties; one with heavy black spots on body background of
greenish-tan with one black spot in center of mantle; other
uniformly colored olive-tan, tan-green, reddish-yellow, slate
green, or intermediate colors.

2b Small to medium large slugs, definitely smaller than the above . . . 3
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3a Breathing pore in the anterior half of the right side of the mantle;

back with no ridge or keel; posterior end rounded when viewed
from above. Family Arionidae 4

3b Breathing pore in the posterior half of right side of mantle;
back entirely keeled or with keel at posterior end; posterior
end pointed when viewed from above. Family Limacidae 6

4a Animal large when extended, more than 2 3/4 inches long; large
tubercles on back when contracted; color uniform (no bands or
spots) black, brown or orange-red; edge of sole with alternating
vertical orange and black marks

European hblacku slug, Anon ater (Linnaeus)

A recent (about 1940) introduction to the West Coast, this
slug is spreading rapidly into cultivated areas. It is a ravenous

feeder on most types of vegetation and seeks shrubbery, ground-
cover plants, piles of debris, etc. for shelter during the day.

4b Animal smaller than the above (less than 2 3/8 inches when extended):

usually with dark band each side of mantle above breathing pore;
sole light colored 5

5a Body grayish above, sides yellowish. Dark lateral stripe on body
discontinuous with mantle stripe, which passes above the breath-

ing pore. Length extended, about 1 1/4 inches. Sole white.

Mucus clear (no common name), Anon fasciatus (Nilsson)

5b Body slender and distinctly reticulated (netted), predominate color
steel blue or brown, usually with light band along center of dor-
sal side; genital opening behind and near right tentacle; sole
undivided longitudinally and porcelain white

Reticulated slug, Prophysaon andersoni (J. G. Cooper)

6a Body strongly keeled from mantle to posterior end; mantle with
center part bounded by an ellipticle groove; overall color dark
gray or black; sole gray; length extended - 2 3/4 inches

Greenhouse slug, Milax gagates (Draparnaud)

6b Body keeled only near posterior end; mantle with fine concentric
wrinkles, but without an elliptical groove 7

7a Animal large, 2 inches or more when extended; body usually either banded
or conspicuously spotted; posterior end sloping gently to a point . 8

7b Animal medium or small, less than 2 inches when extended; body not
banded; darker markings, if any, in form of mottling rather than
conspicuous spots; posterior end truncated 9

8a Mantle and back with dark longitudinal bands; body color light brown
or yellowish-gray; length 2 - 2 1/4 inches when extended

The tree slug, Lehmannia marginata (Muller)

Not usually found in large numbers. Often associated with
other species, particularly the spotted garden slug, the young
of which are very similar.
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8b Overall color dark greenish with yellow mottling; tentacles steel
blue, length 3-5 inches

Tawny or cellar slug, Limax flavus Linnaeus

Not common in Oregon yet, but found in all other states.
Inhabits cellars, drains, trash piles, etc. Eggs large, trans-

parent, elliptical and connected end to end like a string of beads.

8c Mantle and body black spotted, spots tending to run together in
parallel longitudinal lines on body; body color yellowish-gray
to tan; length 3-5 inches when extended

Spotted garden slug, Limax maximus Linnaeus

Common around human habitation. Usually confine feeding to

decaying organic matter. Seeks shelter under shrubbery, piles of
debris, damp cellars, etc.

9a Animal medium small, usually less than 2 inches when extended; back-
ground color light gray to tan, more or less mottled with dark

markings; raised white margin around breathing pore; exudes milky

slime when irritated. Gray garden slug, Agriolimax reticulatus (Muller)

The most comon slug in gardens and cultivated fields of

Western Oregon. A destructive pest of flower gardens, legume crops

and vegetables generally. Its small size allows it to find shelter

under clods, in cracks in the ground, etc. (Scientific name usually

given as Deroceras reticulatum in American literature.)

9b Animal smaller than above; nearly uniform gray with light transparent-
appearing area on posterior part of mantle; exudes watery slime when

irritated Gray field slug, Agriolimax laeve, (Muller)

Habits are similar to gray garden slug, with which it is usually

confused and associated. Failure to exude white, adhesive slime when

irritated will identify it.

lOa External shell an ear-shaped plate at posterior (thickened) end of slug,

much too small to cover contracted animal; pair of grooves diverging

and running forward to base of head; usually light grey; 2-3 inches,

extended Family Testacellidae .

(no common name), Testacella haliotidea, Draparnaud

This strange-appearing slug lives almost entirely underground
where it feeds on earthworms, other small soil animals, and other

slugs. Found when garden soil is worked, or on surface after rainy
periods.

lOb Coiled shell of various shapes and sizes present, large enough to
enclose whole animal True Snails

Many different species and several families of snails are
represented in Western Oregon. With one exception, none is of
real economic importance. The exception is the Brown Garden
Snail (European brown snail), Helix aspersa MUller, colonies of
which have been found at Coquille, Seaside, Medford, and at Long



Beach, Washington. It is a large snail (1 - 1 1/2 inches shell

diameter), banded or speckled with brown, and is considered edibl.e

in parts of Europe. Helix aspersa is a pest of gardens and citrus

groves in California, where it has been established for more than

100 years, and may become a serious pest of home gardens in Western

Oregon.
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boxes (unpublished data

calcium arsenate
isodrin
endrin
phenothiazine
aldrin
dieldrin
chi ordane

BHC
ma 1 a th ion

parathion
sodium arsenite
Strobane
diazinon
Pirazinon

APPENDIX II

Materials tested by formulating combination baits with metaldehyde

and exposed to gray garden slugs on moist soil in outdoor confinement

of Terriere and Dickason, OSU, 1955):

methoxychlor
heptachior
2,6-dichioro, 4 riitro phenol

p-amino phenol
tetra chl orophenol

penta chlorophenOl
hexachi orobenzene

2 ,4-dinitrophenOl
copper dihydrazine
copper sulfate
4124 (expt'l organophosphate)
malonic acid
phenylarsonic acid
RADA (rosin amine 0 acetate)

(NOTE: These baits were compared with a standard commercial bait containing

metaldehyde and calcium arsenate. A few slugs were usually killed by the

baits, but this was attributed to the metaldehyde content, rather than the

other toxicant present. The baits containing chlordane and Strobane were

the most effective, but were not more effective than the standard commercial

bait.)
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APPENDIX III

Materials tested as sprays on Swiss chard leaves fed to slugs (Agriolimax

reticulatus) in petri dishes during laboratory tests (unpublished data of

Terriere and Dickason, OSU, 1955):

dieldrin chiorothion
aldrin dipterex
chiordane mercuric chloride
Strobane calcium arsenate
heptachlor sodium arsenite
isodrin copper sulfate
Perthane BHC isomers - alpha, beta, delta
endrin DN #1 (dinitro compound)
lindane DN-289 (dinitro compound)
toxaphene Zerlate
methoxychlor Manzate
malathion ET-19 (Dow experimental compound)
parathion Parabis-90 (Dow expt'l compound)
Aramite rosin amine D acetate
Pirazinon rosin amine D acetate copper complex
chlorobenzilate Isolan
Dimite CP 876 (Monsanto expt'l compound)
Ovatran CP 79 (Monsanto expt'l compound)
Dilan metaldehyde
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Compounds tested against adult slugs (Agriolimax reticulatus) by the

petri dish residual spray method (unpublished data of Terriere and Boose,

OSU, 1959):

endrin
Sevin
Thi odan

Guthion
1 indane

fish oil no. 1

fish oil no. 2
Diazinon
toxaphene
Dilan
dieldrin
Trithion
mal athion

Keithane
Dilox (Dipterex)
pentachi orophenate

APPENDIX IV

2,4-dinitro phenol
3,5-dinitro methyl benzoic acid
2,4-dinitro benzoic acid
2,4-dinitro phenetole
2,4-dinitro o-isopropyl phenol
3,5-dinitro benoic acid
2,4-dinitro toluene
2,4-dinitro resorcinol
2,4-dinitro naphthyl sulfonic acid
2,4-dinitro o-cyclohexyl phenol, dicyclo-

hexylamine salt
DN 289 (DN o-sec. butyl phenol, TEA salt)

2,4-dinitro o-sec. butyl phenol
2,4-dinitro anisole
DN Dry Mix no. 1 (dinitro o-cyclohexyl phenol)

Dow General Weed Killer (DN o-sec butyl phenol)

Dowicide 31 (chloro-o-phenyl phenol) thioglycol dinitro phenyl carbaniate

Dowanol 848 (chem. name unknown) propargyl N-phenyl carbamate

Dowicide 4 (2-chloro-4-phenyl phenol) N-butylamine, N-butyl carbamate

4,4-methylene bis 2,3,6-trichioro phenol isopropylamine, N-isoprOPYl carbamate

3,5 o-cresol, Na salt isobutylamine, N-isobutyl carbamate

picric acid isopropyl N-bis 2,4 dichiorophenyl

6 nitro, 2,4,5-trichloro phenol carbamate

dichlorophenyl ethane 2-chloro allyl dimethyl dithio carbamate

1,1 bis p-chloro phenyl ethane N.-isopropyl, N-nitro isopropyl carbamate

chloranilic acid N-isopropyl N-nitro methyl carbamate

copper sulfate N-methyl, N-nitro methyl carbamate

calcium cyanamide N-methyl N-nitro isopropyl carbamate

copper pentachiorophenate N-methyl N-nitro ethyl carbamate

ethylene thiourea N-ethyl N-nitro isopropyl carbamate

sodium 4-chioro, 2 nitro phenyl ethyl N-ethyl N-nitro methyl carbamate

sulfate isopropyl N-methyl carbamate

alpha cyano-beta-2,4 dichioro phenyl methylamine N-methyl carbamate

acrylic acid methyl N-methyl carbamate

N-allyl-a-chlorO hexyl acetamide methyl N-ethyl carbamate

hexyl acetyl urea
metal dehyde
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APPENDIX V

Composition of commercial slug and snail baits used at Oregon State

University in "age differential susceptibility" tests and other tests:

"Wipe-Out" -- Methiocarb 2%; inert 98%.

Miller's (Chas. H. Lilly Company)

"Go-West" -- metaldehyde 3.00%; sodium fluosilicate 5.00%;
inert 92.00%.

Miller's (Chas. H. Lilly Company)

"Slug & Snail Death" metaldehyde 2%; inert 98%.
Corry' s.

"Slug & Snail Death" carbaryl 5.00%; metaldehyde 2.50%;
inert 93.5%.

Black Leaf Company

"Slug-Geta" -- methiocarb 2%; inert 98%.

Ortho (Chevron Chemical Company)

"Bug-Geta" -- metaldehyde 3.25%; calcium arsenate 5.00%;
inert 91.75%.

Ortho (Chevron Chemical Company)
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APPENDIX VI

Chemical identification of candidate molluscicides listed in Table III.

Code or trade Generic or Chemical name

name common name

Methyl_4_(methylcarbamoYlOXime)_2_iS0ProPYl
carbanilate

(Chemical identification not available
because of patent considerations.)

3-methyl _4_(N,N-dimethylaminofllethYl imino)

phenyl N-methyl carbamate

2_[0_(MethylcarbamOyl )oximino]-1 ,4-dithiane

2_methyl -2-(methyl sulfonyl) propionaldehyde

0- (methyl carbamoyl) oxime

S-methyl N_[(methylcarbamoyl )oxy]

thioacetimidate

0_(4,5-dimethyl -1 ,2-dioxolan-2y1 )phenyl

methyl carbamate

(Chemical name not available - a carbamate)

3:1 mixture of rn_(l_methylbUtyl )phenyl

methylcarbamate, and rn-(ethylpropyl)

phenyl methylcarbamate

3,5-Dimethyl _4_(methylthio)phenOl
methyl carbamate

3-sec-butyl -p-tolyl methyl carhamate

rn_[[(Dimethylamino)methylefle)amifl0]PhYl
methyl carbamate hydrochloride

4-dimethylamino-3,5-XYlYl methylcarbamate

2,3-di hydro-2,2-dimethyl -7-benzofuranyl
methyl carbamate

Phenyl 5,6_dichloro-2-triflUOrOmethYll
benzimi dazol ecarboxyl ate

Al dicarb [2-methyl -2- (methyl thi o)

propiorialdehyde 0-(methylcarbamoyl )oxime]

3-chloro-6-cyaflo-2 norbornanone
0_(methylcarbamoyl)oxime

Acetic acid, thio_,S_(2_cyanoethyl)ester,

methyl carbamoyl oxime

Acetic acid, thio-S-cyanomethyl ester,
methyl carbamoyl oxime
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UC 30045

UC 51762

UC 25074-S

UC 46207

UC 21865

IN 1179 methomyl

(LAN NATE)

C-lOOlS

Ortho 5305

BU X bufencarb

(Ortho 5353)

MESUROL methiocarb
(BAY 37344)

BAY 62862

CARZOL formetanate
hydrochloride

ZECTRAN mexacarbate

FURADAN carbofuran

LOVOZAL (a benzimi-

dazol)

TEMIK aldicarb

TRAN ID

(uC-20047A)

SD-17250

SD-1 6898



TD-5032 Hexamethylditin

PLICTRAN cyhexatin Tricyclohexyltin hydroxide

10-1612 Trimethyltin hydroxide

BUCTRIL bromoxynil (a benzonitrile herbicide)

BROMI NAL

chloroxynil (a benzonitrile herbicide)

R 677-1 (an organotin) (Chemical identification not available

because of patent considerations.)

TD-8550 S-(N-methoxycarbonyl -N-methyl carbamoylmethyl)

dimethyl -phosphonothiolothioate

Herc 19223 (an organo- (Highly unstable compound. Chemical identity

phosphate) not released by Hercules, Inc.)

CGA-12223 O_[5_chloro-l_(l-methylethyl)-lH-1,2,4-
triazol-2-Yl]O,O-diethyl phosphorothioate

- 67 -



REFERENCES

Anonymous. 1953. Land slugs and snails and their control. Farmers Bull.

1895, U.S. Dept. of Agr.

Barry, B. D. 1969. Evaluation of chemicals for control of slugs on field

corn in Ohio. J. Econ. Entomol. 62: 1277-9.

Basinger, A. J. 1931. The European brown snail in California. Univ. of

Calif. Agr. Exp. Sta. Bull. 515.

Burch J. B. 1960. Some snails and slugs of quarantine significance to
the United States. ARS 82-1, U.S. Dept. of Agr., Wash. D.C.

Craig, J. B. and M. H. Vincent. 1952. The action of metaldehyde on the

slug, Agriolimax reticulatus (Muller). Ann. Appi. Biol. 39: 392-406.

Crawford-Sidebotham, T. J. 1970. Differential susceptibility of species

of slugs to metaldehyde/bran and niethiocarb baits. Oecologia (Berlin)

5: 303-24.

Crowell, Ft. H. 1967. Slug and snail control with experimental poison

baits. J. Econ. Entomol. 60: 1048-50.

Getz, L. L. and L. F. Chichester. 1971. Introduced European slugs. The

Biologist. 53: 118-127.

Getzin, L. W., and S. G. Cole. 1964. The evaluation of potential mollusci-

cides for slug control. Wash. Agr. Exp. Sta. Tech. Bull. 658. 9 pp.

Getzin, L. W. 1965. Control of the gray garden slug with bait formulations

of a carbamate molluscicide. J. Econ. Entomol. 58: 158-9.

Giang, P. A. and F. F. Smith. 1956. Colorirnetric determination of

metaldehyde residues on plants. J. Agr. Food Chem. 4: 623.

Gimingham, C. 1. and H. C. F. Newton. 1937. A poison bait for slugs.

Jr. Ministr. Agr. XLIV, No. 3, 242-6.

Godan, Dora. 1958. Uber die Massenzucht von NacktschneCkefl nebst einigen

Bemerkungen zur Biologie. Z. angew. Zool. 45: 497-504.

Godan, Dora. 1966. Untersuchungen uber die molluskizide Wirkung der

Carbamate. II Teil. Abhangigkeit von Art, Grosse und Ernahrung

der Schnecke. Z. angew. Zool. 53: 417-30.

Hanna, 0. D. 1966. Introduced mollusks of western North America. Occas.

Papers, Calif. Acad. Sci., No. 48.

Henderson, I. F. 1969. A laboratory method of assessing the toxicity of

stomach poisons to slugs. Ann. Appi Biol. 63: 167-71.

Hunter, P. J. and D. L. Johnston. 1970. Screening carbamates for toxicity

against slugs. J. Econ. Entomol. 63: 305.

- 68 -



Janus, H. 1965. The young specialist looks at land and freshwater molluscs.

Burke Publishing Co., London. 180 pp.

Jary, S. G. and M. D. Austin. 1937. uMeta_Fuep and slug control. Jr.

S. E. Agr. Coil., Wye (GB), 40: 183-6.

Judge, F. D. 1969. Preliminary screening of candidate molluscicides.
J. Econ. Entomol. 62: 1393-7.

Judge, F. D. and R. J. Kuhr. 1972. Laboratory and field screening of

granular formulations of candidate molluscicides. J. Econ. Entomol.

65: 242-5.

Lovett, A. L. and A. B. Black. 1920. The gray garden slug, with notes on

allied forms. Ore. Agr. Exp. Sta. Bull. 170. 43 p.

Martin, T. J. and J. D. Forrest. 1969. Development of DRAZA® in Great

Britain. Pflanzenschutz-Nachrichten, 22: 205-243.

Mead, A. R. 1961. The giant African Snail; A problem in economic malacology.
Univ. of Chicago Press, Chicago, Ill.

Morton, J. E. 1960. Molluscs. Harper Torchbooks, Harper & Bros., New
York. 232 p.

Musick, G. J. 1972. Efficacy of phorate for control of slugs in field
corn. J. Econ. Entomol. 65: 220-2.

Needham, J. G. et al. 1959. Culture methods for invertebrate animals.
Dover Publications, New York.

Newton, K. 1966. Observations on the laboratory rearing of terrestrial
molluscs. Amer. Midl. Naturalist. 76: 528-532.

Olson, F. J. 1973. The screening of candidate molluscicides against the
giant African snail, Achatina fulica Bowdich (Stylonimatophora: Achatinide).
Unpublished M.S. thesis, Dept. of Ent., U. of Hawaii, Honolulu.

Pilsbry, H. A. 1939. Land mollusca of North America (north of Mexico).
Monogr. 3, Acad. Nat. Sci. Philadelphia 1(1): 1-573.

Pilsbry, H. A. 1948. Land Mollusca of North America (north of Mexico).
Monogr. 3, Acad. Nat. Sci. Philadelphia 2(2): 521-1102.

Runham, N. W. and P. J. Hunter. 1970. Terrestrial Slugs. Hutchinson

Univ. Library, London. Hutchinson & Co., Publishers, London. 184 p.

Ruppel, Robert F. 1959. Effectiveness of Sevin against the gray garden
slug. Jr. Econ. Entomol., 52: 360.

Sivik, F. P. 1954. A technique for rearing slugs. The Nautilus, 67: 129-130.

Stephenson, J. W. 1961. A culture method for slugs. Proc. Malacol. Soc.,
London, 28: 43-5.

- 69 -



Stringer, A. 1946. A note on the action of metaldehyde on slugs. Annual

Report, Long Ashton Research Station, England, 87-88.

Thomas, D. C. 1948. The use of metaldehyde against slugs. Ann. Appi.

Biol. 35: 207-27.

Thompson, B. G. 1942. The garden slug and its control. Ore. Agr. Exp.

Station Cir. of Info. 258.

White, G. M. 1955. The influence of certain respiratory inhibitors and
other chemicals on the integrated metabolism of the gray garden slug,
Deroceras reticulatus (Muller). Unpublished M.S. thesis, Oregon

State University, Corvallis.

- 70 -


