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ABSTRACT

The purpose of this study was to observe different

aspects of slug ecology in Manitoba, and examine the accu-

mulation, storage and excret,ion of DDT by slugs. Reference

was made to the culture of slugs for use in long-term labora-

tory experimentation.

A field survey r,.ras done in August 1972 with samples

of slugs being collected from 19 rural communities and urban

areas in the southern part, of the provínce. Three species

of slugs are found in Manitoba at present. Agriolimax laeve

occurred in nearly all areas sampled, whereas Lehmannia

valentiana \^/as f ound only in 2 greenhouses. Agriolimax

reticulatus was found in all but 9 of the sampled areas.

This species is responsible for much of economic and

asthetic damage done by slugs in Manitoba.

Severe climatic conditions during the summer and

winter prevent slugs such as Lehmannia valentiana from

becoming established in. the fieId.. Severe winter conditions

likewise limit AgrioliTax retigufatus to winter survival in

the egg stage.

Particular reference was made with respect to accu-

mulation, storage and. excretion of DDT. L4C-pp-DDT was fed

to slugs at 4 | 16, 40 and B0 ppm. dry weight in the diet. A

variety of food sources were tested as vehicles for adminis-
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tering the DDT to the slugs and were exposed to the slugs

for up to 104 days.

For both Agriolimax reFiculqtus and Lehmannia valen-

tiana, rate of accumulation was proportional to time of

exposure and leve1 of intake. Agrioli¡nax reticulatus showed

a greater rate of accumulation of DDT from both leaf litter

and oatmeal pellets than did r,ehmappi.a valentiana. Both

species concentrated the majority of the DDT in the hepAte=

pancreas. The raLe of excretion was fairly slow when the

slugs were feeding on DDT-free food. Of the 202 retained

after feeding on DDT for 20 days, 12% was still present in

t,he slug tissue after 79 days. Mucous secretion and produc-

tion of eggs resulted in little loss of DDT from the tissue.

The possibility of these ubiquitous invertebrates

act.ing as indícators of pesticides in the soil environment

v¡as also considered. ft is hoped that this study will act

as an introduct.ion to the study of terrestrial molluscs in

Manitoba.



ACKNOVüLEDGEMENTS

The writer wishes to express his sincere appreciation

to Dr. G. M. Findlay, Department of Entomology, The Universi-

ty of Manitoba, for his guidance and counsel. I am grateful

to Professor A. J. Thorsteinson, Head, Department of Entomo-

logy, University of Manitoba, and Dr. A. L. Hamilton, Fishe-

ries Research Board of Canada for their constructive crit,icism

and advise.

I wish to thank Mrs. K. Subrahmaniam for her help

with statistical analysis and Mr. L. Perreault for his

forbearance throughout the field work.

I wish to sincerely thank Dr. M. G. Dudley for her

help and encouragfement during the past years.

l_ l_ l_



TABLE OF CONTENTS

LTST

LÏST

TABLES

FIGURNS

OF

OF

ÏNTRODUCTÏON

LTTERATURE REVÏEVI

Ecology of Slugs

Slug Culture

Review of DDT

MATERIALS AND METHODS

Taxonomy

Location of Sampling and Collecting

Test Chambers

Experimental condj-tions

DDT Stock Solution

Media and Foods

Analytical Techniques

Scintillation Counting

Culture of Agriolimax reticulatus

Sites

Page

vii

viii

f
I

3

J

6

7

10

10

10

10

L4

L4

15

T7

1B

T9

2L

23

23

23

Chapt,er

1;

2.

Culture of Lehmannia valentiana

EXPERIIYIENTAL

PART T. - SLUG ECOLOGY

Introduction

l_

3.



Chapt,er

i,v

Page

24

28

28

32

36

37

3B

3B

39

4L

4B

52

55

5B

5B

5B

59

63

66

Survey of SIug distribution in Manitoba

Egg Production of L. valentiana under-laboratory condíEioñffi .

Survival of Introduced Species of Slugs
under Dry Conditions

Field Survival of L. valentiana under
Manitoba conditiõnsTT

Life cycle of A. reticulatus in Manit'oba

Discussion

PART II. ACCUMULATION OF DDT

Introduction

Accumul-ation of DDT from Aged
Leaf Litter

Accumulation of DDT from a Preferred
Food-Oatmeal

Accumulation of DDT from Non-Aged
Leaf Litter

Accumulation of DDT when Slugs were in a
DDT Contaminated Habítat (l,eaf Litter)
and R.eceiving a Clean Preferred Food
(Oatmeal and Lettuce)

DET accurnulation when both DDT
Contaminated Food and Substrate was
Presented to Immature Slugs

Discussion . .

PART ITT. - EXCRETION OF DDT

50

fntroduction

Excretion of DDT

Excretion of DDT

Excretion of DDT

Discussion

in Feces

in Mucous

in Eggs



Chapter

vi

Page

6B

6B

6B

PART IV. STORAGE OF DDT

IntroducLion

DDT Storage in Tissues

Hepatopancreas Residues
Concentrations of DDT

Changes in DDT Storage

when Fed High

under Varying

70

Feeding Conditions

Discussion

DfSCUSSTON

SUMMARY ÄhTD CONCLUSÏONS

Summary

Conclusions

BTBLIOGRAPHY

APPENDIX I - Scintillation Cocktails .

APPENDIX TI Statistical Anal-ysis

4.

5.

73

78

79

B3

B3

B5

B6

91

92



LTST OF TABLES

Table

1. Distribution of Slugs in Southern Manitoba

Page

in August J.972 27

2" Egg Production of L. valentiana for a Period-ór 84 Days under-la@onditions 30

3. Percent Survival of Slugs under Dry Conditions
in the Presence and Absence of Earthworms 33

4. Numbers of L. valentiana and A. reticulatus
found froñ Au octoEê'rffi
on Field Plot 35

5. Comparison of DDT Accumulation from Dífferent
Diets in 30 DaYs bY L. glsgllana and
A. reticul-atus 57

6. DDT Retained when Feeding L. valentiana a
DDT-Free Diet Subsequent to a DDT-Dose
Period 60

7. DDT Concentrations of Individual Tissues
from A. reticulatus maintained 20 Days
on oaEmeãffiffing B0 ppm. DDT 7L

B. DDT Concentrations of Individual Tissues
from L. valentiana maintained 20 Days
on oaEmeãffiñing 80 ppm. DDT 72

9. DDT Retained by L. valentiana under
Different Feedinq Coñditions . 77

vl-a



Figure

1.

2.

3.

4.

J.

6.

1l.

B.

9.

10.

11.

L2.

L4.

LIST OF FTGURES

Agriolimax

Lehmannia valentiana

Agriolimax laeve

Distribution of Slugs in Manitoba

Daily Egg Production of Forty L. valej?tianjt
under Laboratory Conditions

Accumulation of DDT from Aged Leaf Litter
by A. reticulatug

Accumulation of DDT from Aged Leaf Litter
by f. valentia.na

Accumulation of DDT from a Preferred Food
(Oatmeal) by a. reticul,atus

Accumulation of DDT from Non-Aged Leaf
Litter bV 4. reticulatirå

Accumulation of lot from a Preferred Food
I(OaÈmeal) bV t. valentiana

Accumulation of DDT by A. _reticul-atus when
Maintained ín a DDT cõntffi:ffibitat,
and Fed Clean Preferred Food

Accumufation of DDT from a Contaminated
Food and Habitat by Maturing A. reticulatus.

DDT Content of Mucous from L. valentiana
Fed oatmeal Pellet,s ContaÏniñæ5f--
durj-ng the Experimental Períod

DDT Content of Eggs from L. valentiana Fed
oatmeaI pelletã During Ehef,fÏñ,õãtal
Period

Concentration of DDT in Hepatopancreas of
A. ret.iculatus Und.er High Concentration
: ?-t'eeqang[

Page

.11

11

T2

26

29

42

43

46

47

49

51

54

62

65

13.

15.

vl_l_l_

74



ÏNTRODUCTION

Terrestrial slugs are an important component of the

ecosystem. In many parts of Europe slugs form a large part

of the biomass of a given biotic community. Most species of

slugs are herbivorous and detritis feeders, but a few are

carnivorous. The amount of food consumed by slugs is con-

siderable, thus in many areas the herbívorous slugs are

important primary consumers. Although slugs are apparently

utilized as food by predatory organisms, their importance in

food chains is undetermined. Climatic conditions and patho-

genic organisms are apparently the key factors determining

the distribution and abundance of slugs in a given area.

DDT usage increased greatly from L947 to 1960. Much

of the DDT now j-n the environment was introduced by spraying

for agricultural pests, forest pests and mosquito-f1y

control. Much of the DDT reached the top soil layers

directly by spray application, or indirectly by being washed

off of plants by precipitation or by being adsorbed to plant

material which eventually dies and falls to the ground. The

DDT has become bound to the humus and may remain there for

several years.

Slugs may be exposed to pesticides by direct contact

with the spray or indirectly through the food or from

contact with a contaminated substrate. As the highest

1
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densities of slugs tend to be found on the types of cultiva-

ted land where much of the DDT application has taken place,

DDT and other pesticides are now a integral part of the

slug's environment.

Because slugs utilize a wide variety of habitats,

are ubiquitous and sedentary, it is quite conceivable that

slugs could be used for monitoring the biological availabi-

lity of pesticides in the lower trophic levels.

DDT was chosen as the study chemical- since its

accumulation in the higher trophic levels has been well

documented and thereby stirred up considerable controversy.

The use of DDT labelled with the 14C isotope eliminated

contamination errors due to polychlorinated biphenyls and

facilitated the analytical measurement of DDT residues.

The objectives of this thesis \^rere:

1) To initiate the study of slug ecology in Manitoba and

determine what species are present;

2) To investigate the accumulation, storage and excretion

of DDT by slugs.



Chapter I

LITERATURE REVÏEW

Ecology of Slugs

There has been little research pul)lished on the

ecology and distribution of slugs in Canada. Thus this

review will be primarily of research done in the United

States and Europe.

Before the settlement of North America there \^Iere

few natj-ve species of slugs present. However, in the last

200 years there has been a rapi-d introduction of slugs from

Europe (Chichester and GeLz, 1968). The early introduction

of slugs from Europe was reported by Binney (L842). Agrio-

limax reticulatus is found in manv of the cultivated areas

of North America and Lehmannia valentiana is found in green-

houses and similar protected places (Chichester and Getz,

1968).

The ecology of Agriolimax sp. has been well docu-

mented in Europe (Carrj-ck, 1942; Gould, I96L; South, L965¡

and Hunter, L967 , I96Ba, b, c). Agriolimax sp. breeds

throughout the year except in very dry or cold weather, and

under laboratory conditions can lay 500 eggs in a season

(Carrick, 1942). Many of the slugìeggs laid in the field in

the latter part of the fall fail to hatch in the spring
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(Carrick, 1938). Many species of slugs, including Agrio-

limax, complete their life cycles in one year. Hunter (1971)

reports that Agriolimax reticulatus has two generations a

year in England, and that those slugs hatched in Lhe fall

will overwinter to produce eggs the following year.

The incubation period of Agriolimax reticulatus

eggs varies from 15 days at 20oC to 105 days at 5oC (Carrick,

L942). The eggs of Agriolimax appear to have no structural

provisions for resistance to desiccation (Bayne, 1968).

Carrick (1942) and Arias and Crowell (1963) determined that

turgidity of eggs d.epends on contacL with a moist surface.

During development the embryoes become increasingly resis-

tant to extremes of temperature (Carrick, L942) and weight

loss due to desiccation (Bayne I 1969). Bayne (1969)

reported that the embryos of Agriolimax reticul?tus were

able to survive a dehydration weight loss of 60-80?. Fu11y

embryonated eggs that had developed at 15oC and were ttozen

for 2 hours aL -2oC hatched within 3 hours when returned to

15oC (Stephenson, 1968) .

Dainton (L954) mentions that adult Agriolimax can

survive a weight loss due to desiccation and rapidly regain

this moisture when in contact with damp surroundíngs.

Mellanby (1961) found that Agr-iolimax reticulatus is not

completely immobilized even at OoC and at 0.8"C moves

normaIly. Pinder (L969) found that there \^/ere no Agrio-]imax

mortalities at -2.5"C, at -3.5oC they could survive for 35

hours but were killed in 28 hours at -4.5"C.
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Kalmus (L942) and Dainton (I954) found that air

currents will initiate orthokinetic and klinotactic res-

ponses in s1ugs. Crozier and Pilz (1923) showed that the

speed of locomotion in Limax varied directly with tempera-

ture, movement being greatest at high temperature. Dainton

(1953) concluded that the diurnal activity of slugs was

controlled by fluctuations in temperature rather than

humidity, which vras previously assumed to be the controlling

factor. Furthermore, Dainton (1953) concluded that light

initially stimulates::activity in dark-adapted animals, but

the response is short lived.

Most animals are not randomly distributed, but tend

to aggregate (Andrewartha, 1961). Agri_olimax was found to

be aggregated in grassland habitats, but the evidence for

aggregation on arable land was not conclusive (South I L967).

Thomas (L948) determined that slug populations could range

from 26 t000 to 275,000 per acre on cultivated land.

Stringer and Pickard (1964) estimated that the population of

Agri.olimax reliculatus in orchards could exceed one million

per acre. However, it, is difficult to get, an accurate

estimate of a slug population, as many of the slugs may be

underground (South, 1965) .

Bruel and Moens (1958) and Gould (1961) found that

slugs were most coÍtmon in heavy soils where moisture is

retained at fairly high levels and that cover crops provi-

ding shelter favor high population. Runham and Hunter (1970)

reported that with most slug populations there is a vast



surplus of food, and the number of animals feeding can have

littIe affect on the food supply. However, speed of deve-

lopment and initiation of egg production tend to be

dependant on the quality of food.

Collinge (I92Il' ¡ Blezard (1967 ) and Holyoak (1968)

reported that several species of birds such as rooks and

gul1s feed on s1ugs. Stephenson (L964) found that carabid

beetles preyed on Agriolimq4. Knutson, Stephenson and

Berg (1965) found that the fly Tetanocera plepeia, which is

widespread in Canada and the United States, parasitizes

Agriolimax sp. Hunter (L967) found that several species of

slugs v/ere parasitized by a nematode of the genus Cosqtocer-

coides. Arias and Crowell (1963) found nematodes of the

glenera (Rh¿rb,i{it-us, Panogrolamus and Dipl.ogaster in Agfig-

limax. Arias and Crowel-l- (1963) and Brooks (1967 ) reported

that ciliates of the genus Tetra,þymena may be responsíble

for high mortality in slug populations.

Slug .Culture
Most research on slugs has been conducted with field

collected specimens. Reynolds (1936), Kozcloff (1956) and

Arias and Crowell (1963) reported that they had difficulty

in maintaining slugs under laboratory conditions. Mortality

was blamed on fungus infections, nematodes and protozoa.

The standard procedure for slug culture in the past has been

to maintain slugs in a container with soil, leafmold or

other bulk substance as a substrate (Sivik, I954¡ Stephenson,
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1961; and Arias and Crowell , 1963). Various foods have been

tried with carrot and lettuce considered the best (Sivik,

L954; Stephenson' 1961).

Arias and Crowell (1963) attempted to eliminate

fungus and parasites from their cultures by maintaining

slugs on a special nutrient agar media impregnated \^7ith

antibiotics. They \^Iere successful in eliminating nematodes

but mortality sti1l continued due to the protozoan parasites.

Review of DDT

The organochlorine chemical DDT has been widely used

as an agricultural insecticide since L946. This pesticide

has proven invaluable in controlling insect pests and

disease-carrying art.hropods. During the 1950's and early

1960's, there were reports of large residues of DDT in the

soil (Fleming and Maines, 1953; Ginsburg and Reed ' 1954¡

Lichtenstein, 1958; and Vüoodwell and Martin, L964). Orchard

soils had the highest DDT residue }evels, often over 100 ppm.

d.ry weight (Lichtenstein, 1958; Harris et aI , L966) - Many

fields used for cereals and vegetables had DDT residue

levels gireater than 5 ppm. (Harris et al, L966' Duffy and

Wong, 1967).

DDT movement in the soil is limited by a tendency

to form bonds with inorganic and organic components of

soil and a very low water solubility (Ba1lard ' 797L).

Therefore, most DDT in the soil is relatively immobile

(Lichtenstein, 1958; Woodwe]l, 1961; Peterson et àJ-, L97L)-
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The persistence of DDT in the soil is variable with a half-

life of 3 to 10 years (Menzie, L972) , depending in part on

soil type and climatic conditions (Edwards, L966).

Davis and Harrison (1966) ¡ Wheatly and Hardman (1968)

and Davis (1966-68) reported DDT residues in various soil

invertebrates, including slugs. Gish (I970) found that

snails also contain DDT residues. Gish (I970) reported that

terrestrial gastropods are able to accumulate DDT wiLh no

noticeable toxic effects.

Little work has been done concerning the metabolic

dynamics of DDT and simi-lar sernpounds in molluscs and other

invertebrates. Nimmo et al (1970) found that shrimp \^lere

able to concentrate polychlorinated biphenyls from their

surroundings. PCB's have similar properties to DDT (Rise-

borough et ãL, 1968; Gustafson' 1970). The main site of

concentration in the shrimp was the hepatopancreas. Similar

results were reported by Dindal and Wurzinger (I97L) who

found that the terrest,rial snail, C-epaea hortensis had

higher DDT concentrations in the hepatopancreas than in any

other body tissue.
DDT and other pesticides are readily available to

snaîls and slugs, not only in the soj-l organic matter in

which they 1ive, but also on the food which they eat (Vüaites

and van Middelm, 1958). The DDT that slugs and other inver-

tebrates concentrate in their tissues may be readily availa-

ble to higher trophic levels, by transfer up the food chain

(Sticke] et aI, L965; Jeffries and Davis, L966; and Vernon,
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Most organochlorine pesticides, including DDT, are

lipophilic and therefore stored in adipose tissue. The

lipid content of Agriolimax columb.ianus is L.L2Z of the wet

body weight (Thompson'and Hanan, 1963) .



Chapter 2

MATERTAIS AND METHODS

Taxonomy

The slugs described in this thesis vüere classified

using the keys described by Barnes and Weil (L943) and

Pilsbury (1948). To verify the classification of two

species of slugs collected, samples \^7ere sent to Dr. L.

Chichester, University of Connecticut, who likewise identi-

fied them as {ggl_olimax reËiculatus (Fig. 1) and Lehm-+l-nia

valentiana (Fig. 2). A third species, &,riolil!94 laeve-

(Fig" 3) \^ras identified using the key described by Pilsbury

(l-948) and a key devised by Dr. Chichester.

Locatiol of Sqmpling and Collecl_ing Sites

A laboratory culture of Leþmannia valentiana was

establíshed from slugs collected in a campus gireenhouse.

Specimens of Ag,riolimax rst_icul,+tus \^lere collected at the

edge of the Faculty of Agriculture experimental plots '
Universj-ty of ManÍtoba, Vrlinnipeg, in the falI of 1970 and

the spring of I97I.

Test Chambers

Four different containers were used for maintaining

the slugs:

10
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(a) Large plastic containers 25.5 cm. in diameter by
8.75 cm. high

(b) Small plastic containers 1-5.24 cm. in diameter by
2.5 cm. high

(c) Large glass jars 16 oz.

(d) Sma1l glass jars B oz.

Because of the danger of the plastic retaining some

of the pesticide, the plastic dishes were disposed of after

use. The glass containers \^rere reused after beíng cleaned

in a solution of potassium dichromate and sulfuric acid.

The large plastic containers were used primarily for

maintaining slugs prior to experimentation and for culture

purposes.

Small plastic containers \^/ere used for incubating

eggs, maintaining irnmature slugs and for pesticide experi-

ments. These containers \^rere ideal because of ease of

handling and they hrere large enough to accommodate 10 adult

s1ugs.

The,large g.lass jars were used in DDT accumulation

experiments involving leaf litter. Nylon net was used to

cover the top of jars. This tended to keep the slugs in the

leaf litter instead of on the sides of the container, by

allowing for water evaþoration from the surf,ace of the

substrate.

The small glass jars were used for maintaining slugs

individually for a short period of time
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Experim,eptal Conditions

Unless otherwise stated, all slug culturing and

experiments were carried out in incubators at 15oC and 1002

relative humidiîy. The slug containers \^rere kept in total
darkness except for a short period of daily maintenance,

when the containers \^rere opened to ensure adequate oxygen.

The humidity was maintained by the addition of distilled

water whenever necessary.

All slugs used in a given experiment were of the

same age and \^/ere normally the immature stages r so that egg

laying was not occurring during the experiment. For the 6

days prior to initiation of an experiment the slugs were

conËtitioned to the climatic conditions and food supply to be

used in the experiments. Slugs that were collected at the

end. of the various experiments were maintained on a lettuce

diet- for a period of time to purge the gastro-intestinal

tract. The slugs were weighed and then frozen at -20"C to

kilI them. The slugs r¡/ere stored at this temperature until

extracted for analytical purposes.

DDT Stock Solution

The DDT used in all experiments was the pp-isomer.

Randomly ring-labelled pp-14 C-DDT (Specific activity 50 pc../ l

2.8 mg.) was obtained from New England Nuclear. Un1abelled

pp-DDT was obtained from the Aldrich Chemical Company.

Several solvents \^/ere tested. as DDT carriers for uniformly

addinE the DDT Lo leaf litter and oatmeal. Acetone, benzene
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and ethanol (952) \^/ere tested. Only ethanol was found to be

suitable as it did not solubilize organic components of the

leaf litter to as great an extent as did the othen solvents.

Unlabelled pp-DDT and pp-l4C-oor r{ere individually

dissolved in g5Z ethanol. 0.025 millicuries of the 14C-oor

solution was then added to the unlabelled solut,ion. The

resulting DDT-ethanol stock solution contained 532r000 dpm.

per mg. DDT. When 10 mls. of the stock solution was added

to 25 gms. of dry substrate, a DDT level of B0 ppm. dry

weight and a 14c specific activity of 42 .OOO dpm. per gram

of dry matter was obtained.

Media and Foods

The feeding habits of slugs vary with the seasonal

availability of different foods. To simulate the feeding

conditions encountered by slugs in the spring and late fa11,

samples from the top L/2 inch of a litter layer were

collected in the spring and late fall of L97L. These

samples were taken at the Glenlea Research Station from a

mixed hardwood biome surrounded by fields on three sides and

bordered on the fourth by t.he Red River. Mature oak, maple,

elm and ash trees formed the canopy layer. The ground vege-

tation consisted primarily of grass, nettles and burdock.

Upon collection the litter samples \^rere air dried at

B0"C for 4B hours to eliminate soil invertebrates and

moisture. These dried samples \^/ere then stored in sealed

plastic bags.
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Twenty five gm. samples of the leaf litter \^Iere

placed in the large glass jars and aliquots of the DDT

ethanol solution \^Iere added. Control containers \,trere

treated with ethanol only. The ethanol was allowed to

evaporate from the leaf litter for 72 hours, and then

mechanically mixed. Twenty m1s. of distilled water \^¡ere

pipetted onto each 25 Em. sample of leaf litter to ensure

adequate moisture for the slugs.

As slugs tend to feed on fresh green material during

much of the summer, several different foods were tested for

use as carriers in the pesticide experiments. Bran, oatmeal,

dried lettuce and dried carrot \^rere tested, with oatmeal

being the most palatable; thus the slugs consumed this
preferred food before the other foods offered. Fresh foods

such as lettucer âs used by Dindal- and üTurzinger (L97l-) were

found entirely unsatisfactory due to the difficulty in

adding a known amount, of DDT and the perishable nature of

the foodstuff.

Oatmeal proved to be an ideal

especially when,,ìmade into pellet form.

and A. reticulatus could be maintained

carrier for DDT,

Both L. valentiana

on a diet of uncon-

taminated oatmeal for 60 days with no apparent adverse

effects.

Oatmeal was ground to a powder in a Sorval blender

at 6000 rpm. for 2 minutes. Twenty five gm. samples of this
powder Ì^zere then placed in smal1 glass jars and aIíquots of

the DDT-ethanol solution were added t oy in the case of the
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controls, ethanol on1y. The oatmeal was then allowed to dry

for 24 hours, ât which time j-t was again placed in the Sorval

blender and mixed at 4000 rpm. for 2 minutes. Fifteen grams

of this powder was then placed in an B inch x 8 inch flat

bottomed glass dish and distilled water r,'/as added until all

the powder was dampened" The oatmeal was then allowed to

dry at room temperature, forming a solid pad. This was

broken down to form small pellets which \^/ere stored in

sealed containers.

These oatmeal pellets became fairly soft, when placed

in the experimental cont,ainers, and the slugs did not aggre-

gate about or on the pellet as much as they did with fresh

lettuce. There was no problem with the pellets being

scattered about by the slugs as the powdered oatmeal \^/as.

Thr-ls the accumulation of DDT could be accurately determined.

Homogeneity of 14c-¡or dístribution in the leaf

litter and pellets was checked by 14C d"termination of

randomly collected. 0.5 gm. samples. The 14c-oor distribu-

tion was found to be very homogeneous in the media.

Analytica,l Jechniques
The extraction procedure used was basically that

descrj-bed by Bligh and Dyer (1959) for the extraction of

lipid from tissue. Several modifications had to be made to

this procedure due to difficulties in filtration. Frozen

slugs (pooled sample) were placed in the blender cup con-

taining chloroform and methanol. This mixture was blended
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for 5 minutes at 6000 rpm. in a Sorval blender. The mixture

was then filtered through one layer of filter paper (Whatman

#2) in a Buchner funnel using a \^/ater aspirator. Filtration

was rapid provided the water was added directly to the

collection flask rather than to the mixture being blended.

The filter paper lras rinsed with chloroform and then placed

in the blender cup with chloroform and homogenized at 4000

rpm. for one minute. This mixture was then suction filtered

and rinsed with chloroform before being added to the

collection flask. Dístilled water was then added to the

suct.ion flask and the contents poui:ed into a 250 m1. separa-

tory funnel. The suction flask was then rinsed with methanol

which was in turn added to the separatory funnel. This slug

extract was allowed to settle for 24 hours before the lower

chloroform layer was drained into a 100 m1. volumetric

flask. The volume was brought to 100 ml. with chloroform.

Subsequently the methanol'water l,ayer was drained into a

volumetric flask and the volume brought to 100 m1s. by

adding methanol

s ci]"rli 1 1 elíon .Cgu¡rting

Ten mls. of the chloroform extract was placed in

each of three scintillation vials. The chlorof orm \^ras

evaporated by warming the vials in a Temp-Blok module heater

and using a stream of nitrogen gas. When drying was

complete,. 15 mls. of toluene scintillator solution (see

Appendix 1) \^ras added and the samples counted in a liquid
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scintillation counter (Nuclear Chicago) .

Five ml. samples of the methanol-water layer were

likewise counted using a p-dioxane scintillator solution

(see Appendix 1). The l4c-counts for both layers \¡7ere

added together to give a total l4c-count for the slug

sample. Tn the scintillation counter two background samples

were placed in front of the unknown and single background.

samples v¡ere placed after every 10th unknown sample. All

samples including backgrounds v/ere counted for 4000 total

counts or 100 minutes. As the machine counting efficiency

varied with time, and the efficiency of the scintill-ation

solutions differed, correction factors were used as neces-

sary. The count value for the pooled control samples were

subtracted from the test samples to acquire the final DDT

leveIs.

Cul!.ur,e of Agriolimax reticulatgg

Initially an attempt was made to,:rmaintain slugs at

15"C in I galIon jars containing damp leaf litter. Because

of the high mortality rate, often reaching 902 in 3 weeks,

other alternatives \Ârere tested. It was found that mortali-

ty was greatly reduced by lowering the temperature from 15"C

to 4"C. At this temperature mortality of newly collected

slugs rvas 23eo in 3 weeks. As it would have been impossible

to run long term experiments at even this mortality, slugs

relatively free of disease and parasites \^/ere reared in the

laboratory.


