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THE BIOLOGY OF TEE GREY GARDEN SLUG, DEROCERAS
RETICULATOM (MULLER), UNDER LABORATORY CONDLT:ORS

INTRODUCTIGN

The grey garden slug, Deroceras reticulatum (Mﬁller), is of

great economic importance in the Willamette Valley of Oregon. The
versatile feeding habits and the adaptability of this species to its
environment make it difficult to control. The grey garden slug is a
serious pest to truck and field crops, small fruits, greenhouse plants
and ornamentals, The mild winters and generally moilst springs of
western Oregon are particularly favorable for the growth and repro=
duction of the slugs. 1In the United States, damage oceurs in the
northern areas; the slugs being of 1little or no economic importance
in the south., The literature coneerning the grey garden slug is
mainly from the United States, Canada, England, France, and Germany,
The grey garden slug was first described in Europe by Miller
(48, p. 10) in 1773 but had been known in England since 167, It
was first reported in the United States in 1843 by DeKay (29, p. 20-21)
near the seaports of Boston, New York and Fhiladelphia, Cocherell
(20, p. 70-71) recorded this species near Portland, Oregon, in 1891,
Morphologically, the slugs present a peculiar situation. The
bilateral symmetry characteristic of allied forms is lacking, The
organs of respiration, circulation, excretion and reproduction are
fully developed on the rizht side only. The corresponding organs on
the left side are functionless and have no openings to the exterior,

Slugs are hermaphroditic in nature, each individual being capable of

laying eggs, and reach sexual maturity before attaining full growth,




Slugs have a soft, sensitive, moist skin provided with numerous
minute glands from which a mucus slime is expellsd, The slime has
been found to be 98 per cent water (28, p, 181}, This mucus is clear
when exudad on objeots over which the sluzs glide but becomes turbid
and stlcky and is produced more vopiously when tﬁa slug is disturbed
by mechanical or chemical means. The milky color of the mucus exuded

by a disturbed slug is seid to be due to the presence of finely-

divided calcium carbonate (61, p. 105). Production of the viscous
slime is the slug's sole means of protection. A

The primary objective of the present study was to clarify some
of the contradictory observatisns found in the literature as to the

biology of Deroceras reticulatum, The second objective was to

develop a laboratory rearing method for the maintainance of a slug
culture for toxicologiecal studies.




HOMERCLATORIAL AISTORY

The grey garden slug belongs %o the phylum Mollusca and to the
clasa Nastropods which includes both slugs and snaile. This #lug
belongs in the sub-clase Pulmonata, order Stylosmatophora and in the
family Limacidae, the members of which have no external shells.

Sacause of its wide distribution and varied coloration, the
7rey garden slug has been described under many generic and specific
names, This has resulted in considersble taxonomic confusion.
Cocherell (21, p. 175-176) cited 35 synonyms for Apriolimax agrestis.
Pllebry (52, p. 532-535) gave a rather complate synonymy of this
group. He stated that the nome fgriolimax, which has been used
uni versally for the genus of field slugs, can be preserved as a

generic name only by making it a "momen conservandum", as there are

several earlier names for members of the genus, Pllsbry fawored
the use of the earliest nams, leroceras, which was proposed in 1820
by Rafinesque (53, p. 10).

The grey garden slug was formerly kmown, and is still reforred

to by soms workers, as limax or Apriolimax agrestis L. The earliest

name consigned to this species was Limax veticulatus by ¥iller in

1774 (L8, p. 10); but according to Cockerell (20, p. 70-71), Limax

reticulatus was a color variety of Agriolimax agrestis, Pllshry

stated (52, p. 538) that the true arrestis is a north European slug
of Scandinavia, Finland and Northern Hussiej and to his knowledpe,
does not occcur in England or in the United States,
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The scientific names currently used hy various workers for the

same specles are Agriolimax agrestis, Agriolimax reticulatus and

Deroceras reticulatum. The nare Deroceras reticulatum (Miller), as

recommended by Pilsbry (52, p. 532-535) and approved by the
Entomological Society of America (22, p. 33), will be used in this
study.

Determinations of specimens used in these studies were made by
C. Dallas Honna, California Academy of Sciences, as Derocaras

reticulatum (Miller).




DESCRIPTION OF STACES

The following descriptions of the stages of Deroceras reticulatum

Miuller have been modified from the descriptions of various authors
including Pilsbry (52, p. 535-538), Carrick (15, p. 571-57L), Taylor
(61, p. 105-106) and Lowett and Black (L3, p. 9-12).

The Egg

There is considerable variation in the size and shape of the

eges of Deroceras reticulatum, but those of the same cluteh (Figure 13)

are usually uniform., The volume of the egg fluctuates with changes
of humidity, for the albuminous matter absorbs and gives up moisture
readily. The normal egg is approximately’2 mm, long and 1.8 mm.

in width, Spherical eggs, 1.6 mm, in diameter commonly occur, A
few abnormal egps are over 3 mm. long and 2 wm, wide, The zbowe
dimensions are of eggs rendered turgid by keeping them in contact
with moist filter paper. The weight of the epy averages 6.l mg,
with a range of 5.2 to 7.8 mg.

The surface is roughly granulose, due to the presence of small
calcium concretions embedded in the outer gelatinous coat. At each
end of the epgz is a short, tapering thread, or microphyle, and
successive eges are normally united by these threads to form a
string of eggs,

The newly-laid egge is transparent. The imnner structures of
the epg can readily be seen when it is placed under water and viewed

by transmitted light. Inside the outer membrans, there is an inner




membrans which surrounds a mass of faintly bluish albumen, the mediwm
in which the embryo develops. This medium in a fertile epg contains
a twisted membranous structure which Carrick (15, p. 563) called the
remains of the sperm body.

The Immature Slug

The immature slug is very similar to the adult in form and
coloration tut differs, of course, in size. The newly-hatched slug
is almost colorless. After a few hours, the eye peduncles show
blackened areas; and the slug takes on a grayish-pink color., When
the immature slugs begin feeding, there is & rapid transformation
from a light to a dark coloration and the reticulation of the mature
form appears. Sexual maturity is attained before the slugs reach
maximum sisze,

The Adult

The grey garden slug (Figure 1) is the smallest slug commonly
found in Oregon. It is rather stout, nearly cylindrical in form and
somewhat keeled dorsally near the posterior extremity, The mature
slug, when in motion, is about 35 mm. and up %o 50 mm. in length,
The mantle is concentrically striated and the rest of the intepgument
has long, low tubercles., The upper surface is whitish, cream or
flesh colored. It is either almost uniform or has gray flecks on
the mantle and gray or blackish irrepcular markings or reticulations
elsewhere. Sometimes the surface is without markings or, rarely,

quite black. The sole is longitudinal, narrow, and is tripartite,




Figure 1

Deroceras reticulatum adult (X 3.6)




whitish or dirty yellow with the wmedian fleld being gray. The
mantle is prominent, fleshy and is more than one-third the total
length of the body. The breathing pore is located on the right
side of the posterior fourth of the mantle and is marked by a
prominent cleft in the mantle, A characteristic of this species
is that the breathing pore has a raised, pale border with no pigmented
areas. The neck is slender and is usually of a light greenish-yellow
color, The upper tentacles are black at the tip with an indistinct
black line extending from the tip back thmﬁgh the nescok to the
anterior edze of the mantle,

The color markings are highly variable and have given occasion
for a long list of varietal names, as compiled by Cocherell (20,

pe 70-71). The rormal oolor markings of the Deroceras reticulatum

forms commonly found in the Willamette Valley are deep mottled gray,
greenish gray flecked with brown or dark brown. Due to the great
variation of color and pattern, Simroth (56, p. 312) contended that
dark color was the rnormal reaction to cold eclimate, that high
mountains gave black forms, dry deserts reddish-yellow and that
sonthern temperatures produced lighter and brighter colored slugs,
Exceptions to the temperature control theory appear to be mmerous
in our fauna since dark and licht forme, with gradations in between,
have been collected in the ¥illamette Valley in the same location,
Because of the unreliable nature of external characteristics
and color, the lesadingz suthorities now base species determination

largely on internal characters., Taylor {61, p. 105-106) pgave an




excellent systematlic description of the grey garden slug as

follows:

"ANIMAL limaciform, with larpe but flattened
tubercles; of & somewhat uniform whitish or pale
ochreous ground color, but sometimes dull lavender
or other tint, often mottled, speckled or reticulated
with brown ar black, and at times totally suffused
with blackj BODY somewhat compressed and keeled
toward the tail; TENTACLES dark colored; SHIELD
more than one-third the total length of the animal,
rounded in front and behind, concentric striae
not deep, with the nucleus on the right side and
towards the rear; RESPIRATORY ORIFICE with a
broad, usually unpigmented, raised ring which
is cut anteriorly by the anal cleft; SOLE pale
and longitudinally tripartite, the side areas
sometimes darker, especially towards the tailj
SOLE-FRINGE separated as usual from the body by
a furrew, contalning a row of eloncate tubercles,
upon which the body tubercles rest unconformably.
MUCUS plentiful snd viscous, often clear when
crawling, but becoming milky white on irritation,
due to innumerable particles of carbonate of lime.
Length usually sbout 35 mm.

SHELL white, oblong-oval in shape, somewhat
convex above and correspondingly concave below,
usually rather thing NUCLEUS distinet and placed
towards the left side of the posterior margin of
the shell; concentric lines of growth perceptible,
margin membranaceous, Length, 4 mm; widdh, 2% mm.

THE ALIMENTARY CANAL is triodromous, composed
of the stomach tract and three intestinal coils;
the ingestive TRACT is the shortest, the OESOPHAGUS
iz also short, and the voluminous CROP of a light-
brown color, thin, and scaresly furrowed, having
the long and much-indented SALIVARY GLANDS adherent
to its sides, The last tract or rectum has, about
midway, a short coecum on the right side generally
directed backwards, and laid upon the upper surface
of the crop. The DIGESTIVE OLAND is of an ochreous
color, the right lobe extending quite to caudal end
of the body, and in common with the whole intestinal
mass has been subjected to a noticeable spiral twist
in such a way as to indicate than an external shell
if present would be 2 dextrallywcoiled one.



The REFRODUCTIVE ORGANS have thelr orifice
about two millimetres behind the right ommatophore;
the OVOTESTIS is comparatively enormous, and laid
upon the upper surface of the dipestive gland, the
acini being light-brown, with darker connective
tissues DUCT short and inflated, buff to creamy
white, with a slender VESICULA SEMINALIS; ALPUMEN
OLAND with few lobes, and of a light-brown or slate
color; OVISPERMATODUCT broad above, narrow below;
OVIDUCT with ample folds, free oviduct short, with
a yellowish rlandualr investments SPERM DUCT slender
above, more compact &nd broad below; VAS DEFERENS
short, and entering penis-sheath laterally near the
free-end; PENIS-SHEATH a broad, irregular, and
medially constricted sac, with narrow outlet,
distal~end with a clawlike digitate gland, which
varies preatly in size and complexity each segment
or digit having cn its concave side a row of
papillae, The lower half of the sheath contains
& cordcal and fleshy SARCOBELU¥ or excitatory
organ, which is often pigmented at the tip; the
RETRACTOR is a short, broad band, arising from
the lung floor, to the right of the mid-dorsal
line, anterior to both kidney and pericardium,
and is attached, not to the apex, but to the
midcdle of the penis-sheath at the same side as .
the point of entry of the vas deferens; SPRRMATHECA
fusiform or claviform, attazched closely tc the
base of the oviduct, stem slender, and opening
into the narrow and thick-walled ATRIUM, at the
Junction of the oviduct and penis-sheath.

The YANDIBLE or jaw is crescentic in shape,
with well and bluntly rounded ends; it is a
millimetre or more in width, moderately arcuate,
of a yellowishebrown color and smooth in texture
but showing several distinct darker lines parallsl
with the upper and lower marging median beak or
rostrum not preminent, but scmewhat acute, its
vertical carina not well marked.”




EXPERIMENTAL METHODS AND MATERIALS

Experimental Equipment

Most sxperimental investigations of the effect of temperature
on the rate of dewelopment of an organism have been conducted with
constant temperatures. No constant temperatures, however, eximt in
nature where animals are subject to continually varying temperstures
owing $0 diurnal and seasonal fluctuations as well as to noneperiodic
changes in weather conditions. In view of this fact, developmental
rates of Deroceras reticulatum, when subjected to constant and to

fluctuating temperatures, were compared during the course of this
study.

For the purpose of maintaining constant and variable tempsratures
during the experiments, two "Cenco Refriperating Incubatora“l and a
rearing room equipped with refripgeration were used. The incubsators
(Figure 2) were General Elasctric refriperators modified to accomodate
a heating unit that congisted of a resistance wire which supplied
the heat and was controlled by a Fernwal Differential Expansion
‘rm:'mswitch.z The heating unite ware equipped with 2 small electrie
fan which operated continuously for air circulation within the
incubator. The desired temperature was pre-set on the thermo-switch,
which maintained temperature by closing the contacts with decreasing

temperature, thus activating the heating unit.

1 Central Scientific Company, Chicago, Illinois

2 Manufactured by Fenwal Incorporated, Ashland, Massachusetts
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The usual approach to the technical problems of creating a
fluctvating temperature condition has been to alternate two constant
temperatures., The only published accounts consulted, in which a
true fluctuation was attempted, were by Wishart (68, p. 78-82),
Munger (49, p. S554~555) and Howe (3L, p. 188-19L); but the apparatuses
they described were inadequate for this study with the exception of
Howe's, This contrivance was modified by connecting the thermo-switch
of the incubator heating unit with a 2l~hour clock by msans of rods
(Figure 3). The cap of the thermostat, normally used to adjust the
setting, was removed and replaced by a2 long metal arm, Regular
movement of the arm back and forth by the 2i=hour clock produced &
cyclic temperature control., With the lengths of the eclock arm,
thermostat arm and connecting rod in a fixed position, only one
curve with a fixed rangs could be obtazined., This mechaniem produced
one full cycle of continuous change in temperature in a 2l~hour
period.

At the start of this study, one serious fault with the system
was encountered in that the thermo-switch contacts, although having
a eurrant rating of 10 amps=-110 volts or 5 amps--230 volis AC,
would stick and thus pave rise to erratic, high temperatures, This
difficulty was corrected by introducing a relay into the system to
carry the main current. After the above change, perfect daily
cyclic temperatures were obtained throughout the study as shown
in Figure L.

The 10 X 12 foot rearing room was equipped with a one horsepower

refriperation unit that maintained temperatures of plus or minus 3°C.




Figure 3

Cyclic temperature control apparatus

1




This room was utilized to work out and improve rearing technigues,
The bulk of the slug cultures were kept in tiis room at 17 to 23°%C,
Tempsratures were checked during the experiments with the use
of bulb thermometers or recording thermographs, The thermographs
were calibrated with a standard bulb thermometer. During the
preliminary experiments, the relative humidity within the plastie

crisper chests was checked by means of a directe-reading hygro:aeter.?’

Field Collecting

The majority of the slugs used in this study were collected in
fields and gardens of Eugene and Corvallis, Oregon. The slugs were
collected during late afterncons, at night with a flashlight or
early in the morning when the sluge were usually at the surface of
the ground. During dark, cloudy, rainy periods, the slugs ecould be
collected during most hours of the day. They were dropped into
empty coffee cans by hand and transferred to laboratory dishes as
soon as possible,

Termination Criteria

In the growth studies et various temperatures, it was determined
that four to five weeks was sufficient time to establish the rate
of increase or decrease in weight, With longer durations of time,

the possibilities of slug mortality increased, In the experiments

3 Manufactured by Serdex Inc., Boston, Massachusetts

15
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concerning growth rates of slugs under di fferent temperature
conditions, there was often a high death rate which necessitated
the early conclusicn of many experiments. Due o a wide variation
in growth rates among individuals of a random sample, the death of
one or two of the 'paviest slues caused an abrupt drop in the mean
weicht figure of the slug group. Data secured on weight inereases

of slug groups suffering mortality was considered invalid,

Sources 9_{ Error

In the course of weiching the slugs, thers was a slight
decrease in weight due to evaporation and the production of slime,
Since this error is equally applicable to all tests and groups,
it was considered to be in the realm of allowable experimental

arror.,

Rearigg Vethods

There has been a great demand for a system of rearing slugs
under laboratory conditions. Biolorists, parasitologists,
toxicologists, entomologists, etc. have attempted to do experimental
work with slugs; but due to the high mortality rate under laboratory
conditions, their results have been, to a certain extent, erratic,
These workers have had to depend on field-collected slugs which are
abundant usually only in the fall and spring. Kozloff (38, p. 17-19),
in doing experimental work with protosoa, reported that some
uninfested field-collected slugs died within a week. Meggitt (LS,

P 390-U09), in trying to study the life history of the fowl tapeworm,




reported that he could not keep slugs alive in the laboratory long
enough to do comprehensive studies. Reynolds (54, p. 4B=53) reported
similar experiences.

In 1954, Sivik (57, p. 129-130) reported a technique for rearing

Deroceras reticulatum in a wooden box containing soil and covered

with gauze. He did not state how long he could keep the slugs alive.
Various rearing containers were used during the course of the
present study. Fiastic crisper chests® (Figure 5) with Simensions
of 10 1/2 x 14 x 4 3/4 inches were very effective for the stock
cultures and for experiments that consisted of more than 15 slugs
per group. Yars, one-pint size with metsl screw-type tops, were
used for experiments utilizing groups of less than 15 slugs each.
For newly-hatched slugs, standard-size petri dishes were used. The
plastic crispérs wére sterilized with Chlorox before each experiment.
Field-collected slugs were placed in the crisper chests with
either sandy loam soil or Vermiculite.> All the soil that was used
in the rearing cultures was autoclaved at 15 pounds pressure for
three hours to eliminate soil organisms. Vermiculite retained
moisture more satisfactorily than soil and also aliowed the slugs

to go beneath the surface.

¥ Manufactured bty Tri-State Plastic Moulding Company, Henderson
Kentucky

5 Manufactured by Vermiculite--Northwest, Inec., P,rtland, Oregon
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Pungi and bacteria were usually present on sluge and their eges
brought in from the field, These orpanisme were particularly active
ard virulent in the rearing contalners. The fungus which attacked
the slucs was determined as a Pusarium ep., The fungus found attacking
the ervs and preventing their development was determined as
Arthrobotrys sp. Both of these determinations were made by the

Botany and Plant Pathology Department, Orezon State College.

According to Harmett (3, p. 1-&0), Arthrobotrys is parasitic on

some nematodes. Water containing 200 ppm Agri-mycin 100 {Streptomyein
15% and Terramycin 1.55}6 combined with 200 ppm of captan
{N~trichloromethylthi cw=75% tetrahydrophtholimide) was added to the
soil or Vermiculite, This treatment effectively prevented hacterial
and fungus growth in the rearing cultures.

The transfer of bacteria and funpus from epes to newly-hatched
slugs was prevented by the use of chemicals, Egrs from the rearing
containers were placed for three minutes in an aqueoug solution
containing 200 ppm of Agri-mycin 100 and 200 ppm of captan., This
procedure also prevented bacterial and fungus growth during the
incubation period of the egys,

Although the slurs lald some eg s when placed on Vermiculite,
80il of approxdmately 75 per cent moisture saturation proved more
effective for egy production. The eprs in general cultures were
collected on a weekly basis with a camel's hair brush., In soms

experiments, the egrs were collected on a daily basis.

6 Charles Pfizer & Co., Inc., Brooklyn 6, New York




The slugs were fed outer leaves of nesd lettuce. The lettuce
was replaced three times a week which kept them supplied with fresh
food at all times. /iny portions of the lettuce lsaves left uneaten
were taken out before the addition of fresh leaves.

The best growth of the slugs in the general rearing cultures
was obtalned at temperatures of 15 to 21°C. The relative humidity
was maintained at 85 to 100 per cent.

The main difficulty encountered in attempting to rear this
species was the presence of parasitic nematodes and protogoa in
the field-collected slugs. The organisms multiplied rapidly when
the slugs were kept under laboratory conditions, In the initial
phases of this study, it was impossible to keep the slugs aliwve
for more than a three-week period. Hortality usually started
within two weeks after collection from the field, This period
was prolonged by using Vermiculite instead of soil in the cultures
and by transferring the slugs to a clean container every two weeks.
The slugs were transferred~with feather-weight type forceps to
minimize the injury.

The nematodes were determined as Rhabiditis lambdiensis,

Panogrolaimus sp., and Diplogaster sp. by Ur, H. J. Jensen,
Associate Nematolopist, Oregon Agricultural Experiment Station,
These nematodes wore normally found underneath the mantle of the
slugs. The nematodes were occasionally obsarved protruding through
an opening that had been made on tov of the mantle, VYhen abundant,

the nematodes were observed also in the respiratory orifice.




These parasites were appareantly able to reproduce within the slug
since all stages could be found at any one time. Nematodes were
also observed free-living in the soil of the rearing contéiners.
Tremendous numbers of nematodes could be found in heavily-infected
sluzs, According to Steiner (59, p, 127-135), Bhabditis lambdiensis

is commonly found in mushroom beds,

An atteupt was made to surface-sterilize the egos of Deroceras
reticulatum in order to eliminate the tramsfer of nematodes and
protozoa. All attempts at chemical sterilization failed. The egp
albumen was denatured at low concentrations of ethyl and methyl
alcohol, sodium hydroxide, Zephiran Chloride {benzalkonium chloride
12,.8%) 7 » and Chlorox, The concentrations used were too low to
have any effect on the protozoa and nematodes present.

A method was finally developed which was very effective in
eliminating the nematodes from the infected slugs themselves,
Infested slurs were placed on a special agar-base medium for
a two-week period, They were then transferred to the crisper
éhests which contained sterile soil or Vermiculite. The con—

stituents of the medium used are showm in Table 1,

7 Obtained from Winthrop Laboratories s New York, New York




g2
TABLE 1

CULTURF MEDIUM USED AS ¥OOD ¥OR DEROCERAS RETICULATUM

Potatoes (only the autoclaved extract) 200 gms,

Powdered skim milk (Carnation) 50 mms,

Dextrose 200 gms.

Bel Ais salt mixture 100 ml.

Bacto yeast extract 10 gms.

Agar 20 gms,
Agri-mycin 100 2,68 gms,
Methyl-p-hydroxybenzoate «375 gas, (025 %)
Water 1 liter

The complete modium was compounded by combining three separate
fracticns, The first fraction consisted of agar combined with Bel
Ais salt mixture. The second, a mixture of the appropriate dry
ingredients: powdered skim milk, dextrose, and Bacto yeast extract,
The third consisted of the potatoes of which only the extract was
used, These three fractions were sutoclaved separately at 15
pounds per square inech for 25 minutes. The fractions wers then

mixed well, Agri-mycin 100 and the methy1~p~hydroxyhenzoatee wers
added after the autoclaving process,

Brust and Fraenke {11, p. 186-20L) reported using methyl-
p-hydroxybenzoate as a fungicide in their nutritional studies of

8 Obtained from Eastman Kodak Co., Rochester, New York
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the blow fly, Phormia regina. At a concentration of ,025 per cent

of methyl-p~hydroxybenzoate, all stages of slugs survived. At 05
per cent, there was approximately L5 per cent mortality, mostly of
young slugs. All stages of slugs readily lod on this medium,

To determine if the slugs could subsist on this medium for
any length of time, the following exieriment was performed. Three
groups of ten slugs each ware placed in Jars containing the agar-base
medium, These slugs were kept in the rearing room at 17 to 23°C.
The slugs were weighed on a weekly basis and the mean welights
recorded, The results (Pigure 6) show that the slugs decreased in
weight when kept in the agar medium. A two-week period was found
to be suffieient to eliminate the parasitic nematodes,

Some nematodes were isolated from the slues and placed in petri
dishes containing the above-mentioned medium. All the nematodes
were dead after five hours, The checks contained the same medium
but without the methylwp-hydroxybenzoate, Nematodas in the check
plates reproduced and increased in great nuzbers, practically
covering the whole dish in the thrac-week period.

The protozoan found in Esraearas reticnlatun was determined

to be Tetrahymena limacie by Dr. E. Kozloff, Lewis and Clark College,

Portland, Orepon, According to Kozloff (38, p. 17-19) (39, p.
20L-208) (Lo, p. 75-79), these particular protosca ars not pathopenic
but confine themselves to the digestive gland as mere symbiontes,

In the opinion of the writer, these protozca are strongly

pathopenic when abundant in gresat numbers under laboratory conditions.
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The protozoa were observed on several occasions in the internal

spongy tissue of live sluvs and could be seen through the outer

skin with the ald of a microscope. When abundant, they eould be

seen coming out through the genital aperature when the slug was
immersed in water., This could be one of the reasons why the slurs
ceased to lay egrs after a period of six weeks under laboratory

condi tions,

Both nematodes and protozoa were fémzd in the same individuals,
but one would predominate over the othar in numbers., When the
nematodes were eliminated from the slugs, by the method mentioned
previously, the numbers of protozoa increased greatly, Reynolds
(54, pe 18-53}, in his studies with protozoa in slugs, indicated
that infected slugs could live from 10 to 30 days under laboratory
conditions, Stout (60, p., 211-215) and Thompson (66, p., 203-205)

found thaet Deroceras reticulatum in nature was also infected by

Tetrahymena rostrata,

Protozoa were not eliminated by the azar medium. Cleveland
(18, p. 309-326) (19, p. L55-568) was successful in eliminating
protozoa from various organisms by subjecting them to oxypren
pressure., A rodified version of Cleweland's method was tested
durins this study.

Two groups of ten slugs each were oxyrenated for various
periods of time. The results (Table 2) showed that Deroceras
reticulatum withstood oxygen pressures up to thirteen hours. The

slugs were mot.onless when taken out of the pressure chambers,
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After a period of time, the individuals that withstood the treatment

recovered and the rest succumbed,

TABLE, 2

PER CENT HORTALITY OF DEOOCERAS %HWW&& AT
DIYCEN ‘5“« SURE OF W2 POUNLS BiR © UAT
(20 slugs per treatment)

Rumber of Hours in Per Cent
Pressure Chamber Hortality

4 0

8 [

12 0

16 40
20 60
2L 80

28 100

Since the exposures to oxygen pressures which were not fatal
to slups also failed to eliminate the protozoan parasites, this

technique was abandoned.
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BIOLOGICAL STUDIES

Ihe Egg

Developmental Period

The published data on the duration of the egg stage of Dercceras
reticulatum is not consistent., This is perhaps due to the slups
having been studied under different environmental conditions, Taylor
(61, p. 107) stated that the egp period was from three to four
weeks, and that it varied somewhat according to the weather.
According to Hawley (31, p. 98L), the average incubation period
in the summer was 26,5 days. During the winter, at temperatures
from 55 to 75°F, the average period was 37.3 days and ranged from
26 to 57 days. Carrick (15, p. 570) reported that the incubation
period during the summer months was 22 to 36 days. During the
winter, he recorded a period of 96 days. Lovett and Black (L3,

P. 15) recorded periods from 15 to 30 days., Binney (7, p. 148)
reported a period of 20 days,

Effect of Temperature on Development. The time whiech

elapses between oviposition and eclosion (incubation period)
varies within wide limits according to the temperaturs. Carrick
(16, p. 50) did some work on the incubation period of eggs at
various constant temperatures. His results are summariszed in

Table 3,
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TABLE 3

INCUBATION PERIOD (IN DAYS) OF EgoS
AT VARIOUS OMNSTANT THUPERATURES

(from Carrick)
Temperature 0% 5% 10% 15% 20% 22% 23% 25%
Minimum Period - 98 83 25 15 e e -
Kaximum Period - 118 58 36 22 — — i
Averape Period - 108 5l 29 18 - r ———

Per Cent 100 0.5 17,7 15 37 100 100 100
Mortality ,

Somewhat similar results were obtained by Bachrach and Cardot
(2, p. 261). .

During the studies conducted by the writer, m’*er 60 observations
were made consisting of 50 eges per observation. The egp masses
were washed in a water solution containing Agrimyein {200 ppm) and
captan (200 ppm). They were then placed in petri dishes with moist
filter paper and submitted to a constant temperature of 20°C. The
minimum period for ineubation was 11 days with a maximum of 21 days.,
The averare period was 15,5 days, \

A pair of sluss was observed matihg and was separated alterwards
and kept in individual containers at 21,5°C. One of the pair
commenced laying egys 15 days later., A few eggs from the original
cluteh hatched after an incubation period of five days and the
rest after periods of seven and eleven days.

A wide variation has been observed in the rate of development

of individual eges of a single clutch all kept under the same
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conditions, Rarely do all the egss of a single mass hatch on
the same day. As the time of develooment lengthens, ‘the difference
in the time of hatching of egrs of the same clutch increases
correspondingly. Egcs of the same batech that remained unhatched
after 12 days following the initiation of hatching failed to
develop., FExamination of these remaining egys with a microscope
revealed the absence of the sperm body characteristic of fertile
ezrs, In some egy masses, L5 per cent of the eggs were infertile,

During development, there appeared to be a progressive increase
in the resistance which the ergs showed to extremes of temperature.
When first laid, the egz is very susceptible to fres,ing and to
temperatures higher than 22%., Embryos which have almost completed
their development can withstand s temperature of G°~c for several
days and thereafter resume develorment at higher temperatures,
According to Carrick (16, p. L3), the limiting temperatures between
which normal development can take place are below 5°C and sbove
22°C, This fact facilitates the storage of the egzs in refrigerators
for a long pericd of time, In the present study, approximately
1,000 eges were kept in a refripgerator at L°C for seven months and,
when removed to 20°C temperature » commeniced hatohing within 2L hours,

Effect of Hoisture on Development The eges of Deroceras

reticulatum possess no mechsnism for accomodation to changes of
hurd dity in thelr surroundines. The epca desiccate and the embryos

die unless contact ‘is maintained with a moist surface., The water

content of the eprs has been found to be 85 per cent (16, p. L6).
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According to Binney (7, p. 6), egrs of Deroceras reticulatum

have been completely desiccated for yecars and dried eipght consecutive
times in a furnace until they were reduced to an almost invisible
minuteness, Upon exposure to humidity, these szzs regsined their
form and eventually developed normal embryos. He stated that in
2ll these instances, the young develoved in the same manner as
other egzs not subjected to this treatment,

Lovett and Black (L3, p. 13) reported that they desiccated
several groups of eggs for a few week's period and obtained the
same results as above, Carrick (16, p. L7) stated that these
results were too fantastic for credence,

A similar experimant was performed during the present study
in an attempt to elucidate this controwersy. Egrs in dishes were
kept in the rearing room at temperatures of 17 to 23°C and were
allowad to become desiccated. The egps were left in the petri
dishes in a shriveled condition for five months, At the end of
this period, water was added to the filter paper. The egps regained
their oripinal form and turgidity, but no development of the
embryos took place.

The writer agrees with Carrick. The low resistance of the

eges to dehydration is a fact which has impressed itself upon

almost all who have experimented with them.
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Eclosion

The form of the adult is attalned before the young slup makes
an atteupt to emerce from the egr. The mantle is evident, and the
heart can be observed contracting strongly, Both pairs of tentacles
are apparent with prominent, pigmented sye-spots on the larger
anterior pair, Hovement of the embryo becomes more pronounced
Just before hatehing takes place, The action of the radula can
be clearly seen if the aprs are immersed in water and examined
under the microscope. The radula is protruded well in front of
the tentacles and is addressed to the membrane with an upward,
steady stroking movement, As a result, the membrane bulres at
the point attacked and evantually ruptures,

Since the development of the embryo in the egr is easily
observed, much study has been given to thie part of the life cycle
by Mark, (kk, p. 173-625), Kofoid (37, p. 35-118), Byrnes (12,

Pe 201-226) and Carrick (15, p. 57h=59L).

‘The Immatm'e 31:13

Upon emergence from the egp, newly~hatched individuals of

Deroceras reticulatum may commence feeding upon the remsins of

the eges or on intact eggs nearby (15, p. 571). Because of the
limited food supply in proportion to the large number of slucs
hatehing from a single egr mass, these slugs appear gregarious,.

As thay’bacome older and more hardy, they migrate from the ori ginal

center and spread out in search of other food. Cooke (23, p. L3)




reported that on hatching, the young slurs go into the ground for
four or five days before feeding, The writer has noted similar
habits of the newly-~hatched slups in the laboratory, The food in
the containers did not show strong evidence of feedinr for several
days after the slugs hatched.

The young slug often secretes its slime in such large qusntities
that it is able to descend from plants to the ground on a thread
of this material. Taylor (61, p., 109) stated that this slime thread
is of the same nature as that of the trail of slime left by the

slug wherever it crawls.

Growbh Rate At Constant and Fluctuating Temperatures

The rate of growth of Deroceras reticulatum in the field

varies widely aeccording to food, temperature and other factors.
Growth rates reported in the literature of slugs reared under
laboratory conditions, however, also vary widely. Lovett and

Black (43, p. 15) estimated the period from egg to maturity to

be from 90 days to one year. T&w‘obald (6L, p. 1=6) reported that

the slugs reached sexual maturity in six weeks. Taylor (61, p. 107)
clted one instance in which a slug mated and deposited eges 66

days after eclosion, Carrick (16, p. 57) stated that Deroceras
reticulatum reached sexual maturity in four to six months after
hatching. The studies by the above authors could have been conducted

at different temperatures or other environmental conditions and

thus glven rise to the reported differences in growth rates.
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The mean weight of newly-hatched sluvs 4in 100 observations
was found to be 1.8 mg, with extremes of 1.3 to 2.1 mg. Three
groups containing 20 newly-hatched slurs each were placed under
constant temperature conditions st ‘20°C. The same number of slugs
was placed under fluctuating temperature conditions of 17 to 24°C.
The results after L5 days (Table l) showed no marked di {ference

in mean weights of the sluzs under the two temperature conditions,

~ The test did demonstrate, however, the great variation in growth

rates possible for individual slugs. The variation reported in the
literature is not too surprising in view of the great variation in
growth rates among individuals from epgss hatching the same day and

kept under the same enviromental conditions,

TABLE 4

GROWTH RATES OF DEROCERAS RETICULATUM UNDER TWD SETS OF
TEMPERATURE CONDITIONS IN A L5-DAY PERIND

Constant Temperabure Fluctuating Temperatures

20% 17 to 21°
Mean Weight 2L.8 mg. 26.1 mg.
Maximum VWelght 83.3 me. 73.0 me.
Minimum Wei ght boli mg. 1.8 mg.

Slugs in their earliest stapges are very delicate and difficult
to manipulate without causing injury, even when handled with a fine
camel!s hair brush., Because of their delicacy and proclivity
toward welght loss through water evaporation, the writsr decided to

work with slugs that had attained at least 25 mg, in weight.
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Slug activity in the field is assoclated with conditions of
hizh humidity, and this association hizs led to an assumption that
activiby was in sowe way induced by damp conditions. Crozier and
Pilz (2h, p. 711-721) showed, however, that the spesd of locomotion
of Agriolimax compestris varied directly with temperature. Dainton

(26, p. 25 (27, ps 165-187) showsd that certain changes in
temperature, and not conditions of high humidity, induced activity.
By activity, she meant locomotion. She used constant and fluctuating

temperatures in her experimental work with Deroceras reticulatum,

Her results showed that activity was sharply stimulated by falling
temperatures below 21°C and by rising temperatures above 21%¢.
Activity subsided as soon as the temperature was maintained constant
at any value., Temperature changes in the reverse direction had
no such effect, As at constant temperature, activity was low
when the temperature was rising toward 21%C or falling from above
this value,

As a result of bher work, Dainton assumed that increased
acquisition of food necessarily accompanied activity. To test
her assumption and to work out a method for bringing slugs to
maturity as rapidly as possible in laboratory resaring, the writer
ran a series of sxperiments to determine the growth rates of

Deroceras reticulatum at various constant and fluctuating tem~

peratures,
Four groups, each consisting of 10 slugs, were kept in a

temperature cabinet at a constant temperature of 20°C. The same

mumber of slugs were placed in another temperature cabinet at
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fluctuating teaveratures ranging from 17 to 2&00. The slugs were
kept. at approximately 100 per cent rslative humidity. These slugs
were welched by groups at weekly intervals, The data was recorded
(Pigure 7) as the mean weights of the total mmber of slugs used.

The results showed that the growth rates at the two temperatures
were not markedly different., Food consurpiion by the more active
glugs under fluctuating temperature conditions, however, wasg
noticeably greater,

It was desgirable to find out if the heavier food uptake by
activated slugs could compensate for higher metabolic rates expected
at higher fluctuating temperatures as compared to a constant
temperature. Four groups consisting of 10 slurs each were placed
at fluctuating temperatures of 20 to 27°C. The same number of
slugs was placed at a constant temperature of 1?°C. The mean
weight of the slugs was recorded on a weekly basis for four weeks.

The results (Figure §) indicated that there was & considerable
difference in growth rates under the two temperature situations,

In spite of the lower growth rate of the slugs at the higher and
flugtuating temperature, these slups consumed almost twlee as much
food as their counterparts at constant tesperature. Thus it
appeared that the higher food consuuption did not even compensate
for the hirher metabollc rate of the uore active slugs.

After comparing growth rates between constant and fluctuating
temperatures, growth rates at variocus constant temperatures were

studied. Five groups consisting of five slugs each were placed
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Figure 7

Growth rates of Deroceras reticulatum at
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in each of the four temperature-controlled cabinets. The temperatures
were held constant at 5, 10, 15 and 289C respectively. The mean
welghts of the slugs were recorded over a four-wesk period.

The results cbtained (Figure §) show that the slugs at
temperatures of 10 and 15°C were of almost comparable weight after
the third week. The growth rate wés somewhat low at 5°C. The slugs
at 28°C decreased in weight after their initial increase.

During the course of the present study, there was a noticeable
wariation in growth rates by the slugs in a given group. 4An
experiment was perfermed to study the individual variations in
growth which might be expected in a random sample of young slugs.
Twenty-five slugs were taken out of a stock culture. They were
four months ¢ld and had been kept at a constant temperature of 20°C,
These twenty-five slugs were placed in a temporature-controlled
cabinet at fluctuating temperatures of 17 to 24°C. The sluge were
weizhed individually on a‘wéekly'basis. The mean, minimum weights
were recorded. The growth rates during an eight~week period were
plotted in Figure 10. The decrease iﬁ weight after the sixth wesk
cannot be explained. These results show the tremendous individual
growth variation that can be attained from eggs that haverhatched the

same day.

Survival Without Food

Immature slugs can withstand extended periocds without food
providing other conditions are favorable. Lovett and Black (43,

p. 13) reported keeping nine slugs for one month without food.
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Figure 10

Variation in growth rate of Deroceras o
reticulatum at fluctuating temperatures of 17 to 24°C
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To explore the possibilities that slugs can withstand starvation
for a long poriod of time, week-old slugs were placed in jars with
unwashed river-bottom sand. Five groups containing ten slugs each
were placed under a constant temperature of 20%c. These slugs were
deprived of food during the duration of the experiment. One group

remained alive without food for five months.

The Sexually Mature and Adult Slug

Seasonal Activity Under Field Conditions

The activity of grey garden slugs appears to be poverned,
not by any definite annual cycle, but by the prevailing condition
of weather. Aestivation occurs only when conditions are too hot
and dry for slug activity. This state of conditions seldom persists
for any length of time in the Willamette Valley of Oregon, During
the summer, it is extremely difficult to find slugs in unirrigated
fields where they were known to be abundant earlier, The first
period of wat weather in the fall is immediately followed by their
appearance in large numbers, There is no known period of true
hibernation in the course of the life cycle, and hard frost or
snow is necessary to induce cessation of activity.

There are conflicting statements in the literature in regard

to the breeding season of Deroceras reticulatum. Taylor {61, p. 107)

stated that the breeding sesson is throughout the year., Lovett and

Black (43, p. 12) stated all seasons but particularly spring and




early sunmer. Hawley (31, p. 937) stated that breeding is in the
fall, Carrick (15, pe L7) stated that it takes place throughout
the year,

Field observations of the writer indicate that the reproductive
period is not coniined to one particular season of the year, but
breeding takes place whenever conditions are suitable. The most
abundant egg production takes place during the fall and spring
months. In the laboratory, egg production was readily induced at

any time of the year,

Food Preference

Deroceras reticulatum has such a wide range of food plants

that it is classified as almost omnivorous. Some of ite food

hosts have been reported as cabhage, potstoss, esgplant, lettuce,
beans, lima beans, peas, corn, strawberries, gooseberries, cucumbers,
melons, cauliflower, wheat, turnips, beets, carrots, radishes,
celery, clover, oats, dahlia, dandelion, dock, chicoery, tobaceco,
hops and tomatoes {31, p. 982). This species of slugz feeds on many
ornamental shrubs and vines, and it finds abundant food in sod

land and in lawns., OCooke (23, p. 31) mentioned as possible foods
beatles, mayflies and dead slugs. Lovett and Black (L3, p. 1h)
added sow bugs, earthworms and aphids to this list, Taylor (61,

Pe 109) recorded an instance in whieh Deroceras reticulatum killed

and ate slurs of the species Deroceras campestris when the two

were placed in the same container. Lebour (L1, p. 393-395) found

that they eagerly devour the proglottides of Honiesia, a tapeworm
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of sheep, Ingram (36, p, 3L~35) reported an observation of Deroceras

reticulatum feeding on pillbugs, Armadillidium vulgare. It would

seem, therefore, that, while the slugs usually prefer a vegetable

diet, they will feed readily on food of animal origin.

¥ethod of Feeding

Neroceras reticulatum does not eat in the same manner as does

a biting insect, for its feeding apparatus is very different,
According to Taylor (61, p. 10€), the jaw is a concave, chitinous
process attached to the roof of the pharynx. In the center, it
bears a tooth with finely serrate edges which helps in tearing the
food apart. Opposed to this, on the floor of the pharynx, is a
flexible plate made up of many small, sharp teeth and known as

the radula, The radula is supported on the muscular tongue and
can be noved forward and backward, »y the combined use of the
jaw and radula, small particles of food are torn from the plant
and are then passed on to the stomach, The radula works by
undvlating movements, carrying the food as by an endless belt back
to the oesophagus. Cooke (23, p., 33) stated that the teeth of

the radula are sharp enough to break the skin of the human hand
if the slug is permitited to use this organ for a short time in

cne place,

Survival %ithout Food

The mature slug can survive extended periods without food

as do the immature forms, In order to compare the rate of decrease




Lk
in weight by the slugs in the absence of food under two sets of
temperatures, the following experiment was performed. Field-collected
slugs were fed for one week and then ware not fed during the period
of this experiment. Ten of these slugs were kept at 20°C constant
temperature, The same number of slugs was kept at 17 to 2110‘6
fluctuating temperature. The slugs were weighed on a weekly basis
for a period of five weeks., The mean weirhts of the two groups of
slugs are shown in Figure 11,

The results showed that the rates of decrease under the two
sete of temperatures were very similar. The experiment was terminated

after the fifth week because of slug mortslity due to parasites,

Soil ¥oisture Preference

Slugs possess no known mechariem for accomodation to changes
of humidity in their habitats. They frequent moist, shady places
and retire into seclusion to awvoid excessive loss of water during

the day or periods of drought. The body of Deroceras reticulatum

has been found to consist of over 80 per cent water (16, p. L6).

To determine the water content of the soil most attractive to
slugs, & narrow tray containing sandy loam soil was utilized. The
tray was two inches wide and eighteen inches long and contained a
three~quarter inch layer of soil., The tray was slanted with the
lower end immersed in water. In this way, the soil was kept flooded
at the lower end; and there was a complete gradation to almost

alr-dry soil at the upper end,
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Decrease in weight of Deroceras reticulatum
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Ten slugs were left in the closed tray overnizht, The following
morning they were found congregated in a narrow band of soil which
proved te contain 68 per cent water., ¥olsture percentage was computed
by drying the soll at 200°F for 2l hours. Difference in welghts
between damp and dry soil gave the per cent of soil-water content.
Carrick (16, p. 47) stated that Derocerss reticulatum will favor

soll which is 6L per cent water content.

The Effect of Humidity and Light’ on Activity

Slugs are normally active at night; but daytime activity can
sometimes be observed in overcast, showery weather in the Willamette
Valley. In view of this fact, it seems reasonable to suppose that
the activity of slugs is a response to high humidity. Dainton
(28, p. 165-170) showed that no such response existed,

Preliminary experiments in this study, using varlous saturated
salt solutions (58, p. 67-68) (13, p. 173-175) to control the
relative humidity, showed no obvious & fferences in growth rates
at various humidity levels. TFor this reason, humidity was not
controlled during the growth rate studies but was kept at approximately
100 per cent relative humidity,

Observations on slug activity in the laboratory indicated that
the normal nocturnal activity was not necessarily associated with
the onset of darkness, On the contrary, it contimmed undser conditions
of nocturnal illumination. The onse} of 1llumination is accompanied
by a short burst of activity, This eflect of light in initially
stimalating activity was confirmed by Dainton (28, p. 188-19L)
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in a study of the effect of illumination on slugs. According to
Dainton, illumination of any individual resulis in a short burst
of activity provided that the animal is derk-adapted. She statad

that dark-adaptation by Deroceras reticulatum takes more than one

hour but less then two hours, Light-adaptation is more rapid and
is complete well within one hour. Crosler and Wolf (25, p, 83-92),

in a study of phototropism in Asriclimax campestris, also found

that dark-adaptation was much slower than lipht-adaptation, All
of the avallable evidence indicates that once the slugs are adapted
to light, their activity is not affected by illumination, This
fact was used in the studies on the effect of varlous temperatures

on growth rates as described previously.

Maturation Period

The lonzevity of Deroceras reticulatum is, at the present,

somswhat of a mystery. OUnly estimations have been published., Ellis
(30, p. 54) estizated over twelve mentis. Taylor (61, p. 107)
reported it to be less than eighteen months. lovett and Black

(L3, p. 15) stated that it is from eiphteen months to two years.
Theobald (63, p. 201-211) stated that this species may live ssveral
years, Cooke (23, p. 3%) reported that glugs of this specles are
usually full grown by the middle of the second year and die during
the first part of the third yesr. Taylor (61, p. 107) cited one
instance in which a slug was full prown in ei ghty-two daye and J,imd
for eiphteen months. Hawley (31, p, 988) cave a figure of eighteen

to twenty months for the life span of Deroceras reticulatum,
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A single individual of Deroceras reticulatum, observed for a

period of 13 weeks, gave information on the weight of slugs
approaching maturity (Figure 12), This slug had beon kept isolated
four months from the time of eclosion at a constant temperature of
20%, It was then placed in a tempsrature~control cabinet with
fluctuating temperatures of 17 to 2),°C. The results showed that
the slug reached maturity between the nineth and eleventh week of
observation, Thus this particular slug was about six months old

at the time of reaching maturity. The size of the slug at maturity
was 50 mm., long and 9 mm. wide when extended. Since there is a
great variation in individual prowth rates as shown previously

period for Deroceras reticulatum to reach maturity. These results

(Figure 12), howaver, demonstrated the growth rate possible for

this specissg,

Hatizxg

It has been previcusly noted here that Deroceras reticulatum

is hermaphroditiec, both male and female sex orpgans being in the
same individual, Whather or not the slugs are capable of self-
fortilization is not definitely known. Theobald (6l, p. 1-6)
stated that their reproductive orpgans mature at different times,
Robson (55, p. 12) reported that Agriolimax agrestis has been

reared for two gensrations by self-fertilisation.
An attempt by the writer was made to determine whether or not

Deroceras reticulatum was capable of self-fertilization, A number
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of slugs were isolated from each other soon after eclosion to prevent
mating. Some slurs died hefore reaching sexual maturity. The ones
that survived laid a few egrs, but the egzs did not develop., These
egrs wers exanined and revealsd the absence of the sperm body which
ie characteristic of fertile eges.

The act of mating was observed on several occasions under field
and laboratory conditions by the writer, Hiles (L6, p. L51-L55)
stated that mating takes place between l and 6 a.m. Under Oregon
conditions, this is not entirely the case. The writer has, on many
occasions, observed mating during the day in wet, heavy-overcast
weather. Under laboratory conditions, mating takes place at any
time during a 2h-hour period. Field-collected slugs have been
observed to mate under laboratory conditions up to three weeks
from collection date. The reason for no further mating is not
known,

On several occasions, the writer observed the sexual union

of Leroceras reticulatum. The prolonged fondling and excitatory

gestures with the tentacles which Taylor (61, p. 107) described

did not take place. The two slugs, coming from opposite directions,
approached each other on the surface of the soil, Neither seemed
to sense the other until they were almost touching, They then

took up positions with their right sides, which possess the perital
openings, in close proximity to each other, Soon the excliatery
organ, or sarcobelum, was extruded and used for caressing., They
crawled around and around sach other, in a caressing manner, on &

patch of slime about an inch in dismeter. This prelude to mating
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was termed the nuptial "round dance” by Pilsbry (52, p. 537). After
this behavior had continued for twenty to thirty minutes, the
sarcobslum of each slug enlarged very sreatly, the two orpans
twisted around each other and there was a grest discharre of slime,
At this tinme, each everted the conical, peointed penis and almost
at once found the genital aperture of the other, The period of
union lasted for approximately thirty to forty-five seconds. In
regards to the actual transfer, Taylor (61, p. 107) stated, "The
seminal element, mixed with mucus and worked up intc a little ball,
is transferred bodily, the forerunner of a true spermatophore.”

The entire process occupied less than 35 minutes. ¥hen they
separated, the slugs moved apart with the penes well extended and
kept them that way for several minutes.

These observations agree with Taylor (41, p. 107) who reported
that the act of pairing usually oceupies not more than half an hour
with the final consummation lasting a few seconds. Carrick (15,

Pe. 566), however, observed that the union lasted over a quarter of
an hour, Heath (33, p. 22-2L) stated that the act of mating lasts
several hours. Hawlsy (31, p. 986) stated that this period lasts
Just over three-quarters of an hour.

The period betwsen mating and oviposition is difficult to
determine., Taylor (81, p. 108) quoted records of the interval
lasting from five to twenty days. Lovett and Black (L3, p. 15)
gave figures of twelve tov forty days. Carrick (15, p. 568) reported
a ten to sixteen day period,
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kbleven to fifteen day intervals between neting and oviposition
were observed during the present study. These cases involved isolated
slugs kept at a constant temperature of E{‘)GG. The disparity in tines
recorded by various authors could be brought aboui by the difficulties
in knowing whether the slugs had mated previous to the obgerved

copulation,

Oviposition and Fecundity

In the field, egr masses of Dercceras reticulatum are placed

almoet indiscriminately in any damp situation. The eggs are usually
deposited in cavities of the soil, usually within the top four inchss,
Eges can be deposited during the summer provided the land is under
irrigation. The mild winters, which usually prevail in Oregon, do
not restrain egg production,

Eggs were readily deposited under laboratory conditions provided
the slugs were furnished with damp seil, An experiment was performed
to determine the range of the soile-water conbent suitable for

oviposition., Field-collected adults of Deroearas reticulatum were
kept for three weeks in a plastic crisper contalner which had a
plastic-screen false bottom. Water was added balow the screen to
provide high humidity in the container. Ifresh food was continuously
available, No eggs were laid under these condltions, They were
then placed in groups of five in glass jars containing four inches
of loose sandy loam soil. The soil had moisture contents of 10,

25, 50, 75 and 100 per cent saturation, respectively., The records

of oviposition are given in Table 5.
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TABLE 5

OVIPOSITION OF DERJCERAS 2aTIoULaTly IN SOIL
AT VARINUS SATURATION PrPCENTADES

Baturation Per Cent

Day A , 10 25 % 75 100
(Number of eggs laid by five slups)
lst — - 32 n o
2nd — - L8 72 —
3rd — 111 6 36
Lth - == e 51 1
Sth — 86 23 e e
Total No, of Eggs 0 101 165 200 1

Rasults of the experiment indicated that soil moisture content
of approximately 75 per cent was preferred for cvipoaitién. Carrick
(16, p. LT) obtained somewhat similar results and stated that normal
eg; development will not take place in soils below 10 per cent
saturation or in soil close to 100 per cent saturation,

The depth at which e~y masses were laid in the loose soil in
the above experiment varied asccordings to the amount of moisture
present. They were placed deeper at a lower soll saturation pey
cent, At 25 per cent, they ware placed from 1% to 3 inches deeps
at 50 per cent, from 1 to 1} inches de~p; at 7% and 100 per cent
soil saturation, the ez masses were laid or the surface of the

soil,
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The eges were passed out singly through the genltal aperture
and laid at regular intervals with short pauses between each agg,
They were laid in clutches or masses (Figure 13) ranging froa eight
to 5L epgs.

The fecundity of individual slups under field conditions is
difficult to determine since it may vary with climatic and other
factors. Under laboratory conditions, larger egg masses than those
obgarved by the writer in the field were usually obtained. During
these studies, field-collected slugs ceased laying eges after six
weeks in the laboratory. The cause éfv this was attributed to
parasitism of the slugs by nematodss and protozoa,

The total number of egps laid by individual slugs is, of
course, variable. Taylor (81, p. 107) recorded 776 egge laid in
one ssason, HMiles, Wood and Thomas (47, p. 37-38) estimated 1,000
eges per functional female, Carrick (15, p. 570) estimated 500
eges per year. Lovett and Black (L3, p. 16) cited a case in which
one specimen deposited 612 eges in one year. Theobald (63, p. l-6)
estimated that Deroceras reticulatum may deposit from 500 to 800

eges per year, Pilsbry (52, p. 537) estimated the number to be more
than 700 eggs per year., No record of total egg deposition by
individuals was kept in the course of this study.
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SUMMARY

The primary purpose of this study was to study the blology of

Deroceras reticulatum under laboratory conditions, A sacondary

purpose was to dewelop laboratory rearing methods by which a grey
garden slug colony conld be maintained for toxicological and other
studies,

Nomenclatorial history and deseription of the stages of the
invertebrate are presented.

Rearing of Deroceras reticulatum in the laboratory was only

partially successful due to the presence of various parasitic
organismms. The funpus which attacked the slugs was identified as

a Fusarium sp., and the fungus which attacked the egys wag an
Arthrobotrys sp. The slugs were also found to be heavily parasitized
by nematodes and protozoa, The nematodes were identified as

Rabiditus lambdiensis, Panogralaimus sp., and Diplogaster sp, The
protozoan was identified as Tetrahymena limacis. Rearing methods

and materials including diet, rearing containers, tempsrature,
soil moisture, method for eliminating the parasitic nematodes and
other factors were given,
The minimum egr incubation period obtained at 200{} was eleven
days with a maximum of 21 days, The average period was 15,5 days.,
The egrs were found to desiccate and the embryoa died unless
contact was maintained with a moist surface.

The eclosion process was observed. The embryos were obsarved

using their radulas to procure their escaps from the eges.




57
The newly-hatched slugs differ very little in their habits

from the full-grown form. The immature alugs would not feed for

a period of four to five days after eclosion. There was essentially
no difference in growth rates under constant and fluctuating
temperatures, providing the constant temperature was at the mean
value of the fluctuating temperatures. The mean weipht of the
immature slug right after eclosion was 1.8 mg., and it was possible
for slugs to attain a welght of 2225 mg, at maturity.

There was a higher degree of activity at fluctuating teme
peratures than at a constant temperature.

There was higher food consumption at fluctuating temperaturcs
as compared t0 a constant temperature, but the growth rates were
essentially the seme. This was probably due to a higher metabolie
rate at the fluctuating temperatures.

It was determined that a maximum gcrowth rate could be attained
at tempsratures of 10 to 2206'. It was shown that there was a
tremendous variation in growth rates among individuals of the same
age,

Experiments on starvation showed that slugs could survive
at least five months without food under laboratory conditions.

It was shown that oviposition by the grey gaerden slug is
governed, not by any definite annual cycle, but by the prevalling
envirommental condltions. Egg production was readily induced in
the laboratory at any time of the year,

The slugs were shown to prefer a soil moisture content of 68

per cent. There was no obvious difference in growth rates at
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various levels of relative humidity. Derk-adapted slugs gave a
short burst of activity upon illumination. Once the slugs were
adapted to light, their activity was not affected by illumination.

It was shown that ﬁaroce:as reticulatun can attein maximum

growth within six months under laboratory conditions, The maximum
weight attained was 2225 mg, The size of a mature slug was 50 mm.
long and 9 mm, wide when extended.

There was no evidence of self-fertilization by the slurs
during the course of these studies. Under laboratory cond tions,
mating took place at any time during a twenty-four hour period,
Field~collected slugs continued to mate for about three weeks after
being subjected to laboratory conditions,

The mating process of Deroceras reticulatum was observed in

the laboratory. The period between mating and oviposition was
found to be from elaven to fifteen days.

Moist soil or Vermiculite was necessary to ind:ué:s oviposition,.
A soil-water content of approximately 75 per cent saturation was
necessary for maximum oviposition. The egps were placed deeper in

soils of lower moisture content. Field-collected slugs ceased

laying eges after six weeks in the laboratory,
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