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M l  powder ind m Mhiaoo can act «A tlu v •tther by contact 
ar^a'aiaaM cfcpoim '. TbeehanctMiiikdfcctsofmMaldchydepoiaoninf wvie 
...................M btT'Wn by outbufMa of unco-ordaMNad muacular activity and

whidi uaually rwuhad k  aavtra water loai. a4 hr. aftar twatmant with 
la daaaa ahi)  ̂«at« aiiB abnoniial and rarefy M  widiia 30 hr. of traatmant. 

h  MC paaaiUa i» dUfwina iha with thv matiioda uaad, but 0*06 me. 
aald maliUaliyda lahm ooBy could ba lathal to ahifi of 400 too m f. body 
vaitfhc. Latlial afccii wofa fNoduead by contact of 1 hr. with concantratioM 
m /im km n la a aaij  Taaicity iwcraaMd widi riaa in campecaturc and
taaaawy from aodaaaaa doaaa wm dapandant on nhi^ baii^ in a aantrated or 
ahnoM aatnmad aanaaphara. No obvioui gut Uaiona wava found in riufft which 
hnd baan daaad with or had aaian nwlaldahyde. In action w«» not by d^oly* 
■MriMlion hi ftm pit ar body « a i^ . la tha lifhc of fa^oraiory and mail aaile 
•lid  wiali i| ia aeem ad that beondcaatine and spieling are the beat nwthodi of

fliaof cIk dlaoavwy o f tiw «hi(*lEiMuc propcrtica of meciklehyde aopK twenty yean  
^  muck in m iw i hm  bMB | i v ^  10 iti uae o s  a fidd aoUe (fiomea k  Weil, 194a;

^  albiimn adwpntr infomuttioii on its mode of entry and 
■Mtlnd of a e d w  it it not potaible tt> tty  whether the moat etfbrtive ute of metalde- 
iQrdi ii at prcaant being oiade. The praaaiw inyeati|BtkNi waa therefon undertaken 
to aiudy in detail tha uptake of the material, Ua pliyaiolofical action and the effect 
of chgnfw in tempwiwre and humidity o> ha actkm.

MimOOa AND MAYVUAU

Both culturo-reoied and frcahly capturod wild ipectniens of Agm Um aat rttim latw  
(Moncr) w o «  uaad. Theae did not diflar in their reactiona to metaldehyde and the 
bull 9 t tha aperim enn were carried out on *wifd* ahiga. Unicea atated to the 
ooatnry, a l  ahifa w en  atarvod in a taturatod atmoaphere ibr 24 hr. beibre being 
uiod m  m  eKperimant and in practicalty aU experimenti each slug waa fcopr in 

in g p to i diah lined with moiat filter*paper. Weight reoorda w en  kept 
during many esparimcoia. *

la  aeme expcriHMBia, A lg a  wofo aoaeathetiaed atmply by placing them in namm  
100 m l beahwa coMaiMag about 1  m l of water, into which a alow atream of carbon 

wm pmaed. S h ^  could withatand thia treatment for at leeat 1 hr. and even



after 5 hr. continuous anae»thcti2ation many a]ug» recovered without dKming any 
abnormal effects. Different batches o f slugs varied in their ability to withstand the 
effects o f carbon dioxide. Sliming occurred during anaesthetization, and this often 
resulted in a large weight loss (see Table 1).

T a b l e  i . H’ngki lou induced by carbon dioxide treatmemi ( 15 -18 '’ C.)

W oah l loM aftrr W eicht loM after
W eight befor* 1  hr. C O | trMt- 1 4  hr. rrctM-cry
COt trfMmcnt menf «t iee”o S.N.

Slue (m*.) ( “. ) (%)
1 «J-4
a w *7«
3 7 1 ? I7-7
4 79$ * 5*
f T S •O S 1*4
6 9>S • S'? J'4

Solutions of metaldehyde were prepared by mechanically stirring an excess of 
finely powdered ntetaldehyde with distilled water for 34 hr. and Altering. Analysis 
showvd that the iUtrate contained only metaldehyde with no free acetaldehyde, tlie 
lolubility bong 0*018 %  «  0’ S* C .; o-ojo "o at 17* C .; o^a6  %  at 3 0 ’ C . Neutral 
or alkaline solutioiu were very stable, and even after 6 months did not contain' 
detectable amounts of acetaldehyde. For use in fwld trials where mechanical 
stirriof is impracticable a sulfictently concentrated solution can be made by atirring 
a «rMer suapetiston at intervals and allowing to stand overnight. For small-scale 
uae, a toxic solution can he prepared by hanging a muslin bag containing coarsely 
broken * Meta* tsbleta in a watering can.

Whilst A.R. metaldehyde was used for practically all experiments some trials 
Hvre made using the soil fuel 'Meta*. Titere Mrerc no obvious differences in the 
actions of these two materials.

M o d c  or RNTiY or m e t a l o b h y d i

The literature (see Barnes &  Weil« 1942; Thomas, 1948) suggests that metaldehyde 
acts aa a contact poison. The experimental evidence Kupporting this conclusion is 
scanty, and much o f it open to the criticism that adequate precautions wert noc 
taken to prevent treated dugs from eating traces o f metaldehyde. Jary h  Austin 
(i9;^7) reported that sliming occurred when minute quantities of m etald^yde were 
p l a ^  on slugs and that five out of fourteen treated dugs were desd on the day 
following treatment. Tliomas (1948) described experimenu made to check the 
stattment o f Persing (1944) that metaldehyde had a contact action <M the snail 
HeHit stpersa. According to 'rbomas, metaldehyde i^aced on the bodies of healthy 
snails ‘ . . .  is m m ly  sloughed with the mucus aa ia any inert dry powder ju d i aa 
finely divided limestone'. He concluded, therefore, that tnetaldehyde had no 
contact aaion on snails. Similar experimeota on slugs are not described but 
Thomas sppears to sssume that metaldehyde must be eaten to produce a lethal

ts>«



diect. He dots Mate, however. Uut the irriunt effect (ttiming) might poatibly be 
4 ue to KNoe contact action either by metaldehyde or dry bran on »iug« partially 
poiaoned by metatdehyde.

T o  duddt<« the mode o f entry o f metaldehyde the following teaa were made to 
determine its fumigant* contact and 'stomach' action on Agriolmuix reticuiatus.

( i)  Fitm^mU action
I V c t t y  ahiga w m  confined over metaldehyde in a saturated atmoaphere, the 

perforated Boor o f the teating chamber beii^ 2 cm. above the layer of metaldehyde. 
I 'w m ty  control animab were eiqxwed over calcium carbonate. Even after 3 days’ 
cxpoaure the siuga were not obviously affected by metddehyde and readily fed 
w b n  i tfsw d Icctuce, indicating that metalddiyde hM no important fumigant action.

(a) Conlflrl aetttm of poaodmd wietaUUkyde
Pwrdtw d metaldehyde waa placed on the backs o f slugs, and control animals 

w art OMiad in a aimilar way cither with calcium sulphate or carbonate. 1  he slugs 
ware ktpi ia  a aaturatMl atmoapherc under c<mstant observation with every prc> 
camkm to anaurr that Uw material waa not eaten. Irrespective o f the site o f treat* 
m a t  the wauldiliydc irtan d  A. ntkuUius showed the following reactions at 

C . 8nm> 15 -10 0  niA . after application locomotion ceased, tentacles were 
wk h^ a im  and conatrktions appeared apasmodically over the head and body. 
D u rtef tkr w m t i f  period o f immobilisation which might laat several hours. 
oeeeiem leiNbureia o f beomoior activity would occur but they lacked co-ordination. 
Whan aiinHiloiod with foroqia, treated shigs would attempt to move, but since 
■o vo n tM a w tra  not co>ordiaaled the animals remained on the same spot. Sliming 
always occunod. In aofoe. a thick c k Jk y  slime vras produced, but in the majority 
the slime waa thin and practically colourlesa. The dime had a wetting action on 
metahichyde. Although the slugs were immobiliaed, sliming always continued until 
the metaldehyde was aloughed off. Removal o f the metaldehyde rarely took less 
than )0  but ne w  more than 4  hr. Twenty-four hours dfter treatment slugs 
ware aaver norvMl and rardy fed within the succcedii^ 14  hr. !n  some cases the 
attctafcfahyde-treated slugs died aa a reault o f the treatment.

8 lu fitfaa ied  with calcium sulphate and carbonate were quite normal 24 hr. after 
twatmgnf and in many caaea fragmeota o f chalk atill adhered to the epidermis. 
There waa no noticeable effect on activity and no sustained sliming to remove the

U n ^  field conditions the foot o f the slug would be the moat likely surface to 
cen e  tsio  oencact with metridehyde. It proved difficult to keep die substance in 
contact with the loot for periods greater than 5 min. but even with such short 
penoda of contact the effects recorded above were noted.

ExpsriaMnts were slao made on shags under carbon dioxide anaeatheaia to ensure 
that metaldehyde waa not eaten during the experimental period. At the end o f the



treatment any powder rcmainiag oo the dugs w w  acnped or wmhbd off and tkt 
slugs left in individual Petri dishes to recover from die anseedietic. AUmeCakkbjrde> 
treated slugs showed toxic symptoms and a wying number died. The reauka of 
a typical experiment are shown in Table a.

Table 2. Comtact setwn ( /  pcmdend meUtidekytle en mmnihHited 
Agri<4imax reticiHatus (15-^7° C.)

Coculstioit of thigi S4 hr. after tw mwm

Lenglh o f  Powclarcd metaldehyd* Powdered odcuim  caiteoat*
treatment r------------------------ -------------------------- s r -------—  -  —  — >

(hr.) Nomwl M oribuod Dead Normal .Moribund Dead 
I 1 }  a 3 i4  t I
3 8 a t  i8 o •

(3) Cmtact action of wutaidekyde $ohUim 
Even though chemical handbooks sute that metaldehyde is insoluble in water, it 

was noticed that water which had been in contact with metaldehyde was irritant to 
slugs. S l i ^  were painted with drops of saturated metaldehyde solution coloured 
with methylene Uuc. Thus the path o f a solution applied to the epidermis could be 
traced, establishing with certainty whether or not the mouth region o f the slug 
became contaminated with metaldehyde. Trials showed that, providing the slug 
was held vertical with its head uppermost, then the badi and tail portions could be 
flooded with liquid without contaminating the anterior foot or mouth regions. 
C<mtr(rf slugs were treated with distilled water coloured with methylene blue.

One to eight minutes after dabbing with saturated ntetaldehyde solution slugs 
became immobilized and secreted diidt white slime. AbiUMrnial behaviour lasted 
for 10-24  many s h ^  were killed by the treatment.

The contact effect w u  studied quantitatively by using filter»pq>ers (9 cm. 
diameter) placed in Pern dishes and flooded with a ml. of o*oa %  metaldehyde 
solution (0^0063 mg./cm.*). Single slugs were placed in such Petri dixies and left 
in contact with the solution for varyil^( periods o f time. Some experiments w o e  
made using filter^papers impregnated with meUldehyde from diloroform solutions 
over the range O*ooa-O‘a % . 'l l ie  chloroform pepers were thoroughly air^dried and 
then flooded with 1 ml. water before use: papers thus impregnated gave eeaentially 
the same results as those treated with aqueous soluti<ms. The contact effect was also 
demonstrated by frfadng individual slugs in small rectangular cells in a  parafiui 
block into which known smounts o f aqueoua acrfution could be intn>duoed.

Slugs placed so that unly the foot was in cmtact with the impfegnatad filter* 
paper quickly showed signs o f naetaldehyde poisoiung. The various symplofM 
observed whm  solid metaklefayde was uaed were lecofded but their onset was m an 
rapid and their intensity greater. Within 5 min. o f being placed on 6m p ^ c r , 
tentadea were withdrawn and locomocioo nrased Thick chaUqr slime would ftlwtyt 
appear as^ te  min. after contact, whereas when solid metaldehyde was used this



type o f ifantfig did not ahivyt jociir. R ctu lo  obieiaed froin typical cxpcriment» 
with %  tqiieoiM «ohitio« M d u iia f  tnaetdietiaed and unanae<tfartixed tlugt 
an  •hown ia Table j .  CoBCact wicfa o*oos %  for 5 hr. praduoed up to 10  %  deethe. 
TWo ocher cffectt, iflunobUsmiofi and iahibition oi feeding, are alao importaait 
factors ia  the vilue o f metaUehyde for ahig control. Expoaurcs aa b iief as 5 min. 
were auffidcnt to produce itnmobiliaarion which, depending on the temperature 
conditioQa, bated for 10 - 14  P* 4^>)* After contact with 0*002 *olution
for intervak o f 15  min. to 3 hr. aoroe 50 %  were able to feed within 24 hr. of 
tKattttcfit. U iiag  o ^  %  roaried differences in feeding ability were noted, 
dependiflf on the length o i treatment. Neglecting those slugs killed by the treat- 

50 %  were able to feed within 2 days Mfter 15  min. tre .tment and within 
3  d a y  after i and 3  hr. contact,

T a u  3. CoiOsct ^etim metnidtkyde m  Agricrfimax reticuUtus

Li>aiti t i  Metddehyde tolmioa Cootrub (distilkd water)

<W.) NofiMl Moribund Dead Nonm! Moribund Dead 

(«) Aaacatfacciaed thiga (ib-tg^C.)
I 6 3 ]  ta e e
)  4 }  It 13 a i
5 o 3 iS 10 3 a

(^) Unaaacartwnacd ahifa C.)
I 10 O S la 0 o
3 I •  11 ta •  o

T a b u  4.  Weight kttm  ( a ^ .)  mduud hy a m t^  witk wteUMtkydt tohttkm
MeCaUcbyde aohibon Coacrola (dittiflcd watar)

I  of
(hr.) After treatm em  After * 4  hr. After treatment After 1 4  hr.

■ -a i* 4 9 ± 3 '5 a  - i - 9 * ± 4 * 4  - 4 - ^ ± J * 7 7
3 -a^ 3± S*«4  - 3i *6 +1-3 ±6^ -»'6^S±4'4i

AAar f ip u au ia to  fiher>paper imprei^iaeied w id i 0 ^ %  awtaldriiydc Milution, t tu f i  were 
plaead bi Petri diahca cnntaiaina  moiat fihar-papcn.

Even though slugs were maintained at 100 %  >.11. during and after contact 
treatment, w c i ^  I oases o f 25-35  %  recorded, chiefly water loss (see Table 4). 
Water loaa Tia sUmii^ and water uptake could occur aimultaneously: for e x a m f^  
slugs dehydrated for 5 hr. (weight kias 25-50 % ) would slime c^pioasly oa 
metalddiyde-treatedfUter-paperSfbutafteri hr. contact diey usually showed weight 
increaaea o f up to 10 % . Controls stmilarly dehydrated showed gains o f 25-^50 %  
in I hr. when placed on iiiter-papers moiMened with distilled water.

Theae ezperinienta fully support the obaervmtions o f Ja ry  &  Austin (1937)* 
Mctaldehyde can exert a  contact effect aa a  aolid or in aohidon, and i f  contact ia 
auAcicntly prolonged ita action may be lethal.



(4) MrUUekydt m m  mttnml paitom
(« ) M€Udd^ty4$ fohition

Meuldehyde tolutions were injecttd into the crop via the mouth using an ’ A gis' 
micro-injection *yringe fitted «rith t  a^>iUary tube to piM through
the buccal mate and down the slender oeaofrfiagus. The d ^ ve ry  end o f the tube wm 
bulb-thaped to prevent laceration o f the tiasuea and the escape of liquids from crop 
to mmjth durinff the course o f injection. T o  ensure that slugs in which r^urptation 
occurred were not included in the asaestroent of results, solutions were c(4oured 
with methylene blue.

The tfiKMint o f soluQon wliich could be ptssed into the crop without reguifita* 
tion was limited to 0‘ i-0*a ml. for A. ntieuldiitt wei^iing 300-800mg. In only 
a few cases, out o f many triab, was 0*2 ml. injected without some regurgitation 
occurrif^.

Quantities sa small as o « i  ml. ( ■ o ’ooam g.) induced symptoms o f metal- 
dehyde poisoning, and these were very marked with the Aaximum amount 
(0*1 ml. *0*02 n^.). The various effects described for the contact experiments were 
observed ia injected slug* but they were slower to appear and, apart frwn copious 
white sliming, were never so intense. At ao** C ., using the maximum dose (o* t ml.) 
2 S %  (approx.), mortality was recorded widun 3 days o f injection (Table 6). 
Injected slugs did not feed in the 36 hr. period following injection.

(A ) Metm Utkytb p m Jer

Methtnb. Micro>injection guns were uaed to force kaown amounts of dry 
materials such as powdered mctaldehyde into the buccal cavity and crop o f slu p . 
These were constructed either from hypodermic needles witb the ends cut off or 
from fine>bore stainless steri tubing. The guns had tigfat*fntij^ phmgers made 
from pivot sted and were loaded by pfessing the delivery end into a small heap o f 
finely powdered teat nuterial, the phinger be ii^  sufficiently withdrawn to aOow 
the substance to be p ad ed  into tHe shaft After this preliminary loading the shaft 
was pressed until the loading mark was just visible above the tube. When a high 
degree o f accuracy was necessary this operation was carried out under a binocular* 
dissecting microscope. This movement, i f  the loading had been effective, revdted 
in a small cylinder of test material protruding from the delivery end. With a steady 
pressure on the plunger, the delivery end was again pressed into a small heap o f 
teat substance, ensuring that tU; rnd of the tube was uniformly packed. Surphia 
material was carefully wiped <^. Each gun was calibrated by filling the instrument 
and then weighif^ the amount ejected. In the guns o f very fine bore (0*18 mm.) 
graduatioas were not neccsaary for it was only possible, using the procedure 
doncribed above, to padi a small length of the oolumn with powder.

T h e accuracy o f the method was low. Whilst different guns, when carefully



loftded. were captble o f ejecting (he foUowicif amounu o f  meuldehyde: 0-32 £ 0*1. 
0*24 i  o* I and oro6 ± mg., it was noc potsible to make any allowance for errors 
introduced in the courae o f tnjectir^ metaldehyde into test animals. Particles 
adhered 10 the guns to a varying extent a f ^  withdrawal and using very small 
amounts (<0^1 mg.) it was never poasible to determine whether all or part o f the 
injected material had been r^urgitated.

In order to obtain concentrations o f metaldehyde bekrn* the content o f the 
smallest gun used (0*06 mg.) the substance was diluted with eidier glucose or 
calcium sulphate or carbcmate. Comparative trials failed to show any specific effect 
o f the diluent on the K tivity o f the metaldehyde.

Both anaesthetised and non-anaesthetized slugs wrre used in the experiments. In 
most cxperimotts slugs w eu  dissected to determine whether the ntetaldehyde had 
remained in the animal and whether any injuries had been caused by the injection. 
T h e death-rate from the injection procedure was negligible.

Results. As nuvht be expected, slugs reacted more slowly to the presence o f uAid 
metakMiyde than to dissolved metaldehyde. Results o f different experiments 
carried out u iu kr standard conditions varied over a wide range, and it was evident 
that the experimental technique was too crude and the reactions o f the animab too 
variable to permit an accurate assessment o f the median lethal dose. In Table 5 
percentages are given based on a number o f different experiments. In view o f the 
many sources o f error, knovim and unknown, it is clear that the figures represent no 
more dian the trends shown with different dosage rates. Death frmn metaldehyde 
poisoning was long drawn out. As I'able 5 shows, even at high dosage rates deaths 
were still occurring 3 days after treatment and the greater part o f the material could 
be recovered from the gut after death. In a  few cases metaldehyde was actually 
de^aecated.

T a b l e  5. Lethal aetitm of powdered metaldehyde p^cted into the crop 
Agri(^imax reticulatus

Percenugg IdU
Amount D .y* tfter iiucction
t^iectcd N o. o f ,---*---,

(« » •) 1 a i
•-00} JO 0 0 0
0*01 4* 5 lO IS
O^J 4® as 3 5o-o6 So 3 0 66
o*as y o • 3 ®7 —

No daschs were rfcordtd in the coatiob which wen ifyectcd with caldum tulphaie.
AB ■9MIBMMB were csmsd oat at as* C.

From thaae investigations on the mode o f entry o f metaldehyde it is clear that 
the material can exert its effects both by contact and as an in^m al poison.



M odC o r ACTION o r  lOTALDIHTDff *

(1)  Iiftetim  of whaimt mt9  Mr kmmwtti 
Since sh ift reacted to intemsl doeet lets rapidly than to external treatment, it 
would aeecn that the material waa not rapidly tran^Kwted from the gut. 'Hie effect 
o f injectinf mecaldehyde solution directly into the hactnocoel was therefore studied.

MeAois. An *Afla* syringe 6tted with an ordinary fine injection needle was 
used. In preliminary trials to teat the influence o f site o f injection on sensitivity to 
metaldehyde, batches o f ahigs were injected either on the donal, lateral or ventral 
surCiccs at one o f the following poaitiona: anterior to the mantle; posterior to the 
mantle; tail r^ ion . The nine injection sites were compared and ^  effects produced 
were found to be similar. In the detailed investigations therefore, injections were 
made in the middle region o f the foot. Solutions were cokMired with methyieoe 
bhie, and even imanaeathetixed slugs could be injected with amounts up to 0*15 ml. 
with little loaa o f fluid. In all experiments equal numbers o f control slugs were 
injected with water coloured with methylene blue.

Rutiits. Injection 0*1 ml. metaldehyde direcdy into the haemoood produced 
an immediate reaction. Usually b e fm  the whole amount had been injected the shig 
was completely immobilixed ^  thick white slime was copioualy produced. Even 
amountaaaamidlaa 0 * 0 1 - 0 ^  ml. (0‘00»-0‘004 mg.) produced thia immediate rcnc> 
tkm. Prom Table 6 it is evident that the lethal effect waa subject to greMfvariatkMi 
than that shown in oral injections and contact treatment. On the whole, slugs re- 
covered more rapidly from hawunrof I injectioos than froro contact treatment or crop 
iajectioiia.

T a i l s  6 . Cmn^mm n At UtMmi itoim m W l isn,

katmocot i wgKtim  mdemOmct trtmtmemt (ao° C .)
Oral injsction. HwinopoiT ioicctiQii. Ccotaa with 

•>1 a L  0̂ 1 nL • ’ i ml. for )  hr.
»^S±**7 io-a7± f 77

IW *  MMM nim to th» dinhi iwordad par t w t y  ftw ahifi 3 liter trwwninr TWy 
sr« baMd <M MM ■■ptria w li  in «aeh of whicfa i w ihi^ «vn« trMicd m aach sreup.
CoaiMt tr—twtnr wm carrM out io pmiAb>wbi coQi (im p. 39s)- TIi* msTimin i —Hi mu 
im MWrii tn tmi with w w r mm dwo> per >iw i f  i f  ihig^

Control slugs injected with equivalent amounts o f water w e ^  not tmnobifiaed 
by the treatment and showed normal activity and feeding immediately after 
injection. Some white sUme was usually produced at the time o f injection, but the 
animals in spite o f the shock-effect o f the treatment «lwaya showed a gain in w c i f ^  
whereaa those given metaldehyde showed a marked we i ^  loaa (Table 7).

T a b le ? . Wtigki ckmgtt (ay .) pmJmn J by iiysrtifMi iitfa tkt fcawsoraaf
riniHi*iji*i [------ f t  Coebeli ( * t fb d  waiw lee me.) .

t ^  ^
' I hr. iAcr m  hr. alter ■ hr. t i t t t  kr. aftir

- M ± . S i *4 ± lrS ± 1 4 * 7  ♦$••1*11-4



(2) Thf achoH of acetaldthyde anJ paraldfhvde
’I*hc rffcct* of acctaldchydc, partldchyd? and metaldehydc were ^mipared with 

the aim of elucidating the mode of action of metaldehyde.
Contact action wa» tested by the norma] filter-paper technique. At both 15 and 

20 C. slugs were quite normal ev«.n after 3 hr. contact with 2 0 "0 solutions of 
either acetaldehyde or paraldehyde, whereas 0 02 metaldehyde produced the 
toxic effects already de«cribed. Further, the two former solutions did not produce 
toxic symptoms when injected onUly or directly into the haemocoel. Whilst some 
immobilization was shown, aiu^s recovered sufficiently to move about and eat 
within 24 hr. o f treatment.

These observations show that the toxic effects of metaldehyde are not due to the 
formation of acetaldehyde and are not cqui\ alent to the action paraldehyde. The 
f«ct that acetaldebydc is without toxic action even at concentrations too times 
greater than that of the usual metaldehyde solution would suggest that any de- 
polymerization occurring in the gut or blood of slugs would result in a lessening of 
the toxic action of the nuterial.

(3) Histoiagieal effects o f metaUehyde
Thomas (1948) states that the gut 4ivall becomes transparent as a result of 

metaldehyde poisoning, and when this condition is reached the slug w'ill eventually 
die. T o  determine the extent o f this change slugs killed by meuldehyde and an 
equal number poisoned by carbon dioxide were dissected. These observations 
showed no transparency in the metaldehyde«treated slugs w’hich w'as not o f normal 
post-mortem origin. Transparene)' results from a sloughing off of the thin mucous 
membrane of the crop and this occurred whatever the cause of death, for it was 
noted both in culture slugs and in field slugs w’hich were found dead. Further, 
metaldehyde does not ao:elerate the removal of the mucous membrane. Crops 
excised from healthy slugs were ligatured at both ends after having small amounts 
o f metaldehyde pushed into them and kept in Helix Ringer (Pantin. 194^) along 
with similarly prepared controls containing equivalent amounts o f calcium car­
bonate or calcium sulphate. Under such conditions as far as macroscopic inspection 
sh«vwed, the membranes remained healthy up to 24 hr.

(4) Effect o f temperature and humidity
Slugs arc without a waterproofing layer, and in an unsaturated atmosphere lose 

water pcsatvdy to the environment (Howes h  Wells, J 934). Death from desicca* 
tion can take place rapidly; for instance at 70 %  R.H. (15* C.) slugs will die from 
desiccation in 7 - 17  hr. It is obvious, therefore, that if slugs suffer from metalde­
hyde poisoning and arc immobilized, their loss of water due to sliming coupled with 
exposure to tow humidities will produce death. 'Phis was verified in the course of 
the investigations. It was also shown that metaldehyde-treated slugs exposed to



»atumted atmo«phcret were not able to regain their water concent at the »ame rate 

as untreated tlugs.
High temperature enhances the toxicity of metaldehyde (see 'Fable 8). Detailed 

studies on 'contact'-treated slugs showed that temperature influenced both uptake 
and toxicity. 'I’hus, slugs placed in contact with n«etaldehyde at 15^ C. for 3 hr., 
and then kept at 20'' C. for 31 hr. showed a lowet death-rate tluui slugs kept at 
20 C. throughout the experiment or kept at 20** C. for treatment followed by 21 hr. 
at 15 ' C. 'lliis temperature effect is certainly of practical importance* and it helps 
to explain one of the findings of Thixnas (19 ̂ 8) w h o  concluded on the hanis of field 
trials that wet w a r m  nights f(^lowed by dry u'orm days gave the highest catches and 
highest mortalities. !t is no w  clear tiat wa r m t h  whilst influencmg the acti\ity of 
slugs also increases the toxic action o( metaldehyde.

T a b l r  8 .  Effect of temperature on the toxic actton cf metaldehyde
QiMiility of No. o f tlua i Deaths M  hr «ftrf trvMment
RMtaldrhyde Kxposuf* uacd «t Mch * ~

(nU.) (hr.) tenipenturc 15 C. xo C-
0-1 I as I *
O’l 3 JO o  >i

I J5 I 7
f r l  j  7 0  7 3*

Fieu> T R IA U WI T H  MrTALDIHYDE SOLUTION 

T o  assess the toxicity of metaldehyde solutions to slugs under Aeld conditions the 
following experiments were carried out.

(1) Field expoeme of UAoratory-treated sktgt
Sluf*s were placed in contact with metaldehyde solution using paraffin block 

cavities just large enough to contain single slugs and u p  to 0*2 ml. solution. Slugs 
were left in contact with the solution for 5 min., 15 min., or 3 hr., then removed 
and the surplus liquid absorbed by filter-paper. Treated slugs were then placed in 
the garden on bare rough soil under a coarse m n h  wire-netting cage to exclude 
birds. Control slugs were treated with water and also placed otit of doors under 
wire-netting cages. KieUl exposure began in the late afternoon (16 hr., u .m .t . approx.) 
and counts were m a d e  the following morning to determine the nu m b e r  killed and 
the n u m b e r  which had been able to seek shelter.

It is evident from Table 9  that even 5 min. contact with the solution was 
sufficient to produce a degree of immobilization lasting 10--24 hr. under field con­
ditions. Furthermore, given warm, dry conditions a high mortality was recorded 
with such a treatment.

(2) Conimtter experiments
In these experiments galvanized iron containers 60 cm. long and 26 cm. diameter 

with bottoms and tight-fitting lids of perforated tin were filled with soil to within 
1 ^ 1 5  cm. of the brim and sunk in the ground so that the outside and inside soil



Irvds were appronmately the Mine. T h e  m U  uirface within the container w m  

•lightly compacted and m a d e  relatively smooth.

Metaldehyde solution ( o ^  % ) was applied to the soil surface within the con­
tainers to give the following am ounu in mg./m.* o f metaldehyde: 75, 226. 376. 488 
(equix-alent to 20, 60, too and 130  ml. o f solution per container). Controb were 
similarly sprayed with ao ml. water. (In  laboratory experiments with impregnated 
fUter-papcH toxic effects were o b ta in ^  with 2 ml. per filter-paper which is equiva­
lent to 63 mg./m.*.)

T a b l e  9. Effect of field comditioni m laboratory-treated slugt
. No. on toil after 

Pwiod of 24 hr. No. killed
contact and

Date. i«si icmpcratur* Treated Controb Treated Controb Weather
IS Mat«h 3 hr. (so* C.) le a o o Snow
ae Mai«h 3 hr. (so* C.) 9 9 a o Heavy fnMt
5 April 3 hr. (so’ C.) 9 10 9 a Windy; very dry
6 A ^  j  hr. (so* C.) 9 0 9 ®  Dry

10 A ^  15 min. (i5°C.) 9 0 0 0  Froat
isA pnl 15 min. (15* C.) to 1 •  1 Windy; dry
a6 Juh' IS min. (18  ̂C.) to a 9 1 Warm; ihowery
a6Ju»y If mia. (i8°C.) i  o 8 o Warm; »howerv
•  April 3 mm. (IS* C.) 6 0 6 0  Warm; dry

10 A ^  5 min. (13° C.) 9 o o o Froat
IS A ^ l  3 min. (15* C.) 10 1 10 1 Wind; dry
s6jHly 3 min. (18° C.) 5 -  5 -  Wafm;ahowery
s6Jiily 5 min. (18  ̂C.) 10 -  8 -  Warm; •howery

In each a»p«rimaHt ten treated and ten control aluf* were placcd under field condition*. 
ColuBim J  and 4 ihow the number of aluai found on the aoil aurtev with little or no thelter. In 
the cate df metaUehyde-treated iluitit 80 % were diaoovered within a radius of as cm. of the aite of 
depaaitiow. whiraai many oontml iluga had travelled v n r  1 m.

T h e  aoil in the containen was aprayed widi the appropriate solution at approx. 
noon (G.M.T.), then 2 ^ 3  hr. later, ten A. retiadatus together with unsprayed lettuce 
were placcd in the container. T h e condition o f the slugs was recorded at approxi- 
m atdy 24 hr. intervals over a period o f 3 -5  day*.
‘  Rtmbs. T h e  total deaths recorded in typical experimenu, together with tem­
perature and humidity data, are shown in Fig. 1. Und«r warm dry conditions 
mortality was 100 %  at all concentrations, although the control slugs laid eggs and 
fed quite normally under the same physical conditions. Cool and wet weather at 
the beginning o f an experiment decreaaed total mortality (Expts. 3 and 5), but even 
under such conditioas 100 %  moftality still occurred in the cylinders sprayed with 
488 mg./m.*.

Obaervationa made on ahiga at varioua timea o f the day confirmed the known 
effects o f humidity and temperature on roetaldehyde-treattd slugs. On warm days 
many slugs which appeared normal or only alightly morning would
be moribund or d e ^  in the afternoon. On the ocher hand, slugs which appeared



to be moribund in the afternoon would recover if overnight conditions were cool 
and wet. Feeding is greatly atTected by metaidehyde treatment. Although some 
feeding was recorded at all except the highest concentrations it was never so 
extensive as that shown by the controls.
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Ki|{. 1. IlMtfHrraim <>f five cxpcrinwnts to show the lethal clfcct of liilTrrtnt sn>ounts oi 
meuklehytle soluriun under tickl conditi«mt. l l ie  amount of mctmldehyde aolutiun ti 
expressed •» milliifrwm nf metsklchyde per square metre.

Even though ccHiditiona within the tins were not equivalent to normal field con- 
ditkma the experitnents demonscnited that metaidehyde solutions were toxic when 
applied to soil.

(3) Experiments using large sbtg^proof enclotures
T o  simulate natural conditions as far as possible, and yet be aUe to make counts 

on known samples of slugs, a slug-proof enclosure, 100 cm. long x 90 cm. deep was 
made out o f photphor-bronse gauze (t mm. mesh). Ac the comers, uprights o f
2 cm. diameter conduit piping were firmly wired to the outside Uie gauze. Around



the upper edge an iron fnune 0*3 cm. thick x 2*5 cm. deep was soldered to the 
outside. ’A'he lid of phosphor-brmue, with its edges also strengthened by an iron 
frame, fitted over the box. and to ensure a *tlu9-proof’ condition the inner edge 
of the lid was Itned with strip rubber o f the ‘ draught-excluder* type. 'Phis bottom­
less box was sunk into the ground to a depth of 45 cm., thus leaving an extensive 
air space abm*e soil level.

Three types of experiment ^i^re made, using saturated metaldehyde solution in 
all at the rate o f 500 mg./m.* (2^ 1.) and an equivalent amount of water for the 
cootroU. After each experiment the contaminated soil was removed to a depth of 
20 cm. j»nd replaced with fresh soil.

Seriet /. The toil surface was sprayed approx. at noon (g.m.t.). Three to four 
hours later, four white tiles (15  x 15 cm.) to provide cover, fifty A. retiaiUuus and 
a unsprayed lettuce leaves were placed on the soil. These experiments were 
eoentially o f the same type as those described as 'container experiments*.

Sm et //. Slugs were placed in the pen along with tiles and lettuce at 1 1  hr. 
(g.m .t.) and allowed to s ^  shelter. When the contents o f the pen were sprayed 
3 '4  hr. later, no slugs were visible.

Serm  ///. In these experiments the pen was doc sprayedt but lettuce was soaked 
in the solutinr and tSen placed in an otherwise metaldehyde-free pen in which 
fifty ^ugs had alreuc^y been pbced and taken shelter.. The treated lettuce was 
rnno^-ed after 24 hr. and replaced by fresh (unspniyed) lettuce.

T a b le  10. Effect o f mHaUehyde tohttion under fie ld  conditioHs
SIusi
found

No. o f Dumion Mas- temp. Rjtinf^ Oocumncc of daad 
csp. (rM fe C.) (aMR.) feeding (% )

Strin 1. Shagi |»Ucc4 no •prayed ml 
I 4 11-15  19*3 None 68
a s M-S4 0 Now* 96
3 4 *5-* J »s*s None 96

Scriet IL Slugt under oovvr at time of spraying
I S 13-at lO‘4 Moderate s8
a 4 i7~S3 •*? Slight 93
3 3 <S'~M *'■ Slight ^

111. Only food matehal epnytd
t 3 i»-ai a*8 Moderate 36

4 15-18 4’5 MstWate 10
5 11-40 1-4 Moderate e

uMd in each cxpenaMU. ExMMtvc feeding oocumd ia all <»ntrol batches and 
death* were recorded.

From T i^ le  10 it it clear that metaldehyde solution can exert a lethal effect under 
field conditions, the best resuht b e ii^  adiieved where the material was apf^ed 
generally to the surfaces likely Co be traversed by slugs. In Series 111, where shigs



were exposed to sprayed food material for 1 day, the lethal effect wai small in spite 
o f the fact that the treated lettuce was eaten extensively. The daily counts did show, 
however, that a majority o f slu(^ remained immobilized on the soil surface for some 
period during the first 2 days. Given dry warm conditions the death-rate would no 
doubt have been f^ater.

In general, these experimenu emphasize the value of the contact action of 
metaldehyde, at the same time indicating its non-persist^t nature and its de­
pendence on suitable weather conditions.

D is c u s s io n
'{'his investigatiun proves that metaldehyde can exert a toxic action on A. reticuiatw 
either by contact or as a ^stomach' poisem; the toxic cffccts appearing more rapidly 
in contact treatment. Metaldehyde stimulates water loss via mucus secretion. 
pr<iduces immobilization (the 'anaesthetic effect* of '11)00145, 1948) and inhibits 
feeding- With moderate doses complete recovery may occur providing* the slug« 
arc kept in a saturated atmosphere. The recovery rate is greatest at low tem­
peratures. Death from metaldehyde poisoning is not due simply to desiccation, 
for it can occur even when slugs are kept at loo %  R.M. and when the treatment has 
induced only a moderate water loas.

The data so far available sufgest that metaldehyde is a nerve poison, but how it 
prouuces its various elfecu is not known. Its toxic action is clearly not dependent 
on dcpolymerization prior to ^Morption at the site of action.

Now that two modes of entry are known to occur it should be possible to place 
the fidd use o f the material on a more rational basis. T o  make the fullest use of the 
contact effect spraying or broadcaating would appear to be the simplest method (A 
application.

A  saturated solution can bring about the death of slugs unc'M’ field conditions 
and it can inhibit feeding. Obvioualy it is not persistent and would need frequent 
applications to emure a high degree of control. Greater concentrations of the 
material could be obtained by applying it aa a suapension. In horticulture it might 
be applied when m«n>edible plants were bdng watered and it should be of v Ju e  
as a preventive spray ^>plied to hedgerow bottoms, in protecting seed-beds and 
plants cultivated for decoration. At present, in view o f the known toxic effects of 
metaldehyde on man (I^ewis* Madel 5c Drury, 1939) it would not be advisable, 
without detailed investigation, to uae the solution on a large scale on edible crop^, 
although it is unlikely because o f its non«persistent nature, that tox«c dones would 
remain on sprayed plants.

At present, solid metaldehyde is usually uaed in bait form, the bait being spaced 
about the area in snudl heaps or as ‘ biscuits'. According to Bames St Weil (1943) 
the efficiency o f baiting is dependent upon the presence of a suiuble attractant 
such as bran. Thomas (1948) hM diown that his biscuit form has the added 
advant^es that it does not break up very readily in wet weather and that it is more



rvM ttnt lo  Mtacfc bjr HMNddp. While there it  much to be u id  for ittracting ilugp 
to the RiaterMl when it it  used in the form of discrete heapt, it should be possibk. 
rs ly ia f  on chtnoe oontact actioii, to dispense with an attractant when broedcaeiing 
metaldchyde. TVM M a (1948) d early  flo w e d  hit *broken>biscuit' preparatioQ wfam 
broadcast to be more effective than the usual bran'metaldehyde mixture. N ow that 
the vahie o f the contact effect has been eacablished, trials should be carried out to 
determine whedier bran in the ‘ broken*biscuit* preparation can be re|riaoed by 
a *non-fbod* carrier without impairing the efficacy o f the material.

T h e  writers wiah to acknowledge the help given by D r W. K . R. M usgrave who 
determined the sohibilities given on p. 393 and tested metakJehyde solutions for 
the presence o f acetaldehyde. T h e  investigatimi was wholly financed *by a  grant 
fm n  the Agricultufal Research Council.
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