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Rat Lung Worm Disease

* Causes eosinophilic meningitis
(angiostrongyliasis)
* Gastrointestinal and central nervous
system disease in humans

* Caused by the parasitic nematode
(Angiostrongylus cantonensis)

* Infects the lungs of rats which gives it the
common name:

* Rat Lung Worm Disease (RLWD)
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Lindo, J. F., Waugh, C., Hall, J., Cunningham-Myrie, C., Ashley, D., Eberhard, M. L....Robinson, R. D. (2002). Enzootic Angiostrongylus cantonensis in Rats and Snails after an Outbreak
of Human Eosinophilic Meningitis, Jamaica. Emerging Infectious Diseases, 8(3), 324-326. https://dx.doi.org/10.3201/eid0803.010316.
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e An infected rat coughs
up worms from the lungs
into the throat where
they are then swallowed
by the rat.

Rat lungworm disease is caused
by a parasitic worm called
Angiostrongylus canfonensis.

oAnd eventually end up in The worms are now in the
the rat's poop. rat's digestive system.

s )
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-0R-  Completes 2 life stages in slug or snail before it becomes infectious to humans

1) Slug or snail 2) The worms in the
eats the ral's poop rat's poop penetrate

and becomes infected, a slug or snail's body. Center for Di Control
enter 1or Disease Contro

https://www.youtube.com/watch?v=V_f1IK93ZtE&feature=youtu.be

How do people get rat lungworm disease?

Slugs and snails may be eaten
accidentally if they are on fruits or
vegetables that have not been
thoroughly washed.

Center for Disease Control
https://www.youtube.com/watch?v=V_f1IK93ZtE&feature=youtu.be
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How do people get rat lungworm disease?

Freshwater crabs, shrimp,
prawns, or frogs may eat
slugs or snails that are
infected with worms, then
infect people if they are
Center for Disease Control eaten undercooked or raw.

https://www.youtube.com/watch?v=V_f1IK93ZtE&feature=youtu.be
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Importance of Control-Ag
* RLWD vectors are economic problems for fruit
and vegetable producers

* They damage seeds, seedlings, tubers, leaves
and fruit

PC: Scot Nelson
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Importance of Control-Human Concern

* Vectors of Angiostrongylus cantonensis
* Rat Lung Worm Disease
* Human Eosinophilic Meningitis
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Infant hospitalized for rare brain
parasite in Hawaii

By Victoria Larmned, CNN = m
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Toddler is the first rat lungworm case on Oahu this
year

The state Department of Health on Friday confirmed that Oahu’s first case of rat lungworm disease this year is a toddler from Central Oahu. Read More
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o A medical mystery reveals a new

host for the rat lungworm
parasite
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None of these cases have been linked to product from a farm (communication with L. Castro, DOA)

Number of Cases

Confirmed Cases of RLW on Oahu
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Search

UH researchers predict distribution of rat lungworm, now and into future

University of Hawai'i at Manoa

Contact: Robert Cowie, (808) 541-7121
Research Professor, Pacific Biosciences Research Center
Diane Chang, (808) 956-0391
UH Communications

Posted: Jul 10, 2018

A University of Hawai'i at Ma@noa study reveals that Angiostrongylus cantonensis or rat lungworm is
widespread in the Hawaiian Islands, and its distribution may expand, especially toward higher
elevations as the climate warms.

Rat lungworm is a parasitic nematode with a complicated life cycle, part of which requires living
inside snails and slugs. Human infection by this parasite is considered an emerging infectious
disease. The range and incidence of the disease are expanding throughout the tropics and
subtropics, including in the Hawaiian Islands, making this work especially timely.

Using molecular technigues to screen almost 1,300 snails and slugs representing 37 species from
almost 200 sites across the Hawaiian Islands, the team determined rat lungworm was present in
numerous species of snails and slugs on five of the six largest islands (it may be present on all
islands but just not detected). Further, rat lungworm tended to occur in warmer and rainier locations
generally, but not exclusively, windward.

Knowledge of where rat lungworm is or could be across the Hawaiian Islands is important from the
perspective of prevention of human and animal infection.

“Local residents and visitors need to know what the risks are. The data will be important to the state §
Department of Health in targeting epidemiological surveys and interventions,” said Robert Cowie,

UNIVERSITY of HAWAI'I® Compusas Adimisions

Lissachatina fulica, giant African snail. Photo: R. Rollins
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Kim, J., Wong, T., Curry, P., Yeung, N., Hayes, K., & Cowie, R. (2018). Modelling the distribution in Hawaii of Angiostrongylus cantonensis (rat lungworm) in its gastropod hosts. Parasitology, 1-8.

doi:10.1017/50031182018001026
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Rotation of crop
protection products
such as: metaldyhyde,
iron phosphate, copper
hydroxide, (granule,
pellets, liquids, paste,
coated granule, etc)

Pest and Disease
Issues

Environmental
conditions:

Integrated Rainfall

Encourage )
biologic:?l Pest Breeding area
predators Management Hiding areas

RLWD

Change irrigation
system,

Drainage, etc.

Utilizing Tolerant or
Resistant Varieties
(geraniums, lantana,

impatient, nasturtiums, etc.)

Handpick, use slug jugs,
barriers, traps, sanitation,
diatomaceous earth,
electric shock, etc.

Prevention

of rats,
— slugs,

snails, etc.

)| COOPERATIVE EXTENSION

Management of Rats

* Rat Vectors:
* Roof rat (Rattus rattus)
* Norway rats (Rattus norvegicus)
* Polynesian rats (Rattus exulans)
* Black rats (Rattus rattus)

* House mice (Mus musculus)
have not been confirmed to
be carriers

Reference: Dr. William Pitt, USDA APHIS Wildlife Services. National Wildlife Research Center
Michael Carberry, DOH (communication)
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Baited, placed along wall

Live traps
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Management of Slugs and Snails

* Manage the habitat

* They prefer warm and wet
conditions

* Physical controls

 Barriers (copper (shocks),
diatomaceous earth (irritant))

* Traps (beer, yeast, boards, etc.)

* Handpicking (dispose in 15% salt
solution)

©) COOPERATIVE EXTENSION

Methods of Commercial Control

e Chemical Controls
* Metaldyhyde (affects mucus production)
* [ron Phosphate (stops feeding)
* Sodium Ferric (affects ability to produce 02)
* Deltamethrin (pyrethroid)
* Methiocarb (carbamate, nerve poison)
* Salt (desiccant)
 Caffeine (Hollingsworth et al, 2002)
* Garlic Sprays (Schiider et al. 2003)
* Hydrated Lime (Laznik & Trdan, 2016)

** Read and follow the label




Traps

(Medium level of suppression)

Deterrents

(Low level of
suppression)

Slug and Snail
Suppression

Baits

(High level of
suppression)

8/3/2018

NI T
' _'NDeadline b —3-’ E
\\f A%Métauymd‘ W

-fl

"f \

fs16; g80g ,ﬁ‘., }
%hg o‘spf\ate'r Q

10



8/3/2018

- Fars 170 Conventional Products
o COOPERATIVE EXTENSION A 4 Company Produst Name Type of Astive | % Active |
) : Ingredient
= LU R RUOE, ENSYSTEX 11 BORATHOR GRANULAR SCATTER Baric acid S.00% £1824-12
BaT
NISUS. NIBAN GRANULAR BAIT Baric acid 5.00% 644052
= o = = ROCKWELL LABS | INTICE 10 PERIMETER BAIT Boric acid 10.00% | 730796
Slug and Snail Pesticides Registered for Hawai'i SENORET TERRO MULTI-PURPOSE INSECT Boric acid S00% | 64405-2-149
[
Home & Garden Use SENORET TERRO PERIMETER ANT BAIT PLUS | Baric acid 5.00% 64405-2-149
PESTICIDE PRECAUTIONS 4ll products Ested here are labeled in the risk category of CAUTION, fead
and follow directions on the manufacturer's label. Check if products are apgroved for intended use L L Oypermetiele, [OABK | 27039250
and follow rates of applcation. THE LABEL IS THE LAWI
BAYER DELTADUST INSECTICIDE Deltamathrin | 0.05% 432772
1Fyou have questions about pesticides or repellents, please contact your local ENVIRONMENTAL !
+  Hawaili Department of Agricultire (HDOA) Pesticides Branch CONTROL D-FENSE DUST INSECTICIDE Deltamethrin | 0.05% 53883-283
haveaii gov/pi/Hiles/2013/01 /Pesticide-Branch-Contacts General-10-16.pdf Ll : : y :
«  University of Hawal'i Cooperative Extension office at hitp(/go hawailedu/Jhs :’:n::‘n‘umus ﬁs::(::,::-\:v::‘r: :"::" IP. Osknnaiin; | a0ex. 2E28E- B2 1668
TERMITE KILLER DUST
e Frash s SN E e ] GREEN LIGHT GREEN LIGHT MANY PURPOSE Deltamethrin | 0.05% 869-237
Campany Frodust Name Type of Active | % Active | EPA Reg. ¥ DusT
L GREEN LIGHT GREEN LIGHT MANY PURPOSE Deltamethrin | 0.05% 73327-14
[ MOTHEREARTH GRANULAR SCATTER | Baric acid 5.00% 439515 iEEd
BAYER BAYER ADVANCED NATRIASNAILE | Iron Phosphate | LO0% | 67702-3-72155 | SEMOREY JERROANT DUSST, Dulamativin; | 0.09% 145:42
ADVANCED. SLUG KILLER BAIT | SENORET TERRO FIRE ANT KILLER Deltamethrin | 0.05% 149-12
BONIDE BONIDE BUG & SLUG KILLER Iron Phosphate | 0.97% 6TT02-24-4 SWI55 FARMS GREEN LIGHT MANY PURFOSE Deltamethrin | 0.05% 7332714
PRODUCTS e spinosad ___| 0.07% | DUST 1 |
HAWTHORKE WHITHEY FARMS SLUG B SNAIL Iron Phosphate | 1.00% &7T02-3.91161 | ZEP ENFORCER BUGMAX INSECT Deltamethrin | 0LOS% 1021-2617
GARDENING KILLER 1 POWDER 40840
LAWN & GARDEN | MONTEREY ANT CONTROL Tron Phosphate | 0.97% 67702-24-54705 | 1
FROIKTS Spimosad ALK BAYER ADVANCED | BAYER ADVANCED DUAL ACTION | Iron Phosphate | 1.00% 67702-3-T2155
LAWN & GARDEN | MONTEREY SLUGGO Tren Phosphate | 1.00% 67702-3-54705 SHARL & SLUG KILLER BAIT READY-
PRODUCTS | TO-USE
LAWN & GARDEM | SLUGGO PLUS Iron Phosphate | 0.97% 67702-24-5470% | BONIDE BONIDE S1UG MAGIC MAKES Iron Phosphate | 1.00% | 67702.3-4
| PRoDlcTE | Splnocad B SLUGS DISAPFEAR
ALY MILLER WORRY FREE BRAND BY LALY MILLER | Iron Phosphate | 1.00% ©7702:3-33116
FERRAMOL SLUG & SNAIL BAIT . 1
MIRACLE-GRO | MIRACLE-GRO NATUAE'S CARE SLUG | Iron Phosphate | 1.00% 67702-3-62355 i Menudmia |20 A
& SHAIL CONTROL Lartyl S00% |
ORTHD ORTHO ELEMENTALS 510G B SMAIL | Iron Phosphate | 1.00% 677023239 ANTIAC EEADLINE GRAANERTAL Metsdetwde  1400% | 5401-511
PALER | AMVAC DEADUINE T&O Metaldehyde | 4.00% | 5481511
CSCHULTE GARDEN SAFE SLUG & SNAIL BAIT Iron Phosphate | 1.00% §77023-39609 | AMVAC DURHAM ORNAMENTAL 3.5 Metaldehyde | 3.50% 5481-583
SWISS FARMS WHITNEY FARMS SLUG B SMAIL Iron Phosphate | 1.00% 67702-3-73327 AMVAC DURHAM ORNAMENTAL 7.5 Metaldebyde | 7.50% 5481-584
KILLER i GRO TEC ELIMINATOR SNAIL & SLUG BAIT Il Metaldehyde 3.25% £119-11-59144
- — E— . | LILLY MILLER COOKE PEST GRANULES Metaldehyde 2.00% 8119-5-33116
EPNATURALS | DESLCT DMATOMACEOUS EARTH Silicone B500% | 76551 | Carbaryl 5.00%
INSECTICIDE Dioxide | LILLY MILLER UILLY MILLER SLUG AND SNAILBAIT | Mataldehyde | 3.25% | 81191133116
http://manoa.hawaii.edu/ctahr/farmfoodsafety/rat-lungworm LILLY MILLER LILLY MILLER SHAIL & SLUG :mm Metaldehyds | 3.25% | 8119-13-33116
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Literature Review- Metaldyhyde

Table 2. P tage mortality + SE of V. plebeia and V. cubensis six days after treatment with molluscicides

Molluscicides and mechanical barriers against -
slugs, Vaginula plebeia Fischer and Veronicella Product % mortality"

cubensis (Pfeiffer) (Stylommatophora: V. plebeia V. cubensis
Veronicellidae)

Deadline Granules 81.2a 3.2 L 3.
Deadline Bullets 76.3 ab + 1.0 [ 110
Snail and Slug AG Pelleted Bait 62.4 abe +0.7 60.1 abe +0.2
Metaldehyde Methiocarb Granules 2-1 60.3 abe +0.9 33.3 bede +2.1
Ortho Bug-Geta § and Slug Pellets 57.5 abe +0.1 41.0 bed 123
RCO Slug and Snail Pellets 55.1 abed +2.0 44.9 bed +0.3
RCO Slug and Snail Pellets (rain resistant) 48,2 bede +2.0 39,5 bede +1.3
Durham Metaldehyde Granules 7.5 47.9 bede + 1.4 63.0 ab +0.48
Durham Metaldehyde Granules 3.5 47.2 bede +0.1 28.4 cde +0.7
Corry's Slug and Snail Pellets 42.4 cdef +0.2 44.9 bed + 1.0
Deadline One Last Meal for Slugs and Snails 40.5 cdef +0.8 29.9 cde +1.3
Corry's Slug, Snail and Insect Killer 38.1 cdefg +0.2 274 de +0.1
Ortho Bug-Geta Plus Snail, Slug and Insect Granules 34.6 cdefp +0.5 I8¢ +22
Corry's Slug and Snail Death 25.9 defgh +3.9 42.7 bed +1.2
Ortho Slug-Geta Snail and Slug Bait 20.3 efgh +1.9 35.9 bede +4.7
Deudline 40 18.0 fgh Lol 17.7 de +0.1
Corry's Liquid Slug and Snail Control 13,6 gh 120 17.5 de +23
Corry's Liquid Slug, Snail and Insect Killer 6.8 hi +2.7 16.8 de 110
Control 004 +0.0 00f L0060

“Significant by ANOVA (P <0.001). Means followed by the same letter in a column are not significantly different by Waller-Duncan k-ratio r-test, k = 100,

N e e ]

Hata, TrentY., Arnold H. Hara and Benjamin K.-S. Hu (1997). Molluscicides and mechanical barriers against slugs, (Stylommatophora: Veronicellidae) Vaginula plebeia
Fischer and Veronicella cubensis (Pfeiffer). Crop Protection, V.16. no. 6. pg. 501-506.
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Deadline® Bullets NOTIFICATION
AUG 3 1 201

AFAMVAC

Excels at Destroying Shugs and Snails

Contains & Pateated formeals’ Patert No. 4,961,529

Long Lasting: Remains effective after rain sed waleving
Effective: Excels ot attracting and destroyisg shigs and snails
Long Lasting: Realstant 10 rain and watering.

Mot casily dissipated by water

One Last Meal for Shgs and Saails

|
ACTIVE INGREDIENT; Y o
Metablebyde (28,68 Teermmethyl- 1,3,5,7- Termoyeyelo-oetane). 4 R * S
INERT INGREDIENTS: 6.0 \l

TOTAL: o 100.0%

KEEP OUT OF REACH OF CHILDREN Mini-Pellets!
TION -
Si usted o entiende |.E¢.KEML?. mfﬁﬁ)ﬂfﬁm 2 sted e detaile OME LAST MEAL FOR SLUGS & SNAILS
{If you 80 not understand this kabel, find someone 10 explaim & %0 you in detail }

This pesticide may be fatal 10 children and dogs, or other pets if eaten. Keep children and pets out of meated areas

N — I — radiias V1P Misk Friets
FIRST AID = I = 1
[+ Call a poison control center v doctor immediascly for reatment advice. 4|
| «  Have 3 person sip 8 glass of water if able 1o swallow,
«  Donot induce i to do so by o doctor.
=« Do et give anything by mosth nac ™ A _|
Wi eyes: [+ Hold eye open wnd rinse showly and gesaly with water foe 1520 minules. Remove

contact benses, if present, after the first § minuics, then continue rinsing eye

Firor i e i - Taks O o) o e ]
» Rinsc skin plenty of water fos |
e doctor for tresteanent Total number
of applications | Re-application Preharvest
per season Interval (days) | Imterval
Oher: AMVAC o DR I910 Grass m fok M 4 21 21
SEE SIDEBACK PANEL FOR ADDITIONAL PRECAUTIONARY STATEMENTS AND DIRECTIONS FOR US T ——-~pay Tm 'M 15 7 35 1
e s st . AFAN [Broadcast application to be made under fooded conditions only. Prior to bait spplication, stop the water
EPA B et s A ekt Conatic S | flow into and out of the loi (paddies) to be treated; water level should be high enough such that apple
Met Weigh snails don’t estivite. Apply the bait and hold/impound the water for a minimum of 3 days before allowing
/\"AMVAC A water to exit the lo’i. Do not apply more than one application per held/i ded water. If the water
4100 E. Washingion Biivd wser 30 level in the lo'i too low within the 3 day holding period (due to faster percolation of water
O i e B . i through the lc:i.l),I that apple snails begin to estivate, allow additional water into the lo"i.

Apple Snail eaten as eseargot

12



8/3/2018

13



8/3/2018

Literature Review- Iron Phosphate

* Organic lettuce trial, using the randomized block design (4)

* Trial 1, 2, 3: Iron phosphate (Ferramol)/ Metaldyhyde (Gastrotox E)

Treatment Trial 1 Trial 2

(20-Oct-03) 19 DAT (10-Jun-04) 23 DAT

dead slugs|dead snails|leaf eroded |dead snails| leaf eroded

(%) (%) surface (%) (%) surface (%)
1 untreated 231 |b | 0 b 48.7|a 25 ¢ 594 |a
2| metaldehyde |[700 [a TO1.7]a [09 [b [ 825 [a Y03 |c
3 | iron phosphate \100 a 6.7 |a 0.3 |b 625 b 113 |c
4 | P. hermaphrodita 25 18.2 [b 52.3|a 0 c | 23.2|b

Means marked by different letters on the same column are statistically different
according to LSD test (P < 0.05).

Gengotti, S ; Censi, D and Curto, G (2008) Evaluation of active ingredients and nematodes against slugs and snails on organic lettuce. Poster presented at Cultivating the Future Based on Science: 2nd Conference
of the International Society of Organic Agriculture Research ISOFAR, Modena, Italy, June 18-20, 2008. Four randomized block trial

COOPERATIVE EXTENSION | i i w

Literature Review- Iron Phosphate

* Trial 4: Metaldyhyde (Mesurol M plus) / iron phosphate (Ferramol)
* Iron Phosphate was as effective as metaldyhyde based formulations in % trials
* Effectiveness of slug mortality was based on formulation type

Treatment Trial 3 Trial 4
(25-Oct-04) 5 DAT (21-Sep-07) 16 DAT
dead slugs (%) | leaf eroded | deadslugs | leaf eroded
surface (%) (%) surface (%)
1 untreated 12.9 |c 206 | a 17.2 |a 242 |a
2 | metaldehyde /7325 [b\ 21|b | /100 [b\] 03 ]c
3 | iron phosphate 86.8 |a 06| b 89.7 |b 6.3 |b

Means marked by different letters on the same column are statistically different
according to LSD test (P = 0.05).

Gengotti, S ; Censi, D and Curto, G (2008) Evaluation of active ingredients and nematodes against slugs and snails on organic lettuce. Poster presented at Cultivating the Future Based on Science: 2nd Conference
of the International Society of Organic Agriculture Research ISOFAR, Modena, Italy, June 18-20, 2008. Four randomized block trial

14



Sluggo

1% Iron Phosphate —OMRI
Safe around animals and wildlife

| Spstch LPiigsich.gra 112012 121PM Page 1 g

—_—
Loveland

Sluggo Maxx

3% Iron Phosphate
OMRI

Awaiting registration
Not waterproof but
remains effective
after rainfall
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LERF LIFE.

SLUGGO”

SNAIL AND SLUG BAIT —_

é The active ingredlenl in e proguc Iz exempt om ihe requ
whea 0 a1l food

i FOR GRGANIC PRODUCTION

Can be used amund pels aad wildiile.

EPA REG. NO, G7702-3-34704
EPA EST. NO. 67702-DEU-2

iz

NET WEIGHT 25.0 LBS (11.34 KG)

KEEP OUT OF REACH OF CHILDREN
UTION

AMACE N GEAMANY

2@ 0. L 1288, GRIELEY 1

N7

7" FERROXXAQ

SLUG AND SNAIL BAIT

Piaad lstre Camtimnsr Libal Bl Uimg Ths Pridect
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Activn Ingrafint
om Pl
[T ——

[ e s 2
KEEP OUT OF REACH OF CHILDREN

CAUTION

FIRST AID

W wyess Hold ey cpan asd rovte shwly aeed prstly wih water dar |3
10 meranar. Rosncr CoSGICT Menini o pratent sher tea St 3 masnel
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Faae Tawa [T Wakana: wesim e srsL o]
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Few wquanic uted Oady for won o Rosdad faid) wiasted wan Galden Appis
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DIRECTIGNS FOR USE
' 8 e moTe mth 1

STORACE AND DISPORAL
T ar st e by g o dnpenal

FEATICIDE iy
FEATICIDN

i o an s o 2 un g e gl iy

reieg. # sulable e g
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patide rapitien

AGRICULTURAL USE REQUIEMENTS
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I!m Saluty Recommandatims
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[ HON AGRICULTURAL USE REQUIREMENTS.
The ragrarmeeata i ths boc apply 1 uins af St product that are mat
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WHENTO APPLY: For best results, apply the bait in the evening, as slugs
and snails travel and feed mostly by night or early morning.

‘WHERE TO APPLY:Treat all likely areas of infestation, especially around
the base of plants, between rows and around the perimeter of the plot to
provide a protective “barrier” for slugs and snails entering the field.

Vegetables: Scatter the bait around the perimeter of vegetable fields.

If slugs or snails are inside the rows, scatter the bait on the seil around
the base of the plants and between the rows. Use the bait to protect any
vegetables from slug and snail damage, such as:

Artichoke

Asparagus

Root and Tuber Vegetables: beet, carrot, ginger, parsnip, potato, radish,
rutabaga, sweet potato, sugar beet, taro, turnip, yam

Bulb Vegetables: dry bulb enion, garlic, great-headed elephant garlic, green
onion, leek, onion, shallot, VWelch onion

Leafy Vegetables and Leaves of Root and Tuber and Legume
Vegetables: arugula, beet, blackeyed pea, celery, lettuce, pea, rhubarb,
spinach, Swiss chard, turnip greens, watercress

Cole Crops and Brassica Leafy Vegetables: broccoli, broccoli raab,
Brussels sprouts, cabbage, canola, cauliflower, cavalo, Chinese broccoli,
Chinese cabbage (bok choy), Chinese cabbage (napa), Chinese mustard
cabbage (gai choy), collards, kale, kohlrabi

Legumes: beans and peas, soybean

CucurbitVegetables: cantaloupe, cucumber, edible gourd, honeydew,
melon, muskmelen, pumpkin, summer squash, watermelon, winter squash

Fruiting Vegetables: eggplant, ground cherry, okra, pepino, pepper, tomatillo,

tomato
Corn:field corn, sweet corn
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SLUG AND SNAIL BAIT
P e e Waterproof

et s Safe around pests and wildlife

mwarme e Kills in 24 hours

KEEP OUT OF REACH OF CHILDREN

CAUTION
FIRST AID seubin - B s v porlge walle I prines BAR

e e o A | Mo e Aquatic Application: For the control of Golden Apple Snail, apply at a rate
...... | S e sy of 20-44 Ibs per acre (0.46-1.0 Ibs per 1000 sq. ft.). Broadcast applications
P e e :_":“:::'m:“ may be made under flooded conditions. Apply the bait directly to the water
e ma === in likely areas of infestation. Re-apply if the infestation is severe. Use the
revwios e | HELIELIVEL e higher application rates for larger snails. The water level should be high
T ey e NOUEH such that the Golden Apple Snails don't estivate.
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G COOPERATIVE EXTENSION | Gl e i wo o ssovscrs

Repel vs. Suppress 50 WAYS TO
KILL A SLUG

Angiostrongylus
cantonensis

Images: SERIOUS & SILLY WAYS TO KILL OR OUTWIT
https://www.buecher.de/shop/garten-pflanzen-natur/50-ways-to-kill-a-slug/ford-sarah/products_products/detail/prod _id/21498256/ THE GARDEN'S NUMBER ONE ENEMY

Center for Disease Control: https://www.youtube.com/watch?v=V_f1IK93ZtE&feature=youtu.be
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Reduce the Risk of Rat Lungworm

CONTROL SLUGS AND SNAILS

e
Asen Sarmi Sg T wOa Chetiany

Remove Hiding Places
Boards, stanes, and rubbish

‘Wizeds around tree trunks, fallen fruit
Leafy branches cloge 1o the ground

Handpick- but DON'T
TOUCH with Bare Hands

Rainfall & wataving a garden in late #fterncan
encousages slugs & snails to come out
Fick them in the evening and/or sarly mon
War rubber ghovrs and use tongs or chopsticks
Maks 2 Slug fug. Drop them in o kill them. Add
a ate blaach 10 keep it from smeling bad.
Lave thom im a1 least 12 howrs, Dispose of the
e shugs and sokicn away from plants, like
in @ driveway (sait kills plants).

Do it claiby at first, weekly when numbers
become lerwer.

Dor't smash shags or snails - rat lungwarms
wan't die.

HOW TO MAKE A 5LUG JUG
Get a sturdy plastic container with  handie and
wide mouth that holds at least a gallon, Fill with
7 cups water and 1 cup salt. shake 1o dssolve,

3.Make Traps

Clear grass and weeds 1o bare dint and moisten
{ground befare setting out traps. Use plastic bags,
boaech held slightly above the ground by a stick, old
lates, Mo pots, mikn rinds and peels, Chck
therm clady, put any caught in the shag jug

4. Use Baits

*  BAITS ALONE MAY NOT BE EFFECTIVE

*  When dry, water before applying bait

*  Metaldebryde baits - tow 1o pets and children,
wiork well but raén can reduce effectiveness
Iron phosphate baits - safe for humans and
ansmals, takes 3 few days 1o kill shugs and snais
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e COOPERATIVE EXTENSION

Literature Search-Barrier Study

Table 6 Efficacy of mechanical barriers against V. cubensis and V.

p:'ebela Screen Barrier

Lt
¥ 4 S, T 10 8 with PO ] ——
Barrier Mean number crossing barrier Suiosr wihy (i
V cubensis* V. plebeia®

Copper 30b 26" 1.7b+ 1.5 ~t— Concrote tlla block

Fiberglass 43b+32 53b+15 IR

Aluminum 197 a+7.2 11.7 ab + 10.8 P:;‘:gﬂ"dlmﬂﬂ i

Paperboard 263a+2.1 230a4 1.0 W suge g

“Significant by ANOVA, P <001, Means followed by different letters in a f
:ulumn are significantly different by Scheffe multiple-comparison procedure, Figure 1. Schematic diagram of the method used in evaluating
Standard deviation. screen barriers for efficacy against V. plebeia and V. cubensis

Hata, TrentY., Arnold H. Hara and Benjamin K.-S. Hu (1997). Molluscicides and mechanical barriers against slugs, (Stylommatophora: Veronicellidae) Vaginula
plebeia Fischer and Veronicella cubensis (Pfeiffer). Crop Protection, V.16. no. 6. pg. 501-506.
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Literature Review-Barrier Study

* Evaluated cinnamamide, copper ammonium carbonate, garlic,
aluminum, copper foil, mulch, urea formaldehyde, kaolin clay mineral,
and a proprietary copper matting. (Schiider et al. 2003)

* Slug barrier: Garlic, urea formaldehyde and copper foil
* Snail barrier: Urea formaldehyde and copper foil

« Schuder et al. 2003. Barriers, repellents and antifeedants for snail and slug control. Crop Protection 22: 1033-1038.
* 20 replicates per treatment
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. Moving towards hydrophobic coatings
Private company consult in May 2018
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Coated Wood Post
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Literature Review-Barrier Study

* Evaluated wood, ash, sawdust, hydrated lime, and diatomaceous earth
(Laznik & Trdan, 2016)

* Hydrated lime had the best contact efficacy on slugs

* Evaluated caffeine as its a natural product and classified by the US Food and
Drug Administration as a GRAS (‘generally recognized as
safe’)(Hollingsworth et al. 2002)

* Application of a 2% caffeine solution: 25% of the slugs remained in the
soil after 3.5 hours; after 48 h, all slugs had left the soil and 92% were
dead.

« Laznik, Z.; Trdan, S. (2016). Is a combination of different natural substances suitable for slug (Arion spp.) control? Spanish Journal of Agricultural Research, Volume 14,
Issue 3, €1004.

« Schuder |, Port G, Bennison J (2004) The behavioural response of slugs and snails to novel molluscicides, irritants and repellents. Pest Manag Sci 60:1171-1177

* Hollingsworth, Robert G.; Armstrong, John W.; and Campbell, Earl, "Caffeine as a repellent for slugs and snails" (2002). USDA National Wildlife Research Center - Staff

Publications. Paper 470.

) COOPERATIVE EXTENSION

Pl M W3 iU i A

Aquaponic Grower Idea
Copper wire vs tape
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Schools to test, develop electric anti-slug strips

The Maui News

July 20, 2018 | Today's Paper | Submit News | Subscribe Today

Goal is to help prevent growth of rat lungworm cases

CHRIS SUGIDONO

csugidono masinews.com

i District Health

dents to combat rat

Four Maui County schools may spend the next school year tinkering with electrical barriers to growing

numbers of snails and slugs blamed for a large outbreak of rat lungworm disease statewide last year.

Maui Distriet Health Officer Dr. Lorrin Pang said Friday that he solicited the help of Kamehameha

>

Make plans now
fo attend

B
GROWING

INNOVATIONS

NOVEMBER 7-8, 2018
LA VEGAS COMVENTION CENTER

Slate takes Neil Pryde pro title

Three design pros discuss creating an...
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Best On-Farm Food Safety Practices:
Reducing Risks Associated with Rat Lungworm Infection
and Human Eosinophilic Meningitis

James R Hallyer! Vanessa A Troegner! Robert H Conte ! Robent G. Hollingsmorth
Lyea € Nakamura Teagan,* Lusa F. Castro,' and Arbene E. Bachhols*
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MANAGING SLUGS AND SNAILS IN THE GARDEN

https://www.youtube.com/watch?v=8PzgNrcMIzk&feature=youtu.be

Rat Lungworm Disease Awareness

@ CTAHR

8/3/2018
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Contact Information

Jari S.K. Sugano
University of Hawaii at Manoa
College of Tropical Agriculture and Human Resources
Department of Plant and Environmental Protection Sciences
Wahiawa Extension Office
suganoj@ctahr.hawaii.edu

622-4185

COOPERATIVE EXTENSION

UNIVERSITY OF HAWAI'T AT MANOA
COLLEGE OF TROPICAL AGRICULTURE AND HUMAN RESOURCES
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