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ABSTRACT

The principal rhododendron pests of Great Britain are
described; these comprise Rhododendron Whitefly, Dialeurodes

chittendeni Laing; Rhododendron Bug, Stephanitis rhododendri

Horvath; Rhododendron Leaf-hopper, Graphocephala coccinea

(Forst.); Azalea Whitefly, Aleurodes azaleae Baker and Moles;

Clay coloured Weevil, Otiorhynchus singularis (L); and the

tortricid moth, Tortrix viridena (L.).

The first four mentioned pests have a restricted
distribution mainly in the south of England and have not spread
to other parts of the country during the past thirty years, but
there are fears that they may become established in some of the
warmer parts of the British Isles in the near future.

The last two pests appear to be more common on rhododendron
than previously.

Some pests including aphids, nematodes, slugs and certain
Lepideptera and Coleoptera are mentioned, as are pests found in
the U.S.A. and other parts of the world. A key to damage caused
by insects on rhododendrons has been produced.

A more detailed description is given of Otiorhynchus
singularis, together with the results of experiments on the

effects of humidity, temperature, light and food on the oviposition,



feeding habits and longevity of the adult weevil.

Humidity was found to have a great effect on the life
span, oviposition and eating habits, a high humidity being
favourable to the weevils. A high temperature increased egg
laying and the amount of food eaten, but reduced longevity.

The presence or absence of food and light were not significant
factors.

Comparisonsof some British species of Otiorhynchinae
are made, and a nevw simple key to the imagines is given.

A brief description is provided of the parasite Pygostelus

sticticus (Fab.), a new record as a parasite on O. singularis.
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INTRCDUCTION

It is now over 30 years since Fox Wilson read a paper to
the International Congress far BEntomology on the Insect Pests of the

Gerus Rhododendron. Since that time new pests have been discovered

throughout the world, others which were troublesome have now been
almost eliminated by modern chemical insecticides. The status of
several of the pests has altered and this research has been carried
out to discover what are the present pests on rhododendrons.

Same pests are still present locally where rhododendrons
are grown in any mubers, but do not appear to be spreading to other
areas. These include the endemic ones such as Rhododendron Whitefly,
Rhododendron Bug and Rhododendron Leafhopper. Other insects, for
instance the clay coloured weevil and the Tortrix moth, have now
adopted the rhododendron as one of their host plants and can be found

almost anywhere rhododendrons are grown.
1
Rholodendrons need a low alkaline content ani/pH in the

soil, otherwise the uptake of iron is insufficient for their healthy
growth. Sinoce the advent of sequestrinated iron compounds, which can
be watered on to the s0il around the plants allowing iron moleaules to
be freed, mare rhododenirons have been gromn. This is partimlarly
80 in the south of England where rhododendrons, including asaleas, are
now some of the moat popular spring shrubs. This has meant that in
recent years mare horticultural mirserymen have been propagating and
growing rhododendrons and in my visits to commercial growers of these



plants I have found a serious lack of knowledge about the pests causing
damage to their young plants and therefore the pests are not slways
recognised, sprayed or collected at the correct time and so controlled.
The fallowing thesis should prove to be of use to growers
of autdoor rhododendrons. Although outlines of the life historiea
and the morphology of the mentioned important pests are written down
and much research has been done into their history and the literature,
the more precise entomological details are not always given.
In the case of Otioriynclus singularis L., a widespread
pest of many garden plants besides the rhododendron, more dstails are

supplied and several experiments have besn perfarmed. A full descrip-
tion of &he work carried cut on this insect will farm a separate section

of the thesis.



OCCURRENCE GF INSECT PESTS OGN QUTDOQR RHODCGDENDRONS

IN GREAT BRITAIN

The major pests of rhododendrons are in the Order Hemiptera.
In Great Britain these occur only in the south of England and very ococe~
sionally in some other counties of England and Scotland. (The maps
accampanying the description of each pests show their individual dis-
tribution). ®hen imported on to plants in Keele, Staffordshire, the
hemipterous pests died out in less than a year. Most of these insects
are endemic on the rhododendron and include the Rhododendron Whitefly
(Dialeurodes chittendeni Laing), the Rhododendron Bug (Stephanitis

rhododendri Horv.), the Rhododendron Leafhopper (Graphoosphala coccinea

Ji.(Forst.), and the Azalea Whitefly (Aleurodes azaleae Baker and Moles).

The above will be described individually, but others, including 4gphis spp.,
which are not so troublescme on the rhode, will only b§ mentioned.
In contrast to those in the above Order, the insect pests of
the Order Coleoptera are to be found not only on other plants besides
the rhododendron, but also all over the British Isles. They are also
widespread in Burope. The Clay-coloured weevil (Otiarhynclus singm-
laris(L)) was the most frequent pest on rhododendroms in Staffardahire
whilst I was carrying out investigations there 1962-65, and the dsmage
is commonly seen on rhododendrons in most areas. Vine wnvil (Qtiorhyncius
sulcatus (Fab)) and the Cockchafer beetle ear Naybug W
(L.) are fairly ccumon, the latter more so in scme years than othm

The Mut Leaf Weevil (Strophoscumis melanogrsmmis(Farst.), although not




a serious pest, is widely spread. The small chafer (Serica brunnea(L.),

I have faund only in Staffordsidire andi it has not previausly been record-
ed as damaging rhododendrons, but from damage seen elsewhere I suspect
that it may be widely distributed.

Damage by lepidopterocus caterpillars is commonly seen on
rhododendron leaves throughout the British Isles, mostly on the varie-
ties of plants having a thick, hairy indumentum on their leaves. lany
of the bushes so attacked are under ocak trees in wooded areas, but
plants not directly under the trees are also eaten. The presence of
an indumentum appears to be more relevant than the praximity of the
bushes to the trees. The Tortrix species are the ones causing most
damage.

In the Order Hymenoptera, the insects causing damage are
not serious pests. The leaf-cutting bee Megachile sp. sametimes uses
semicircles fram a rhododendron leaf, but this is not sericus or common.
I have twice found sawfly larvae on R. pontiam in Staffordshire, but
they are so far unidentified (Plate 23).

Also in the Hymenoptere is a parasitic brachomid wasp,
Pygostolus stioticus(F.), which has been discovered by the author to be

an internal parasite of the Clgy-coloured weevil, 0. sinmlaris.

Because this is a biclogical control of one of the rhododendron pests
and ag its host was befare unknown, a separate chspter has been devoted
to P, atiocticus.




THE IMPORTANCE OF RHODODENDRQN PESTS IN GREAT BRITAIN;

THEIR GENERAL DAMAGE AND CONTRQL

The actual farm of the damage and the specific control of
each pest will be found under the separate headings of the individual
pest. Here the overall damage to rhododendrons and the posaibilities
of contralling the pests will be assessed.

Most of the damage by pests of ocutdoor rhododendrons, which
are particularly hardy plants, appears as unsightliness and a weaken-
ing of the shrub, rather than actual death of the plant. In very
small plants and rooted cuttings, however, the demage may prove fatal,
as I have cbserved in the case of young plants attacked by Otiorhynclus

singilarix, O. sulcatus or Strophosamis melanogramms. Shrubs attacked
by Graphoosphale coccinea, and therefore liable to be attacked by the

Bud Blast disease, may lose so many buds from the fungus attack that
the plant may weaken and die.

(lder plants can usually grow awsy after leaf damage, but
the unsightly faliage may prove to be & great disadvantage to a mursery-
man offering the plants for sale. Also these mursery plants are
usually mmall and: pest demage is more noticeable than on eatablished
shrubs.

With modern insecticides and mechamical and aultural con-
trols, all the pests mentioned can be dealt with and kept under control
where necessary.

Where rhododendrons are naturalised in a woodland, no



chemical control is recommended, but it may be necessary in the commer-

cial mirsery and occasionally in the public park and private garden.
The coleopterous and lepidopterous pests of the rhodo-

dendron in Great Britain attack other garden plants also, and for this

reason they may have to be controlled.






ELDSWOD, WILLOUGHBRIDGE, STAFFORDSHIRE

Most of the observations on the outdoor rhodocdendrons in
the north of England were made in the garden of Calonel Harry Clive at
Willoughbridge, a hamlet on the Market Drayton road, seven miles from
the University of Keele, Staffordshire.

Befare listing and discussing the pests found, I think it
sppropriate here to write samething of the position, the climate and
the history of Eldswood, Willoughbridge.

Geographically, the Willoughbridge garden lies almost at
a point where Staffordshire, Shropshire and Cheshire meet. The soil
is sandy and the pH of the soil is very low, 4 to 4.5; therefore only
the acid-loving shrubs survive.

The garden is too far north for many of the Rhododendron
pests to affect the plants, and the climate is rather cald, often wet
and windy. |

Because of the informal, semi-wildneass of the arrangement,
no set, farmal experiments were carried out at Willoughbridge, but
many observations were made and insects collected all the year roumnd,
both during the day and during the hours of darkness.

This rhododeniron garden was formerly a gravel pit, and
aftey working had discontimed there,an ocek wood evalved. The wood
had been partially cleared thirty years before and a great mmber of
rhododendron hybrids and species, including hunireds of azaleas, had

been planted.



The two photographs show the Eldswood garden in May 196k.
The steep sloping side of the quarry can clearly be seen (Plates 1 and 2).
The more formal experiments were carried cut in the grounds
and laboratories of the Department of Biology, University of Keele,

Staffordshire.



Plate 2.

¥ldswood, Willoughbridge.






LISTS QF SMALL ANIMALS FOUND QN QR UNDER RHODQDENDRQN BUSHES.

TABLE (1). ANIMALS EXTRACTED FRQM SOILS ARCUND RHQDCGDENDRQN

These were extracted by methods described under the

BUSHES AT KEELE AND WILLOUGHBRIDGE

section on O. singlaris (p138).

The soil was very acid, pH 4.1, rich in both available

phosphate and potash, but with smaller amounts of available nitrates

and iron. It was often little more than decayed bracken and oak

leaves over gravel and sand.

Class or order

Nematoda

Annslida
Mollusca

Crustacea

Name Remarks
Xiphenima sp. Not ocmmon,
nd near

i . fou

Ditylenchus sp atom

Earthworms Few

Slugs:

Milax spp. Fow

Cepasa sp.

Snails:

Helioella sp. Small

Spiders | Pew, mmall

Mites: Numercous,

Iyrophagus (2) sp- esp.red and

Pyemotes sp. bromn ones
Woodlioe: Few

Armadillidium vulgare Latr.
Oniscus asellus Linné

‘Millipedes: Fairly ocqumon

Blaniulus gattulatus Bosc.

Polydesms angistus Lats.

Centipedes: Quite ocemmon
Gecphijus sp.

Lithobius sp.
Haplophilus subtétrransus Shaw.

0 - 3"

0- 6"

Top soil

o- 6"

In leaf
litter

o - 6"

Occ. on
leaves



Class or arder

Collembola

Dermaptera

Mecoptera

Lepidoptera

Coleoptera

Name

Sprimgtails
Smynthurus viridis(L)
and others

Earwigs
Forfioula auricularia L.

Scorpion fly
Panorpa communis L.

Cutworm larvae
Agrotis segetum(Schiff.)

Triphaens promba(L.)
Ceramlica JgiailL.S

Pupa

Clay=-coloured weevil
0. singularis(L)

Vine weevil
Q. sulcatus(F)

Wirewornm
Agriotes obscurus(L)

Athous haemarrhoddalis(Fab)

Ground beetles:
Carabus wvioclaceous L.
Stomis catus(Pans .
Abax mallelgl%t_ﬂ
alxus rufipes(Deg.
Feronia madid. i

a(Fab.)

Bembidion quadrimaculatum(L)

Rove beetles:
Tachinis humeralis Grawven.
and others

Small scarabid (?)

Cockchafer
Melolontha melolontha(L)

Pselaphid beetles
Claviger sp.

10

Remarks Depth
Numerous and 0- 6"
various
In sail; on
leaves amd
seed pods
Larva
One only O~ 3
Various 0 - 6"
Not very
comxon
? 0o- 3"
Eggs, larvae 0-6"
Adult 0 - 6"
Pupae 3-6"
Diff. to extract
Not common
Mnlts 0 - 6"

Numercus larvae O ~ 6"
One adult ,
Numercus larvae O - 6"

Larvae and adults O-: 6"

. & Mitt.)

Oocasional 0O - 9"
Larva 0O-6"
Larvae, rare 0-6"
(5")
Aults 6~ 9"



Class or order

noptera

Diptera

Name

Ants:
Lasius niger (L)

Bumble bees:
Bambus Spp .

Leatherjackets:

Tipula oleracea L.

#. paludosa hieig.
St. Marks Fly:

Bibio marci (L)

Other dip. larvae (?)

Remarks

Adnlts
mmerous

Frequent in
tunnels in
soil

Numerous

Larvae
occasional

Nunerous

0~ 3"

0-e6"

0_6u

o- 6"

1M



TAELE (4i). INSECTS AND OTHER SMAIL ANIMALS FOUND AT WILLOUGHBRIDGE

Class or order

Myrigpoda

Dermaptera
Lepidoptera

Colecoptera

Eymencptera

AND KEELE OGN RHODODENDRQN BUSHES, 1962

Name Where found
Lithobius sp. Same on leaves at might
in mgast

Forfioula suxioularia L. On leaves and seed heads

See list under
“Lepidoptercus pests®

Adalia bipunotata(L.) On leaves
Coccinalla septempunctata
L.

oti s aris(L)
O. mulcatus(F. n leaves at night

Agriotes lineatus(L) Few on leaves during day

Phyllobius pamaceus On rhododendron leaves, but
Gyll. also on nettles
Melolontha melolontha(l) Adults on flowers eating
carolla
Serica brunnea(L) On leaves at night
Strophosomis melano- On leaves
granmis(Forat.)
Sawfly larvae (?) On leaves

12



ZAELE (#). INSECT PESTS FOUND ON FHODODENDRON SPECIES AT WISLEY, SURREY,
FEBHUARY AND MAY 1962

English name Gemas and species Rhododendron found Date and Stage found
Bhod. White Fly Dialeurodes chittendeni Laing. On "Red Riding Hood" February: larvae on back of
] variety leaves
May: larvae and pupse
Azalea White Fly Aleurodes azaleae Baker and Moles On R.muicronatum February: larveae
May: larvae and pupae
Rhod. Bug Stephanitis rhododendri Horv. On variety "Diane" February: eggs in leaf along
and May: midrid
BRhod. Leaf Hopper Graphocephalas coocinea(Farst.) Particularly on Pebruary: eggs on bud scales
R. ponticum May: eggs and same nymphs

The fungus disease Bud Blast (Sporogybe azaleas) was also found on many varieties.

BEvidenos of dsmage caused by:

Vine Weevil Otiorhynchus sulcatus(F,)

Clay-coloured Weevil 0. singlaris(L.)

Tortrix moth larvae T. spp.

was also present on leaves.

gL
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RHGDCGDENDRON PESTS G THE WORLD

In 1938 G. Fox-Wilson presented a paper to the VII Inter-
national Congress of Entomology at Berlin entitled "Inspct Pests of
the Gemis Rhododendron" and this was printed in 1939. Besides briefly
describing some of the then known and more important rhododendron pests,
the author lists arthropods found on Rhododendron# all over ths world,
along with their hosts, country of origin, and reference to the liter-
ature where theay had been mentioned.

Many of the mites and insects are still found on the rhodo-
dendron, but others and also nematode pests have been noted since.

The following pages will help to bring Fox-Wilson's list up to date.
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TABLE (i) . ANDMALS RECORDED, OGN QR ARUND RHODGDENDRQNS,
WHICH ARE NOT MENTIONED IN PQX WILSON'S LIST 1939

Species Host plant Country Reference

Tarsonams palidus Banks Pirone, Dodge and
Rickett (1960)

Cyclamen mite Azalea U.S.A. Marishita & Jefferson
(1957).

Tetranychus bimaculatus Harvey Azalea U.S.A. Pirone, D. & R.(1960)

Two-spotted spider mite Davis and Libby{(1961)

Paratetranychus ilicis McG. U.S.A. Pirone, D.& R. (1960)

Southern Red mite

Brevipalpus inornatus Banks U.S.A. Pirone, D. & R.(1960)

False spider mite or Privet mite

Thrips tabaci Lindeman
Thrip

Aculus rhododendronis Keifer

Azalea rust mite

Pseudococous cuspidatae

Tetraleurodes mori Quaint

Mulberry white fiy

idiotus pseudospinosus

Rhododendron scale

Nematodes:
ZIylenrhorhynolus spp.

Tylenshorhynclus claytoni

Tricholarus Ghristiel

Seedliny of U.S.A.
rhododendron
and azalea

Azalea U.S.A.

-~

Rhododendron U.S.A.

? U.S.4A.

Rhododendron
U.S.4.

Rhododendron U.S.A.
Azalea U.S.A.

Rhododendron U,.S.A.

Pirone, D. & R.(1960)

Keiffer (1959)
Rau, J. (1937)

Kerr (1959)
Weigel and
Baumhofer (1548)

Davis and Libby(1961)

Davis and Libd
(1961) v

Sher (1958)

Robde and Jenkins
(1957)
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Species Host plant Country Reference

Tylenchus sp. Rhododendron U.S.A. Pirons, D. & R. (1960)

Ditylencius sp. Rhododendron U.S.A. Pirone, D. & R. (1960)

Rotylenchus robustus Rhododendron U.S.A. Tarjan (1953)

Xiphenimsa americanum Rhododendron U.S.A. Christie (1952)

Meloidogyne incognita Rhododendron U.S.A. hunt (1957)
Glardamyia rhododendri Felt U.S.A. Felt (1939)

Rhod. gall midge Rhododendron Pirone, D. & R. (1960)C.W.

Pantamorus godmani Crotch U.S.A. Weigel & Baumhofer

Fullers Rose Beetle Rhododendron (1948)

Serica bmnnea(L.) Chafer Rhododendron G.B. Schofield

Phyllobius pamaceus Gyll. Rhododendron  G.B. Schofield

Arthrochlamys spilota Rhododendron Japen Kumazaw (1939)

Vespa orabro germana Rhododendron U.S.A. Pirone, D. & R. (1960)
Christ.

Setones waterhousei Rhododendron  G.B. Millais (1924)

Scoliopteryx Libatrix(L) Ehododendron  G.B. Schafield

Herald moth

Agrotis segetum(Schiff)  Ehododendrem  G.B. Schafield

Camnon Dart

Bena pruimm(l.) Bhododendron G.B. Schofield

Green Silver lines

Hepialus humli(L.) Rhododendron  G.B. Schofield

Ghoat Moth

Mela rouumrella!l-) Ehododendron  G.B. Schafield

Green longhorn moth
Agrochola macilenta(Hueb) Rhododendren  G.B. Schofield



17

Species Host plant Country Ref'erence
Trichopterux polycammata(Schiffy) Rhododendron G.B. Schofield
Barred tooth-striped

Erannis progemmaria(Hiebner) Rhododendron G.B. Schofield
Dotted border

Melanchra persicariae(L.) Rhododendron G.B. Schafield
Dot moth

Plusia chrysitis(L) Rhododendron G.B. Schofield
Burnished Brass

Pandemis cinnamameana(Treit.)  Rhododendron G.B. Schofield




be.

Oe

d.

f.

PART 1

THE PESTS QF RHODCDENDRONS IN GRRAT BRITAIN
IN THE QRDERS:

Hemiptera i. Bhododendron whitefly
(Dialeurodes chittendeni)

ii.  Rhododendron Bug
(Stephanitis rhododendri)

iii. Rhododendron Leaf-hopper
(Graphocephala coocinea)

iv. Azalea Whitefly

(Aleurodes azaleas)
v. Aphis
Lepidoptera Moth caterpillars

4Azalea Leaf-miner
(Grecilaria asaleella)

Caolecptera i. Clay-ooloured weevil
Qtior 8 aris
ii. Vine weevil
(0. sulcatus)

iid. Cockchafer beetle
(Melolontha melolontha)

iv. Sandy ochafer

(Sexrica bmnno-.)

Y. Nut leal weevil

(Strophosams melanogramms)
also (&nobiu- gma)

Wtou\ Leaf-cutter bee

Sentiy tannim)

Nematoda Xiphenima sp.
: Ditylencims sp.

Mollusca Slugs

18



19

RHODODENDRON WHITEFLY (DIALEURODES CHITTENDENI LAING)

THE HISTORY AND CONTRCL IN GREAT ERITAIN

First noted by Hoare, 1926, who found pupal cases on rhododendrons
at Chiddingford, Surrey, and sent them to be identified by Laing at
the British Museum. Hoare's report was published in 1928 and he
doubtfully regarded the pest as Pealius sp.

In the same year, Mr. Fred J. Chittenden, Director of the
Wisley Gardens, writing in the Gardeners' Chronicle (Chittenden 1928)
and in the Fruit Grower, drew the attention of rhododendron growers to
a new pest which had recently appeared in Berkshire gardens and which bore
a great resemblance to the well known whitefly of greemhouses. His claim
that it was a new species was challenged in the oorrespondence ocolumnse
A writer in the Fruit Grower suggested that the whitefly found in Surrey
by Hoare and that found by Chittenden in Berkshire were the same species
and that the two-ococurrences were related, also that each species of
whitefly had its own distinct host.

In QOctober 1928, Laing cleared up the situation in an article
in the "Entomologists Monthly Magasine®. He says: "I have known of
this insect since 1926, when I received a few pupa cases through the
Ministry of Agriculture, but it is not until this summer that material
satisfeotory for desoriptive purposes came to hand. It is named after
Mr. Chittenden as a token of esteem". Laing descxribes the pupal case
and adult, and writes: “Though the species is not typically a Rialeurodes,
it may oconveniontly rest in that gemus until the classification of the
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family is better understood®.

Trials were carried out to oontrol the pest by spraying
(Fox-#ilson 1929), and in 1935 Wilson gave a brief description; this
article was revised and reprinted in 1948. The control was then said
to be (as it had been in 1935 also)i-

Summer white oil, 1% pints; Nicotine, 96%, % fl. oz; Water, 10 gallons.

The pressure should be at least 90 lb. per square inch and
sprayed in September in dull weather.

Latta (1936) wrote of the latest experiments with 2% oil sprays to
control Rhododendron Whitefly after heavy infestations of the pest
had been discovered in Washington State in 1933. He liated the different
varieties infected in the U.S.A. and noted that the susceptibility
appeared to depend on physical differences in the leaf surface.

Deshpande, writing on British Aleurodidae (1933), gave a short
desoription and measurements of egg, larvae and adult of De.chittendeni.

In his studies on the British Whiteflies, Trehan (1937), desaribed
the egg, nymphal stages and adults.

More reoently, this pest has spread to other parts of Burope (Saalas
1942), having been noted in Pinland, Sweden, Germany and Holland, and is
fairly ocmmon in the U.S.4.

Kerr (1953) ompared and publighed the results of trials with
different insecticides on Rhododendron Whitefly. He found that 75% DDT,
25% lindene and a 40% solution of niootine sulphate were all effective
far oontrolling the inseot, and that the DDT was slightly more effective
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than the other two, especially at the lower concentration of 0.67 lb.
per 100 gallons of water applied twicee The DDT and lindane effectively
prevent oviposition, and most of the young hatohing from the few
remaining eggs were killed by the residual deposits on the leaves.
Nicotine sulphate was effective mostly as an ovicide.

Low volume spraying with DDT or BHC applied by aerosol, oxr
DDT emlsion applied at the end of June give effective ocontrol until
stumn (Hasse 1957).

Pirone, Dodge and Riockett (1960) suggest spraying with lindane
or malathion, directing the spray to the underside of leaves and the
terminal clusters. Malathion is also recommended by Bowers (1960),
and Kerr (1959) mentions malathion as a control against the adults, but
says it is not s0 effective against the newly hatched larvae.

Because the use of DDT is no longer recommended, malathion
should be used as an effective control in Great Britain. There are
no known natural enemies of D, ghittendeni.

SYMPTOMS OF ATTACK

Thess ares-

& Yellowish mottling of the upper surface of the distal leaves
of the plant.

be The presence of sooty moulds and honsydew on the top surfaces
of leaves (Plate 4).

Cce Small, oval larvae and pupas or white pupal cases on the
undersurface (Plate 3).
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Rhododendron Whitefly eggs and nymphs on underside
of leaf.




Plate 4.

Sooty mould, (Capnodiacese), on upper

surface of rhododendron leaf.






22

de Presence of the yellowish-white adults clustered undesr the
leaves, especially apparent when the branch is shaken and
they fly.

e+ In heavy infestations, the margin of the leaf may roll inwards.

TYPE F PLANT ATTACKED BY RHODQDENDRON WHITEFLY

The insect favours the host plant with a mmooth rather than a
glaioous leaf (Chittenden 1928). All the varieties from which I have

collected D.Chittendeni have been of the amooth-leaved type.

The following have listed the different species and varieties of

Rhododendron on which D. chittendeni has been found: Latta (19}7),

Fox-wilson (1938), Kerr (1953).

I have found the fly also on the variety "Red Riding Hood"
in Surrey in 1962, 1963.

Adult white flies have been found at rest on the leaves of
rhododendrons which have non-amooth leaf surfaces and also on other plants
such as Kelmia, Pieris and Gaultheria growing near to the rhododendron plants,
but there is no evidenos to show that the Rhododendron Whitefly has ever
bred on any of these plants. No instance of feeding or oviposition or of
the presence of larvas or pupae on other than smooth-leaved rhododendron
plants has been observed by me or any of the writers.

DESCRIPTION COF THE STAGES IN THE LIFE CYCLE
QF DIALEJRODES CHITTENDRNI

All these stages have been described by Trehan '(1937). pupa and

adult by Laing (1928).
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LIFE HISTORY GF D. CHITTENDENI ON CUTDOOR

RHODODENDRONS IN GREAT BRITAIN

This has been described by Fox #ilson (1948) and is confirmed
by my own observations.

Eggs are laid on the underside of smooth-leaved varieties fram
mid-June until early august. They are laid singly on a long peduncle.

Elliptical nymphs hatch after eight to fifteen days and are
most noticeable on the infected plants fram July until the following
4April or May. They are greenish-yellow, the same oolour as the underside
of the leaf.

Nymphs are active and walk about on the leaf after hatching,
then became sedentary and feed by inserting the stylet into the leaf
tissues. The legs gradually beoome degenerate. There are three instars,
during which the insect sucks plant sap and the damaged leaves appear
mottled on the upper surface. Following the yellow mottling, sooty
moulds grow on the surface of the leaves, feeding on the honeydew exocreted
by the larvae. This honeydew falls on to leaves below those on which
they are feeding. The black moulds are not directly parasitic on the
leaves, but cause unsightliness and impair the normmal functions of a
leaf (Plate 4).

The greenish and almost transparent nymphs are difficult to see, as
are also the flat, broad, elliptical pupae which are found normally in

May, but also during the summer months.
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Aults are light yellow with white, mealy wings and are found
swarming in clusters during June and July, normally on the underaide of
the topmost leaves of the rhododendron plant. When distributed they will
fly upwards, but generally remain settled on the leaves, especially
during dull, oold or cloudy weather. Both male and female whiteflies,
which are similar in shape and colour, are found together in fairly equal
numbers, although there may be a slightly higher mumber of females.

(The terminology used in the description of this pest is open to
soms cament. Most of the insects in this group, the hamoptercus
Hemiptera, have the stages egg, nymph and adult in their metamorphosis.

Same of them, including Dialeurodes chittendeni, exhibit a stationary

*nymphal® stage after the third instar. Because this is so different
fram the normally acttive last nymphal stage, it is referred to as a
pupa, being more like the inactive pupal stage in other insects whose
me tamorphoses show the egg, larvel, pupal and imaginal stages.
Hinton (1962) states that in some exopterygotes, e.g. Aleyrodidae,
there are feeding larval instars followed by a quiesoent larval instax.
"No diffioulty necessarily arises if these quiescent or semi-
quiesoent stages of excptexrygotes are called pupae provided that it
is recogniged that their origin is quite independent from that of the
endopterygote pupa and their initial functional significance is different".)
There is only one generation per year, but many stages can

sometimes be found in the same month because of the dependence on the
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weather, temperature and climatic conditions for each stage in the life
cycle to be completeds No two years' timings seem to be the same.
Low temperature and dull weather retard the stages of the life cycle.

In Staffordshire, the introduced whitefly died out and did not
develop. Small-leaved varieties of Rhododendron had been introduced
from the South of England and were found to have whitefly nymphs on the
backs of the leaves. The plants were at first grown spart fram fhe main
garden and were examined frequently. Once the nymphs had ceased to
develop further, the shrubs were incorporated into the main rhododendron
garden.

STATUS COF D. CHITTENDENI AS A PEST OF RHGDODENDRONS IN GREAT BRITAIN.

Because of present chemical sprays, Rhododendron Whitefly is no
longer the pest in Britain that Chittenden gloomily forecast in 1928.

It is seen only occasionally on a few varieties of rhododendron,
and then only in the south of England.  Cox and Cox (1956) do not record
it from their large mursery in the West of Sootland, but it has been faund
on oommercial mirseries in the hame oountiess I have seen no trace of it

in the Midlands or in Lancashire, or in North Weles.
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RHQDQDENDRON BUG

STEPHANITIS RHODODENDRI, HORVATH (SYN. LEPTOBYRSA RHODUDENDRI, HORVATH)

This hemipterous insect is known in Great Britain as the

Rhododendron Bug, and in the U.S.A. as the Rhododendron Laocebuge
HISTORY

First observed in Great Britain in 1901 by Raffill (1933) at
Kingston-on-Thames, on plants imported from Holland, and then by Harding in
1906 (Harding 1930)s (This is ocontrary to the M.A.F.F. Ad. leaflet No.
206)s In 1910 Distant wrote about the pest, and it was further described
by Theobold in 1912 and 1914.

The earliest records are from the U.S.4e in 1877 (Heidemamn 1909)
where it is thought to be an indigenous pest, and was probably introduced
to Great Britain from America via Hollande In sbout 1905 there were
reports of Rhododendron Bug in Holland, Belgium, France, Germany and mstria
and, more recently, in Japan.

Distant (1910) thought it to have came from India, but this species
was not found to be indigenocus to India and this theory is now discredited.

Horvath described the insect in 1905, naming it Stephanitis, and
in 1908 Heidemann rensmed it Leptobyrsa. Johnston (1936) states it
shoild more correctly be in Leptobyrsa, but at present the neme Stephanitis
is commonly used (Kloet and Hinoks 1964).

SOPTOMS GF ATTACK
The upper surfaces of the lo#vu sppeaxr spickled, covered with
many tiny, yellow #ots as shown (Plate 5a).



a. and b. Upper and lower surface of leaf.
%

Symptoms of Rhododendron Bug attack.

ce Brown, stickiness along lower midrib of leaf

Open necks of egg chambers can be clearly seen.
) e
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Chocolate-brown markings are seen on the lower surfaces of the
leaves, especially noticeable bordering the midrib. Brown sticky
secretions are exided and a general scruffy, rusty appearance is typical
of attack by this bug (Plate 5b).

Millais (1924), Slocock (1934), Johnson (1937), Fox Wilson (1939)
gnd the M.A.F.F. idvisory Leaflet 206 (1953) all list species and varieties
of Rhododendron which are immune or susceptible to attacke.

I have only seen the bug on the following varieties:-

"Diane" and "Blue Ensign" at Wisley, Surrey; Re canpylocarpum and hybrids
and "ascot Brillian® at Slococks, Surrey, and Anglesey at Plas Newydd,
var:s "Old Port" (imported plants).

Because 80 few bushes are attacked in Great Britain, it has been
diffioult to discover the causes of susceptibility or immunity. It
could be as much due to the positions of the partiocular bushes, i.e.
whether in light or shade, as to the species concerned. It was suggested
by Millais and in the Bulletin of the Arnold Arboretum (1931) that plants
suffer more from rhododendron bug in sunny positions, particularly if
exposed to drying winds, than if in oool shade. Bushes in shaded woodlands
are not mach attacked.

LIFE HISTORY AND DESCRIPTION OF Sa RHODODENDRI

Described in detail by Johnson (1936, 1937).

Entomologically it is an interesting insect, each stage being quite
distinctive and unlike any other pest to be found on ornamental plants in

Great Britain.



Plate 6.

Rhododendron Bug.

Enlarged photograph (x 7) of midrib on lower
surface of rhododendron leaf, showing the
oprening or cap above the egg, also shed skin

of nymph.
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AMult: July-October. Found on leaves of previcus year.

About 3 mme longe The black body is covered by relatively large,
lacey wings, fram the front of which project a pair of lace-like
rounded ocutgrowths.

The wings are hardly, if ever, used. The bugs may be blown on to
adjacent bushes, or walk across where branches touch. Transference of
rhododendron bug is more likely to be by moving of imported plants infected
with insects or their eggs.

There are male and female of the species. Mating begins mid=July.
Eggt July-autumne.

O«5 mm. long, flask-shaped, almost cylindrical and slightly curved.

The cep of the egg is flush with the leaf or gall epidermis and
is black with a white collar. Many eggs are embedded in the brown lumpy
leaf galls along the sides of the midrib (Plate 5c). Same egge are laid
singly in the leaf where no galls form.

Over the cap the adult places a drop of olive-green, fascal fluid
which dries to form a brown crust or scab on the cep.

Eggs hatch within a few hours of each other, usually in the i‘irst
two weeks of June in Great Britain, the mymph lifting the cape A
detailed description of this action is given by Johnson. The egg-sac
remains within the leaf while the cap and embryonic membrane hang aut of
the open neck (see Plate 6).

Mz May=-June.
After emerging they cluster together on leaf. They are pale

green or colourless at first, spiny and hairy, about 0.9 mm. long,
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2mm long.

Nymph of S. rhododendri.

Fig..2c
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Fig- 2b



growing to 2 mm. and becoming yellowish-brown by the fourth instar.
(Figo 2&)0
CUNTRUL UF RHQDQDENDRON BUG

A+ Take off infected leaves and burn, even pruns the plant back.
Spray several times on the underside of leaves at the time of
year when the nymphs and adults are on them.

Be The following chemicals have been recammended:-

Pyrethrum extract (Borton 1942), mid-June, sprayed with atamizer
(Sy, M. 1936.) Quassia and soft soap (Harding, 1930). Derris

at commercial strength + 0.5% soap; spray on several applications

(Sy, M« 1936)e Nicotine solution + 2% sosp sclution (Sy, Me 1936).

8 f1. oz. per 100 gall. nicotine solution + spreader (M.A.F.5.

Avis. leaflet 206). Dimethoate gramiles to soil (Schread 1960),

(Can poison cats and dogs).

DDT 50% wetteble powder

+ Barly June in U.S.A. (Kerr 1954)
50% Methoxychlor

+ (Pirone, Dodge and Rickett, 1960)
25% lindane

Thimet (for azalea lace bug) - 8% gramiles raked into soil, soaked

(Schread 1959)s Malathion aprayed under leaves (Pirone, Dodge and

Rickett, 1960)« TEPP at 4 fle. oz. per gall. plus wetter (M.A.F.E,

Avis. leaflet 206). HETP at 8 fl. oz. per 100 galle Two

applications mid-June and early July (M.A.F.F. Advis. leaflet 206).

PRESENT STATUS AS A PEST IN GREAT BRITAIN
The Rhododendron Bug is now controlled by organophosphorus
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insecticides and is only rarely seen on rhododendrons in Great Britaine
(Never has it built up to serious proportions, but it is a pest which
should be recognisable by the grower of rhododendrons in case it should
be imported fram North #merica or Burcpe and need to be contralled).

According to the N.A.A.S. regional entomologists, it has only
been found in Hampshire, Surrey and Berkshire in recent years, and on
very rare occasions has been seen in the Edinburgh district and mid-
Yorkshire. Johnstone (1936) records it from southern counties before
1936 and states: "The physical factors which may limit the distribution
of the bug in Great Britain are probably mainly those which limit the

distribution of susceptible varieties and speciea of Rhododendron".

But Fox Wilson (1939) says that the factors are not known because

susceptible varieties and species of Rhododendron are grown in the West

coast of Scotland and in Ireland where no records had then, and still

have not, shown this peste.



35

RHODDENDRON LEAP-HOPPER, (GRPHOCEPHALA COCCINEA (FORSTER)

THE HISTORY AND CUNTROL IN GREAT BRITAIN

This species had been known and named in the United States and
Canada before it appeared in a garden in Chobham, Surrey, and was
collected by Barton in 1933 W.E. China of the British Museum (Natural
History) identified the insect.

Many more outbreaks occurred in Surrey in 1936 and Wilson saw
adults on bushes at the end of September (Fox #ilson 1937)e He quotes
Waterer as saying that his men had seen it on the rhododendrons at
Windlesham Moor for at least four or five years and called it "Grasshopper
Fly"e 1t may be, therefore, that the original cutbreak was at
Windlesham on imported plants.

The first control (#¥ilson) in Great Britain was nicotine dust.
He states that this was more effective than the spray, due to the
agility of the hoppers. The spray fluid would not penetrate into dense
bushes.

Baillie and Jepson (1951) quote preliminary experiments at
Silwood Park by Walker: DDT spray (O to 0.2%)e Spray during egg
laying period, i.e. 2 - 3 weeks after first adults seen (Aigust 1st -
October 1st)es Treated leaves remained toxic for 2 - 3 weeks.

They suggest that isolated, susosptible bushes be sprayed each
fortnight from Mgist 18t until Octobers Contrary to Wilson, they
found that the adult Graphocephala coccinea feeds and rests mainly on

the upper surface of the leaves, and it is not necessary to spray inside
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the bushes.
Baillie (1950) and Pirone, Dodge and Rickett (1960) state

that control of lace bug Stephanitis rhododendri Horv. will control

leaf-hopper, but as the former lives on the underside of leaves the
bush mist be thoroughly sprayede.

To control both the leaf-hopper and bud blast disease, which
are often found on the same bush, & cambined DDT and Bordeaux spray may
be givene.

Should Graphocephala ever became a sericus pest, resistant

varieties of rhododendrons may have to be grown. According to preliminary
work done by Baillie and Jepson (1951), early varieties which shed their

bud scales before the attached eggs hatch and those varieties with very

loose scales (Re griersoniamum), where no eggs have been found, may be
used directly or as parents for resistant varieties.

Modern #merican literature on rhododendron pests does not
mention this insect, 80 I conclude that although it has been endemic
there for at least half a century, it is no longer regarded as a seriocus
pest in the U.S.4A.

SYMPTOMS OF ATTACK

First signs of attack are often the white, nymphal, shed
skins on the underside of the leaves (Plates 10 & 11)s The green nymphs
run over the under surface of the leaf and the colourful adults leap
about rapidly when disturbed, neither are easily caught.

Eggs lie flat on the bud scales, but theses, being greenish~-



Plate 7.

a. Lgps of the leaf-hopper, Graphocephala
coccinea, laid on the scales of a
rhododendron bud. x 6.

be. Leaf-hopper eggs, well camoulflaged
on rhododendron bud. x 1.
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yellow, are not easily seen by the grower (Plate 7).

The leaf-hopper pierces the leaf and extracts cell sap during
both the nymph and adult stages, but it can be seen from the photographs
that no apparent damage is caused.

Often bacteria will invade the punctures in the leaves, and
brown spotting of the foliage then occurs as secondary damage around
the feeding areas.

DPORTANCE OF G. COCCINEA AS A PEST OF RHODODENDRONS

Although the insect causes little or no direct demage to the
leaves despite its feeding by sucking cell sap, members of this family,
Jassidas, often transmit diseases (Short, 1963)e Also the saliva of soms
leaf-hoppers is known to cause leaf-burn on a wide range of plants.

It is not surprising, then, that when the disease known as Bud-blast

of Rhododendrons was found on the same bushes as G. coccinea, this insect

was suspected of tranamitting the disease. The disease is caused by the
fungus Sporogybe (Pyonosteamis) asaless, coremia of which can be seen on
the rhododendron buds after the bud has turned brown and died (Plate 8).
Work was carried out by Baillie and Jepson (1951) into the |
relationship between the insect and the fungus, and thcyzl":;;‘ the basis of
work over two seasons to have shown a significant association of bud
blast with Graphoosphala coccinsa.
Bud blast is a serious disease which, when established, can
kill most of the buds on a rhododendron bush.

DISTRIBUTION OF RHODODENDRON LEAP-HOPPER IN GREAT BRITAIN

In 1935 it was found in Surrey, and the records of cutbreaks



Bud of rhododendron showing coremia
of Sporocybe azalea causing
Bud Blast disease. x 8.
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Distribution of Graphocephnla coccinen

in the counties ot the Pritish Isles,

V////A Present as pest.
Found only on a rare occasion.
‘ﬁ Bud blast disease only.

1. Hampshire 2. Surrey
2. Berkshire 4, N. Lincolnshire

4

5. EBuckinghamshire.
6. Anglesey.
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in the next year were also confined to that area:

Chobham (2); Windlesham (2); Woking (2).

The only other host appeared to be Kalmia (Wilson 1937).

From my own observations in 1963 and 1964, I have seen rhododendron
leaf-hopper on R. ponticum in Surrey, and some adult leaf-hoppers were
seen in Anglesey in 1970 on plants brought fram Surrey. Rhododendrons
examined in Staffordshire, Warwickshire, Shropshire, Lancashire, and more
recently in Caernarvonshire have been free both of the insect and of
Bud-blast disease.

Information collected from the N.A.A.S. regional entamologists
show it to have been found in Surrey, with a probability that it is in
Hampshire and Berkshire. There is a record of one case in Lincoln same
years ago. All other N.A.A.S. regions report the absence of the pest.

(I have a record of Bud-blast disease from Slough, Buckinghamshire in
March 1962).

Baillie and Jepson (1951) report the absence of G. coccinea
from the Weat of England, Somerset, Bodnant and Fort mgustus, Invernesshire.

It seems likely that this pest has not spread in Great Britain
gince its initial occurrence in Surrey in 1935.

DESCRIPTION OF THE STAGES IN THE LIFE CYCLE OF G. COCCINEA.

In order Hemiptera; Sub-order Homoptera; Family Jassidae.
Bggs Oval, elongate. Yellowish-green. About 4 mm. long.
Laid singly on scale or in groups of 5 = 10,

Nymph: Light greens 2 mm. on hatchings Four nymphal stages.



Flate g,

a. x 6.

Young nymph of rhododendron leaf-hopper after 1st
moult. Note cast skin and the brown, dead patches
probably around feeding areas.,






Plate 10.

Cast skins of nymph of rhododendron

leaf-hopper after 1st and 2nd moult. x 5,






Plate 11.

Cast skin of rhododendron leaf-hopper
after 3rd moult. x 12.

Note wing buds.






Hind tibiae have row of bristles.

Slender bodye

Large eyes.

Suck cell sap.

White shed skins left on leaf at each instar.

Adnlt:

¥idth acroszs forewings 15 mm.

Brightly coloured.

Torpedo~-shaped, 5 - 6 mm. long.

(See coloured diagram).

These are my own observations, which agree with those of

Fox Wilson and Baillie.

LIFE HISTORY (F G. COCCINEA. FORST. ON QUTDOOR RHODUDENDRONS

IN GREAT BRITAIN

Baillie (1951) tabulated the life history of this insect in

the field in Great Britain, and a summary followsi-

Eggs

Hatching

Nymphs

Adults

Months

Location

Remarks

Early gust - May

In scars on bud scale,
protected by ovexr-
lapping scale. Distri-
bution irregnlar

Bggs perish on
cuter socales of
early flowering
Varse

May On bud scales This date depends
on season %
May - June Bunning over surface 4 Nymphal stages
of new leaves
July Inactive until dis- Mature slowly and

turbed. On old or
new foliage,mainly on
upper surfaces

lay eggs 3 weeks

after beocoming
adul t.

(& In the laboratory at Keele in a temperature of 72° F I noted

that nymphs hatched from eggs on 11th March 1962.

These were on buds of
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amall bré.nches of Re ponticum taken from bushes in Woking, Surrey, the
previous month. The branches were standing in a cage in water so that
the buds and eggs developed.

It would seem that, if the humidity is kept high, the hatching
of the eggs depends on temperature, a higher temperature accelerating
development of the eggs.)

STATUS OF RHODODENDRUN LEAF-HOPPER AS A PEST IN GREAT BRITALN

Since this pest was introduced to the southern counties of
England forty years ago it does not appear to have spread permanently to
other parts of Britaine As with the last two mentioned pests, the climate
in the rest of Britain is probably the limiting factors It remains to be
seen if the pest will become established in warmer counties, such as
Anglesey, now thzit it has been introduced on plants fram the south of Englande.
Chemical sprays and resistant varieties can be used in areas
where G. coccinea is found, and so attacks should never become frequent
or severe.
The mein reason for recognising and ocontrolling this insect is to
prevent Bud-blast disease being transmitted to unaffected rhododendrons.
In arees where this serious disease is found, regular spraying against

Ge coccinea should be carried cut on cammercial nmurseries.
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Liagram to show colour of adult Rhododencron lLeafhopper.

Fig.5



Plate 12.

Rhododendron leaf-hopper.

Adult, side view. x 24.






late 13.

Rhododendron leaf-hopper.

Adult ventral view. x 16.
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AZALEA WHITE FLY

(ALEURODES AZALEAE BAXER AND MOLES)

First recorded in Great Britain in 1931, near Edinburgh. The

infestation was smalle Plants had been imparted from Belgium (Inter. Rev.
1931)e Already described by Essig (1926) in dmerica as occurring on
azaleas imported from Japan and Burope. By 1937 (Mackie) it had

increased markedly in the U.S.4e and the parasite Encareia pergandiella

had been noted.
In 1934 (Pescott) the white fly was discovered in mstralia on

Rhododendron micronatum.

It is on the same variety that I have sesn the insect autdoors
in 1962 in Surrey. Although unsightly because of the nymphs and adults
on the back of the leaves, sticky beceuse of honeydew, and indirectly
encouraging sooty moulds to grow, it did not appear to be killing the
spmall bushes. Some leaves dropped off the shruba and no doubt
photosynthesis and respiration were impaired.

From N.A.A.S. records it does not appear to be a ocommon pest
in Great Britaine In 1962 the only counties to report it to me were
Hampshire, Surrey and Berkshire.

When transported on to bushes of R. micronatum in Staffordshire,

the insect died out during the same year. I would presume that this
was due to the colder, damper climate than in other places where it is
founde, It is normally imported and often, when found, on plants grown

in glasshauses (as was the first record in Great Britain (Deshpande 1930)).



Distribution of Aleurodes azalene

in the counties of the Pritich Isles,

m I'resent as pest.
Found only on imported planis.

1. Hampshire 3. surrey
2. Berkshire ki, Border counties

S« Fdinburgh district.

Fig 6.

bl
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The symptoms and damage to the plant and the life gycle are
similar to those described under Rhododendron white Fly.
Deahpande (1933) described the anatomy of some British Aleurodidae

and included Aleurodes aszaleas.

In the U.S.A. Aleurodes azaleas is hardly ever mentioned as a

pest of azalease. The common whitefly on azaleas in that country appears

to be Tetraleurodes mori Quaint., the Mulberry whitefly (Kerr 1959;

Weigel and Baumhofer 1948).
CUNTRCL.

Spray undersides of leaves with derris and pyrethrum, or with
nicotine sulphate and soft soap. Two or three applications at weekly
intervals.

1 pint white oil and 1 oz. nicotine sulphate in 5 gallona
of water can be used (Pescott 1943).

More modern insecticides, mentioned under Rhododendron ihitefly
ocontrol, should also control Ae azaleae.

PRESENT STATUS A4S A PEST IN GREAT BRITAIN

Aleurodes azaleas is found only infrequently on autdoor bushes

(partioularly R. mucronatum), and sometimes on imported plants grown

in greenhocuses. It is not a serious threat to the rhododendron

industry and can be easily controlled.



APHIS QN RHODODENDRONS

On the rhododendron, aphids are not a troublesame pest

in Great Britain.

Masonaphis rhododendri Wilson, Myzus ornatus Laing., have

been recorded on imported R. (4) indicum.

Miles (1935) mentions iyzus circumflexus Buck. on the same

plant in glasshouses.
bDuring these studies I have never observed aphids doing
any appreciable damage to rhododendrons outdoors in England or Wales.

There have been some records of Masonaphis rhododendri in the U.S.A.

Pirone, Dodge and Rickett 1960), also Macrosiphum rhododendri (Westoott
S1p

1966) .
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LEPID@PTERQUS PESTS QF RHODODENDRONS

The moths shown in the following list (page58) have been
found on the leaves of outdoor rhododendrons at Keele and #illoughbridge
during the years 1961-65.

The tortrix moth caterpillars appear to cause more damage
than the others, due to their being present in larger mumbers. They
roll the leaves and eat within a finely spun web.

Same tortrix caterpillars have been found on R. ponticum and
other smooth-leaved varieties or species, especially on the young unfold-
ing leaves, but the majority of these pests are found on the glaucous
lesves which have an indumentum on the lower surface. This may be
because it is physically easier for the caterpillar to attach itself,
with or without a web, on to a leaf having a hairy surface rather than
a glabrous one, or that the smooth leaves, being different in texture,
mgy be more difficult to fold or roll.

The =smell of the leaves, too, may attract same caterpilla.rs.
Many tortrix moths were found on a bush which bears pungent leaves at
Willoughbridge (variety unknown) and caused a great deal of unsight-
liness (Plate16). This bush was not directly under, nor particularly
near to any oak trees in the garden, and it would appear from this and

other similar observations that the Green Tortrix (Tortrix viridana L.)

is now a pest of rhododendron directly, and not juat a chance host for
caterpillars which fall from the trees above (Fox-Wilson 1925).

Irregular holes are eaten in the leaves by caterpillars,



Plate 14.

Tortrix viridana. x 10.

Larva and adult on rhododendron leaf.
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Caterpillar damage on rhododendrons.

a. Damage to old leaf x 7.

b. Larva feeding on new leaf
(note webbing and excreta)

x 5.

c. Twisted leaves with webs of Tortrix sp.
X e

Plate 12.






Plate 16.

Caterpillar damage.

a. Angle shades moth larva eating young leaves and
flower buds of outdoor azalea.

b. Damage to fragrant leaves of rhododendron variety
with thick indumentum.
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both along the margin and further in towards the midrib. The petiole
and midrib are usually lef't uneaten.

The Geametrid, Dotted Border (Erranis progemmaria) care-

fully left the midrib and the epidermis at the margin of the leaf all
the way round when fed on R. ponticum in the laboratary.

fpart from the tortrix mentioned, the other moths and their
larvae were only found on odd occasions and can hardly be considered as
pests. Fox-#¥ilson (1925) found rather different species fram those
found by the author; this mgy be due to the geographical locations of
the collections, as he worked in the southern counties of England rather
than the northern.

Photographs of some of the Lepidopterous pests are shown.
CONTROL

(a) Can be handpicked

(b) Spray bushes if a large attack is noticed in the mursery.
Spray early because the Tortrix larvae roll leaves around themselves.
Derris, Trichlorphon or DDT can be used, but the latter is not now

(1970) advised.



Table v.

LXPIDOPTERA FOUND QN RHODODENDRONS AT KEELE

Name

Scoliopteryx
libatrix (L. )

Agrotis segetum
(Schiff.)

Bena prasinana (L.)

Tortrix
viridana (L.)

Pandemis cerasana

“(Hueb.) (syn.
P. r'ibem>

Hepialus mumuli (L.)

Adela reaumrella (L.)

ochola macilenta
EHueb .)

Trichopte oly-
commata (Schiff.
Erannis pro ia
Huebner

Melanchra persi-
cariae (L.)

Plugia chrysitis
&)

Phlogophora
meticulosa (L.)

Catocalnae

Agrotinae

Cymbidas
Tortricidae

Tartricidae

Hepialidae

Adeilidae

Dasypoliinae

Hydriamenidae

Selidosemidae

Caradrinidae

Plusgiinse

Caradrinidae

English name

Herald moth
Common Dart
Green dilver

Lines

Green tortrix

Ghost moth

Green longhorn
moth

Yellow line
Quaker

Barred tooth-
striped

Dotted barder

Dot Moth

Burnished
Brass

Angle-shades

by

Date Stage
Sept. Imago
July Imago
July Imago
June Larvae,
July pupae &
imago
July Larvae,
pupa &
imago
July Imago
June Imago
Sept. Imago
April Imago
May Larva
#pril Imago
Sept. Larva
May Larva
Aigust Larve



AZALEA LEAF MINER

‘GRACILARLA A7 ALEELLA BRANTS.)

Not a common pest, but sametimes found on azaleas, especi-
ally on A. indica in glasshouses.
HISTORY

This Tineid moth is a native of Japan amd probably came to
Britain in 1925 via Holland or Belgium (Hodson 1927). The next year
it was seen on outdoor azaleas in Exeter. 4About the same time it became
a pest in the U.5.A., where it is now of more importance and more common
than in Great Britain.

DAMAGE CAUSED

The leaves are mined by the young larvae feeding under the
epidermis. Tunnels are seen, leaves turn yellow, brown, and scme
shrivel and die, and fall. As the larvae move on from leaf to leaf,
they beccme fully fed and then emerge to construct cocoons under the
rolled tips of leaves. When the adult emerges from the cocoon, the
empty pupal case is seen protruding. Demage is most evident fram
November to March in warm glasshouses on imported plants.

LIFE HISTORY (after Hodson 1927)

Adult moth can be seen flying about in an infested house,
usually in late autumn. They have about a 5 mm. wingspan; yellow and
grey in colour, and are very active.

The eggs are oval, flattened, shiny and are laid singly

on the underside of the leaves, about five to a leaf.



Larvae hatch after four days. They are mimte 0.6 mm.,
transparent, with visible legs.

They immediately enter the leaf and here undergo several
moults, becaming 5 mm. long, yellow-brown with normal lepidopterous
legs.

Pupate inside cocoon on leaf under rolled tip. FPupa is
greenish yellow turning brown, about 5 mm. in length.

There may be several generations a year.

CANTRCL

(a) On a small scale, infected leaves can be hand picked

and burned.

(b) Spray the leaves with malathion or DDT™ (Kerr 1959).

(¢) Thimet has been used for several leaf miners

(Schread 1959) .

I have never seen this pest on outdoor rhododendrons in

Great Britain, only on glasshouse azaleas.

PRESENT STATUS OF LEPIDGPTEROUS PESTS QN RHODQDENDRONS IN GHEAT BRITAIN

Apart fram the Tortricidae and G. azaleella, the effect of

caterpillars on rhododendrons is negligible.

.- Tortrix moth larvae cause same appreciable damage to
glancous rhododendron leaves, which they roll and disfigure by eating
the lamina. Unlike the previocusly mentioned pests, Tortrix moths are
found in the Midlands and North of the country, as well as in the south,

but not in large enough mumbers to make them a serious pest.

x DDT not now advised (1970)



Azalea leaf miner is nomally only a pest on imported
plants in glasshouses.
Both can be controlled by hand-picking infected leaves or

by spraying the shrubs with the appropriate chemical.
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CULEJPTERQUS PESTS OF RHODCDENDRONS

Several species of beetles and weevils attack the leaves
and flowers of rhododendrons in Great Britain and cause characteristic
damage. Same of these insects and their damage are described below.
DAKAGE

Damage, such as that shown in Plate 17 can be seen to same
extent on almost all rhododendron plants grown outdoors (as well as on
many other decorative garden plants and weeds, Schofiéld (1962) and on
fruit trees and bushes, Massee (1945). The eaten portions are irregi-
lar, beginning at the margin of the leaf. (ld damage is surrounded
by dead, brown patches.

Wilson (1939) stated that in the south of England, this

demage was caused by the vine weevil, Otiorhynchus sulcatus F., but in

my experience in north Staffordshire and many other counties, far

greater numbers of the clagy-coloured weevil, O. singularis L., can be

found on the bushes and the demage done by both species is similar.
Sametimes they are found feeding together on the same bush, but always
I have found many more of the latter than the former. Both feed more
on the smooth-leaved varieties of rhododendron,and also on deciduous
azaleas, than on the rhododendrons having a thick pubsecence on the

under surface of the leaf. Q. singularis attacks R. ponticum more

commonly than other kinds of rhododendron. I have notioed that bushes

adjacent to Yew, Taxus baccata, seem especially prone to attack by

0. singlaris, but I could not find the insect in the s0il immediately




Plate 17.

Damage to rhododendron leaves x % by:

(a). Otiorhynchus sulcatus.

(b). Otiorhynchus singularis.







Plate 18.

O. 8ingularis. 0. sulcatus.
Strophosomus melanogrammus. Serica brunnea.

Damage to Rhododendron leaves by coleopterous pests.






around the Yew trees.

The clay-coloured weevil, as recorded by Wilson, will eat
into the petiocles of the rhododendron and cause the leaves to wilt and
die, but so also will the vine weevil. The holes in the centre of
the leaves mentioned by Wilson (1925) are most probably due to cater-

pillars or to the beetle Serica brunnea(]‘..) mentioned below, and not to

Q. sinmlaris. After observing the above weevils for many years, I

have not seen them causing holes away from the margin of the leaf
(except on rare occasions when the leaf was folded back on itself, or
was stuck to the edge of another leaf).

Another weevil, sametimes known as the mt leaf weevil,

Strophosomus melanogrammus (Forst.), eats regnlar, smaller holes along

the leaf margins, not penetrating far in towards the midrib. I have

not seen Strophosamis eating the epidemis in the ocentre of the leaf as

described by Fox-#ilson (1925, 1933); this damage is normally caused
by Tortrix and some other caterpillars.

Although most of the holes in the rhododendron leaves awgy
fram the margins are caused by moth caterpillars (especially in oak
woods and on the thick, hairy rhododendron leaves), I have cbserved

the sandy-coloured, adult chafer beetle Serica brunnea(L.) eating amall,

rourd, fairly regular holes in the leaves, on bushes after dark in July.
They also caused this type of damage when kept in the laboratary.
These beetles were not common, however, and I have never found more

than s8ix in a summer at Willoughbridge. They have not been recorded



on rhododenclrén before.

The damage caused by the last four named coleocpterous
pests can be seen in Plate 18.

Damage caused by a larger chafer beetle, the cockchafer or

May bug, lielolontha melolontha(L), is perhaps even more dramatic to see.

The beetle devours irregular pieces of the rhododendron and even whole
flowers, Schofield (1964), amd jagged indentations can be seen along
the bitten edges with heavy excrement fouling the leaves and flowers
(Plate 19 ).

The brilliantly coloured weevil Phyllobius pomaceus Gyll.

has sometimes been seen on rhododendron leaves, but, as described later
in an account of a small laboratory experiment, does not appear to
damage them, preferring to eat stinging nettles (Fig.9).

Most of the damage described above is caused at night, and
the insects concerned are not often seen by the gardener or hortimlturiat
unless he searches his bushes by torchlight after dark, or examines the
soil and litter around the plants during the dgy. Sametimes the cock-
chafer and the small chafer rest on the branches during the day, but
the weevils hide in the soil.

Larvae of some coleopterous insects, including the wirewarm

Agriotes obscums(L) and the cockchafer M. melolontha, and of the weevils

Otiorhynchus singularis and O. sulcatus, were also found in the soil

around rhododendron bushes, but I saw nothing to suggest that they were
directly harming the plants, although it is known that these larvae will

feed on plant roots.



DESCRIPTION, LIFE HISTORIES AND CONTRAL OF SQME CALEGPTERQUS PESTS

1. THE CLAY-CQLOURED WEEVIL, OTICREYNCHUS SINGULARIS (L)

As this was by far the commonest pest found in Staffordshire,
a full description and many experiments degling with this insect will
be found in Part II.

The weevil is about 7 mm. long, light brown, with hairs
and golden scales on the fused elytra. Often soil adheres to the back
of the weevil, camouflaging it still further.

Both J. singularis and 0. sulcatus (described under 2) have

long rostra in front of their heads, with elbowed or geniculate antennas
arising from scrobes; also a typically toothed famr on the fore legs.
Both are flightless and parthenogenetic, no males of the species ever
having been found in Britain. The weevils lay white eggs which darken
and develop into tiny, white, legless larvae and after six instars
change into white, soft-bodied pupae. All these stages are in the
soil. The adult weevils emerge from the soil about Mgy, feed on the
leaves of plants until September or October, eating only after dark.

The vine weevil comes out of hiding in the soil at dusk, alightly
earlier than the dlay-coloured weevil which appears to prefer more
intense darkness, or mgybe a lower temperature (see factorial experiment,

Part II).
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2. IS VING VERVIL, OTIGRINCHUS SULCATUS(F)

Fuller morphological details of the adult are given in
Part II. The weevil is black, about 1 cm. long (P1.30 ). The
whitish hairs on the fused elytra and thorax are fine and short.

| This weevil is a pest on many plants, and much damage is

done to the roots of pot plants in glasshouses by the larvae which
reach 1 cm. in length  (M.A.A.F. leaflet No. 57). Several of these
larvee could no doubt do considerable damage to the roots of small
rhododendrons in murseries or in pots, but the numbers of vine weevils
in the Midlands is so low that it is not liable to prove more than an
occasional misance in this part of Britein. In the south of England
where the temperature is on the whole higher, the vine weevil may be
more common (even more common than the clay-coloured weevil, though I
have never witnessed this), and could then become a major pest in rhodo-
dendron and azalea narseries.

HISTORY AND CONTROL

As far back as seventy years ago in Britain, Muller (1894)

showed leaves of R. ponticum and Gaultheria shallon which had been eaten

dowm to the midrib by this weevil.

By 1912 MacDougall wrote of Q. sulcatus being a peat of pot
plants in Scotland, and during the following ten years there are inmumer-
able references to this weevil, e.g. on rhododendron and yew in Holland,
on strawberries in Oregon (Lovett 1913) and in France (Vercier 1913).

It is record.ed.)in the Rev. of Applied Entanologr)fran U.S.A., Britain,



Canada, France, Italy, Ireland, Germary, Sweden, U.S.S.R. during the
years 1913 - 1916.  Also during these years, horticulturists were
searching for a control, and these included soaking the pots of soil
in water to drown the larvae; CS, injected into the ground in autumn;
sticky bands on trees to prevent the flightless weevil from walking up;
bitter aloes in a copper spray; tufts of wood wool between the plants
for the weevils to hide in during the day (I have tried this method in
Staffordshire without success), and a spray of 1 oz. Paris green with
2 1b. lime in 19 gallons of water.

Due to being a pest of vines in France, 0. sulcatus has
been mich studied. Peytaud (1914) wrote on the life cycle and damage
caused and in 1916 a syndicate was farmed at Ile d'CGleron to collect
by hand 1,400,000 weevils before oviposition in the vineyards.
(Feytaud 1916, 1917, 1918). This brilliant idea for biological con-
trol using humans was successful at first, but by 1925 Feytaud was
writing of "Le traitment arsenical contre les Otiorhynaues" because
the pest was on the increase and chemical methods were being sought.
The hand-picking had been expensive and the outbreaks scattered and
diffioult to reach.

In 1920, Frank suggested control of 0. sulcatus by placing
saicers 5' apart containing two-thirds oz. 082 under a canvas painted
with linseed 0il, which also covered the affected strawberry plants, and
Thiem (1922) wrote on the biology and control of O. sulcatus. Smith

(B.L.) (1927) reported from California that the weevil was eradicated
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fram greenhouses by means of shallow troughs of crude oil. Anderson
(1929) controlled the pest in Primula houses by hand sorting of the
soil for larvae, then applying crude flake naphthalene to the soil.
Mote and Wilcox (1927) describe in great detail the preparation of
arsenical baits based on ground apple. Besides using arsenic, Smith
(F.F.), (1927, 1930, 1932) suggests that weeds near greenhouses be kept
down, as O. sulcatus feeds on these also.

In 1928, Tempel wrote of O. sulcatus as a pest of Azaleeas
in Germany and suggested that the insect was introduced into the pots
through the peat which should first be stored outside. Around 1930,
the biology of the weevil was further studied (Hodson and Beaumont 1931,
Thiem 1932), and other controls of sodium fluosilicate (Smith, L.M.,
1930) and nephthalene in carbon bisulphide (Krauss 1931) were tried.

The first report of an Otiorhynchus sp. infesting dwelling

houses was in 1934 fram Commecticut, and I have noticed 0. mulcatus
often indoors in private houses in sumer and antumn, apparently harm-
less.

It is interesting that in 1935 Zillig wrote that 0. sulcatus
was now only a rare pest on vines in Germany, due to the use of arsenical
insecticides.

By the 1940's, vine weevil was being mentioned mostly as
a pest of ornamentals and soft fruits such as strawberries and rasp-
berries (Scott 1942, Schread 1951). Controls now included Parathion,

BHC and Chlardane for killing the larvae in the soil. Hemilton (1953)



mentions Heptachor and Aldrin also.

The M.A.F.F. Advis. Leaflet 57 advises control by Aldrin,
DDT, BHC and Malathion. Unless a large epidemic is imminent, I would
advise hand picking of larvae from soil and of adults from plants at
night.

Natural enemies include Carabid, Staphylinid beetles and
Cerceris wasps (Feytaud 191L), poultry, toads, shrews and hedgehogs
(Feytand 1918), starlings (Kalmbach and Gabrielson 1921) and field-
fares (Meidell 1937).
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3o THE COCKCHAFER BEETLE, MELCLONTHA MELCLONTHA (L.)

Much has been written about this large chaf/er beetle (Kevan

1962; M.A.F.F. leaflet 235; Lebeneweine 1939; Jones and Jones 1964), and
it is mentioned in most books on garden pests (Schofield 1964), probably
because it is a large, showy insect and spasmodically appears in swarms.

The adult is sbout 24, mme. long with large striated, brown
elytra over powerful flying wings. The antennse are distinctive, being
lamellate and reddish brown.

The egge are laid in the soil, about 8 inches deep and in
batches of 15 or more, during early sumer. They hatoch after sbout
3 - 6 weeks and the fleshy, white larvae take three years to be fully
grown in Great Britaine The life qycle may be shortensd in warmer climates
(Imms 1957) The larva can reach 6 am. but is normally bent into a
C-shape (Pige 7).

When mature, the larvae burrow. down to arcund 2 feet (60 am.)
in the soil and pupate in an earthen ocell.

Although the pupa changes into an adult by late sutumn, it
remains in the cell in dispause until spring.

The adult emerges in May four years after the egg is laid.
Mating takes place between the males and females whilat at rest on the
bushes, and eggs are laid about three weeks after emergence.

Two female, adult Cookchafter Beetles were found, one om
May 31st and the other on June 8th, 1962, both on flowers of rhododendrons
variety "Pink Pearl" during the daytime, in the garden at Willoughbridge.



ljlate 19.

Damage to rhododendron leaves and flowers

by M. melolontha.
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Larva of Cockchafer Beetle.

Fig 70



Adult Cockchafer Beetle.

Fig 8.
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Thay were picked off by hand and kept in a cage in the leboratory
with rhododendron shoots and flowers until July 17th and 2,th, when |
they died without producing eggs.

One beetle, which was very alightly larger than the other, ate
the petals and anthers of the flowers, but not the stigma, down to
the ovarye This one did not eat the leaves. The second beetle ate
the laminae of the new leaves down to the petioles, and ate the edges
of old leaves but was not observed eating the flowers.

In both cases there was much fouling of the flowers and leaves
by the heavy excrement. Both beetles ate voraciausly both by day
and night, and in the morning were often buried in the soil or on the
soil surface.

CONTROL
(a) Hand-pick adults from bushes
(b) DDT or BHC in soil to kill grubs
(c) DDT spray to bushes, spplied quiokly. DDT should not now
be used (1970) unless absolutely necessary.
The cockchafter beetle has many natural ensmies including

rooks, starlings, thrushes, gulls, owls, nightjars and bats.
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4. STROPHOSQMUS MELANOGRAMUS (FORST.)
Known scmetimes as the mut leaf weevil, this mmall brown beetle

is shown in Plate 20. It is 0.5 am. long with a short, blunt rostrum
and protruding eyes. It eats the leaves after dark and the immature
stages are found in the soile Stringer in 1959 wrote that he found

three species of Strophosamis attacking rhododendrons in Ascet,

namely S. melanogremmus, S. capitatus, and Se sus (the latter in mmaller

mmbers)s The ones I found at Willoughbridge, Keele and at Cocmbes

Valley, Derbyshire were all apparently S. melanogramms (syn. S. coryli

Fab.) and all were noticed in Mgust.
More common hosts for this weevil are cak, hazel and birch.
It was first mentioned in "The Garden" in 1888 as attacking rhododendron
leaves in Sunningdale.
TIPE GF DAMAGE

This consists of small, regular bites along leaf edge, not
skeletonizing leaves as described by Fox~Wilson (1549)e The damage
is not easily confused with that caused by other weevils, because the
holes are smaller and usually only in sbout 2 mm. from the cuter edge
of leaf (see Plate 21).

CONTRUL
According to Stringer, oontrol is cbtained by one spplication

of 25 per oent miscible DDT at 2 pints per 100 gallons.



Plate 20.

Strophosomus melanogrammus

a. Damage to R. mucronatum
leaves. (Small-leaved species). X 2s

b. Adult Weevil. x 8






Plate 21,

Damage to rhododendron leaves

by S. melanogrammus X Z.

This shows typical damage to

rhododendrons in general.






5.  SERICA BRUNNEA(L)

The sandy-coloured, chafer beetle is 1 am. long and 0.5
cn. broad. The elytra are broad and straight, almost completely
covering the abdomen (Plate 22 ).

The flying wings are strong. It has large, round, dark
eyes, protruding slightly at each side of the head. The antennae
are lamellate with three club segments.

The M.A.R.F. Advisory Leaflet No. 235 states:

"The Brown Chafer (S. brunnea), though mare widespread
than the #Welsh Chafer, is common only in a few localities, well-wooded
with deciduous trees, the grubs being traublesome on adjacent grass amd
arable land. The grub stages last sbout two years".

CQVTRAL

This was not a common pest on rhododendrons and could be

controlled, if necessary, by hand-picking or shaking the bushes.

Many birds eat the chafer grubs.
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Plate 22,

Serica brunnea and the damage on

rhododendron leaf,






6. PHYLLOBIUS PQMACEUS GILL.
SRR

This weevil was found eating the leaves of nettles, which
were growing through the rhododendron bushes, both by day and night.
It was active in sun, shade or dark, but not apparently in windy
weather.

Many were pairing, the male being smaller and greener, the
female more golden-green.

Sane were seen on the leaves of rhododendron and, to dis-
cover whether rhododendron was a host plant, the following test was
carried aut in the laboratory in June, 1962.

Jar 1: Jeevils + nettle shoots alone

Jar 2: Weevils + nettle and rhododendron

Jar 3: Weevils + rhododendron alone

Results showed that in Jars 1 and 2 the nettles were
eaten, but not the rhododendron in Jar 2. In Jar 3 the weevils ate
the new rhododendron leaves, making small holes (Fig.9 )

The conclusion reached was that, although P. pamaoceus

(syn. P. articae and P. alneti) would eat rhododendron leaf if no

nettles were avhileble, they are not endemic on these plants.
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Nettle leaves damaged by weevil

Phyllobius_pomaceus. Rhododendren

3
leaf unbitten. x A

Fig-9
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PRESENT STATUS OF COLEGPTERQUS PESTS OGN RIODODENDRONS IN GREAT BRITAIN

None of the pests in Coleoptera, just mentioned, is in such
great mumbers or causes so maich damage that fully-grown rhododendron
bushes would be killed, but some of them can cause disfigurement and
even prove lethal to small mursery plants.

Holes in the leaves caused by the two Otiorhynchus species

can be particularly unsightly on young plants, O. singularis being very

active in the midlands and north of England and Wales. 0. sulcatus
larvae might also damage the roots of newly rooted cuttings and mrsery
atock.

The Cockchafer beetle attacks spasmodically and in same
years much damage can result to both flowers and leaves.

Strophosamis melanogrammis can also cause mich unsightly

damage to the margins of leaves and render young plants unsaleable.

Serica brunnea is only an occasional pest and the weevil

Phyllobius pomaceus can be disregarded.




HVENWPTEROUS PESTS OF RHODCDENDRONS

1. LEAF-CUTTER BEES

Xegachile speciss ( leaf-cutter bees) sometimes attract

attention by cutting circular or semi-circular areas from leaves,
including those of rhododendrons {P1..23 ). There are nine species
of liegachile found in Great Britain. The pieces of leaves are used
in forming a thimblelike brood-cell for larval bees in broken ends of
branches, old stems of plants, or in holes in the ground. Most of
the leaf-cutter bees are about 1.3 am. long, similar to a honey bee,
black and yellow, but with a broader head (Imms 1947).

Nests and all infested shoots can be destroyed. The
damage is usually slight, and not serious enough to cause permanent
injury to the rhododendron plant.

2. SARFLY QN RHODGDENDRONS

Two larvae of an unidentified sawfly were found on leaves
of R. ponticum at Willoughbridge (Pl 23). In the laboratory, they
ate along the margin of the leaf.

Sawfly has not been reported as a pest of rhododendrons
in Great Britain, but same species have been reported from China,

Japan and the U.S.A.






NEMATODES AS PESTS OF RHODODENDRONS

At the time vhen Fox-#¥ilson was campiling his list of animals
attacking the rhododendron plant (1937), no nematodes were known to be
pests. Since then several have been discovered in the soil around the

plant roots, same feeding on the roots of azaleas and rhododendrons.

Ditylenchus sp. (Pirone, D. and R. 1960)
Meloidogyne incognita (Hunt 1957)

Rotylenchus robustus (Tarjan 1953)
Trichodorus christiei (Rohde and Jerkins 1957)
Tylenchorhynchus claytoni (Sher. 1958)

Tylenchus sp. (Pirone, D. and R. 1960)
Xiphenima americamum (Christie 1952)

They are thought to cause stunt, general decline, chlorosis
and die back (U.S.A. Ag. Ext. Bull. 1950). 4lthough during this study
I examined the soil around 'sick' rhododendron plants, no appreciable
numbers of eelworms were seen. The few found at Willoughbridge were

species of Xiphenima and Ditylenchus and I cannot be sure that they

were parasitic on the plants.

Further studies into eelworms as pests of rhododendrons in
Great Britain will have to be made.

In the U.S.A. the recammended control is dibramochloro-
propane in water, 2 teasponnsful for 100 square feet, sprayed on to

the soil in autumn or spring whilst the temperature is above 65° F.



SLUG DAMAGE

In 1970 I received a report from a Mr. Jackson of
Tatton Park, Cheshire, of severe damage to rhododendron plants
by slugs (species unknown). The bushes were 4 - 5 feet tall and
the silvery, slimy trails could be seen all the way up the atems.
Damage to leaves ani flowers was typical of slugs: indentations
in the leaf margin, same holes and a scraping away of the lower
epidermis in places.

The gardener went cut after dark with a torch and
found the slugs on both the leaves and flowers.

Rhododendron chaetamallum was the species most badly

attacked and was in a bed surrounded by bedding plants, all of which
were badly eaten by slugs.

The slugs were controlled by scattering Draza pellets
containing methiocarb, which is a most efficient carbamate molluy
cicide. This is the only report of slug damage to rhododendrons,
but the scraping of the epidermis could account for the similar
"weevil" damage seen by Fox Wilson. It is quite likely that slugs

also were present, as well as weevilsa.



1.

KEY TO DAMAGE BY PESTS ON OUTDOOR RHOUDODENDRONS IN GREAT BRITAIN

Holes in lamina or leaf obviously bitten,
sanetimes petiole eaten cecevceccencnsnnen. tesescesserssasss 2

No holes in lamina but leaf disfigured e.ecoeocns seeccesncenes B

Haole or holes in leaf margin regular, semicircular
about 1 cm. in diemeter (as Fig. &) eevesecsessss Leaf Cutting Bee,
Megachile sp.
Holes in margin fairly regular, asmall (as Fig. b) Nut leaf weevil,
Strophosams melanogramms.

Holes and damage to leaf irregular ccscccesesccssssseccccsese 3

Severe damage to margins, jagged dentations visible
(as Fig. c) OB P S 0000000000000 BN PO ES O LE e sGNeBe Codc&w&
Melolontha melolontha

Irregular damage with fairly smooth edges ...ccccececececese. &

Irregular damage, often severe especially on glaucous
leaf. Sometimes leaves tied together (Fig. d) .... Caterpillars

Demage 1less severe (as Fig. @) eecccescscecssssscascscsrscsnss D

Irregular damage with small holes in lamina
(as Figl f) P 000 0000000000060 00006000000000600008000 Serica bmnma

After dark in summer, small brown weevil found on
leaves, about 6 -~ 8 mm. long ececevcceeesess Clay-coloured weevil,
Otiorhynchus singularis

After dark in summer, larger black weevil found
abalt 1.3 Cii» 1°ng 9092006000000 000 00000000600 0008s0 Vim mml,
Otiorhynchus sulcatus

Leaf covered in black mould on upper surface ecccececccccccces 7
NO black mGJ.ld. 9 0 0 0500005000 0CRNINPOROOORPEBDBL ORS00 0ROINOROOES 9

Small, oval, flat larvae on underside of leaf (Wis. ), (Ple.3)e
often asmall, white-winged insects on plant ecccccceveccccces 8

Not as abwe S0 000000000000 000000000000000006000008000606000000s 10



10.

On large-leaved rhododendron, probably
Rhododendron Whitefly «ceeceececcescsccssssess. Dialeurodes chittendeni

On small-leaved rhododendron or azalea,
probably Azalea Whitefly eececccsccecccsseseses Aleurodes azaleae

Brown "scuffiness" on underside of leaf,

yellow spickling on topside eececseecsecseees.. Rhododendron bug,
Stephanitis rhododendri

NO't as above ® 0 8 ¢85 050 0000006000008 0000006000000 0000000000c00000 10

Leaf green but with few yellow dots. Bud blast
disease (Plate 8 ) often present. Long oval
eggs on buds, insects on plants ........ Rhododendron Leaf Hopper,
Graphooephala coccinea

Same spickling, some honeydew, greenfly present ..... Aphis spp.



Fig.10
Pest damage on rhododendron leaves.




Plate 2h.

Unidentified damage to leaves.
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when these leaves are at a certain stage of development. Further
investigation is being carried out.

(b) Although I never saw any insect on these leaves when the
small, crescent-shaped holes were made, it is most likely that this
damage is caused by a biting insect pest, possibly a beetle or a

caterpillar.



Plate 25.

Natural Protection of the rhododendron bud.

This plate shows insects adhering to the outer,
very sticky scales of the unfolding rhododendron
leaf bud. The stickiness affords protection to

the inner, unfolding leaves.



78

PESTS OF RHODUDENDRQNS FOUND IN THE U.S.A.

AND OTHER COUNTRIES

Table vi.
The following are not considered to be pests in Great

Britain, but are commonly found on rhododendrons in the U.S.A. or in
the country mentioned. Their description and control can be found
in most agriaultural or horticultural bulletins in the U.S.A., and
references to same of these are made.

ARACHNIDA Ref'erence

Tetranychus bimaculatus Harvey

Davis and Libby (1961)
Paratetranychus ilicia Mc G.

Pirone, D. and R. (1960)
Brevipalpus inornatus Banks ;

Aculus rhododendronis  Keifer Keifer (1959)

Tarsonemis palidus Banks Pirone, D. and R. (1960)
Morishita and Jefferson (1957)

THYS ANGPTERA

Thrips tabaci Lind.

in U.S.A.
Heliothrips haemorrhoidalis Bch.

Found on seedlings of R. ponticum and greenmhouse azaleas,
R. indicum (Pirone, D. & R. 1960). Controlled by spraying with
malathion, lindane or DDT at regnlar intervals.

H. haemorrhoidalis also fourd in S. astralia (Steele 1935),

on rhododendrons in greenhouses.



HEMIPTERA
Heteroptera

Stephanitis pyroides. Scot Azalea Lace Bug

Hamoptera

Pseudococaus cuspidatae Rau Taxus Mealybug

Pseudococoaus maritimis Ehrh.

Mealybug
Peoryy scale

Pseudaonidis paeoniae Ckll.

Eriococcus azaleella Camst. Azalea Bark Scale

“(syn. E._azalea)

Aspidiotus pseudospinosus Vallot. Rhod. scale

As hederae Vallot. Qleander scale

Masonaphis rhododendri

Macrosiphum rhododendri Wilson

"47-year locust",
An interesting
insect.

Magicicada septendecim L.

Butettix disciguttus Wlk. Formosan

LEPID@PTERA
Sesia rhododendri Beut. Rhod. Borer or
Clearwing
(Larva burrows inside branches. Cammon pest. in
U.S.A.)

Gracillaria azaleella Brants. Az. Leaf Miner
(Common in U.S.4., Japan, Holland, Belgium
New Zealand; less cammon in Great Britains

Reference

Kerr (1959)

Rau, J. (1937)
Kerr (1959)

Pirone, D. & Re. (1960)
Weigel and Baumhofer
(19u8)

Pegazzano (1953)
Schread (1954)

Kerr (1959)

Dozier (1937)

Davis ard Libby (1961)

(1961)

Pirone, D. & R. (1960)

Davis end Libby

westcott (1946)

Cory and Knight (1937)
Imms (1957)
Turnipseed (1964).

Takshashi, R. (1936)

Welgel and Baumhofer
(1948)

White (1933)

Kerr (1959§

Schread (1964)
Hodson (1927)
Kerr (1959)

Helson (1953)
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LEPIDUPTERA (contimued)

Pododsesia syringae Harr. Lilac Borer Schread (1954).

101%% and Baumhofer
19 R

Bucordylea huntella Keifer, H.H. (1936)

COLEQPTERA

Gberea myops Hald. Azalea Stem Borer

Popillia japorica Newm. Japanese Beetle Schread (1953)

dutoserica castanea Arrow. Asiatic Garden Beetle

(Very similar to Serica brunnea)

Carthylus punctatissimis Linn. Pitted Ambrosia Beetle

or Zimm
Pantomorus godmani. Crotch. Fuller's Rose Beetle
Rhabdopterus picipes Oliv. Cranberry Rootworm

Descriptions, life histories and controls of the above
beetles, all common in the U.S.A., can be seen in Pirone, Dodge and
Rickett (1960), in the U.S. Department of Agric. Misc. Pub. 626 (1948)
by Weigel and Baumhofer, and in most American books which refer to

pests of ornamental shrubs. Felt (192;) describes the Pitted Ambrosia

Beetle.

Baloschesis spilota Found in Japan Kumazawa (1939)

Tayn. Arthrochlamys spilota) Ono, K. (1937)

Chlamisus laticollis Gramlated Leaf Ghno (1962)
Beetle in Japan

DIPTERA

Giardoyia rhododendri Felt.  Rhod. Gall Midge Felt, B.P. (1939)
(Controlled in U.S.4. by lindane or malathion) 'rgn)e, D. & R.
1960



HYMENCPTERA

Vespa crabro germana Christ.

Arge similis Voll.
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Giant Hornet Davis and Libby (1961)
Pirone, D. & R. and
others (1960)

Sawfly in Jepan Ii, N. (1934

a&hb),
in Japanases



PART II

OTICRHYNCHUS SINGULARIS ]L)

a. NAME AD CLASSIFICATIQN

This insect belongs to the order Coleoptera and family

Curculionidae, the weevils, the largest family in the animal kingdam.

Sharp, in 1895, estimated 200,000 species of Curculionidae and now
almost 70,000 species are described (Imms 1948). There is now a sub-

family, Otiorrhynchinae.

Previously, until aboaut 1800, most weevils were put in
the one gemms Curculio. The French entamologist Pierre Andre Latreille

established the gernus Brachyrhimis into which the Clay-coloured weevil

was placed, having been déscribed first bj Linnaeus in 1767 as singnlaris,
and then named picipes by Febricius in 1776.

In 1824, Germar, apparently in ignorance of Latreille's

previous work, named the gerus Otiorhynchus in which he placed sing-

laris and picipes and other species which were already referred to the

gemus Brachyrhimis.

Since that time Otiorhynchus and Brachyrhimas have been

used synonymously, although Brachyrhimis has priority over the later

neme. In spite of this, however, in Europe the earlier name has

never became accepted and Otiorrhynchus with one or two "r's" is gener-

ally used. In the U.S.A. both generic names are used, Brachyrhims
(with one "r") often being preferred. (Kerr 1959, Weigel and Baumhofer

1948) . The original wey of spelling both Otiorhynchus and Brachyrhims

was with one "r", so perhaps this shauld be adhered to, despite modern
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practice in Europe.
Kloet and Hincks (1945) give the generic names tims:
Otiorrhynchus (Germar 1824) +
Brachyrrhims (Latreille 1802)
+ meaning name invalid and/or research needed.
Dr. Zimmerman (1961) has applied for the suppression of

Brachyrhimis in favour of the later name Otiorhynchus. Most Otio-

rhynchus species are European, and this is the nsme used in Burope;
the Americans have only a few introduced species. This application
is at present sub judice by the International Commission on Zoological
Namenclature.

Throughout the thesis, Otiorhynchus has been used to keep

in line with common Buropean practice. The name cames fram the Greek
otion (ear), and rhynclus (snout), and refers to the shape of the
scrobes at the front of the rostrum.

The following synoryms are referred to by Hoffman (1950).

Otiorrhynchus (Dorymerus) singularis L.

Syst. Nat., 1767, ed. XII, Add., p. 1066.

- 7 picipes FAB., (1) Mant. 1777, p.229.

- gramlatus HERBST, Arch. Ins. - Gesch, 1784~85, p. 84.

- notams B(NDSD-, Histo mto mrco &’neco, II, 1785’ p. 39’
fig. 3.
- vestator MARSH., Ent. Brit., I, 1802, p.300.

- notatus STEPH., III Brit. Ent. Mandib., IV, 1831, p. 114.
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- Marqlm‘dti FALD-, 1856 Bull- Peto’ I’ P 179.
- corniculatus REITT, Verh. nat. Ver. Brunn, LII, 1913, P. 16.
- Cat. SAINT-CLAIRE-DEVILLE, p. 188.

Kloet and Hincks give O. or B. picipes as a synonym, but

the names Otiorrhynchus singuleris L., Brachyrrhims singularis L., or

Qtiorhynchus singularis L., Brachyrhimis singularis L. are now those

that are generally accepted.

According to Hoffman (1933), there is a Sub-gems of

Otiorhynclms bamed Dorymerus Seidl., all species of which, including
singularis, are covered with squamales or little rounded scales.

Species are very similar in this group.
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LIFE HISTORY (F O. SINGULARIS

Whilst observing Q. singularis in the laboratory it soon

became apparent that there was not a straightforward anmual gensration,
but that development of larvas depended upon temperature and that the
adults could live longer than one year, laying a second batch of eggs
during that summer also.
From my own cbservations I would agree with Willis (1964)
sbout the timing of the different stages which I have tabulated below.
Eggs are laid from May until early October. Depending on
temperature, these hatch within 30 - 40 days.
Larvas hatoh from eggs from June onwards, same oampleting their
development and pupating the same summer, others remaining as larvas in
the soil over winter, about one foot deep, and pupating the following springe.
Pupas are found from early July until Aigust, after which the
adult weevil develops and remains within the pupal chamber until the
following spring. This soft-bodied, adult weevil bears deciducus mandiblese
Adults emerge from soil in spring, April onwards, and lay eggs
that summer. All are parthenogenetice Most over winter as adults
in soil and again lay eggs the following summere.
Although I found it impossible in laboratory conditions to
follow a ocomplete life cycle through from egg to seoond year adult,
I have found all stages in the soil at the times which would substantiate
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Willis's theory. It is aite obvious that O. singularis does not

have a twelve-momthly cycle. Eggs laid in early September, year 1,
for instance, would not become fully fed larvae and pupate until summer,
year 2; then, after overwintering in the pupal chamber, the adults
emerge to lay their eggs in, say, Mgy, year 3. ©Eggs laid in May
could develop more quickly through the larval stage, pupate and
became adult in year 1, but these adults would not emerge fram the
pupal chamber and lay eggs until spring, year 2.

This difference in the length of development may account

for the great variation in sime of adults within this species.



TABLE vii

LIFE CYCLE OF UTIQRHYNCHUS SINGULARIS

Month:
¥ t
s J F M A M J J A S 0 N D
§
|
1 i o i b B b Lggs late May—Octoberg
i
{ Same complete in one
1 L L L L L L L {year and pupate,otherd
overwinter.
2 L L L L L L
1
ar P P Pupate in July onwzud#
2
1
or P P P P P |Adult in P. chamber
2 A 4 A 4 A over winter
2
q; P A P A P A
2
or A A A A A A A A A | Adults emerge Spring
3 : onwards.
3
or A A A A Sane overwinter and
4 hibernate.
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Plate 26.

Otiorhynchus singularis adult. *9

ae Darsal view.

be Ventral views






b. DESCRIPTION AND BICLOGY

ADULT

As its English name implies, this weevil is clay-coloured
at first sight, but on closer investigation can be seen to be dark
brown, covered on the dorsal part of the body by golden-coloured,
metallic-looking scales foming a mottled pattern of irregular,
marbled patches. Soil often adheres to the elytra, camouflaging
the insect still further. The under surface of the weevil is dark
brown, shiny and scaleless.

The adult weevil is of an average length of 7.28 mm. in
Staffordshire. I have found them fram 6.10 mm. to 8.80 mm. Hoffman
(1950) states 6 - 7 mm. Width at the broadest part of the abdamen is
2.95 mm.

The convex, oval elytra are fused and the insect it?here—
fore flightless. On the elytral instertices are yellow hairs which
lie in a horizontal position on the side of raised gramles, and point
backwards. The gramles are not umblicated and Hoffman (1932) uses

this feature to distingaish between this species and D. veterator

Uytten.
On the dorsal surface of the thorax, which is rounded,

about 2 mm. long and the same in width, the hairs arise fram comvex
shiny gramles, and besides lying closer to the surface than those on
the elytra,they point towards the centre of the thorax rather than

towards the posterior end of the animal.



The head of Q. singularis is on average 2.1 mm. long and

1.2 mm. at the widest part. It is at an angle of about 35° to the

thorax, pointing dowrwards.

The two scrobes are deep and almost contimious withthe eyes.
They are shallower behind the antennae and the pterigium at the edge

of the scrobe is not so pronounced as in many Qtiorrhynchus species.

The two black campound eyes are fairly praminent and round,
borne on each side of the narrowing of frons amd vertex to fom the
rostrum.

When newly emerged, the weevil has a pair of deciduous
mandibles (#illis 1964) which are discarded almost immediately.

Normal mouthparts are then present.

The antennae are geniculate and clubbed, the scape being
inserted in the scrobe. Average length of the antennae is 3.6 mm.
All parts are densely covered with light brown hairs. There is a
pedicel between the scape and fumicle, the latter having 6 segments.

The club is not as tapered as in other common Otiorrhynchus species

and averages O.5 mm. in length.

In the first segment of the abdamen there is a central
shallow depression, in the second two alight depressions on each side.
There is a slight dimple or small depression on the anal segment.

(Fig. 12).
A pair of strong legs arise from each of the prostermum,
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epistermun and the metastermm. The coxa is round, the femur claviform
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An*t'\n...

1 mm,

O.singularis

1 mem.

Fig.13



Flate 27.

Eggs of O. singularis.
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and toothed; the tibia is narrow, and has a fringe of stiff hairs at
the base. DBoth these parts are covered in brovm hairs and same light
coloured scales. The claws are large, free and equal, growing between
a pair of muicronate pulvilli.

The elytra are visible ventrally on each side of the abdmen.

EGGS

The eggs have been described by van Emden (1950) and
#illis (1964). The following are my own Cbservations:-

The eggs are ovate, 0.75 mm. - 0.8 mm. long and 0.6 mm.
wide. dhen laid they are white, changing in 2 - 3 dgys to brown,
then shiny-black. Some are not viable and do not change colour.

They are laid in the top soil, and one weevil may lay up
to 100 or more eggs. In the laboratory they are usially laid between
the 1id of the petri-dish and ocutside of the base of the dish, or in
the right-angled bend in dish.

Mumbers laid in the laboratory over 20 weeks in 1963

varied greatly (see following page).



1TaBlLl viii

Weevil Eggs Weevil Bggs Yeevil Eggs
_No..  laid _No.  1laid No.  laid

1 41 11 22 21 Lo

2 3 12 4 22 0

3 12 13 34 23 118

4 30 14 81 2 0

5 1 15 17 25 L

6 3 16 60 26 0

7 27 17 45 27 0

8 55 18 70 28 33

9 12 19 5 29 54

10 N 20 17 30 29

The eggs were laid in different batches, of'ten over several

weeks, e.g:-

Weevil No. Date:week No. of Weevil No. Date:week No. of
ending eggs laid _ending eggs laid
15 3. 5. 63 1 23 o 6. 63 3k
7. 6. 63 3 19. 7. 63 30 -
4. 6. 63 L 2. 7. 63 18
24. 6. 63 2 1. 8. 63
28. 6. 63 5 8. 8. 63 4
5. 7. 63 1 15. 8. 63 29

5. 9. 63 1



Sametimes, however, all were laid in one batch, overnight,
€t~

feevil No. 13 2L. 5. 63 3 eggs

In the soil 1 have found only small mumbers of two or
three close together, and would presume that there is no "nest" or
one place for egg laying, but that they are laid at random.

I have never seen eggs deposited on the rhododendron plant,
but have seen them on fallen leaves and flowers in the soil litter.

Qutside, the first eggs are laid about the end of May and
egg laying contimwes until late September - October but, as future
experiments will show, egg laying is very dependent upon the temper-
ature at which the adult is living.

In the laboratory, it appears that the humidity surround-
ing the eggs is critical. 1In a low relative humidity the eggs dry aut
and do not hatch, whilst if saturated they are easily attacked by a
fungus and remain white or brown, not changing to shiny-black, nor
hatching.

It is difficult to aquote an "average" of mumbers of eggs
laid because the individual mumbers varied so greatly, as did the time
at which they were laid and the numbers at each lgying. Willis quotes
41 eges per weevil. The "average" in my own experiments in 1963 was
33+5-

The female weevils are not fertilised before egg laying

and many of those listed above laid eggs in the following spring also:
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IABLE ix
Number of eggs Eggs laid
Weevil No. laid 1964 in 1962

6 18 (31)
7 34 (27)
13 19 (34)
15 49 (17)
20 18 (17)
21 1 (40)
22 16 (0)
27 14 (0)

The other weevils

were not alive Av. 21.0 eggs Av. 33.5 eggs

in 1964.

Although on average more eggs were laid in the first
(1963) than the second year (1964), it is obvious that 5 of the 8
weevils remaining alive in 1964 laid more eggs than in 1963.

This agrees with Willis's observations on 0. sulcatus where
more eggs are laid by the second-ysar adult than the newly-emerged
adult.

The number of eggs laid seems to depend on the type of
leaf eaten. Willis states that from 77 - 90 eggs are laid per weevil
fed on strawberry. (bservations in the laboratory at Keele showed
that weevils fed on Primula, Rose B-ay Willow Herb and Raspberry laid
more eggs than those fed on Rhododendron, but precise, camparative
figures are not available for all plants.

Below are some figures for eggs laid in 1965 from May 18th



until July 22nd, by weevils feeding on the named plants.

TABLE No. of No. of Average No.

i ;X . .

—— weevils eggs per weevil
Rhododendron 11 58 5¢3
Raspberry 18 132 7:3
R.B.W. Herb 17 103 6.0
Nettle 2 0 . 0.0
Holly 3 12 4.0

Incubation period

This varied between 27 and 4O days, depending on the
date laid and the temperature. Those laid at the end of May had
the shortest incubation period. Eggs laid at the end of the season,
Qctober, often died without hatching.

Experiments dealing with egg laying follow in a later

part of this chapter (p.168).
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LARVA

The larvae are white, small, legless with a light-brown
head. Length from 1 mm. to 4 mm. with head width about 0.4 to
1.5 mm. Willis (1965) states that, as there are two distinct peaks
for headwidth, probably same larvae camplete their growth in summer,
others in spring. There are six larvae instars and pupation takes
place when the headwidth exceeds 1.3 mm.

Larvae, in the soil, feed on the roots of trees, bushes,
hedgerow plants and some soft fruit crops. They do not appear to
cause any serious damage (Hill 1952) and I have never seen them damag-
ing rhododendron plants to any extent. (The larva of O. sulcatus

appears to cause more damage to plant roots than does O. singularis).

From the point of view of the horticulturist, the adult
weevils are more easily separated and identified than the larvae and
also cause most damage to rhododendrons, but a method of identifying
the larvae is set out below.

In the laboratory the larvae will live, moult and grow on
damp filter paper if supplied with a little soil and macerated roots.
IDENTIFICATION OF 9. SINGULARIS LARVABE

Much work has been carried out in the past by Roberts (1 926),
Barrett (1930), Keifer (1932), Fidler (1936), Andsrson (1942), van
Bnden (1950 and 1952), Fowler (1963) and Willis (1964) into the chaeto-
taxy and identification of Otiorhynchid larvae. Willis gives detailed

descriptions and a key. Extracts from his work and that of Fowler are
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Fig.14

O.singularis. O. sulcatus.

Lateral view of thorax (after Willis).
X
X Yy d
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Fig.15

O.singuloris. O. sulcatus.

1st. pedal lobe (after Willis).
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Fig.16
O. singularis O.sulcatus

Abdominal segment 5 (after Willis)

(after Willis) (after Fowler)
O.singularis.

Abdominal segments 8 & 9.
Fig,|7
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set out below to separate the particular features of the larvae of

Q. singularis from those of Q. sulcatus, both of which species are

found on rhododendrons.

Head

Ihorax

Abdomen

The chaetotaxy of the head is similar to that in all

Utiorhynchus species.

Ucellar spots are faint and disappear as the larva develops
(in O. sulcatus they are distinctly dark and noticeable).

un the postnotum of the metathorax the setae b, c, d, e

(van Bnden 1952) are arranged by length, !l l (whilst
il in Q. sulcatus). In both these species, the
setae of the mesotharax are arranged 1ili (Fig.14).

The seta 'v' on the Pedal lobes is prominent in O. singularis

(about the same as 'x'), but is inconspicuous in other

species (Fig).15) .

Here the chaetotaxy differs slightly from other Otiorhynchus

species.

In O. singularis segments 1 - 5 are similar, post tergal

setae b, ¢, 4, e, £ being 11 11l (in 0. suleatus only
segnents 1 -~ 4 are similar; in segment 5 the posterior
shift of seta 'h' is very conspicucus). (Fig.16).

In segments 6 - 8 seta 'h' is absent and 'g' very small.
Segment 8, seta 'c' is sbsent (very amall in Q. sulcatus).
There is some controversy about the setal pattern on
segment 9. TFowler states that setae a, 4, f fam a

triangle in O. sulcatus and more or less a straight line



Plate 28.

Pupa of O. singularis.
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in O. singularis (Fig.17). Willis writes that seta 'a'

is normally absent in O. singularis and the three setae

mentioned by Fowler should be more correctly b, d and f.
(Figa7 ). #hen,rarely,'a' is present, it is in such a
position as to form a triangle with 'd' and 'f' and is
therefore similar to (. sulcatus.

I would disregard this last srrangement on segment
nine as not reliable enough to be used in the identification

of O. singularis larvae, rather relying on the differences

of chaetotaxy of the metathorax and the pedal lobes, and
on the faintness of the ocelli.
PUPA

The pupa is soft and white, later turning browne.
They were found within a round hole or 'cell' in the soil during
Mgust and up to September 9th, usually about 6 - 12 inches deep.
Length 4.5 mm.

On exposure to the air and to labaratory conditions,
the pupae soon dried up and died. In no case did they complete their
development into adult weevils.

The form of the pupa can be seen in the accamparny-
ing photographs (Plate p8). Many of the appendages, including legs,
antennae and elytra are clearly defined.

Jorgensen has used the placing and length of the
setae on the last abdominal segment in separating some of the pupae

of Otiorhynchus species.
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c. COMPARISON OF Q. SINGULARIS WITH OTHER OTIORHYNCHUS

SPECIES FOUND IN GHEAT BRITAIN

In the British Museum (Natural History) collection,

the following nineteen species of British Qtiorhynchus species

are represented:

clavipes fuscipes auropunctatus
morio atroapterus arcticus
nodosus raucus rugostriatus
ligneus scaber si aris
sulcatus ligustici rugifrons
ovatus desertus niger
portcatus

Two of these (morio and niger) are represented by only

one specimen and are doubtful British species.

Joy (1931), in his key to British weevils, amits fuscipes
and nodosus and mentions raucus and ligustici as being rare and very
rare respectively.

Willis (1964) mentions thirteen species eamongst which

are auropunctatus, portcatus and dubius found in Ireland.

Other species such as artious, nodosas and scaber are

found locally in Scotland only.

For the purpose of identifying the major horticul tural
Otiorhynchid pests in Great Britain, I have selected only the six

most commonly found throughout the country and these carrespond to
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those mentioned in the M.A.F.F. Advisary Leaflet No. 57 (1963).

The following species will be campared:

Synonym

0. singularis(LJ) Clay coloured (0. picipes F.)

Q. sulcatus(F ) Vine weevil —

0. clavipes (Bonsd ) Red-legged weevil (0. tenebricosus
Oliver)

.9.:__.9_"..‘?_1’_“‘.5(1‘) Strawberry root weevil —

0. rugifrons (Gy11) Strawberry root weevil —

0. rugostriatus(Goeze.) Strawberry root weevil (0. scabrosus)
Marcham.

Although only these six are named in the table and key
which follow, the same characters can be used in the identification

of all the Otiorhynchus species.

CHARACTERS USED IN SEPARATING OTIOREYNCHUS SPECIES

1. Size'

106

Although there is a great difference in the average length

of these species, within each species there is such a range of sizes
that this character alone is insufficient for identification. The
largest mentioned is O. clavipes, up to 12.8 mm. long,and in contrast
0. ovatus can be as short as 4.2 mm.
2. Colour.

This ag#in is an unreliable character in some cases, for
although same weevils are always brown (0. singularis) and others

black (O. sulcatus), there are some (0. ovatus) which are such a dark
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red that at times they appear black and are also brown when immature.
3. shepe.

All have the long rostrum and elbowed antennae, but the
shapes of the heads and fused elytra vary considerably (Fig.18 ). (i'ig 19)

L. Dorsal surface.

The weevils may be covered in scales (U. singularis, or

not. They may have gramles on the thorax and elytra, sometimes
umbilicated, often hairy. Uthers (Q. clavipes) have no gramles
and the shiny surface is punctured. The elytra may have definite
strigitions or not. [Each weevil differs slightly in its surfaces of
the thorax and elytra.
5. Angle of head.

Although this may vary very slightly within a species,
the angle of the head to the thorax varies enough between some species
to be significant. Q. _ovatus has a short head bent downwards.

Q. singularis and Q. rugifrons have the most horizontal heads in this

graup.

6. Indentations and markings on frons.

Perhaps one of the most relisble charscters far identifi-
cation and one overlooked by same other workers in this field. Between
the scrobes and the eyes, above the nasal plate, each species has
different markings (Figs. 20 - 25 ). These can mostly be seen with

a hand lens and teke the form of dots or ridges or depressions.



fig. 20

O.singularis

Fig-2!

o. sulcatys
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a Fig. 22 b

O.rugifrons

Fig. ZS b

O. ovatus
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. b
Fig. 24

O. clavipes

ES

(-] Fig 25

O.r ugosiriatus



Photographs taken by the electronic microscope to show

the shape of the scrobe of Otiorhynchus singularis and

the insertion of the antennae.

B Left-hand scrobe x 55
bo Right-hand scrobe x 100
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7. ILyes.
Prominence and colour differ amongst the species, but
probably the distance from the eye to the scrobe is more significant.
This is also shown in the table.
8. Scrobes.
These are significant in their size, shape (whether open
or closed), position on the rostrum and also in the pterigium or lip

around the edge of the scrobe. 1In O. singmlaris the pterigium is not

pronounced, but it is very noticeable in Q. rugifrons. The scrobes

are deeper in O. singularis and O. clavipes than in Q. sulcatus and

. ovatus.
9. Antemmae (Fig.26)-

The clubs vary in length and shape between the species,
also to a lesser extent in their colour and hairiness.

The leﬁg’chs of scape, pedicel and funicle vary between

species, as do the shape of the segments in the funicle. 0. rugifrons

appears to have a short stalk to each rounded funicle segment, most of

the others are roanded as in U. singularis. In O. clavipes the first

segment of the funicle is elongated more than in other species.
10. Legs.

All have free claws, but the indentasions on the femr and
the straightness of the tibia on the prothoracic legs are useful char-
acteristics for identification: e.g. Q. ovatus has a bipartite femoral

tooth, 0. clavipes has no sharply defined tooth.
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a b <
d . ¢
Antennae of Otiorhynchus species: x 20
a. singularis d. rugostriatus
b. clavipes e. ovatus
c. sulcatus f. rugifrons

Fig- 26
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11. Depressions in abddmen.

On the ventral side of O. singularis, the last segment is

dimpled.  Other sxpecies. show no such depression.



TABLE xdi

CMPARISON OF SOME OTICRHYNCHUS SPECIES

U. gingularis 0. sulcatus J. clavipes U. ovatus U. rugifrons O. rugostriatus

Average length 7.70 10.17 12.30 Lo T 5.66 740

Longest in mm. 8.90 11.60 12.80 5.50 6.40 8.00

Shortest in mm. 6.20 9.40 12.00 4.20 4+80 6.90

Colour: Brown Black Shiny, dark red Very dark red (black) Black Lt.brown to black

Surface of Gramilated, hairy. Gramilated, hairy. No.grans. Surface hidges in centre. Grans. Round grans. merg- V.round gramles
thorax shiny and pitted on at sides with hairs. ing in centre;hairy. umbilicated.
Surface of Striations. Golden Wfide striations. both thorax and V.shallow striations. Shallow striations. .ide,shallow stria-
elytra scales on all dorsal Tuf'ts of silvery elytra. Hairs fine & short. Hairs in rows. tions.Flattened
_surface. hairs. gramles with heirs.
Prothoracic leg Scales. Hairy. Black. Red. Brown-red. Brown. Brown.

femur: V. small tooth. Une deep dentation. No tooth. V.pronounced do%‘g]é%h Small,pointed tooth. No tooth.

tibia: __Straight. Curved slightly. Straight. Curved sglightly. j Straight. Straight.
Markings on frons .\ between scrobes. ° central,above eyes. A on clypeus. . ) Tbetween eyes. Central ridge. () central.

Angle of head 30 -~ 35° 30° Thorex more angled 40 50° 30° ' LO°
to abdomen than other spp. .

EYES: Shape: Round. Oval. Round. Round. Oval. Round.
Prominence: Fairly. Not very. Prominent. Prominent. Not very. Medium.

Colour: Black and gold. Black. Red-brown. Gold and black. Light brown. Gold and black.
Distance fram  Almost touching, 0.4 mm. Distant, 0.5 mm. O.4 mm. 0.1 mm. from V.near, 0.1 mm.
scrobe; 0.1 mm. shallow end. or less L

SCRUBES: Shepe: Open, large. Point not towards DPointed towards eye. Oval, short. Jpen. Upen.

Depth: Very deep. Deep. eye'Deep at front,shallow Deep at front. Very deep. Fairly deep.
Pteridium: Hardly present. Fairly nounced at nr.eye. pronounced below. Very pronounced. Pronounced.

lower . Very pronounced.

ANTENNAB: Hairs: Light, coarse. Fairly coarse,light. Fine, light. Fine, light. Light brown. Fine,long,light.
Club: Short, ﬁru%gtg&i@t- Tapered. V.long and slender. #ide, tapered, A Short, wide. Long,wide, tapered.
Pedioc;:: Séhort. e Long. Long. Short. Medium. Fairly long.
Funicle: ounded segments. Rounded se ts with Segs. not v roand — . . i

gne gl gl afnk:ﬁ 1535’ ery roard, Sx‘g:.}llésl.)etween seg: Segments rounded Sgkgxcs)rtr:‘é?ifcg.Mth

Depreasions in » " : . .

abdominal seg- g%‘r‘x‘%].'eDe%?'e%gggnsgﬁ- nil mil nil nil nil

ment. 1st segment.



Plate 20.

Otiorhynchus clavipese.

Otiorhynchus rugostriatuse.

Otiorhynchus sulcatuse.
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Plate 31.

Oticrhynchus singularis.

Otiorhynchus rugifrons.

Otiorhynchus ovatus.
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NE# KEY TO SQ{E CA1iON, ADULT OTIORHYNCHUS

SPECTES FUUND ON GARDEN PLANTS IN GREAT BRITAIN

Urﬁergm. inlength ® 0 005 0T PR SN SOL BN PEO BSOS SOGEROREORSEOETLES 2
wer 9m- in lengtkl LI IR SO SO B B N BB B I B I O A BN B BRI S S Y B S R S W S Y 5

Golden scales on brown elytra, thorax head and legs.
A\-shaped keel on frons between scrobes «.e.vseee... Q. gingularis

NOo scales On SUITACe erececcnesssvcanennnnnnsuucs sesssnrccnssscnesd

Small, shiny weevil. Double tooth on prothoracic

femur (rarely tripartite tooth). Red legs.

Oval indentation on frons between eyes. Centre

gramles on thorax fused to form striations ........ 0. ovatus

Rounded gramles on thorax. One or no tooth
onfmr LI BN BN I N I B B A A S I A R B N L N I B A N I A A A ] no-u....'...oh—

Parallel-sided elytra giving squarish appearance.
Striata prominent. Round gramles on thorax.
No tooth on femur. Scrobes closed. ()-shaped
ridge on frons just below eyes «eeceeecccsecscesaes Q. rugostriatus

More torpedo-shaped than above. One tooth on

prothoracic femir. Gramles fusing slightly

on thorax. Scrobes open towards eyes. Slight

central ridge from clypeus to frons between eyes .. 0. rugifrons

Colour red. Surface pitted and punctured but
not gramlated. No tooth on femur. Large,
torpedo—sl‘lmd weevil L R N A N R R R R I I I I W W WY o- Ql&ViEQG

Colour black. Gramlations on thorax and elytra.
Groups of silvery hairs on striated elytra.
Strong tooth on femur. Small rounded pit on
frons between €VCE ecccccvcescsccsscssscnsssecessonsons 0. sulcatus
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d. DISTRIBUTION OF O. SINGULARIS

IN BRITAIN
This pest is reported fram every NAAS region in Great
Britain, and I myself have collected specimens of the adult weevil

fram every garden I have visited in summer in many different counties

including:-
Staffordshire Cambridge
Shropshire Derbyshire
Lancashire Gloucester
westmorland Kent
Cheshire Herefordshire
Caernarvonshire Derbyshire
Anglesey Merionethshire

It would appear to be one of the commonest pests in
Great Britain, and has probably not been recognised as such before
because of its habit of feeding after dark. Perhaps mich damage on
herbaceous plants, shrubs and weeds has been wrongly accredited vaguely
to "slngs" or "caterpillars" by the gardener. Most of the gardeners,
even where the damage is cammon, have never seen and would not recog-
nise the clay-coloured weevil.

IN THE WORLD

Q. singularis is reported fram all European countries,

from the U.S.A. and Canada. I have seen evidence of its demage in

the U.S.5.R. and U.S.A. It is probably universal and, being soil
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coloured, able to tolerate a wide range of temperatures, to vary its
diet and reproduce parthenogenically, it has escasped detection and

control and most probably contimes to spread.



Flate 32.

O, singularis feeding on leaves

of rhododendron.

Damage to outdoor rhododendron

by O. singularis.
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SYMPTQSS AND DAMAGE TO PLANTS

i. N RHODODENDRONS

The adult weevil bites the edge of the rhododendron leaf
a little way, then into the leaf, leaving irregular, elongated holes
as illustrated. (The damage is very similar to that caused by the
Vine Weevil, O. sulcatus, and although the latter may eat more per

capita, more damage to Rhododendrons is actually done by U. singularis

because they are nomally present in greater mumbers). New damage
has a light green margin to the hole and the weevil of'ten returns to
the same spot on the succeeding evening to feed. Same weevils aut-
doors were marked with spots of white paint, then replaced on the
bush. They were invisible during the day, but on the following even-
ing after dark returned up the rhododendron plant to the same leaves
as eaten on the previous night.

COlder damage is surrounded by dead, brown patches. Very
new leaves are not attacked, and most damage is seen on the current
year's, fully extended leaves, or on those already one year old. The
rhododendron, being evexrgreen, often bears untouched leaves, newly
eaten ones and older leaves damaged and browning (Plate 32 ). Fox-

#ilson (1938) describes the damage on rhododendrons by 0. singularis

as a partial gnawing of the midribs, a girdling of the peticles and a
feeding between the veins. Very occasionally, especially on azaleas,
the petioles will be girdled, but the other descriptions of damage are

not substantiated by the work and observations of this weevil on
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rhododendrons at Keele.

The weevil usually eats standing with its ventral side
to the leaf edge, vertical to the earth.

DALAGE ON QUTDOOR BUSHES

The following observations were made on different rhodo-
dendron bushes at Keele in mgust 1963, in order to compare the amount

of damage caused by U. singularis on the leaves of outdoor rhododen-

drons. Seven rhododendron bushes were labelled as follows:-

g g smooth, glabrous leaves
C

D ; hairy, glaucous leaves
B .

F g deciduous leaves

G R. ponticum

Further details and photographs of some of these bushes
are given in the following pages.

The total mumber of leaves on each bush was counted, then
the mumber of leaves with weevil bites and the average mumber of bites

per leaf were noted.



Plate 3%3.

Glabrous rhododendron leaves.






Plate 24.

Glaucous rhododendron leaves,







Plate 20

Deciduous azaleae.






TABLL »ii
Total No.
Bush Variety leaves
A 231
Smoeoth
B ( 207
o ( 626
Hairy (

D ( 360
E "Qeen Bma"( 528
deciduous (

F ( 526
¢ Re Eontiam 22

Fram these results, and from other cbservations made, it

RESULTS
No. of

damaged
leaves

160
61
9

4
166

150
181

Average No.

bites/leaf

1.5
3ok

% No.
leaves

eaten

69.26
29.468
1.43
1.41
3.4
28.52
80.80

can be concluded that out of doors the weevils appear to do most

damage to the amooth-leaved types of Rhododendron, especially the
species R. ponticum, which is often badly disfigared.

The deciduous leaves are attacked more in the bud and

early-leaf stages in summer than in late summer and autumn.

Glancous-leaved rhododendron bushes are hardly attacked

by the weevil, and in the laboratory this result was endorsed.

In contrast, in the laboratory experiments the weevils

showed a marked preference for the deciduous, azalea leaves over

those of the amooth, glabrous type.

121
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Probably some of the damage shown on the evergreen, smooth
leaves was caused during previous years; on the azalea leaves, being
deciduous, all the. damage must have been caused this year. Therefore,
although the smooth-type leaves show more damage, the weevil probably
prefers the thin, azalea leaf as verified by laboratory experiments.

It was noticed that the azalea bushes and one of the smooth-

leaved rhododendron bushes which were nearest to yew trees (Taxus bacata)

were damaged more by weevil than those further away, but on examining

the soil ‘around these yew trees no adult or larval weevils were found.



Plate 3%6.

Two of the rhododendron bushes

used for leaf counts.

a. glabrous.

b. azalea.






TABLE xiiil

THODUDENDRON BUSHES UNDER UBSERVATIUN

A B C D 5 ¥ G

Position and By path at By lakeside; Willoughbridge, Willough- In bed at top of liear path
nearby vege- lakeside,syca~ beech above, centre of wood bridge. No grass slope, in woods
tation more above, yew nearby near cherry,mag- trees above. Keele. Qther azal- at Keele

yew nearby nolia,brambles Azaleas- eas around. Yew

and bracken nearby tree nearby

Loam and Loam, md Mulch of brack- Mulch of Clay and Clay and Loam and

Soil leafmould humu s en and oak bracken sand sand leafmould
leaves

Subsoil Sandy Sandy Gravel Gravel Sand Sand Sandy
Size of bush 18" high 2'6" high L' high 3' high 2'6"high 2' high 3" high

2' diam. 2'6" diam. 6' diam. L' diam. 2' diam. 45' diam. 2' diam.
Variety (if G.waterer Azalea Azalea coc- R. ponticum
known) ? ‘ ? ? "Qieen Ema'cinea sp. L
Type of leaf Glabraus, Glabraus, Brown and glau~ Brown and Deciduous Deciduous, Glabrous

medium thin 4~5" long cous underneath, glaucous thin thin

2" wide round apex below, green
& glebrous
above

Approx. age Uld bush cut
of bush %o;:garghoots 5 years 10 years 10 years ) years L years 6 years
No. of leaves 231 207 - 620 360 528 526 221,
No. of leaves 160 with 61, 1=2 9 very little L, Av. 166,4v. 150,Av. 3 181,av. 6
damaged by average 2 bites per on leaf margin. 2 bites per 3 bites bites per bites per
weevil Eggg per leaf 3 bites per leaf leaf per leaf' leaf leaf
Type of Same from Leaf margins Very little on Very little Mkargins and petioles Much of mar-
damage this year's, and some leaf margin eaten, also buds & gins, some

mich fram petiocles young leaves old, same new

last year
Other 15 leaves Same other Little cater- 13 leaves No caterpillar damage, Very little
remarks eaten by damage to mar- pillar demage damaged by sane weevils on caterpillar

caterpillar gin,probably on 29 leaves caterpillars branches and twigs damage

cockchafer

ez



!late é .

Damage to Primula, Bergenia,

Iris, Hemerocallis, Rhododendron

and Aster, by O. singularis.
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ii. DAMAGE TO PLANTS OTHER THAN RHUJODENDRONS

#hilst observing O. singlaris I have seen adult weevils

and damage on the following (Plate 37 ) (Schofield 1962):

WOQDLAND FLANTS

+ Tlex aguifolium - Holly

+ Rubus spp. - #ild raspberries

+  Chamaenerion - Rosebay willow herd

angustifolium

Tussilago farfara - Coltsfoot
Urtica dioica - Stinging nettle
Betula verrucosa - Silver birch
Corylus avellana - Hazel
Ulmis procersa - Km
Acer pseudoplatamus - Sycamore
Rumex crispus - Dock
Digitalis purpurea - Foxglove

+ Primla vulgaris - Primrose

GARDEN PLANTS

+ Primla spp. - Primil as

+ Bergenia cordifolia -~ Elephant's ear
Lupimus polyphyllus - Lupin

+ Iris sp. - Irises

+ Aster novi-belgii - Michaelmas daisgy
Hemerocallis fulva =~ Day lily

Hydrangea macrophylla- Hydrangea

+ damage severe



Spirese. japonica - Spireae

Centaurea montana cornflower

Thrif't or Sea Pink

Armeria maritima

Hogta glauca - Plantain lily
Ribes nigrum - Blackcurrant
Rubus idaeus - Raspberry

Willis (1964) mentions this weevil as a pest of straw-
berries (on which plants the larvae as well as adults cause damage
when in large mumbers). He also describes damage on top fruit
trees:- destruction of buds, blossoms and new shoots; damage to
buds on newly grafted scions; feeding on young bark and girdling of
stems. This latter also ocaurs in young farest tree murseries.
Petiole severance is a common occurrence in blackcurrant and straw-
berry plants, and even blossom-trusx severance ocairs in some soft
fruits.

Hill (1952) describes 0. singularis causing damege to

young canes, petioles and flowering laterals of raspberries in Scot-
land. Massee (1942) writes of the damage to the shoots of hops.
In the Uxford Ecological Survey, Bureau of Animal Population, the
species is recorded fram ocak, ash, sycamore, conifers, grass and
even fran the nest of a red squirrel!

The damage by O. singularis on plants other than the

rhododendron is mainly to the leaf margin. Often the damage is

irregilar and severe. Sometimes (as on young Michaelmas daisies)
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the buds are destroyed and the plants eaten almost down to ground
level. On coltsfoot the weevile ate holes in the lamina and on
azaleas petioles were eaten throughe

The clgy-coloured weevil is therefore polyphagous and one
of the most destructive pests in the gardens of Britain. Its

importance has been greatly underrated by hortiZeulturists in the past,



Flate 38.

a. Rubus sp.

0. singularis damage on:

b. Rosebay Willow-Herb
Chamaenerion angustifolium







Flate *9.

a. coltsfoot
Tussilago farfara.

C. singularis damage on:

b. birch
Betula sp.
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e. EMERGENCE, COLLECTION AND EXTRACTION FRQM SOIL

OF WEEVIL O. SINGULARIS

EMERGENCE
First damage to leaves was noted on 6th May 1963, on

R. ponticum, and the first adult O. singularis csught on 16th May.

Collecting contimied regularly until 11th October 4963.
in other years the dates were similar.
COLLECTIQN

a. The weevils emerge at dusk, walk along and up the stems
and begin eating at once. They can . : easily;ﬁand picked fram the
leaves and do not drop when a tarch is shone on to them. They res-
pond quickly to vibrations of the bush and immediately fall to the
ground, folding their legs underneath them, lying still. Once on
the soil they are extremely difficult to see because of their ocolour
and the fact that they often have soil adhering to the hairs on the
fused elytra.

b. The bush can be shaken or beaten over a cloth or net, the
weevils falling on to them, but the insects soon walk to the edge of
the net and fall over the side on to the ground.

It is interesting to note that when the weevil, lying
apparently dead on the s0il, is picked up carefully by hand or by
tweezers, it extends its legs and antennae to their fullest extent,
probably as a defence mechanism to frighten away the attacker (I;-I;.gg.ug ).

When collectéd, weevils can be kept in sealed jars feeding on R. pontioum
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for many months. Metal lids are better than cork, rubber or paper
becanse the weevil will eat these materials. Although they can some-
times survive without fresh air and food supply for up to eight months,
they naturally thrive better with both these.

EXTRACTION FROM SOLL

The following methods of extraction were tried:-

a. Sieving soil and examining by hand

This was done on a mechanical shaker with different meshed
sieves. The soil was of'ten too wet to do this immediately and needed
to be dried out befarehand. Sinple method, but labarious, and very
few adult weevils or larvae were extracted by this method.

b. Tullgren funnel

A large glass funnel,into which soil is placed on some
large-meshed cloth material, has above it an ordinary tungsten bulb
vhich is 1lit day and night. As the soil dries at the top, the insects
are driven downwards to the moist soil and may crawl through the cloth
and fall down the slippery funnel into the flask below.

c. DModified Tullgren apparatus

Basically a funnel, as ebove, placed inside a plywood box.
The bulb used is a carbon incandescent lamp placed 15 cm. above the
funnel. |

The results obtained with this were slightly less favour-

sble than the simple Tullgren funnel.
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d. Salt and Hollick flotation method (19L4)

This apparatus is based upon Ladell's magnesium sulphate
flotation technique, and a small version was made in the laboratory
at Keele and many soil samples washed thraigh each year.

The apparatus is described and illustrated in lick. Kevan
(1962) .

Some soil animals were recovered from the liquid, but method
(b), followed by (a) were the most successful for adult weevils.
Method (d) recovered some of the larvae and (a) was the only one,

besides hand sorting, which recovered any pupae fram the soil.
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CULIURAL

The soil around young rhododendron bushes in the mursery
should be kept well hoed and free from leaf litter.
MBECHANICAL

On a small scale, handpicking the weevils from the leaves
at night gives a very good control. Shaking the bush over a sheet
of paper after dark will dislodge the weevils, but the paper has to
be gathered up quickly if the insects are not to escape from it.

Traps of crinkled tissue paper, woodwool, sacking, etc.
have proved effective in the labaratory on a smooth surface where the
weevils have no other place to hide during the day, but outside they
prefer leaf litter and the traps are not so effective. (n level,
hoed soil with a fine tilth they may prove quite useful.
CHEMICAL

Remults of chemical insecticidal tests carried out in
the laboratory in 1962 are given below. DDT liquid spray used at
twice the normal recammended strength for most other garden pests
was vevry effective.
N.B. Since these tests were campleted, it has been recommended by
the Department for Education and Science (1969) that DDT he longer
be used by the amateur grower, and therefore Malathion, although not

80 quick acting, should be used in preference to DDT.

Hill (1952) also recammended DDT, as does the M.A.F.F.
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(Rev. 1968) in its advisory leaflet No. 57. It also suggests dusting

the holes with BHC before planting rhododendrons.

TO TEST THE EFFECTS UF VARIOUS INSECTICIDES ON ADULT

0. SINGULARIS ON THE LEAVES UF RHODQDENDRGN

Camnercial brands of insecticides containing one of the

following were used at the strengths recommended by the producers.

DDT liquid was then tested at twice the recammended dosage.

Qe
b.

Ce

chemical

Malathion Liquid (3urphy) (1 f1. oz. in 2 gall. water)
DDT Liquid (Portland 20%) (1 fl. oz. in 2 gall. water)
DDT dust 5% As supplied

DDT Liquid at twice the nommal strength (1 fl. oz. in 1 gall.
water)

Two cages, each with 5 weevils, were setl up for each

to be tested as shown:-~

b B IR

Chemical solution 2. Control plant
watered on to watered normally
plant and soil, 5 weevils present.

or plant amd soil
dusted.
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The individual results are shown on the diagram (Fig.28)
Liquid DDT at twice the normal strength was by far the most effective,
killing all the weevils in only 4 days, followed by DDT dust which
took 10 days to complete the killing of all five weevils, although they
were zlmost dead and on their backs af'ter only one day.

The normal liquid DDT took 11 dgys, but after six days
all the insects were knocked down and dying. The systemic insecti-
cide took very much longer to be effective.

The white DDT dust was the only one to appear unsightly
on the plants.

It was very noticesble that the DDT acted also as a
deterrent to the weevils, and none of the leaves was eaten on any
plant. The leaves where Malathion was used were badly eaten by the

weevils befare they died.
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0. SINGULARIS

SURVIVAL TELPiSRATURES IN THE LABORATORY

10 weevils were placed in each of the following temperatures

for four weeks in petri-dishes. The humidity was kept high.
-20 °c, -10 °c, -4.5 %
6 °c, 14 °c, 21 °c, 26 °c, 31 c.

The weevils survived at all temperatures except -10 oC, -20 %
and 31 °c. At ~4.5 °C the weevils were apparently dead but revived
on thawing. In his studies on the grain weevil C. granaria, Mathlein
(1939) noted a similar state at +4.5 °Cc when the insects appeared
dead, but revived on being placed in a higher temperature and lived
another 80 days.

It would appear that maximum temperature for suvival is‘above
26 °C, but less than 31 °C and the minimum between -4.5 °C ana -10 °C,
probably nearer to -4.5 °c.

Lethal temperatures may vary according to the thermal history
of the insects, but in this case all the weevils had been caught on
the same evening outdoors in similar surroundings. We can presume
they had all undergone similar acclimation.

Diapausing and hibernating stages of overwintering insects show
greater cold-hardiness (Bursell 1964) accounted for by the cessation
of feeding. Therefore outdoors in the soil in winter the weevil may
be able to withstand lower temperatures than those given abovs.

One can surmise that the depth at which hibernation takes place

in the soil in winter will depend on the soil temperature at different

levels, the weevils lying deeper in the soil in a bad winter.
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DETSIGINATION OF THii POSITION OF ADULT JIEVILS, O. SINGULARIS,

AROUND A RHODODENDRON PLANT IN SOIL, DURING THS DAYTINE.

Outside, in normal conditions in a wood containing rhododendrons,
it has been very difficult to disoover the exact location of the weevils
during the daytime and judging from the way in which weevils aggregate
together in a tin or jar when no soil is available, it would lead one
to suspect that they aggregute in the soil. In examining random sumples
of soil from various depths around the eaten rhododendron bushes, I have
not come across such an aggregation.

This experiment, using a plant in artificial conditions, was set
up to help confirm or deny this thsory.

A small plant, 18" high, of R. wardii was planted in the laboratory
in peat and sand contalned in a glass, rectangular tank. Ten weevils,
marked on their backs with a spot of white paint for easier recovery,
were introduced into the tanks. Another similar tank was placed over
the plant and the two sealed together with adhesive tape.

Bach week the weevils, some of which had been feeding on the
leaves of the plant during the night, were sought and their gites noted.

In all cases the soll was sieved and examined carefully inch by
inch.

The first three treatments were in the laboratory, the fourth on the

roof of a building where the night and day temperatures varied a little

more than insidee.



RESULTS

TABLE xiv
No. of
Exper- Dura- weevils
iment tion intro- Aggre-
No. Date in days duced found Depth gating
ae 26.6.64 10 10 5 Top 1% No
b. 6+T7e64 28 10 3 Top 1" No
Ce 16.9.64 28 12 1(dead) Top 1" No
de 15.7+65 7 10 5 Top 13" No

Results and conclusions

In all four instances, half or more of the original number of
introduced weevils were not to be found, although the soil was examined
extremely carefully by mechanical shaker and by hand. The adhesive
tape had not been removed or damaged and there appeared to be no possible
way of escape from the glass containers. No obvious parasites or
predators were found in the soil. This disappearance must be accounted
for by death and disintegration or by cannibalism amongst the weevils.

Of the remaining weevils, all were found in the top 1% inches of
soil and in no ingtance were they in an aggregation.

It would seem that the aggregations previously noted in glass jars
are not normal in the soil, but that during the daytime the adult weevils

hid in the soil, their depth being dependent on temperature.



FACTORS AFFECTING FEEDING

The following four experiments werse set up in the laboratory
during 1963 and 1964 to discover what factors influence the amount and

type of feeding carried out by Otiorhynchus singularis.

1. Determination of the amounts of different leaves eaten by 30 weevils.

2. To determine which type of rhododendron leaf the adult weevil

prefers to eat when allowed a free choloe.

3. Experiment to discover whether the weevil Otiorrhynchus singularis

prefers to feed in darkness or light.

4. Olfactory experiment.

Conclusions.
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0. SINGULARTS FEEDING EXPERIMENTS

1. Determination of the amounts of leaf eaten by 30 weevils

The experiment began on 24th May 1963 and continued, for the
first part, for ten weeks until lst August 1963.

Thirty adult weevils, Otiorhynchus singularis,which had been

caught during the hours of darkmness, from Rhododendron bushes at Keele
immediately preceding the experiment, were placed singly in petri-
dishes. Two pieces of damp filter paper were placed in each dish to
preserve a high humidity, constant for each animal.

The dishes were then labelled 1 -~ 30.

1 - 10 were fed on smooth or glabrous rhododendron leafs

11 - 20 fed on glaucous leaf which was hairy on the undersides

21 - 30 fed on deciduous, azalea leaf.

In each dish was placed a circle of the appropriate leaf of 1 cm.
diameter, arsa 0.786 sq. cm. The dishes were examined daily and a
new leaf inserted when the previous one was completely eaten.

At the end of each seven day period any remaining leaf portions
were removed and placed on transparent tape and labelled. They were

then projected and magnified x 10 by use of a modified microprojector

and the outlines drawn on paper and measured by means of the planimeter.

From the areas measured, the amount of leaf eaten by each wevil was
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calculated weekly nx 0.786 =x om® where x is the amount of leaf left
uneaten and recordeds (See Factorial Experiment pe 193).

Fresh, camplete, leaf circles were inserted as the others were removed
each weeks The circle of leaf was cut by using a cork-borer.

The maximum and minimum temperatures in the laboratory were recorded
daily, and fram these the daily and weekly averasges calculated.

Because of structural alterations to the building, the insects had
to be moved fram one labpratory to another where the temperature was on
average lower. Added to this, the cutside temperatures rose at the
beginning of June and fell again afterwards. Thus, instead of there
being a steady rise in temperature during the late spring and summer as
might normally have been expected, the average temperature rose, fell and

gradually rose again during this ten-week period, as can be seen on the graph.

Remilts.
TAPLE xv. Average smounts of leaf eaten per weevil.
in au?
Wesk No. Weevils.
1-10 1 - 20 21 - 30
glabrous glaioous deciducus

1 0.118 0.109 0358

2 0o 349 Ov867 1.059

3 0.939 1175 2.865

4 Qe 5kt 16403 2.619

5 1660 0. 784 14047

6 1323 Oek82 0.536

7 G347 0.390 0.353
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1«10 11 - 20 21 - 30
Week No. glabrous glaucous deciduous
8 0.412 0.397 0.459
9 0.295 0.502 0.759
10 1.155 0.795 0.933
Total of average
amounts eaten by
10 weeVils 70209 6-904 100988
Ave of 10 weevils 0.721 cm2 0.690 cm2 1.099 cm2
TrRLL xvi &vera e,
da éﬁ'€%
Week 1963 Tempgrature 30 weevéls
No. Date F cm
1 24.5 ~ 30.5 62 0.195
2 3l.5 - 6.6 66 0.758
3 Te6 = 13.6 70 1.659
5 21.6 - 27.6 59 1.164
6 28.6 = 4.7 56 0.780
7 5¢7 - 11.7 56 0.363
8 12.7 - 18.7 57 0.423
9 19.7 - 25.7 60 0.519

From the table and graph comparing the average amount of the three

types of leaves eaten by the weevils, it is apparent that those feeding

on the deciducus leaves ate more than either those on the glaucous or

glabrous leaves. The average amount eaten of the latter two types was

very similar, the glabrous type being only slightly more than the

glaucous.
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i
These results agree with those shown in the "Preference" experiment e
where the food was chosen at random and will be discussed in that section.
The graph shows that, on the whole, more of each type of leaf was
eaten as the temperature rose, and less at lower temperatures. The
deciduous~leaf graph follows this closely, whilst the glaucous type only
diverts in the fourth week when the temperature falls, but the average
amount eaten still increases. The graph of the smooth, glabrous leaf
varies from normal by rising sharply in the fifth and falling slightly
in the ninth weeke. This latter fall in amount eaten may be due to a
lowering of the relative humidity inside the dishes during the week when
the filter papers tended to be dryer than usual.
Conolusions.
By comparing the average amount eaten by all thirty weevils with
temperature, as in the preceding table and graph, it can be conoluded
that the weevil eats more at the higher summer temperatures, and as
the temperature falls, so does the amount eaten. The weevil consumes

more area of deciduous leaf than of the glabrous or glaucous types.



2. TO DETERMINE WHICH TYPE OF RHODODENDRON LEAF THE ADULT WEEVIL

PREFKRS TO EAT WHEN ALLOWED A FREE CHOICE

The experiment commenced in the laboratory on 27th May 1963,
and continued for ten weeks until 5th August.

Eight adult weevils, Otiorhynchus singularis, were numbered

31 - 38 respectively. Weevils 31 - 35 were placed in plastic and
metal cages and 36 - 38 in petri-dishes (Fig. 31 ).

In each container was placed three circular pieces of rhododendron
leaf, ciameter 1 c#m., area 0.786 sq. cms-

(a) glabrous or smooth (Re ponticum)s .

(b) glaucous or hairy on under surface (type R. glaucophyllum).

(¢) deciduous (Azalea series and luteum subseries).

In the cages the leaf circles were placed at the top of the cane
on pins, the weevil having to walk up thie cane to reuch the food, thus
ensuring rendomization. Damp filter paper was placed in both the cages
and the dishes to keep the atmosphere moist.

The leaf circles in 31 - 35 tended to dry out quicker than those
in 36 -~ 38 and this may account for the average amount eaten in the
cages being less than that in the petri-dishes. (Table xviii).

Adhesive tape had to be fastened to the rim of the sages, or the
insects were able to escape. Neﬁspaper was placed on top to keep out
the dust. The food was examined daily and as a circle was completely
eaten it was replacede.

After every seven days any remaining circles or parts of ciroles
were placed on transparent adhesive tape covered with m&re tape and

jabelled. Three complete, fresh leaf oircles were then substituted

Yy
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Lpporatus used in Food Preference Mxperiment,

Weevils %1 - 35 Cages.

perforated, metal 1lid.
R adhesive tape.

\at* leaf circles pinned to cane.

bamboo cane.

transparent plastic.

imetal base.

\ Az [ cork disc.

—— petri-dish containing moist
filter paper.

Veevils 36 - 38. Petri-dishes.

— - Glass petri-dish with lid.
|l — leaf circles.

moist filter paper.
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in the containers, and the pcrtions of leaf dealt with as for the
Factorial Experiment.
The average amount in sge cme of each type of leaf eaten per week

is shown belows

PABLM xvii
—_— Average amount

of leaf in cm
ileek 1963 eaten per week Total of
No. Date by all weevils averages

a b c

&labrous glaucous ceciduous

1 27.5 = 2.6 077 .018 +290 0.385
2 3.6 - 9.6 .303 174 978 1.455
3 10.6 -16.6 222 -405 1.236 1.863
4 17.6 =23.6 «429 402 «997 1.828
5 24.6 -30.6 279 115 .324 0.718
6 1.7 = 1.7 490 +108 616 1.214
7 8.7 -14.7 «049 .167 .110 0.326
8 15.7 =21.7 .229 246 357 0.832
9 22.7 -28.7 248 .146 447 0.841
10 29.7 - 4.8 .029 .236 2548 0.813
Total of
averages - 24355 2.017 5+903

Overall average > o 2
for 10 weeks = 0.236 em~- 0.202 cm- 0.590 om

From these results, and from those obtained from experiment

(p. 148 ) 1, it can be seen that under laboratory conditions the weevil

O. singularis shows a marked preference for the deciduous, azalea leaf,
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followed by a lesser one for the glabrous type, whilst only a relatively
small proportion of the glaucous type of léaf was eaten. Whether the
weevil was given a free choice of food or provided with only one type

of leaf, appecars to meke little diffence to the amounts of each type

of leaf eaten.

Considering the reasons behind the preference for deciduous,
azalea leaf, transverse sections of the three types of leaf were made
and are shown in fig 33 » The first noticable point is that the"
azalea leaf is narrower than the other two types so that although in
square centimeters the weevils may eat more area of deciduous leaf, in
volume the amount of difference is probably not so great. On the other
hand, the azalea leaf has a more uniform density than the other two,
which contain much spongy mesophyll. Secondly the azalea leaf has no
thick cuticle on top of the upper epidermis as have the glaucous and
glabrous types, neither has it such a wide layer of small celled,
thickeneé epidermal cells. This fact would make the deciduous leaf
mechanically easier to bite and cut with the mandibles. The hairy
indumentum on the lower surface of the glaucous type would prove a
further physical barrier for the weevils' mouthparts.

Initially the weevil is probably attraoted to the deciduous leaf
or repelled from the glaucous type by smell,then by taste, but‘it could
be the association of a certain smell with a thick ocuticle or hairy
lower epidermis which steers it away from the glabrous and especially
the glaucous type.

It is of interest to note that no two weevils eat in the same

manner or even at the same time or temperature (fig 34 ). This has
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been noticed throughout all the experiments and it is quite impossible

to write honestly about an "average" weevil.

TA@Lszviii

Amount of food eaten by weevils

deek 31 - 35 36 - 38
No. in cages in petri dishes
total cm2 average cm2 tota.lcm2 average cm2
1 3.074 615 0 0
2 5.382 1.076 6.257 2.086
3 7.060 1.412 7.843 2.615
4 7.629 1.526 6.990 2.330
5 3.754 0.751 1.996 0.665
6 8.691 1.738 1.001 0.334
1 14435 0.287 1.174 0.391
8 1.226 0.245 5426 1.809
9 0 0 6.723 2.241
10 1.263 0.253 5.247 1.749
Total 1.903 14.220

—————

The R.Hs in the cages 31-35 was lower

than in the petri dishes 36-38.
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3. EXPrRrILENT TO LISCOVLR WHETHMWH THE JEEVIL OTIORRHYNCHUS

SINGULARIS PRiFLRS TO FEED IN DARKNESS OR LIGHT

In natural conditions outside, weevils are found eating the
leaves of Rhododendron and other plants only after dark, but in petri
dishes in the laboratory they have been seen to be eating during the
daytime as well as at night. The following small experiment was devised
to count the number of times certain weevils (which were selected at
random from those caught at night on R. ponticum) ate in the dark and
in the light when given complete freedom of choice.

The insects were kept in a north facing room where very little
variation of temperature took place, and where the uncovered tube
received normal daylight and night intensities of light.

A large tube with two smaller tubes at the end (shown in the
diagram ( 35 ) for Olfactory Tests) was used for each weevil, the insect
being placed in the closed end of tube C.

One tube was covered with silver foil, cutting out any light, the
other tube was left transparent.

Circles of leaf 1 cme in diameter were freshly cut from a leaf of
R. ponticum each day and one placed at the closed end of each small tube.
The tubes were revolved evcery day to eliminate directional influences.

Once a day the tubes were examined and if the weevil had been feeding,

it was noted whether this was in tube A or tube B.
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The results are as followss-—

TABLE ixx

fieevil No. of times feeding in

1. 20 153 Experiments begun 24/5/64 for
5. 11 113 10 weeks.
. Dl
4. 3 52 Experiments begun 28/8/64 for
De 1 5§ 4 weeks.
‘. s 4
1e T 3)  Experiments begun 17/5/65 for
8. 9 9) 4 weeks.
9. 10 9

Totals 82 68

% of times

54 +83% 45.17%

It would appear that light or darkmness do not significantly

influence the feeding of Q. singularis in the laboratory, a fact later

confirmed in the Factorial Experiment.
Two other points noted during this experiment weres
a. VWeevils tended to eat the rubber bung at the centre of the
tubes and in all cases laid eggs soon after eating the rubber.
b. The totals for feeding in the left hand or right hand tube
LeHe 49.06% R.H. 50.94% were very similar and therefore the

direction of feeding does not seem to be an influence.



4. QLIFACTORY EXPRIMENT

This experiment was sel up in May 1964 for 4 weeks, to try and

determine whether or not the weevil 0. singularis was attracted to

its food by use of the olfactory organs.

Twelve 12-inch glass tubes were fitted with a large rubber bung
(although the weevils may eat the rubber in very small amounts occa-
sionally, they eat less of this than cork, so bungs of the latter
material are to be avoided), and into the bung were placed two smaller
glass tubes as in the diagram.

The selected weevil, caught at night from R. ponticum, was placed
at the closed end of the large tube. At the closed ends of the
smaller tubes were placed circles of leaf 1 cm. in diameter, one tube
(labelled with a dot to distinguish it) having in it R. ponticum and

the other R. fulgens or R. wardii. All circles were cut from the

centre of leaves and had no natural leaf margin on their circumference.
The tubes were laid horizontally on the bench and turned each day,
thus reversing the positions of A and B and eliminating any purely
directional attraction of the leaves for the animals.
The results of these experiments are shown belows

a. 6 tubes R. ponticum in tube A) - % of times leaf eaten 82.76%

6 tubes R. fulgens in tube B ) = " " " 17.24%
b. 6 tubes R. ponticum in tube A) - " " 58 « 54%
6 tubes Re. wardii in tube B " " " 41.46%

From these results it would appear that the insect could be

attracted to R. ponticum and repelled from R. fulgens and to a lesser
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extent by R. wardii by the smell of the cut leaf. To the human nostrils
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Diagram of the tubes used in the Olfactory experiments.

(not to scale).

Tube A : R. ponticum.

Tute B : other plant leaf, R. fulgens or R, wardii.
Tube C : 1large tube in which weevil is placed.
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the leaves do emit a different smell from each other, R. fulgens
being the most pungent of the three.

In natural conditions, outside on the rhododendron plant or other
host, it is noticeable that the weevils seem to return to eat at night
to a leaf which is already damaged and has an eaten margin. This
could perha;s be that the escaping plant liquids emit an odour
attractive to the weevil, or simply that it is mechanically esasier
for the insect to eat at an already indented margin, or more likely

a combination of both these factors.
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FACTORS AFFECTING FEEDING

CANCLUSIQONS

From the preceding experiments the following conoclusions can be drawns

1 More food is eaten when the temperature rises, less when the
temperature fallse

2 DMore food is eaten in the petri dishes than the cages in experiment 2,
probably due to the difference in humidity between the two; therefore
the higher the humidity the more food eaten.

3¢ O« singularis prefers to feed on deciduous azalea, glabrous and

glaucous leaves in that orders This result does not depend on whether
the weevil is given free choice of leaf type or not.

he¢ The azalea leaf has no thick cuticle and only a thin epidermis on
both the upper and lower surfaces amd it is probably easier for the
weevil to bite into than the other two types.

5¢ The weevil shows no marked preference for feeding in darkmess or in
light, in the laboratary.

6 O. singularis is probably attracted to same varieties of rhododendron
and repelled by others due to the oclfactory sense.
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FACTONS AFFECTING QVIPOSITION

During the ten weeks 24th May -~ 1st August 1963, the number of
eggs laid by each of 30 weevils (labelled 1 - 30) was recorded daily.
At the same time the weevils were offered 1 cm. diameter circles of
rhododendron leaf, and the temperature in °F was recorded daily.

The O. singularis weevils were kept individually in petri dishes

in the laboratory. Once a week the filter paper in the dishes was
changed and at that time the eggs and any larvae were carefully
transferred to the new paper by means of a sparsely-haired brush. Nany
of tle eggs tended to become covered with a white fungus and consequently
not to develop. These mouldy eggs were discarded daily. In a very few
cases, the nurmber of eggs decreased slightly suggesting that at these
rare times the adult weevil must have eaten the eggs.

The circles of food were replaced weekly and the remains measured
as in the Factorial Experiment (p. 193 ). New circles were inserted in
less than a week if the weevil had already consumed the original one.

The dates corresponding to the week numbers ares-

Week 1 2445 - 30.5.63 Week 6 28.6 - 4.7.63
2 31.5 = 6.6.63 T 5¢7 =11.7463
3 Te6 = 13.6.63 8 12.7 -18.7.63
4 14.6 = 20.6.63 9 19.7 =25.7463

5 21'6 2706063 10 2607 - 108063



TABLE

XX .

COMPARISCN OF AMOUNT EATEN BY WELVILS WITH THE NUMBER

No. of
Week new_eggs
No. laid

1 May 35

2 June 89

3 7

L 61

5 12

6 July 1

7 13

8 89

9 36

10 August 109

Total number of egge during ten weeks period:

OF EGGS LAID.

Average

No. of
eggs

er

weevil

1417
2.97
2.47
2.03
0.40
0.03
O.43
2,97
1,20

3.63

Average

amount

eaten per

weevil Eer2

week in cm

0.195
0,758
1.659
14521
1,164
0.780
0,363
0.423
0.519
0.961

519
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Average
Temperature
F

62
66

70
66.5

59
56

57

65+5



TEMPERATURE ZFEECT

From the above table and the following graph (Fig. 36) the
relationship between the number of eggs laid and the average temperatures
over the ten weeks can be examined.

The optimum temperature appears to be between about 61°F and 10°F
and generally more eggs were laid when the temperature was high.

Most eggs were not laid during the weeks of highest average
temperatures, but in the preceding weeks, e.g

89 eggs in week 2 at 66°F, then 70°F in week 3
gg " 8 at 57°F, " 60°F "og

On the other hand, when the average temperature was low, the
number of eggs laid was also at a minimum, e.gs

Temrperature falls and number of eggs is at a minimum in

weeks 13-4, 4-5, 5~6, and both temperature and egg count

are still low in week T.

Wwhen the temperature was rising in weeks 1 - 2, 7 - 8 and 9 - 10,
the number of eggs also rose, but this did not apply in weeks 2 - 3 or
8 -— 9. It may be that in week 9 the accidentally low humidity in the
petri dishes accounted for the low number of eggs laid (see Factorial
experiment ).

Willis (1964) when writing of O. sulcatus found that the total
eggs deposited during the summer did not substantially depend on the

conditions under which oviposition occurred, but was related to the

s
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life span of the weevil. At lower temperatures there wis a longer
oviposition period, and therefore fewer eggs each day, but the total
count would be the same had the temperature been high.

O. singularis does not show quite the same tendencies, for although

hardly any eggs are laid in weeks 6, 7 and 8 when the temperature is
lowest, when eggs have been laid they are not in odd batches of one or
two, but in groups of 30 (weevil 23) or 19 (weevil 28). Also (weevil 15)
a very few eggs can be laid over a long period when the temperature is
highe

Jan de Wilde (1964) states that high temperatures tend to avert
induction of oviposition, but this inhibiting effect does not ocour until
the temperatures are above 30°C (86°F). Below this, within a certain
optimum range, higher temperatures presumably encourage the laying of
egES .

It would appear from these results that whilst generally more eggs
are laid as the normal summer temperature is rising, there must be other
factors than temperature alone (possibly humidity level and photoperiodism)'
influencing the time of egg laying.

PHOTOPLRIODIC EFFECT

The weevils were in a room with many windows and the dishes were
left_uncovered, therefore the normal hours of light and darkness prevailed.
It cannot be said that as the days grew longer, the more eggs were laid,
but rather the opposite. Fewest eggs were laid in a week of longest days,
week 6, June 28th - July 4th.

Normally outdoors or inside in the laboratory the weevil begins to

lay eggs at the end of May - beginning of June, and I would suggest that
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it is the short days of spring together with the rise of temperature
which initiate oviposition. Later, it would appear from these results,
temperature aznu not the length of day is the dominant influence on time
of egg layinge.

HUMIDITY EFFLECT

In most weeks the humidit; was kept constzntly high by the application
of vater to the filter papers in the dishes, and the influence of a
fluctuating R.H. gould be disregarded.

During week 9 (19th - 25the July), when the average temperature rose
to 60°F, the filter papers were accidentally allowed to dry out and the
level of egg laying dropped at a time when it might have been expected
to increase.

This drop in the number of eggs laid can probably be attributed to
a low R.H, This relationship will be discussed further at the end of the
Factorial experiment results.

NUTRITIONAL EFFECT

In Table xxi and in the following graphs, two obvious facts emerge.

Firstly, the peaks for consumption of food follow the rises in
temperature (Fig. 41 ). One would assume that the rise in tempsrature
brings about an increase in general metabolic rate and therefore an
increasé in food utilisation.

Secondly, it can clearly be seen that the peak periods for egg
laying precede the pcaks for feeding, as in weeks 2 and 3, and weeks 8
and 10 (Fig. 37 ). Feeding seems to have a direct comnection with egg
laying, the amount of food consumed and the timing being influenced by

the numbers of eggs laid during the previous week.
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On the graphs showing the weevils fed on different types of leaf
(Fig.38-4Q this connection is perhaps even more easily seen, especially
for those weevils numbered 1 - 1Q0.

Gillet (1957) suggested that in mosquitoes the abdominal distention
by food intake stimulated the egg laying process. I would propose that

the opposite arises in 0. singularis, and that because the abdomen has

become so distended wilh eggs, eating is uncomlortable for the weevil.
When eggs have been laid and the abdomen is comparitively empty, the
weevil eats more food.

To show this more clearly, results from individual egg-laying
weevils (but disregarding ti.ose that laid only once either in the first
or last week) are shown below, Table xxii.

It can be seen from these tables that no weevil appears to eat an
extra amount prior to oviposition. In fact, at the end of the Factorial
experiment which follows, some of the weevils laid eggs without having
eaten for 17 or 18 weeks. On the other hand, those weevils which had
eaten recently laid more eggs.

According to some other workers in this field, some Coleoptera have
to go through a stage of highly active feeding just before oogenesis,
whilst some mosquitoes require a blood meal prior to oviposition (de
Wilde 1964). Other species of mosquitoes will develop eggs without
nutrition being required, and other insects need to change the balance
of nutrients in their diet before oviposition (Flanders1935). It can be

concluded that insects vary considerably in their nutritional requirements

prior to oogenesis and oviposition.
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F53.39.
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O. singularis probably normally eats before egg laying, but not

to any great extent. willis (1964) states that Q. sulcatus .requires
a certain amount of feeding prior to oviposition. Thisg does not seem

to apply to O. singularis according to my findings. lore feeding seems

to occur just after oviposition.

These results are then followed by date for eight non-laying
weevils from the same experiment (ﬁig%ﬁ ) which have been plotted
against the others on a graph.

On this graph (Fig.41 ) four separate peaks can be seen between
weeks 1 - 6. The first peak shows the maximum eggs laid in week 2 by
the eight weevils. This is followed by the peak for the maximum
temperature of 70°F coinciding with that for food consumption by the
eggless weevils in week 3.

The peak of food consumption by the laying weevils follows in

week 4, two weeks after maximum oviposgition.
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EGGS LAID AND FOOD EATEN BY EGG-LAYING WEEVILS

TABLE xxi

WVeek

Weevil No.6

__Weevil No.l1l0

__Weevil No.l2

17

Weevil No 014

Eegs Food eaten

Eggs Food eaten

Eggs Food eaten

Eggs Food eaten

in cms.
1 0 0 0 235 0 0 0 0
2 31 . 386 0 052 17 «392 37 .786
3 0 2.200 0 0 19 0 0 2.021
4 C 0 41 1.455 o] 1.412 0 <416
5 0 1.396 0 2.358 0 1.157 T 064
6 0 1,387 0 1.753 C .286 0 .156
7 0 «541 0 . 186 0 0 9 +408
8 0 .588 0 706 0 .081 0 . 786
9 0 0 6 476 0 .126 0 614
10 0 504 10 2.358 0 .020 0 1.572
Week Weevil Noo.lH Weevil No.23 Yeevil No.25 Weevil No.28
1 1 0 0 0 0o «049 0 +014
2 3 «331 0 «175 1l 376 0 0
3 4 181 34 3.144 10 .316 0 2.068
4 2 576 0 3.930 13 2.358 0 1.448
5 5 1.234 2.954 0 . 786 0 «101
6 1 .601 676 0 o442 0 «248
1 0 1.047 .566 0 252 0 166
8 0 .503 30 1.572 0 .66 19 726
9 0 0 18 1.572 0 «136 1 1.330
10 0 .146 3 2.854 0 .186 0 .701
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TABLE xxii ANOUNT EATEN WEEKLY IN CM° BY 8 EGG-LAYING “EEVILS
Weevil Week Week eek Week tleek Week Jeek Week Week Heek
Koo 1 2 3 4 5 6 1 ~§ 9 10
6 0 +386 2.200 0 1.396 1.387 «541 .558 0 .504
10 235 052 0 1.455 2.358 1.753 . 786 . 706 476 2.358
14 0 . 786 2.020 416 064 <156 408 . 786 614 1.572
15 0] «331 .181 576 1.234 601 1.047 503 0 146
23 0 175 3.144 3.930 2.954 676 .566 1.572 1.572 2.854
25 049 «376 .316 2.358 . 786 442 «254 166 .136 .186
28 014 0 2.068 1.448 .101 «248 .166 .T26 1.330 .701
Total 0.298 2.392 10.916 12.011 9.434 5.824 4.439 5.994 4.591 8.557
Average 0.037 0.299 1.364 1.501 1.179 0.728 0.555 0.T749 C.574 1.069

2L



TABLE xxiii
NO-BEGG WEEVILS

AMOUNT EATEN WEEKLY IN CM

2

BY 8 NON-EGG LAYING WEZEVILS

Weevil Week Week Week Week Week Week Week iieek Heek feek
No. 1 2 3 4 5 6 7 & 9 10

3 0 .388 446 1.294 1.372 1.462 <141 171 0 1.022

1 «557 «392 2.200 066 1.517 1.357 .326 . 786 962 1.”232

1 0 392 0 1.412 1.157 .286 0 .081 026  .021
21 1.350 2.626 4.686 2.990 «552 . 186 .236 336 1.362 .261
22 +005 .969 4.676 2.216 1347 256 111 031 106 .786
26 0 +293 2.131 3.012 «506 +374 .209 173 0 .026
27 0 .376 2.859 1.387 336 .131 <546 <441 2365 411
30 0 635 2.203 2.230 1.352 131 336 .381 441 271
Total 1.912 6.071 19.201 14.607 8.139 5.383  1.905 2.400 3.262 4.030
Average 0.239 0.759 2.400 1.826 1.017 0.673  0.2238 0.300 0.408 0.504

AN
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Type of leaf eaten

The total mumbers of eggs laid by weevils fed on each type of food is:
Glabrous Glaucous Deciduous
127 237 155
whereas more of the deciduous leé.f‘ was eaten, followed by the glabrous
than the glauwcous types. This dispels any theory that with O. singularis
the mumber of eggs laid is related to the amount of food eaten. The
weevils here which ate less laid the most eggs. It may be that the
woolly texture on the back of the glauoous leaves was same enoduragement
to egg layinge In those cases the weevil laid eggs actually on the lower
surface of the leaf while eggs were laid on the surface of the petri dish
where the other two types of leaves were provided.
These results also tend to support the view that when the

abdomen is particularly distended with eggs, there is less roam for food.



CONCLUSLONS

Amongst the factors influencing egg laying in 0. singularis,

temperature and probably relative humidity are of prime importance. The
state of the abdomen, whether full of eggs or relatively empty, has an
ef'fect on the time and amount of feeding. The amount of food eaten before

egg laying does not appear to influence the numbers of eggs laid.

w5
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FACTORI AL EXPERIMENT

The following experiment was set up in the laboratory
in June 1964 in order to discover the effects upon the Clay-coloured

Weevil (Otiorhynchus singularis L.) of varying the factors, each at

two levels:
Light,
Temperature,
Humidity,
Food supply,
in relation to:
+ (a) Number of eggs laid,
+ (b) Time of laying,
(¢) Longevity of parent weevils,
(2) Amount of food eaten,
(e) FPeeding habits.

All the weevils used had been caught on R. p¥nticum at
night at Keele during early June 1564, and none had so far laid eggs
in captivity. All were fed, up to the day on which the experiment
began, and were selected at randam for each treatment. Those dying

were replaced by others.

+ These results were not sbailable during the first ten weeks.
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FACTCRIAL EXPERIMENT KQJIPMENT

\\ ;
AN
Low R.H. | Low r.H. |
High R.H. High R.H.
Light Dark
Refrigerator "A" Refrigerator "B"

Low R.H.

e ~
. /L'J\

High KR.H.

Light

Dark

I Low R.H. I
_ I ng% R.H. l

Incabator
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Four variable factors

{ ) at two levels:
&_ Temp. .Hi gh Low

Humidity | {igh Low

/

Food k / + no
KJ) Light 4 no

s . A typically marked o
O petri dish :

] ©
] A

10 replicate sets numbered & b&

with 16 treatments in each set marked @ o

2 sets of 10 per plastic box.
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FACTORIAL EXPERIMENT:

AEPARATUS USED

Two household refrigerators were used, one of which was
fitted with a small fluorescent strip light, lit contimously, the
other left dark. Both refrigerators were set to maintain a steady
temperature of 6° C.

To obtain a higher temperature, an incubator was set at
18°C. At the top of the incubator a small light, similar to that
in the refrigerator, was inserted. In order to provide darkness
in the lower half of the incubator, the dishes used to house the
weevils were placed in boxes constructed of black plastic material,
whilst all cdher boxes were made of transparent plastic (see Fig.43 ).

The weevils were placed separately in plastic petri-
dishes which had several holes punched in the 1id to allow entry of
air and to stebllise the humidity. The boxes were labelled using
coloured, raund dots to denote the different treatments as in Table xxiv.

Sixteen different treatments were given and each treat-
ment replicated ten times, involving 160 weevils altogether. Plastic
boxes were made to accamnodate 20 dishes or two sets of treatments,
therefore eight boxes were used, six transparent and two opaque.

The boxes measured 12" x 9" x 4". Half an inch from the base of
the box, inside, was fitted a small ledge on to which was placed a
sheet of open aluminium mesh. 'This allowed light through the mesh

where needed and also provided a stable base for the petri-dishes.
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APPARATUS FUR CUTTING WT LEAF SEGMENTS

strong spring

@ metal clamp on
stand

cork barer,
diameter 1 am.

: rhododendron leaf
I wooden base

Unifarm holes
1 cm. diamster

Rhododendron leaf
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Under the mesh was placed the liquid to provide a stable high or
low humidity.

260 gm. NaCl. or anhydous 350 gm. LiCl. were dissolved
in 500 ml. water. In each case a saturated solution was obtained
with same crystals left in the solution. This provided the boxes
with humidities of 754 R.i. and 12% R.H. respectively, and these were
tested periodically with the Cobalt Thiocynate paper and the Lovibond
Camparator, and the #et and Dry Bulb Hygrometer. Four boxes -con-
tained NaCl and four, LiCl. The umidities varied late;:‘.

Half the weevils in the experiment were fed regularly on
smooth R. ponticum leaf, the others received no food. Those fed
received circles of leaf 1 am. in dﬁ.ameter once every ac;ven days,
or whenever the food had been eaten if this time was less than seven
days. The circles of leaf were taken fram the centre of the leaf,
intervenously, using neither midrib nor the leaf margin. They were
cut out by a small machine made in the laboratory by fixing a metal
cork-borer on to a stand with a wooden base and attaching a spring
above the borer. The cutting edge of the metal was exactly 1 om.
in diameter and was sharpened regularly by filing (see Fig.4l ).

The leaves used were all of similar texture, i.e. not the young,
flexible, light-coloured new leaves, nor the tough, dark-green
leaves of two or more years.

At each reading the circles of leaf were taken out of

the dish and placed on to transparent, adhesive tape. Another
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piece of tape was placed over the top of the leaf pieces. They were

then labelled in ink.

' AN

< Treatment @

sy

>

-~

The tape could be cut and prepared just before each
count.

These were then magnified x 10 by using a modified micro-
projector and the ocutline carefully drawn on to prepared sheets of
paper. These could be kept until time was available for measure-

ments. The areas were measured by a planimeter and recorded in tables.

Magnified outline

' | x 10 original

Area eaten = 0.786 - area left in cxn2

| — R SS———



LIGHT:

HUMIDITY:

TRMPERATURE:

FOOD:

Contimious light on four boxes provided by
Atlas, tubular fluorescent lights.

Darkness provided by use of black plastic boxes.
Low R.H. of 12% using sat. LiCl colution.
(This later rose to 27% and then to 4LOR).
High R.H. of 75§ using sat. NaCl sclution.
Solution in base of each box.

(After 10 weeks the humidity was raised to
100X by using water on the filter-psper in
petri-dishes).

Low temperature in refrigsrators 6°C.

Higher tempersture in inabator 18°C.

Half the weevils received no food, others fed
regilarly on rhododendron leaf.

184
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Readings recorded were:
(a) Weevil dead or alive
(b) Mumber of eggs laid
(¢) mount of food eaten
All readings were taken in the morning, 3 times per week, on Monday,

fednesday and Friday.

RESULTS UF FACTORIAL EXPERIMENT

FIRST TEN WEBEKS:

Probably because of the higheat humidity being only 75% R.He the
weevils did not lay any eggs during the first 10 weeks, although most of
them had eggs internally when dissected after death.

The results can only show the effects of the various treatments
on longevity of the adult weevils, and on the feeding habitse

i. Effects of factors on longevity:

The following statistical data for the first ten weeks were
obtained as shown.

At first, resilts were calculated with actual percentage weevils
dead sach week, but this did not take into account that some died early
in the week, others at the end.

Counts of weevils dead and replaced were made each Monday, Wednesday
and Friday, each week beginning on a Priday.

New weevils were only added on Fridays and allowanoce was made for

this as belowi-
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Fri. Sat. Sun. Mon. Tues. Wed. Th. Fri.

x x x
Counts 1 2 3
av.

By Friday, ocount 1 have been dead L + 1% = 55 days
2 " " 2+1 =3 "
3 " I = 1 "
and the results have been weighted accardingly, those in count
1 x 5%
2 x 3
3 x 1

Ten weevils were in esach treatment .'. the final

percentage of dead each week = x (5F + 3 + 1) 100 %
95

The first 10 weeks results, shown on the following
page, were used for the ocaloulations, using the average % of 10 weeks

for the different 16 treatments.



TABLE xxv
T Treatment I
1 2 3 L 5 6 7 8 9 10 11 12 13 10 15 16 no. !
—— SIS SRS S S T‘
26.2 23.2 2{-08 23-1& lq.j-} l[l}.07 20-5-9 1-0-702 8-5 16-0 12.5 17-2 2900 28.0 26-8 27-6 Average %
f ' dead
-— — -...1;
T High 'l‘2 Low
e v . - e et mm e — .{~ [ |
High H1 Low H High H Low E
2 1 2
e o — e e e i — - - - .___,M-..~‘.*-_.__-.A,..+
L1 L L1 L2 L1 L2 L1 L2‘ |
‘. T 1 i
% dead
26.2) 23.2) 2,.81 23.. L3.3) W47 ) 45.9 1 47.2 8.5 }16.0 12.5 17.21 29.01 28.0} 26.8 1 27.6 av. of
41 10 wk.

L8t



111 High H2 Low
L1 L2 L1 L2
r1 F2 F1 F2 F1 F2 F‘l F2
3.7139.2|37.3|40.6 | 72-3172.7{72+7 |74-8
Summing over F:-
L1 Light I.2 Dark
T T, T )
H1 Hz H1 H2 1-11 Hz H1 H2
49.4|88.0|24.5157.0 | 48:293.1|29.7 |Shod

Summing over H:-
T1 High T2 Low
L1 L2 L1 L2
1""1 F2 F1 F2 F1 F2 F1 F2
69.5(67.9(70.7[70.6 | 375 |44+ 0]39.3| 448
Summing over L:-
F1 F2
T T, I T,
H1 Hz H1 H2 H1 2 H1 H2
51 00 8902 2100 5508 ‘.»606 91 09 33-2 5506

88t



TABLE xxvii

SUMMING OVER VARTABLES TWO AT A TIME:-

L and H Fanld H
L, Ly B Fp
H 73.9 77.9 151.8 H 72.0 79.8 151.8
H, 145.0 147.5 292.5 H, 145.0 147.5 292.5
218.9  225.4 L44.3 217.0 227.3 L4L.3
Land T Fand T
I"1 I‘z 5 Fz
T, 137-4 141.3 278.7 T, 140.2 138.5 278.7
T, 81.5 84.1 165.6 T, 76.8 88.8 165.6
L. 3 4403
H and T Fand L
H 5 R OOF
T, 97.6 181.1 278.7 L, 107.0 111.9 218.9
Ty She2  111e4 165.6 L, 110.0 115.4 225.4
4l 3 b3

Grand Total = 4LL4.3



TO FIND CORRECTING FACTUR:

2
_?'_S%ge ngf g?ﬁszxiim ) %ﬂ
= 1 20
1
= 123376556
= 1233747

TO FIND THE MAIN EFFECTS (F SEPARATE FACTORS:

Square factor totals, sum these squares.
Divide number by individuals forming each total (8)

Subtract the correcting factori=-

190



MAIN EFFECT OF FACTOR T:

(112 + T0°) - 444.3% = main effect.
8 16

(1780]2 + 185062) - c.f.

776737 + 2gz.gj.u - c.f.

105097:1 = .f. = 13137.1 = 12337.7 = 799:4 T
8

MAIN EFFECT UF FACT(R F:

(F12 + F02) - c.f.

(21725 227.52) - c.f.

17089.0 + 51665.3) - c.f.
98185&'.2 = c.f. = 123445 - 12337.7 = 6.6 F



MAIN EFFECT OF FACTOR H:

2 2)

(H1 "'-‘Ij'g‘ - Ce ft
8

(151.82 + 292.5%) - c.f.
5

(2}924—302 + 855562}) ~ c.fe
8

108599.5 =~ c.f. = 13574.9 - 12337.7 = 1237.2
8

MAIN EFFECT (F FACTOR L:

(L12+L22) - c.f.
8

L218.92 + 2zi.u2) - c.f.
8

4791 02 o 02 - COfa

282220& - c.fo = 12314-0-2 - 12337.7 = i
8

192



FIRST ORDER INTERACTICNS

Fram tables on p. 199 for T x L

@ +T)% @p+ )%+ Gy + 1%+ @pe B)® e o1 - (zx1)
4 (no. of individuals)

13742 & 141.32 + 81.52 + 84.12

A
18878076 + 1396507 + 66‘&2-} + 707208

N
252._52 = 13139.9 - 12337.7 - 7994 - 2.5 = 0.30 (T xL)
HxL

[ 2 L] 2 (] 2 L3 2

A' N
(5461.21 + 21025.0 + 21756.25)

N

(H xL)

54310.87 = 13577.718 - 12337.7 - 1237.2 - 2.5 = .318
4

¢6L



ELBST ORDER INTERACTIONS

FxL

(107.0% + 411.9% + 110.0% + 115.42)
%

(11449.0 + 12521.61 + 12100.0 + 13317.6)
5

49387.77 = 12346.9% - 12337.7 = 6.6 - 2.5 = 0.1 (FxL)
&
HxT
(97.62 + 181.4° ¢ 54.22 + 111.:5)
. b
(212_5076 + }2797;"21 + 29}706£+ 12w9-9§)
5_7_6_77(:_.21 = 14417.64 - 12337.7 - 1237.2 = 799-4 = 43.34 H=xT)

H61



FIRST GRDER INTERACTIONS

HxPF

(72.0° + 79.82 + 145.0% + 147.5%)

I

(5184.0 + 6568.0115-» 21025.0 + 21756.25)

&2242.22 = 13583.32 - 12337.7 - 1237.2 - 6.6 = 1.8 (HxPF)
TxF

(140.2° + 138.5%: 76.8% + 88.8%)

(19656.04 + 1318‘2:25 + 5898.2 +. 7885.44)

52621.2 = 13155.49 - -12337.7 - 799.4 - 6.6 = 11. (T xF)

|

6L



TABLE xxviii

SECOND CRDER INTERACTIONS

Make out two tebles using factors involved, e.g. F x H x L.

Table 1 Table II
Fy Fy

B | B il
L1 a b a+b L1 a b a+b
L2 c a c+ d L2 c d c+ d

a b a b

< + + Z | + +

c a Jd c d

Calailate for Teble 1

Between cells = a2+b2+c2+a,2 - @.2
2

Rows (a xb)2+ (c+af - = 2
I

Columns (axa)?+ (b4 d)- =g 2
L

Then: P1(LxH)=Betwoenoolls-Rm-Collmns
and P,(L x H) = ) - o " (using Table II)
Thanil'(LxH)=F1(LxH)+F2(LxH)

PxLxH= £ P (LxH) -L xH.

961



TABLE ixxx

SECGND ORDER INTERACTIONS: - F x L x H

Table I
P
Ly L,
| 37 57.3 | 712.0
Hy| 72.3 72.7 | 145.0
107-0 110.0 | 217.0

Caloulating for Table I:-

Cells = 6553.8 -~ 5886.1 = 667.7

Rows = 6552.2 - 5886.1 = 666.1

Cols. = 5887.2 - 5886.1 = 1.1
.. F, (L x H)

0.5

F(LxH =0.5+0

Ly Ly
B, | 39.2 40.6 | 79.8
By | 72.7 7.8 | 147.5
111.9 115.4 227.3
For Table IL:-

Cells = 7032.5 -~ 6458.1 = 57h.4
RWS = 7031 -0 - 645801 = 572.9
Cols. = 6459.6 ~ 64,58.1 =

e FZ(L x H)

FxLxH=0:5= .32 =0.18

= 0.5

)

0.0

173"



TABLE xxx

SECOND ORDER INTERACTIONS:-

Ly | 494 88.0 137.4

L1 48.2 93.1 141.3

97.6 181.1 278.7

Calaulating for Table I:-

Cells = 10587.5 - 9709.2 = 878.3

Rows = 1.8
Cals. = 8115
T, (L xH) = 5.0

TxL xH
Table II
H1 H2
Ly | 2.5 57-0 81.5
L2 29.7 Blyedy 84.1
5.2 1114 165.6

Calculating for Table II:-
3845.2 = 3427.9 - 447.3

Cells =

Rows =

Cols. =

. ’3(1“3)
T (LxH) =5+ 7.6 = 12.6
TxLxH=12.6 - 32 = 12.28

.8

408.9
7.6

861



PABLE xsoxi

SECUND ORDER INTERACTIONS:- T xHxF
Table 1 Table II
Ty "2
I'I1 H2 H1 HZ
F1 51.0 89.2 140.2 F1 21.0 55.8 76.8
Fy | 46-6 91.9 | 138.5 F, 33.2 55.6 88.8
97.6 181 .1 278.7 54.2 111.4 165.6

Calaulating foxr Table I:-

Cells = 10587.3 - 9709.2 = 878.1
Rows = 3
Cols. = 10580.7 - 9709.2 = 871.5
o e T,(H x F) = 6.3

TXHXPF = 25.5 -

For Table II:-

Cells = 3874.0 - 3427.9 = L46.1
Rows = 18.0
Cols. = 3836.8 - 3427.9 = 408.9
<"« T,(ExF) = 19.2

e THXF) =63+ 19.2 = 25.5

1.82 = 23.68
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TABLL »di

SECGD ORDER INTERACTIAS:- T xL xF

Table I Table II
Ty T,
L L, By L
F1 69.5 70.7 140.2 F1 37.5 39.3 76.8
P | 67.9 70.6 188.5 F, 4.0 L}.8 88.0
137.4 | 1.3 278.7 81.5 8.1 165.0
Calalating for Table I:- For Table II:-
Cells = 9711.6 - 9709.2 = 2.} Cells = 3446.8 - 3427.9 = 18.9
Rows = 9709.5 - 9709.2 = .3 Rows = 3445.9 - 3427.9 = 18.0
Cols. = 9711.0 - 9709.2 = 1.8 Cols. = 3428.7 - 3427.9 = __ .8
e (L xF) = 0.3 "o T(L x F) = 0.1

e T (L xF)

03 + 1 = .l‘.

TxLxPF

Ok - 32= .08

0o¢e



TABLE xxxiii

Sum of (s.s.)
squares a.f.
T 799.4 1 Residual = Total sum of squares
H 1237.2 1 - c.f.
L 2.5 1 -~ sums of squares
F 6.6 1 = 14479.6
TxL 0.3 1 - 12337.
HxL 0.32 1 2141.9
FxL 0.14 1 -  2139.6
Hx T 4330 1 2.3
HxF 1.82 1 =
TxPF 11.79 1
TxLxF 0.08 1
TxHXF 23.68 1
TxHxL 12.28 1
FxHxXL 0.18 1
2139.6
TxLxHxF e A=R
15

Mean square = S8.8.

d.f.

. » seme figire as s.s. column

F= m;?!}l IR%GI‘O



TaBLi xxxiv

TxHxL
FxHxL

Residual (R)

Mean Sq.
(m.s.) F Significant at C.5%
799.4 347.5 V'
1257.2 557.9 v’
2.5 1.1
6.6 2.86
0.3 1<
0.32 1<
0.14 1<
43,34 18.82 o
1.82 1<
11.79 5.13 x
.08 1< *
23.68 10. 30 x
12.28 5. 34 x
0.18 1<
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From the figures on the preceding page we can see that only
the factors T and H are significant at 1 : 1 on the I tables.
lhese two factors have such a great effect that any others are
masked.‘ Iight and food have no significant effect on longevity.

Some of the interactions, marked x, although not significant,

have some slight effect and their further effects are shown on the

following pages.
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TO FIND THE EFFECTS OF SIGNIFICANT FACTORS AND THOSE HAVING ONLY
A SHALL EFFECT.

Grand mean (G) = Total = 27.77 or 27.8.
%

Main effects n=8

1. T. Cbservations Effects
T1 3‘-}08 (Av- of all T1) + 7.0
T, 20.7 (4v. of all T,) - 7.0
Effect of T4 relative to G is 3.8 - 27.8 = + 7.0
Effect of T, relative to G is 20.7 - 27.8 = = 7.0
20 Ho H1 1900 had 808
H2 3606 + 8.8
3. Fo F1 27-12 - 0065

Effect of F1 relative to G is 27.12 - 27.77 = <=0.65

Effect of F, relative to G is 28.42 - 27.77 = + 0.65

The effects of T anl H relative to G are largs,
whilst F is very small and insignificant.



TWO FACTOR INTERACTION EFFECTS

TxH n=4
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Mean values:

Effects relative to G
after accounting far
nain effects:

B H, H, H,

T1 2“..1{. 4503 T1 - 1 06 + 107

Tz 1}06 27-9 T2 + 1-6 - 1.7
(a) (b)

Mean (H1T1) = 2ol = G+H1 + '1'1 + H1T1 .« C

HT =2l'.ol§—2708+808-7 = = 1.6

Mean (HoTy) = 45.3 = G+ Hy + Ty+ HoTy + e
=27.8+8.84+ 7+ HT4+ €

P

H2T1= ‘+5-3 - 2708 - 8-8 - 7 2 & 1.7

[ S

Mean (H4Tp) = 13.6 = G+ Hy + Tp + ETo+ ¢
= 27.8 - 808 - 7 + H1T2‘f €
H1T2=13-6-27-8+8.8+7 = + 1.6

Mean (H,T)) = 27.9 = G+ Hy + T, + HoT, + €
=27-8+8-8-7+H2T2#e
H2T2=27-9- 27.8~-88+7 = =17

At



Using the mean values (a) the following graph can be

drawn:

60

Mortality

10

Because the lines are not parallel we can oconclude that
there is same interaction effect between T and H. It can be seen
that at a high temperature T,, there is greater mortality at a lower
humidity H, than at H). There is mare significant interaction
between the two at high temperature than at low.

Jhen the factors H a.ni T and their separate effects are
eliminaged (b), the effects relative to G can be plotted thus:

206



This shows that the interaction H x T is great after
H and T effects have been eliminated.

At a high temperature I, , a low humidity greatly
increases mortality, whilst a high hmidity csuses fewer deaths.

On the other hand, at a low temperature T,, the effect
of Hx T is that a high hmidity increases martality and low
humidity decreases it.

This latter effect is more difficult to explain than
the former which is reasonable. ihatever the effects of H x T

acting together, they are probably both masked by the very large

207



effects of H and T acting separately. Perhaps the most interest-
ing fact to be gained fram the above graph is that temperature in
conjunction with low mmidity has mare effect than with high

Iumidity.

208
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TxP n=s 4
Effects relative to G
after accaunting for
Mean values: main effects:
™ Fo . F2
T4 35.05 514.-6 T'] + 0.9 - 0.8
T2 1902 22.2 Ta - 0.9 + 0.8

Mean (F1T4) = 35.05

G+ F4 + T4 +PFT4 + €

27.771 - 65+ 7 + Ty +¢

F1T1 = 35-05 - 27-77 L 065 - 7 = .93
Mean (FpTy) = 34.6 =G+ Fo+ Ty + Foly + &
§2T1 = yq.os - 27077 - 065 - 7 = -082
Mean (3*112) =192 =G+ P + T, +FT, + ¢
= £7.77 - 065—7+F1T2+e
FyTy = 19:2 = 27.77 + 65 + 7 = «.92

Mean (F2'1‘2) =222 =G+ Fy+ T+ FI, + €

27.77 + 65~ 7 + FZTZ + €

F2T2 22.2 = 27:T7 - 65+ 7 = .78



When using the mean values (a) it can be shown that
although the lines are very close together, they are not parallel

anl there must therefore be a significant reaction between T and F.

50

40

30
Fa

20
Fl

10
T T

It shows that the effect of F is slightly more significant
at a lower temperature I, than at T,.

When the separate effects of F and T are eliminated, this
graph is cbtained, showing that there is a significant reaction
between F x T. At a high temperature slightly more weevils which
have eaten food should be killed than those which have not eaten.
At the lower temperature the reverse is true. In actuality the
effects of high temperature and low bumidity are so great that the

effect of food alone is negligible. The effect of T x F ia also

210
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over only a small area and is not very great.

9
8 F,
o)

> .8

- 09 F.
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THREEE FACTOR INTERACTIONS n = 2

Mean values: Mean values:

T T2

H1 H2 H1 H2
F1 25.5 4y o6 F1 10.5 27.9
F2 23.3 45.95 F2 16.6 27.8

(1) (ii)
Mean(THF1) -255=G+'1‘1 +H1 +F1+F1T1 +BT + T I l 1+e
= 2777 +7 - 88 = 654 .9 -1.6+ T1H117'1 + €
T1H1F1 = 25.5 = 27.77 - 7 + 8.8 + 65 = 9 ¢ 16 = $ .88

Mean (T4H4F = 23. F F,T T T.H.F
ean (T4H F5) 3.3 =G+ Ty + Hy + Fo « FoTy + BTy + THF, + e

27‘77+ 7- 8.8"’ '65- 08 - 106‘.‘ TJH1F2 + €
23e3 = 2777 = T + 8.8 = 65 ¢ 8+ 1.6 =2 = .92

T4y Fp

Mean (T1H2F1) =bhe6 =G+ T +HE,+F + LF +TH + '.l‘1321'1 +e
27-77 + 7 + 8.8 - 065 + 09 + 107 + T1HZF1 + €

T1H2F1 = M‘6 - 27077 - 7 - 808"’ 065- 09 - 107 = = .92
Mean (YE,F)) = 45:95 =G+ + K +E, + TF, + TH + TLE +¢

=27'77+7"' 8.8 + 065- 8 ¢+ 107'.' q%rz + €
q%l’z #4595 = 27.77 = 7 - 8.8 = 65¢ 8 =17 = o .83



TxHxPF

The effects relative to G after accounting for the main

effects and second order effects are:-

T1
H1 H2
F1 + .88 - .92
F2 - +92 + 83
T1
-9
08 [ ] Fz
0
- 8
- .9 F,
By B,

Although there is cbviously some reaction of HxF x T,

the figures are s0 low and close together as to make them hardly
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significent. 1In such a case, the mean values for H, F and T
from the tables (i) and (ii) would give us similar results. For

the rest of the three arder interactions only the mean values will

be used:
T1 T2
50 50
2
> 40 F, 40
2 5 30
g F\ od Fz
3
20 20 Fe
10 10 F,
H1 H2 H1 Hz

The first significant fact shown from the graphs is that
the reactions invalving T1 and T2 are different from one another.

At high temperature T, , food whether present or absent
makes very little difference, whether the humidity is high or low.
There is greater mortality at H, whether the weevil has eaten or
not, than there is at high hmidity.
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At low temperature T, , the weevils which have not eaten,
Fo , show more martality at high humidity than those that have
eaten. When the lpmidity is low this H, effect probsbly masks

any effect of food or absence of food.
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THREE FACTOR INTERACTION T x H x L

Our first table (p.212) shows that this is not significant

but has some small eflect.
T1 T2
H,l \ H2 H1 H2
L1 24.7 L4, 0 L1 12.3 28.5
L2 24 .1 46,6 L2 14,9 27.2
(i) (ii)
The mean values involved are shown above. From these
can be obtained the graphs:-
T1 T2
0
2 (Y 20
1o Ly
b2l
-+ L
—- 30
_ﬁ 3 i
% 20 La
z 20
10 10
H
> H1 H2
(ii)

(1)
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It can be seen at once that these two grephs are different;
therefore there muist be some interaction betieen H x T x L. This
is only a very small interaction because the points are very close
together, sometimes almost identical.

| At a high tenperaturé Ty , and high mmidity, the presence
of light is of little significance, but at low humidity darkness

slightly favours mortality.
Under T, or low temperature at high humidity, darkness

slightly increases mortality. The two results are inverted at

different temperatures.
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FACTORIAL EXPERIMENT 1964,

ii EGG LAYING.

In weeks 11 - 20 from 29th August to 8th November, using
the same apparatus, weevils and treatments as described for
the first 10 weeks, the humidity at H1 was raised by omitting
the lithium chloride and substituting water on filter paper.
The factors used in each treatment are the same as those shown

on p. 188, Table xxiv.



TABLE xxxv
NUMBER OF EGGS LAID IN 16 DIFFERENT TREATMENTS DURING WEEKS 11 - 20:

? 2 s 26 0 0 0 0 0 0 37 0 o) 0 0 o}
T, (High) T, (Low)
H, (100% High) H, (Low) H, (High) H, (Low)
L1 L, L, L, L, L, L, L,
F, F, F, F, F, F, F, F, F, F, F, F, F, F, F, F,
+ 6.0 | 1.7 [38.5 [22.2 0 o} 0 0 0 0 | 31.6 0 0 0 0 0

+ Percentage of eggs laid weeks 11 - 20.

612



ments are shown below.

The mumber of weevils ovipositing in the different treat-

Treatment No.

1
2

3
I

11

all others

1.

There were 10 weevils in each treatment:

No. of weevils Total eggs
laging eqqgs
7 1 v - 7
2 2
3 45
1 26
3 37
¢} 0

Within the treatments, the eggs were laid as follows:-

High humidity
Hligh temperature
Light

Food

High humidity
High temperature
Light

No food

High humidity
High temperature
Darkness

Food

High humidity
High temperature
Darkness

No food

High humidity
Low temperature
Darkness

Food

One weevil laid 7 eggs in week 12
(the secomd week af the increased
humidity) .

Two separate weevils laid 1 egg
each in week 18.

One weevil laid 30 eggs in week 12,
then 5 in week 14. Another laid
6 in week 13, and the third laid

1 in week 12 and 3 in week 13.

One weevil laid eggs: 18 in week 12,
1 in week 13 and 7 in week 17.

One weevil laid 12 eggs in week 11
and 6 in week 13. Another laid
6 in week 12 and 1 in week 16.
The third laid 12 eggs in week 13.
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CANCLUSIGHS

1. Almost immediately the humidity was raised from
75+ to about 100, egg laying began in some treatments. This
infers that a higher humidity is necessary for oviposition than
for mere survival. No eggs were laid in the treatments with low
humidity during weeks 411 - 20, thus any time-factor can be ruled
out.

2. High temperature combined with high mmidity is
most favourable for ovipositing.

3. #hen humidity was high and temperature low, the
only treatment to produce eggs had also both food and darkness.
Fran the slender data available, after humidity and temperature
have been considered, it would appear that both the absence of light

and the presence of food are favourable for egg laying.
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SIZE OF ADULT WEEVIL IN RELATION TO EGG LAYING

A1l the weevils in the Factorial experiment were measured
and the average length of the 160 was 7.70 mn. The nine weevils
which laid eggs were on average 8.06 mm. and the two largest in the
experiment, 8.80 mu. and 8.90 ., were included in these nine.

On the other hand, one of the ovipositing weevils was only 7.40 mm.

It would appear that above average length weevils tend
to lay eggs earlier, but from such a small sample, most of which

were under different environmental conditions, this result cannot

be conclusive.
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savt dii. Amount of f{ood eaten,

[

e amounts ol food eaten were measured in square centimetrcs
and the averages for each treatment calculated. UThese were then

exwuressed as percentages of the total amount eaten as shown below:-

T I

19.6 [21.3 1 9.5 |10.1 [10.4 |17.1 | 5.0 | 7.0

After having the arc sin transformation applied to them, they
were programmed and calculated by the computor for analysis of
veriance.

The results are shown on the next page. F was calculated by

dividing the individual mean squares by the mean square of THL.



source of
variation

’Il

TH

BB E o

T

TCTAL

Sums of
SH uares

0.12079D+02
0.13017D+03
0.183236D+01
0.43945D+02
0.48828D+01
0.66701D+00
0.82561D+00

G« 19440D+03

LDegrees of

freedom

L. N N, U S, ¥

Mean
sguares

0. 12079D+02
0.1%017D+03
0.18536D+01
0.4294504C2
0.488280+01
0. 66701D+00
0.82561D+00

14,62
157.40
222
53520
5.91

14

significant

hee
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Uging the I’ tables for 1 ¢ 1 we find that none of the factors
is significant although humidity shows a large effect which is almost
significant. 1dight, and to a lesser extent, temperature also show
some effect.

In general, high humidity, high temperature and darkness favour

feedirgy by C, singularis in this factorial experiment.

Under normal circumstsznces weevils feed after dark on rhododerdrons
but some of the bushes showing worst damage at Keele were undernealh a
strcet lamp which was 1it all night.

In a previcus experiment in the laboratory darkness and light
seened to have little significance where feeding was concerned. Lt
may be, as in grain weevils (Richards 1951), that some weevils are

negatively phototropic and others are indifferent to light.
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3 A NisU RECORL FCR PYGOSTOLUS STICTICUS (1"AB),

A TARASTITE OF CT1CRHYNCHUS SINGULARIS (L).

. ¢ . s s .
Two spec;pné%f I'ygostolus sticticus, (Fab.), a parasitic insect
velonging to the family Eraconidae, were obscrved ir association with

¥ > - > ceyil 3 . . . ) . -~
the Clay-colourec weevil, OUtiorhynchus singularis(L.) in spring, 1664

at XKeele in Staffordshire.

Cne was found after dark, ovipositing on the back of a weevil

which was eating into the margin of a leaf of Rhododendron ponticum in

the woods.
The second one hatched from a cocoon in the laboratory. The dish

a#lso contained a weevil, O. singularis which afterwards died.

During the following year I observed many more of these parasites
hatching from cocoons after emerging from female weevils housed in petri-

dishes in the laboratory. In all cases the host died within 24 hours of

the parasite leaving the body, and none of these weevils laid eggs before

dy]n;;.

All the P. sticticus were females (Pl. 40), and they were identified

by Jean A.J. Clark of the Department of kntomology, British Museum

(Natural History), to whom I express my thanks.

According to Marshall (1889) and the British Museum collection, this

species has not before been recorded on O, singularis although, Clark

says, another species of Pygostolus, P. falcatus, has been bred from the

weevil and other related Curculionidae.

Pygostolus sticticus has previously been recorded (Marshall 1889)

from the following hosts:
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Pterostoma Qalpina(L) (Prominent Moth. Notodontidae. Lepidoptera.)

Agonopterix aqgelicella(ﬁubl)(Syn. Depressaria angelicella).
(Pineid moth. Lepidoptera).

lematus ribesii(SchJ (Syn. Pteronidea ribesii).

(Currant Sawfly. Hymenoptera).

liacrophya ribis(Schrﬁ

Although some of these are again recorded by other authors
(Picard 1914; Morley and Rait-Smith 1933), they appear to have used
llarshall for their information and have not personally verified them.

As the above records on Tenthredinidae and Lepidoptera have not
been substantiated und as other species of Pygostolus are oredominantly

on weevils, they now seem guite unlikely.



Pypostolus sticticus adult.
x 75

a., dorsal.

b. ventral.

Plate LO.
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ADULT

The insect is described by Marshall (1889) as followss-

" Pysostolus sticticus (Faba

Ichneumon sticticus, Fab. E.S., Suppl., 229 Cryptus sticticus, Fab.,

Piez., 89, ¥; P. sticticus, Hal., Ent. Mag., ii., 459; Ruthe, Berl.

ent. Zeit., 1861, p. 162, 3.

Bassus testaceus, Fall., Spec. Hym. (not of Fab.), 2.

Blacus gigas, .esms, Houv. Mem. Ac. Brux., 1835, p.99, 2.

Rufo-testaceous, smooth and shining; eyes, stemmaticum,occiput,
variable portions of the mesothorax and pleurae, the pectus and sometimes
the scutellum, also the metathorax, and base of the lst abdominal segment,
fuscous. Palpi whitish. Antennae dull ferruginous, darker towards the
tips, each joint of the flagellum annulated, fuscous at the extremity.
WMetathorax punctatorugose, without raised lines or areae. Wings hyaline,
stigma yellow; costa, radius, anal nervure and part of the praebrachial
fuscous, the other nervures ferruginousj cubital nervure obsolete for a
grsat portion of its length. Abdomen shorter than the thorax, and at its
widest part not narrower, oblongovate abovej if viewed laterally, obliquely
truncate behind; the sides of the lst segment diverge as far as the obtusely
prominent tubercles, which are placed before the middle; thence to the apex
the sides are nearly straight and parallel; lst segment minutely articulated,
the rest smooth; suturiform articulation faintly visible at the sides.

Valves of the terebra lanceolate, stout, black, pilose. Male unknown.

Length, 2%; wings, 6 lin."



Pygostolus sticticus cocoon x 6.

Dorsal

Ventral

Cap removed when adult emerged

Plate 1.






229

UBSERVATIONS QN PYGOSTALUS STICTICUS

In all about 15 of these parasites emerged from O. singularis
during the sumer of 1965 during a laboratary experiment which had to
be abandoned because of the death of the weevils.

LARVA:

The weevils were kept in separate petri=dishes or glass tubes

and the larva of P. sticticus, after leaving the weevil through the

posterior and usually during the night, would immediately begin to

spin a neat, white cocoon on the base or the lid of the dish. Vigorous
movements were made as the larve used its mouth to place the threads

on to the surface, the head being rolled fram side to side.

The white larva appeared to be legless with three pairs of white
pigment spots on the first three segments. These segments were larger
than the others and greyer. There were no hairs on the body.

A small ridge projected from seven of the abdominal segments and
the larva anchored itself whilst spinning by means of its tripartite
anal segment. Before this, it appeared.to move alung by means of
horizontal contraction and extension of body segments.

I counted a pair of notioceable spiracles on each of the 2nd to 9th
abdominal segments and one pair on the 2nd thorfacic segment.

The head bore praminent eyes and mandibles.

The length of the larva cbserved was 4.8 mm.
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Ventral view of larve. x10

1 day old Pupa
dissected from

€ocoon. x1}

Wings of Pygostolus sticticus. x27

& igol|-5o
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COCOON s

Average size 6 mm. x 2 mm. White, cylindrical (Plate 41 ).
The more rounded end of the cocoon appeared slightly darker than the
rest. (Under hot, dry conditions the pupae did not mature but died
and the co won then turned brown). The pointed end of the cocoon is
neatly cut off about 1 mm. from the end, allowing the imago to escapee.
(Marshall and the B.M. (N.H.) both report that the cocoons are normally
reddish—grey ).
PUPAs

It was difficult to examine the pupae because they shrivelled and
died on exposure to the air and the microscope lights and heat. The
pupa shown (Fig. 45 ) was 1 day old and measured 2.75 mm. long, 1.5 mm.
wide at the widest part. It was greyish-white with yellow-grey eyes.

The times taken for the adult Brachonid to emerge from the pupa

are shown below.

Date of larvae emerging from Date of Imago Average Number of days
weevil and of cocoon being emerging Temperature in cocoon
formed e
30th May 8th June 60 9
30th May 9th June 60 10
30th May 10th June 60 11
30th May 12th June 59 13
30th May 10th June 60 11
30th May 9th June 60 10
lst June 13th June 59 12
6th June 18th June 60 12

Average time of hatching from cocoon 11 days.
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From my own observations I have noted the following average

lengths:~

From head to tip of ovipositor
Head

Thorax

Abdomen

Ovipositor

Wings

Antennae

Colour: Body, light brown, Wings transparent.
Eyes, black. Antennae and ovipositor,
dark brown.

Wings: These are drawn on a preceding page.

Antennae: 34 segments.

Sex: All were female.

They did not appear to eat in captivity, and died within

three days of hatching.

mm.
5.0

0.5
1.5
2.0
1.0
5.2
6.2
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DISCUSSION

Compared with other widely grown ornamental shrubs and trees

in Great Britain, the genus Rhododendron suffers from only & few

importent pests. Some of these are found specifically on rhododendrons,
including Rhododendron whitefly, Rhododendron Bug, Rhododendron
leafhopper and Azalea Whitefly, but are for the most part confined
to a small number of counties in the South of England. These pests
hardly seem to have spread in Great Britain since they were reported
forty to seventy years ago.

This summer (1970) I have seen the Rhododendron leafhopper,

Graphocephala coccines adults on the leaves of Pink Pearl and several

other varieties of smooth-leaved rhododendrons at a Garden Centre on
Anglesey. The plants had been imported from Exbury, Hants, obviously
with eggs already laid on the bud scales. During a warm spell the
eggs had hatched successfully.

Last year I found Rhododendron Bug, Stephanitis rhododendri,

at the same nursery, also on plants bought in from the South of
England, but the rhododendrons were sold and away before it oould
be discovered whether or not the pest would die out in this part of
the country.

There seems to be quite a new problem arising here from the
recent quick sale of bushes from drive-in Garden Centres. Plants
are bought by the centres and brought in by car from different

parts of the country. As most of the large rhododendron nurseries
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are in the south they are also in areas containing endemic rhododendron
pests, but because the rhododendron pests mentioned above do not

at first cause much damage to young plants, the nurseryman does not
zlweys spray the plants to control the pests. Ofteﬂ he does not
recognize that he has a pest at that stage (e.g. the eggs of

Graphocephala coccinea are very well camouflcged on the buds), so

contaminated bushes are being spread quickly throughout the country.
Once at the Garden Centre, the plants are further distributed widely
by eustomers, often on holiday and fur from the gardens where the
new plants will be grown, who again transport the bushes and pests
swiftly by the car. More rhododendron plants are being bought in
Britain than previously because of the extended use of sequestrines
in the soil enabling these acid-loving plants to be grown in soils
of a high pH.

Only a few years ago a gardener would buy plants grown by a
nurseryman in his area, but now this is changing. Even the local
nurseryman probably buys in rhododendrons from a specialist grower
of rhododendrons and because of the quick turnover, the local
grower will not spend money on spraying the plants even if he does
notice a pest.

In many areas such as the Midlands and the North of England
and Scotland the climate will most probably continue to control the
ma jor rhododendron pests, but in warmer places e.g. the South west
of England, North Wales and Anglesey, the west coast of Scotland,

I would not be surprised to see small outbreaks of Rhododendron Bug,
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dhitefly end Leafhopper in the near future. Perhaps the biggest
threut is from the lecfhopper which coulc spread Bud Blast disease
throughout the country (Baillie and Jepson 1951).

It is interesting to note that rhododendron pests in the U.S.A.
and other parts of the world, differ from those in Britain. Some
of the more exotic beetles and wood wusps are excluded from the
British Isles by vigilant customs officials inspecting imported
plants, and by our colder climate.

Since the last survey was made on rhododendron pests in
Britain (Fox Wilson 1939) the status of some of the pests has changed
slightly. All the hemipterous pests mentioned above can be controlled,
if recognized in time, by organophosphorus insecticide sprays. If
these pests are allowed to spread it is because of neglect on the
part of the grower, or economic pressures on him, not because of a
lack of an insecticids.

Two other pests of small rhododendron plants have increased in
importance as rhododendron pests during the past 30 years, and are
perhaps a little more difficult to control. These are the tortricid

moth and the Clay-coloured weevil, O. singularis.

By the time the caterpillar of Tortrix is discovered it has
usually spun a web and tied the leaves of the plant together, damaging
them and also pulting itself out of reach of all but systemic
insecticides. Thig moth was formerly a pest of oak trees but now

will infest rhododendrons whether osks are present in the vicinity
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Because the Clay coloured weevil is polyphagous it will
continue to live in the garden even if those on rhododendron are
sprayed. In one garden at Keele, Staffordshire, after severacl
insecticides had been tried to rid a heavy infestation of this pest,
handpicking regularly at night in summer was tried and now five years
later almost all the weevils have been eliminated. A grower of

nursery rhododendrons whose plants suffer badly from O. singularis

would be well advised to do the same, or to use handpicking alongside
on insecticide such as malathion us an effective control.
In the midlands and north of England and Wales, the Clay coloured

weevil Q. singularis is present in greater numbers on rhododendron

and other plants than 0. sulcatus the Vine weevil, contrary to

Fox Wilson's findings in 1938. It cannot be ascertained whether the

Vine weevil is still more common in the south of England where Wilson
worked or whether the clay coloured weevil has since spread and increased
in numbers and importance in the South also. I suspect that, as the
damage caused by both these weevils on rhododendron is identicel,

Wilson often attributed it to O. sulecatus rather than 0. singularis

without searching for the causal insect after dark. In most counties
I have visited in Britain during the past several years I have found

Q. singularig regularly on rhododendron, but only twice found 0. sulcatus.

Some othcr pests that are mentioned, such as Cockchafer Beetle,

Melolontha melolontha, Sandy chafer Serica brunnea and Leaf Cutting
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bee (Megachile),Slugs, Aphis, are only local or spasmodic and not
of any great imporitance. '
In the future the nematodes may become rizjor pests of the genus

khododendron. Little is known yet about the effects of these animals

on rhododendrens but it could be that many '"sick" bushes will be
attributed to them. Certain genera (e.g. Liphenema and Trichodorus )
which have been discovered around the roots of rhododendrons are
known to transmit viruses to other plants (Jones and Jones 1964,
Southey 1965) and therefore a watch should be kept by horticulturists
for nematodes and virus diseases in rhododendrons.

The clay coloured weevil, Otiorhynchus singularis being by far

the most common pest on rhododendrons in Staffordshire, was examined
in a little more detail than the other pests and several experiments
were performed on the insect in the laboratory.

It is interesting to note the controversy which has been

continuing recently about the naming of the genus Otiorhynchus, for

although the original nsme is Brachyrhinus and this name (spelt now

with two 'r's in the middle) is still used in the U.S.A., in Europe

where the majority of the species are found, Otiorhynchus (again

usually with two 'r's) is commonly used. This latter name will

probably receive preference (Zimmerman 1961) and Otiorhynchus (with

one 'r') be accepted whilst the original name is suppressed. This

is contrary to the common practice used in Entomology where the

original name is the one most usually accepted. The use of Otiorhynchus
with one 'r' in this thesis has bean recommended by the Zoological

Nomenclature Committee.
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The details of the life history of 0. singularis are still not

absolutely clear, but those set out by wWillis (1965), showing that
the weevil does not have a straightforward annual generation, seem
reasonable and the stages found by me in the soil and on the plants

cutside confirm his findings. Other Otiorhynchus species also are

uble to survive and oviposit during a second years.

The difference in larval sizes and imaginal sizes may be
accounted for by some wcevils taking an extra ycar for development.

There appears to be no "average'" of numbers of eggs laid nor
is there any consistency in the times or batches of eggs laid, some
weevils laying a few eggs each day, others a large batch on only one
day. The final numbers laid do apparently depend upon the type of
food consumed, those on rhododendron laying fewer than those fed on
raspberry or rosebay willow herb. Willis (1965) stated that more
e¢gs were laid by weevils fed on strawberry than those eating
rhododendron.

Why, if the weevil finds more nutritional value and lays more
eggs after feeding on, say, wild raspberry or rosebay willow herb,
does it sometimes feed on rhododendron leaves? Uvarov (1928) states
that insects are guided to their natural foods by tastes and odours
of various chemical substances which in themselves have no nutritive
value. For example, certain caterpillars whose normal food is
Umbelliferous plants would rather eat filter paper treated with

essential oils found in Umbelliferae than eat fresh carrot leaves

(Dethier 1941). O. singularis is obviously drawn to the rhododendron,
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especially the wild R. ponticum, by its olfactory and possibly taste
senses.

Laboratory experiments confirm this, the smooth leaved
K+« ponticum being more attractive than the more pungent species.
Odour mey becom: repellent to insects at higher concentrations

(Dethier 1963) and this mey be the reason why Q. singularis is

attracted to some but repelled from other species of rhododendrons.
It is known that insects can be attracted visually to plants

eg. Melolontha melolontha flies to the dark silhouette of woods

against the skyline (Schneider 1952) and some caterpillars climb
the stems of stinging nettles partly due to the olfactory stimulus,
but also because of the dark patterning of leaves against the sky.
(Markel and Lindauer 1965). It would be interesting to discover
if the patterning of the rhododendron leaves at dusk against the
sky attracted the weevils. Thia could partly account for the fact
that most weevils go to feed on leaves already biiten previously,
but this is more likely to be because these leaves, being injured,
emit more leaf odour.

It is an accepted fact that the type of food eaten before
oviposition can influence the numbers of eggs laid. In work on
the Colorado beetle it has been found (Grison 1947) that the number
of eggs laid depends upon the species of potato plant on which the
females feed or even upon the age of the leaves within a species.
Difference in egg numbers laid were found to be due to differences

in the nutrients in the leaves.
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In other insects the oviposition rate depends on the feeding
habits of the larvae. Same mosquitoes lay the initial batch of eggs
without having fed as adults, the mumbers of eggs laid depending on
the diet which the larvel mosquito received (Weyer 1934).

In the case of Q. singularis it may be a combination of both

larval and adult diet influencing the oviposition rate. It has

been difficult to discover the exact location of larvae which as adults
feed on the roots of rhododendron and it is thought that they may be
those found feeding on weeds and the roots of hedgerow plants nearby.
The larvae therefore may have had mixed diets before the adults began
to feed on rhododendron and this could in some way account for the very
varied mumbers of eggs laid.

The adult weevils vary enormously in the amount of food eaten
before oviposition, as the laboratory experiments show. Some will
eat rhododendron prior to ovipositing, others laid eggs aftexr being
starved of food for 17 or 18 weeks. More eggs are laid when the atult
weevila feed beforehand but there seems to be no maximm amount which
has to be oconsumed before oviposition takes place, as Willis found
there was with Q. sulcatus.

To emphasize that the amount of feeding does not seem to
directly influence the mumber of eggs laid we can consider the experiment
performed in the leboratory in 1963 when O. singulaeris ate smounts of
rhododendron leaves in this descending order: deciduocus asalea,

glabrous, glauocous and yet laid eggs on these types in the propartion
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155, 127, 237. The ones eating the smallest emount laid the most eggs.
In this case most eggs were laid on the back of leaves with thick
indumentums and it could have been the texture of the leaf rather than the
food value which encouraged egg laying and/or presence of eggs
discouraging feeding.

More food is consumed by O. singularis immediately after egg laying

than before and I maintain that this is due to the uncomfortable distention
of the abdomen beforehand and the relatively empty abdomen in the post
egg laying period.

In thek same experiment to find the factors affecting oviposition in
Os singularis, it was found that a high humidity and high temperature were
favourable for oviposition and this was confirmed in the factorial experiment
followinge. ghis would agree with other workers experimenting on grain

weevils Calandra granaria where oviposition increasesat 17°, 21° or 25%

as the RH rises from 70 - 100% (Richards 1946). With a constant RH the
rate of oviposition rose corresponding to rises from 17 -~ 25°C. At the
other end of the scale, Richards found that oviposition ceased at 9.5°C
but in the factorial experiment a few O. singlaris eggs were laid at 6%.
Eastham and MoCully (1943) stated that the rate of oviposition varied
with RH and temperature but the total mumber of eggs of C. gramaria did
not differ mach, for the quicker the eggs were laid, the shorter the life
of the weevile This is not the case with O. singularis which lay
coampletely different totals of eggs.

They also found that the larger the weevil, the higher its

potential oviposition rate and that this was an effect of enviromment
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and not the genetic constitution. I'rom slender data available it

wculd seem that the larger Q. singularis may lay more eggs than the

smaller.

Tsai and Chang (1935) working on C. oryzae found that oviposition
could not take place at less than 60 - 100% RH and that the maximum
nurber of eggs were laid at 24 - 29°C and 90 - 100% RH. The vital

optima for Q. singularis would appear to be near 100% RH and about

18° - 22%.
In recent years many entomologists have worked on the separation

of the larvae of Otiorhynchus species (van Emden 1950, Fowler 1963 ,

Willis 1965) basing the identification upon the larval chaetotaxy.
Although the position of certain seta on the 9th abdominal segment,
over which Fowler and Willis do not agree, are not a reliable means

of separating O. singularis from the larvae of 0. sulcatus often

found associated with it, there are other differing setal patterms

on thoracic and asbdominal segments which make this separation possible.
It is the adult clay coloured weevil which causes the damage to

plants and which is the most interesting stage to the horticulturist.

For this reason most of the work on 0. singularis during this study

has been carried out on the adult. I would consider it amongst the
major horticultural pests, only going unnoticed by growers because
of its habit of feeding on the plants after dark and hiding in the
goil or leaf litter during the day.

The adults of Otiorhynchus have been described by Hoffman

(1950) and Joy (1931) but the keys are often complicated using
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characters only visible after much scrutiny under a microscopee.

A simple key has bcen devised for the major DBritish species which
should be useful to both the horticulturist and the entomologist.
All the six species have quite distinct markings on their frons, a
character not emphasised before.

Q. singularis has been found on a wide range of garden plants,

soft fruits and weeds. Although the damage is for the most part
unsightliness, I have seen many young plants on which the severe
damage has proved lethal. 'In the rhododendron garden the plants
having smooth, glabrous leaves and the deciduous azaleas have their
leaves attacked more than the glaucous types. Cross sections of the
leaves show that the azalea has a much thinner upper and lower
epidermis probably making it easier for physical biting of the leaf.
The lower epidermis of the glabrous type is covered with long, branched
hairs and the upper epidermis is thickened with a cuticle also.
These combined with the often pungent smell of rhododendrons which
have an indumentum, apparently deter the weevil.

In the laboratery the adult weevils exhibited two features
which are worth noting. Firstly, the weevils aggreagated together on
top of one another in the corners of cages or dishes and would spend
the day in this position. I have never found such an aggregation in
the soil or in leaf litter, nor seen any reference to such aggregations
in the soil.

Secondly, if held from behind along the sides of the elytra by

tweezers, the weevil would stretch out its legs and antemnae to their



Plate 42.

This photograph shows the aggressive position

taken up by O. singularis when touched at the

sides of the elytra. 1In this instance it was

picked up by forceps.
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fullest extent in an aggressive movement. This fact was used in
experiments when one needed to discover whether the weevil was dead
or shamming, tiey never failed to appear aggressive if alive.

During this study a factorial experiment was performed to
discover more of the weevils reactions to temperzture, relative
humidity, light and food in relation to longevity, oviposition and
feeding habitse This was set up in 1964 initially for ten weeks and
was to be repeated in 1965 using different levels, but an influx of

the parasite Pygostolus sticticus killed so many weevils that the

second experiment had to be abandoned.

The level of humidity was the greatest influence on the
longevity of the adult weevils. At the low level when RH was between
12 - 40p% the weevils only lived for a few days, especially those
low humidities associated with the higher temperature. At high
humidity 75% RH the weevils lived, many for the whole of the ten
weeks. This result agrees with those found by other workers. Smereka
and Hodson (1959) found that the granary weevil, Sitophilus granariug
was more active at low humidities but remained alive longer in a
higher humidity. They developed faster, lived longer and were more
fecund at higher humidity.

Agriotes spp. react intensely to humidity and always migrate
towards wet places even up to 1005 RH (Lees 1943), Bursell and Ewer

(1950) found that Peropatopsis moseleyi preferred a humidity of 99% RH,

and Calandra granaria had maximum longevity at 70% RH (Eastham and
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McCully 1943, Howe 1952).
On the oth=r hand some insects prefer a lower humidity and

Bentley (1943) writing about the biology and behaviour of Ptinus tectus

shows that it lives longest at a low RH even thought it is most active
/
at a higher humidity. Kennedy (1937) noted the same dry reaction in

locusts. Gunn and Pielou (1940) show that Tenebrio molitor prefers

dryness in a gradient of 5 - 10% RH.
Two other results are interestings Wigglesworth (1941) showed

that Pediculusg humanis corporis avoided humidity of 9%% and above

but was indifferent to slightly lower values, and Thomson (1938)

noted that a humidity of 60 - 80% was preferred by Culex fatigens.

Both avoided the extremes of humidity and it could be that there are
two types of receptors, one for wet and one for dry so that most
insects avoid complete saturation.

O. singularis avoids low humidity and cannot survive in it.

It will migrate towards a high humidity of 75% or over but it is not
possible to say whethsr there is an upper limit above which the

RH would prove fatal to the weevil. It would appesar that Q. singularis

differs from S.granariug and resembles Ptinus tectus in that it is
most active at higher humidities. The weevil moves and feeds after
dark when the humidity is normally higher than during the day. Thus
high humidity encourages activity as well as longevity .

Necheles (1927) suggesta that cookroaches come out at nighi and
are active because the temperature falls causing a rise in RH, the

animals being hygro-positive. This I would agree with and believe that
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this is the reason 0. gingularis feeds after dark. Experiments in

the laboratory show that darkness or light have very little effect on
the feeding habits of the weevil if the tumperature and humidity remain
the same.

From a previous experiment the upper limit for survival was found
to be about 2690 - 31°C, probably around 30°C and a lower limit of
about 500, but it is difficult to quote a temperature without also
mentioning the relative humidity at the same time because both are
interelated in their eftfects.

Gunn and Cosway (1938), when dealing with cockroaches, noted
a kind of balance between pure temperature reaction and humidity
reaction. This became apparent in my factorial experiment where
not only was there an increase in mortality when the temperature
rose but this increase became most noticable at low humidity.

At both high and low temperature levels (i.e. 6°C and 18°C)
there was greater mortality at a low rather than high humidity, but
more interaction between T and H was apparent at high temperature than
low. When the separate effects of temperature and humidity has been
eliminated the true interaction effect of T & H showed that the high
temperature and low humidity increase mortality, but at low temperature
the reaction was less and low humidity decreased mortality. From
both graphs, taken from the means and from the separate reactions, it
is apparent that temperature differences have more effect at low

humidity than at high. The latter effect tended to mask all others

in the experiment.
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Other workers have found similar interelationships between
temperature and humidity. Keddy (1954) states that the rice weevil

Sitophilus oryzae showed increased mortality at 30, KH with rise in

temperature, and at 13% RH mortality rose as temperature increased
from 20 - 35°C. The adults lived longer at lower temperatures. The
same weevils (Qayyum 1964 ) were found to have a high mortality rate

at 0 - 33% RH but they lived for a long time at 75 - 100% RH. At
40°C, at any humidity, death was caused and at 25°C with O — 33% RH
also, but when at O - 33% RH the temperature was reduced to 5°C only
295 of the weevils died. Tsai and Chang (1935) stated that the lower
temperature lengthened the life of the rice weevil bscause the
metabolism was retarded and less energy lost. They quoted the maximum
longevity as below 16°C and RH 85 - 100%.

Falconer (1945) working with Agriotes spp. wireworms found that

the lethal temperatures for them were-ﬂ?C and 36°C and that when the
temperature was lowered slowly there was more resistance to lower
temperatures especially around —3°C. As the temperatures in the soil
rarely exceed 0°C or 1°C at the lower level and 3500 at the upper
(Russell 1937) the wireworms were never liable to death from temp-

eratures in the soil. This will also be the case with 0. singularis,

except in the very rare cases when the top #" of the soil rises

above 32°C and when the weevil would have to bury deeper into the

soil to avoid being dessicated.
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Humidity, and to a lesser extent temperature also, had a
definite effect on oviposition. Ko exgs at a2ll were laid in the
humidities up to 79 RH but as soon as walcr was substituted for
the chemicals, eggs were laid by a few weevils. In all cases except
one, the eggs were laid at the higher femperature. This agrees wifh
the results obtained by Tsai and Chang (1935) for rice weevil, where
maximum numbers of esgs were laid at 90 - 100% RH.

The presence or absence of food apparently has no real
significance wheras longevity is concerned. The effects of humidity
and temperature are so grea: that those of food are almost negligible
in oomparison. At a high temperature mortality is slightly greater
amongst the weevils that have had food provided than amongst those
that have had no food, but the difference is not significant. At a
low temperature the difference in effect is slightly more noti%?hle
and there is more mortality amongst weevils that have not eaten
than amongst those that have. Reddy (1954) discovered the same
reaction in adult rice weevils. At a high temperature, food exerted
little influence on mortality, neither did it when the moisture
content was low. At 73 He.H. few died when food was present.

Examining the results of feeding in the third part of the
factorial experiment, we find that the weevil eats more at high
temperature, high humidity and slightly more in darkness than in light,
although the latter effect is not as great as effects of the two

former ones. Again, with amount eaten, there is more contrast between



high and low himidity than between any other two levels of factors.
Different insects show very different recactions to light. 1In

natural conditions Q. singularis is photonegative, hiding during

the day and becoming active after dar&, 25 is Ptinus teoctus (Bentley
1953 ), Wirsworms show a negative reaction even to moonlight

(Falconer 1945). Richards (1951) found that most grain weevils move
away from the source of light but a small fraction move towards it,
and that there are two types of weevils, those negative to light

and those almost indifferent to it. In the laboratory Q. singularis

seems to fit into this last category because some of them will feed
during daylight as well as in the dark. The factorial experiment
shows that light is of very little significance to mortality rate;
if anything at high temperature, low humidity, darkness slightly
increases mortality and at low temperature,high humidity the result
is the same. At low temperature, low humidity light increcases
mortality, but all these effects are masked by the large effects of
humidity and temperature. The third section of the factorial

experiment shows that darkness is slightly more favourable for the
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weevil to eat in, but again this is not as significant a fact as might

have been expected. Weevils will feed on moonlight nights as well as
on dark, moonless ones. When a torch is shone on them outside in
the dark they do not react to the light by falling from the leaf as

they do if the bush is disturbed and they feel the vibrations. They

appear to show no reactione.
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It is difficult, therefore, to categorise the weevils®' reactions
to lighte They seem to be naturally slightly photonegative but for the
most part are indifferent to light. More experiments could be carried
out in this direction in the future. Little is known also of the

photoperiodic effect of light on Otiorhynchus appe.

Probably the weevil feeds at night due to the rise in humidity
and drop in temperature rather than because of the darkness, although
the dark night might protect it from birds and other predatorse.

To understand how the results obtained in the factorial
experiment may be related to the conditions under which rhododendrons
are grown, a little muat be said about the temperature, humidity and
light used by the grower when rooting the cuttings and growing=-on the
plants.

Cuttings are taken normally in July, Mgist and September, trimmed
to 3 = 4 inches, the stems dipped in hormonal rooting powder and placed
in a well aerated and drained medium under mist. The mist provides a
fine film of water on the leaves, keeping the Midity around the plant
highe

The s0il temperature is about 70°F (21°C) falling to 60°F and the
air temperature 90°F (32°C).

During the day a minimum of 450 foot candles is easential and
some form of supplementary lighting is sametimes necessaxry to finish
off the cuttings for they may take from 10 weeks to 6 months to root’

depending on variety.
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#hen rooted, the young plants are potted into acid peat in 3 inch
pots and returned to the seme hause for a short time to form more roots.
They are then placed in frames outdoors for gradual hardening, the pots
being submerged in peat. Later the rhodc_)dend.rons are planted in rows in
mrsery beds and grown on until of a size to sell or transport to other
murseries and garden centres.

Although the high humidity on the leaves may encourage O. singularis

to be active, to eat more and lay eggs, the constant wetting on the leaves
would probably discourage the weevil fram feeding on them. Under
saturated conditions in the laboratory the weevils have been seen to die.

The effect of the supplementary lighting and high summer light
intensity would be negligible.

The adult weevil may be able to survive in the soil temperature of
21°C but would probably not do so in the very high air temperature of
90°F (32-33°C) in the greemhouse. It is unlikely therefore that
O. singularis will become a pest on rhododendron cuttings now oammonly
rooted under mist in the glasshouse.

#hen the plants are rooted, plunged into frames and planted aut,
they are then particularly susceptible to attack by the weevil, the
temperature being lower. Under frames the humidity is generally higher
than autside and it is at this stage that the young plant is most
vulnerable and at which time the grower should be most vigilant and

examine the plants for weevil pests.
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The Brachonid Pygostolus sticticus described by Marshall {1889)

had not previocusly been found to be parasitic on O. singularis and
specimens of this wasp and its host insect are now in the British

Museum (Natural History)e It seems likely that same of the other named
hosts for this parasite may be erroneous as they have never been reoorded
since their first mention and are unlikely hosts for a Pygostolus species.

Up to the present moment, Otiorhynchus singularis, although a peat in

gardens and orchards throughout Britain and most of the world, has never
reached epidemic proportions and the biological control afforded by the
discovery of the parasite will most probably never be nseded on any but the
natural scalee

To sum up the position of rhododendron pests: at present they
are of little consequence in Great Britain, but with a swiftly expanding
rhododendron industry, with faster transport to all parts of the country,
the grower should take care to recognise and control the pest at all
stages, otherwise there could soon be a build up of inseot pests in

the warmer parts of Britain and a lowering of the standard of rhododendrons

growne
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