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A e« INTRCDUCTION.

The beetle Stenoscelis hylastocides (Woll.), first

described in 186l is & wood borer of quite considerable
economic importence in the VWestern Cape Frovince of South
Africa. |

Because it was not until reéently that its effeét on
house timbers was noticed, it has never before been tpor-
oughly investigated. Apart from the original description
(WOLLASTON - 186§0, there is no information in the available.
literature regarding the habits of the beetle which would
have been of practical use in this thesis.

This complete dearth of information thereflore neces-
sitated starting from first principles, and deriving teche-
nique &g the work progressed. This naturally involved
much irial»and~error work which took up a lot of the availe
able time.

One of the main reaéqns for the difficulties encountered
in the course of this work, is the fact that not only do
both adults and larvae feed and live inside the wood, but
the femsles return into the wood after copulation, to ovi-
posit. This phencmenon is almost unique among woodboring
beetles that have been investigated, (though it does occur
occasionally in others), so that there was no literature
available with which to meke compsrisons, or from which to
obtain useful hints. Another serious handiecap is the long
life history of the beetle (about 13 to 2 years from egg to
the emergence of the adult from the wood). As the available
time was only l% years, much of the work in this thesis is
of necessity incomplete, though long~term experiments arel
still under way, and may produce significant results at a
later date.

The fact that there has been no investigation of the
beetle indicates that it was not until quite recently that

2/....-c.it....



it was considered of any great economic impoftance. in
fact, until 1944, it was classified at the Division of
Entomology, Rosebank, as a member of the family Ipidae.
However, when it brought itself to the notice of the Division
of Entomology by its extensive and repeated attacks on
public property, it was cénsidered necessary to get some

idea of its Bionomics and general activity, to facilitate its
discovery and subgequent eradication, and to providé a8 means
of setting the date of original attack for certain legal
purposes.

If for instance, & piece of infested wood is discovered
in which the majority of the lervae are of a certain define-
ite size it can be stated with a certain émount of accuracy,
how ¢1d these larvae are, end therefore how old the infest-
ation is. One is thus able to ascertain whether or not
the timber-merchant concerned is responsible for the sale
.and installation of infested timber.

The work was undertaken at the Rosebank Entomological
Station of the Division of Entomology, from where the author
had easy access to the infestationg in houses in the neigh-
bourhcod, and in the Western Provinqe generally. Infested
wood for experimental purposes was provided by timber-pre-
serving firms in Cape Town. |

The author is aware of the fact that part of the in-
formation given in this thesis is of a rather negative
cheracter, while some of the conclusions arrived at often
show a trend of direction rather than a definite result.

The limitation of time makes it impossible to repeat
gome 6f the experiments or to carry out new ones to come to

more definite results.

3/----0B- mtlineiv'



B - QUILINE OF SYSTEMATICS.

i) GENERAL CLASSIFICATION. (After IMMS 1934)

ORDER ‘ Coleoptera.
SUBORDER Polyphage.
SUPERFAMILY Rhyncophora.
FAMILY Curculionidae.
SUBFAMILY Cossoninge.
TRIBE Rhyncolini.
GENUS ' Stenoscelis.
SPECIES hylastoides.

ii) CHARACTERS OF THE SUBFAMILY COSSONINAE. (Fram Bletchley
& Leng - 1916)

Small oblong or elongate, black or brown'species having
the eyes small, sometimes wanting; beak variable in length,
often short and broad; antennae variable, both in insertion
and structure, the scape generally reaching to or beyond the
éyes; cl&b*small, oval, feebly antennulatéd; elytra long,
conjointly rounded at tip concealing the pygidium; first and
second ventral segments much longer than third and fourth
together; femora unarmed.

iii) CHARACTERS OF THE GENUS STENOSCELIS (Woll.) (From Blet-

chley &
Leng ~ 1918)

Subcylindrical, robust, very short beak, half she
length and somewhat narrower than the head; antennal grooves
limited to a short broad cavity just in front of the eyes,
scape short, slender, feebly clavate, scarcely half the
length of the funicle; club rounded slightly flattened,’
obscurely antennulated.

iv) DESCRIPIION OF SPECIES. (From #ollaston 1865, Tooke 1949,
(supplemented by personal observations).

Length approximately 2.7 to 4.3 mms.  Robust, sub-
cylindrical. Black, feebly shining, colour uniform. Ros-

trum shortk square at tip. Antennse about half way down

4/...;§rostrum-.....



rostrum, 11 jointed (club 3 jointed). Thorax about as wide
as long, constricted in front, slightly projecting at sides,
‘densely and finely punctuated.

Elytra cylindrical, scutellum scarcely visible. Side
paralell; obtusely rounded attip; striase broad, coarsely.
punctuated. Intervals between punctuations regular. Dif-
ference between these and thoracic punctuations visible to
the naked eye. Elytra cover pygidium. Tarsi with well

developed tarsal claws.

FIG. 1.
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¢ - BCONOMIC IMPCRTANCE.

Stenoscelis occurs only in South Africa and St. Helena as

far as is known, and it is only in the former place that it
is considered of economic importance. Here it has been
known as a pest for only 7 or 8 years, and it is only in the
«estern Cape Frovince that it is known to have been doing
enough damage t0 warrant any real anxiety. The number of
reports of infestation of this beetle have, in the past few
years, increased at a sudden and alarming rate.

These reports, sent in to the Resebank Entomological
Station by commercial timber-preserving firms in Cape Town,
began to incregse rapidly in 1946, and have gone from streogth
to strength since that time. The following table of reports

of Stenoscelis infestations from 1944 to 1951 illustrates

this rapid rise.

TABLE NO, 1.

YEAR . - _NO. CF REPORTS.
1944 4
1945 6
1846 16
1947 23
1948 44
1949 67
1850 _ 84
1951 (To July) 11s.

In the past two years, the number of reports of in-

festetions hawe been rivalling those of Anobium punctatum

(the furniture beetle) and Lyctus brunneus (the Powder-post

Beetle), till now considered second and third, respectively,

in importance after Hylotrupes bajulus (the so-called Italian

Beetle). Stenoscelis shows signs of outstripping them both.

As will be seen in a later section, the damage done by
Stenoscelis is mainly to roof and floor timbers, though they

may often attack any other part of the house. This damage
ig very similar to that done by Anobium, and as in the case
of Anobium infestation, the cost of replacing badly infested
timber and the subsequent treatment with preservatives of

the rest of ¢he woodwork in the house, is considerable.
6/-0;--Apért-ooo



Apart from the Jestern Frovince, the 6ne"isolated'casé .

“-bf Stenoseelis infestation in the Rand Mines, caused the

removal and replacement of the timber concerned, with no

subsequent infestation.



D - DIuTRIBUTIUN.

i) IN THE WORLD.

| vn“he beetle is reported only from South Africavand
st. Helena, and Wallace (1895)and Tooke (1949), state that
’it is 1ndigenous to these areds. : Applications to Sir Guy_

Marshall, expert on Curcullonlds of the British Museum,

 indicated that he had no knowledge of atenoscelis outside
" of these two areas. | | | |

ii) IN SOUTH AFRICA.

Extensivé cortesbondenCe was,entefed into with most of
_the 1argef-ﬁuseums and Govéanent Entomologieal_Outstations
 in Sbuth Africa,:bdt'fof the most part, little information
. was_ obtalned in this way népparently, the beetle is unknown
as a serious pest outslde of the- deatern Prdvince.

However, a letter from Mr. Tooke, of the Biv191on of
' ntomolqu, }retoria, states defxnitely that the insect has
,been fairly frequently taken.in Port fliaabeth and George.
‘A has already been mentioned the -beetle is very extensively

known in the destern Province and has been found as far as

] Caledon. It is notﬂreported from any place other than the

cOastal belt, except fér one isolated case in one of'the
Rand Mineg, where. ‘the infestation has not subsequently been
repeated. The wood concerned in this case was, accora1ng |
to Mr. Tooke (who reported the incident) Bucalyptus sp. from
‘_Natal. Correspondence with the Chémber of Mines, Johannes-

burg,'iﬁdicates thét the timber did not, at any time, come

' inta contact with tlmber from the Jestern Provznce, so that

R 4 A could not have been accidentally infested by proxlmity to
infested tlmbervfrom‘the Jestern Province1 This therefore

indicates a distfibﬁtion of tenoscells right ‘round the coast

fro@ the Jestern Province to hatal, but not inland.
To have_a»clearer idea of the distribution between

Cape Town and Port Elizébéth, a survey trip was undertaken

“8/’.’.....1*1...»...'



in February 19515fby.car, round the coast as far as
Plettenbeig Bay. The trip'extended-throﬁgh the Knysna
_ forests,'and as far inland as OudsthQOrn; with frequenﬁi

stops_along'the ﬁay.' -Although timber wasoinépécted all

along the route, no ihdidations,of 5ton09celisowere found.
'Manyvsamples takehiélong for the 1ater examination also "
:pfovedlfruitless,‘ihough so@e-revealéd the:pfesénoe-ovanObiwn

- punctatum and-certain Bostrichids. -The ﬁanager of the State

‘VvSaw Mills at &eorge was later approached with success, but
"samples of 1nfested wood whxeh he 1ater forwarded t0 the
_ author, were found to contaln Anobium.“
The trlp was not extended beyond Plettenberg Bay,,
}lbecause the area beyond that falls under the Jurlsdlction
of the I’ort n.lizaheth Government. outstdtion, which had
'already been approached. o

In the destern»Frovince,_the_diStribution is very
* widespread (See Fig;l). | Thé:oonoentratioh is.heEViest»in_‘
‘the southern_soburﬁs;rand pariicuiarly in thé.areas Mowbray .
‘to Plumstead. | ' | | 7 | B ._ | |

A llst of Cape Town suburbs and nearby towns in which

'Stenoscelis has been found, together with an indicatlon of

_the time of initial report of 1nfe tatlon, is given on. page
9. (All records are from ‘the va. of Entomology, unless
Othérwise stated). Towns are 1nd1catéd in capltal letters
and suburbs by small 1et,t,ex-s., '

_ Unfortunately, these records usually indlcate infestate
v 1ons that have been under way tor a good many years, and - |
therefore cannot be accepted as an indlcat1on of the rate or
extent of spread of the beetle. However, the earliest
"records Bhow the beetle to”haye been alreédj_widesoread many

years ago.

' Q/COCCOTABLE’ }30-2..0.. '



- TABLE NO. 2.
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In Fig. ‘1, the shaded area indicates the distribution
of the beetle in the .Jestern Province, while those places
which have had more than 10 infestations ‘have been marked

with a black dot, the names being placed beside &tthem.

DISTRIBUTION _OF STENOSCELIS HYLASTOIDES
IN_THE WESTEI{!N PROVINCE-SHADED
AREA

FOBEEN
e

@ REPRESENTS AT LEAST
TEN INFESTATIONS.

|
|
J

FIG. 2.



- j1 -

E -~ MATERIALS ATTACKED.

i) SPLCIRS OF TIMBER ATTACKED.

Stenoscelis attacks a wide variety of types of wood,

both hard and soft, with a preference for the softer varieties.
Wollaston (1877) says: "I have taken this insect

most abundantly within pieces of dry rotten wood, completély

dusty and pulverised, as well as in old decayed posts."

Though the present author has observed Stenoscelis hylage

toides under these conditions they are certainly not the

conditions under which the beetle is most abundantly found,
rather to the contrary. The beetles do not attack living
wocd. In one case where an apple tree was thought to have

been killed off by Stenoscelis, 1t was later dound that the

tree had actually been killed by a large Cerambycid borer,wih

“subsequent infestation by Stenoscelis.

The beetle must originally have attacked forest debris,
but in the past few years it has begun t¢ enter the new and
convenient environment - house timbers.

The houses most frequently attacked are usually between
6 - 20 years old, with a concentration of attack on houses
tetween 1l ~ 15 years of age. Lutside of these limits there
are not many reports of attack, one rather unusual one being
that of a house which was 105 years of age. (It should be
pointed out that the ages of the houses indicate approximately
the ages of the timbers used in their constfuction. Season-
ing of timbers today is usually a very rapld process taking
usually no more than 3 ~ 6 months. 4t was for this reason
that wood which was about 12 years old was used for most
of the experiments described in later sections).

By comparison it is noted that whereas Anobium punctatum

(the furniture beetle) preferably attacks wood that has been
well seagoned and in use for a long time (usually about 20

years), and Lyctus brunneus (the powder-post beetle)} prefers

freshly felled timber (though it also attacks older timbers

where the humidity is high), Hylotrupes bajulus (the Italian
12.---.-b€€t1€..-...



Beetle) attacks wood that is 6 - 10 years old. It can be

seen that the range of 3Stenoscelis covers nearly all of

these others, and may extend even further (as for instance
~#ollaston's reference to dry pulverised wood).

The following is a table comparing the species of'woéd
most frequently attacked by the most common woodboring beetles
in the Jestern CapenProvince. mxtent of damage is marked

beside each case.

TABLE NO.2

Jeop STENOSCELIS ANOBIUK - LYCTUS  HYLOTRUPES.
A. Hard
Birch very heavy Same None None
Beech Heavy Same Same = . - None
Teak - Little ‘ None Same None
Qak Little : Same Same ¥one
Blackwood Little Same Same None
B. Soft
Gum Some',. None Same _ None
kulberry Little None Yone None
Apple Little None Same None
Bamboo Little Kone None None
dattle Some . Kone sanme None
Pinus syl-
vestrisa Very Heavy Same Kone Same
Pinus pinaster :
Very Heavy = Same None Same
Finus insignus v _
Very Heavy Same N¥one Same
Pguedotoxyga Very Heavy Same None Same.

toxifolia

it can be seen from the list that Stencscelis will attack

toth sof't. and hardwoods, with a bias towards the softer
varieties. (Thise records are taken from the files of the

~ntomology Dept. Hosebank).

By comparison, it is seen that Anobium attacks much the

same sort of wood as Stenoscelis, that is, both soft and
‘hard varieties, and both sap- and heart-wood portions.
However, it prefers wood older than that attacked by Stenos-

celis. = Lyctus, on the other hand, confines its attacks to

the sapwood of hardwoods, for the most part, and prefers wood

much freshly felled than that attacked by Stenoscelisg.

Hylotrupes .
= confines its attacks to conifercus timbers ex-



clusively.

ii) THE CRIGINAL HCST OF STENUSCELIS.

if the beetle is considered to be indigenous it must
necessarily have had an original, ihdigenous South African
host plant. Since it attacks mainly dried timber of 10 -
15 years.etanding, it is most, likely that this original host
was the debris of a forest tree. Unfortunately, as has
been mentioned, the beetle attacks both soft and hard woods,
and though it has a preference for the softer variéties,
this does not narrow down the field to be investigated, to
any great extent. -

o povtant

it was thought that Yellowwood (the only, indigencus

Gymnosperm) might have been the original host, because

Stenoscelis shows a distinet liking for pinewoods commonly

in use today, and because Yellowwood occurs quite extensively

along the coastal area in which Stenoscelis is distributed.

However, the beetle haéfﬁgén reported as infesting Yellow-
wood; indeed it shows a distinct aversion to it, when blocks
of the wood are provided for feeding purposes. The beetle
will invariably attack an alternative piece &f wood if this
is available. This indicates that Yellowwood was probably
not the coriginal host.

As Stenoscelis occurs most frequently in the Western

Cape Province, it was thought that the host plant might be
found here, and soame time was spent at the National Botan-

ical Gardens at Kirstenbosch, and on the slopes of Table Moun-

“tain, to try to find infestations in situ, since most of the

commonest trees of the #estern Province are to be found there.
dith the help of the Curator of the Krstenbosch Gardens,
the following list of trees was made up, and later inspected
for signs of Stenoscelis attack. Unfortunately none was
found. The trees mentioned here exist in fair numbers all

along the coastal area as far as Natal, and according to the

14/ ¢...curatore....



Curator, are the better known Forest trees along this area.
For the most part the extremely hard woods have not been
included, while some of the commonest shrubs in the .estern

Frovince have been.mentioned.

SFECIFIC NAME. COMMON HAKE .

Apodytes dimidiata.cecesrcsee...'"Vhite Pear.

Brabeium stellatifolium........"wild Almond"
Calodendron CapensS€esscceese..'Wild Chestnut"

Croton sylvaticus.e..v.vvee.o."Croton”

Cunonia capensiBescecessecseess’Red Alder”

Curtisia faginega.ec.cceveoeeaeo"Agsegalt

Ekebergia capensis..se.cceeev..'Cape Ash"

Erythrina caffracccccvececscnes"Kaffirboom™

Faurea Macnaughtonii...........''Beukenhout"

Ficus capensiS.ceesesseesessss."Wild Fig" (Bosgtrichids
Gonioma Kamassiiecesecoseeeesss ' Kamassi®t present)
Harpephyllum caffruMes.eeeeesqs8affir Plum®

Ilex MitiSesecasscecceececscesesWithout

Kiggelaria africanf...vceesess.''wild Peach®

bachnopylis floribundae........"%hite Alder"
Leucadendron argentéum........."Silver Tree" (Lyctus
Millettia caffra.c.vecaceseees..'Unzimbeet" present)
Ochna arbore@..sessecesseseasas"Cape Plane"

Ocotea bullat@..c.seeceseeanss.sStinkwood”

Olea africana..ccceeecececescesswild Clive"

Olinia cymesSa@e.csceceeccsesess "Hard Fear”

Platylophus trifoliatus........"hite Alder"

Rapanea melanophloeoS.........."Cape Beach"

Rauwolfia caffr8eesesseccccsees''®ild uinine Tree"
Syzygium cordatumeeseceees....q''Water Berry"

Trichelia emetic8eev.eeeeseso.."Natal Hahogany"
Virgilia divatricata..........."Knysna Keurboom"
Virgilia oroboides............."Keurboom"

Pteroxylon utile...cc..vveee.o.."Sneezewood"
Vliddringtonia Jjuniperiodes.....'"Clanwilliam Cedar®

Shrubs.
Fodalyria calyptata. (Bostrichids present)
Protea emarginata (Bostrichids and Scolytids)

The insects found in the wood are placed next to the
wood concerned.

Unfortunately records are not available as to the type
of wood attacked at St. Helena, but the author woudd like
to suggest that when this information does become available,
it will provide a clue as to the indigenous host in South |
Africa.

iii) LOCALITIES OF TIMBER ATTACKED.

Stenoscelis has been most frequently reported from roof

timbers, although almost any structural work is liable to
be attacked,. The most attacked timbers are tabulated on

page 15.
15/.0;-..



IN HOUSES. © EXTERNALLY.

Rafters S - Pine Logs.

Beams ' o . . Dead Fines (Forest Debrls)
Joists : - Dead Mulberry.

Strip floorlng ' . ~.Dead Apple.

Parquet Block “laorzng.;' Dead iimosa.

Doors. S K

Door Jambs.
Door posts. -
Skirtings -
#indow Frames.
Architraves.
-~ Branderings :
~ ‘shingle Battens.
-Ficture Rails
Foles.
Cupboards. (Bullt-ln)
~ Joinery Generally. . -

| Other commodities éttaéked(though it is doubtful if
they would attack these normally} are Paper, sawdust, bOI‘k,

- whlle the aaults will bore . ea81ly through a thlck layer of

. bitumen (e.g.-the undersiaes of parquet blocks) to emerge .

'16/.:.THE EGC STAGE....



F - THu LGG STAGL.

“he ovipocited egs, was never obscrved, but observations
of the egg while still within the oviduct were quite frequent.
The reason for this is the habit which the beetles
have ot boring into the wood imediately atter copulation, to
oviposit. the eggs, which are no doubt very small, vere
very probably overlookea in the rough sides or ena of the
tunnel vhich the females bore. ~.hen it was realised that
no other method would reveal the presence of eggs, the author
had to resort to dissection of female beetles after fertie
lisation to see whether eggs were present within the genital

organs.

' EVERSIBLE OVIPOSITOR ;
| OVIDLCT: SPERMATHECAL GLAND

FIG. 8.

The female genital organs are of a comrmon type (See
Fig 3), and the eggs were always geen st the tops of the
oviducts, usually still attached to the ends of the ovaries.
They were never observed in any other part of the
genital organs. From the sizes of these undeveloped eggs

it seems that a group of four eggs arc laid at one time, with

17/ ee...another....



another batch following soon after, There is always one
large egg @t the end of each of the 4 ovaries, with a smaller
one immediately behind each of these. The fact that the
ovipogsitor is not chitinised, suggests that the eggs are
dropped at the end of the tunnel which the fertilised female
bores, rather than being carefully placed in special burrows
or grooves in any part of the tunnel. This immediately
makes 1t more difficult to find any oviposited eggs, because
also dropped in the tunnel ig a lot of frass, which is simi-
lar to the supposed size and shape of the eggs. .

An attempt was made to find out approximately how long
.after fertilisation the eggs were laid, by the following
method. Fertilised females were removed immediately after
copulation to test tubes together with a sterilised piece of
the wood from which they were originally taken. They were
left alone for a certain period of time, and wefe then killed
by hesting and the ovaries were dissected out. The eggs
were measured, both length and breadth.

At first some confusion arose because it was noted that
egigs of all sizes were present in the oviducts at widely
differing periods after fertilisation, but this was explained
when femélas which had been kept separate for up to 8 months,
without coming into contact with any other beetles, were
also found to contain eggs of varying sizes. #hat probably
occurred is that, in common with many other beetles, Séenoge
celis females stored some sperms in the spermatheca, and
released these as they were required. The question then
arises, as to why eggs 6f the beetle are not laid all the
year round and consequently, why larvae of the smallest
observed size (see section G - iv) are not found evenly
distributed throughout the year, instead of showing a def-
inite period during which they occur in great numbers. This
indicates that they all emerged from the eggs wiﬁhin a cer-

tain time, and thus that these eggs must all have been laid

within a certain time.
18/.0.0-.'.In§00.
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In the labcraibry.it was found that oﬁe reéson for this
. ﬁas'the fact ‘that females very probably re-absorb eggs‘which
'are feédyffor oviéositidn,_again in common with a large '
‘number_of othér beetle553when‘oﬁiposition.eonditions‘afe not
 corfect. -The*correct'conditions'hefé ﬁrobably include
'ccnditiohs'ofttempefaturévéhd reiétive.hﬁmidity normally
found,invthe'wiﬁter months) or in the period of the year in'
which the eggs are laid; A poséiblé indication of.this |
occurs in the ﬂilow1ng table of the Slsz of eggs in ferti—v

: llsed females at. successive intervals of 1 ‘day, after copu-

laticn.

. TABLE 4.

NO. OF DAYS AFTER ' TAVERAGE olzu OF BGGS IN
COPULATION. Sy OVIDUCTS (In mms.) .
o . ' " Breadth Length.

1 {066 L1010

2 .0986 L1118

3 L0099 1129

4 [ WS .1132

6 . 1096 .1198

7 L1114 ¢ .1225

8 173 .1352

- < . . 1254 .1633

o100 1273 . .1874

L1 o L1270 .2010
12 ; 1187 - .1872
13 i .1¢73 .1352
14 TR L1004 1263

15 | P v,¢9?83. i .1034

1t must be p01nted out that each of these readlngs
'refers tc an 1ndiv1dual ‘beetle and the table does. therefore
not 1ndlcate a contlnuous geries. . It is noted however, that
_.after about 10 aays the eggs appear to grow to their largest
agize, and then begin to decrease.xn size. It may be pos~
sible that this is due to the eggs being reuabsorbed'cwing

to lack of a suitable place for ov1positlon. In all these
-experimentu, to enable the observer to keep the beetles in
_v;ew they were glven.only a thin strlp of wood on-wnlch_to
 feed§ but it was_hot,thick enough to allow them tOvbOre‘odt

. of sight.

19/ L I ) ¢Since » lv -
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Since it appears that Stenoscelis lays its eggs inside

the wood in a specially constructed tunnel (See section (I.v})
This thin piece of wood is not satisfactory for ovipoéition,
and the eggs are reeabsorbed.

The beetles were then allowed to bore as they would
normally after copulation, and the tunnels were carefully
searched for signs of eggs. None were found. Unfortunate-~
ly this series of experiments was started too late for any
definite results to have been obtained, but the trend here
was for the egg sizes to increase continually up to a maxi-
mum size (the maximum being after about 3 weeks) and then
decreasing very rapidly to a minimum size. The small num-
ber of results here doegs not allow of any conciusions but
the experiments are still under'way, and will no doubt
eventually show relevant results.

THE TIME OF HATCHING.

Upviously the exact time of hatching cannot be found,
since no eggs are available, and one must try to deduce this.
information from comparisons with beetles with similar habits.

In the Bogtirichids, the only other family which has

veen described in sufficient detail to enable one to deduce

that its habits are similar to those of Stenoscelis, the

eggs are laid at the end of the tunnel which the male helps
the female to bore immediately after ccopulation. This
procéss takes about a week, the eggs hatching about 3 to 4
weeks latér.. A very gimilar condition occurs in the Anobium,
but the eggs are laid in pores in the surface of the wood,

in this case. (Tooke ~ 1949 and uunro - 18i8). One can

only hazard a guess that 3tenoscelis behaves in a similar

way, and that its eggs hatch about a month after oviposition.

20/......THE LARVA.
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G = THE LARVA.

1) DESCRIITION (ORIGINAL OBSERVATIONS):

Apoaous, with slight progections on the thoracic area. .
Much broader in thic arca than at the terminal segments.
Body has the characteristic €urculionid comma-shape. fead
ig oval with well-developed, and strongly sclerotised mouthe
peris. The rest of the body is white and very much wrinkled.

The antennae are reduced to small papillae.

a) Inoculations of Frepared Blocks.

This series of experiments forms the basis of most of
the experiments in this section, and a description of the
technique is given here. |

The blocks were crossecut sections of the sapwood of
Fine or Birch, about 1" square. & hole about 2" deep %as
made in the springwood portion of en annual ring with a
bradawl, vhen special care in larval obgscrvation was needed
(as in the case where a larva was about to moult or pupate),
the blocks were split open along the annual ring with a
single sharp blow of the hammer on a chisel. iIn these
cases the block was then joined together again using trans-
parent tape. The larvae were placed head first into the
holes, which were then plugged with pieces of cork. The
blocks were set on their sides or upright.

Cpening of the blocks was accomplished with a hammer
and chisel in the same way as described above, and if the
larva had already bored cross-grain, the tunnel was caréfully
followed by chipping away the wood with a chisel. If the
block was not too badly damaged in this process, the larva
was returned to it, if it was, the larva was re-inoculated
into a fresh block of wood.

b) Under Natural Conditions.

The wood was merely opened with a L.umner and chisel.

(For more careful work, the chisel was used alone, hand

pressure being enough for the chipping).
21/.0-..-.11119...



The Following Characteristics were noted:-

The larvae prefer the springwood portions of the annual
rings and the sapwood 1;1 general. They will bhore crosse
grain, but oniy to get from one springwood portion to another.
If they are inoéulated cross-grain, they very often die.

. In one case, 25 blocks were inoculated with larvae,
across the grain, and ancther 25 along the grainl Of the
former only 6 survived after 2 weeks, and these had begun
to bore at right angles to the inoculation hole (i.e. along
the grain}, while only 2 of the latter 25 had died after
the same period of time.

The rate of penetration into the wood varies consider-
ably, but under the most favourable conditions, it has been
measured ad being half its own length in a day.

As in the adults, the larvae produce much frass consiéte
inngf
1) Particles which have not passed through the digestive

tract,

2)  Particles which have pased through the digestive tract,
and have been digested or partly digested.

The former type congists of chewings which have been
discarded by the larvae, and feels rough and coarse to the
touch, while the latter consists of pellets, cylindrical in
shape and with rounded ends. These are much finer, almost
dustlike, The percentage of chewings varies with the suite
ebility for digestion, a higher percentage heing present
when the food is unsuitable.

The frass is usually packed in & little plugs in the
tunnel behind the larvae, while the tunnels produced ramify
all over the place. Because of the natural curved position
of the larval body, the tunnels tend to curve slightly, the
gradient of the wurve corresponding with the position of the

ventral surface.

22/.--001f s e e s
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If the larvae are placed on the upper surface 6f a
smooth piece of wood, they are unable to penetrate, and soon
Gl@.A: if the surface is reugh, thqyoften ‘do manage to
' penetrate, though slowly,\an& many may survive. The reason
| for this was made clear, when ‘the ordlnary 1noculating holes
were made w1th a drzll instead of an awl. —In this case the
»'bottam_of the hole was smooth and rounded. “The inoculated
1arvae;invariablj‘diedvéfter.a-short time.‘,'lt.a@peafs -

therefore that the larvae must have IQVerage»édihts,on'the
 sideé of the hole or éepression:agéiHSt whiéh to pres; ﬂhé'
anterior body segments (whzch 1n bGPlng are expanded, prabablyx
: by the action of body flulés) If the holes are too wide,
or if there is no ﬁepression, the larvae are not able,tc'

' penetrate at all.

i14) DURATION (F STAGE.

'-Much_atteﬁtion was’paidftb the investigation of the
:ﬁumber of larval‘inStafsﬁ  Because of tha'difficu1ty of
"observihg the actual-ngmﬁér'of instafs.as-shéwn Sy.mohlts,
due to the fact that'the,iérva,lives iﬁSiéé the wood;_it'“_
Wasxdgaided‘ﬁb carry out three'experimehts simultaneéusly,
and tofSéefwhether,or“not the results agreéd. .Thése"
,:wére'l) To try-toiobsérve the aétual'number‘of moults:ofv
inpculatéd larvae; and noting the.pimes between thesge moults,‘
2)‘ to try to éaiéhlate thevhumﬁer'bffinstarS”by means of |
'.Dyar s Law, whldh though not strlctly accurate, 1s sufficient-
:f ly 80 to show the pumber of insters. (Dyar's Law states:

: "The width of the head capsule”of a larva fcllows a regular
"gebmetrical_pfogression in:the'succeésiv@‘instérs"),épd'

- 3) byfplétting a frequéncy ‘eurve of extensive'measurements.
Unfbrtﬁnately,vnone of ﬁhése'methods'is complétely o

' accurate, and therefore the results must be Tegarded as
1 merely . indicating “the probably trend. As will be seen, 9
or 10 1nstars are 1ndicated by thege methods, within the
range of measurements available, and the results agree clogely

in eac ! .
ach method' ‘23/,,..The....
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| The‘expériments are based on the fact tbét during'a
ilarvai instar, the size of the head capsule remains con-
vstant, changlng only after a moult. (Dyar 1890, Przibram
1012 - From Imns - 1934). | B

'_ Included in the results found in these experimenxs, was
an attempt to determine the rate of growth of the larvae,'
by utlllslng the time pﬁrlﬁds between moults.

These experlments_will now be dealt w;th'separatély._'

1) INOCULATED LARVAL MEASUREMENTS.

Larvae were remévéd from infested wood by'chipping'with
| & chisel and were 1eft in a covered petrl-dish for two days -
fto allow any weak or diseased ones to die. They were then
- divided into three rough groups called A, B, and‘C.'}Group |
€ included lafvée, the breadth of whose head capéulés.lay-

 ,within the range .6875 mme - .902a mms . Grou§ B within

the range .5000 mmg - .6874 mme, and Group A w1t.h1n the .
rmgeOﬂms-.%wgmmt; . ,

The groups were picked out because of obvious size

_dlfferences, at, first, and were then flxed w1thin the llmits
set above, by measurement. |

‘”he larvae were measured as follows. _‘An 6cularvmiéro-

R

1 mm,

i meter was used at such a magniflcatmon that 8 divlsion
Difficulty was at first encountered in orlentating the laréa;
‘into such a position as to keep it sufficiently still for
accﬁréte méaeummént.' . Because the larvae have the usual
)Curculionid curve tb their bodies, they could not be laid
flat on thelr dorsal or ventral sides.'A'They coﬁld not be
iklll&d and then measured, because they had to0 be observed at
 regular interVals.'-_The_following method was eventually used
to keep tﬁe larvae in position. glpiece of iraﬁéparent
tabe, abbdt 2 inCheé long, was stuck down onto a slide in
“such a way that the stickyAsurféce‘wag uppermost. The t-}
surfacevwas'then:rubbed_geﬁtly with a finger ﬁo remove most
of the stiékiness.: In measuring the larva was.pléced.light-
ly near the'edge:of the tape on its ventral surface. The |

| | | | 4/ e tAPR e



tape'was sufficiently siicky_to hold tﬁe-larvé.ihlthat
position.. If it was very active, 1£ could be more}firmly
stuck down w1th no 111 effécts, and could be easily removed
‘WIth a still. brush and careful handllng. | .

.,' The head of the larva in ‘this posltion was used for all
7'measurementg.' The breadth was taken fram clear head cap-
suke margin to.clear margin.  (See f;g 5.

. After mEasurement, the larvae were lelﬁEd into the
‘three graups A, B and C accordlng to 31ze, and 1noculated
into blocks of wood as described in Section G (11). There
were usually“ZO‘to 25 larvae in each group, making a total |
of*SQ:-v7b. ‘Bach grbup_of 60 = 70 larvae was then placed,
all.tOgether; under a known condition of}felative huﬁdity' |
v_and temperature,.u Thé'formeriwasvobtéined by using'Sulphuf—
ic Acld diluted in thﬁbroportions prescrzbed by Wilson (1921),
in the bottom of dessicators, and the latter by plac1ng the

,dessicators in.thermostatigally controlled rooms. (Cne at

o V52°F end one at 84°F).

At first Plnu_ﬁpinaster was used exclusively for the

blocks of wood, but as the supply of thls ran out, the author
.”bagan using Birch.-. He was. aware that the differant types
| of wood might have a. considerable effect on the larvae, but
when the experiments were get. underway, it was noticed that.
‘the rqsults obtained aiga not vary to}anyvgreat extent. Never-
'theléés;bthe reéults were'kept seﬁarate fbr the two kinds " 
~of wood. o | | B
The blocks were numbered and Opened.regularly every
-'nmonth, the larval head measurements were taken, and any
evidence ofxmoults such as cast,skins, was partlcularly _
ﬁd;éd.v_ The larvae were alSo_carefully-éxaiihed for any
| structural.changes; espeéially'aftef a cast skin had been:
found, indicatin’g a'recem. xﬁoult; However, throughout the
werk, no structural chdnges were observed.

The time of first penetratlon and the t1me of death were

_25/5.-;..n0ted_... N
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vnoted, and from these recérds, the 1ength.of life cof iﬁe
‘larvae was worked out, under the various conditions of
N relatxve humidity and temperature. 'These'resultsvare_

_tabulated below.

TABLE 5.
CONDITIONS OF RECATTVE T~ KViRAGE LENGTH OF
' EUMIDITY & TEMPERATURE. -~ { LIFE(in dsys) OF
; " o ' : 60 LARVAE.
BIRCH.
i) = Room Lemperatures_and Humidities | - 112

ii) 520F : . " 100% R.H. o 180

iii) 8a’F . " @WRH | 103

i) 84°F % 46% R.H. | . 85
B, PINUS PIHESTEH

i) Room TEmperatures and Humldities. . 1115

ii) o .. ."% 100% R.H. - ' - 163

iii) 84°9F % 11% R.H. i 53

iv)  849F " 45% R.H. - 83

v) 8&?«* ~ Y 90% R.H. B 97

- vi) 849F " 100% R.H. 43

{Room Temperatureé during the experimentvvaried between

- 55° 65°F and humldlty between 55% - 70% R.H.) |
| | 0w1ng w0 the 1naccuracy of these results necessarzly
ar151ng_out of the»rqugh handling of.the larvae, and the
féct that the bloéks}wefeIOPened Only bn ¢ertain regular
dateé, one is not able to draw more than the most obvious
cdnclusioné from them,l 'Hdmgly that the adults!live 1énger'
at’tﬁe lower @emperatures, and have a distinct:prEferénée'
for the intermédiate”oneé,'that is thdse:ahéutz Room Temperat-
'urés (Seé abcyé), :They,ao hot’live ionger at-a higher temp-
eratﬁre.as”is often the éaée,'in fact, the léngth‘of life
‘appears to béfshOrtenea. At the lower temperatures, & higher
-humidity-mékes for}a longer 1ife; while,at.the higher ones,
it makes for a shorter life. it is noted that at 84°F and »
' i.he same i-elat.'ivehamid'i;tiels, the length of er of larvae in

Birch ana Pinus pinaster is very much the same, and therefore

"~ that here the effect of the wood content is probably small.
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A complete 11fe hlstorj 1nc1ud1ng all instars cogld
not possxbly be found by u31ng thlu method because few

 larvae 1ived more than about 8 month&, due to the necessarily

'rough handling each month. However, sogetlmes 2 or 3 con-

' 'secutlve moults were recorded in individual larvae and from

these the hypothetical_rate of the growth of the larvae was
:calculated very roughly, as follows.. o -
‘l ) THE, HY}QTHbTICAL RATE CF GROWTH CF THE LARVRE.

- An attempt was made to correlate the periods bptween
: moults so as to have an . idea of the length of the total.
| life history of the larva. Unfortunately, these periods
are not accurately;known, as the inoculated larvae were exe.
‘éminedionly once‘éfmonth on regulai dates. The peridds--
shown rather repfesent ﬁhé.maximum perio&s between moults.
}K.Consecuently the total perlod fcr the larval stage will
probably be too long._} _
#hen the meagurements of larvae that have moulted tW1ce
in succession (thus indxcating 2 consecutive ingtars) are
arranged in ascendlng numerieal order, ‘the following hypo—

thetical series is pbtalned.-'

TABLE G.

SIZES OF LALBVAL HEAD CAPSULES TTIME BRTWREN MOULTS.
 SOON AFTER ‘SUCCESSIVE MCULTS. ~ (In days).
1) -.3250 - .3626 L | o .30 B
4) 4500 = 5000 . R & : 80

5) .5000 - 85500 - - ' 3

7) .80CO - .6725 : : 60
8) .8725 ~ 7500 S B 80
9)  .7500 -.8350. . 60

10) .8350 - .PUPA. o : ST 20 -
- o i - 480

Thn measurements are all taken from larvae which had
moulted under the same cOndltlons of temperature and relative
 hum1d1ty. ' | o o
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It gust be made clear that this series is not to be
taken as accurate since the complete series has not actually
been observed in any one larva. The table above consists
rather of measurements of consecutive instars in a number
of different.larvaé, which are arranged thus only because
they increase in gize in what appears to be a regular manner.

The time periods between moults are seen to increase

steadily as one approaches the pupal stage.

2) RUMBER OF INSTARS BY CALCULATION. (DYAR'S LAY).

Dyar in 1890 propounded his theory that larval head
capsules in insects increased in a regular geometrical
progression in the successive instars. This has however,
been shown to be not altogether correct, as the theory pre-
supposes that the larvae grow at a constant raie from instar
‘to instar, which is not actually the case in all insects.
Thus Dyar's Law cannot be accépted as being altogether
accurate, though it finds wide application in determining

the number of instars in different types of larvae. For
this purpose it is considered to be sufficiently accurate.
(Richards « 1949). Though the head cépsule sizes calculated
by this method are not to be considered accurate, three
different methods of determining the number of larval instars
are employed and the results so obtained compared with those
found by the application of Dyar's Law.

dhere, in the previous section measurements of larvae
in consecutive instars had been the same in more than 2
cases, these measurements were utilised as follows (IBMS -
1934):~

In each case, the larger size was divided by the amaller,
and the average results were taken as the ratio of increase

of head capsule breadths between instars. e.g.

28/‘..0-..TABI.LE'..¢..O



It must be made clear that this series is not to be
taken as accurate since the complete series has not actually
been observed in any one larva. The table above consists
rather of measurements of consecutive instars in a number
of different larvae, which are arranged thus only because
they increase in size in what appears to be a regular manner.

The time periods between moults are seen to increase

steadily as one approaches the pupal stage.

2) NUMBSR OF INSTARS BY CALCULALION. (DYAR'S LAW)

Dyar in 1890 propounded his theory that larval head
capsules in $nsects increased in a regular geometfiai pro-
gression in the successive instars. This has however, been
shown to be not altogether correct, as the theory pre-
supposes that the larvae grow at a constant rate from in-
star to instar, which is not actually the case in all insects.
Thus Dyar's Law cannot be accepted as being the number of
instars in different types of larvae. For this purpose
it is considered to be sufficiently accurate. (Richards -
1949). Though the head capsule sizes calculated by this
method are not to be considered accurate, three different
mebhods of determining the number of larval instars are
employed and the results so obtained compared with those
found by the application of Dyér's Law.

vhere, in the previous section measurements of larvae
in consecutive instars had been the same in more than 2
cases,thes measurements were utilised as follows (Imms -
1934):-

In each case, the larger size was divided by the
smaller, and the average results were taken as the ratio

of increase of head capsule breadths between instars. E.G.
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HEAD CAPSULES SOON AFTER MOULTS

NUMBER OF LARVAL INSTARS BY MEASUREMEN
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TBLE 7.

TRSTAR BIZS USED RETIO OBTAINLGD.
(In mms.) e o
23625 to  .4000 .(3 cases) P 1.115
560U0 te 6000 "(4 cases) - 1.0891
8000 to 700G (3 ca335)~»r“, : 1.118
7625 10 .8250 (4 casesg) ~1.082

AV&RAGE RATLO'= 1,110
v PRS-t

| Then etarfihgﬂiithvthe smallest knowﬁ'inStar'sizeg»ob-
served during the prevlous observations 1n part 1 of this
fsectlon, one 1s able to find, by multlplylng w1th the ratio
foun& above the gggggg oi lqrval instars._ E 8- (all measure-

' ments are in mms )

TABLE .8.
CALCULAihD BRMADIHS.

- 0) o | .3250

1) .3250 x 1.11 = ,3608
2) .3608 x 1.11 = .4044

3) o'40_44 x 1.11 = .4444

4) -.4444 x 1.11 = .4933

5) .4933 x 1.11 = .5475
7). 8075 x 1.11 = ,6746

8) .6745 x 1.11 = .7487

9) *.7487 x 1.11 = .8300

The number of instars calculated by this method {(within
the range shown) is about 10. (Seevtable 8, aboﬂg).

The table is-not continued beyondi.8300 mms . bécause
_thls is the meaeurement of the last larval 1nstar as found
--in Section H. _ Note that here &nd in all further tables and
« grérhS'dealing with the number of larval instars, the instar
number “O" does not represent the g&ggg larval instar, but

the f;rst observed instar. There are doubtless 3 or 4 instars

vefore the one numbered "0", between the time of emergence of
' the larva and the time of its reaching instar no. G. “
Larvae which, durlrg the observ«tlans in the flrst

| _experiments in thls section, were known to0 have moulted
.; £air1y recently;iby virtue of their not having had time to
lbecome'pfoperly éhitinieed, wefe measuféd in the usual way,

429/...‘..._and.‘.'.....b



.;anahiheée méaéurements were tabulatéd and plotted in a
1freoueﬁéy éurve (%ee‘FRS ) ) Thé modés of-theﬁcomposite
*curve thus obtained were taken.as representing definlte |

: -instar sizes, and when tabulated they form a series as in
' Table 2109 It. will be seen that the series agrees closely
with table ;f Here agaln ‘the number of instars indicated »
is in the v1c1n1ty of lO ' | .
The author 1s aware tnat the number of measurements
 °'mak1ng up this table are not very many, but the ;eaks which -

“the graph showa are very definite, and are therefore probably

representatlve of the 1nstdrs thega&e@gmuxuah

| "3‘) NUMBER INS‘I’ARQ BY THE PLOTTING OF 4 FREQUENCY CURVE

OF HnAD CAPSULE MhRBUEEM“Nlb.

About 730 larval heads were measured in the usualy‘way;
end a frequency curve wgs,plopted (EIG,'7). . Since the_
‘head capsule éize ehangeé Oﬁly during a moult, but remaiﬁsé
constant during an 1nstar, 1t was expacted that the curve
“ottained would show a series of modes corr'espondlng to the
serlea of instars. N

The follow1ng is a table of the group si7es(in mms)

:correchnalng to the group numbers in rﬂES.E,Qnd 7

30/ . '.g_'" OTABIEO sessens S. . )
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TABLE 9.
- GrOUP GROCP GROUP | FREQUENCY FREQUENCY
NCS. LIMITS AVERAGES' .F1G.6..7 ' " FIG.TA.
1 .2626 « .2785 . 2692 0 3
3 ,2946 - .3105 .3013 o) : 3
4 3106 - .3265 .3173 5 6
5 .3266 - .3425 .3333 1 6
6 .3426 - .3585 .3493 2 1l
7 | .3588 - .3745 ,3653 6 15
8 | .3746 « .3905 +3813 1 T2
10 4086 -~ 4225 7 44133 © G
11 .4228 - .4385 +4293 2 11
12 | .4386 = .4545 | ..4453 3 22
13 | .4546 - .4705 ,4613 - %
14 | .4706 = ,4865 +4773 1 14
15 | .4866 - ,5025 «4933 5 27
16 i .5026 <« ,5185 « 5093 2 T8
17 .5186 « ,.5345 .5253 0 21
18 .5346 = .5505 .5413 4 31
19 .5506 « ,5665 .5573 1 31
20 5666 - ,5825 | .5733 o 11
21 .5826 - ,.5985 «5893 0 12
22 .5986 -.6145 .6053 5 20
23 6146 - .6305 .6213 1 T1
24 6306 - .6465 .6373 1 o7
25 .8466 - ,6625 .6533 2 38
26 6626 ~ 6785 6693 6 51
27 6786 « ,8945 | .6853 P 22
28 8946 « ,7105 .7013 1 30
29 7106 - .7265 . 7173 1 35
30 L7266 = 7425 .7333 2 51
31 .| .7426 - ,7585 | . ,7493 5 53
32 !.7586 = .7745 . 7653 2] 25
33 7726 =~ 7905 «7813 2 12
34 7908 « 48085 7973 0 7
35 8066 - .8225 +8133 1 12
36 8226 = 48385 | - .8293 4 34
37 1.8386 =« .8545 8453 0 7
38 | .8546 = .8705 8613 0 2
39 | .8706 - .8865 8773 0 . 4
40 1 8866 « 490251 48933 | 0 H 2
i ! TOMAL =} 71 728
H :

|
The positions of the modes in the graphs are in red
in the above table. When these are tabulated alone they

take the following form.

TABLE NO. 10.
TODE N0, (INDICATING S WEASUREREFT. B,
INSTAR NO.) | RIS Bl nFIG.T, 2
0 .3173 & -
1 .3653 L .3653
2 .3973 | 3973
3 .4453 . 4453
4 .4933 ‘ .4933
5 .5413 . 5505
e .6053 | .6053
7 .6693 .6693
8 .7493 .7585
9 .8293 .8293

31/ eesTHEwun
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In both graphs there are 9 instars indicated between
head capsule sizes .3586 mms. and .8385 mms., and in Graph
Ko. 2 an extra instar in the vicinity of .31C6 to .3265 mms.
is indicated, making & total of a probably 10 instars, within

the range shown.

THE SEPALRATION OF THE COMPOSITE CURVE (FIG.7) INTO A

SERIES OF NOREAL FREQUEHCY CURVES.

Though the composite curve shows guite clearly 9 modes,
it is obvious that the frequency purves which these modes
represent overlap to a greater or lesser extent. ?he
result is that the medians of most of the curves are mis-
placed, and so one ¢an not have a clear idea of the actual
average sizes of each curve and therefofe of the instars
which the curves represent.

Frofesgor Hales, of the Lept. of Mathematics of the
University of Cepe Town, was approached with a view to
finding some statistical means of separating the composite
curve into its component normal frequency curves, so as to
find the exact medians of each curve, and thus the exsact
average measurement for each instar. However, the methods
suggested were extremely complicated and involved mathematics
which the suthor could not undertake. As an alternative, the
following method, which is not entirely accurate, but which
serves to ghow approximately where the medians of each curve
would fall, was used. In effect, what is shown by this work,
is that the modes which the author has found in the composite
curve, are, for the most part, where they should be, and that
no modes which should have been put in, have been left out.
The method involves guessing aprroximately where the median
would be as one takes each curve in turn, but according to
Frof. Hales,igg not asgéccurate ag it appears, because, one
can get quite a clear picture of wherevthe median should be,
by observing the lie of the points which contribute to the
shape of the curve. For the purposes of the work, the end

32/+......81l0pe.
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glope of the last definite curve on one side is considered
to be accurate and fixed, end the.rest of the separation is
worked out on this supposition. Then as a check the end
slope of the last definite curve on the other side is con-
sidered to be accurate and fixed, and the process.is repeate
ed in the opposite direction. This results in the two
graphs in FIGS. 1 A énd B, where in Graph A, the left

~ hand slope of cubve No.l is considered fixed and in Graph

B, the right hand slope of curve No. 9 is considered fixed.
Thege will now be taken separately.

CEIG. 78, .The left hand slope of curve No.l is considered
fixed, the points in it being named ABCD. Now because this
curve No.l is to be a normal frequency curve, its mode, point
D, is taken as the median, and the points DEFG are plotted
symmetrically against peints ABCD as the right hand slope of
curve Ko.l. | | |

GQuite obviously, curves nos.l and 2 overlap to some
extent, and they must be separated. According to the

observed left hand slope of curve no. 2, the point H is
a point common to curves 1 and 2 indicating where they over-
lap. But we haﬁe just calculated that actually point B
lies on the right hand slope of curve no.l and not point H.
Therefore actualiy H is not common to the two curves, and
does not indicate where theyvoverlap.*

However, for this group, the sum of the calculated
frequency of measurements E, lying on the right hand slope
of curve no. 1, and the frequency which will lie on the
left hand slope of curﬁe no.2 shuald equél the observed -
frequency H. Therefore if one subtracts E from H one
should get the point which lies on the left hand slope of
reak nol 2. This point is marked I.

OUbserved curve no.2 is very definite, and ié almost a
normal vurve, so0 the mode is here acceptéd as being the

approximate median, and point I is-jdined to the top of the

33/...0.peak....'...'



peak. Curve no.2 is now to b a narmal curve, so its right
hand slope is plotted symmetrically against its left. This
process is continued along the graph to the last right hand
slope of curve no.9.

for the most part, where the observed curves are already
very nearly normal curves, as in pesks 2, 3, 4, 6, and 9 the
mede is in each case taken as being the median. However,
in curve no.7, the number of plotted points which go t ghake
up its left hand slope are far more than those which go to
make up its right hand one, and the mode andzmedian cannot
coincide here. In this case an approximate median is
chosen, and the calculated curve is plotted around this. In
curves nos. 5 and 8, it is clear that the modes actually
lie between the points at the tops of the observed curves.
The median is here taken as the middle point, and so the cal-
culated mode is higher than the observed mode of those curves.

This point has been confirmed by Professor Hales.

It is seen that for the most ;art the calculated medians
fall along the same groups as the observed.modes.

F1G.78 Here the right hand slope of curve no.9 is cone
sidered to be fixed, and the same pfocess ag for graph 4 is
repeated this time going from right to left.

In this case curves 7, 3 and 1 are consldered to be
asymuetrical, and the appropriate medians are chosen for
them.

_Here again, the calculatednmedians-for the most part
fall in the same groups as the observed modes.

To make -sure that there had been little mistake in the
plotting of the graphs, the approximate areas of 1) the
original observed graph (FIG.1) 2) graph A (FIG.TH and
35 graph B (FIG.78), vere calculated in the following way.
The distance between one and the next group on the horizon-
tal axis was teken as béing equal.to 1, and the number of
squares above each of these units was counted, assuming that

the mid-vertical line showed an approximate average. For

34/-n;oo.the..,..
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the graph in FIG.7, the total area was calculated. For
graph A (in FIG.1A) and B (in FIG.1B), the area of each
calculated normal curve was worked out separately, and these
were then all added together, to give the tdal area for the
calculated graph{

The results were as follows:

TABLE NO. I

FIG. NO. TOTAL AR®A. (Sq. mms.).
7 709
TA | | 714
1B 719

Alldwing for a certain amount of error, the results
are fairly close, and it may be taken that no gross errors

were made.

4) CCMPARISON OF THE RESULTS OF THE THRIE WETHODS OF
THE NUMBuR OF LARVAL INSTARS.

It can be seen that the methods so far employed all
indicate 9 instars within tie range of measufements AppProxe
imately .3600 to approximately .83C0O mms.

A comparison of TABLES 8 andio will indicate the close
similarity between all the measurements corresponding to the
different instars. As has already been mentioned, these
measurements are not accurate, but the fact that there is
a similarity between them indicates that the instars that

they represent, do in fact exist.

35/-------TABLE3-..-.



TABLE 12,
INSTAR NO. ¢ 1) DYAR'S LAW | 2) OBSERVED { 3) FRELUBNCY
, | : . MOULTS | CURVE
! (TABLE 8) (TABLEIOR) (TABLE 108)
e} i 3250 .3173 . ' -
1 - .3608 ©.36583 .3653
2 4044 .3973 .3973
3 | 4444 4453 4453
4 ! .4933 .4333 ¢ .4933
6 b 8075 V 6053 . <6053
7 .8745 | .66893 .6693
g i 7487 .7493 L7585

In seciion H (ii), the size approximately .830C mms.,
is the constent size‘of the larva immediately before pupate
ion, and this size is seen, in the abéve tables, to be very
constant also, as the final larval inster.

In tables R and 10R thé sizes corresponding to instar
No. © appear. This seems to indicate a possible tenth
instar here.

iv) LARVAL SEASCNAL HISTORY.

In order to form an idea of thé larval seasonal history,
a series of head capsule measurements was taken every month,
the randem larvae used being removed ffcm the woed at inter-
vals ¢f 4 to 5 days. . Since thé number of larvae taken
| varies considerably from month to month, the graph drawn
shows the percentage of the three groups A, B and C (See |
section G (iii)) each menth.

The following results are obtained.(See graph in FIG.8 )

The groups were foliowed from september; 1950 to'July 1951.
Group A. (Omms. - .4999 mms.) starts in an intermediate
position in September, 18950, and drops 1o a minimum in
Cctober. 'it then.rises‘quite sharply to a maximum in
January - February, and drops agein gradually duriné the
following months, to rise slightly in June -« July to occupy.

its intermediate position once again.

36/.; foﬁg B.
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Groug B. ( 5000 mms. to .6874 mme. ) stdrts 1ower than
'Croup c 1n aeptember, 195u, and generally foilowu the trend
of 11ne C, though 1t ﬁrons to a m1n1mum Just hefore c. It
then rlses Lo a maximum in June Lle where 1t is con81der-

aLLy nlgher than C.. v )

“Groug__. (. 6875 mns. to .9625 mms. }'Stéfts'in an'inter—

' medldte p031tion 1n aeptember, 1950, rlses to- a maximum in
Octobar, 1950, and érOps to a rinimum in February, 1951.

- After thlq 1t rises. gradually dgaln to its 1ntermediate

| .posltlon in uuly, 1951, o

A possible ezplanaticn.fbr this ééquenée of ewgnts is

‘as follows: | | |

Groug,ﬁ. SinCe thesé 1arvée aré obteined firgt in siée 

large enough fer meusurement, urlng January ~'?ebruary,

the graph shows a lange peak at this perioc. The>peak

would be Pspecially "ronounced because it 1a during the. game

perloa that rupation occurs, ?emov1ng many larvae belonglng

1o Group C and “thus ineressing the relative numbers of

this group. After this time, the 11ne drops gradually tb

a low poéition iﬁ May - June; When many éf the-larvae are

. growing into size B, and drops to a minlmum in Gctober, when,
accord&ng £0 the records on pupatlon tzmbs, (section H) the

- number of larvae prenarlng to pupate is at a peak, ‘thus

| aecreaoing the relalee numbers Qf‘uroup A._' it should also

 be mentioned that‘dﬁring thisvﬁimé {from August to January)

" the sizes of the larvae'6f thisiGréupvare probably very
.small, and are overlooked, agaln decreas1nb the numbers of
thig group.__ _ | | |
Groug B. Bﬂlng an 1ntermed1ate group tnese should take up
an intermediate'y031tlon. They drop to a mlnimum-gust before

“Group C since“many of'the.iarvée of this gfoup are busy
‘changing into thosefof Gfoup c size. The line then rises
sharplj, as the numbers of group A become converted into
Group B, to a maxlmum at the time just prior to the time of
maximum of Group C. i.e. at a time just before the larvae

» are prepari: o ﬁ‘até; : v ' '
are preparing to pup 37/«css...Group C.
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- Grbug C. The numbers. of &roup c increase to a maximum aé
the tlme far pupatlonwaraws closer (aee sectlon H). After
this Leriod, the numbers drop sharyly, as many of the ‘larvae
of this group fall out to become adults, thus decreasinb

thulr relative numbers.- The numbers rise slowip agamn to

| . tnczr 1rtenned¢at° poaltzen in the followzng wlnter.

By utllising the rate of growth (TdBL&G) and sgain by

| usﬁng the larva of Anobium as a gulde, the followxng season—;
'.al hlstory is deduced._ (Alwajs remcmberlng of course,. that

~ thisg plan is very approxiﬁate, and only galns some significance
by the fact that 1t agrees in part with the seasonal hzstory
aeuuccd by reans of the graph above.). '

| The fol;ow1ng is the Rate of Jrowth table, with the

approximate monthsvdurlng_which‘the groups_occur fitted 1n."

- TABLE 3.

HYPOTEET LCAL . 11N BRTWEEN . EONIHS OF THE
INSTAR SIZES. . - HOULTS " YEAR

 (mms. ) e {pays) i '
03256 - '3625 L { 30 - . N ‘ ) OCtOber
.3625 -~ 4000. ; 30 o : November
«4000 ~ .45800 ] 30 - - December
4500 - 5000 i 30 _ : . dJanuary
«5C00 - L5500 i 80 SR February
<5500 = 8000 ! 60 ... March - April
000 -« 8725 | - 80 ‘ r . May - June
8726 = .7600 , 60 . dJuly - August
JI5C0 - JB380 eC oy September - October
8360 - JPupa - - - 80 - . November ~ January.

From sectien H, on the Eupa, 1t is seen that the last
vlarval stage occurs durlng Deeember - January, and thus the
'1ast hypcthetlcal 31ze in the tatle ig ascumed te becur
ouring this time, the res t of the instar periods being worked
back from it. Taklnb fer granted that all the instar periods

found are too long, asg’ uescribed in section G (iii), the time

- for the occurrence of larvae of-the hypothetica1 smallest

size is found to be CGetober of the previous year, and from
, thé Seasonal~history Graph (FIG. %) it can be seen that larvae

of the smallest observed size occur ét:about'the'same time.

38/o'oaooIfooooo.



If all this information is now properl&'arranged, the
following probable seasonal history emerges:-

bggs are hatched in early Spring, and the larvae grow
throu,hout the summer, when they appear in the seasonal
history graph as size A; they grow into size B during the
following winter, and reach the pre-pupation size, size C,
during the early summer of the following year, pupation
occuring during the height of the summer, nsmely fram
November, to January.

This seasonal history is correlated with that of the
adult beetle in section

Sope larvae belonging to size group C have actually
been observed to pass through the period when pupation nor-
mally occurs, without undergoing pupatlon. They then presum-
ably remain at or near the pupation size until the next
summer, when they pupate. During this period of no growth,
the larvae are active, and bore'extensively. &any such
larvae are still under observation, and will no doubt pupate

when the time is right.

39/.... H. THE PUPA.,
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i) DBSCRIPTION OF PUPA. (Original Observations)

Uniformly white when first formed. Average length
(30 specimens), 3.5 mms. Tip of elytra attaining the 4th
vigible ventral segment of abdomen. Head bent upon thorax.
Ultimate and penultimate segments of abdomen ventrally each
with a pair of fleshy lateral protuberances. End of
abdomen and wing tips apparently covered with a very thin
skin. All external features clearly formed on metamorphosis

from last larval stage. See FIGS. 9 and 10.

ii) DESCRIFTION OF FUPATION.

Pupae were observed from November, 1950 until February
1951, the greatest number being present in the period
November to December, About 40 pupae were observed in all,
the majority of these being removed in the usual way from
wood brought into tﬁe laboratory, the rest being bred fraom
the larval stage in blocks, as described in the previous
section. These latter pupse, of which there were six,
were all successfully reared through to the adult stage, but
none of the former survived more than a week.  Apparently
the shock of removal from one pupal cell to another arti-
ficially prepared one, was too much for them.

The average number of days taken by these 6 pupse, from
the day of pupation to the day of adult formation is 22.5.
This period is very constant, varying between 21 and 23 days.

Immediately before pupation, the larva looks swollen,
opaque and white, and lies quite still in the cell. The
average breadth of the head capsules of 20 larvae in this
conditicn was .8300 mms. which by feferance to the section
on larval instars (Section G (iii) will be seen to agree
very closely with the size of the last larval stage as
deduced by the various means described there.

The larva remdins in this state for about 24 hoaurs, and

4.0/--.--.1‘,1’!31’1.....
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then begins the process of shedding the last larval skin.
This is very much like an ordinary larval moult. The

larva straightens out considerably, a dorsal split occurs

in the head region, and the larval head capsule slips over
the pupal head. The larval skin is then wriggled off
towards the terminal segments of the pupa. The larval
exuviae generally lies free in the pupal cell, but sometimes
remains attached to the terminal segments of the pupa until
pupation terminates.

The fully formed pupa lies quite still in the cell
except for an occasiona; wriggle to change position. It
lies on its back.

After about 16 days, the first pigmentation of the
head capsule begins. This is usually in the region of the
mandible tips thch g0 a light orange-brown. The colour
speeads over the whole of the mandibles, the rest of the
mouth parts and the eyes, and they all gradually darken to
a chocolate brown. At the same time, the elytra and legs
are becaming coloured light brown too, starting with the
tips of the elytra and gradually spfeading over the rest of
the body surface, until the whole pupa is a uniform light
brown, with a darker brown in the regions already described.

At this stage, génerally a fegfhours before the adult
is fully formed, the pupa casts off a very thin covering,
which enveloped the abdomen and i.he ends of the elytra, whibh
are then free to move round the abdomen, coming to rest in
their correct position on the back of the beetle, meeting in
the mid-line.

Before this process is altogether finished, the insect
is already moving its legs, and immediately afterwards, the
adult is able to walk about guite freely. st this stage
the tip of the abdomen still projects beyond the end of
the elytra, but these terminal segments gradually become

inverted into their nommal position, until the pygidium fits

neatly under the elytral tips. :
41/...THE PUPAL kLl



1ii) THE PUPAL CELL.

This is not very different from an ordinary larval
tunnel, except that it is wider, the end is carefully
rounded off, and the walls are particularly smooth. It
is usually about 7 mms. long, and the open end is plugged
with frass, thus making it more or less airtight. The
pupa lies with its ebdomen pointing towards the plugged
end of the cell. (See FIG.41.) .

PG, s
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I - THE ADULT.
1) SEASCNAL HISTORY. |

N Two series of naturally infested blocks were kept in
glass Jars covered with muslin.‘ Cne at Room Temperatures ,
'  (about 55° to 65°F.) and Room humidities (about 45 to SS%IR.H),

- and the other in a thermostatlcally controlled warm—room
set at 84°F, and about 60% relative humidlty.v The jars
- were examined every day, and any adults preuent were
racorded and removed. | |

Anfter 4 months, no. adults emerged from the blocks in
the warmrocm and on Openlng them they were found to contain |
' ,only dead beetles.' The other garsvcontinued te produce |
~ adults. B | | | '.

From the adult emergences from these latter Jars the
1follow1ng seasonal history is deduceds-

The adults emerge from the wood during the period July -
to beptember, copulate and lay eggs. The hatching larvae
develop-until the following nOvember'- December, when théy
pupate and become adult during January to February. (This
“has all been deseribed in a previous sectlon) These
jadults remain in the wood untll they are fully pigmented
(see below), ang then,emerge in the follow1ng wznger as
'before. | _ _

. There are.a number of facts which Support this pian.

1) The’humber_bf reportsibf StenosceliS'infeStatian reach-

ing the Rosebank £ntomological Station take the form of the
' GRAFH in FIG. when plotted as a frequency curve. There
is a deflnlte peak’ period durlng the winter months . Since

the_presence of.stenogcells is usually noted when the adults

are seen moving abéut; or when wobd dust-is observed (i’e;

»when the adults emerge and push the dust out before them), :

- it seems definite that thls peak perlod durlng the winter
Emust be when the adults emerge. ?ha-a;yg;eai&gLJeage

v"43/;..;durihgs..



FIG, 12

NUMBER OF R

304

l.‘
|
|

|

Y

REPORTS OF STENOSCELIS INFESTATIONS IN THE
WES

TERN CAPE PROVINCE DURNG 1950.

JUNE JuY

|

AUGUST

SEPT,

OCT.



-43-_—

apparently large number of reports indicated by the graph
as being sent in during the times of the year other than
during the yinter, is due to infestations being reported

by firms who come across them during investigations. Here
the presence of the insect is detected by actually chopping‘
open the wood, rather than by observing adults walking about
~on the surface, during the emergence.

2) Adults freshly derived from pupae remain in the wood for
at least 3 months, and usually 4 or 5, until they are come
pletely sclerotiged. If they'are removed before this time,
they die very quickly. They are not able to bore into wood
from the outside as are fully sclerotised ones, but seem

to be able to feed and bore quite well if already inside -
the wood.

As contributory evidence it may be mentloned that at
ne time were any adults found emerging from the wood which

were not completely sclerotised. if adults did emerge at
| times of the year other than winter (as they very occasionally
did), these were also seen to be fully sclerotised.

It seems definite then that an adult is not able to
emerge until it is completely scierotised. Assuming that
aﬁ insect becomes adult during the period Januafy - February,
it has been found that it will take at least until May or
June until it is completely sclerotised and therefore able
t0 emerge. (This has been observed in the 6 cases of
laboratory bred pupae described in section H, which were
allowed to become adult, and were then observed until they
emerged from the wood). The emergence time thus correlated
with the time of first formation of the adult, agrees well
with that deduced by other means, namely from June onwards.

3) The only record of Stenoscelis being taken in flight

(K. Barnard, 3C00 ft. on Table Mountain - South African
Museum) is dated 26/6/1919, and since, in the case of similar

44/.....woodboring..



wood?bobing beetles, flight is assoeiated wiﬁh.brEeding,,which

in the case of Stenoscelis takes place during the winter
months outside of_thelwcbd'(see'section:IGV), this indééates
that the adults-emérge'during the wintéf mdnthé; o

~ Evidence to sﬁpport the idea 6f copulation and ovi=-
,i‘position 306n'after emergence will be dealt with in later -
'sectlons, while the seasonal history . of the 95g, larva, and _

 _‘pupa have already been dealt with.

- 11) ‘SEXUAL,DIMORPHISM.

' Extensive observations were made”to’try to distinguish

~ the gexes oflstenosceiis. The most important of these was

'dn attempt to use measurement as a sexing aid, ‘the results
?belng represented as a table (No.lh) and graph (FIQ 13)

a serles of beetles were measured by means of an ocular :
_micrometer (1 6 div131ons = 1mm.). - Measurements were
taken from tlp to tlp longltudznally, the adult 1ying on
ﬁlts gide. The beetles were,then placed in numbered tubes,
with some 10% Potassium»Hydrdxide."-Aftervtwo days they
were dissenﬁed', and their séxﬂidentified,'by the presence
or'absence'of the highiy chitiniSed aedeagus cfvthe maie.
This ‘wag continued until the author had measured 210 males
and 210 females. (Khe ov1pos;tor of the fémale 1s not
chitinised). The following results were obtained:e

(Measureménts»all in mms.)

Average Lénggg,g Minimum Léngth Méximum length.
Male - 3.387 2.7 3.82
. Female 3.546 . 2.8 - 4.30
The following table was constructed from the individual

measurements:-

4540« JTABLE. s
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TABLE 4.

FREQUENCY DISTRIBUTION OF MEASUREMONTS OF 210 MALES AND
210 FEMALES.

LuNGTH (in mms.) NUMBEZR CF,ﬁAng NUMBER OF FoMALES.
2.94 34 Ee)
3.10 30 10
3.26 46 42
3.42 32 33
3.58 43 62
3.74 15 23
3.0 3 27
4.08 0 4
4,22 0 3
4.38 0 1

210 210 __

The above frequency distribution of measurements 1is
graphically represented in the Graph in FIG.(3.

From the tables and gréph it appears that though the
females are on the average slightly larger than the males,
this difference in size is not sufficient to provide a
means of séxing. Although it mayvbe said in general that
a particularly large adult would most probably be a female,
and a very small one a male. |

The proportion of males to females is about 1 : 2.

In order to find out if there were any kriown more
phologlcal differences, Dr. Hesse of the South African
Museum was consulted but he was not able to make any definite
statements on the subject. He aig, however, suggest some
lines of 1nvest&gation which were subsequently followed up,
as follows:~ 3 ‘f

50 adults were examined with afbinoﬁﬁiér.microscope for
any obvious ﬁéfﬁhdi&gical gifferences. _HP;rtS'of the body
especiallyiéXémined were a) the terminai segments of the
abdomen b) the shape of the abdomen ¢) the antennae
d) sculptures on the elytra and ventral abdomen e) shape
of the legs, and the size of the tarsal spurs f) the length
of the abdomen g) the length of the rostrum.

46/.‘...These.....
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111) BFFECT_OF TEMFERATURE. AND RELATIVS humIDITY CF_THE
LENGTH OF LIFE OF THE ADULTS.

Ag. vefy few adults fréshly‘dérived frdm the -Pupa,

) were avallable the actual longevity of Stenoscelis adults

could not be fbund.v' However, an attempt was made to flnd |
: Gut which condltions of temperature and relative humidity -
'were most agreeable to them by seelng under which they 11ved
longest. i
 Adults kept at room temperdtures and Relatlve Humidities
if allowed to bore- with being disturbed except for occassion-
'}‘al.observations, llved-tor an.average {(in 43 cases) of 10
monthé, with’the maximum recording of 14 months in éne.casé;'
Durlng the pericd in which the experlment was carried
out, the following were the conaitions of Relative Humzdlty

ang Temperature

AVERAGE RANGE.

Relative Hume 705 66 = 75% R.H.
idity : , B
‘_Temperature : '60°F' x - 83 - . 66°

Unfortunately the adults were falrly roughly treated
during the this tlme, since the wood was placed regularly
agalns* a hot bulb to force the@ out and 000331onally it
was -opened w1‘t‘.h' a chisel to make: °ure that. the adult was 3
- not dead. &11 this ‘seemed te have an adverse effect on the -
"1eﬁgth dfflee of the beetles._. Adults do not as a rule
emerge'from the‘wood.éf'their_6Wn_acchd other than during
‘the breeding season. " - o | |
o In all the condltlons used hereaiter, the conditions
-of room temperature aﬁd humldity already mentioned acted as
the control. '

kffect of Temperature and ﬁelatlve Humldlty.'

Adults removed from infested wood were kept for 2 days

in a petrledlsh, ;o allow any damageu or unhealthy cnes to

48/o.o-o.inoaie'oo.vo.
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die off. The rest were placed one at a time in tubes with
a thick piece of wood (usually a piece of the wood from
which it had originally been taken). The tubes were closed
with a perforated cork covered with Organdie, and were then
placed in dessicators containing H;80,4 solution giving
relative humidities of 10%, 45%, 75%, 90% and pure water

to give and R.H. of 100%.

For observations at lower temperatures, the dessicators
were kept in a room with a thermostatically controlled temp-
erature of 52°F. For observations at higher temperatures,
the dessicators were kept in incubators adjusted to constant
temperatures of 95%F and 100°F, and in a warm-room at a
thermostatically controlled temperature of 84°F. In all
cases the tubes and wood were examined every two days, because
it took approximately that length of time for the relative
humidities in the dessicators to re-edjust themselves after
the previous opening.

Records were made of when the beetles first began to
bore, and their general behaviour during the experiment.
Hather than open the wecod (in the case of a btoring adult)
tc see if the occupant was still alive, it was brought near
an electric light bulb, the heat of thich forced the live
beetles to move back along the tunnels.

The object of these experiments was to try to establish
which temperature and R.H. was most suitable for the activi-
ties of the adult, tc facilitate breeding and general activity
expe riments.

The following results were obtained; (All lengths of

life in days).
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TABLE 15
TERFERATURES, .
- Room Temps. “Room . q - - lOG%R.H.
— RH.) ; o
© No. Adults | zﬂ' e8 | ac . 30 | 36 | 35
Hergtn of . ! o o 30 35
life -~ - 1§ |18.1 27.7 ' © bo® )
— , i | ~ " . )
529F. S 2
No. Adults !'X | X . @ 3 - 35 | 30 :
Length of | .§ | b ‘z R 2
life. R ;! 89.5 P . P 0
i f ; . i ‘.
84%F - 1 |
_ ' oo . . o i
'Ko. Adults. - X | 26 . 37 i 49 | 42 LG
life | 6.7 -+ 14.7 | 28.6, 27.5 30.5
'No. Adults ;20 . X . 22 - & = 20 . 20
- Length of C : S i ;
~life . : 2 { i 5.9 ; 9.6 T2 1 12.,=
i ; ' , o i .
100°F. § f ' |
No. Adults. : X * 25 : =21 ' 25 - 25 , 20
~ Life A - T T I S
# = Over 200 days.
X = Condition not used.
Room Temperatures = 53 = 66°F. Room Relative Humidities =
e o ) : 56 - 75%
AVERAGE 60°F .~ AVERAGE 70% R.H.

From the above tables&t appears that ‘at the lower cone-
ditlons of constant: temperature and varying humidities, &
raise in hnmidity from 75% to 100% makes little dlfference
to the length of life of the animal. It is at these con-
dltlons, and. aartlcalarly at Room Temperatures that the the. B
snimal lives 1ongest, and bores most successfully. ‘

At the.higher'teﬁﬁeratﬁres, the longevity increases as

v'one approaches 76%, draps slightly at 90” and rises again at

: 100% R. H.
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: 1%9%42755 1 It would appear then that here,. longev1ty is
R 1ongest at 75% because thls is nearest the npatural atmos="
| pheric R. H., but the author has no adequate explanatlon for
._the unusual state of affalrs occurrlng at 90% and 100% R.H.

| Con59quently, for breedlng purposes, the lnsects were
kept at Room Temperatures and a humidity varying between
75% and 100% R.H.

Higher temppratures ‘do not 1ncrease theip actlvity,_it :

seems rather to have a detrimental effect.

iv)  COPULATION:

chulation was observed in & petri-dish w1th filter
;3paper on the bottom, and a smaller dish covering the beetles.
-Since the sexes could.nct be told apart,vrandom groups of

40 « 50 ddUltS were introduced into auch petri—clshes &nd
their acthltles watched.

| The number of adulte 1n the qish was kept up to the

same level throughaut the year, and the number of copulations
and attempted c0pulations was noted continually The,
following table (No.le) and Graph in FIG. 1S show the fre-'.‘
‘guency dlstrlbtulon of ccpulatzons and attempted coPuLatxons

during thé_périod'March,-leso to October, 1951.

| . TABLE 16.
BONTE T GGPULATIONS
0 .
T March . L ¢ R .3
gprll o v~g- B o g
ay : ¢ £ SR R
~ June 4 i o 10
July - . | 18 - 12
- Bugust i 23 T 17
gegt. i lg : i 2?-
Crv ) k . . ]
Bec. - .9 : 3
1961. R \ . .
‘March - P Q 4
April '.} - g .g,
June 10 10
M. 02, i
us : o : : A
huguo ‘18 s

Qet. o , 6 o ',,_-‘:4_
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It ean be seen that there is a deflnlte season durlng

e whzch copuletlon occurs, namely the winter months, end

. pertlcularly towerde the end of. the wznter. "%ere are

: etteﬂpts at c0pulat10ns right threughOut the year, but
_rtnese are never earried through to completlon.
The followzng activitles in regard to cOpulatlon were A
';notea-- | o
On encounterlng a femele, the male beglns the courting,.
_e by tOuching her with nis antennae. _Tbenforelegs are used
- for stroking the body of the. female. ' They'are'uEed fapid-
,'ly anu~elte"nately, the antennae v1brdting rapidly all the
whlle. - The male graduelly moves round to the hind ena,
: stroklng the female all the while, untll he 1s fac1ng in the
same derectlon as she. ~ The female meapwhile stenes quite :
v stlll w1th antennae folded. The male now. beglns te stroke
; the elytra with his farelege, and then moves up onto the '
female svbeck, bringing the second_palr of legs into play.
N “hile the forelegs are still e;rokiﬁg the dorsal gide, the
second pair of lege-begin'to etreke the}enﬁ of the abdomen,
ih the vicinity-of the female geniﬁal opening,'to incite |
_'>extru81on of the vagina. The'male-genitel organ.has usually
“been extruded &nd ie in the vieinity of the female genltal
“opening some tlme before»the vaglna is finally‘extrudea to
:meet iﬁ.' During the c0pulat10n, the mée centlnues to stroke
the femmle as before, w1th eccasionel quiescent perlods.
The femdle renalns quite still during the whole ProceSe..
Under nonnal condltlone,_the beetles do probably not ,
copulete more than once at a tlme, since they both immedlately
begin boring into the weod, as soon as “the copulation is over.
ihese beeties have not-beee}observed'to emerge from the’WGOd
egéin, unless‘the'food coﬁtent.islekhausted, and they emerge
to séekvferther'food;-. |  v |
&bout 30 copulatlons were observed as descrlbed above.
These ebservatlons were made almost exclu51vely between 11
&.m. and 2 p fil. though there were one or two cases eerlier

in the morn1ng, and a couple later in the afternoon. Hight
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fobserv&tlons over a p@riod of one month dur*ng the wlnfer

of 1950, at 1ntervals of 2 or 3 days, showed no copulatzons'
' occurrlng at nlght, o N _

| The duratlon of the act of cOpulatlon was fairly cone
VfStant.. The duratlon was timed from the moment of meeting
1of the aedeagus and vaglna,‘untli the moment of separatlon.-
ﬂhzle the temperatures at which the cqpulatlons occured were
rmore or 1esb constant, the d.Hs. varied con51nerab1y.‘A .g.

where 11 copulat1ons were recorded..........'

) ABLE iﬁq

Duration of i demp..auring . % Rs i during
Copulation. - . Cogulatlon Copulatlons.
{in mms.) , )

e - j67 b 89

-8 - 69 - R B 73

7 63 - . 74

7 66 . .46

7 (315 : 70

-7 65 - o 78

6 69 . 49

-8 - 68 73

5. 85 68

) - 82 R 89

: 5 o B6 .74

From the position of c0pulating couples, it aypeara
that the action normally occurs out of the wood.  This

concluszon is bagsed on the fact that at no tlme were tunnels
 found in which he diameter: was large enough to accomodate

' two beetles in copulatlng p031t10n. |

| | Since the emergence season (July to ueptember) coineides
'w1th the perlod during which copulations are exc1u51vely

observed, it seems that the adults emerge to copulate.
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') ouIpceITION. o _

" ‘VOWing'to the fact that the females bore into the wood

| ~almost 1mmed1ately after copulatlon, ‘the act of ov1posxtion
was not ‘observed. _However, the follow1gg experiments were.
conduqteo to'try‘tovéScertain'whe:e.énd when,the beetles éo

. ovipésit. R

1) Obeervetion of Fertilised Females.

Females'w#re'reﬁovédfimmédiately‘after éoPQIéticn amd
placea in glasu tubes tOgether thh a block of wood. After -
._about tWO(idyS the females began boring 1nto the wood. Ane
:cther two days were ullowed to elap y and on ‘each guccesse
vlve day - thereafter, one block of the serles was Opnnec, |
untll the entire Beries had been examined.~ 20 females
.'were ob“erved in thisvway,;therexperlment thus taking'247days

el S MR o ,

The blocks were carefully examined for signs of eggs,'..
both 1nside and out. _”Eo_eggs were everaobserveu.

The experiment was‘rEPéatéd, wifh the beétles ihbculated'
_5into specially prepared tunnels immedlately after fertili<
sation. Again no eggs were observed, probably havzng ‘heen

' overlooked in the frass and rough sxdes of the tunnelsr

ii) Attempts at Forced Laylng.

~ Inan. attenpt to fforce femaleslto lay eggs‘in acées—
sible spots they were placed, immed1ately after fertilis-
ation, in clean«glass tubes. it was hoped that ‘they would
oviposit on the battom of the tube, for want of something
better. However, lack of ‘ood killed the females after a
few days. When these females-were dissected, fairly large
.eggs were fbund,ln the ovarles, but, as has been descrlbed
',1n the sectwon on the,ngg, these eggs were probably being
reabsorbed, owing to the absence of a suitable oviposztlng
‘spot. o | -
The eiperiment was“repéated, using paper on the bottom
of the tube,.first white, theﬁvblacki but no eggs were ever
observed externally. v_
- 54/ver iii)ennnss



iii) The Gauze Block Experiment.

Blocks of the softwood portions of Finus pinaster were

cut, about 14 x 1" x 1" in size. Bandage material or very
coarse net was wrapped round them, and stuck down with a
thin paste made of flour and water. The blocks were then
dried in the sun. Care was taken to see that there was
no wood exposed anywhere. The blocks were then placed in
deep glass dishes, together with 40 - 50 adults each. Two
days after the experiment was begun, and every day after that,
the adults were carefully brushed off the blocks, which
were then examined with a binocular microscope for signs of
eggs laid in the mesh of the gauze. Rather than lay eggs
in the mesh however, the beetles merely bored straight
through the gauze and into the wood.

The experiment had been used with great success in

observations on Anobium punctatum, which however, is known

to lay its eggs in pores in the surface of the wood, and so

is easily induced to lay in the mesh (SPILLER - 1948). This

is a fmrther indication that Stenoscelis may lay its eggs
inside the wood. |
By comparison, it may be mentioned that Lyctus, which
lays its eggs in pores on the surface of the wood as does
Anobium, oviposits 2 to 3 days after copulation. So does

Anobium. Since Stenoscelis first bores into the wood before

it oviposits, as is shown in the previous experiments, and
as this proecess usually takes about two weeks, the time it
takes for a normally boring beetle to get reasonably far

into the wood, it is assumed that Stenoscelis takes at least

2 weeks before ovipositing and probably longer. (This is
assuming that the beetle lays its eggs at the end of the
tunnel and not along the sides). In the Bostrichidae, the

only other family (for which a description of sorts is
available) which feeds on the wood in both adult and larval
stages, the time between copulation and ovipogition is not

known accurately, but as the eggs are laid at the ends of
55/¢¢0...tunnels.....



tunnéiswﬁich thé females bofelafter'éopuiation,'thé timé_t
:taken between copu;ation and 0V1p081t10n 15 calculated as
belng about 2 - 3 weeks, whlch is the time a normal borlng
adult takes to bore a tunnel of eoual aepth.

iv)” Long,Term Obs9rvations.

About 30 adults were. placed in a dish’ with a large

block of the sﬂftwood pcrtlon of Pznus plnaster,which had
previously been carefully_examined forssigns of earliier |
infevtationa "ThéfdiSh’was then placed in a dess icaﬁor at
100% R.H: and Room Temperatures (about 60 - 70°F) during

the exPerlment. - Theee condltlons from reference to the
adult longévity tables (bectlon i (;11)) are,seen to be some
of the moét févdurablé for the beéilesa. The dessicamr'wés
then set aside for 6 months: . After this'time the block was
carefully opened with a chlsel, and the adults removed. The
'tunnels were carefully examxned.,' |

Twvo small 1grvae of head capsuie sizes (breadth): .aasmms.-
- were dlscoverd. | | |

The blocks were 1noculated on the 21/7/5w, ‘and opened

' 6'11 the 16/1/51.- | .Un:ﬁ’ort.unat.ely, because the pre-ovipcsition
;periodvis not kﬁowﬁ; the sge of the larva cannot be-deter;

| minedvby this means;' However, it dbes.séem'significant
7that the larva fits correctij into the*grouﬁ A in the

- Seagonal Hiétary Gfaﬁh in‘Fﬁss .at_the chreCt:time:of ihe

_year fbf the presence of larvee of this size.

-_Thé_impression gained from this work is that ovipcéition ‘
~oceurs iﬁéide'the Qoo&-possibly ébout a‘month after fertie
lisat*on._} The eggs are probdbly drOpped at the end of

the tunnel which the fEmale beetle bores after fert111satlon._
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vi) AEULT EbbDING.

’ - Stenoscelis ‘adults feed and bore in exactly the same
way as their larvee. | - I
In fe@dlng, the beetle holds its mandibles apart, and

pointing stiffly downwards, and then pushes them strongly
dOanarde into the wood., ﬂere they are pulle& together,
the head is drawn away, and a>plece of wood is drawn into _7
the  bueccal cavity at the same time. The antennae are held*'
 at right angles to the head right Chroughout the process.
) 'During feedlng the'beetle rests on 1ts-tarsal Spurs,' -
_ digging them 1nto the wood on the sides of the tunnels. |
~ The metatarsx are held up ‘and away from the wood. This
»:mehhodtls probably used by the beetles during boring, the
.tarsal'claWS probably being_used to-pusﬁ them forward.

f‘Attamptsfto ine§u1ate,adultS‘in the>same'ﬁay as larvae
‘proved adequaté‘but unheéessary,asinée'adults are'able»to
bore into wood from the'odtsidé withéut assistance, if the
conditlons are favourable.;v These condltlons 1nclude,

'fairly rough surface, 31nce if the weod is completely smooth

. op polished, the beetles seem unable to bore in, and die.

This may account for the small number of Stenoscelis attaeks
on polished furniture. " | |

On being given a block contalning both soft and hard
.iwoad,_the beetle 1nvariab1y beging boring at the soft part, -
© but it will attack the hard»part iftﬁothihg else is available.
A striking case is the log shown in FIG.!G, whieh consisted
' of soft wood surroundlng a very hard core. The beetles had
riddled the soft wood untll it was nothing but a shell, and
_then began to attack the hard core, for want of Somethlng |
‘_better on which to fEed. L

A beetle will begin boring almost immedlately after _
‘being placed on a piece of wood, and always bores along the |
: annual rings. The tnnnel ‘may ramify all over the sapwaod
portlon of one annual ring, untll 1t is more or less cofm~
Pletely eaten away.  Only then will the adultvbore,crcss-- |
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grain into the next sapwood ring. There is no definite
pattern to the tunnelling, with beetles often recrossing
their own paths in their torings. '
The damage done by stenoscelis is very similar to that
of Anobium punctatum and Lyctus brunneus with which it is
often confused. Its smaller channels and the finer texture
of the dust and pellets enable it to be distinguished, by
careful examination, from the other two. However, this
difference is so slight, that it is not at all apparent to
& layman, which results in many reports of Stenoscelis in-

festation being revealed as Anobium and vice versa.




The beetles leave frass behind them in the tunnels,
and may push it out behind them at the entrance holes, to
form a small pile of dust at the surface. It is this pile
of dust which identifies the presence of the woodborer to
the householder.

The frass of the adult is very similar to that left by
the larvae, and it is often very difficult to tell them A
apart. However, it has been shown that pellets are formed
by the adults as well as the larvae, and therefore that they
do also actually feed on the wood, and do not merely bore

through it.
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K « NATURAL ENEMIES.

Two species of Braconid wasps were found to be primary
parasites of the pupae and larvee of Stenoscelig. The
larvae, pupae and adults of these were collectdd, but have
not yet been identified.

The adults of these wasps were found in great abundance
in some of the infestations brought into the laboratory,
particularly in Beech flooring blocks during the summer of
1950 « 1961. The larvae were found in only two cases to
be actually attacking a larva or pupa of 3tenoscelis, but
larvae and pupae were very often found lying about in the
tunnels. ‘he adultis apperently enter down one of the flight
holes made by anemerging beetle, and move down it until
they find a pupa or larva on which to lay their eggs. The
host is sucked quite dry.

The mite Pediculoides ventricosus is found in consider-

able numbers attacking both pupae and adults, as well as
larvae of Stenoscelis, often right inside the wood, through-
out the whole of the time that this work was undertaken.

These pests are very prevalent in the laboratory, attacking
the eggs, larvae, pupae and adults of all the insects under
observation in the laboratory.

However, neither of these occur in sufficient numbers
to cause any serious damage to the beetles, at present,
though it is possible that Lf necessary these pests can be
bred up in sufficient quantities to be of practical use in
the biological control of Stenoscells.
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L - DISCUSSION.

The state of incompleteness of this thesis is due, to
a large extent, to the necessity of deriving techniques for
the various experiments as the work progressed. The
hard medium in which the beetle lives makes it difficult to
observe it in any of the more ordinary ways, resulting in
the necessity for less reliable methods of deduction. The
lack of time was a serious handicap, since it did not allow
any repetitiondf faulty or indefinite experiments, which
might have given more relevant results.

However, the following number of points presented
themslves for discussion.
1) The fact that so little published information on this
gspecies is avallable makes it difficult to obtain a clear
picture of its distribution, and it lesves the position of
its original habitat rather doubtful.

If, as some authors suggest, Stenoscelis is indigenous

to South Africa, it must be of reasconably long standing, and
must have been well established in an indigenous host plant
before the introduction of foreign forest trees. Unfore-
tunately, the beetle has transferred its attentions to these
foreign trees, and it is difficult to trace it back to its
originsl indigénous host.

it may even be possible that the beetle has been intro-
duced into South aAfrica in quite recent times, and is actually
indigenous to some other locality where it is so insigni-
ficant as to have been overlooked. For example, it may be
indigenous to the Scandanavian countries, whence come most
of the Pinus sp. forming a large part of the Forests in the

Western Frovince, for which Stenoscelis has a particular

liking. Or, as it has been found in Acacia sp., it may have
been introduced from Australia.

A study of the chemical compositions of the wood of the

6l/ces.cvarious....
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various kinds of indigenous forest trees, and a comparison
with those of foreign trees for which Stenoscelis shows a

liking, should provide a clue as to the original host of
the beetle.

A further clue might be afforded by information as to
whieh trees on 5t. Helena are attacked by the beetle, and
in what kind of wood it was first found. (The deacription
by #ollaston (186)3 and his later (1877) few'parégrapha on
the habits of the beetle, do not provide any such information).
2) An interesting aspect is the possible competition which
the beetle encounters in its environment. In the western

Frovince there are a number of beetles, apart from Stenoscelisj

which till recently were considered of primary importance
as regards damage to timber. The best known of these are
Hylotrupes bajulus, Anobium punctatum,' Lyctus brunneus and

Iisk
some Bostrichids. Stenoscelis now appears to be heading the ,

after Hylotrupes, and the question arises as to whether this

is because these competitors are being eliminated thus leav-

ing an open habitat for Stenoscells, or merely because the

regulations regarding compulsory eradication of Hylotrupes
infested wood, and strong recommendations to remove all

Anobium and Lyctus infested wood as well (whieh came into

force in 1946) have unearthed hitherto ususpected infestat-

ions by Stenoscelis. (The number of reports of Stenoscelis

infestation increased from 1946 onwards).
All the available information represents number of

reports of Stenoscelis infestation, rather than number of

beetles, and thus at thie stage it cannot be decided whiech
of the two possibilities mentioned above is the actual
correct one.

The study of the preferences of the other important
woodborers in the #.P. as compared with Stenoscelis, shows
that this beetle has an extremely wide range of attack, as
far as type of wood, age of wood, and conditions of wood
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are concerned. In fact it seems to embrace nearly all
the preferences of these other beetles. If, as has been
suggested as a possibility, these beetles are competitors
of Stenoscelis, the wide range of the latter will make for

its greater success.

3) 1t is unfortunate that the oviposited egg of the beg&te
was never observed, since on this observation depends much
of the following work. Important results which are con-
sequently left to conjecture are: a) the exact time of
oviposition b) the exact time of hatching of the eggs

¢) the total length of the larval stage and consequently

the total length of the lé&fe higtory of the insect generally.
The lack of a description of the life history of a beetle

of the same or an allied family, with similar habits, makes
even a comparitive guess difficult.

In common with many Curculionids, the eggs of 3tenos-

celis, when laid, are probably very small, and of indeter-
minate colour. Moreover they are laid inside the wood and
are therefore probably overlooked.

4) As has been pointed out above, the oviposited egg, and
consequently the newly hatched larva have never been obser-
ved. These larvae are no doubt very small. Larvae were
only observed after they had reached-a certain size and cone
consequently has no idea of the number of instars which they
have passed through before this size. Therefore the total
number of instars is not known, and the author had to start
his investigations with larvae that have already passed
through some instars.

The habit of the larva of boring in wood makes it
extremly difficult to actually observe a series of moults
in any individual larva, as has been explained in the text.
However, some idea of the number of larval instars was
necessary, and the author was forced to resort to a series

of indirect methods ofdetermining this number of instars,
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SUMMARY .
1) Stenoscelis hylastolides is distributed in the coastal

areas between the Jestern Cape FProvince and Natal, as far

as 1s known, and is considered an important economic wood-
boring pest in the #estern Cape Province. It shows signs
of becoming an even greater problem. :

2) It attacks a large variety of types of wood, but prefers
the softer varieties.

3) The egg stage as such was not observed, but the egg

was seen in the ovary. The female appears to return into
the wood after copulation to oviposit.

4) The larval stage has been studied as far as possible,
but the hard medium in which it lives, makes it difficult

to obtain an accurate picture of the total life history.

By three different methods, a life history of about 14 years
is indicated, with about 13 instars.

5) The pupal stage has been closely studied. 4ts duration
was found to be 22.5 days days (Average), and it takes

place during the height of the summer.

6) There is no noticeable external differmnce by which the
different sexes could be identified in the adult form.

7) The beetles emerge during the winter months, and
copulate towards the end of the winter. <+t ig supposed
that the females return to the wood to oviposit during the
early Spring.

8) Adultse may live up to 14 months. <4t was found that
intermediate temperatures (60 - 7C°F) and Relative humidities
of about 75% to 90% were the best conditions for the adults.
9) Certain natural enemies are present, and these may be

of use in the future control of this beelte.
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