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‘The subject of this thesis 1suanhindigenous'
' thi_, Walk, which has for

-Lepidopteron specles Eupro
some years shown up as a serious pest of exotic pines in
- South Afrioa." In 1929 1t was reported that an unknown
) 1nsect has completely defoliated approximetely 60 acres of-
) Dpatula, Schl, et Cham, and Pinus ylla, Sohl.
et Cham. 4n plantations of the Department of Forestry at

Jessievale in the Eastern Transvaal. Upon investigation,
”1t was found that the insect responsible for the dsmage was
" the Lymantriad,‘E-vt rminglis, There was no record whiech
‘would suggest that this insect was of the slightest economic

'iimportance in its natural habitat. Once it had adopted

1tself to feeding on pines, it apparently could become a

 yery serious pest, = To the family Bymantriadae belong

- some of the most serions forest pests in the world.,

v"oe L, (Nygmia pha%fhoea Don.)Lo

‘The species Eu rooti_fe;-’ |
ar, L. are very serious pests in pines

: gg hg L., oceurs
' During 1930, the infestation of E, tergigglis at

, Jessievale,reourred, and_on a much larger scale, 350 acres
cf\pihe being‘eompletely'der01iated. _; -in the sameeyear'afl
.severe outbreak of the‘pest eceumred in pine plantatiohseat,
, Harrismitﬁ.in the Eastern Orange Free State, vhere 100 acres
of trees were defoliated. ‘ A‘gieaﬁ number of trees in the
last mentioned area were so weakened by the attack, that
they failed to su:vive the summer drought of 1930,

- 8ince then, outbreaks have periodically been re-
‘ported from verious pine plantations situated in the
_*Eastern portions of South Afriea,\eome of these being

. extenSive/Q e o‘o ceseee
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extensiVe, whilé cthefs were of limited scope. Only in tho’
- Jesslevale piantations, whore this pest was first diacOVered
”'attac&ing pings, however, has severe-infestatlen remained as
a permanent endemic feature.  In ell otber.areas>the initial
outbreaks appear to have been controlled by natural fécﬁbrs, |
since there has been no recurrence of striking infestaticn."
 During tha yaars 1932 to 1934, ‘the amount nr damaée
brought about by E; 3_2@132;;5 at Jessievale, aecreased con=

) slderably, but by 1935 the infestation commenced expanding
" papidly. By 193% no less than 2,000 acres carried such .

. heavy larval populatiens, that a very real threat existed

of complete defoliation of all trees of the susceptibia spe=
‘eles in the area. | o

At this stage it appeared that immediate and drasﬂ;
tic steps would have ta be taken ta contr03 the pest if the
plantatiens were to be saveé, and ehemica] control wasg the
only angwer., Calclum arsenate, the eheapest and most prOe‘
mising insecticide available at the ﬁime, was applied to the
plantations by aireraft, as a dust, with the excollent re~
; éulﬁs repbrted_bj Tocke (1938)s. Subse@ﬁéntly caleium arse-
nate applicati¢ns were perseversd with, using land-based
apparatus to effect treatment, but owing to the difficult
terrain, and cdnsﬁahtly mounting ¢ost, the policy of attemp-
~ ting to control the insect by chemical.means, hod perfb:ee .
.ﬁo be abandoned, ;v | | | |

In generai 1t_is most_inadviéable to practice the
general application ofvinsecticides, especially the mcéern.
 eontact polsons whiehthit>the‘parasite'populétiohs as readily
as thoy do the host insect, without prior and comprehensive
un&erstaﬁding.af the:whole biologicél background of an insect
problem, In many cases 1t has been found that after contact
.poisnns have been applied, the parasite camplex recovers
much more silowly than the host insect and mors severe ocuts

breaks occurg if the insecticidal applicationsate not

continued indefinitely/s..



| continued m«rmtay. In the cuse of plantations, vhers

- many years must elapse bofore folling is possible, the cost

of rapeateﬂ npplacatiana of insecticides soon beconmes p:m@xiw _
bitive,
| o mpms the efmianey ot blologicel eontrol gt
Jeesmaia, the Tachinid parasite Compailyrs coneinnnke Molgey
 which aﬂaeks tymntﬂnd specles m Em*ape and Aunerics, was
~ introduced into South Afrdes during 19%2.  That this ,m*a- |
‘site has adanted Ltself to local conditions, is proved Yy |
the fact that the writer has. rocoverad it on mmerous ocea~ |
 stons Bu'bmqmm ﬁo 1956 from the Jessievale and other plan-
totions,  However, it 1s clear that the introduction of this
mnmm has not M the @emm oftaect as ‘ Lyt '
tinues to veach apmmise pmportims at Jcssiwnla. . -
At th&e stage ﬁt was decme& to oaryy out L} thnrm:gh
study of the biﬁtmmics of Eo The rmﬁlts m‘
this study are given in this theais anﬂ the rguwmg |
‘papects ard deait withi-

S £0nw

A dotailed morpholopical description of the adult
Busroctis tor and of all its imature stages from
0gg to pups.  The known aimmﬁim of the" spocies, and
by means of an analysis of the climate of these localities,
the delintation of the probsbly distribution arca in South

- Afyico. A detaﬂeé m&y of the 1ife history and habite

of the Mamt, as well ge of its host piants, both &nﬁiganm
and excties, A study of the influence of zndigemuv host
plants on S.nfestamn in contiguous plantetions,  Aspesse
ment of the ﬁegree of larvsl infestation in the pmntamn |

by & study/.envees



by a study cf'needie and faecal pellet drop counts; and study
of the factors influéncing populatien density of the insact,
ineluding food supplies, fungal and ingsect parasites, ‘Thev
description and 1ifé ﬁistory of the most important Spécies

‘of parasites-éffecting”the egg, larval and pupal steges. A

l'.stuﬂy of the effect af climate on these econtrolling factors.

Finally, in order to be prepared for the ccntigenéy at any
time in the future to controldg. tegmiﬂg;ig in plantations
by chemleal means, a seriés‘of tests were carried out by the
iwritar to determine which of the modern insecticides would
- be most effective. These experiments bring up to date the
_work doﬁa.by Petty (1?#8),'who evaluated the insecticides
availgble for testing at that time for the control of this

gpecles,

' CHAPTER II.

DISTRIBUIION

There is a natural téadency for any insect speciés
%o épread over as wide an area'as possible. From_the regions
wherevaptimnm conditions for 1its exiﬁtence are to be found, it
 wi11 normally extend into the marginal zones, beyond which it.
, cannot survive owing to environmental resisﬁance. | ,

0f the various factors which together censﬁitute
*environmentalvresistance‘and prevent the wider spread of
.‘an insect species, undouatedlycha.most important are preecipi-
tation end temperature (Uvarov 1931). o |
| Ls E,»termigagis is en indigenous insect, it may
safely be assumed that ths specigs is already as widel#
spread in the Union as the limiting factofs will permit.
To estatlish its distribution area, recordsvof localities
from which thié species has been eollecﬁe& were obtained

from the British HHSeum, the S.A. museum, the Transvaal

- IuSeun/es e



3
o musehm; the Albany'museﬁm; the Natal museum and the:ccilection
R of the Divisibn of Entomolbgy, pretoria. These localities
_are listed below, the collector's name, ‘when aVailable, being

given in parenthesis in each case. It is of interest to notev,-
: ihat the sﬁecies 15 not as yet represented in the insect col~. 
Jections of the Museums in Southern Rhodesia and MbZambique;
TRANIVAAL: - . : )

Barbertdn. (Randali). - Ceylon (J.H. Grobler).

Belfast (F.0.C. Tooke)s  Chilovane (% Tvl. Mus.)

Berlin »(J;H.'Grob1er). ~ Coetzeestroom (J.H. Grobler)‘ |

Bultfontedin (J.H. Grobler)., Driekop Pilgrimsrest
' S : (Joh. Grcblei‘);

Elandshoek (7 Tvl. Miseum) ‘Malto 1 Puntberg (van Son)s
Entabeni'(F;G.C,‘Tboke).} Pietbﬁatief.(E.E. Plat); |

- Eaener@@hurg_(ﬁanse);°' . Spltzkop : Sable (F.0.C. Tooke).
H@ﬁdriksdal (J.H, Grobler) Tweefontein s Sable (J.H. Grobiles

Jessievale (F.G.C. Tooke ) IWitk11p  White River (J He
- ‘ . - - Grobler).

Makubalaan (7.8, Grobler)  Woodbush (Janise. )

ShrriSmith (?@G.é; Tooké) - Mone 21Mém91 (J.H. Grobler)

| Dufbgn {(Leigh) - .Karkléof (ILeigh. Marshall).“
Esﬁﬁwe ( E.L.=Clark)l‘~  .KrantZKOp (? Natal Mﬁseum);_f
Esteourt (? Natal Hns.)'  ‘Natal Rational Park |

. ._ 4 (J.G. Ogivie).
Glants Castle (7 Tvi, Mis.) Vartburg (7 Tv1. Mis.)

Greytown (J.H, Grebler) Weza (J.H, Grobler)
CAPg PROVIECH:~ - _' f | A

* Bashi River (Bowker) © Libodl (? Br. Museum),
'Bast London (Clark) : . HMvenyana (J.H. Grahlei).
George (B.Y,. Dumbleton) Ngqelehi { H.H, Svwinny)
Grahawstown {(G. Eﬁmpson) ~ Port Elizabeth (01ark)
Inziswa (F;G,6; Tooke) - Port Bt. Johns (H.H. 3w1nny).
Kowie River (Iruiﬁg) - Stutterheim (Clark)
Kaysﬁa (R. Lightfobt) L Transkei_(Barrat),

- In figo 1/--;-.
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In figurt 1 these laﬂnlitins have. hnaa qugsea au
e map of South Africe.

It is clear’ ~a@9ﬁ§§a% Shat tMé* :.
species is distributed throughf"%m Eastern and South luhrn

rones of the Unilon, where precipitation is highest.

,r
Temperatures prevailing in the known distribution
ares of E. terminalis are generally encountered in cther and

adjoining regions in which this species has not Ritherte been
found.

The main factor limiting the wide spresd of the

species in S.A. would thus apparently not be teaperature u
such, but humidity (rainfall).

UNIE VAN SUID-AFRIKA
DisTRIBUTION OF

UNION OF SOUTH AFRICA

Euproctis terminalis

JrtnvLY

Xnown distribution of R. terminslis, walk., and probable

of distribution,

Map showing locality records
and probable western limit

Iixuz:;L-

western limit of dlstribution.

The S.A. Weather Bureau has produced a map sheulni

the distribution of rainfall in the Union, and the details

reflected\ /i XYY
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| ' UNIE VAN SUID-AFRIKA -
- : UNION OF SOUTH AFRICA -
_ AVERAGE DAILY RELATIVE

HUMDITY AT 0830 HOU

| ReFERENE
'\ (O anerow e PERCENT
© R BEWEEN 68872 PERS,

@ reeove 72 Persent

JIINVYLY

NV3DO

I NOTAN

( Distribug.{on“gfEjterminai;_s superimposed on the |
___ _average daily relative humidity. =

i e b, = % gt st e st e a i

UNIE VAN SUID-AFRIKA
UNION OF SOUTH AFRICA

- _Averace Annual RaneaLL

REFERENCE
CJ UNDER 762 MM

@R ABOVE 762 MM,

INDIAN

e

Fig, 3.

—Distribution of E.terminalls superimposed on the zone with a
precipitation of 762m.m, or more. _ I
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reflected in Pigure 2 have been obtalned from thls source,
Unfortunately there 1s no officlal chart reflecting.the
average relative humidity of the air of South Africa,  The
details in this reppect, reflected in figure 3, have been
plottedvby tﬁé writer using figures contained in the Annual
Repnrts‘of the South African Weather Bureau. |

Vhen the distribution chart of B, terminglis is
superimpaséd‘on figure 3, it is clearly apparent thatvthere is
a.éloseicorrelation with the preecipitation, Of the 46
localities from which the insect 1s_iecorded, practically
all fallfin the zone with a precipitation of 762vm.m. or
more per annum. By superimposing figure 1 on figures 2
and 3, it will be noted that the few exceptions fall in
afeaS'where the average relative humidity of the air.equals
or exceeds 72%. | |

It therefore seems that \a germggalig can exist only

- in sreas vhere tha uverage relative humidity of the air (or
the rainfall) reaches or exceeds the abovementioﬁed critical
levels, It is interesting, however,'that the species has
not been collected from the South-Western Cape Province,
where rainfall (humidity) exceeds the critical level, It
is hardly 1ikely that thls species would have been missed
by cdllectors, since the South-Western Cape Province, and
its faung has been closely studied for a very long period.
| It is thus clear that other limiting factors must prevent

its swrvival in this area.

In Australia the distributiof of the "lucern Flea"
s Linn) is very closely correlated with

precipitation, - of 49 locality records for the species, only

2 fall in an area with an annual rainfall of less than 15" p.a.

(Holéaway 1929).

In order tO/ooo-ooooo ( |
. ) L

bb

r.d .
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In order to understand the absence of E, terminalis
in the Western Province, cligatographs were prepared
(a) of the Stellenbosch, Jonkershoek and Elgin areas, a re-
presentative of the South-Western Cape province vhere E, tef-
Rinalis is not found, despite apparently suitable conditions
of humidity (rainfall) and
{b) of Knysna, Stutterheim, Weza, Cedara, Jessievale and
Pilgrimsrest areas, 6 localities selected at random from
South to North in the known distribution area of the specles,
(Pig, ¥), '

. aps
i , . 3 -
l' ! R
' 3 | 2 .
.
w . t ' i
.

STELLENBOSCH KHYSNA CEDARA

o mMOAC AP BMOEM =
i

JONKERSHOEN STUTTERHEM JESSIEVALE

i
ik
N

® L0 ™
RAINFALL (mm)

a
2 -
1
B
[z

E
P 1§
[

3

8

]

2

11

Ta

3

Pizure b.

Climatographs of rainfall and temperature in and out of
the known B, tarpinslls distributional area,

In laboratory tests on R, terminalis (Chapter V) it
vas found that relatively low humidities are not necessarily
lethal to the insect, provided the temperatures are
lov as well, but 1f the temperature is increased
and humidity remains low, the insect perisheé in all cases,

It the lmtin‘/.coccooo
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If the 1imiting effect of relatively Low humiaity combined '
‘with high»temperatﬁravia bOrné'in mind when studying-thé elie
matographé in figure h,‘it‘eén readily be_eﬁylainsd why E. gg;r
fﬁdnglls,cannbt exist in thé South-iestern Qape Prdvincaﬁ
:_ The SGuth*WEStern Cape Province has its rainfaii
&uring the winter months, when temperaturas ﬂrop o their _
iowest levels; during the summer months when temperatures
are bighest, there is very 11tt1e precipitation and humi&ity
-is at its lowest level. In the distribumien area of E. ter-

VA.ijS, the reverse 1s the case =~ rain fallg in summer when
 temperatures reach their highest levels, while the meagre
precipitation ef thﬁ winter months 1s aceampaniad by lovw
temperatureSa ’ o | | |
In figure 1, a line haq been dramn, vhich represvnts

the prahable 1imit to the west of the distribution area of

' . En@loﬁed by it are areas where the average
relative humidity of the air 15 72% and ‘higher, and those, |
whare the annual rainfall raachas or exceeds 762 mem,  The
areagkof'winter rainfall to the South, wherezmaximum,tem-
pératutes'dccur'when humidity is loﬁest»have; however, béén
exﬂludeﬁ.‘ The boundary could be expeated to fluctuate some-._
-vuhat, since weather caaﬂitians vary from year to year.

' Up to the preaent there is no evidence to show

§ occurs beyond the boundaries of the Union

of South Africa, However, should there be other regions,
0.8« in Swaziland and Mozanmbique, where the above mentioned
‘climatic conditions ekist, collectors will without doubt,

revoal itsvpresence there in the futurae,
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I HE MO I H
- 1. RBLATIONSHIP AND PUBLISHED DFSCRIPTION

Eggfoetis\tgrmin&lig is a Lepidopteron belanging‘to the fa~
mily Lymantriaﬂae. |

The genus Pugrcet; was described by Hibner (1819)
using Bombyx chrysorrhoes as the genotype.

The following, although brief, is the full Gorman

degeription as gilven by him,

[ A

The specles ferminalls was deseribed thirtysix
years later in Latin by Walker (1855), _ | |
Thﬁ following is his full degeriptiansa

. The gpecimen was coliécted by Dr, Kraus at Port
Natal (Durban). | - |
In 1909 Hampsan published keys to the genera and
spaaies of the Lymantriadae occuring in South Africa, the
one dealing with Buproctis containing only thirteen species.
. In 1915 Janse published a new key to the genara
and'speeies of South African Lgmantriadae,_and in this he

cetls species,

‘noted seventeen Eup

The‘following is Jansé's descriptimn.cf the genus

proectis, in whieh he ﬁsed,ﬁ.
"guggagtig Hdbn,

Male: ?roboscis absent or very rudimentary;

Faseial

as the gendtypes

palpi porrect, just reaching frons; first joint conieal
with the point curved upwards, nearly 2 times longer than |
thick; second joint cylindrical, ss thick as first joint,
but 3 times longer than thick; third joint a 1ittle

| | shorter than/e.e..
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shorter than first joint, thin and bluntly pointed, hidden

in halir; all joint with a 1ittle halr above and much long
hair on under side (in female the palpi are a little ascendings
second joint longer end thinner, about 3 times first joint;
third joint as long as % second joint and thinnerj the

whole palpus less hairy); eyes rather large, over width

of frons, rounded; frons rounded and with short halrs

antennae nearly & of costa (in female only } of costa),

curved, bipectinate; in male the pecten are 6 to 8 times
shaft, ending in a long bristle; in female only 3 times

shaft; vertex and thorax covered with moderately long hair;
abdomen longer then hind wings covered dorsally with short
hairs and ventrally longer halrs, ending in a long hairy tuft
in male and becoming truncate in femsle; on dorsum a tuft

of hair on first and second segmentsy legs very hairy on fe-
mora, tibiae, and tarsi; forelegs with a process as long

or a 1little longer than tiblge, curved somewhat like a § ter-
minally, and pointed; in fomale a little shorter and thicker;
mid tiblae with 2 spurs; hind tiblae with b spurs.

Fore and hind wing of E. terminalia,
Forewing/. see



Nam

: tion of g;gggz;@_g ermig31 s§

| | | , ot
Forewing long, (figure 5) sub-triangular; costa

 and outer margin somewhat rounded; inner margin well roune

ded; apex and tornus roundeds 1b simple at basey 2 from

'_beybﬁd§ lower median; 3 from well before anglej 4 and 5 _U:

from\léwer mediang_ 6 from just beyond upper anglej _stalk
of 7y 8y 9, 10 from upper angle; 7 from béyond dof 8 9
b,

from-g of B3 10 from % of vein 8 11 from.g upper meaian;

12 somawhat parallel to upper median. "Hind wing triangu-

lar; caqta, outer and inner margin samewhat rounded; 1la

 long, straight; lb nearly atraight, 2 from % lower median;
\3 and % on a short stalk from lower angles 5 from above
‘this angle~: 6 and 7ona gtalk of‘%raf vein 6 and from upper
"angley 8 bent to beyond & upper median, where that vein is

angled upwards, 40 as 3ust to houch it, but n@t anastomosing

with it, then curved at and"

Un&er the ahort deacriptian of ggggoctig gegmznagg s

Janse states as followss-

"in this specias the palpi heve the second joint
only 2 times as long as the flrst smint and the process is .
more slender and a littla longer than in E. £a§ciata.".
2; REDESGRIPTIGN'

The follewing s a 6etailed morphalogieal deseripu

&

(a) W (Fig. 6)e

The head capsule is densély covered with scales

and setae, except for the region near the two compound eyss

which are large and parsely covered by tiny setaes No

ocelli are present.,

_Hbuthparts. : Thaﬁlabruﬁ'is very rudimentary and

" congists eniy of a'hérraﬁ'band. f Maxillary palpi are absent.
The lablal palpi are well defined end are made up of three

segments/..;.. -
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gsegments, which are densely covered by scales, The pro-

bosels 1s extremely rudimentary, and no mandibles are pro=

-

sont.

Fig, 6.
Anterior (A) and lateral (B) view of the head,
ILp - enlargement of the lablal pulpus,

At - Anterior tentorial plt, E « Compound éye.
Ep -« Eplcranium FrClp = Prontal clypeus
La = labrum Lp - labial palpus,

Pr - Proboscis,

The mouthparts are vestigial and thoy are not,
therefore, suited for feeding,

, Antennac. The antennso of the moth are bipecti-
nate, but those of the male differ markedly from those of the
femnle by virtue of the fact that they are plumose whereas
those of the female are not,

Male Antennae. (Fig. 7). The basal stalk or
scape, £ig.7b., of the antenna, which 1s about 14 times as
wide as 1t 1s long, has a swollen appearance and is conside=
rably longer than the other segments,

The median sepment, the pedicel, which 1s short,
and only aﬁout half the length of the scape 1is slightiy wider
than the firét segment of the flagellum which is made up of
31 segments, These segments gradually becoms longer and
thinner towards the distal end of the flagellum,

The distal Segﬁ?ent/o ssea
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The distal segment, however, is as much as twice
the length of the brece¢d1ng segment, ”;%§;}y segment has
two long pectinae which are densely covered with slender
setae, On the tip of every pectina there are, in addition
to the slender setas, two which are much larger and more

prominent than the others.

A, Plumose gntenna of male,
B. Scape of antenna,
Ce Enlargement of the pectinase and two variations

found in the terminal segment of the flagellum,

The feathery appearance of the antennse is due to
the long pectinae, figure 7 C., the longest of which are six
times the length of the segment on which they are situated.

The last segment varies markedly in shape and as
an illustration of this variation, two forms in which it may

occur are shown in figure 7.

Female antennme (Fig. 8).
In the female the secape differs markedly from that
of the male, being twice as long as it 1s broad, while the

pedicel which/seeee



pedicel which 1is 3lightly wider than the first segment of
the flagellum is on1y|§ as long as the scape, figure 38 E,
In general the flaggellum consists of 27 segments,
but in 3 of the cases examined the number of segments was
found to be only 26,

D, Antenna of the female moth.

E. Scape of sntennsa.

F. Enlargement of the pectinae.

G. - I. Va:%ngégn:ng:::i.m the terminal segment

The main difference in the flagella of the two
sexes 1s the length of the pectinse. 1In the case of the
female, they are much shorter than those of the male, the
longest being only twice instead of six times, the length
of the segment on which they are situated, '

The pectinae are comparatively sparsely covered
with sctae, and have only one prominent seta instead of

two near the distal end,

As in the m./.oooi

20
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As in the male, the last segment of the flagellum

may exhibit marked shape variations as is illustrated by the
three examples given in figure 8, G.H.I,

(b) Thorax. (Figure 9).

Ny

© WR AxC, Sp WR PN,
/.

L h
Fige 9. |
Lateral and dorsal aspect of the thorax.
Protharax,
Epm; - Epinarum Co - Epsy - Episternum
Mi © - Microthorax 3} = Notum
P = Articulating plate of coxa c = Coxa
Masothorax.
Ax02 = Axillary cord Cx, = Coxa
Epm2 « Epimerunm Epsz « BEpisternum
- Notum ' P = Parapterunm
35 - Post Parapterum PR, = Post notum
- Sternum _ sc - geutellunm
scta - geutum ‘ , 8p "= speracle
Tg = = Tegula 'WPZ - Wing process of pleuron
HMetathorax. |
Axc3 = Axillary cord « gternum
- Coxa Egm3 « Epimorunm
ep 3 - subdivision of epimorum B Notum
P - parapterum 3P, - post paraptorum
p - Postnsulum i = gcutellun
sct -

scutum ' 3 = Trochantin
WP3 - Wing process of pleuron

(Terminology based on that used by Snodgrass (1909).)

Microthorax/e.ese



Mierothorax,

The microthorax vhich forms the neck segment, is
not a8 true thoracic sogment, and consists of only two sclerites
which are situated on each side of the neck, |

Thorax,

The thorax is composed of three well defined sege
ments, the pro-, meso- and metathorax, The meso- and mota=-
thorax which basar the wings are less clearly separated from
each other than are the pro~ and mesothorax,

The prothorax is elongate and depressed and 1s only
about a quarter the lenth of the mesothorax which, in turn,
is approximately three times as long as the metathorax,

The aggregate length of the threé segments equals
their height and 1s twice their width.

The sclerites of the thorax, whose relative posi-
tiocn is shown in figure 9, differs only slightly from those
of the higher Lepidoptera,

I.egg. (Fig. 10),

The legs of E. terminelis moths, which are densely
covered with setae and have a fluffy appearance, do not differ

in the two sexes, as 1s commonly the case with other Lepidop=-

Front, Middle and hind leg of E. terminelis moth.

No spurs are present on the tibla of the fore legs
while those of the mid-legs have a terminal palir, and those
of the hind legs, have, in addition to these, a pair of

mid-tibial spurs/....
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'mid-tibial spurs,

The fore legs are much shorter than the mid or
hind legs. The femur of the mid-legs 1s longer than that
of tane hind legs while the tibia, on the oyher hand is shore
ter.

The tarsisconsists of 5 segmenty the first segment
being much longer than any of the other four, The terminal
sezment bears two claws and the pulvilli,

(c) Abdomen, (PFig. 11). .

The abdomen of E. lerminalis is made up of ten
gegments, In each segment, the tergite dorsally and the
sternite ventrally are strongly chitinised,

h

The abdomen of the female moth,

T - tympanium l] - 10 -~ segments,

The sternites of the first and second segments
are fused, and the eighth, ninth and tenth segments are mo-
dified into the genitalia,

The tyn»panium is situated in the first segment.

Segments one to geven carry a palr of stigmata each,
which are situated laterally one on each side, on the less

chitinised section between the tergite and sternite.,

The only /escee
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The only diffarenqe between the abdomens of the

femanle and male, apart from the genitalie, is their shape,
that of the female being cylindrical whereas that of the
male is conical in shape.

Internal reproductive organs of the moth,

Janse (1932) considers that no description of a
moth species is compleote unless the genitalia have been |
taken into consideration., As the gonitalia of E. ge;minaiis
have never been described, I include them in this study.

Male. (Flg. 12). -

The pale yellow-green testes (t) are fused to
form a single median bsll - shaped testis, but in exceptio-
nal cases (Pig. 12 D.) it 13 still posgsible to discern the
individual testes. |

F

Flg. 12,
Male reproductive organs,
a.g. = accessory glands, d.e, - ductus ejaculatoris.
t - testes V.€., = vesicula seminalis

v.ds = vas deferans.
The vasa deferentia (v.d.,) which emerge separately
from the testis and which are slightly constricted after

cn\orge

emergence, widen—sut to form the vesiculae seminalis (v.e.)-

Thereafter/«csee



<9
Thereafter the vasa deferentia apgain gradually become narrower
only to wigﬁéiéat once more to form a swollen portion, - 1nto
which the accessory glands open, = before they unite to form
the ductus éjaculatorié (dee.)

Fenale. (Figo 13- )

Female reproductive organs.

8.8s =~ accessory gland. b.¢e = bursa copularix.
O0.V. = ovariole, O.V.C, Oviductus communis,
O.V.ds = oviductus lateralus. r.3, = receptaculum seminalis,
Sepe = 3permathéca, VeZo = vagina,

Vel,~vulva,

The inte nel genitalila of the female moth consist
of two oviducts (o,v.d.), each of which is made up of four
ovarioles (o.v.) The two oviduc-s fuse to form the oviductus
comrmunis (o.ve.c.) into which open firstly, the spermatheca
(sep.)y and the narrvow duct from the bursa copulatrix (b.c.)
and secondly lower down near' the external cperture, the fused

tube of the two accessory glands (a.z2.)

Each of the tWO/toocc
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EBach of the two accessory glands opens into a re-
ceptaculum seminalis (r.s.), which opens into the
oviductus oommunis,

The bursa copulatrix (b.,c,) 1s connected to the
exterior by a widened vulva (v.l.).

There is a narrow constriction at the point where
the spermathecs and the bursa copulatrix opens into the ovi-
ductus communis and also lower down vhere the common duct of

the accessory glands opens into it,

External genitalia of the moth.

Male, (Fig. 14),

The tenth segment of the abdomen of the male is
modified into special olasping organs to assist it in hol-
ding the female during copulation. The tergite or uncus
(Un.) 1s strongly sclerotised with two well developed lateral
projections. The sternite or valva (Va.) consists of two
hemmer shaped valvae, and in the figure the right valva has
been removed to expose the organs lygxg between the two valvae.

P

Pig, 1k,
The external male genitalia,
IX = ninth sbdominal segment, Ad, - aedeoagus.
Jx - Juxta, Sec, - saceus,
Va.~ vwvalva, Un, - unocus,
V8. = vesica.

The solerotised/. secee

~
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The sclerotised saccus (8.c.), which 13 bluntly
pointed anteriorly, originates from an inward projection of
the ninth segment. The Juxta (Jx) has two lateral jointed
projections, '

- The asedeoagus (Ad.) whose length.is about four times
. 1ts vidth, and vhich contains a membrane, the vesiea (Vs.),
is strongly sclerotised and 46 slightly widens at the apei.

In certain Lepidoptera the vesica may be covered ,
with splnes and hooks, the cornnxae, but in E, terminaglis,
these are absent.

During copulation this membrane in which the ductus
ejaculatorus is situafed, extend into the bursa of the female,
and the selinal'flusd is thus passed into it,

-

Pemale, (Fig. 15.)

The external female genitalia.'

'VIII - eighth gbdominal segment. Be, - bursa copulatrix.

Aa, =~ anterior apophyses. Op. - ostium plate,
. Db, « Quetus Bursa. Ov. -« ovipositor lobes.

O0s, =« ostium, , Rs, = reduced 8th sternite.
Pa. = posteriocr apophyses.

The lobes Of/oboooooo



The lobes or the ovipositcr are rounded at their

pcstericr ends, and the posteriar apophyses (Pa.) which
- are attached to the anterior ends of these lcbes ave slender,
- lnng and gently curved.u The anterior apophyses (Aa.) whieh
are attaehea to the anteri@r section of the eighth segment '

CVIII), gre straight and slightly Spatulated at their tips.

, Cnpulation tokes plaee throughihe opening in the |
eighth sternite, the ostium bursa. - The ostium (0s,) is
strongly selerotised gnd the ostium plate (Gp.) has two lae
| teral rounded progectian at its posterior ond, E '

| The ﬁuctus-bursee (ﬁb.) anﬂ bursa coPulatrix (Be )

are weakly sclerotisea and’ have no signa.

3, ‘Hmms;-.

Immediatoly after the moth emerges from the ‘eocoon

- 1t makes 1ts uay‘through the eovering 1ayer of dahris on the
forest flour to reaeh the surfaee uhere it sits while its wings
“:are drying,. It a trunk or branch is in the vicinity, the |

" nseet will orawl up against it and/eome to rest 1n a
J'vertieal pesitiana A parind of approximately an houf
elapses between the time of emergence and the moment the 1nsent
eommenaas flying. As soon as the wings are suffioiently

dry for flight, the m@th takas off, 1n1atially flying low

| " over the surface but graﬁually circling higher and higher

until finally 1t aisappears in tha orowns of the trees.l

?he ramale mpth, being heavily laden with egEsy.
flies more'slowly anﬁ straighter than the males .The~iattér‘

. 4s a strong and fast flier, and always moves in zig-Zag

fashion, rather erratic, never to any set ebjective. ﬁ Thew
flying . habits of the two ‘5OXes differ so radically that they
may be distinguished-mith ease in the field on this basis,

K&tting maY/ eeseenee
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Mating may take place at any tine after the emergemce
of the remale from the cocoon, but frequently she will repel .
the male 1nitially, snd mating ususlly takes place stout *
half én hour after emergenca.‘ The males mate 6n1y'after_
they'have'aommﬂneed flying.'--If a male with wings not yet |
fully unfolded be placed next to females, no attempt is made %

by it %o eommenee mating. ;

In Teble 1 the maximum, miaimum and average timas
taken by 18 pairs of moths to complate copulatimnAare PG
flected. o L ~

on accasions it has bean observed that & female,
immadiately after copulating with one le for about 20
minutes, repeats the process for an aqually 1ong period with |
another male. withouthzﬂ%ime lapse between the two matings. ;
Mating normally takes place in the crowns of the trees in |
which the mbﬁhs congregate as soon as they aré able to fly.

, Maths emerging from tho farest flaer and unralding
their wings on the surface are most fraquently seen during
the early hours of the morning. Afterfsunrise, as the tome
 persture rises, these newly cmerged moths mill around in
fligﬁﬁ béléw the trees and later ascend to the tree Crowns,
By ﬁi&da& rélatively’reWImeths will;be found below the crownsg
6! the tfees;‘ By absérving from tree taller than the |
average in a compartment of EgggggngJ;L& iv was §§;% that the
ascending moths Pirst of all fiy around above the tree crowns
and then descend to settle in the CIrowns, e tha moths
© which have settled in the trees are disturbed, they toke off,
£1y about for a very short period;-anﬁ then settle once mbre.A

“\[time taken to complete

'ebpulation. SRR 95 ming.

Duration of copulation of mothe of E. terminalis.

It Qﬂﬁ/ﬁnbfﬂ |
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vacne examinea the erowns of traes in which moths
have settled some time after the peak of the flight periad,
many dead moths will be found sdhering to the pine neadles‘
When they settle in the‘erowns of Pinug trees, the moths
fold thelr legs arocund the néedles in such e manner that
even after their aéaﬁh many of them adhere flrmly to the
foliage. | | ” o |
Ajvery'ahall proportion of moths deposit their eggs
on tree trunks and branches but the vast.majority oviposit
in the erowns of the trees where the young larvas will be
im direct contact with food supplies, |
An attempt was made to determine tha froquency
distribution of egg packets at various levels of Pinug patula

- trees in an infested eompartment in the Jessievale plantation,

The trees were ali from 39 to 40 féet high in this section,
The firgt braneheé_bearing foliage were situated on an avew~
rage 17 feet above the forest flaor, the crownsgaveraging"
18 to 23 feet in height and 9 feet in dlameter. Three
samﬁle trees were selectéd,'anﬁ the cfowns vere surveyed
meticulously for egg packets. ' Subsequently those pafts

of the trees below the crouns, i.e. the trunks and dead
brénchea, were equally thor@ughly examined, The results
of this Survey are compiled in Table 2. From this it is
clesr that most of the oviposition takes place in the upper
10 feet of the erown, and Very 1ittle belaw the erowns.

Treea. e i ——— E@i Qf egg Eaﬁgetﬁaﬁ
' Ground trunk and| Bottom 813 feet Uppermast 10 faet
lower dead brane- of ecrown. of erown.

_.ches, oo ro——— e oo

Distribution of egg packets of E. terminalis in
Pinus patula.

The difference/. e
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.The difference between the number of égg'masses
deposited at differeﬁt heights in &h@ tree 1is significanp
_ fx? - 5}991' D«F. 2), especinlly when 1% {9 borne in miné
that the upper level of the crown of the tree offers the smal-
lest area on wh&ch‘avipbsition can take place.' | |
, . The number of aggs lald by ono female varies between
58 anﬂ‘287, the avgraga»nnmbér.heihg 185, . These figures
were obtained-by counting the éggs deposited by.57.mated fow
males kept'in‘captivit§n Oceasionally_famalas‘have been
observed to start laying an egg packet, stop and ébéndan it,
and then to commence ovipositing elsewhere,
Just before the female commences ovipositing,
theré is a repid movement of the lobes of her ovipositer,
and as a result.a dense mat of setae present on the anal tip
of her abdomen becomes detached, The first oggs are depo=
sited against thié small ball of loose seéae, and those i
laid subsequently are in turn covered with more sstae also
derived from the anal tuft, When oviposition ceases, the
whole egg ﬁ;cket is covered with setse, all orientated slong
the long axis of the packet, : |
o Usually ovipositing té&es place 24 to 72'hanrs.
dﬁfter.emergence, but eceasianal‘ekceptiﬁns in which oviposi-
ting only started after 96 hours, have been observed, A
healthy female completes bviposition in from 60 to 1aé minu~
- tes provided tha‘eggs are 1aid in one packet, In those ox~
ceptional cases where the égés are depogited in more tﬁan
one egg pocket, a longer time is teken to complete the pré—
cess, | , h o
| Températﬁre has very little effect on the lcngevitj
| Of‘tha m@th,'althOugh it distinetly influences activity.
A serles of ekperimﬂnts was carried out to determine the
- influence éf-various combihations of temperature and_rela~ f

‘tive humidity on the longaﬁity and oviposition of the female

moths. Thﬂ/o vasea
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- moths. The'reéuits'ére campiled in Table 3 At each coﬁf
-»Binatibnfof temﬁefatmre’and reletive humidity 10 moths weré\~ h
- used as test inseuts. | | '
Wnen Table 3 1is stuaied, it is clear that Icw rQe
lative humidity does play 2 part in decreasing the 11fe span
of . the moth. vH@wever, ‘bearing in mind the fact that at a
 relative humidify as-lcw as 36:8ﬁ5 the moth is still able .
t¢ live an average of 6 days at tempenatures rangiﬂg frcm .
15,5 - 32.5°C. it is clear that low relative humidities
would not na?mally shorten the 1ife span of the moth auffia"_
6iehtly‘to have a 1im1ting effect on subséquent larval pPOpU=
latians. Given a life of 6 days, the female moth would come |

plete normal oviposition.

_Mijratien of &

If a study is made of the areas defoliatad esch

year cver a period of years in the Jessievale plantation,
1% is clesrly azs%e%a%t tmt gsevere infestations of E. -_gg,z_:,---.
g_gégga‘accur at new sitea each year, the seme area never
being héavlly‘iﬂfasted for twb‘succéssive yearss This
phenomenon has_given-rise to.ths bost hoe theory that the
moths migrate from a defoliated to anfoliated compartmont,
Superficially this theory_is'suppcrted by the fact %hat_pf
the thoﬁsandsfof'mbths visiblé during the early morning in
an infestédise¢ticn, véry few;can'be gseen in the nfternbon;'
Further support to the migratioh thébry_was‘thanghﬁ to be
| found in the fact that faw'egg packeté were noticed on the
trees in infested sectmons while moths were ovipositing.
This evidence, however, is #§i§g§%ﬁﬂ since, as has been :
stated above, the bulk of the eggs arc laid in the crowns
where they would not be viaible from the ground,

;fhe writer's obsqyations do not support the migra-
tion theory. Hbths ;n defbliated‘séctions weré seen to
. move straight up into the tree crowns and deposit thelr eggs

thero.

Additional/.....
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~ Xeble 3. |
Combined effect of temperature and relative humidi%y on
' longevity of the moth, The standard error of the diffe=

rence between two means s

. 'ﬁ/(standafd.brrbr-df Maani) 2 4 (3tandard error Obeana)ﬁ
- The minimum significant difference was calculated from:-
MeSeDe = Standaréférror 6r‘tha‘two,Mﬁans X t, where t «-a,value
found from ¢ tables at the desired probabllity level,
which in this case 1is 19:1 odds. :
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Additionalvfesﬁs_%o prove oriaispreve thﬂ_thgary of moth mig~
rati@n-werevcarried'out by marking mbths. "
Verious workers, (Fletcher (1936), querl (1936),
- Willilams g_‘ﬂgl..(ighz) and Skaife (1953)) heve &escribed><
techniques to mark 1nsects 1n arder to study their move- |
‘ments., Although these methods are excellent, the morking
process is too Iaboricus ang time-consuming e be applied
in cases where large numbers of insecﬁs are t0 be deslt with.'
The method deseribed by 00111ns and Potts (1932) aﬁpeared
- to be the most pract&cal one 1n this ca¢e.r Aniline dye 1ig
‘disgolved in 70ﬁ alcohol and painted On the wings of the
moth,vusing forAthia purpose a gamelnhair brush, This method
;has deeided,advantages in that it_ean be sbeédily.applied; |
the s&lﬁtionfdries almost.immeﬁiatély, and algo in ﬁhét
stické subétances which could glue'the ﬁ1ngs togeﬁher,jare
not usged. : . | | .
_ - As-&escrihéd abqve, the’newly emérged moths of
B ggzmigglgg'SIt ina¢§1ve on the forest flooridurinévthe’
'mornings’while awaiting the unfolding of thoir ﬁingg, andl
fly off later when the temperature riges;,' By selecting a
'eémpartment heavily‘infésﬁed at Jesslevale at a périad'when
moths were emerging, ample numbers of moths could be marked.

with ease.within e small area during the early marnings

 The best time for marking was found to be at sunrise when

and

tamperatures were still te2 low n¢ =24 the moths
with wings alresady unfolded‘%ézgé% Using the technique
of Collins and Pntts, it was pessible t0 mark 5,000 moths

in an area only 60 x 120 feet in extent during the tima of

4 hours one early morning, By using a very dark blue sO=-
Iution,_wnieh spoyed up extremely well on the'nOrmally yelu'v
low wingé' the marked moths could Se very alearly‘differen~
tiated even when in flight. | |

The ‘31.’98/9 . .Qv. .



_ The area in which the moths were marked7ana'und@fa~
11ated séctiéns_of the plantation adjoining it,were kept undey
continous and meticulous observation for o poriod of ten
days., During this extended period of‘oﬁservation, o total
of 310.marked,moths woere reéévared, every single one of which
was feuna‘within%a radlus of 600 fest of the area in which
markihg was‘ﬁarried out, \Although the whole of the surroun-
dihg areahdf the piantation was kept‘under very close obser-
vation, not a single marked moth was seen there. | .

The chservation shows that although a small number
1 af moths 1n 8 defoliated section may perhap« fly over into
‘ adjoining undefoliated sactions and thus spread the infege
-tation, the numbers 1nva1ved 1£ this does cccur are 80 1i-
mited that this mavement ean in no way be describeé as a
migratian; It is quite clear that the bulk of the moths
remérging iﬁ‘a defoliated comparement oviposit in that.grea
without migration, ': ." : o | o

| It mey thus safely be accepted that the peak
1nfestations developing in new areas from year to year in
the Jesaievale plantatimn build up progressively from small
nucled until epidemic proparticns are reachad, and not as a
'_result of mass migratian of moths from heavily infested
into adjoining uninfested cemmartments.

- The bulk of the moths emerging in a defoliated -:
compartment lay their eggs 1n that compartment without mi-
gration, The resulting larval pnpulatian, as will be shown
latar, is so 1arge that it becomes highly suseeptible %0 other
enntralling factors which then raduce 1t to 2 minimum level‘
 Many years.élapse‘befpre_this surviving_nuéleus has once more

built up sufficiently to give rise to énbthar outbresk.

GE{A?TER IV/esue ' .
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1, MORPHOLOGY:

From the dorsal aspect the globular egg has an
even circular outline, but viewed from the side it is oval
in shape. The ventral surface, on which the micropyle is
situated, is flattened in the newly laild egg, but with in-

craasing age it becomes concavely indented.

Pig, 16.
A, Lateral aspect of & newly laid egg. B. Same of an

older egrne C. Ventral aspect of the egg, showing micro-
pyle. D. Micropyle ares.

Fig. 170/-0..:

5{¢
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Figs 17

Egg mass covered with setae

on a needle facet,

In Table 4 the average dimensions and size varis-

tion of 300 eggs are given,

, , L-Average,  Standard Deviatlo
Diameter, dorssl aspect 0.66 2 0,00003
Height, 1ateral aspects :

Nowly laid O.4+9 + 0,01634

10 days old 0146 & 0,00002

Egs dimensions in millimetres.

The unsulptured, glistening, whitish chorion 1s
somowhat translucent and sllows the contents to show
.through, hence the newly laid egg 1s tinged pale pastel

greoen, while the more mature egg appears to be coloured

a pastel shade/sseee
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a pastel shade of brown. The chorion is unmarked except
ih‘thevimmediata vieinity of the micropyle,in.the-middle*
of thé ventral su?face, where there is a reticulated area
axtehding'to a raaius of O;OS»m.m. from the'microp&lan |

The eggs'ara-dépéaited inheiongated, 1rregu1ariy o
3hapealmassas_(Fig,'l7) which are covered with pale broﬁn.:
hairs'derivea fram.tha tip of the abdomen of the female moth.
Each egg in a masé toucheé but never evérlaps itsvneighbourg
(a) Blology. o S |

(4) MEthod of controlling relative humidity.
~ In view of the fact that the habitat of E. igg@&r

»nalis includes areas where there are wide fluctuations in -
. temperature and relatiVe;humiaity,\a_series of exp&riments
: Was'peffarmeé to detérminé the 1nf1ugnee-of variations in
thesge factors on the ege, lafvaljand moth stagés of this 1n§
sects o o | |

Various researchAwarkers have employeﬂ ﬂifferent
techniques by means of whieh test insects could bhe kept
constantly at any particular. humidity desired, '~ Since
the experimehts to be carried out by the writer4WGre‘te be
conducted under varying cbnditions of temperaturs, it was
decided to use suiphurictaeid-to control humidity, CThe
huhi&ity of an atmasﬁheré abéve.any giveh concentration of
this acid varles extremely 1little with changes in‘temperature.
This fact is very cleérly illustrated in the g#aph\prepared
by Wilson,(lézi), (Fig. i8)~espec1a11y when it is considered
that the t@mperature fange Gf'the writer's expérimenté exten~
ded only from 10°% to 32.5%. -

' when alkalis are used 1natead or sulphuric acid to
control humiditips, these chemicals haVe the decided ad=
vantage only in that they absorb excess carbon dioxide
which'may be formed. To eliminate the difficulty of excesgs
€O, when using the acid method, it was ﬁecided to adopt a
system of maintaining a sléw, moving alr stream by bubbling

air through/ecees
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air through the acld in each container, Solomon (2931)

also considered that Hé SCL was ths ‘best humidity control-
1ing agent to use in experimanta of this nature since "the

physical data for sulphuric seid solution; are probably more

accurately determined than the data for, nny other compounds"

The technique employeda by the writer ig based on
the same principle as that proposed. by w1lson (1921) and
Buxton (1931), namely, to pump a stresm or air through
sulphuric acid of varying strengths in dirfercnt bottles,

the air in each case then being led over the test 1nsects.

INsects’ j«%——

Bottles containing sulphunic acid and broken glasa through

which air is pﬂgped. The poeint/.....
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Thé point of the glass tube through which the air is
led into the aéld solution in each edntainer; is'naﬁrow to
.decrease the size of the air bubbles. In additiony the |
betties cantaihing the acid, hnld'brokén'glasa to break up
the air into st11l smaller bubbles, and to slow down their |
passage through tha acid solution, To ensure that the air -
passing threugh the aeid solution aﬁﬁains tne'desired humidity,
it 4s pumped through the system at a speed range of only 80 «
100 ceCs por minute, , _

The eggs, 1arvae or adults &faﬁgg%%a%ﬁﬁa in glass cy-
linders, of a diameter of 15 m.m., in the case of the eggs,
and 30 mem. In the case of the larvae and mothss The cy=-
linder was corked at each end, and thrﬁﬁgh the corks ailrwas
|  introﬂuced via a glags tube at oﬁé end and led out by snother
8t the other end, The full details‘éonéerning the eonnece
" tion of the glass ¢ylinder in the aif eircuit producing the
' desired relative humidity, are shown in the iliustration
- given herewith, |

Buxton (1931) considered that this type of apparatus
wasg net ideally suitable for experiments in which larvae,
to be fed on frosh moist foliage, serve as test 1nsects.

His grounds for this statement, are the fact that the larvee
‘are in‘contact-with the transpiring leaves, which automatical-
1y creéte-a higher humidity in the air lmmediately surroun=
ding them, and secondly, the'moist'air‘arising from the leaf
actually flows over to the test insect, The theoretical

~ relative humidities to which the test 1nseahé are exposed,
thus do not corrsspand with the actual hamidity of the air
surrounding them, and the results obtained will thus net

give a true raflection.

‘In the case of the larvae of‘g,,ﬁugggggg__,enly a
few needles of g_ggg‘ggggygymma provided as food in each |
eylinder, The surface of the leaves, from which transpi-

ration can take place, is relatively small, and the effect

of such transpiration/..

T g = e L
PIE B
25t E
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of such transpirastion on the humidity in the eylinder,
through which a slow air stream is passing, would be nege
1igibles By 1imiting the number of needles, and renewing
the food qppply at more frequent intervals asvreplacement
became - neéésgary, the need for using plenty of leaves in
thé‘eylin@er,‘thch‘wouiﬁ in turn affect the humidity, @d: s
not arise.h\ |

~ In agy ease, seeing that the insects used in such
tests are in nature confi) d to transpiring laavea, the re-
lative effect g% varying atmOspherie humidities on the in=-

t.lnc some

sects would be more‘g? less ceastant. in the laboratory as

out of doorsa\\ ' \\\‘\»\

-~ To de§erminerthe‘cpmbined influence of temperature
and relativexhumidityvon the incubaﬁion of E. terminalis
eggs, the eggs were maintained at various constant humidi-
ties as previougly described and at constant temperaturesof
16.6°C, 21.0°% and 26,0°C, At every combination of tempe-
rature and humidity, 100 eggs were used. The results of
the experiment are compiled in Table 5, and the dats are re-
flected as smoothed curves in Fig. 22, .

The results indicate that at 26°C relativs humidity
doas not affect the incubation of the eggs to the same extent
as at temperatures of 16.6°C and 21.0°. Secondly, it is
quite cieaf that at relative humidities of approximately'

85% and higher, temperature is the main factor which deter=
mines the length of incubation, while the various relative
pumidities tested have no influence on 1t,

’ Relative humidities from 46,87 and lower seem to be

fatal at the three temperstures the eggs were exposed to.

Fig. 20/¢nese
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In experiments carried out at the Jegsievale

plantation to determine how long fourtesn E. ferm:

ofE masses, ecn%éiniﬂg en average of 180 e8RS POT mass,
took ta‘hateh; 1t‘was‘found thatvat'an average temperature
of 15.5%, the first lsrvae appesred 18 days, and the last

_ 1arVae 21 days afﬁer the eggs wore aviposited.

whe egg magses were not remmved from the needles .
- on the hranehes where they wera doposited, but were only
covered with the celluloid - organdi cages (Chapter V.2)
to prevent parasites from attacking them.

CHAPTER vl/o LR Q‘ltc [ 3 )



L. nmmomez. | | _ |
_ . In the description given below, colour classi- '
ﬁcat:lcn is baseﬂ on t‘he system proposed by Ridgeway (1912, )

Thare are eighi: larval stages of By 1 »
The newly hatched larva 1s on an average 1. 68 m.m. long.
By the time it has reached the last stage, and 1s fully |
; grown, the 1ength averages 30 mem. - -
As the differences batween tb.e various instars a:re
- so0 élight, only the rirst and last instar has besn described
fully. In the key to the larval instars, the ﬁirferenee
: ‘between all the -dz.‘rferent ,s::agas are méntioned, -,
| A11 larval mstars of \ s ’bear a large
" and eonstant number of verrucae (Fracker 1915,) on théir

" bodies, on which setae of variable length and type are
o abundantly present. ‘The result is- that the larvaé have
an extremely hairy appearance. © This éffeﬁt 1s added to -
by the fact that shorter setae, placed between the dorsal
verrucae are found in the later mstars, and especially in
the case of ‘the fnllgrcwn larva,  Even the head appears
hairy ldue to its heing aovered with fine prim&ry and seecn- :
- dary setsae. ' '

| | In the #ull grown larva the head 1s flame~scarlet
 1n dolour, blotched irregularly with derkbrown,  The tiee
pairs of thoraeie legs, and four pairs of pr'blegs' situai:éd |

on the th:.rd to sixth and the last abdominal segments, sre
‘all well developed and of &n orange-chrome coleur. Com

" each of the sixt;h and seventh awaminal segments a glami

_ opening 1s to be found, placed medially between the dorsal
Verrucae - 1n the later mstars these openings are practicany
ccmpizetely obscured by the secon&ary satae fozmd in this area.

Figg 23/'3060.00--
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Latéral agpect of théffir§t thcrac1c gsegment showing rela-

tive length of setae on the verrucaes

’ . ! iy : \ 4 3
A ’ ; ’ 1

Dorsal aspect of the firsfithoraclc segments

Black and yellow=Orangé/usass

B 2

+
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Black and yellow~orange form the ground colours
of the integumont., The proportion of the skin area oqcuﬁied
by each of these colours is not constant, and varies accore
ding to climatic conditions, This aspect is dealt with in
detail elsewhsre in this paper and need nof bo considered
here, |

The surface of the larval skin 1s covered by a dense
mass of small projections, By sectioning and mieroscopic
oxamination, these projections wiil be found to be non~cellular,
purely euticular structures, spreed ovenly over ths whole body
surface, each of which has its origin in a polygohal ares of
the skin. (Fig. 25).

Roncellular projections on the surface of the larval skin,

a. Doral aspect.

b. Enlarged projection,

cs 8ection of the skin, showing the
position of the projections.

- Da Chaetotaxy of vthe/o YYE
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i. Teeq¢niqua§ ~ Various research workers, amongst others
Dayer (189%) Fracker (1915) Garman (1921), and Gerasimov (1935)
have studied the chaetotaxy of the Lepidopteran larvas, but
unfortunately no uniform nomehclature was adopted aﬁd a' |
- gtate of utter confusion in this fleld resulted. o _

| Hinton (1946) proposed a complately new nomencla=-
ture, He adnptea'this prdceaure after realising that the
generally éeaepteﬂ views on the_hémciagy of many setee were
wrong, and after he had dlscovered that certain_workérs,had
not teken into consideration all the small microscopié sefée,
with the result'that»their work was_aven’yat nore inaccurate.
' vorkers such as Willlams (1951, 1953) and Singh
(1953) have applied tha,nemanglatura of Hintoh with success,
in‘this'gtudy-the writér:has also follcwéd Hinton, although
the application of his'homénelatgre is rendered oxtremely

difficult by;the large mumbers of secondary setae present

on the'larvae of E. terminalis.

- 1In this stddy the positions of the long setae only
are charted1nviewvbfqtbe”ract_that the detail of a setal
map.wdulﬁ‘be entirely obscured 1f all the secondary setae,
présent inkthis type of 1arva,.are ingluded"'»(Figs, 21 and
22)¢'v o |

The sétal_maps bf'tné_three thoracié.segmaﬂts, al-

‘s0 of the first, secohd. and sixth to ninth abdominal sege
ments, arve giﬁen in full, .Thé third to the fifth abdomi~
nal segments cdrrespOnd with ﬁhe'sixth segment in setal
’pattern,'hende setal maps for these segmeﬁts.aré not gilven,
In the case of the tenth abdominal segment no map is given,
since its setae ére not considered to be of any taxonomic
importances |

" The setae missed by earlier workers and brcughf

to light by Hinton, ere in many cases extremely smell.

Those present/seees
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Those present on-the.proéternum of &.‘§egmig§11§'are only
0.0GB‘mqm. long. These are classified by Hintcn'as micro-
getae or proprioaeptors;' He gives no details concerning
thé teehnique employed by'him when studying these'setae,
axcept for mentioning that in many cases he made usa of
blown larvae. ; |

‘The f@ll@wing technique adapted by the writer

greatly faeilitated studies in this field on E. terminalis

and ensured that very small setae would not pass annoticed.
Very small larvaese |

(a) Boil the larva for 30 minutes in a 5% solution
of KOH. Thereafter wash well 1n distilled water to
eliminate most mf the KOH.

{b) saver thevhead from the quy under water by caroe
fully eutting it away, using a small sharp scalpel for
the purpose, o | |

(¢c) The body of the'larva is once again boiled 1h
KOH, as a result of which the skin becomes very clear,
Washing with distilled water to remove all the KDH is then
applied.

(d) The next step involves cutting the skin along the»'
ventro-median line and pinning it open, whereafter the skin
1s mounted on a slides In view of the difficulty of such
disseationfin the Qasé.of the very small larva, the writer
'adoptadvthe folldwingwprOcadurezu-‘A glass rod of a dlae-
‘matef slightly éxéeeding that of the larva, is heated in a
'fiams'an& drawn out to taper off into a sharp point, The
pointed end 1is now inserted into the body of the larvé'frcm
the end where the head was removed. By manipulation with
-a fine pair of forceps the body of the larva is drawn up= l
'*wa:ds'alang‘the tapering end of the rod; the point being
'passe& through the anal Openinggluntil evehtually the gkin
‘at the anterior end is tightly drawn around the rod,

The skin can now readily be cuﬁ along the ventro-median
'1ine'at the an£arior end vhere it 1is tightly drawn over

the rode/eeees
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‘the rod, After each cut the body of the larva is move& up
the rod, thus tightening the next section of the skin,
which may in turn bevheatly cut, In this way the opening
of thé ékin along the'ventro-medianlline_from‘ths hesd end
to the anus is neatly and efficiently accomplisheds |

(e) When skinnimg»is comﬁiete, the skin is flattened
out between two slides, and in this position is passed
' throngh increasing strenghts of alcohol to dehyﬂraté it,
and finaily through.Xyloi for clearing. Unless the skinA
is kepf between two slides during this process, 1t tends to
- ecurl up and assume its normal position, and it cannot then
'be flattened out for mounting, When the dehy&rationfand
alearing processes havé been éempieted, the skin is mounfed
in Canada Ba;sam on a slide under a cover siip. Owing to
its shape,'tha tenth abdominal segment doeg not readily.
flatten out for mounting., This difficulty may be overcome
by making a short incision into this segment alang the dorso-
nedlan line. | o |

Larger 1arvae=~') To mount the skins of the later
larval instars, the sams technique as described above may be
 used excepﬁ'for_the factvthat it is noxlonger‘neeeﬁsary to
| use a glass rod, The cut along thesventrc-median‘iine\can
be made direeﬁly-uslng a small pairvof sharp'scissors.
However, modificatians of technique are neceesary i1f the
colour yattern of the skin 1s to he permanently maintained
'_for study in addition to the ehaetotaxy. |
The following teehnique wag found t0 be mast sa-

tiafadtory when bath}¢haetotaxy and colour pattern of the
largérvlarVa'were,to_be gtudieds~

(2) The larva is placed in a Petri dish on the bote
tom of Whieh a iayer of Paraffin wax % inch deep is provie
deds it is mounted therein‘an its back by'fixigg the two
anal prolegs to the wﬁx layer, nsing minﬁtéhen pins for the

purposey a third pin is now passed tﬁrdugh the head, the

boay 13/' s o;; .
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bod& 4z drawn forwerd unt11 fu11y extended; and thegpinﬂis
stuck into the wax layer. Water is now edded to the Petri
dién:unt11 thefbody'6f the 1érva 1svcomp1etely submergad.,
| ~{b) Using a smali pair of’sharp sciésdrs, the body of
'the larva 1a ‘opened along the ventro-median lines The
siein 1s then pinned flat on the bottam of the Petri dish,
the mimytchen pins usad being passed through the legs into
the underlying wax layer. | |

(c) With a sharp scalpel the head of the larva is sew
removed from the body, and the internal organs of the body
are. caiefully'eliminated. To remova adhering muscles from
the skin, the internal surface is gently scraped ﬁ“=é22%3*%%?
a needle-with a bent tip, the watqr.in the dish at this stage
being replaced by'35$ aleahal'(strébgef,alcahol'shauld hot~be,
‘used since this would harden the skin end thus create diffie
culty in ééening out folds and wrinkies when the specimen has
subsequehtiy-fo be;mountea).._,When the skin has been cleared
in this way .of a11 adhering tiaéue, it is mounted between'twb .
'slides, dehydraﬁediin a;Qéhol andieleared in Xylolg an& moun«
ted permanently on a slide'iﬁ'the way deséribed above for
‘small Iarvae. o | |
| The great advantage of this skinning technique 1ies
‘in the fact that 1t enables the research worker t0 study the
chaetotaxy and celour pattern of\the skin by means of trans~
,mitted light, thus permitting the use of a much higher mag~
nification than would be the case if reflected light is usged,

| The setaeVprésént on the thoracic and abdominal
'éegmént of a Lepidopterous larva are divided inta 3 classés.
The division was gm by Fracker (1915) and adopted
_by Hinton,(lghé). ‘The classes delimited are as followsaﬂ
| {a) 2_;~ggzm§“§gg:- ‘Setae found an genera]ised
1arvae in all instars. | '

{b) Subpriméry'seﬁaé:/c..
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ger~ Setae having a definité

position in certnin 1arvae, but not prasenﬁ
on the first instar of generalised groups.
{c) Secondary setac:- Mumercus setae having a
genersl distribution and not lfmited to verrucae
'gnﬂ other forms of tubercles In addition, |
a group of'pfimary’setae_which are extremely
smally have been named miggcggoggevggggg'or
propploceptors by Hinton (19%6), Excepting
~one on the prothorax (MxBl),»ali the laste
mentionéd se%ﬁe ére found bn the anterior sec=-
tion of:a ségment;_ |
. In the setal maps of the first and last larval in-
- atars ofvE; érmina;is'(Figs. 24+, 25, 26 and 27), the details
are plotted of only one side of eacb segment studied,
ii, Macroscopic or PrOpriaceptar setae,
_(a)_The thorax, ‘ o
| Proth@faxs Three proprioceptor setae are found
“on the protharax. These are pleced as followsis
(1) MKDl. This sota is the only one of the pro-
prioceptor’setaezta be founa on the anterior section of a |
,segment, and is placed on the caudn-dqrsal margin ofvfhe
‘selerotized thoracie shield near the dorso-median line of the
segments In the case of the last larval instar this seta
is identifieﬁ witn difficulty awing to the fact that numerous
econdary setae obscure it, ,

(ii)_MVZ and-My3i. These two propriocepﬁor setae
ara'placed on the prosternum of the segment, MV, being situa-
ted more dorsally than MV3. | E

Mescthoraxz‘ 8ix proprioceptor setae are found -

on this segment, and these are gituated as folliowst~

Fig.. 2’4’@/;\3» XT3
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 Setal map,:sigst~instér, thorééi& and first two abdominal
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(1) MDl{. ‘Situated on the dorso-anterior area >
of the segment imﬁediately anterior to D,. . |
| (11) MBDl and MQDQ.; These two setae are ventral to
HDl and immediately anterior to 5D, MSDyp being the most caudal

- of the two. o | | |
1;(iii)~HV1, Wo aﬁdvﬁV3.v These three propriccep-
tor setae are found on'the>pfostérnum of the segment, Ac=
cording td Hinton (19%6) the most enterior and dorsally si-
tuated cf these 1s Wy, but in this cage the anterior most
of the three setae is set in 11ne with the ceudal seta.
The writer has accordingly numbered the anterior most seta
le, the most vertral one MV3y and the most caudal seta MVp,
-,MEtatheraxg Ths praprioeeptor setae on the meta-
thorax eorréspcnd with those on the mesothorax ekcepting for
~ the fact that there is ah adaiE19na1 MD seta, MDp, which is
vSItuateﬂ 3ust caudO-VAntral to MDy. ' |
(b) Bedy segments 1 - 9;
 Only two proprioceptar setae, MDy and MVB, occur
on. eaeh of the abdominal sagments.
| | | (i) MDyo Situated mcre ventrally in relation to
D than is the case with the meso-and matathorax, where MDl
is situated immediately anterior to Do.

(11) MV3,  On segments 1, 2, 7, 8 and 9, M3 1
placed anhero~dor5a11y in relation to the sv group. On
'segments 3 - 6, which bear prblegs, MY3 is placed anterior
to the coXa,. ‘

11;, The long or taetile setae.

: XD Gronp. . Tniq group, confined exclusively ta
the prothOrax, cansists of two setae only, In the first
larval instar of‘E. ﬁgggggg;g§ only XDs 1s clearly apparant
since Xpi occurs on a verruca-together with secondary setae

_which@obseuré'it@' ‘In the lest instar there are so many

secondary setacfeesss
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secondary setae, that neither of the XD setae can be clearly
differentiated. | |
Eoth XD setae are gituated on the anterior margin
of the thoracic shield, X92 being the one Placed in the ven~
tro-anterior corner thereof. On the thoracie shield there
- are two punctures, XDa and XDb, situated caudally to the ver=
ruca on which XDl is found. These punetures, which may
readily be differentiated only in the first 1nstar larvue,
where they are not obscured by secondary setae, are placed'
vertically between the Xbl seta and the Dl seta. XDb is
placed on the line drawn Eetween the verruca of XDy énd the
D, seta, while XDa is situated somewhat more dorsally.
| Dorsal grbup._- | |
This group consists of two primary setae only, name=-
ly Dy and Dp.  In the first instar larva it can clearly be
seen that these two sefae aré placed on the thoracic shield
of the prothoraxs In the last instar it is difficult to
determiné which of the'éetae'aré Dy and Ds since there are so
many secondary setae to obscure the lssue.
on the meso- and metathorax of the first as well as
the second instar larvae, these setae are bornée on two veps
rucae, but théy caﬁnot be differentiated owing to the large
number ef Seconﬂary setae also present on the verrucae. The
game eonditions exist envthe abdemiﬁal segménts, except that'
the D setae, together with a large number of secondary setae,
are found on a single verruea. In this case the verruca
together with 1ts setae is denoted by the letter D,
~Subdorsal Group. 5 o
| Only two primery setée; SD; and 8Dy éompese this
group, They can be élearlyvdiffebentiatéd only on the protho-
rex of the firat instar larva, being found close together
adjacent to the postefoaVGntral cornzy 6f the thoracic shield,
On the mesbf and'metathérax‘of the first, and gll three thoe
racic“segments of the last instar; these setae, together
with 1arge nuﬁbers of sgecondary sétaé, are placed on one

verruce, On the/eee ey
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verruca. On the first to the aighth abdominal segments,
however, these primary setae are separated and distinct,
5D1, together with éeconﬁary setaa, is plaéed on one verru-
cay and just ventral to this, 8D2 can be clearly seen as
‘a small, isaiated'séta. On the ninth gbdominal segment,
as in the case of the meso= and metathorax of the £irst ine
star larve, there is only ons verrucs, denoted by the letters
8D, on which the presence of the primary sétae is completew
1y obscured by numerous secondary setae.

.Lateral»ﬁroup. |

' The lateral group is composed .of 3.setae nubered
L1, L2 and L3, Hinton (1946) states that L1 and L2 are
primary setae @n‘the prothorax,,while on the meso«~ and
metathorax only Llﬁis'primayy, L2 and L3 being subprimary
setae; on the abdomen he holds that Ll and L2 are primary
on segments 1 -« 8, L3 baing subprimary, while on the ninth
segment all three are primary.

- In the case of E. fterminalis this group of setae |
ig represented on the thoracic segmants, and the abdominal
segments 3 to 6 as well as 8 and 9, by one verruca bearing
mony secondary setaa, vhich is denoted by the letter L. In
the abdominal segments 2y 3 and 7, howaver, the group is re-
presented by two verrucae which are shown as Ll and L2 re-
spectively. | |

' Subventral Group.

According to Hinton (1946), two setae, numberad
6?1 and 872, are universally present én the prothorax. The-

larva of E. fer ig has only one verruce on the prothoe

rox representing this group, denoted as SV. Owing to the
numerous secondary setae borne by this verruca, it isg nnt
possible to distinguish the two primary setase. In this
respect the meso- and metathorax correspond.

'In the first instar larva, this group is repre~
sented as follows in fhe'abdominal segmentsi« SV on

segment one is a verruca bearing either two or cccasionally

thres setaes/ seese
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“three setaé;».an sogment two, the verfuca SV mgy bear either
three or occagionally four setae} on segments 3 to 6, the
8V verrucs bears'é large number of seccndarﬁ setae which
confuse the 1ssue; on segments 7, 8 and ? the group is re-
presented by only two_sétéé which are dﬁotéé'as.SVI and 5V2,
~ In the case of the last larval inster, the SV group is repree
' segteﬁ an'eaaﬁ ségment-byvone verruca which bears a large
nunher bf éeeondary sotae,
| : Vbntral.gréu§¢' | -

| ~ In the first larval 1nstar this group 1s repre=
sented an the tharacic segmentq by a single seta, V1, which
is situate& ventro-paqteriorly in relatian to the coxa.

In the firgt, secanﬁ, aevenﬁh, eighth and ninth abdominal
segments, it also consists of a Single setay Vl, which is
‘situated ventrally to the 8V group. = In the third to the
| " gixth abdominal segmenfé,'which.beaf prolegs, the sctae be-
‘longing to the_v'group are eompietely-ohscured by the se~
 eonﬁamy setae ﬁreéent on the coxae of the prbiegs, |

A In the last instary Vi appears in the thoracie

segmsnts on a verruce bearing twu secondary setae, In

,the first end second abdominal sepments the verruca bearing

the Vl setauhaa also 3 seeondary setae, while in segments |
':séven and eight, it has 2 sacondary setae with Vi, The
’ ninth.abdﬁminal segment possééses a verruca bearing V1 plus
 0na ﬁﬁccndary seta. |

 additional secondary seﬁae, which are not situated

- on v@rrucae, oecur in both first and last instar larvae,

and are also charted in the setal maps. In the first

~ place these occur in both instars on the anterior section
6f.abdﬁminﬁi-segment3'3 to 7, anterior ﬁo the MV3 seta.
secahdly they are to be found in,ﬁhe-afea between the dorsal
.verrucae on the second and third thoiacié'éégmenms and all

the abdominal segments of the last inster larva,

¢, Betal types/eeess



c. fefigl t i colo ORe

(a) First inster larvae.
Only two types of setae occur on the first instar

larva, both of which are of variable length,

F Y

s

f Fig, 28,
Setae from the
first instar

larva.,

h o

The first type, which includes all the proprio=-

ceptor setae, is typically spiculiform (Fig. 28), and occurs
both on and off the verrucae. The second type is spinefe=-
rous spiculifornm in structure (Fig.23) and is found only on
the verrucae themsclves, mixed with‘the spiculiforn type.

The setae of the first instar larvee are of a
general drab brovn-grey colour, ‘

(b) Last instar larvae.

Six differing types of unicelluler setae may be
differentinted in the case of the last instar larva of
E. terminglig. These are as followsie-

(1) Poisonous setee (Fig. 33).

These occur on the dorsal and subdorsal verrucae
of abdeminanl segments 2 to 8 of the eighth instar larva.
On the dorsal Qerruca they are placed evenly and closely
together but on the subdorsai verruca are found only on a
sickle=-shaped patch, constituting approximately from a
third to a half of the total area of the verruca, situated

along its dorsal edge.
In instars/ececs.
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Various types of setae found on the last

instar Euprdctis terminalis.



~~~~ in instars 2 « 7 poisonous setae are found only on the dar; ‘

sal verrucae of the first abdominsl segment., None sre pre=
sent on the rirst instar, except for loosge ones carried away
‘frcw the egg messes, .

In colour the paiscmus setae are darlc olive buff
when viewed individually; when cl@saly packed together on
the verruca, fhey'give it a.daﬁ@ blackish, velvety appea=

_ rance. The integument between the dorsal verrucae along
the dorso-median line, is coloured yeliow-orange, but that .
| section lying between‘thé'&orsal_verruca of one ségment and
that of the nexti is eoloured black, In view of the fact
that the peisoncus setae blaeken the éorsal VErrueae then-
salves, the larva in consequence appears to have & &orsom
median stripe of orange, bordered on either side by a
black stripe, along the full length of the body.
The praperties of the polisonous setas are deslt

\atef‘

with in detail sleoy

(11) Formal spiauliferm setae,

Spieuliform setse of variable leﬁgth, such as
described over the whole body. of the last instar,

(11) Sginiferous spiculifcrm'sétaao

In ﬁhe:eighth instar four types of spiniférous
spiculiforn setae may be differentiated, the moin diffew
rences‘betwaen'ﬁhese being ¢olour end the density of spines
on the setas. - |

Type (1) 45 formed by white getae carrying the
least nuwber of spines. This type occurs on all the vere

'rucge of the second and third thoraciec segments, ané on

the dorsal, subdorsal and lateral verrucae of abdominal

segments 1 to 9. »Insa_low percentage of larvae this type

of sets may be pale brown in colour instead of white.

(Fig. 29)4 | | |
| Type (2) setae are coloured mousegrey, carry more
Spines on them than do Type (1), and oeéur on all the ver-
rucae of the first thoracic segment, betweén the doréal |
verrucae of_the éighth abdominal segmnnt,vand on the dor-

" sal and subdorsal/eeses

A
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igal ahd subdorsal verrucae of the ninth abdominal segment.
(Fig. 30). |

The setaé belonging to Types (1) and (2) together
constitute the long setae of the larva, while tho two types
to be dsscribed below are much shorter.

Type (3) setae are orange in colour and bear more
numerous spines than do Types (1) and (2), They occur
only on the dorsal side of the dorsal verrucae of tha sécond
abdominal segment (Fig. 31).

Type (4) setae are all short, all have a squat
appearance owing to the dense mass of spines they bear,
and in colour may be either orange or white. They are
found on the lateral edges of the dorsal verrucae (Pl and
D2) of the third thoracic segment, and also on and between
those dorsal verrucae of the abdominal segments on which
poisonous setae are present., (Fig. 32).
d.

—

By virtue of the toxit nature of its hair, the

larva of E. ferminalis is probably the most obnoxious larval
pest in South Africa, since it occurs in cultivated plan- ;
tations where it constitutes a continous hazard to those |
working in these infested areas. "
The first symptom of contect with E. forminalis’
18 a severe itch on the nack or other exposed partSQ’ghéfb—
clothes Tub egainst the skin, This itch is follopdd by
swelling of the infected areas.

Poison hair from E. terminalis.

The urtication is caused by minute, sharply pointed,
barbed hairs, (Fig. 33) which vary - in length from

0.07 m.m./.......o.
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0;07 m.m. toO O.E‘m.m.'ﬁith ah average length af'0¢16'm.m..
'The hair,-which‘tapers from the dietglgto_the proximal
end, is covered with barbs, two or three at the distal end
being slightly longer than.%he cﬂhérs.’ ‘The:hairs-whieh |
are 1ight bromn in colour and somewhat trensparent, are
¢apable of pengtfating'clothing’énﬁ‘cauﬁing dermatitis.
They may be carried by the wind for a distante of as much
a8 threo miles, This method of distribution was clearly
éeﬁonstrétednin 1936 during the aerial application of
ihsectieidag to the Jessievale plantatian. "Oﬁ this accém_
'vsion the peraonnei in charge of the landing strip, which )
wes situated three miles from the nearest E. %e

was offeeted 7 Il
1nfestatian, s%e%%eé=é$e§;gg even before oparationﬁ began,f

although they hed not been near the plan%ation. The only |
way to aeeount for this was that there wes a strang*wina
blawing at the time from the direction of the 1nfested area,
which carried the hairs to- the landing strip.

In the 2nd to 7th instar the hairs grow from the
| two gubdorsal verrucae, situated on the fourth segment., |
In the last.insﬁar, however, they oecu;von the 4th. to llthi
,segmen% on the two suhdbrsal verrucaevand a1so on the two
‘1étera1 verrucae located on each side, adjacent and just
lateral to the subacrsal anas« (Figs. 29«32);

- These hairs are very loosemy attached and ccver
'.the varrucae so thickly that they give them a velvety
. appearanee;~‘ On the adult larve as meny a8 709,300 poiso=~
nous hairs have been found elustered together on the

varrucae 6

| Fta 54_/. c o e



Flg. 34, Eige 30,

Enlarged subdorsal | Portion of verruca show-
verruce. ing the minute papillae.

Each verruca.' consists of minute cugshaped
papillas, (Figs. 36 & 37B) which are formed by the exccu-
ticula, and are slightly darker than the surréunding cuticula,
thus giving the verrucae a speckled appearance. (Fig. 34).

In each papilla there are an average of 7.6 openings
(maximum 14, minimum 2) 4in which the hairs are situated,
and just under each cuplike papilla there is a much widened
‘pore canal which commects it with the polson gland. (Fig.
37B). In this connection it 1s of interest to record that
detalled studies on larval glands ahd their attachment to
poison hairs were carried ocut by Kephart (1914) and Gilmer
(1925).

Gilmer (1923 and 1925) made an intensive study of
the various types of poison halrs found on lepidoptera, He
states that the reason why this type of hair remains
ﬁoisonous for long periods, even after ecdysis, is due, ‘
largely, to the fact that the venom is not a trus secretion,
but that the cytoplasm of the\sland functions directly as
the toxic agent, and that the dried remnant within the

| hair/eesecasenns
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hair lumen may retain its efficacy for a long period.
In the case of £. terminglig the writer has found
that the hair remains poisonous for up to three years and

possibly longer.

Dorsal aspect of the cuplike
papilla.

Hase (1939) found that the hairs from
Ihanmg&gnggi were still able to cause irritation after 12 Za;
years, As a result of his experiments he came to the
conclusion that there was no poison in the hair, but that
the irritation caused was purely mechanical. However,
Judging from the work done by Gilmer (1923), Hase's
technique would not have destroyed the poison in the hailr,
and it is thus doubtful whether Hase's conclusions about
the poison being destroyed were correct,

Tyzzer (1907) was the first worker to point out
that the poison from the hairs of Lepidopterous larvae has
a definite effect on blood. If the hairs are brought into
contact with blood, they have a strange effect on the red
corpuscles, The rouleaux are broken up, (Fig. 38) and
the red corpuscles become coarsely crenated. Subsequently
the corpuscles decrease in sige and the coarse crenations

are transformed/.cecee
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are transformed into slender spines, which thereafter rapid-

ly disappear, leaving the corpuscles in the form of spheres.

A+ B8ection through the sub-dorsal
tubercles and the lateral tubercles,

B. Section of the tubercle, enlarged,
to show the cuplike shape of the
- papilla and the poison glands,

oson seta

An E, terminslis, in human
blooé, it is clearly shown
how the rouleaux are broken up.

The writer studied the effects of introducing

E, terminslig hairs into blood of various persons, and
fonnd/. seesesne
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found that in some cases the rouleaux broke up instantaneously,
vhere as in others, up to 60 seeonds elapsed bffore the same
effeet was produced. When the writer commenced theae
studies 9 years ago it took 60 seconds for his blood to
react, but at present it takes only about 10 seconds., This
agrees with the findings of Caffrey (1918) and Gllmer (1923)
in their study of the "range" caterpillar, Hemileuca olivia.
They found that the susceptibility to the poison increases
from year to year in §h0u who are constantly exposed to
it.

with E, terminalis the reastion alvays begins at
the sharp basal point of the hollew halr (Pig. 38), In one
instance, vhen an air bubble was midnnté‘l; formed round
the sharp basal point of a heir in a dloed slide, the
writer observed no reaction on the bldod ecorpuscles, After
removing the air bubble, however, the reaction commenced as
ususl,

Distinet swelling on the skin caused
by the peison hairs,

If/......o"
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If some of the poisonous hairs are rubbed on the
skin, an itching and burning sensation is experiensed
within six minutes and this is soon followed dy a distinct
swelling, (Fig. 39). This swelling remains painful for
sabout seven hours, after whiech it may subsidej the itching,
however, may continue for 24 hours or longer. Of the
numerous cases the :writer has studied the reactions varied
in each case, some individuals showing practically no
symptoms at all,

Ihni remedies have desn tried to scoths the
itching caused by the hairs, but i
Vhet- a strong solution of ammonium hydroxide applied
externally éppeara to be the only one to have any effect.
This agrees with the findings of Gilmer (1925), namely
that a strong alkali dissolves the dried protoplasmic hair
contents, after which the hairs were found to be non-
irritant.

Although the poiscn hairs are found growing only
on 2nd to last instar larvae, the pupac and moths are
coverad with detached hairs derived from the larval stages,

In spinning it's coeocon the larva rubs the hair
off its body and these are intervowen into the loosely spun

gocoon, thus making this stage the most dangeroua one %o
handle, from the point of view of skin irritation,

¥hen emerging from the cocoon,the moth becomes
covered with detached poison hair, large numbers of them
adhering to the long hairs of the anal tuft, thus also
rendering the egg stage obnoxious to handle.

When the larvae hatch, they crawl through the hairs
covering the egg mass, and thus they in their turn become
contaminated, '

It is only when they moult for the first time
that they shed these 0ld halrs with their askin, dut at
this stzge they develop their own poison hairs.

Fronm th./q.-oooou
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' From the fargoing it will be apparent that at no
stage of developmsnt 1s E. terminallg free of poison hairs,
 In view of this,the study of this insect is an extremely
difficult one, since the utmost care must be taken and due
precautions obgerved when handling any of the stages from
egg to adult,

A gomparison of R, ferminalls larvee ccllected
from dittkcnt plantations in S.A. showed that larvae from Ze,
different localities exhibited distinct eolour variations,
and 1t was at first thought that more than one species

might be reasponsible for the damage, IMicroscopic examina-
tion of the skins of these larvae, mounted on slides,
indieated, howsver, that this was not the case and that

the difference in the eclowr pattern was in no way eorre-
lated with any morphological differences.

It is well known that variations in the colour
pattern gecocur in some insect apecies, and many theories
have been advanced to account for thcn. For example -
Faure (1932, 1943) has shown that with locusts and army
worms, the inereased density of population per unit area
causes typical colour changes due to increased setivity
of the closely crowded individuals,

In the cese of J. farminalls, however, no ecclour
changes attridbutable to population density could be ob-
served, Gloger's rule (leorge 1953) demonstrates that in
the warm and humid parts of the range of a species, indivi-
dualsg contain relatively more melanin. Reddish melanins
prevail in aréa regions end the blackish ones sre diminisheds
in very cold areas the black ones also are reduced, Thus
from the tropies to the Arctie, members of a given species
would be expected to vary from predominantly yellowish or
reddish, through black to white, |

Dobghansky (1933)/«s.
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Larvae from

fpitzkop Plantatiom,
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Dqbghansky (1933) found that in the lady beetle,
Adonia variegata, there is a definite eolour variation
between the beetles from the different geographical areas.

It was found that the colour pattern on the elytra varied
according to the temperature and humidity variations,

As the temperature and humidity decreased, so more and
more black spotted individuals with more and more black
spots were found, i

In the case of the Lopidopteron.A:ntpﬁzg.nggnn Zb
and the wasp Habrobracon it was £3¥§~that only temperature
had an influence on the colowr pattern, whereas in the
Lepidopteron, Hesting sssimilis, humidity was the maln
factor in determining the colour pattern, (Wigglesworth
1939). '

A study of the climatic differences betwsen the
various geographical areas in which E. lerminalig ocecur,
indicate clesrly that temperature is the main factor in
determining the eclour variation in this insect.

An examination of the specimens collected from
Mons, Belfast, Jessievale and Bpitgkop plantations (figs.
40~43) reveals the fact that black melenin is more preva=-
lent in the caterpillars from the Mons plantation where
the coldest conditions prevail, As the temperature riges
in the Belfast and Jessievale areas. there is an inerease
in the orange~yellow ¢olouration until in gpecimens from
Spitzkop, where the temperature is highest, the orange-
yellow melanin predominstes,

Gorrelating the colour variation of E. Lermina-
lia with tempeorature differences, it may lead to confusion
if only the temperatures of the plantations, in which this
ingsect 1s at present found, are considered. It is
necessary to go deeper into the matter than this and take
into consideration the temperature in the nearest indi-
genous shrubs and forests from which E. terminslis

originally/....... :



originally migrated into the cultivated plantations.
If we—loekat the oroas-section'map of the various

is studred
areas (Fig. 44)Atin picture becomes much clearer,

(1) Mops Plantationa
Here the cultivated plantation and indigenous
host plants are both found at the same altitude and on the
same slopes of the mountain range, There is, therefore,
no temperature difference between the areas occupied by
the host plants and that occupied by the plantation, where
black melanin is found tc be the prevailing colour.

(2) Belfast Plantation.
This plantation is situated on the open high-

veld at about the same altitude as the Mons plantation,
although the average temperature in this plantation is.
slightly lower than that of the Mons plantation, 1In spite
of this however, the larvae exhibit a lesser amount of
black melanin, This can be explained by the faect that

the rearest indigenous host plants from which B. iarminalis
eould have migrated to the plantation are situated about
1,000 feet lowsr in the sheltered valleys where the average
tenmperature is higher than that prevailing in the plane

tation,

(3) Jessievalas Plantation.
This plantation is situated at a lower alti-

tude than the Belfast Plantation, and with a higher average
temperaturs, ' The area from which E. isrminalis must have
migrated from the natursl host plants to the plantation is
also approximately 1,000 feet lower than the plantation
itself, and forms a portion of the esecarpment between the
warmer low veld and the colder high veld, Here the larvae
exhibit leas black melanin than those in the Belfast plan-
tation, '

(4) 8pitskop Plantation/cess



(4) gnitzkop Plaptation. -
Thigs plantation 1s situated at nearly as

high an altitude as the Jessievale plantation and the ave-
rage temperature 1s slightly higher. It borders the true
escarpment betwsen the highveld and the hot lowveld, The
indigenous host plants are found all along the escarpment
and extend down into the hot lowveld., In the larvae

from this plantation the orange-yellow melanin predominates
over the black,

A study of table 6 indicates why it would be nmise
leading to take only the temperature conditions prevailing
in the plantations into consideration without reference to
those areas from which the insest migrated, to the culti-
vated plantations, It will be seen that the average
tomperature at Mons 1s higher than that at Belfast, the
larvee from the last named area, however, contain less

black melanin than those from Mons,

flantation ions  I1Bolfast L Jesslevale |Spitzkop

Mean average by
Temperature °C{ 13,33 | 12,44 13,88 15.06

Haximum ave-
rage Tempe~
rature cQ.ooac 19.94' 20.“ 20.06 20.72

Minimum ave-
rage Tempe=
8

4,50 7,72 9,38
% Rel, Hum. ta-
ken at 8 + I 05 7702 740& 770
Zable 6.
Temperatures prevailing in the various
plantations,

The colour is probably an inherited factor which has been
acquired through generations and is influenced mainly by
temperature, In the case of E. terminalis it is not

QonlierQd/o ss0eee



considered that humidity is the leading role in deter-
mining the colouwr pattern, In this connection, however,

it is worthy of mentioning that Allee gt. al. (1949),
stated that in their opinion, humidity is, in most cases,

the factor governing colowr variations,

f. Eev to the larval 1natars.
This key has been worked out to enadle differentistion

between the various larval instars of W.

A, (1) I.arn;d v;l;y small or# 21n.) N
a uniform colowr .....
3 iz, W

(11) Larvae larger (2-30 mm,) and
not of a wWnfor® 6OloWr ceceses B

B (1) The dorsal verrucae bear poiso-
nous setae only on the first
abdominal segment, the result-
ing effect being that of a
single, velvety black eleve-
tion 0} this segment. cecvccse G

(11) The dorsal verrucae on esch of
the first to eighth abdominal
segments carry polsonous setae,
the resulting effeét being
that of two distinet, velvety
black elevations on each of
these segments csceseestsnse S Eighth instar

Fig, 48)
€. (1) The setae, except for the poison-
ous type on the dorsal ver-
rucse of the rfirst abdominal
segment, of a uniform e¢olowr .. D
{(11) Distinet colowr variations in
setae Viliblc svesecscsessDREES E

D, (1) Colour of abdominal integument
unifors dark olive buff ..cco. S8econd instar.
(Figs’;?‘)l-ﬁ &

(11) Colour of abdominal integument
not uniform, there being a
confrasting socrdid white
stripe along the dcrso-median
line, between the dorsal
verrucae, which runs from the
first to the ninth abdominal
SOEMONE ..cceveccocssessrssssne Third instar.

x. (i) ‘v....‘..‘
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Dorsal aspect of first instar larva.

Lateral aspect of seeond instar larva,

i

N
Bl

Dorsal aspect of second instar larva.
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E, (1) At the posterior end of
each of the two dorsal
verrucae on the first ab-
dominal segment a bunch
of erect, orange coloured
gsetas 1is pras‘ntooocnoo‘ooo. Pourth instar,

(11) Additional colour differenti-
ation of setae apperent.,... F

F. (1) 8ituated dorselly on the ninth
abdominal segment a tuft of ,
ereet black setae is present, Fifth instar.

(11) Additional colour differen=-
tiation of setae apparent ... @

G, (1) The horigontal setae borne on
the sides of the larva are
white (or in a limited number
of cases pale Drown)sesssssee Sixth instar,

(14) Additional eolour differentia-
tion .Ot setae apparent ....s H

H, (1) On and between the dorsal
verrucae of the abdominal
gsegments short, squat orange
and white coloured setae
bearing large numbers of
spines are present ccesssvsee aevagth ine
star.

Pig. 48,

Last ingtar larvae of E, terminaslis,
The—writes—has found that if the larvae, which
are first distended in the paraffin, 95% alcchol, dioxan
and glacial acetic acid formulation of Peters:(1951), are

preserved in 95% alcohol, their characteristics are clear-
1’ visidble.,
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2, BIOLOGY OF THE LARVA, -

(a) Eearing Methods.
Vhen the studies on this insect were origi-

nally commenced, the larvae mere confined in ecages on
foliated btranches of P natula. In spite of all
precautions taken, it wvas impossible to kesp the larvae
on the foliage. Invariadbly they climbed down and
cravlied avay from their oaly food supply to die of
starvation. Attempts were made to confine the larvae
on the folisge by banding the bdranches with tangle fool,
but they merely erasvled into the bands and died there.
The use of slectricity and channels of wvater to prevent
such migration proved $0 bs egqually abortive,

It vas g% then reslised that the larvae ZL;
would have to be confined on foliage on living trees,
the cages to De of such a type that the insects could
continually be kept under observation,  After various
types of cages had been tested experimentally, the
following two, to be described delow, were found to be
the most satisfactory.

Iine 1t= A cage developed in vhich large numbers of
larvae could de reared in isolation from their parasites
for various studies in figured in Figwre 49, It consists
of a rectangular framework, the top and three sides of
wvhich are ctovered over ¥ith organdile., The one side 1s
caanrod vith a sheet of "Perspex to serve as a vindow
through which observations can be taken. The bdase is als
covered with "Perspex®, and in the middle an. opening is
cut, through which the small tree used may dbe inserted
into the cage., A slesve of organdie, projecting down-
wards from the opening in the base, surrounds the tree
trunk to which it is tightly tied at the distal end to
ensure that there 1s no access to and from the cage.

mq qu.,q.oao sag



Perspex cage.

The top facet of the cage, which is of organdic as stated
above, is provided with an opening sealed by zip through
which the larvae can be placed in or removed from the cage.
The whole cage ‘supported by three "Perspex" legs attached %o
the base and resting on the soil surface. '

Typs 2 3= The second type of cage 1s suitable for use when
smaller numbers of larvae are being kept under obgervation,
(Pig. S0) The sides take the form of a eylinder of celluloid,
four {nches long with a diameter of four inches, At either
end the cylinder ig extended by a sleave of organdie of a

eorraesponding diameter,

Celluloid eylinder cage.

Th./...'..
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The cage is drawn over the tip of a braneh, the ldi‘r organdie

sleeve is tightly tied to the stem of the branch to seal off

the bottom, the requisite number of larvae are placed on the

foliagoiin the eage, whereafter the top sleeve iz tied tight-

ly to seal off the upper end. The cage is kept upright in

a rigid position by binding it to a stake inserted in the soil,
A third type of cage (Fig, 102), used mainly for

studies on the Mgteorus larval parasite of E. farminalis,

is described in chapter V111, It consists of a celluloeid

cylinder fitting exactly at either end into the upper or

lower halves of Petri dighes., Only in the case of early

instar larvae was this type of cage used, As soon as the

larvae were larger, they were placed in the Type 2 eage

described above,

(v) Larval Movementa.

As soon as the larval development in the egg has
been completed, the caterpillar emerges through an irregular
shaped cpening which it eats through the shell, The newly
hatched larvae do not leave the egg mass from which they
emerge until their first moult., They remain on it, feeding
on the egg shells, During this pericd they are eocntinuously
in eontact with the hairs covering the egg mass, with the re-
sult that their bodies become covered therewith and have, in
consequence, a grey, woolly sppearancs, (Fig. 51)

Ir n;'ly hatched larvae are immediately removed
from the egg mass and are placed on green leaves, they do not
feed at all., Only after their first moult, when the second
instar has been reached, 4o the larvae commenes feeding on
green foliage. (Fig., 52).

Larmerst (Wigglesworth 1939) states that the young

larvae of Euprostus chryssorhoes are markedly positively
phototactic bafore??oumnnno feeding.

Fige 51/ cencvecs



Skins of the moulted first
ingter larvae on an old
6L MmasSS,

- Mainly second instar larvae feeding on
the foliage of P, patula.

In the case of E, terminalis, however, light has no attraetion
however, s‘\ow

for the first instar larvas. ©Oniy—in the second inster is
Positive %/ooooo
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thte iraie in evidence, Imediately after their first
moult the larvae move in the direction of the most intense
light, with the result thet they normally converge on the
tips of 'wanches in amongst the youngest leaves., (Fig. 53).
Here they feed and grow until the second moult takes place.

In cases where the female moth deposits its eggs
on the trunk of the tree, the survival of the larvae will
depend on the distance between the egg mass from which they
hatch, and the nearest foliage. After hatching, the larvae
remain on the egg mass until their first moult, whereafter
they crawl up the trunk. Should the trunk of a Pinug tree
ba cbvered with very rough bark, the larvae are unable to
move very farj on the old Pinus patuls trees, however, the
bark 1s comparatively smooth, and in such cases it has been
established by banding the trunk with "tanglefoot"™ that the
larvae can climb 20 feet before they succumb from starvation,
In the section on the hablts of the moth, it was shown that
most of the eggs are deposited in the erowns of the trees,
and the mejority of the larvae have not to move far in their
second instar to reach foliage. |

Immediately after the second instar larvachave
moulted, they lose their gregarious habits, and each cne
moves, feeds and developes as an individual,

The young larvae are frequently observed to hang
suspended from branches by means of silken threads, By
doing so, they sre—enabled—te contact branches at lower
levels, or the wind could possibly swing them across to
adjoining branches where food is available, This way of
moving from brench %o branch is different from that in
which young larvee on a long silken thread are dispersed
by wind, as for instance in Aganthovavgche Jupodi. (Har-
denberg 1918),

The older larvse of E. lterminaliz slso frequently
meke use of silken threads to move to new feeding sites,
when the braneh on which they are situated is completely

' defoliatede/eess
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defoliated, In cases where they are descending from the
lowest branches, they lower themselves for econsiderable dis-
tances and then remain suspended, thus msking it poasible
for the wind to swing them in pendulum fashion across to
adjoining trees,

After the 1arVaa'has been suspended on its thread
for some time without finding new food supplies, it will
once more ¢limb up the thread to the branch from which it is
suspended, This 1t sccomplishes by working the thread into
a ball between its thoracic legs, When the ball becomes
too unwieldy, it is shifted towards the rear, and a new one
is secunulated, In this manner the larva has been obsgerved
to elimh up the thread at a rate of one foot in twenty minutes,

Mgniy larvae have been observed to logse their foot-
hold in the trees, most frequently when they sever a pine
needle at a point proximel to their position on 1t, 1In
some such cases, the ¢aterpillar will remain suspended in
the alr on a thread and regein the branch in the manner
described above, If it falls to the forest floor, it will
erawl until it encounters a tree trunk, and then try to
; reach the foliage.

(e) Moulting,
As soon gs a larva is ready to moult, it spins

a silken platform on which it takes up its position with
the crochets of the prolegs hooked in the silk, The skin
then splits open after a time glong the dorsomedian line

of the thorax, and the next instar emerges, If a larva
which 1s due to moult, 1is removed from its silken platform,
it experiences great difficulty in shedding the old skin,
This is an error readily made in the laboratory, especially
when dealing with early instar larvae, which are then unable
to get rid of the posterior section of the cast skin, and
eventually die, ‘

(4)

Although E. terminalig is indigenous to South
Africa/...



Second instar E, W amongst
the youngest foliage in the tips of
2 brench,
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Africa, prior to 1950 there were no data available concerning

the natural indigenous ho;t plants on which the larvae sube
sisted. The main reason for this was the fact that the
insect only recently has been recognised as a pest,

By covering vast arcas in the distridbution area
of E. %arminalls and examining meticulously the flora found
therein for the presence of E. terminalig the writer suec-
ceeded in discovering eleven ind:léanoms species of plants
on which the larvae feed in uncultivated areas. (Fig., 54)

These arei-
A. Gymnogsporia albata (¥.E. Br.) Srm,
B. Acacia gcaffra (Thumb,) Wild,
C. Ziziphus mueronata. Wild.
D. Dombeva pulchra. N.E.Br.
E. Solanum gigantewn. Jacq
F. Iricalvsia langeolsts (8ond.) Burt Davy
G, Rhua rehmanniana. Engl.
H. R. pyroldeg. Burch
I, R. dura. Schonl,
J. Gvmnosporia undata. (Thb.) Szyz.
K. Brachvlaena iransvaaslensis. FPhill. and Schweik,

Although these plants are widely distributed over
vast areas of South Africa, even in some areas from which
E. terminalis has not hitherto been reccrded, they make up
a very small portion of the flora found in the distribution
area of E., ferminslis. (Adocks 1953).

In most cases the larvae attack their natural host
rlants from the under surfaces of the lsaves, where they are
sheltered from direct exposure to the sun, During the
survey it was not possible to spot the insects from above
onlys to spot infestation, it was frequently necessary to
bend the branches so as to expose the lower surfaces of the

leaves .

Fig. 54'./qooooooo
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. Indigenous host plants of E. sgzninalga indicating
the damage done to them by th& larva.

A. Gymnogrorias (N,B,Br.)8im,

B, Acacis caffra (Thumb,.) Willd.
C. Zizichus mucronata Willd,

D. mgm N+E.Brown
E. J&C ]
P, ?Sond.)

Burt-navy.

G, Ishmannizng Engl.
HO [ ] BUI'Ch.
I, E. durg Schonl,
undata (Thdb,) Szyz,

J. Gymnosporia
K-ﬁmzhzlgm
ill and Schwelick,
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Eigs 53,

Typlesl area where E, terminalis was
found on its indigenous host plants.

As can be noted in figure 54 F & G, the young
larva feed only on the epidermis of thelleaves, whereas
the older larvae chew through the whole leaves of various
points, The damage to the leaf is never such that it drops.
The, Emgpgéﬂgmgggghg L. consumes the leaves of the host plant 5C)
at the base, with the result that they drop off, (Wellen-
stein gt al 1942), | |

It 1s not clear what factors caused E. terminalis
tosriteh over from its natural host plants to plantations
of exotic trees. Scent without doubt attreets the moths
to plantations of P, patula, as the following observations
shows When a person enters a compartment of P, patula,
the moths flying around the trees pay no attention to him,
If, however, the person has climbed in and out a few trees,
and in doing so has collected resin on hias skin and elothing,
the moths will ecirecle around and aetually fly against him,
This phenomenon has been observed and frequently tested
using different persons acting as guinea pigs. This
attraction of moths by humans causes extreme discomfort to
the latter, as the moths are covered with loose toxic hairs,

which irritate the skin,

Pig. 560/00000
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The Bhus plant on which E. .g%?uml
was found, 1in its natural surro ngs.

A clogse~up view of figure 56 showing the
B mmwa:f on the Rhusg
eal,

The exotic trees planted in South Africa on which
E. ferminalis larva have,recorded to feed ere the followingi=

A, Bpecies on which E. ferminalis occurs in large
numbers and which are on occasions completely defollated.

1, Pinus patuls. BSechl, and Cham,
2. B» Jdelophylla. Schl, and Cham,
3+ B. zadlata. D. Don,

B, Speclies/covese
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B. 8pecies on which J. ferninalis occurs dbut not
in large numbers.

1. Pinua ninaster. 8ol,
2. B, longifolia. Rexb,
3« B+ Snada. Linn,
4, P. montexumas Lanb,
5. B» pasudoatrohua Linde
6. Cupressus henthamd Endl,
7. Agasla mollisima willd.
89 SQuarcus Ann.
9. Eugalypiug maldend F.v.i,
10, Asagla melanoxvion Willd.

The manner in which the larvae attack the bWroad-
leafed species in the 1ist given above, corresponds with
that observed in the case of the muonoua host plants,
but the mode of atteck on the needle shaped lesaves of the :
Pinus spp. differs eonsideradly, ' g

Owing to the faet that the pine needles are so
thin, the leaf is severed at the first bdites of the older
larvaey; and the terminal seetion drops to the forest rloar:;
The result is, that in an infested compartment the .ground
below the trees is carpeted with green pine modloé, 'gﬁu
forms an easy indication to determine whether lsrvae are
astively feeding in a tree, A second instar larva is too
snall to sever a pine needle completely and cleanly, -imt
takes deep dites out of 18, (Pig, 52) - many needles so
treated will sooner or later 4drop as wll,

The larvae are az:;g;me extromely wasteful
fesders in pine plantations, and in the ease of some Pipua
Spp, severe infestation results in ecomplete defolation.

The average length of the terminal sections of 2,707 pine
needlez which dropped to ths forest foor as a result of
larval feeding in a tree over a period of 24 hours, was found
to be 71 mey To this wastage must be added the basal sec~

tions of the needles remaining on the tree which sre consumed
by/ adae
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by the larvae,

Acoording to Loock (1950), the average length of
the meedle of P. patula is 190,5 mm, (7.5 inches),
Accepting this figure as a basis for saleulation, it would
appear that the larvae, when feeding, consume 62,7% of the
follage attacked, while 37,3% drops to the ground and is

wasted,
L -t (/o NEEDLE DROP 50

=———e——— F AECAL PELLETS

40

NEEDLE ©ROP
PELLETS

FAECAL

———
—————
——— -t

°c

N
=3

TEMPERATURE

o

10
06:00 ‘0700 0800 08:00 1000 1100 200 300 14-00 3 1500 16:00 17:00 1800 1900 2000 2100 2200 2300 2400 OLOD 02-:00 0300 0400 0500
. . HOUR § ‘

Figs 58.
Hourly counts of faecal pellet and

needle drop.

At Jessievale it 1s fortunate that the most severe
damage to the plantation trees occurs towards the end of
Oetober, during a period when rains normally fall and foliage
flushes, During normal seasons the trees would thus replace
lost foliage fairly quicklyj should drought eonditions
oecur during this period, the treesz affected die very readily.

In preliminary experiments it was found that larvae keprt in
th./.. TIXIL Y
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11.0 | 9.76 605 ‘2,58 | 160 06 .00
12.25| 21.50 1333 3.79 235 07.00
16,0 | 22,88 | 1419 3.36 | 208 08,00
18.9 | 28,60 | 1773 6.71 | 416 09,00
20,5 | 25.39 1574 4,40 273 10,00
22,5 | 43.75 2713 11,66 723 11,00
24,0 | 48,60 | 3013 9.95 | 617 12,00
23.5 | 52490 | 3280 13,23 | 820 13,00
23.5 | 50,16 | 3110 |15.83 | 982 14,00
22,0 | 58,06 | 3600 8,52 | 528 15.00
21,0 | 52,76 3271 8,35 | 518 16,00
19.75| 52.13 | 3232 6,11 | 379 17,00
18.25| 32.24¢ | 1339 2,58 | 160 18,00
17,0 | 31.31 | 1491 2,95 | 183 19.00
16,0 | 25.19 | 1962 2,79 | 173 20,00
15,25 19,90 1234 1.29 8o 21,00
15.0 | 14,55 902 1.36 B4 22,00
17,5 | 16,31 | 1011 1.23 76 23,00
16,5 | 15.81 980 1.19 74 24,00
15.5 | 21.47 | 1331 1,13 70 01,00
14,8 | 11,90 738 0.57 35 02.00
14,0 | 9,95 617 0,58 36 03,00
14,0 | 5.87 364 0434 21 04,00
12,5 579 359 032 20 05,00

iable 7, A

Hourly counts of needle end faceal
pellet arop on 62 gq. ft., over a
period of 24 hours.
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the laboratory at a constant temperature of 22°C, fed at a
more or less constant rate by day and night, Thisz would
indicate that light and darkness do not affect feeding.
Within the normal plantation ranges of humidity, laboratory
observations also indicate that varying humidities do not
affect the rate of feeding activity, :

In Table 7/Ahourly counts of needle and faecal
pellet drop to the forest floor below infested trees over
an area of 62 sq. feet are compiled. These counts are
shown graphically in fig. 58, and the rise and fall of
temperature is also reflected., It may bde deduced from
the graph that the main faeter influencing the rate of
larval feeding is temperature. It will be seen that, as

the temperature rises, feeding increases, and vice versa.

(e)  Zhe influange of the gombinad astion of temperaturs
and xelativa humidity on tha larvas of E. Serminalis.

To determine in detall the ecombined influence of
temperature and relative humidity on the larvae of k. farmi~
nalisy third and seventh instar larvas were maintained under
various eombinations of these two factors. In the case
of the third instar larvae, they were exposed for ten days
while the seventh instar larvae were exposed for 15 days
to the various constant combinations of temperature and
humidity. The technique to mainfain the desired relative
humidity is fully deserided in chapter 1V. A% each conm~-
bination of temperature and relative humidity tested, 20
test insects were used and this series of experiments was
twice replicated.

The results of the test expressed as averages are
ecmpiled in tables 7Cand 8, and reflected in the smoothed
graphs of fig. 59 and 60,

From the data regression lines were then ealeulated
by using the Y axis to reflect the percentage of larvae sur-
viving after the predetermined period of exposure and the- :
x axis to reflect the logarithm of the relative humidity.

The/seses
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The rusul:f of :geae,caleulnticn. are shown in Table,ﬁb and
in Figs, 3 and A,

From figures 61 and 62 it is now posaiﬁlc to
determine what percentage of larvae can be expected to
survive in any area where temperatures and relative humidity
data are available, It iz clear that the larwval stage of
E+ Yerminalis especially the younger instar are cxtremsiy
sensitive to low relative humidity especially when the tem-
perature is comparatively high.

The eolumnin table 9 in which percentage relative
humidity 1s indicated represents the zone in which the per-
centages relative humidity may be regarded as optimum for
the instar involved at the given temperatures,

As indieated in table 10 the period taken by the
larval stage to reach maturity is greatly influenced by
temperature, The duration of the larval stage in the
plantation at Jessievale is significantly longer than that
in the laboratory where the larvae were maintained at con-
gstant tempersture and humidity.

Percentage larvae alive after 15 days.
# Rel, Humidity |

109 . 16,5°¢C 30,0°C
9.8 0 0 0
17.2 0 0 0
26,8 11,0 0 4)
36,8 1%,0 0 0
46,8 $0.0 545 2.5
59.8 | 7.9 | 60,0 48,0
66.8 96,0 92.0 20,5
7546 100,0 100,0 91.9
82,9 100,0 94,2 88,5
88.8 98,5 84,0 75.0
92.9 90,1 60,8 60,0
9% 41 7640 45.9 42,0
100 56,0 25,0 18,0

2able Z,P

Influence of temperature and relative humidity
on third instar larvee,
Table 8/..0.
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* Percentage larvae alive after 12 days.
~ Fel, Humlidity :
17°C r 16,5°C 25.5°C| 37,29
2 3 4 0 2
17.2 6" 25 2 0
26.8 85 65 1) 0
36.8 100 82 T 4D 0
46,8 106 8y 61 10
59.8 17 95 8> 58
66,8 1 1590 a9 75
75 .6 197 170 170 100
82,9 120 1239 96 90
ge, 8 100 170 99 85
92.9 170 g0 86 80
9,1 98 &7 80 45
150,90 97 th] 79 35
Iable 8,

Influence of temperature and relative
humidity on seventh ingtar larvae.

(f) Preparatlon for pupations
As socn as the elghth instar larva is fully grown,

it drops from the tree to the forest floor where it imme-
diately commences erawling about in search of s sultable
spot in which to pupate. The related species L. ghrvssor-
hegg of Eurone and America pupates in the host trees,

(Doane gt gl 1936), but E. Lerminglis never pupates in the
trees, not even in the forks where accumulaticns of old
leaves frequently ccllect. The pupation site is invariably
a spot providing suitable shelter cn the forest floor,

(Fig. 63).

In a plantestion of E,. nggg;g, the forest flcor 1is
covered by a dense nat of fallen pine ncedles, and in certain
rows there will be heans of dead branches removed from the
trees during pruning. (Fig., €3),

Th@se/ooito.
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~ Duretion of larval development in days. |

series femperature 1 e 3l
Hoa larveae were _ Insters.
"+ Eept ati~ | PV —— i

SN E——— Y Standard »’gi’ﬁm“’.’% N
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under controlled ladoratory cordition.

The method used to caloudete the standerd error and significant
differences is the same as that empleyed in Taeble 3.

The diffcrence in duration of the larval period st Jescievale end
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Collecting pupae in a P. patula
plantation,

These sheltered sites are 1deal for the pupation
of E. farminalig. On the forest floor the larvae crawl
over the needle mat till they encounter a tree trunk, and
then work their way down the trunk through the mat to the
soll surface where pupation occcurs, or they follow g simie-
lar progedure in the piles of dead branches. Entry into
the needle mat where it lies level between the trees is
rarely observed, Almost invariably the larvee enter the
mat af a point where they can work downwards against a
trunk or a dead dranch lying on the floor,

Tho cocoon (Fig, 64) 4is irregular in shape, spun
of a sordid brown ailk, and to the exterior are attached
dead leaves and refuse from the forest floor, which scamouflage
it very sucecessfully,

r A
AN

Pig, 64,
The cococn of E. tarminalis. R
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3, ASSESMENT OF POPUIATION DENSITY,

Various methods have been used to assess the
density of an ingect population in a given area, the most
generally applied one being to count all insects in
randomised sample plots of known area, and from the data
obtninoﬁ to ealculate the population density of the area
as a whole, . |

It is not always possible to reach the inseets
for eounting, and in many cases sampling of the type men=-
tioned above is virtually impossible, . E-pcc;ully is
this the case with the larval stage of E. ierminallis,
which inhabits the crowns of pinetrees. A further
dirfieulty lies in the faet that poigonous setas cover the
bodies of all the larval instars, which renders large-scale
handling ef this insect a physieal impossibility, To .
determine population densities of the larval stege of this
ingsect, methods other than diresct handling had in conse~
quence to be developed.

In view of the fact that the larvee sever the
medles during the proecess of feeding in P. patills plan~
~ tations, there is a continuous rain of freshly severed
meedles to the forest floor elow infested trees. There
is also a continuous drop of faecal pellets below such
trees, An attempt was thus made by the writer to corre-
late needle with faecal pellet drop, and both of these
with larval populations in the trees above.

Various factors would of course affect the rate
of faecal pellet and needle drop, the most important of
these bainc the size of the larvae and air temperatures.

The amount of food consumed by a larva would
obvicusly be influsnced by its sisze And instar., The
larger the larva, the higher would be its rate of food
consumption and the rate of faecal pellet drop, In
addition, the faecal pellets themgelves progressively

inerease in sise as the larvae becomes more mature, In
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the case of a population consisting of larvas of mixed
instary the correlation betwesn needlddrop, fascal drop

'gandrpapulatioa would vary so widely that the figures Obw

taine& would be of negligible value, It was detarmined by

:absarVEti@ns in the field that fortunately 2} very high

pereentage of all larvae in the Jessievale planﬁatians
hateh within a concentrated period of two weeks, At |
the beginning of October, i.e. 9 months later, practically -

~ all of these have reached the 7th ingtar and are of equal

| aiza. -It was at this stage that experiments were earried

out to correlata density with needle and faecal pellet
ﬁraps:

The influence of temperature on feeding activity,
and conseqnently on both needle and faeeal pellet drOp,

is eonsiderable as shown in fignrea 66 and 6?.:

It was thought at first t6 be possiblé to dater-
mine in the laboratary the correlations between 1arval
density, needle and faecal peilet drop. However, when
the larvae are axeaasivaly handled and confined in cages,

~ the many artificial factors introduced might have an

appreciabie effect on #he results obtained « For this
reason 1t waa decided ta ohtain the desired 1nformat10n
by meana of 1arge~sea1a field tests under normal plan- |

' tat&on ccnditiana.

~ The exyerimenxal gite at Jéssievale consisted
of 8 uniform 200 acre stand cf,zc‘ygﬁgla of one age group,

‘ ,the erowns of the treeg fornming an even canepy overhead.
o The trees wore at the time (Qctober) 1nrestea malnly by
b 7th ingtar 1arvae; accasional sixth and eighth instar

specimens algo being present,
~In this ﬁtana of trees six paints were salected
éa téét»sitas, At each point & tarpaulin was sproad on
the forest fléor*belcw‘the infested canopy to ¢ateh up the
nesdles and faccal ﬁellets'dfqppe& by the larvee immediatoly

above them. After an exposure of 24 hours, all needles

and/ cesesessnss
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and faecal pellets on each of the tarpgul:lnn were eollec~
ted and bottled for subsequent counting. Immediately
after the 24 hour period had elapsed, the tree canopy
above each tarpaulin was thoeoughly dusted with a knoek-
down insecticide,  This resulted in the larvae responsibl(
for the faecal and needle &rop on the tarpaulin also to
drop dow, These eould then be counted,

A count of the needle and fsecal dropofaxc:ci
selected test sites was carried out on different days.
This procedure was adopted for two reasons, Pirst-
ly, in order that detalled observations eould be made
during each experiment - if all six experiments would be
carried out simultaneocusly, sush individual attention
could not be given, In the segond place, by carrying
out each experiment on a different day, a wider range of
temperature variation was introduced into the investigation.
Continuous recordings of temperature and relative humidity
during the 24 howr dwration of each experiment were pro-
vided by thermo-hydrographs situated in the crowns of the
trees on the site, ;

After the tarpaulin had deen spread on the
forest floor at a test site, its sides were raised some-
what to ensurs that needles and faecal pellsts dropping
on it remained there. Thereafter the total catchment
area of the tarpaulin in square feet wgs accurately
determined, In the sixth and last experiment, the
experimental area was much larger than in the five
preceding ones, since more tarpaulin was then availabdble,
The size of the tarpaulin used would not affect the
results, provided its area in square feet had deen
accurately determined,

The insecticide used to bring the larvae down
from the canopy on to the tarpaulin below at the conclusion
of esach experiment was 5% Malathion dust., To make ab-
solutely sure that all the larvae iﬁdved were taken, the
dust was applied at an extremely high dosage. Two howurs

[ ¢ 1 7 (P,
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after applieation of the insecticide practically all the
larvae had dropped from the trees, Those which fell
during the first half hour erawled about on the tarpaulin
for a short while before perishing, but those dropping
later, showed no sign of mobility., To ensure that all
the larvae were recovered, however, the tarpaulins were
left on the site for 24 hours after dusting, and checks
were made by climbing the tress and look for larvae,

r Lengths of se vered needi es ‘
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Fige 65,

Lengths of severed needles.

The data obtained from this series of expsriments
are compiled in Table 11, The larvae and necdles recovered
from each experiment were counted individually. The faecal
Pellets were all of approximately the same sige, and 1t was
determined that on an average ons cubie centimetre holds
202 pellets. The number of faecal pellets recovered in
each experiment could thus be determined on a volumetrie
basis with a high degree of accuracy.

Paacall......u
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EXDo 1. BXp. 2. ExXpe. 5 EXp. N, EBxpe 5. Bxp. 6.
Larves 10,397 6,108 £2,18% 7,083 6.885 15,506
Keedles 43,693 18,056 27,1% 30,440 27,540 88,372
Fass. yellets. 293,133 116,655 200,085 213,142 188,924 343,925
lremp. °c 17.3% T 13.4% 15.5% 19.8% 18.1% | 13.8%
Reste.
Larvae:
H.l‘l“. 4.80 269’ ,-” . ‘.” ‘000 3012
Lazvae;
Tase. pellets 28,19 19.10 ”Q“ 30.10 27 .48 22.18
Needlea: .
Yasc. pellets 6.71 6.46 7.5 6.99 6.86 7.11
Larvae per
8Ge Lt ”010 32,84 ‘,‘” 58-03 37.02 19.14
|Heedles per %
8g. £%. 151.71 97.07 146‘.!; 163.66 188,07 59.72
Faso. pel.
per sq. ft. 1017.82 627.18 1075, ” 1145%.93 1015.72 424,59
k@‘ s 8q, IS, "
for experiment 288 186 186 ’ leé 186 810
fo. of Srees on 3
experimental ;
aree. 3 2 2 2 2 e
TARLE 11,

Observations from whieh graphe in figs.

66 and 67 were .-x.wn«.
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Faecal peliets as a gauge of larval population
density can ‘effectively be used only during periods of fair
weather. Vhen rain falls, they disintegrate, and accurate
counts cannot be made. - It is for this reason that popula=~
tion assessment by counts of needle drop was investigated
as a possible and more stable method. f

As will be seen in Fig. 65, the lengths of the
needles dropped by the larvae vari'considerabiy, and for
this reason it was felt initially that they would not prove
to be a reliable indicator. Howaver,'from Table 11, it
will be seen thatuyhé/correlation between a single nsedle
or portion thereof and the number of faecal pellets is
far higher in all 6 experiments than could have besn ex-
pected, It 1s for this reason that needle counts have
been included in the graph-as well, where they serve as &
reliable chock on population density_assessmants based on
fascal pellet counts,

By collecting the fascal pellets and dropped
pine needles on a measured area over a period of 24 hours,
during which the average air temperature has been determined,
a fairly accurate estimate of the density of larval popue
laticns 4n the trees above may be arrived at by referring
to the graphe in Figs. 66 and 67. ‘ |

DROPPED

Y EEDLES

oF N

NUMBER
w

W 16 . 17 : 18
TEMPERATURE ‘

e

Needle drop as influenced by temperature,.

Fig. 67/0 vee
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" Faecal pelieﬁ'drop, as influenéed by temperature.

The standard deViation of the regression.lines

were calculated from the formula:.

Sy.x =J/Sum (deviations) 2

N-2
Where deviations = the‘diffefhnée-betﬁeen observed and

calculated number of needles, and

| + | !

was found to be -~ 0.1905 in figure 66 and ¥ 2,177 in -
figure 67, |

The coefficlent of variation was calculated from |

the formula
Sy.x X 100
Mogn
The value found for the graph.in figure 66 was 5.2163% and
for that in figure 67 8,6178%, |
- B Tt/ eeecone

e
PR N
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It 1g realised that the stralght lines given in
... . the figures menticned above are only part of a curvilinéar
regression 1ino, and that a linear regression, such as that
',inaiﬁatéd'in the figures will onlyihdi& good for temperatures
rangiﬁg'from about 13°C to 20°C, It can Ve logically ex~
 pécted,thaf aﬁ lower temperatures feeding and eﬁéfetian
| .willtigeraage as temperatures increasa;‘et first slowly,
and then graﬁualiy‘mbre rapidly, Conversely at higher teme
peratufes thén those indicating on the graphs, feeding and
exgratién W111_sﬁart deéreasing, at first gradually and then
| more rapldly as the tempersture incroases abbve a certein

19761- v'; .
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CHAPTER VI,
HEPUP L G‘o

1, IIORPHOLOGY.

Buprocils terminalls has a typically obtect
pupa, the wings and other head and thoracic appendacges,
pressed tightly against the body being clsarly visible
(Fig., 68). The gbdominal ségments do not move very
freely. Then the pupa is disturbed,only slight move=-

monts of the sbdomen can ba discerned.

L. Pups of E. terminaglis.
B. Enlargment of the cremastor.
C. GOeotae on the cremaster,

As the pupa apes, its colour becomes progressive-
ly darker until finally, its colour varies from English reé
to shogany red, In the older pupe the eyes sre darker
than, and contrast in colour with that of the rest of the
body.

The dimensions in Table 12 are based on 50 measured
pupae. ' |

2e/enee
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HABITAT.
In view of the fact that the pupae are found
in the forest floor of plantations, beneath a mat of

2.

needles and other type of refuse, which may vary in depth
from 3 - 10 inchesy 1t is clear that they are not exposed
to any marked variation in temperature and humidity.

v Average. Standard deviation,
Longth 10,88 m.m. T 0.04947
¥idth 4,44 m.n. T 0,02199
dable 12.
Digensgions of £, terminalls pupac.

The s0il and pine needlos in the immediate vie
einity of the pupa is always moist, even at times during
the winter months at the Jessievale plantation, when the

Tainfall is at its lowest level.
is always exposed to humidities nearly equivalent to that

As a result the pupa

of moisture saturated air. Temperature variations to
which the pupa is exposed would also be negligible compared

to those prevailing between the tree canopy and the forest

trees Il ‘

floor.

‘ " ! ! ! i ot |
7 Temperature in I plantation under
l L f P ' ;

T
|
|

60},

D

55,

50|

4 Inches below needle mat
=3, il it b

6 Inches above forest floar

6 26 15 5
ocCT NOV

Pig, €9.

Temperature in degrees Fahrenheit 4 inches below
and 6 inches above the forest floor in the Jessie~
vale plantation,

25 14 3
DEC JAN

23 15
FEB MAR

The/.....
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The temperatures 6 indhes'above the fofést

' f]oor and 4 inches belew the needle mat prevailing at
Jbsaiavale during the period 6. 10 51 to 2.3.52 are ex-
pressed in‘figure 69,

During this period, when pupa=

tion cceurs at Jéssievalé. the temperature under the

- needle mat is much more constant than that of the airc

above 1%, the range between the maximum'and'minimum‘being
approximately half that'ag the air temperature (Table 13).

Maximum

forest floor

Minimum Variatior
Tempeéaturs in the » : :
forest floor | 59 , 80P 53 ,00F 6 ,8°F
Temperature above the . :
62.5°F

12.,6°F

i

* 3.

' DURATION OF THE PUPAL smm.

In erdar to deternine how long it ¢takes for the

pupal stage to be completed under natural conﬂitlons, 50

pupae were kept below the nsedlemat on the forest floor
in the Jessievale plantation during the period 31.10.1951

onwards, and records were kept of moth emergences,

The

- last moth emergeﬁ on 7.1.52,‘the averagé duration of the

pupal

t an average temperature of 56.8°F being 57

stag n =} of.
b9
days m—&@; Yo

N

o

@
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1. AWALYSIS OF OUTBREAKS IN PLANTATIONS .

o In spite of the fact that E. W was

. discovered in South Africa es esrly as 1855 it waa nnly

in 1929, after Pinus spp. had been planted on an exten= A
sive scale, that the attention of the economic entomoe

| logist was focussed on this inseét owing to outbresks -

whieh then occurred in certain plantations. .

A i‘his inseat has awitched over graduany from
indigenous vegetation to exotic trees, especiauy gm
patula, and to a lesser degree P, Adelophvlla ang 2. m_a&a
and parmanently estabiished itself 1n plant:ations of this
species. In most eases the factors responsi‘ble for con-
trellﬁ.ng the ra.te of multiplication of the inseet accom-
panied it to the new habitat, but in certain plantations
these factors took 1onger to heeome fully established there,
with-.the result that ammgber of outbreaks occurrsd in the
plantetions before a state of eguilvibi"mm;'_ suehv .as’ préVails‘_
in the nat’:urél 'hahit'at’,' was 'estvébl::lshed. “In one plantation
_ hémvfarg ‘nanialy the J‘essieivale: State Plantation, this adap-
tation td the staté of equilibrium has- not téké‘:i'vpi‘ac'e-..'
| - In an attempt to explain why the state of equili-
 prtum prevailing in the natural habitat of E. terminalla,
where no outbraaks of this 1nsect have hit;herto been TE-
corded, has not developed in the Jessievele Plantations,

a study h&s%ea made of 211 the known factors which cone
stitute the environmental ‘resistafme of this insect.

| It is necgessary first of all to examine.the
enrly history of the insect during the period when it was
first obsefved 1n the | plantations, It is not clear what
caused the maect to adopt the exotic Einus spp. as addi-
tional host; plants, but during the period before the ingect

W&S/o‘ cans
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was noticed in the plantations there must have beon a

gradual and progressiva inerease of the populations

vhich qriginall.y migréﬁea there from indigenous host

leta.v., | N o

| _- | In fapﬂ:g of the fact i:hat, aceording to Lm;-

ka (1925) the reprdﬁue'tive potential of an insect has

no influence on the average population density, 1t will

¢ertatnly exert an influence on the rate of increase of

an insect which moves from one habitat to another and

where all the environmental resistance factors do not

immedlately operate at the full strength prevaliliing in

the previous hebitat. . | | |
-accordinzg to the formu;a of Thompson as eGapted

by Chapman (Grsham 1952), P(zy)R, where P represents the

original number of the population, z the products of the

‘number of aeggs 1aid by ons female and the sex ratio, y

" the number of descendanés per eggy and n the number of

penerations in a. given t;ime, the reproductive potenti.el

for B« fexminalig (1f the formula is expressed in figures),

| 'appeais as follows for on year: 1(185 x 1), » 185,

This reproductive potential af 185 per year 1is
rolatively low for an inseet, and it would thus have taken
considerable time from tha mément the insecet oceurred in
- Pinus plantationsy until the population had reached a heavy
dénsity which caused noticeable defoliation,

The £irst plantations where B. Lerminalis became
of ecmain_j.c mpartanéé, were those at _-Tessievale whore the
insect defoliated an érea of 110 geres of P. patuls and 2.
JAeiophylls in 1929, During the next year, 1931, according
" to Tooks (1938), the insect "spread considerably through
the plantation, and'wa*s then hesvily infesting between 300 .
to 400 acras of almost exaluswely 2. patulsg end P. lalo:

and’. 'Y
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and this deapite tho fact ﬁhat‘a large number of catore
pillars ﬁaﬂ aaring the previous éummer succunbed to &

. eaterpillar wilt d&aease. A striking characterigtic
of this infestaticn was tha fact thet all the compart-
'_.msﬁﬁa heavily defoliated the previons geagon were now
 singularly free from larvae, while fresh compartments
were being heavily defoliated. In 1931 it was also re-
‘portéd from the Belfast and Harrismith plantations that
'%ha’iﬁaec%‘WRs~aafoliéting‘large areas there,
| ‘From then onwarﬂs reports were received showing
that the 1nseat~ocaurreﬁ in numerous other plantations in
the Ebatezn_mransvaal‘anﬁ Hata;g although no further pe-
rious damage was reported until 1934, when & large aren
in the Drickop plantation in the Pilgrimsrest district
was denaged Dy the insect, and sgain Guring 1938 in tne'
Spitzkop plantatian in the Sabie district. -
In 1935, i‘e. six years after the firet outbreak
in the Jeapievale plantatian, it wss reported that 800
acres of B, patuls were being defoliated there and in the
next yoar 1,870 acres were defoliated in the mame plantae
tion. The latter defolimtion was partially arrestea by
, tnaeetici&al applieation.

In 1935, 1937 and 1949 reports were reeetvaﬂ thax
| 1arge areas of the Harrismith plantatidns haa been defolinted,
end damage recurred at Belfast during 1938, No further
demage in any plantation other than those aﬁlJeasiévale has
been reported in the Union eﬁnce 1340,

The history of the outbresks in the various 10»
calities mentioned ebove ia ‘summarised in Table A Irnm
thiﬂ‘wa.may deduce that (a) the insect was_naticed,anly in |
'cértain'plantaticns~(h) in others one to four outbreaks
- ocourred with no subseguent recurrence, and (c) there is
.aﬁe plantation only where there have been perio&ic ah& b of>E S
gular ouﬂbreaks ever since the insect was first recorded

in i‘lu ._ 3 |
: From/:.»_,-n--
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AREA oF COMPLITE DEFOLIATION N JESSIEVALE PLANTATION ) '

L]

1700

.

979 KX Bn k7] B 1834 "% K% L2 k) s BY H B 2 BL] 9“ 13¢5 L7 847 198 B9 1950 1951 952 953 1954

Ego i *
Complete defoliation in acres at

Jepgsievalo since 1929,
From a study of table 15 4t would appear that the
outbreaks occur in cycles of 5 - 8 years, e.g. at Belfast
in 1930 and then again in 1938; at Harrismith in 1930, 1935,
1937 and 1940, which probably represents two cycles in dif-
ferent areas lasting from 1930 - 1937 and again from 1935 -

1940,

Recorded outbre of BE. te g 3 5 plantatio
Plantation | First Outbreak | Second | Third | Fourth | Pifth
Wessievale 1929 1930 1935 1936 | 1937
Belfast 1930 1938 - - -
Harrismith 1930 1935 1937 1940 -
Driekop 1934 - - - -
Spitzkop 1938 - - - -

Table 15.
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According to Pig. 70 it w@ﬁl& gppesyr that the
maximum ares of complete éefoliatian :m the Jeﬁsievale
plantaxione was reached durmng 1936, the seventhayear
after the famst auﬁbreak was recorded.  Since then there
have boen notieeable but pragresaively lesa entensiva |
 peaks of defoliation during the years 1940, 1944. 1947
and 1954, - Bince f£ig. 70 refleets camplete ﬂefaliation

- onlyy it doeg not give a true reflection of the actual

insect populatian aanaity ﬁuring the perioa wnﬂer reviawﬁ(
‘From the period of peak papulgtianw at\Jesgiava;e during -
the year 1936, damage toa greater or lesser éxteziﬁ m
baen brought about each successive year ap %a the preaenta
2. - AREAS OFAABUNﬁANGE.

- The insecﬁ_occurﬁ‘caumonly>in'three»typéa of
aveas, 8) in its netursl habitat; b) in the pine plenta-
tions where it is always present in noticeable numbers‘
but where no outbreaks oaccur; ¢) in the piné plantaticns
vhere periodic 0utbrﬁaka are ragﬁlaﬁiy rec&rﬁeda
In the first area the population density is very
law, 6o loW‘in fact that the writer nad Yo search nver long
periods in order o he‘able‘to>establiah the host plants on .
which larvae occur in their natursl habitat, and aftér eleven
such plﬁnt gpecies had been'fcuna, ‘the total number of larvae
collected on them did not even exneéd a hunareaa‘
| _ In the second area of abundanae the insect does not
| occur in large numbers,. although the population is heavier
ﬁhen ﬁhat ancamntered in the natura& habitat; 1n the third
area of ahundance the inaect may a&wnys be-found.withou%
| rauble, even though thers nay be no outﬁreak in the seaaan '
'&uring which the search is condueted. N o
o Accopding to Cook (1929) ana Uvarov (19313 the den~
»'fsi*y af the papulaﬁion of every ingect speeies varies, and
| | | BT AP
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1t§ éistribution may be subdivided into special areas

or degrees of abunﬂance. Uvarov (1931) etates that

.......

o “the area of specific distribution" is the area ‘where

the inseet alwaysappears, but is constantly kept in
_cheek by its- controlling factors, with the result that
it never becomes a pest. o o
| : In the case of E. jgxgigglgg, Uvarovs "area
'1lgof speeific distributlon“ would 1nclude the natural hau'v'

' pitat of the species, where it 15 alweys present but
.,_kept down at a low level by controlling factors; as well
as those plantetions of exotie pines where the controlling
'_factors regularly operate to such an extent that the in-
}sect though more abundantly present than in 1ts natural
Hhahitat, never becomes a pest.

| . The third area of abundance mentioned above

corresponds with thatgpresented‘by Cook (1929) as an Yarea
,°f eocasional-abundanoe" - In such areas, eag. the Jeg=
sievale plantations, the insect mnay always be found, but
1t emerges as a pest only during these periods when the
‘tlimiting factors temporarily cease to exert their 1nflu~
'ence., | | | R

_ Ih these thﬁee‘areas the density of the popula=-
tion naturally varies from year to year, but the variation
, will be smallest in the area where the populetion is nore
| ,mally}at.its.lowest level an&,'eonversely, it will be‘highe
est in the area where thevpOpulation‘reaehes3its highest
.level. .However;fas Solomon (1949) puts itz Win e<precise
' sense, populations often vary greatly in numbers,'in e very<
hroad sense they may be regardad as fairly constant " |
;‘ . The ‘gifference in density of the populations in

\

the Various areas is also due to the Varying composition of

. is‘/ro“-i TE
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: :19 caused year after year by the variation in the effi-

ciency of the sum of the different factorsy as a result
of_tha 1nf1uenoe_exerted on them by external factors.
 smith (1935) states that the oscillatibn of a population
is mereiy due to the faet that the éffective'rate of inerease
flﬁctuatgs with time$ 4in other wafds, that the fraction of
ths ptogeny.per parent ﬁhiah survives is not constént.
| In crder to understand better the causes of va=

rying areag of abunﬁance it 1= advisable to discuss sadh
| . aresa separately, as the operation of the various factors
differs'aceording‘to the area. . | |

() Hatural X N

~ The natural habltat of E. terminalls is the area
where ths inséet acéurs, and where no artificial influen;
ées,havu;yet'influanced the controlling factors., In this
areé_theréfis still a perfect.equilib:ium.«< Accarding to
Ciansenf(1936)."thé fundéqenzal‘basisgaf bioiogical coné _
,trollvlies'in the natural equilibrium‘whiéh exists between
all elemenxs_éf‘tbe plant,and-animal"wbrla. Originally |
before mﬁvéﬁenxs of the'plants ard animals frcm‘counfry
to country took place through human agency, there existed
a.condition 0f relativa stabliity among all these elements."
This can&ition st11l prevalls in the natural habitat of E.
. | ' - In examining cantrolling factors which constitute :
the environmental resistance in the natural hahitat the pa=-
rasites will firstly be discussed, |
' (1),Inf1uence of parasites on populations.

In the pine plantations ho less'than eleven
indigencus’ "Parasites that thrive on E;isazmznalia
have baen discovered up to the prasent and this \
number may be taken as;the possible minimum that '
attacksvthe-pestg Riplei'gs,ag. (1934) pointed

Ot/ evnes
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~ out that in the case of the wattle bag worm,
) pghyche Junodd Heyl., ‘éer’ta‘in indji-
- genous parasites did not follew the insect
from 1ts normal habitat to the planted wattle

plantations, Since these " parasités prefer
sunshine, the conditions prevailing in the
o plénta‘ficms were apparently unfavourable to
them. There is thus the possibllity that .
this might slso apply in the case of E. ters
mug and that niore parasites may he pre-
- sent 'vin the natural hebitat than are found
in the plantations. o

| _Iri this 'c_oim:ection 1t may be mentioned
that when E. W occurs in exotic wattle
trees, unknown parasit’l;és. are always observed
aascelated togethei* Jw:jlth. the known ones in the
vieinity of the larvae in the trees. Although
E. terminnlis may very casily be reared on the
" leaves of wattle ti-ees_»nooutbreaks of this in-
seet ever occur in wattles, even when these
trees adjoin sections of 2. patula where hea\iy
defoliation oeéurs, This has been notéd_ on
many occasions in the Jessievale plantation.

The question -therefora arises whether there
are certain parasites which follow the insect
into “the wattle trees, Acgela _mglm - whic_h
i1s closely related to m m, one of ﬁha
| :lndigénous hosts of E. W -y and not
into the m‘vplantatmns. - It may be noted
that the unknown parasites observed in the in-
fé:sted wattle trees sre not in search ofother
‘fhost inseets, since E. m,mm ig the only
 insect occﬁrriné on these trees in the area
concerned. - B

In/i...‘.
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.In view df the fact that it has been
proved by tha writer that certain ef the para~
sites of E. Yerminalis are not speciﬁc, (see
chapter VIII) 1t may be assumed that the para-
'sites in the natural hebitat do not depend sole-
1y on E. mm.naua for maintainihg the‘ir nume
bers, and would hence form a établ‘a and control-
ling factor in that habitat, w
In the netural habitat with 1ts mixed flors,
‘there may also be other predators such as birds,
small beasts of prey and inseets which do not
oceur in the sterile ﬂm plantations and their
possibla controlling 1nf1uence should thus be
regarded as additional. |

N (ﬁ.) Influence of host plants on 'popu‘la‘tiori. |
The influence which the host plants may have
on thé de’creas‘adw of vthe population in fvv\()
the natural habitat is en indirect influence of
the climate. It was shown ~e;:périmentally that
there 1s only one generation per year, and as
the larvae of E. me take 8 « 10 months
to complete their cycle, they require food due-
rirg this period for sustenance, Three of the
eleven host plants in the natursl habitat are
- deciduous, Viz' Agacla &.ﬁiﬁlﬂo Z.lzinhna mucronatay
- Bhus _pmj.ﬁgag ard a further three viz. Dogbeva
- pulcbra, Ehus xehmanniana, Bhug dura, defoliate
in areas where frost occ:urs. As a res%lt of thig,
there 1is & periad of 2 - 4 months during which
food .1s very scarce. During this pericd larvae
‘which are not ready yet to pupate will show & ,
. h:lgh morta] 11::9', anﬂ this will mean a considerable

decrease :i.n the density ‘of the population in

winter'./. P
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winterg.'

_ nue to the fact that the insect occurs in
such small numbers in the natural habitat. it
was not possible ta invegtigate the 1nf1uen¢e
of the different;controlling factors more ace

curately .

(e)'_nﬁg""‘ )

With the exception of the Je531GVale plantatian,
and a few other minor ones in the 1mmediate vicinity of
1%, outbreaks cf,E.'ﬁgzmlgglzg do not occur today in any
of the Union's plantations of . exotic pinﬁs

| The papulation denaity of _Ec Jerminalis in the
plantations under consideration is higher than in the
natural habitat,as the insect's presence can easily be
detecteé and on any hot day throughout the year moths
flying around may be encountered under the trees.

The host plants play no direct part in the con=
trol cf the insect as 1g the case in the natural habitat,
‘being aVaildble in sbundance throughout the year.

In view of the fact that no other Lepidopterous
insect occurs in the plantationsy the parasites are depen-

- dant on one host insect only namely E. mm,mm Thelr
density 1is tharefore unstable and as a controlling factor
they eannot be as afficiont in the plantations as they arevf
in the nafural habitat. As a result_the density of the

E. terminalis populations is usually higher in plantations.

In an attempt to ascertain the percentage of the
popuiafion ﬁhat'is destioyed by parasites, a‘nuﬁber of trees
_ih the Spitzkop plantatioﬁ were thoroughly searched from top
to bottom:fbr'eggs and larvae. The search yielded 20 egegs
masses containing a total of 3,645 eggs, of which 3,125 had

been parasitised hy ons spacies of ege parasite, which

amcunt 8/. sée
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amounts to 85.73%‘of the total. | According'to Tooke
v(1938) 88% of the E. Sarminalis eges collected by him
in the Sabie areas were parasitised. Only ten‘larvae
 were found, of vhich two were parasitisad. By searche
ing over a large ares of the forest f1oor at differed:'
sites of the same plantation 58 eocoons were found, of e
whiﬁh 54 pupae or, 93.%6%‘were parasit&sed. | There is. L Z/”é
reason to believe that ‘the % of parasitism in this case
13 relatively high,  In Belfast plantatian, of 75-1ar— o
vae callected, no less than 49 larvae or. 65 5% wore paraﬁ |
sitised. T - |

In this unnetural habitat the effect of all the
factors of the environmentai resistance together 1s defi-
'nitely not as severs as in the natural hﬁbitat, with the
result that the population density is higher,

They prevent however an 1ncrease 1ndensity to
a 1eve1 where the insect would cause ﬁamage of aconomie

importance,

In the aforementioned aress it was aifficult to
determine accurately the influence of the different control-
1ig factors on the density of the E. w populations,
but Judeging from avallable dats it would appear that the
parasite eomplex 1s the most important controlling factor,

The 1nf1uence of the factors censtituting the
enwironmental resistance in the JéssieVale plantation could ;
be deduced with a greater degree of aecuracy since all the
material necessary for such a study is availabe during an -
outbreak. The various faehors-are,of course 1ntermingled,'
but to be sble to understand the complex as a wrole,they

ware stuﬁied separately.

.In VieW/c se
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_ In view of the fact that outbreaks occur only
-in the Jessiévale plantat;on and a:few'smailer oneg in
the immediste vicinity of it, it seems obvious that in
this area there are certain environmental resistance
factors that do not exert fhe same influence on the po=
" pulation asvin,fhe'areas vhere no outbreaks occur. It |
was found-that the most important difference between
this area and the others was found in the parasite com— |
plex. In the Jessievale plantations the number of para- -
sitised E. ,&ggg;naigg is relatively small., As soon as
the population density reaches a peak level, however,
certain fungal parasites spread and decrease the pOpula-
tion to a level fram which 1t once morse has to build-up.
gradually. _ | | | | '
| The reason for this low percéntage of paraxism
. was only: discovarea after}intensive_study and collecting.
It was then found that the main difference between the
.area of specific abundance and'the area'of occasional abun=
dance 1lies in the fact that in the former area the gene-
rations of E. _g_m;g&;;g, which has only one generation
per year, are mixed, i.e. all the stages‘mayfhelfound _
thrcﬁghout the'year. While in the latter area,‘i.e, Jeg~-
- slevale, the stages of the single generation oceur succesg=
sively, i1.e. the moths are found mainly in November, DeceM*
ber and the beginning of January,>the eggs mainly in Decenb
ber and January, the 1arvae only from January to October,
| -and pnpae only from October to Deceﬁber. (Fig.,?l).
Ths parasite complex at Jessievale, consisting
of egg parasites, two groups of larval parasites, the firstv
~of which attacks only the small, and the second only the
- largerolarVae, and pupal parasites, cah opérate only during
restricted periods each year when the instar required as
| host 1s preoent in the plantation. As a result the para-
_sites in this area have not sufficient time to increase to

numhers/.....



JANUARY

S
FEE&&RY _ MARCH APRIL MAY JUNE JULY AUGU‘ST SEPTEMBER 0C TOBER NOVEMBER ) DECEMBER
‘54 6 @l OTHER PLANTATIONS
A | we 9 0 e | THAN JESSIEVALE

Eqg Parasite

Parasite attacking young iarvae

Parasites attacking older larvae
Apantetes euproctidis - -

Pupal

Pimpla bicolor.
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.ﬁnmhers»whichr?nnld havela decisive controlling influ-
"énsa. . _ | : Lo o o
| The'main'fmctars that control the pést“pariaai§
Voally are fungal ‘parasites of the larva and pupa, 'kBut |
unrbrtunately in the case of‘the larva it only oparates
|  efficiently when the larval numbers attain peak density, and
in the pupa it only oparatas if the climate eonﬂitions |

are favourable. R |

The result 1s that tha population of the 1nsect

at 3essievale oceurs in roagh eycles in the various com-
_pertments. ' At peak population density the fungus perasite
" operates efrieiently and the population of the pest rapidly
drops to a\bagiovminimum.v Thereafter it gradually in-
_creases, with tha‘parasiteS:as'a factor exerting an in-
"rluenoe on the“rise of the logistic curva, eventually
returning to a density whare the fungus parasite may Operate
- efficiently once more, ' o
e patulg stands,
buxbreaks never occur before the trees are 7 to 10 years
old, ;EhiSilépsa 6? timé is necessary to enable the E,
ir i population to build np from the 1auest to the
peak level at whieh it is abla to ﬂefoliate the trees com-
;-pletely. | The outbraaks alwnys ocour a year or sa arter

In campartments of young f;‘-:..g,

havg
been;pruned to a helght of e&ght feet, Bbfnre that time
the trecs are so éénse that it is practically impossible -
 »feven to walk amons'themg - Fdr‘aame'time'the 1déa was pre-
 valent that, owing to the density of these stanrds of tree33

the lower branches in stands or‘young~ :

~ conditions in such cempartmants prevent cutbreaks. That
this 1s wrong, was prcved at Jessievale in compartment €26,

where one seetién ‘vas purﬁoselyﬁlert unpruned and yei, all
the treas in the entire aroa, 1no1uding those tnat had been

. left unpruned were derbliatea tha following year when they

. reaohed tha age of eight years,

Iﬁ/oo:.ooc .



700

NEEOLES

900

800

700

600

NEEOLES

400

300

200

100

NEEODLE OROP IN BLOCK A _ Jessievate

s00|

APRIL

chorod n';ﬁle drop in
Block A.

NE

*

.

EODOLE - DROP IN BLOCK B Jessievale

600
500

400,

W
o
(=]

200

100

20
APRIL

10 30 .19 9 29 18 7. 27 17 6
MAY JUNE JULY AU G. SEPT. "0CT NOV

Severed necdle drop in _ ; - SR
Block B, P . : i




124

NEEDLE OROP IN BLOCK C  Jessievale ,

800

700
600

500

-3
o
o

NEEDLES
8
(=]

100

APRIL, MAY, JUNE. ToJuLy AUG SEPT oCT

Severed needle drop in
Block C,



125

" In the older tress a shorter time then 8 s’los
years 15 required for the building up of the next cycle.
| After thé diﬁeééé hes deeréaée&'pnpulation<aensity, a
relatively high populatien ramaing %o sarva as 8 nucleué
from whidh the next c¢yele will develop.  ¥Waen the age of
ﬂﬁhe trees oxceads 14 years, very little visible_damaga' -
15 dome, despite the fact that the population of the ine
j'se@t will again incrgﬁSé'to the sta'densifylas that ﬁhieh |
cauges complete defoliation of younger trees. This faet
'Qas\éonfﬁrmed by severed naeale eounts.in\aifferent age
groups of m patuls trees, | | | |
 In order to carry @ux sueh an experimant, it
had first of all to be sstablished in which areas outbreaks
could be expected, This was done by ascertgining in which
cempartment a high moth popuiatioh was presant'dﬁring Da~
cenber and January in the verious areas,  The areas se=
I1ecteﬂlfar obgervation were ﬁhasa vhere moth density was
highest. . o
o o thrae observation sitas selectea, the first
consisted of 9 year ol trees standing 300 stems per acre,
tha second 14 yoar old trees with 200 stems per acre, while
the third consisteﬂ of a stand of trees 25 years old, stane
ding 130 stems per acres L -_J-[
| In each of the areas daily. counts were tgken for
25 weeks of the nnmber of needles sevared by the larvae on
12 sq.ftv of ground surface. 'This was done by placing on
the gréund'ih each area at three fixed separate sites; thres
boxes aach‘z faet square and 9 inches deep, and eollecting
from them and counting each morning all the needles that
had baen severed and falleng, By comparing the number of
needles eaten iﬁ the various areas, an estimation could be
made ef the relative populatian ﬂensities infesting the

three areas, -

. FI‘OIH/fa;oa
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Date. Severed Needles Dropped.
Week ending. . Block A.| Block B.| Block C.

18. 4,51 - 282 312 288
25. 4.51 253 343 239
2. 5.51 ' 342 368 342
9. 5.51 257 256 507
16. 5.51 249 258 271
23. 5.51 - 213 198 230
30. 5.51 221 226 215
6. 6.51 349 330 298
13. 6.51 341 404 401
20, 6.51 423 350 378
27. 6.51 406 390 361
4, 7.51 393 383 408
11. 7.51 - 433 402 395
18, 7.51 414 360 401
25, 7.51 461 448 568
1. 8.51 530 511 ' 492
8. 8.51 409 411 437
15. 8.51 457 510 445
22, 8.51 462 | 431 563
29. 8.51 519 - 492 473
5. 9.51 | 497 591 559
12. 9.51 483 553 543
19. 9.51 490 661 564
126, 9.51 697 711 779
3.10.51 789 591 730
10.10.51 840 704 707
17.10.51 - 703 561 800
24,10.51 468 404 ‘ 480
31.10.51 403 502 463
7.11,51 298 4 254
14.11.51 78 27 21
21.11.51 24 0 6
28.11.51 0 0 0
Total 13,184 12,731 13,618

—— e,

Table 16.
Total number of severed needles dropped per square foot

weekly in infested areas in Block A, B and C in the Jessie-
vale Plantation during 1951.

]
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Date. Severed Needles dropped.
Week ending
Block A.| Moek B,| Bloock C.

2 L [ ] 6 8
33. 5.% Z} é 36
6, 6.52 gg 8
28 s'g %’ H
27.6, 52 i 55 13
b, 7.52 4 5 27
11, 7.%2 2 1 31
18, 7.%2 8 13 30
25, 7.%2 117 36 39
1, 8.52 143 100 54
8, 8,52 98 90 102
15, 8,52 167 8l 138
22, 8,52 19 5 28
29, 8,52 175 51 kb
S5 9452 14y 61 pLS |
12, 9.%52 135 58 118
19, 9,52 87 28 121
26.9. 52 157 k9 1%6
2,10,52 123 24 168
9.10,52 156 3 162
16,10,52 154 12 156
23.10,52 97 36 91
30.,10,52 75 17 go
6,11.52 12 0 13

Total number of nesdles severed per square foot weekly in
the same ares as in Table Itdwring 1952,

Year. Kook A, Roek B, Bloek C.
1951 13,184 12 618
1952 37362 130 |8

W@

Zahls 18,

Total number of needles severed
aress during 1951, and in 1952

8q.ft, in the infeste«
the population wvas bdba«

t0 a basal minimwmm level,
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From the graphs in £ig. 71, 73 and 74 which were

prépared using the data bompiled in tables lﬁ'and 17, it
| can be observed that the population in the three areas
| must have been of practically equal density despite the
fact that there was not the same degree of visible damage,
In the yourng trees the insect population had brought about
total defoliation; in the 14 yoar old trees there were
visible signs that the follage of the trees was less dense
than normaly in tﬁe 25 year bld,trees there was no visible
sign of damage. 'Accbrﬂing to Groham (1952) the loss of
leaves in a large treec must exeeeﬂ 50% before the tree ap-
pears to be zbnormal, ,

It is thus clear that the cyeles of E. termimalis
1nfestation continue in the 0lﬂer trees, even if there are
- no visible signs of defoliation, It is certain'that this
defaiiatfian, although not apparent;" wﬂz_ exert an influence
'on the grawth of the troe, although perhaps not to the same
extent as in younger trees that have been.totally def011a~ |
ted. - _

An important question that atillvgqes.unanswarad |
in the Jessievale area, is why thé genarations bf‘E. j@gﬂﬁgv
1gg4§ are not mixed as in the other areas. It is most un=- -

',llikely that there have been no migratians from outside in-
to this plantation whidh couldvhave given rise to genera~
tions differing from those already existing in it, It
wouLd,therefaré appear-that-there are,certain»climatia fage
‘tors which prevent the development of mixaﬂfgénarations in
this area, that are nét'ﬁo.be'féundfin ihe other areas.

_ The various climatié eonditicns prevailing ot
JeasiéVale and other aieas affeétéd'bygg. jggmjnalig was
1nvastigatéd,'huﬁ no 1ight,ﬁas thrown on the problem. ”

vFo‘r/a.--...
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For cxample, the climate of Harrismith differs from that
'_prevaiiing at JGSSQGVale 1ﬁ'thaf the winte?svaﬂd suﬁmersl
_&76 colder, and in addition 1t is slightly drier, Con-
versely we have the Sabie area which differa from Jassie-
‘vala 1n ﬁhat 1t has a ‘warmer winter and summer anﬂ a higher
.rainfalx. | | | :
; L Judging from tests parformed on pupae, larvae
am eggs to determine whidh instars end stages are most
Jsensitive and subject to elimatic variations, it would ap—
pear that there is nat a single month at Jéssievale which -
s climatically unsuited to the surv1Va1 of any stage of
this 1nsect. o .
The only other possibility 15 that here may be

1cro-elimat1c eondations peeuliar to the Jessievale area'
| which are not clearly regiatered by our standard meteorelo-
glcal instruments. Extensive investigations which will
take years to complate, using much more sensitive 1nstru»
,ments are at present heiﬁg unﬂertaken by the writar in or-
der to collect data about the micro~climate. It will not
be pogsible to throw light on this aspect of the problem
. until such tlme as this 1nvest1gati‘n has been completaa.
. It 15 ofinterest to note that the plantations at
}'Spitzkop and Driekop were the first in which a state of

- equilibrium has been restored after the oceurrence of the

initlal cutbreaks. These two plantatiens:ﬂjein dense in-
‘digenous forests, while tha other plantations are fairly
~distant from them,

~ The equilibrium prevailing in the 1ndigenous
forests could therefore extend much more raadily 1nto the
Spitzkop and Driekop plantations, while it wou1ﬂ have taken

', a much_ Ionger period in the case of other ﬁ%antations.

The policy of the Dept, of Forestry 15 to preserve any in-

digenous forests, no matter how small in extent, present

1n/.....‘0.
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in plantation areas, is thus one which is most commendable
(Fig. 75). It is unfortunate that most of the commercial
trees-planting organisations have not adopted this extremely
sound poliey.

Plantations and indigenous bush
intermingled.

3. THE PARASITES AND THEIR CONTROL OF E. TERMINALIS.
(a) Insects parasitiaing E. terminalls.

When the study of E. farminalig was emberked upon
by the writer in 1949, it was a known fact that there were
four 1ndigonoui:6§c:rasitu, ‘an egg parasite, one on the lare
vae and two pupael parasites, (Tooke 1938) but what role |
they fulfilled in the contr61 of the pest was not known,

In order to ascertain which parasites occur in the planta-
tions and also the part played by them in the control of
E. terninalis, large numbers of the different stages of the
insect were collected every year in the Jessievale planta-
tion in those areas where outbreaks occurred.

The parasites are classified sccording to the
stages of E. ferminglis attacked by them.,

(1) Egg Parasites.

The most important egg parasite, Jelenomus

QF6US/ ceces
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“ W, Nixon, (Fig %) was diacovered by Tboke '
(1938) in the Sabie sren, where it was found to

" have parasitised 88% of the eggs of B. La
The only ot:her egg parasite was collected by the

| writez- from the Jessievale plantation. This pa~
| ras;te, the identity of vhich hes not been esta=

blished, occurred in only one egg mass of E. Lepre
Bigalls in 1950, and has not subsequently beon
taken éga‘iﬁ.' - It 1s possible that this is a pa= |
: rasite which normally oceurs only in the natural |
habitat and was unable to adapt 1ﬁself to condi-
tions preVailing in the plantatians.
|  The technique for detarmining the percantage
'of egg parasitism was as followss '

During the perlod in which eggs could be obw

: taimd at Je,ss,ieval—e, rogular weekly Samplés :
were collected. Bach mass was then kept se-
~ parate in & sealed teat tube, All pai'as:!.t-es
~ that emerged, as well as the number of egegs in
each test tube waz'e counted, The percentage
- of parasitism was then calculated.
The highest percentage egg parasit:lsrﬁ by 1&19_-:

. 15 in the Jesslevale plentation occur- |
red during 1950 when 22% of the eggs waere destroyed.'
In other years the percentage was much lowers

in 1951 4 0.576%; 1in 1952 : 11. 99% . n 1953 4
 2.06% and in ,1954 s 4,008, . | |

The main reason for the ‘J_ow_ pefc’entage of egg

" parasitism lies in the fact that during the sew
vere winters at Je'ssievale there are no eggs in -
 which the parasites can breed. In spite of this
there are' sufficient af then 1eft to g:ar?as':f,‘;‘ise. |
tha eggs once more in the next season. How ’they‘"
_ma.nage 0 survive during the period when no eggs
of . _tgm;m_ga are ava:llable, 1s not at al]

Cle&r/at.aoc
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¢lear, eince no hidernation of the parasite in
vegggfhaa‘as‘yeﬁ been observed. ‘ﬁhftherﬁorﬂ,“na
eggs of other Bgécies of.Légidoptera'iwahich
' they could pospibly breed are to be found in the
plontation. . " o
‘ In tables 19 and 20 the aerba obtained during
the years 1950 - 1954 oonearn&ng the percentage
of egg‘paraaitism arg given. and in fig‘ 76 these
 are indiaated graphically. o
Accerding ta X? there are no significant difu
forences betwoen maximam % paresitism of egss du=
 ring 1950 and 1952 (%2 = 3,226 D, 7, 1) nor during
~ the years 1953 and 1954 (X% = 0.611 BiF. 1) but
significant ﬁiffarenees oxist batween the figures
recorded for the years 1950 and 1954 (X% = 12,461
,F 1) and aleo durding 1952 and 1954 (X2 = 6,654
D, F, ;}9 The fact¢rs~fespnnaibie>fer‘ﬁhese Bige
| n&ficﬁnﬁ differences in parasitism are not clear,'
'buivnrésamahly-%heyfmay be aaeribed’to-variatians/

< -in.micr0uelimat1c conditions prevailing in the

. areas where {he parasites averwinter, as the per—

’cen%age af paraeztes whidh aurvive the winter
would have B prafaund influence on the number of
eges parasitieed during the next season.

 Year, ' | M&xﬁmﬂm % eggs parasitiﬂeﬁ,
1950 o '  22,0
951 | osTe
Res2 | 11,93
1954 I 4,00
\%“

Maximum percentage . egﬁa garasiﬁ;sed at the Jeaéﬁea
. vale plantation uring the years 1950»54.-g»\\

(n)/..&ﬁ .

\.g.\
LR
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1953, 1954,

20e 1453 G 15, 1.54 ¢

31, 1,93 ¢ 21, 1.54 ¢

5e 2453 C 30, 1.54 0

N0, 2,53 1.36 8. 2,54 C
20, 2,53 1,21 17. 2.54 2,30
27¢ 2453 2,00 25. 2,5 1.99
1C, 3.53 2.06 27, 2.54 3.05
11, .54 4,00

S

10,

'ﬂ:earo Yearo Yearo
1950, 1951, 1952,
Late o Date A Date 7
Collected, | Farasi- Cellectod. | Porasi-~| Collacted, | Forasi
tism, tism. tism.
23, 1,50 (0] 29.1. 51 c 23, 1.52 0
e 2,50 0 5. 2.51 o 30, 1.52 0
12, 2.50 754 12, 2.51 G 1, 2.52 1.45
19, 2,50 0,23 19, 2,51 G Be 2452 1.50
o6, 2.50 13.33 5. 2,51 0 18, 2.52 3.21
6o 350 16,99 12, 3,51 027 | 27, 2.52 5.78
12, 3,50 15,60 19, 3.51 C.50 3. 3.52 9,91
19, 3,50 17.69 26.3.51 0.58 | 18. 3.52 10,12
27. 3.50 21,40 28. 3.52 11.59
2. 4,50 22.00
20,4372

“eg parasitism at Jessievale.

20,698
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(41) Larvel Parasites. |
' The following four indignnous §arasitea af
~ larvae of,g g1 \V:'ﬁmre fcuna in the Jessieu
vale plantatien‘-, |

Metiorimae,
» {0074

‘?',Ullt Braeaﬁiw»
8).

Various taehniqu@s, of waich disseotion of
1arvae 1. the most eamman, are emplqyed to deter=
r-m&ﬂa the dagrae of larval parasitigm. Altheugh
,thia teéhniqua does indicate the pereantage of
Iarvae Whicb.EQVG been parasitiseﬂ, it 19 not
,_paseible tm establish ﬁh@ ﬁﬁgree te<whieh the inie |
divaaual p&ramiﬁie syaeiea are exe*cising econtrol
unleas the taxanamy of the‘variaus 1mmature gtages
_oﬁ all the parasitea caneerned ia hnewn. In orw
- Qex %0 aalve this grshlem, the writer made use of
the oeliuloia and orvgendie cages that have been
deaaribed.in Chapter V, in order to kaeg the host
larvée»&&iv@ until such ﬁ&me'aakﬁhé parasites |
émergaﬁq' 7@&&8 tédnnique'invaiv@s‘huch work, efw
@aciaixy'wﬁéﬁ;larg@‘nﬂmbera»of.lgfééé-a?e nsod,
bt 4% seemsd to be the only accurate method of
' 'ﬁétamﬁiﬁiﬁg wh$ah parasitﬁgSpeciaa were presents
" . The four larval parasgiton récaverea conld be
| v'ﬁiviﬂed in%o‘twé-eiaSBes aeéording'%a the ingtars

3 af the hosﬁ lafvae that were attackeaa
ecnsﬁi%ﬁteﬂ the firut

'claaa and anly-aﬁtaeks larvae fr@m the ‘gecond to
the 5th instar. As will be shown later in the
| | bi6Logy/ v e s
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able to attack older larvas.

The sescond class is composed of thres larval
parasites, which parssitise chiefly the sixth m-
stexr and wpwards, '

Jachina fallax mlways prefers the older larvae
if there is a choice between the last three stages,
but does not attack those Below the sixth instar,
Zales hlepharinug, which is also a Tachinid, will
presumadly do the came, but nntormataly this
coculd not be determined in the laboratory as all
the attempts to breod the parasite failed, The
larvae of both parasites frequently pupate only
after the infested E. ferminglig larva has pupated.

Of the three parasites, Iachinas fallax and
£ales hlepharipug sre the most important snd they
ooccur in even numbers in par:sitised larvee, whilst
Apantieles sunrootidis ocours very rarely, In the
six years during which the writer has regularly
kept larvae of E. forminalls wnder observation, a
total of anly 44 were found that had been parasi-
tised by Apanteles euproctidia.,

Out of every B, lsrminalis larva parasiticed

by Apanteles suproctidig from 17 - 34 parasite lar-
va¢ aemerged which as a rule apin their cocoons in

two rows, one on sach side of the host larva (PFig.
78) Winmememalmofﬁ.w

parasitised by 4. W in the laborutory,
Foxrty days after the eggs had been deposited in the

B ierminalis larwa, 23 larvae of the parasite
emerged and spun their cocoons. Pour days later
all the adult parasites emerged from the cocoons
within a pexriod of 5 minutes,

W...'Q.
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Bales hlepharipus.
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In compartment B.42 of the Jessievale plan-
tation, which adjoins a ravine in which indigemous
sirubs grow, literally thousands of dried, dead
2. jerminalisg larvae covered with old cocoons re-

dis

sembling those of Apanteles gRuxootialis, were
found in 1949 on the stems of the Pinus patula

tress. hat was characteristic of the larvae

was that all were orientated on the trunks with .
their heads pointed downwards, as if they had been
descending the trees but had been too weak to do mo.
However, since then this parasite hau never again
been found in anything like large numbers, and
there is no reason to believe that it is of any
apprecisble economic importance in controlling this
peat at Jessievale,

It would appear that this parasite migrated in-
to the plantation from the indigenous vegetation
adjoining 4t but did not psnetrate into it to any
extent. It is ﬁoaa#.blo that this ip a case simi~-
lar Yo that described by Morgau (1910) (Clausen
1940), namely that Apanteles coperazatus is a gene-
ral paresite on its host when the hoat atlacks
wild Sclanasceas, but when the host attacks todbaceo,
the parasite seldom occurs.

Aceording to Ulleytt (1946), Apsntelss fla~
wiventrig sp. nov. and Apantelea geraeae are perfs=,
sites of B. igrminslig. The cocoons of the forw
mer mpecies are very freguently found on . patila,
in loonlities where J. iermipalis dous not occui'.
The writer has collecied no evidensce to support
Tllyet’'s statement that those twe species are
parasitic on B. ierminalis. Although both para-
sites do ocour in areas whers §. terminallsg is

found, neither species was taken from approximately
10. 000/ ehoe
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YEAR
1950 1951 1952
Date 4 Date A Date 3
Collected | Parasi~ |Collected | Paragi«| Collected | Parasi=
tism tism tism
30. 5,50 0 2% 551 0 20, 5.52 ¢
8, 6,50 1.3 7. 6,51 0.7 30, g.52 c
14, 6,50 0,9 12, 6,51 2.4 o 6,52 0.91
22, 6,50 3.g le 7.51 4,0 11, 6.52 1.51
30, 6,50 1. 26, 5.51 3,2 18, 6,52 .70
8. g.so 6.7 1., 8,51 0.5 25, 6,52 1,20
e .50 302 160 8.51 0066 20 7052 0071
19, 8,50 1.8 29, 8,51 1,25 7« 7.52 0.93
190 9050 00302 4. 9.5‘1 ?02 250 052 0099
14, 9,50 0, 12, 9,51 3.7 » 8452 1,35
2,10, 50 2.1 20, 9,51 4,7 7. 8,52 2,00
2,11, 50 4,0 10,10, 51 5e3 l. 9.52 2,78
8,11, 5e3 17,10,51 5490 25, 9,52 2.1
1.10,52 3,98
11,10, 52 4,70
Total Noy
of Larvae 1,648 ' 1,931 1,14
ol ’ »93 y145
1953 1954
28, 9.53 0.15 |24, 5.54 0.2
B, 6,53 0,72 9, 6.54 l.Z
15, 6,53 1.91 | 25. 6,54 2.
2 [ 6053 Eng 90 7054’ 200
7¢ 7,53 0,83 |17, 7.54 0.6
15, 7.?% 0,81 |29, 7.54 0.7
250 go 1.30 11. 054 005
30 Q% 1028 2%. 8054 1.2
15' 8. 1.80 ® 9'54 2.0
1, 9,53 26 22 24, 9,54 2,6
19, 9,53 3,15 | 4.10,54 3.6
1.10053 4n05 22010054 400
10,10,53 4,60 29,10,54 5.0

Larval parasitism at Jessievale Plantation,
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10,000 B, ferminalis larvadexmmined by the
writer during the course of § years.

Another parasite at present found in the
Jeasievale and Spitzkop plantations is Compal-~
iuxs concinnats Melg. This parssite was im-
ported from the U,8.A. in 1942 and relsased in
these areas with the object of controlling
5 tominalis « This stsp had been taken defors
it waz renlised how many indigenous parasites of
B lerminalis slready ocowxred in the plantatioms,

and although the CompsAlurm SORCARUALE Was re-
covered from both areas by the writer during 1950,

it has besn established that the number of larvae
attacked by the parasite in the Jessievales plan-
tations is extremely small, and the libderation of
this parasite has thus clearly not contributed

mach to the control of B. farminalis.

That Compgilura conclunata has succeeded in
adapting itself very well to conditions in B8.A, is

proved by the fact %that the writer has already found
the paragite 20 miles west and 10 niles south of
Jeasievale in other plantations., In the Spitzkop
area it has been found 10 miles north of the plan-
tation in larvae of Nudaurelis gvihsrea, collected
by the writer in an indigenous forest.

In view of the fast that the blology of the para~
site has been worked out by several writers in
Darope and the U.8.4., 1t was not considered neces~
gary %o undertake further biological studies om
this inssct. :

In the graph {n fig. 80 plotted from the data
in table 21, two peaks may clearly be observed in
the percentaze of larvae attacked Ly parasites. The'

M/uouo-
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4two peaks may be ascribed to the two groups in which the

larval parasites occur. Matsorus trilineatug alone is
responsible for the first peak, while the second peak is

caused meinly by Iachina fallax and Pales hlaphordpus. The
trough in the centre of the graph is due to the fact that

the larvae become too big for Mataorus txillisatus to pare-
sitise, and secondly, the winter months initially curb the
activity of the second group of larval parasites. The oli-
max of the second peak appears only after the larvae have
pupated, and can only be determined by meking pupal collec=
tions,

(114) Pupal parasites. |,

In order to determine which parasites attack the
pupas and the part played by them, pupae were collected whem
available every week for 5 years and kept under observation
in the laderatory.

The pupae were meintained under conditions resem-
bling as closely as possible those prevailingin the planta-
tiony in cages covered with glass on one side to allow light
to penetrate from one side only. As soon as the parasites
and moths appear, they are attracted to the light and set-
tis on the glass 144 where they are caught,

The following parasites were obtained in this
manneyY. |

(1) Pimpla bicelor Bouche Ichneumonidae Hymenop, (Fig,:2s )
(11) P. grocata Tosq. Ichneumonidae Hymenop. (Fig. 81)

(111) H]ﬁhgmnu Higr. Ichneumonida
ymenop. Sl ¢ ° (Fig, 82)

(4v) Ipobracen Lugepmg Br. Baoonidae Hymenop, (Pig. 83)
Three parasites were also obtained, Ae. X.82,
Ac,X,84 and Ae.X,108 (Fig 84), Of these three, only Aec,
X, 84 wag identified as a Pimpla sp., while the identity of
the other two has not been determined,

0’/0.00..
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YR
195%0-1 1951=2 1952-3
Date 7 Date < Date 7
Collected | Parasi«| Colloctod | Parasi« Collected | Parasi-
tienm tism tism
011,50 1.5 30,10, 51 2.1 20411,52 4,7%
12,50 0.5 6.11,51 7.7 | 24.11,52 4.9
15.12,50 1.g 13.11.51 1c.0 29,11,52 5-3
220 120 50 20 22. 119 51 12- g 10 120 52 OO
3. 1.51 a.s . 29.11.51 11. 50120 52 609
11, 1.5 o0 12,12.91 13,5 10,12.52 .
19, 1.51 Z.2 21.12,51 14,1 13.12,52 6.5
26, 1.51 o4 3. .52 14,3 21l.12.52 .0
4, 2,51 3.6 26,12.52 11.3
B. 2.51 .% 29.12. 52 1601
15, 2,51 14, 5. 1453 1g-9
10, 1,53 16.0
Tios of —
pupae 8,144 6,728 11,021
vead
T T T — )
1953-4 10545
17.11.53 | 0.3 | 15.20.58 | 2.7
24,11, 53 1. 1t 3100 54 ?03
1.12,53 0,8 20,10, 54 5.3
9012‘ 53 202 6.11. 54 6.
19.12,53 22 10.11,54 G.Z
30.12.53 342 23.11,54 6.,
7¢ 1e54 %-6 "0,11,.54 8.65
14, 1.54 ol ©.12.54 8.7
21, 1,54 D.g 15.12, 54 8.4
2., 2,54 | 11, 21.12. 54 9,8
10, 2,54 | 15.3 23,12.54 | 10,2
: 2, 1,59 12,7
13, 1.55 12,7
2e 2,55 | 14.7
Tov of -
pupas 6,759 12,223
usaeG :
=== e e e e
1able 22.
Pupal parasitism at Josslevalae.
I ' : } T
_7.'_ T,—.f 195053 ! f '
R W :?2:: E i"//
v"‘ : ‘.:.-',.:Z::: /,./:i {'
- IS it B
¥ X T """" 97 % . i’%,/‘e . ;. 7l
) -"’ ;'; ’ . . l '
R "/, - /‘. i - 4'—/’!'7,5;;" : T ' j .
T ocrzc'naen ¥ NovEMBER ® hecenslBe 3 éJANuAgw ; 2 FE:BRUIRV ]
- 86. - -

Pupal parasitien during the voars 1C50-55 at
_ ceesievale.
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01‘ all the pupal parasites it was only pos sibie

t-o infest pupae and rear to maturiw the three Pimple sppe,

W falanocars Higys and AceXe 82 in the laboratory.
| on lugang Brs and Acsx¢108 were obtained from pupae

ces.leetaé in the plantation ut al:l attenpts to mi'est Priw

* pae with these parasites have ‘r.xeen ansuecessful. It may

aven be that thase two specma, 1like the '.rachinids mentioned
above, are larval and not pupal. parasites, chevar, in the

‘ 1aham~hory they aid nat oviposit in larvae exposed to them,

" The cmly parasite of the above mentioned seven
that has any value in the eontrol of Be nalis pupae .
icolop Bouche, The others oceur
in such smnll numbers that in most years they cennot sven

be traced in pupal eoneations. For this reason thsa graphs
in Fig, 86 that were pletteﬁ i‘mm the data compiled in tae
ble 22 reflect anly the pareantage parasitism by Plupla bie
£olor, The biology of Bs Mﬁ: has been worked cmt and

appears later in this thesis.

There 1s no significant difference between the
lowest % of pupal parasitism, which was recorded during 1951,
anﬂ the highest perentggé which occurred during 1952
(x2 = 0.4@38 D.Fal), which once more indiecates the stability
of effoct of this group of 'parasites in eontrolling E. tere

Tha highest percentage of parasitism that ocecurred
in the pupa was 18,0% in 1952/ 53, while the lowest was 14.3%
in 1951/52, The pupal parasites, particularly B. bicolery
are therefore much more stakle than the egg or larval paw

rasi‘i‘:ésg whore the variation in the different years was con=

siderably higher.

(iv) COmbinea ‘influence of all the parasites on the
rpinalis population,

of all stages

| The maximumnumber@f&‘.,»
destroyed by parasites between 1950 and 1954 occurred in

1950/&.;-060
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195% when it reached only 41,29%,

In tadble 23 the percentage paragitism that oe-
curred in the Jessievale plantation from 1950-54 s re=
flected,

£ destroyed ty Parasites.

Young Older Total populae
Yeay Eges | larvae | larvae | Pupas | tien paruitinq

Ww

1950 22,00 6.7 503 14,8 41,29
.95 0.58 | 4,0 5¢9 14,3 23,03
1952 | 11.99 | 3.7 4.7 18,0 33.77
1953 2,06 | 2.9 4,6 153 22, 84

1954 4,00 | 2,6 5.0 14,7

Zable 2.
Average of population destroyed in 5 years 329.63%’

Acsording to de Buch and Smith a "parasite, to
regulate the population density of its host, that is, if
it 1s to hold the population density within limits, avoid-
ing either excessive increase or extermination, it must
have the amnty to destroy a greater fraction of the host
population when the density of the latter is higher than
vhen it 18 low", ‘

The average number of the population of B, Lar-
ginallis destroyed by parssitism over a period of 5 yesrs in
the Jesgievale plantation, in those areas only where th§
population was at 4its peak level amounted to a mers 41,29%,
?or paragites to play an appreeiadle roll in controlling
tbuild-up of the host insect, it is generally accepted that
paragitisa should at least excesd 90%, It is thus clear
that the parasitesof I, farmipalisg 4o net play & major part
in suppressing R. l1aIminalia porulations in the Jessievale
plantation,

(b) Pamsitis Omel in the conixel of E. tarminalis.

The factors playing the most important part in the

oontrol/,..
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control of E. terminalisg in the Jessievale plantation,
are fungal parasites amongst the larvae and pupae. The
mest important fungal parasite amongst the larvae, 18 the
grey or locust fungus, Empuga grvlld Fress., and amongst |
the pupae, the fungus Jsaris farinoss (Dicks.) Fr..@;é; ”_\'u;@’
@and bactorial dliseases also oceur amongst the iarvae, 4
but they are of minor importance when compared with Bp-
musa grvlld.
(1) Pungsl parasites of the larvas, ‘
The grey or locust fungus (Fig 87 and 88) which
is the most important factor in the control of . farminalis
larvae was found on locusts in South Afriea as early as
1896, Various workers, such as Skaife (1925), MeMartin
(1935) and Schacfer (1936) investigated the occurrence of
the disease on the red locust, Nomadacris geptemfsagciata.
Their general conclusions were that the fungus
could not be bred and that it was not at all clear how the

disease was transferred from one insect to another,

Eig..88.

Germinating conidia of E. 11.
(After E, Schaefor)%m—

A general/.......
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Plots vhere larval counts were carried out.

Plot organised for larvas to pupate.



A gensral opinion was that an outbreak of hEp=-
ouas £2¥111 had to be preceded YWy copious reins, as in
most cases the disease was nogieod, on locusts only afe
ter such vains had fallax;. MoMartin (1935)y however,
found that an outbreak of the disease amongst insects
occurred befors heavy rains, vhich can be confirmed by
the oi:urvattona in the Jessievale plantation,

After a stndy of the occurrence of this parasite
on E. larminalis, it ﬁaa concluded that it was chiefly a
densgity mortality factor,; as the larvae become infected
by the fungus at the stage when they had reached peak den
sity of population,

The fact that the fungus occurs amongst locusts
"~ after heavy mains, is probably u}atd to the fact that
large numbers of locusts hatch after such reins, with the
resalt that their population density is high enough to cause
such an .m-‘m.

In the Jessievale area it was frequently seen that
vhere 'thn pepulation of B, tarminalis in & compartment was
high enough to cause defoliation, they perished in large
numbers from Enpusad KXYALL infection, while in adjoining
compartments where the population was at a lower level, it
was & rarity to disoover a larva that had succumbed to the
fungus,

The eritical density to be reached by the R, tar-
pinalls population before this fungal parasite operates at
peak effiecacy in the Jessievale plantation is equal to the
population dengity required to bring about complete dafoliae
tion of compartments of 8 - 10 year old P, patulsg trees.

As shown in Fig, 72, 73 and 74, the population that defoliae
te young trees 1s unable to cause visidle damage to larger
and older trees, and the reason why the larger trees are
not defoliated is because the mngﬁu wipes out the popu-
lation of E. tarminalis before the pest is able to reach the

required/ceaessce



required denglity to do so, This density varies between
30 and 40 larvae in the crown per sq. foot of soil sure
face below a tree, since this is the number of larvae
per square foot needed to defoliate an 8 - 10 year old
treo,

In order to ascertain the exact mumber of lar-
vag that suscumbd to this parasite, the following experi=
ment was carried out in the Jessievale plantation during
1951, . '

In an area whers an outbreak of B, taminalis
threatened, four plots of 40 x 40 feet on the forest floor
were completely cleared of leaves and other dedbris, The
ground, 1evelled and firmed down whers looses (Fig. 89),

The plot was then completely fenced in by stocking
round it logs of 9 inches diameter in three tiers. The
outside of this fence was banked up to the top with soil,
There was no point in the fence through which larvae could
esoaps, lLarvae that had fallen from a tree by accident
into the enclosure climbed up the 27 inch fenae for only
a small distance, than retumed to the solil gurface,

The four plots contained an average of ten trees
each, and their crowns, and the srowns of the tress outside
the plot touched to form a eclosed canopy. Each morning
all the larvae that had died and dropped to the ground duw
ring the past 24 hours were ccllected and counted.

When the time arrived for the larvae to pupate,
the plots were organised in such a way that they were able
to pupate within the area and eould sasily be retrieved
(Fig. 9)., The rough bark around the basts of the tree
trunks in the enclosure was removed to prevent the larvae
from pupating unseen in the erevices in the bark, Round
the trunks and along the inside of the fence a strip of
needles 6 inches wide and 3 inches deep was stacked on the
gromnd, Distributed over the plot small round billets of

wood, 4 inches thick and 12 inches long were stacked in
groups/ ¢e.
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groups of three, the bottom two being placed paralel]l to
and in contaet with each other, the third one being placed
on top of the basal btillets, The shelter served as an
excellent place for pupation,

The needles and billets were examined once each
weak, the pupae present were collected and counted,

In the four plots covering 64,000 square feet,
117,495 larvae pupated and 187,000 (91,48%) larvae had died
of Giseases consisting mainly of Zmpusa grvili. The ave-
rage density in this area was therefore 32,08 larvae per
sq; £t, of ground surfaece.

The pupae collected in these plots wers not used
to determine the persentage of parasitism or to determine
the percentage of pupae killed by lsaris faringss, in view
of the fact that they had not pupated in their normal sites,

(11) Fungal parasites of the pupa, ‘

The only fungal paragite oceurring amongst the
pupas of B, ierminalig in the Jessievale plantation 18 an
entomophagous fungus, JIsaria farinasa (Pig. 91 and 92), In
America (Hewitt 1912) and the British Isles (Petch 1948)
this fungus is well Imown as 2 parasite of the pupae of ine
sects, The infeeted pupas of L. lerminslis collected by
the writer in 19% in the Jessievale plantation provides
the first known record of this fungus from South Africa ace

conding ia division of Botany of the Qapt, of Agriculture,

2 8 A
Euproctis w& atta?kcd by ¥
m L E X XX §



dsarda Farinosg Fr.

A, Habit of the fungus on dead caterpillar of Bombyx
rubl, after Tulasne, ¥

B, Fertile hyghae ending in conidiophores and conidia,
after Tulasme,

Ce Habit, after Ferraris,

Habit of the fungus on Luproctls terminalls at Jes-
sievale, magnified, :

By L e

Fertile hyphae with conidiophores and conidia from
Jesslevale specimens,

K. Conidia from Jessievals specimens.
L, e with detached conidia adhering to them, from

essievale specimensg,

This fungus developes in the pupas lying under
the naeedle mat and pushes its fertile hyphae from the pupa
to the surface of the ground where they become white due
to the large number of conidia on them, The conidla scate
ter on the forest floor as a result of the action of wind
and rain, and the . terminalis larvae moving about in search
of a suitable place to pupate, become infected with the conie
dia, and the fungus then developes in them,

In fig., 92 which Dr. P,H.B, Talbot was kind enough
to prepare, the difforgnt stages in the development of the

fungu’/ocooco
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fungus are pictured,

Adult B. ferminalls larvese on the peint of pu-
pating were allowed to erawl over Moctod pupae covered
with white conidia, in the laboratory, and in six of the
ten larvae, laaria faringss developed in the pupae, while the
other four appeared normal and emerged as moths, It appears,
therefore, that the fungus, unlike Empuss m, 18 not d¥-
ficult to transmit to healthy insects, '

Judging by the pericds of outbreak of this fungus
in pupae, it appears that conditions of high moisture are
required for the disease to develop, Table 24 shows that
during the years 1951/53 a considerable number of pupae
were killed by lsaria farinosa, while in the years 1949-50
and 1954 there were so few that the figureswere in every
case only a fraction of one percent, In the years when
the outbreaks cocurred, the rainfall was above normal in
the three months during which the pupae were present in the
Jessievale plantation, In the other three years the raine
fall was below normal, The hiaust\pcroonta-u of pupae
was destroyed by this diseass during 1951,

Ay

outbreaks and rainfall
period at Jessievale,

Combined/, .o

Rainfall in m,m,

ear pupag dead | October | November | December | Totaly.

949 - 91.4 93- 2 17". 8 358.4
1950 - “03 82 215.7 3640 2
1951 74 12%,4 41,7 229,0 396,1
1952 66 46,6 225,5 175.1 447,2
1953 62 64,8 305,0 75.1 445,11
1954 - 100,9 1780‘ 537 330,0

dable 24.
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Up to the present the attention has been dram,
and as far as possible in percentage form, to the pro-
portion of E. terminalis populations annually destroyed
individually by the various factors comparing the environ-
mental resistance of the insect.

Thq only year during which full information was
obtained concerning the controlling influence of each
factor was 1951, and in table 25 is reflected the combined
influence of all the environmental factors in an area
where a complete defoliation has occurred-

. It can be clearly seen from the table that during
1951, as experimentally determined, 99,71% of the E. ter-
ninalls population was destroyed by the various controlling
factors, Empuga grylll clearly being the factor responsible
for most of the mortality,
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0.58% | 4.0% | 5.9% |91.48% 14.3% | 74,08 99.71%

97.38% 88.3%

Table 25.
The sum of the environmental resistance
factors at Jesslevale during 1951.

The various factors which collectively serve to
control) E. terminails vary considerably in their individual
effeetiveness. By referring to Table 25 it will be seen
that there is no s;gﬂiricant difference between the control-
ling influence exerted b§ the egg parasites, and these af~
fecting the young as well as the old larvae (X? = 3,070.D.F.2),
but there is a significant difference betwes parasitism by

811/ eeeees
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all the above mentioned ﬁarasites and the pupal parasites
(X = 3,005 D,F.2), It would thus appear that of the in=
sacts parasitising B. Lorminalls the pupal parasites have
the highest value, :

Although there 13 no significant difference be-
twean the effectiveness of the fungus parasites, Enpusa
EXvlli and Igaria farinosa (X2 « 0,444 D,F,1) 4t must not
bo loat out of sight that J. farincsg destroys relatively
only a small preportion of the total population,

During the years 1949/50 and 1952/54 it was pos;
sible to determine only the controlling influence of the
insect paragites and the fungus Igaria farincsa. An ex-
periment such as described to determinae the exact 1arvg}
mortality due to E. gryvili, is an enormous task that could
unforeun;t;ly not be earried ocut each year,

In view of the faect that, in any compartment in
which an outbreak occecurs, thousands of dead larvae infested
by B. £rylll msy always be found, it can be ascepted that
this disease, in any such year, plays as vital a part in
reducing the population density in the affected areas as it
did during 1951 when the detailed suivuy and analyses could
be made,

vuring the year immediately following one whan
peak populations of B. farminalls have been nearly complete-
ly wiped out by E. grvlli, no fresh outdreaks will occur in
that particular section of a plantation, In the graphs
plotted in Fig, 72, 73 and 74 the drop of severed needles,
during the year after such a peak pepulation has been near=
ly wiped out by the fungal parasite, is compared with that
recorded during the preceding year, It is abundantly clear
that the population level the year after the parasites had
played their part was extremely low, From this point the

oycle begins anew, the population density increasing pro-
gressively from year to year until once more the critical .
level is reached and E. grylll once again exerts its vital
controlling influence,
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1, TELENOMUS PHEGEUS,  NIXON.

Adult, Ielenomus shegeus (Fig. 93) belongs to the
family Scelionidae, all the known members of which are

parasitic upon the eggs of insacts., The genus laelenomus
is known to be parasitic only upon the eggs of Lepidoptera
and Hemiptera.

E- i b,
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. TELENOMUS  PHEGEUS, NIXON. I

Eig, 93.
The adult Telenomus phegeus Nixon,

(a) Breecding Techinigus.
This minute parasite, which attacks the eggs of

Euproctis terminalis breeds very readily under laboratory

eonditionsy/ceee
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conditions, and to study its blology, the freshly laid eggs
of E. Lerminglig were used, The egzs were removed from the
hair mass, with which the moth covers them, and were evenly
gpread on wetted gummed paper to which they idhere as the

gum dries, ©BSections of this paper with the desired number

of eggs on them were cut for experimental use.,

(b) Feeding and longavity of adulis.

All experimental work was done under laboratory cone-
ditions at 20°C,
The parasites were reared in Petri-dishes or
glass vials containing a smell pad of moist ecotton wool
and were found to thrive on a honey diet provided that it
was made avallable to them in such a way that they did not
get stuek in it, In order to prevent this, a drop of
honey was placed on the side of the Petri-dish or glass viasl
and a pilece of perforated paper was then firmly pressed
* over the honey, covering it and thus adhering to the side of
the glass container. The parasites were then sble to feed
safely through the holes in the paper.
The influence of food and water on the longevity
of 55 parasites are given in table 23, where it is clearly
shown that starvation and lack of moisture tend to shorten

the life of the insect.

With food Without food
and water, and water,
Fvﬂraga period in days. 16 ' 7
3 &
: [Btandard deviation - 5.467 - 0,1054
Figniricant difference 1.4212
Zable 23,

Longevity of adults,

(e) Oviposition/.«.
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(e) Oviposition.

The males are normslly the first to hatch and imme-
diately the females emerge from he eges they mate with them,
The females smart ovipositing the same day on which they
emerge.,

The Euproctis eggs on the gummed paper were kept
in Petri-dishes for easy observations under the mieroscope,
It was found that when a female is released into a dish
containing eggs, she immediately gpproachnu then, climbs
on to an egg, rapidly tapping it with her antennae, and then
alights from 1t to go to ancther egg to repeat the perfore
mance or to start preparing to oviposit. In order to do
this, she sits right on top of the egg, bends her dbody down-
wards, extending the ovipositor, and with the help of backe
ward and forward movements of the abdomen, pushes the ovi~
positor obliquely through the side of the eggs ©She nor=
;ally remaing in thisg position for an average period of
3 - 3% minutes, although some females have been observed to
remain for as long as 15 minutes,

Solt (193%) states that one of the factors by
means of whieh the parasite Irichogramma can distinguish
between parasitised and unparasitised egrs 18 a chemical
trace left on the surface of the egg, He maintains that
this chemieal trace is not a body odor of the parasite, but
a more specific smell probably produced dy glands on the
torsi, and that it is left not only on hosts, but also on
the substratum on which the parasite walks, Owing to this
method of diserimination, the parasite sometimes mistakes
healthy for parasitised hosts, and these, therefore escape
parssitism and are important in the population problem.

In I. phegeug, howaever, this method of distinguish-
ing between parasitised and unparasitised egss is further
developed, After the perasite has oviposited in the egg,
ghe withdraws the ovipositor, and with the extruded ovi-
positor, she brushes the eggs with a cireular movement,

This action renders the egg imrune to any further

parasitization/....
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parasitization, In this instance a smell is prodadly pro-
duced by the glands of the genitalia which acts az a dig~
eriminatory oder, and the parasites thus never mistakes an
egg that has been treated in this manner for an unparasitised
ons,

The only instances whers two females were observed
to oviposit in the same egg, was where they started to ovie
posit in the same egg at the same time,

When the parasite attacks an egg cluster which is
st111 covered by the long hairs from the anal tuft of the
female moth, it will either insert its ovipositor right
through the bhairs or make its way through the hairs and ovi-
posit when in contact with the actual eggs.

Under normal conditions, eggs up to the age of
four days are readily parasitised, dut thereafter females
will only oecasionally attack the eggs. This phenomenon
is also mentioned dy Moutia gf. sl (1952) in their work
on the ege parasite Platvtelenomus hylas. Nixon, It was
found however, that if eggs were kept in cold storage at a
temperaturs at which the B, tarminalis embryo ecould not
start developing, they were readily perasitised even if the
eggs were kept for as long as 30 days, but if kept for
longer than this, the Wltes were more reluctant to ovie
posit, ¢

Balduf (1926) has, however, observed that
Jalenomus gosmonanlag Gahan, will oviposit readily and with
suscess in the egg of its host, even if the embryonic nymph
of the host has 80 far developed that its pink eyes are
visidble through the chorion,

In order to study the parasite in the egg of its
host, the strongly chitipind choricn had to be broken and
in so doing the contents of the egg was sc disturbed that
48 was impossidble to determine exactly whers the parasite
egg was situated, Clausen (1940), however, found thp% the
egg of Islenomus Rlyvattl floats free in the yolk betwesn
the amnion and serosa, and that the young larva lies in

‘ the/ceees
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the outer yolk layer and is attached by its mnth-@i.
to the serrosa.

By opening the egeg of E. farminalis it is easy to
determine vﬁ‘cthcr it has been succesafully parasitised or
not, The contents of the parasitised eggs are much less
viscous than those of healthy eggs. Through this faet no
' ‘t:lmo was wasted in searehing through an unsuceessfully
parasitised egg for the parasite,

The cclour of a newly laid egg of E. larminalis
is a light pastel green which gradually changes to a buff-
yellow in two days. The colour c¢hange occcurs even when
the ege has been successfully parasitised,

The egg retains the duff-yelleow colour until the
parasite larva within it lt'lrtl to pupate when it changes
into e dirtywhite colour, As the pupa becomes darker, the
eggs show up first and lagter the whole pupa becomes faintly
visible through the ehorion, (Fig. 98).

The eggs of the silkworm were tried as an alter-
native host, but I. phegeus weuld under no eircumstanses
accept them,

(4) Rictis Potential.

In most of the Scelionidae the reproductive capacity
is relatively low, The average number of E. ftarminalis
egrs a I. nhegaus female was able to parasitise successfully
was 48, the maximum being 76, -

This parasite is exelugively a solitary one, and
even in the rare instances where two females oviposited in
one egg at the same time, only one parasite emerged. ;

() Life gyale and morzhology of the immature stages..
To establish the life cyele of this parasite, parasi-

tised E. farminallsg eggs were opened at regular intervals
and observations made.

The complete life ecyele of I. nhegaus takes from
17 = 23 days, whereas I. gosmoveplas (Balduf 1926) eompletes

1¢'8/cevnces



164
. 1t's 1ife cycle in 9 = 10 days,

The egg hatch-within 24 hours after oviposition,

The devhlopngpt of the first instar takes from
70 = 84 hours to be eompleted, after which the larva moulis
to enter the second instar, which lasts 16 -« 20 hours.
There after, by a further moult the larva passes into the
3rd or final instar which has a duration of 20 «24 hours,
followed by pupation, The pupal period is extended over
a period of 15 - 16 days.

s e m—
Instar Average Standard
Duration. " deviation,
B ST T T SFERT ﬂi —
g 24 hours 1,304
irst larval instar 75 hours 4 1,582
econd “ " 18 hours
4 2,889
hird " " 22 hours ‘
Papn 16 hours $1.479
T e = e e s L ]
iahle 24,

The duration of the immature stages of

Lo n&g;ggg in hours The information waa
obtained by openi *150 parasitised K.

' OEES»
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Egg., (Fig. 94)

The egg is ovate with a slender stalk, there
being no visible demarcation betwesn the stalk and thedge.
The chorion is smooth and devoid of sculptures. The total
length of the egg is 0,2 mm, while the stalk is 0,075 mm,
long, The contents of the egg has a granular appearanse
in contrast to that of the stalk which 1s clear,

Pirst Instar, (Pig. 95)
The first instar is trensparent on eclosion and
a typical teleaform larva, which is deserided by Clausen
(1940) as followsi=
*"Body segmentation not vigible, dut the
ccph;lothorax and abdomen seperated by

a constrietionj the mandibles very
: large/..e
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large, usually fleshy and difacted ventral ;
the abdomen almost spherical, ‘ith one or
mors rings of long delicate apines, and a
long heavily sclerotised bladelike process
directed»vunffal on the last segment.”

O .

N

Eige. 94,

The egeg of Telenomus phegeus,

The only respect in which I. phegaus differs from
the above deseription is that the blade-~like process or
tail, is fleshy and not heavily sclerotised. Anteriorly
the tail has a short spine on its dorsal line,

The two fleshy, sickleshaped mandibles are con-
tinuously moving up and down, and they probgbly break down
the contents of the egg with these movements. Below the
mandibles, on the median ventral line, is a fleshly process,
which may probably represent the rudiments of the labium,

The/seess
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The abdomen increases greatly in size as the larva
grows older. The growth, relative the time in hours, is
shown in figure 97, '

First instar of T, phegeus,

Second and third Instars. (Fig. 96).

The second end third instars have lost the sickle-
shape mendibles, the tail, and the setae. Only a faint
segnentation is visible on the sac-liim body.

These two instars look so much alike, that if it
was not for the fact that a second snstar larva was by chance
found to be moulting, the wn&er would have presumed that
there were only two instars., If any spiracles are present,
they must be very rudimentary, as Z_ ecould be observed. Z”W“C

Fige 96/ e ee
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last instar larva of T. phegeus,

By.the time the larva pupates, 1t has eonsumed the entire
contents of the egg, except for a solid greenigh substance
which is found flattened inside the egg against one side
of 1t. This subsistance is probably the undigestable
food and the larval skins and excretae. Balduf (1926)
observed the same substance in I. goamopeplae, dbut in this
case it was yellowish in colour,

Pupa, (Fig. 98),

The pupa, which iz slightly eurved in the egg,
1s at first white, but it graduslly becomes darker in colour
until it is a dark brownish-red, The compound and eyes
exhibit this colour change before the rest of the pupa and
-for this reason they are the‘first organs to be observed
through the chorion, Within 36 hours the whole pupa be-
comes darkly pigmented and is then quite visible through
the charion,

Fig. 97/0---_.
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The emerging adult I.phaegaus.

The adult emerges by cutting an irregular hole (Pig. 99)
with its mandibles through the charion of the egeg of the
host.

2. METEORUS TRILINEATUS,

(a) Feeding and longevity of the adult.

Meteorus irilineatus (Fig. 100) were kept in
wooden boxes with glass tops, and fed on honey and sugar
spread over moist cotton wool., It is possible that they
do not feed in the pine plantations owing to the lack of
flowers from whiech to obtain neetar, but amongst the
indigenocus forests and shrubs they probably live much
longer, as there is an abundance of flowers from which they
can obtain nectar, It may be noted here that food is not
necessary for normal parasitism to occur. If the adults
do feed, however, they live longer, up to 40 days, and are
therefore able to parasitise more larvae; adults which
were kept without food only lived for an average of 28 days.

o ?uo 100/......
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Meteorus trilineatus.

It has been oﬁservod in some cases that adult
parasites feed on the blood which ocozes out of the wound

made by the ovipositor while laying the eggs The phenoe

menom was never observed in XM, irilinestus, although blood

droplets were of'ten formed on the wounds, espeecially in
young larvae,

(b) Mating apd oviposition.

Mating takes place soon after emergence and in some

cases the male will follow the female for quite a while bhee-
fore copulation occurs,

Oviposition may commence as soon as 10 hours after
emergensce,

The female M. trilinsatug apparently recognizes

the host by rapid, continuous tapping on the larve with

th./l‘OOQT 70
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the antennas, Following such recognition she becomes
very excited and will retum to repeat the performance,
Ehe then raises herself on her legs, bending the abiomen
domwards and forward, so that the ovipositor is parallel
with the venter and projests between the anterior legs.
At this stage she slowly advances towards her vietim,

If the larva does not move she will remsain momen-
tarily motionless bsfore thrusting the ovipositor into it.
If, however, the larva should show signs of movement she
will, witlmu\l: hesitation, quickly thrust the ovipositor
into it, withirawing it almost at once, and leaving only
one egg in the Pody of the hosts, The whole process of ovi-
position is completed within h fow seconds,

Epipanuitiam* was frequently observed in the
laboratory 1f parasites were confined in a cage with one
or more Ruproctls larvas,

‘Larvae which were dissected were often found to
contain a number of eggs or young parasitic larvas lying
in the haemocoel, As meany as seven eggs were observed
in some larvae, but; exeept in one instance wherever epi-
paregitism occurred it was found that only one parasite
emerged, In this one ease, two adult parasite lavae
emergad from one Euprogtis larva, Quite often more than
one dead first instar larvae were roﬁnd together with a
live one, In such cases, the surviving larva appeared to
have fed on the dead ones. (Fig, 101), This phenomenon
was never observed in material collected in the field,

* This term was suggested by Haviland (1922) for cases
where & single host has been successfully parasitised by

several individuals of the same species of paragite,

Fig. 1010!“0.&!.0
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Dead First instar larva.
When the ovipositor is thrust into the Euprociis larva,

it is accompanied by pronounced writhing movements on the
part of the larva, This continues for a couple of seconds
after which the larve will crawl quickly away. If the
same larva is shortly afterwards again approached by a
parasite, it will 1ift {ts head and thorax and swing them
violently to and fro the moment the parasites antennae
touches it. In many cases this movement 1s suecessful

in chasing the parasite away. .

Oviposition takes place readily and rapidly,

In one insteance a female }, irilineatus parasitised seven-
teen larvee in half an hour, In many cases, however, a
‘successful thrust of the ovipositor through the larval skin
'does not ngccssarily ensure successful parasitation, since
it has been observed that out of 105 larvae attacked, only
80 parasites eventually emerged.

The parasite does not appear to choose any par-
ticular spot on the larva in which to oviposit, although
Athz thoracic region was found to be the area most commonly
attacked. In certailn cases the parasite tried unsuccess-
fully to parasitise the lﬁrvao in the head c¢capsule.

A series of laboratory experiments were conducted
io determine whether M. irilinestusz could reproduce
plrthonogoneﬁxically.'

In order to ascertain this§ cocoons were isolated,

Qﬂ/ocnoo-
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on to a petri-dish, and all unfertiliged females which
emerged were placed together in specially constructed
cages. (Fig. 102) with unparasilised Euproctis larvae.

: The cage consisted of a celluloid c¢ylinder, two
inches high, and just wide enough to fit closely into the
bottom half of a 10 ¢.m, Petri-dish, The bottom half
of another Petridish of simllar size was placed on top of
the cage to serve as a 1lid. The behaviour of the parasites
placed in this type of cage could be studied with ease under

a binocular miscroscope.

Paresite cage.

In 411 cases they readily parasitised the larvae and a
nhmﬁer of adults emerged from them. From this evidence
it can be concluded that M. trilinestug tl not only

p¢rthe nogenetic, but also arrhenotokous,‘as the ovipositing
§s. Fertilized

v irgins constantly produced nothing but
fpmales, on the other hand, produced malo \?nd females in

approximately equal numbers.
/
(d)\

~j&\‘ Only larvae from the second to fqﬁ# h instars can

! ’1‘\!‘
: b? successfully parasitised. The parasitées often attempt
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to oviposit in eaterpillars of a later an.s;f; however, but
are never successful, as they are unable to'penntrate the
thick integument, In such cases the paras@ic may apply so
much pressure in trying to plerce the integument that it

has often been observed to dislodge the lnrvir It has been
noted, however, that newly moulted larvas of the fifth
instar are quite often successfully perasitised, but this

is not possible once the chitin has hardened.

When the first instar, or very young second instar
lervae are parasitised they usually die, probably as a result
of the wound eaused dy the ovipogitor, and also through
s¢hock, This is not the case with the older instars,

In the younger larvae a drop of fluid always oozes
out of the wound, but this very seldom happens in older larvae,

For the first five to six days after parasitism the
larva feeds normally, but there after it remains stationary
in one spot, spins a few silk threads onto the surface on
which it i3 resting and remsins there until it dies,

When the parasife/is fulgrown, it gnaws a hole lﬂbﬂw“'
through the larval integument, through which irregular rupture
it wriggles, and comences spinning its cocoon, The
Euproctis larva continues to live for anothsr ten days,

but navir pupates,

(d)

Egg: The egg (Fig. 103) which is oviposited in the
host larva is attached by a pedicel to the internal organs
of the larva. Many authors seem to doubt that the pedicil
is ever used as an organ of attachment, but Faure (1926)
also observed the same phenomenom in Apanteles glomeratus.

The pale bdrownish-yellow egg is cylindrical in
shape, being rounded at the énd bearing the myeropjyle,
while at the oprosite end is situated the slender tapering
pedicel,

The total length of the egg is 0,2mm,, while the
pedicel 18 0,06 mm, long, The thin transparent chorion

beul/,ooooto
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bears minute hexsgonal markings.

h

The egg of M, trilineatus.

After the egg has been laid, the embryo starts to
develop, and the egg increases in size. The stalk, however,
remains the same size throughout, The ehbryo increases
gso much in sigze that just before the larva hatches - after
120 hours - the egg, excluding the stalk, attains a length
of 0,8 ~ 0,9 mm, with a width of 0,3 mm, at its widest point.
(Pig. 104), This increase in sige during inecubation
is mainly found in the Euphorinae¢ and Metiorinae of the
family Breegonidae, and it is probably due to abiortion of Z 3
fluids from the host by the developing embryo.

When the larva hatches from the egg it is com=-
pletely enclosed in a membrane, called the trophic or
throphamnion membrane., (Fig. 105), The membrane occurs
in the Braconidae, and specially in the subfamilies,
Hlurozaltépinao, Meteorinae, Eupharinae and Opinae, In [«
Meteorus pnigricollis, however, the membrane does not cover
tha larva after it has hatched, but remains in the egg shell.

\ ’ Moteorug/ceecenses



Meteorus trilineatus, on the other hand, 1s en-

closed by this membrane for about 48 hours after it has
hatchedu

Ventral aspect of embryo.

O:5. mm. A

The trophic membrane consists of one layer of
transparent hexagonsl cells and as the larva grows in this
"envelope” the cells of the membrane also increase in size.

The/ssesssecss
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The cells continue growing after the larva has
broken out of the “chvalopo'. At first this torn membrane
retaina its shape and foram, but after 24 hours the membrane
cells, which have now become spherical in shPae, dreak apart
eand resemble a buneh of grapss, The individuasl ¢ells begin
to float free in the body of the host and maintain an in-
dependant existance, 8ince the cells are able to increase
in sige they must be able to absorb nutritive matter from
the blood of the host. Jackson (1935) put forward the
thsory that the cells store up fat absorbed from the body
fluids of the host,

" At the time when the larva roptures the membrane,
the cells are 0,025 mm, in diameter, but after 164 hours
they have become spherically shaped, loose cells with g
diameter varying from 0,05 to 0,12 mm, This represents
a volume increase of about 100 times. The cells are
light yellowish in golour and consists of a granular struo-
ture, No nucleus is visibla,

In the thifd larval instar period of the parasite
we find that all the trophie eells have disappeared, and
it 18 very likely that they are eaten by the second and
third instars. |

First Instar, (FPigs. 106 and 107),

As soon as the larva is ready to emerge from the
membrane, it becomo; vory active, It is of the caudate
larval type, which Clausen (1940) defines as distinetly
segmented, the body usually somewhat elongated, and the

last segment modified into a fleshy tail-like organ.
| The caudate larvae are usually found in the
Meteorinae and Aphiidinae, There are thirteen well defined
body segments, the last one being drawn out to form the
"tall”, ’

The tails or anal vesicles of Apanteles, Migro-
gaster end Micropliles differ werpologically from that of
Meteorus and Dinogampus. Aecording to Ullyett (1944) 1t

18/cs000scns
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is here formed by the evagination of the proctodaeum which

-

becomes prolapsed through the anus,

Newly hatched larva next to
trophic sac.,

Fige 107,

Pirst ingtar larva showing the last
segment which 1: giawn out into a
a .

The tail or last segment is at its widest at its
point of origin, that 1s, next to the twelth segment, and
tapers off to a point, It is a transparent organ lined
with a hypodermal layer and filled with blood, which eire-

eulates freely within 1it,

’ The total length of the newly hatched larva is
i
' 1m./ocootoc
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1 mm,, the tail being 0,4 mm., in length., Seen from the
léteral view, the larva 1s slightly convex., In most of the
Meteorug species setae or tubercles or both are found on

the skin, but in the case of Y. frilineatus the skin is
smooth and shiny.

Head and Mandibles, (Fig. 108),

‘

N A

EFig..208.

Head of first instar larva.

The head consists of a2 golden brown, heavily chitinisged,
ventrally flattened head capsule, It bears two very sharply
pointed, sickle shaped mandibles. In M. trilineatus, the
mandibles are smooth with no lateral teeth, The mandibles
are continually in motion, and prodably serve to break up

the fat bodies of the host,

i‘racheal system.

A primary trathael system is found in this instar,
and since respiration is apneustie, spiracles are absent.

The tracheal system e.onsu:'s of two main’ longitu-
| dinal trachea which lie on either side of the body, being
joined in the first segment by a dox;sal and ventral commisure.
The larve lives submerged in the liquid medium of the host's

bOdY/oooooo
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body, and as it has no connection with its trachagl system

or with the outside atmosphere, and has no gills, it must

breathe through the skin, thus being dermatopieustie. [
After 120 hours the first ingtar moults to become

the second instar,

Function of the tail,

Many functions such as locomotion, (Seurat 1899f
excretion (Weissenberg 1909) and respiration (Tothill
1922) have been azeribed to this appendage. For a long
time, the function of respiration was assumed to be the
most likely but Thorpe (1932) proved without doubt, with
the aid of luminiscent bacterium, Bs. phosphoresceng that
the tall is not assoeiated with an& oxygen uptake at all,

Ullyett (1944) ascribed a new function to the tail,
In a study of Angitia spp. he observed how the tail was
ussed to rupture the chorion of the egg. Just before the
larva hatches, it starts rhythmical backwards and forwards
movements with the tail, actuated by the muscles of the
posterior sbdominal segments, The dorsal surface of the
tail is closely adpressed to the chorion, thus enabling a
sawing notionralons the midventral line, while the head
remains compl@tely motionless., After some time, the chorion
rips suddenly along that line, and sets the larva free.

In M. trilinestus the emrkenco from the egg may
possibly be caused by the internal pressure set up by the
growing embryo, as now movements can e seen at this stage.
The emergence of the larva from the trophic membrane 1is,
however, helped by the movement of the tail in a modified
manner to that described above.

The tail 1is folded under the ventral surface of
the larva in the trophic membrane, (Fig, 105). By contrac-
ting the abdominal muscles the larva forces blood into the

tail/cecssee
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Publications not seen by writer., (Ullyett 1944)
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tail, causing it té straighten and press against the positerior
end thus foreing the larva forward. This process continues
for some time until the anterior portion of the membrane
is ruptured, and the larva pushed out. The sawlike
motion of the talil on the posterior end does not cause the
sac tokapturo as in Angitia. The mandibles are not used
in this process, and only start funetioning after the larva
has emerged.

These obsaervations suggest that at least one of
the functions of the tail is the same as that described
for Angltia, although the aetuel method of emergence differs
.rron that described by Ullyett, |

Second Insgtar.,
There is a marked differsnce in the first and

gecond instar larvee., (Fig., 109)

The three larval instars of Meteorus trilineatus.

A, Pirst instar, B. second instar, C, Lateral
and ventral view of the 3rd instar.
In moulting, the larva loses itz tail as well as the large
heavily sclerotized head with the falcate mandibles, 1%
is now a typlcal hyn.nopto#}ifform ty%o. The mandibles
are simple and barely visible., The trachael system is

still aﬁngnntic APrap/
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After 56 hours the larva moults to become the 3rd instar.

. Third and last Instar. (Fig., 119¢)
The last instar is still a typiecal hymenopteriform

larva. It differs from the second inster only in that
i1t now possesses two pairs of spiracles and four pairs of
tubercles, The spiracles are situated laterally and
slightly to the ventral side of the second and third
segments, The tubercles are situated in pairs on the
ventral surface of tho.lst. 2nd, 3rd and 12th segments.

' When the larva is §8 hours old it is ready to pu-
pate, and 1t then gnaws a hole through the body well of
the host, through which it emerges and starts to spin its
cocoon, The larva pupates 48 hours after the cocoon has
been completed, These figures wﬁre arrived at from ob-

servations on 20 parasites,

Mouth parts of last instar larva. (Pig, 110)

In 1930 Thorpe deseribed the morphological
characters of the mouth parts of a number of Hymenopterous
_ parasites, and he was probably the first author to use
these charescters as a basis to classify them into gensra
and species., The terminology he used was later followed
by Salt (1931) and Rosenburg (1934), Vance and Smith
(1933), however proposed a new terminology to describe
the different structures,

In this thesis the author has followed the
terminology proposed by Thorpe,

In the fullgrown yellowish-white larva the
brown mandibles and facial rods are c¢learly visiblse,
Their relative position to one snother is given in figure
106,

Labial ring.

The U shaped labial ring is very prominent and

well defined in this species, A%t the posterior it 1is

broad and well defined, whereas in Meteorus ghrvsochihalmus
Nus, 1t 1s very indistinet, - Pige 110/c00e
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Figa 110,
Mouth parts of the last instar larva.

Lao - Ilabrum. I&'. 5 Iﬂbill rin‘o Il" . Iﬁbill
struts.

¥Ma, - Mandibles., Mo, = liouth opening. Mg, = Mhn:ibglar
struts.

Mt, - Maxillary Sa. - Maxillary Se. - Labial

struts, gsensillae sensillae,

Sp. - Spinneret.

Labial strutas o
The labial ring is supported by two well sclero=-
tised labial struts, situated one on sach side of the ring.

Maxillary strutgs

About 1/3 from its anterior end the labial strut
has a branch, the maxillary strut which runs to the poste~
rior angle of the base of the mandible, and which, in con=
trast to the labial strut, is very poorly sclerotised.

Mandibular strutiss
The mandibular struts have degenerated to such
an extent that only a small poorly sclerotised vestigial
structure remains,
Mandibles/ceeses
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Mandibles:

The mandibles are small and not very heavily
sclerotised, Their blunt smooth points are directed

forwards.

£ploneret:

The apinneret is slightly sclerotised and is
situated just below the mouth opening at the dorsal end
of the lgbium,

Lenae Organs$
There are two pairs or‘sanse organsg -
(1) The Lghiel Sensillse which are situated within the
labisl ring, and, .
(2) the maxillary sensillse which are situated just
below the mandibular bases.
These sensillae are all alike and consist of a circular
sclerotised area with one large and one small papilla
situated next to each other, Thorpe considers that these
sensillae probably represent labial and maxillary palpi.

Setaes
. The positions of the setae are shown in figure
éi. It 18 possible that a number of these, especially U_)ID

those on the labium, are sensillary.

Antennag!
The antennae consist of amooth circular areas

on which two small sensillary papillae are found,

Pupa.

The pupa is a typical exayste or free pupa.
The appendages are free of any secondary attachments to
the body, and the abdominal segments are capabl;n of free
movemont, }

At first the pupa 1s whitish-yellow in colour,
but it gradually darkens until 1t becomes dark brown,with
the thorax, which is almost black, being the darkest

region/ceee
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region,

The size of the pupa, which 1s similar in male
and femele, varies according to the size of the host, the
average length being 2.4 mm, The female pupa 1s however
easily distinguishable from that of the male on account of
the presence of the ovipositor which is clearly visible.

Coecoon, (Fig. 111),
As soon as the larva emerges from the host, it

starts spinning its cocoon,

Elga llls

Cocoon of lMeteorus and
the " ard Wom

which the larva came, Al
At first 1t spins some loose silk threasds on and around
the now 4 q;t larva, on which to anchor its ecocoon, 4Q//4
It then procesds to spin the elongated cocoon which 15°'a
uniform brown e¢olour, with some slightly lighter, loosely
woven silk th&eads over the compast cocoon. The cocoon
varies in length from 4,0 - 5,0 mm,, the broadest part
being from 1,5 - 2 o, in width, The average pupal period
lasts for 9 days, with a maximum of 19 days, and a minimum
of 3 days and 3 hours, at a temperature of 18°C,

When the full grown parasite emerges it cuts a

eirecular/coeoes
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eircular 11id, which remains attached to the cococn by
means of the loose coarse silk covering the coeoon, off
the one end of the cocoon and emerges through the opening

thus formed,

3. IACHINA FALLAX, MEIG. (= xanthaspls Wied).

Iaching fallax is a Dipterous parasite of
Euproctis terminalls larvae, belonging to the family
Tachinidae, Baer (1921) mentions Dendrolimus pini L.

as also being a host of I. fallax.

In gudying the biology of this larval parasite,
the adults were kept in wooden cages, 12 inches square,
3 inches high, and fitted with a sliding glass top.

Boles/ceves
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Holes, one inch in diameter were drilled into two sidca of
the cage, and oovefod with fine copper gauze to ensure
ventilation,

On one of the two remaining sides two more holes
were drilled, These holes through iich adult parasites

were introduced into the cage, were closed with rubber or

cork stoppers,
The food of the parasite under natural conditions

was never determined, dbut in eaptivity, howsver, they were
found to feed readily on e)irushed raisins, together with
honey sweetened water, abscrbed in eotton wool,

In captivity 1t was found that flies which were
fed lived longer than those that were not. (Table 25)
The results in the following table which were obtained from
20 individuals illustrates this point,

| Wit tm © Without food |
av:u: days zinw 16 3
Standard deviation - Eaae2 R +1095
8ignifiecant aifference | - 0.39:77' R
Iable 29,

Longevity of adulg,

(») hnm_mm

Many ipccie: of the Tachinidae family only mate,
provided the optimum range of temperature, light and
humidity, which is normally quite narrow, iz just right,
but I. £allax was found to mate very readily under labora-

tory and artificial light conditions,
Mating takes place within the first 24 hours

after emor;enci, and may teke from 30 seeconds to 30 minutes.

O'Vipoﬂ.tion./. e
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Qviposition, :

The females commence ovipositing three days
after emergence, In many species of this family, the
cnbrjonia development of the egr has already started,
but this 1s not the case in I. Lallax, where there is,
at the time of oviposition, no sign of development,

The female fly prefers to oviposit on the last
twe larval instars of E. terminalis, but when these are
not available, she will also oviposit on larvae of the
sixth instar.

In gddition to the larvae of K. ierminalis,
the parasite was found to oviposit Jjust as readily on
silkworm larvae, and the latter were used in most of
the biologieal studies, |

The eoggs are normally deposited directly on the
haad of the larvae, but in some exceptional instances they
may be dcposited on the prolegs or on the protharax.
Before ovipositing, the female fly examins the host care-
fully by tapping.ths larva with her front legs. Some-
times she even c¢limbs onto the larvs and walks up and ﬁown
on it, after which she alights, and only then will she
oviposit by pushing her abdoﬁnn downwards and forwards
thvough her legs, depositing an sgg on the head, Should
the larva move Jjust before the egg is deposited she follows
it and waits in this position for the right opportunity,
but should the larve move the moment the egg is deposited,
the fly will return and press on the egg with the oviposi-
tor, thus gsecuring it firmly to the larva.

h The parasite is solitory in habit and never
more than one varasite was ever found to emerge from a
single host, , |

Each ovary consists of 29 %ightly packed
ovarioles, The relative position of the male and female
genitaliae is shown in figures 113 and 114,

Pigure 1l13./aces



189

Male genitalia.

Ac.G, = Accessory glands, T. - Testes.
D.e. = Ductus ejeculatoris

E.s. = EjJaculatory sac.

V.s, = Vesicula seminalis,

Female Genditalia.

Ove=Ovaries. Ac.G, - Aceessory gldndn.
V.- Vagina, Sp. - Spermatheca.
Uﬂd@r/ eee
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Under natural conditions rarely more than one
egeg 1s oviposited on a single larva, But if a female
fly 1s confined with one larva only, she might oviposit
as many as 27 eggs on the same lerva,

If females are kept without ﬁgzi;for a long
period they start ovipositing their eggs on leaves, the
gide of the cage, or even on the heads of the other fe-

males present,

(e)

The time taken for the entire embryonié deve-
lopment of 35 eggs, which ccmmences after it has been
deposited, was found to vary from 48 to 55 hours and,
although the eggs were all kept under the same temperature
and humidity econditions, those which were removed from the
host hatched 4 - 6 howrs sooner than those which remained
on it, |

Tothill et 51 (1930) states that in the case of
the Tgchinid Ptychomvia the duration of the egg stage
varied from 30 minutes to 100 hours, with an average
hatehing period of 40 hours,

When ready to emerge, the young larva bores
through the ventral side of the egg directly into the
body of the host. The first sign of hatehing iz the
appearance of the dbucco-pharyngeal apparagus through the
thin ventrallsido of the egg, in the act of cutting a
small opening through which the larva emerges. Should
the egg be removed from the host, prior to hatching,
the larva emerges normally until a few anterior segments
are visible, but it then remains in that position until
it eventually dies. (Fig. 115b)

Nysebeck (1922) reports that in the case of I we
Sturmug pidicla, the host will make vigorous attempts
to desfroy the hatching larva before the latter has made
its way inside, and occasionally these efforts are
successful, particularly if the egg of the parasite was

. deposited/cceces
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deposited near the posterior end of the host, where it
may be crushed by the mandibles.
In E. terminglis, however, the larva dces not
show any discomfort when éhe'egp hatches and the parasite
hores unhindered into its head. 'The only way - and
that is purely fortuitous -, by ﬁeans of which the E. \\\~
ferminglig larve gets rid of the parasite egg, is.by
moulting, If the larva moults within 55 hours after
the egg 1z deposited, the unhatched egg is shed together
with the old skin,

Respiration, .

While in the host, the larva meets its oxygen
requirements by means of a special respiratory fuhnel,
which is connected to the atmosphere, through the
i{ntegument of the host, (Fig. 115¢) This funnel is not
attached to a trachea or spiracle as in Blepharipa
scutellats. (Howard at al 1912)

The funnel which is of integumentary origin,
orginates at the point of entry into the host, that is,

in all cases, directly underneath the egg.

r X

a, Dorsal view of egg. b. Lateral view of egg
with larva emerging. ¢. Young larva and respiratory
funnel, 4., Ventral view of egg with the microphyl.
The moment the parasite larva enters the body
of the host, the dark coloured funnel commences to develop,
enveloping tightly several of the posterior segments of

the/.....
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the parasite's body, on the last of which is situated a
pair of spiracles. The funnel increases in sigze as
the larva érows.

It is only in the third instar that the larwva,
after breaking the connsction with the respiratory tinat}/"
moveg freely in the body of the host.

Activities of the parasite larva.
Although, as previously been stated, as many

as 27 eggs may be deposited on one host larva, only one
adult parasite will smerge, the others being killed ¥
mainly during the lst instar. If a larva, on which

several parasite eggs were deposited, 1s dissected

gshortly after the eggs have hatched, a number of very

young first instar larvae will be found dead in the near
vieinity of a live one, some have been dislodged from

their breathing funnels. If the dissection is done a
l1ittle later, it will be found that there are still fewer
live paraesite larvae, and that the dead ones now include
larger first instars. Should a larva be dissected at an
even later stage two or three second instars might be

found, but mortality will continus until only one is left,

The probable explanation of this is that the
gtrongest parasite larva in a group, from its position
in its breathing funnel, kills all the others within
reach, ~As the remaining larvee grow, they are soon
able to reach each other, and thus the process of selec-
tivity continues until only one larva survives.

The young first instar larva, which is always
attached to 1ts breathing funnel, is situated in the head
of the host, but as it grows, 1t extends intoc the thorax,
where it moults and feeds until the third instar is
reached, At this stage of development it leaves the brea-

thing funnel and moves about freely in the abdominal region
of the larva. It 1s during this instar that the host is

killed,
BY/......‘...
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By the time the parasite leaves the host,
practieally all the tissues, with the exception of the

skin, have been devoured,

Pupation:

When ready to pupate, the fall groﬁn larva
gnaws a hole through the integument of its host. It
was found that in the majority of cases,the host, al-
thcugh able to spin a cocoon prior to death was only
rarely able to pupate. When this silken cocoon 1is
present the parasite gnews a very regular, circular
hole, 2,45 to 2.5 mm, in diameter throuéh the silk at
one end of it through which it emerges.

The parasite never pupates inside the coco?n of
the host. Baldwin gf 21 (1947) have shown that the
Tachinid, Fhorocers hamata always pupates within the
cocoon of the host, but before pupating, the parasite
larve will prepare an emerging hols,

The complete chitinisation of the puparium 1is
completed in 10 to 12 hours, and during this process the
colour changes from a burf-whité to dark reddish-brown,

The puparium is always found next to the cocoon
of the host, and very often among the loose silken threads,

The adult fly emerges by foreing off the two
parts of the [pereulum (fig, 12le) by the expansion of the |,

. ptilinum, In most cases, the emergence of the fly from

the puparium takes plaece in the early hours of the morning.
n which
The data, table 26 were obtained from rearing
80 parasites, gives the duration of the egg, larval and

pupal instars at 20°C,

: Egg ) Larval Pupa
instars
Average 50 héura 19 days 12 days
Standard h
deviation 11,095 31,534 41,107
Isble 26,

Duration of the immatur . ;
¥ Rages The egg/e..



194

The egg. (Fig. 115)

The broadly oval, ventrally flattened egg is a
typically maérotype pattern., The chorion on the dorsal
surface 1s smooth, whitish in colour, opaque and thick,
whereas the chorion on the ventral side is thin and more
or less transparent. The miaropliyle 1s situated in this
surface, (Fig, 1154)

At the junction of the flat, ventral surface
and the lateral area, is a marginal flange which varies
in sige from egg to egg. This flange 1s possibly a
portion of the hardened secretion with which the egg is
attached to the lirvnl head.

The eggs of I.' Lallax have no special way of
hatehing, as is the case with some of the other maerotype
' eggss The larva simply bores through the ventral surface

of the egg into the host,

The average dimensions of 25 eggs are 0.54 mm,
to 0,56 mm, in length, 0,30 to 0,31 mm, in width and 0,22
to 0,23 mm, in hight,

Pirst Instar. (Pig. 116)

The first instar is a tachiniform larval type.
There are twelve well defined logﬁonti on which are
situsted dends of spinelike cuticular armature, (Pig, 117 c.)
the longest spine being 0,001 mm, in length, The colowr
of the larva is buff-white. The posterior segments carries
two inconspicuous spiracles, which open near the dorsal
surface of the segment, (Fig. 116 ¢,) A few setae whose
relative position on the figure are present in the near
vieinity of the spiraele,

By measuring 10 newly hatched larvae, it was
found that they wers an average of 0,6 mm, long, and grow
to approximately 1,5 mm, before moulting,

The bucco-pharyngeal armature, (Fig 116 a.) is
well developed and strongly chitinised, It has no

articulations,/seee
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articulations, because the median tooth, as well as the
intermedlate and basal regions are fused, The median
tooth, which is direceted forwards and downwards, bears a

row of teeth on its dorsal margin,

a, Dorsal and Ventral view of the bucco=
pharyngeal apparatus.

b. Newly hatched and slightly older first
instar larva.

¢. Spiracles on last segment,

The dorsal and ventral wings of the basel region
are not as strongly sclerotised as the median region, The
ventrsl and dorsal wings are deflected ventrally. The
8plivary selerite, which is well chitinised and prominent, j/,;
1; situated Just ventral to the intermediaste region, ¢

Baer (19290) in his description of I. larvarum
uses the term hypopharyngeal sclerite ("hypopharyngealskle-
rit®) for this plate or salivary sclerite.

The anterior region is about 2% times as long
as the dorsal length of the median tooth taken from the

dorsal noteh,

Second lnstar:
The main differences between the first and second

instars, apart from their size, is the armature on the
integument/...
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integument, the spiracle, and the busco-pharyngeal

armature, The armature on the segments is relatively
longer and there is a difference between those oecuring
on the enterior, middle and posterior region of the

larva. (Pig. 117,‘;’ a.b.c,) L (s
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Elg. 117,

A, Armature on last instar larva,

B, Armature on gecond instar larva.
8+ Anterior region,
b, HNiddle region,
c. Posterior region.

Ce Armature on setas of the first instar.

The posterior spiracles (Fig, 115b) are more
prominent than‘in the first instar, although they are not
much more heavily chitinised and in addition to the pos-
terior spiracles, an anterior pair is also present on the
posterior margin of the seesond segment, (Fig. 118),

The buceo~-pharyngeal armature hereto i1s well developed
and strongly chitinised, (Fig. 119) and the anterior,
intermediate and basal regions are again fused, the main
 difference between the two instars, being that the anterior,
ventrally curved, reglon.rqw congists of a narrow, long
distinetly paired mandibular hook, A

Pige 118/c0cas



Fig. 118,

8 Maxillary organ and antenna -« last instar.
b. Anteriocr spiracle - last instar.
¢. Anterior gpiracle « Second inster,

a., Bueceo-pharyngesl armature of the second
instar larva.
b, Posterior spiracles « second instar larva.
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The solivary sclerite is not fused to the inter-

mediate region and the anterior and intermediate regions

are of the same 1ohgth. As in the first instar the basal

region consists of two wings, the dorsal one, being about
3 tim./ooooo
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3 times longer than the ventral one, and also much wider.
The dorsal and ventral margins of the dorsal wing are
straight, without any notches or depressions The caudal
region of the dorsal wing, and the dorsal region of the ven-
tral wing exhibit a lower degree of chitinisation than the
other parts of the wings. The average length of this
instar before moulting is 7 mm,

Third insters
The antennae and maxillary organs (Fig. 118a)
of this instar, are poorly chitiniged, but e¢learly visible.
The shaps of the armature on the segments is
triangular as shown in figure 117A,
The bucco-pharyngeal armature, as in the
previous two instars is heavily chitiniged, but the three
regions are fused and are Gapnble éf articulation,
(Pig, 120)

a, Bueto- eal ’rnaturu.
b. Spiracle (Dorsal.
¢+ Dorsal and ventral view of larva.,-

The median tooth is again paired and has a
rough/cecees
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rough dorsal mergin, In this instaer, s downwardly
apophyst
Shop! occurs on the

projecting process, the ventral
ventral surface of the anterior region at its point of
articulation with the median regioh. (Pig. 120a.)

Here again the anterior sclerite is heavily
chitinigsed, The salivary sclerite is not visidle in
this instar, but the projection on the ventral surface of
this region could poasibly be regarded as the fused sclerite.
In Sturmia Jones (1938) found a hypopharyngeal sclerite
between the ventral apophysis of the mandibular selerite
and the fused solivary sclerite. In 1. fallax, however,
this sclerite seems to be adbsent or fused in such a msnner
that it is not visible,

The basal region has an anteriorly directed
process on the broad dorsal wing.

Only a third of the anterior region of the dorsal

wing 4 Cavilﬁ chitinised.

-~ * T - l
- -~ e ¥
PR \\ 7 . S
o ’ . .
o= te Ty T ole
,I L . . 4 o Y
I !/ D 0N
= N \
: e . N .
. ¥ , I i
|\ f ' k. /
N ] ) N /
\ N g
N . 7 4
. DR
SEo-.7 e ’
N . - d
a “"?‘b,

Pupariunm,

as Anterior spiracles,
b, Dorsal spiracle and anus,
ce Puparium showing the puparial cap,
The lower wing is directed slightly downwards
and is heavily chitinised throughout. It is about half
the length of the dorsal wing and very much narrower. The
length of this instar varies from 8 - 10 mm, before
pupation/ ..«
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Pupas (Fig., 122).

Elg. 122,
Pupa of 1. fallax,

The barrelshaped puparium varies from 7 - 9mm,
in length, the middle segmentis being the broadest., The
segmentation 1s poorly defined, and only indicated by
slightly darker aréas and very slight ridges. The
posterior spiracles, the anus and the anterior :piraelol,
are those of the third instar, and their relative position
on the pupa are shown in figure 121 a & b,

4, PIMPLA /vvees
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4, PIMPLA BICOLOR. BOUCHd., ICHREUMONIDAE,

Pimpla hicolor, (fig. 123) the most important
parasite of the Euproctis terminslis insect parasite complex,
is a true internal pupal parasite, and has never been
observed to attack the larvas, This, however, is not
always the case with Ichneumid parasites, since Clausen
(1940) has recorded that the Ichneumid Aylophrurides
2grill Vees, will attack the larvae of its host in the
autumn and in Spring, attack the pupase,
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Adult Pimpla bigolor female.

The adult Pimpla bigcolor has well developed wings
and 18 a very active flyer, In plantations where there 1is

an sbundance of E. tarminalia pupse, this parasite may be
obgerved in and sbout the heaps of debris unier which most
Euprogtis pupae are found, |
Although the Pimpla adults are very photopositive,
they will readily seek out the pupae in the dark areas
under the debris,
(a) Feeding/cevee
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(a) Fasding and Jongavity of the aduls.
The adults of P. higolor wers kept in wooden

boxes with a sliding glass top, and were fed on honey,

sugar and water, If the adults were deprived of food

and water it was found that there was a marked difference

in their limspan, (Table 27) although they oviposit normally
without food,

|
W’.th foeod., Without food.
Mean : 16 8
| & 1 4
Standard deviation - 24270 1374
gignificant difference 1.,4795
2able 27,

Longevity in days.

Bxperiment carried out with 25 parasites,
In only two instances has P. hicolor bdeen observed to
feed in the cultivated plantations. The first oecasion
was on honeydew from aphids, and the second, on the nectar
of the flowers of a bulbous plant, Eugomlis humilis, whieh
oecurs along the zldes of roads in the plantation, and
flowers in December,

(b) Qvinesition.
The female parasite pierces the cocoon with her

ovipositor and lays her eggs inside the pupa where the
complete development of the larval instars and the pupes

takes place.

Senitalias
The reproductive organs of the male and female
are of the typieal Ichneumonid type. (Pigs. 124 & 129),

!'1;. 124/ 404
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Male and female geniftalia of
P, bicolor.

ac. - agccessory gland ag. - alkine gland
es, = ejaculatory saec. OP. =~ uviposiggr
ov, = ¢Ovaries. P8, = pﬂnll-

PE. = poison gland and sac, sp. = spermatheca
te. -~ testes vd, - Vas deferens

vsm.~ vesieuls seminalis,

Enlargement of the spermathees
of the genitalia,

gps - spermathecs. ac. ~ accessory gland,

The ovaries consits of eight ovarioles, with only one
m-ature*'-/o LK)
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matwre oge in each, The relative positicn and sh@g@ of
these organs are shown 1n fig.124 with an enlargement of
the spermathecal aves in fig. 125, -
The y@ung'femgles mate the é&me day on which

they emerge and start ovipositing the following day.

: The female parasites are attractad to the pupae
 by their odour. This has been clearly ﬁemgnstrated by
erushing a pupa in the hand, The parasites were imme=
diately attraeted'by the odour and settled on the hand as
close to the erushed pupa as possible. In tests made by
the writer 1t was found that if a choice was cffered to

the parasite between naked pupae and thoge contained in

the cocoonsy the,paraéite,inyariabia'nvipositedvin the
latter, It would appear, thereforq that fﬁr_pupaéaslef
avipositian? the\ﬁo&@cn‘fuifiilg an important role azlthough
not necessarily an‘éssential one, Iﬁ.élse<fnlfilla a
mechenieal funatian, since the pafasites maka use of it
~ to obtain a more secure foothold when thrusting the ovi=-
positor into the pupa. They'very often hacome disladged
if they try to oviposit on a naked pupa.

Marsh (1937) observed that the parasite
wyptyg is only attracted to the larvae when they

hagin spimning, This he ascribes to an odour response.

In 2. blcolors however, the nzked pupae covered in a pieaé,
- of ce&tan wool, 1s just as readily parasitised as those

in the cocoons. In this case the attraction appears to
be caused by tha senss of touch, It has been observed
that if a piece of cotton wool is pleced in‘a cage with
femnle parasiteos, they will even lay therd eggs in this
eattan.waﬁi with no pupae present to impart any- odour,
| | Oviposition takes place anywhere in the pupa'and
no area appears to have any’speeial prefarence, The
female will, however, only lay her egg 1f she can thrust
vher‘avipositor deeply inﬁe the pupa, and Shﬁ'will'thus
econtinue searching for such a sulbfable spot untii sha'

| | eventunlly/.ene
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eventually finds one fer e,g. from the tip of the pupa
it will be thrust obliquely into the pupa.

The female often feeds on the body fluids which
adhere to the ovipositor after oviposition has taken plact.'
but she never enlarges the wound with her mandidles to
fécd on the tissues of the pupa, as some members of this
family will do,

On an average the egg hatches after 44 hours and
in no instance has an increase in size been noted during
the incuhation period, The embryonic development ecom=
mences as soon as the egy is laid, and this may easily de
obgerved through the transparent chorion, (Fig, 126)

Egg just before hateching,

¥When the larva is fully developed. the egg 1is rup-
tured at the posterior end and through this opening the
larva emerges, Whether the young larva causes this
rupture in the ehorion with its mandidles, or whether it
is due to internal pressure is not clear. (Fig. 127).

VWhen epiparasitism occurs with P. higolor, only one parasite
survives, the other larvae in the pupa being killed in the
first and second instars,

Since the first instar is more mobile and its
mandibles are better adapted for fighting, the older instars
are usually the ones to suffer. Dead first and second
inster larvae which were examined were always found to be
covered with scars that could easily have been caused by
the mandibles of another larva.
| {7 R
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The larva of P, bicolor
hatching from the egg.

It has been observed that if a single B. terminalls
cocoon with a pupa is placed among female parasites, they
will immediately start to oviposit in it, and up to 121
eggs have been found in a single pupa.

When the‘parasita larva is ready to pupate, it
has usually consumed all the food available in the pupa,
and only the cﬁitiniaod exterior shell, completely filled
with the parasite larva is left, The larva pupates in
this chitinised shell without spinning a e¢ocoon.

A.vnry small percentage of the parasites go into
diapsuse, to emerge several months later in mid summer.
‘Diapause was never observed in material reared in the
laboratory, but in material from field collections, a small
number of overwintering adult larval parasites are always
to be found in some of the old pupal cases.

During the three months in which E. terminalis
pupae are found at the Jessievale plantation thers ars two
generations, with a possible third, but in the other plan-
tations there are more gunerafioha, 23 in these localities

| the/eeenss
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the pupae are found throughout the year.

In eollections made from the field it was found
that males predominate, the ratioc of males to females
\hoing two to cnse, This figure was obtained from an
examination of 1722 adult parasites reared from a field
ecolleection, In P. pondorum, howsver, Clausen (1940)
found that the set ratio is four females to one male.

(e)

Under ladoratory conditions, it was ascertained
that at a temperature of 22°C and relative humidity of
60%, P. bicolor took in 10 cases from 24 to 63 days to
develop from egg to adult, (Tabdble 28),

Development in days

Average 30

Standard deviation .4 6.218

Iahle 28,

Time taken for the imature stage of
P, bieolor to &avelep.

The egg of P, bieolor.

' The transparent white egg hes an elongated sub-reniform
shape, with the one end slightly broader than the other.
The length varies from 2 - 2,2 mm, and the maximum dreadth

varies from 0,3 =« 0,4 mm, There is no pedicel or stalk
nel‘/u. *
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nor are there any markings present on the shorion.

First Instar.

First instar of P, bicolor.

The first instar larva (Pig. 129) is of the
hymsnopterifora type. The yellowish #hite eylindriecal
body consists of 13 segments, with no gsetae or echitiniged
spines on them, The head is slightly darker than the
body and poorly chitinised, The average length of the
newly hateched larva is 1,5 mm, The mandibles, which sre
inconspicuous on account of their relatively light ecolour,
ere slightly curved, sharp and approximately 0.7 mm. long,

Although the larva has a well developed trachael
systen there are no spiracles present, In ths first and
also in the second instars the trachasl system has special
branches which show extensive ramifiecations just under the
skin, and these probably funetion as a modified gill-like
organ. .

Imns (1918) found that the first inster of

R ]ﬂég- pogsezsed nine pairs of spiracles 3
_ v

Second Instar/e.cesnss
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Eetond Instar.

8econd instar of P. hicelor. o

The second instar larva (fig. 130) differs only
slightly from that of the first instar, The head is now
the same colour as the body and is relatively much smaller,
The body is much wider in relation to its length, a newly
moulted 2nd instar being 6 mm, long and 2.2 mm., wide at the
7th segment, No further development has taken place in

the tracheal system,

Third and last instar: (Fig. 131)

- It is quite common to find three larval instars
in the Ichneumonidas, although scme speciss have been
found to have 4 and 5 larval instars. After careful
observations only 3 instars could be found in P. higolor.

Pig. 131./ttoooo-



Lateral and dorsal aspect of the third
and last instar of P, bicolor,

The average length of the newly moulted larva is 11 mm,,
-with an average width of 4.5 mm., and the integument of
the well defined body segments is smocth and shiny,

In this ingtar the tracheal system has become
further developed, nine spiraaios p&w being found, The
first pair is situated at the posterior margin of the first
body segment, and the second to the ninth psirs are
situated near the anterior margin of segments four to
eleven,

* The tracheal system consists of two main longi-
tudinal trunks which are connected by an anterior commi-
sure in the 12th segment. In the fourth to the twelth
segments the main longitudinal trunks are further connected
by eight ventral commissures, which leave the lateral
trunks slightly pesterior to the gpiracies.

The dorsal tracheal, which leave the twe main
trunks/...
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trunks slightly anterior to the spiracles, proceed dorsally
where they divide to supply the dorsal seection of the
- gegments with trachecles,

In addition to the main trunks there are ftwo
lateral trunks, extending from the posterior margin of
the first segment to the anterior margin of the fourth
segnent, They are connected to tﬁe main trunks by three
branehes, one in the first, one in the third and one in the
fourth segments.

Mouthpartss (The terminology used is that proposed
by Thorpe (1930) and Salt (1931)).
The facial rods, mouth parts and facial setse of
the last instar P. bhigolor larva and their relative position
to one another, are shown in figure 132,

Mouthparts of the adult larva of P, higolor

la. - hbl'ul areh, lb. - labial strut. lro - '_'Ibial rin(.
l1s, - lablal sensillae md, -~ Mandible me.~maxl lary(sggi
' silla
nv, = mouth opsning. ms, = mandibular strut.

mx. - maxillary strut,

Labial ring-/. e
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Zabial ring.

The U shaped, pigmented, labial ring (1r) which
surrounds the labial area below the mouth, 1s well defined,
is very broad at its lower nnr;lng and is ﬁnarly closed at
the end nearest the spinneret,

In . datrita Hlgr., E. ruficollis Grav. and
P+ brevicarnlis Grav. the lower margin of the labia ring
has lobes, but in P, hicolor, however, the margin is smooth
and the lobes are absent,

Lahial struts. (Iv) ;

On each side of the lablal ring, at the base,
there is s simple rudimentary labial strut, the inner ends
of which almost reach the labial ring.

In 2. puficollis Grav. the inner end of the
labial struts are fused with the maxillary struts, whereas
in 2. axaminator Grav. and P. higolor, they are free and

eonfused,

Haxillary struts, (x)

The maxillary struts extend downward to the
lower margin of the labial ring, and are fused at the
.other end with the mandibular strut, The mandibular struts
are fused with the labral struts, which in their turn are
fused with each other to form a labral arch, as is the case

g

with P. datreta and P, brevicornis. (Salt 1931)

- Mandibles, (md)
The triangular shaped mandibles are well selero~

tised and are sharply pointed, with the sharp ends as
straight as in P, datreta, but unlike P. datreta, there
are no brigtle-like setae on th;sll. They articeunlate with
the labral and mandibular struts,

Sense organgs (1s, me)

The labial sensillae (1s) are situated just below
the spinneret in the area surrounded by the labial ring,
The mexillary sensillae, (me) on the other hand are situated

b.lW/ooo.oc



213

below and towards the base of the mandibles.

The relative position of the setae are shown in
the figure, |

The antennae which eonsist of one segment are
‘eone shaped appendages aitunted on a ¢irocular raised area.

Pupa. Fig. 133, |

The prepupa is the same yellowish white colour as
the mature larva, The segments of the larval Dody here
commences to divide into the head, thorax and sabdominal
regions, and the eyes, which at this stage also start
developing are clearly visible in the head region.

The pupa is of the common exate Ichneumonid type.
The eolcur is mainly white, but it gradually darkens, and
eventually the head and thorax turns black, while the
~ abdomen and legs turn into a modder hrown,

Alternative host.
The silk worm, Bomby mori., was used as an alter~

native host in studying the biclogy of P. bicolor.

Pupae of P, bicolor.,

This parasite finds it very difficult to pene-
trate/..
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trate the thick silk of the cocoon with its ovipositor,

but it will readily oviposit if some of the silk is
removed, thus enadbling tha,ovipoaiter to penstrate the
eocoon more easily. The removal of the silk is, however,
a laborious task, hence all the pupae were removed from
their cocoons and were thinly covered with eotton wool,
The parasites were then found %o oviposit readily and
without any difficulty,

The ideal pupae are the smaller ones, sinee
a very peculiar phenomenon QQc observed when large silk
wOrm pupae were used, In these cases tgn last instar
of the parasite grew about 4 mm, longer than the normal
ones found ;n,gnn;gg&;g.pupae, and instead of pupating and
emerging as outsigze adults, they died in every instance,
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When a leaf-gating insect destroys a high per-
centage of the foliage of the tree, transpirntién and
fhotosinthesis are deereased in proportion to the degree
of defoliation., During such periods the wood increment
and height of the tree will be correspondingly below
normal, VWhen a tree of known history is felled and the
annual rings are examined, periods of severe defoliation
are thus characterised by the narrow annual rings which
reflect decreased growth, False or additional annual
rings are in cases put on by trees, which may confuse inter-
pretation, but in trees of known history these may resdily
be defoliation, (Figa, 134 and 135.)

The narrow annual rings resulting from defoliation
of a tree by ingects closely resemble those caulgd by
forest fires, according to Craighead (1927), but if the
history of a tree or plantation compartment is known, it
can be determined which of these two ageneies ias responsible
for the low increment. The climatic eonditions prevailing
during successive years from the time of planting should
also be borne in mind when wood increments are assessed,
since it iz a known fact that during years of drought trees
grow very little and the annual rings would be proportionate~
ly narrow.

Complete defoliation of a P. patuls tree by E.
sarminalis preceded by a period of a few years during which
the inseet population progressively increases to the peak
level which results in 100% defoliation. During this period
of waxing populations there is a corresponding inerease in
foliage destruction and decrsase in the annusl wood inere-
ment, the increment reaching its lowest level during the
year of complete defoliation, In the year after complete
dofolf%ion, the increment still remains ﬁalor the normal

1".1'/¢o eve
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level, although the insect populaticn then drops to a very
low level.

Section of a P. patula tree from Block C17, 35

feet from the ground, showing e¢learly the

effect of a complete defoliation during the

1948-49 season, reflecting on the annual rings
the loss of growth,

Section from the same tree as
potrayed in figure 134 - 15
feet from the ground.

Fi‘o 136/.0.0.0



Rig. 136,
Complete defoliation of P. patuls at the Jessievale

nlantation.

Fig. 137,

Complete defoliation of P. patula, 5 miles south
of Jessievale.

Normal stand of P, patula at Jessievale plantation,
Grm&v....
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Grahan (1952) shows that the annual rings of
trees in the U.8.A. indicate a very low rate of growth
for several years after complete defoliation, In this
eountry, however, it is clear that P. npatils trees recover
after a year, and in the second year after complete de-
foliation, register the normal inecrement.

In most publications dealing with defoliation
of trees, the indirect results of such setbacks are dis-
eussed, the dirsct results being very rarely studied,
According to Chapman (1924) "the cubic volume of trees
and logs affords the only basis of accurate and permanent
seientific records and a universal standard of measurement,
For this purpose the cubie foot should be used as the
standard unit.” The writer accordingly made volumetrie
analysis of the growth of a mumber of {rees of known
history, including eomplete defoliation by E. ferminslis
during the summer of 1948-1949, to assess the direct
results of the insect attack in terms of loss of timber,

Tc Galeculate the volume of a tree for any pare-
ticular year within its period of growth from the annual
rings, Smalian's formula (Chapman 1924) is utilised.

In figures 139 and 140 two graphs provided by
the Department of Forestry are given, The graph in
Pig. 140 reflects the normal annual inerease in the total
volume of wood of a P. patula tree, while the graph in
Fig. 139 shows the proportionate inecrease in the volums of
wood from year to year, JFrom these graphs it ean be
deduced that the rate, at which the volume of a tree 1is
inereased, waxes progressively from year to year until
at least the 18th year, whereafter a stable increment is
recorded, '

For the volumetrie anslysis made by the writer,
6 P. patuls trees were selected at random in compartment
C.l7 of the Jessievale plantation, were felled, and using
S8malian's fermula, the volume of sach tree for each year
from the third yesar after pleanting onwards, was calculated.

The/ecscsnse
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The results are compiled in Table 29 and graphieally por=- |
trayed in Pig. 141, The annual increase in height of
these trees during the period under consideration was also

eomputed.,

10 20 30 40
AGE IN YEARS

| The normal proportionate amnual
inerease in cubiec feet of a pP.
Ratulsg tree,

o

- ~
(=] a o

ANNUAML INCREASE (cub. ft.)

o
&

0 10 20 30 40 0

AGE IN YEARS

The normal annual increase in
the total volume of wood of a

P. patula tree,

A

Table 29'/- esn e
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Year. | Height Wood, (Cub, Difference in wood in-
in ft, - £8.) crease from ysar to year,
1942 8.79 0,0426 0,0426
1943 | 16,62 0,2076 0,1650
1944 | 21.12 0,6443 0.,4367
1945 26,71 1.,3270 0,6827
1046 | 33.66 2,3256 0.9986
1947 37.71 3.2673 0,9417
1948 41 .41 4,1214 . 0.8541
1949 42,62 4.5293 0,4079
1950 | 47.08 5.4328 0,903%
1951 51,58 7.2911 1,8583
1952 55417 8.4463 1.15%2
1953 | 58.88 10,3319 1,8856
1954 63.17 12,5951 2,2632
Zable 29,
The height and volumetrie analysis
of six p. trees from compartment C,17
essievale,

From the graph in Pig. 141 it will be seen that
during each year up to and inecluding 1945 - 1946, the
average increase in the volume of a tree each ysar exceeded
that of the preceding year. During the ysars 1946 « 1947
to 1549 « 1950 incremental losses due to the defoliation
by B. erminalis are clearly apparent, If the increment
recorded for the year 1945-1946 is taken as the standard
normal anmial inerement against which losses during the
period of defoliation are assessed, the figures reflecting
annual losses would be very econservatively estimated,

This 13 very clearly demonstrated when the average increment
of 0,9986 cubie feet per tree recorded during 1945 - 1546,
the year before losses due to defoliation became apparent,
is compared with the average increment of 1,8870 cubie

feet recorded during 1950 - 1951, the first year agtor

lossen/ceess
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losses due to defoliation are no longer vigible,

However, taking the potential annual increment
for the four year period 19461947 to 1949=1950 at the
standard, conservative figure of 0,9986 cubic feet per tree,
the total loss per tree as a result of insect attack is
assessed at 0,8870 cubiec feet of timber,

The trees in the compartment from which samples
were taken, were plantid during 1940 at a rate of 500
trees per acre, It is the poliey of the Department of
Forestry to decrease this rate by thinning to one of 300
per acre when the trees attain an age of 6 - 8 years, this
was dons during 1950 in this specific compartment,
Working again on a conservative basis of only 300 trees
per acre, the loss of timber increment attributadle to
Es terminalig defoliation would amount to 266,1 cubie feet

per acre,

r FINUS PATULA BLO C K 17 ‘
13

12

VOLUME INCREASE
~ ® 0 3 =

o

ANNU AL

0 ‘
L'EHZ 943 1944 1945 1946 1947 1548 1949 1950 1951 1952 1953 1954
YEARS

2T FIBTIN

Ammual average increase in volume of wood
in Bloek C17 at the Jessievale plantation,
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, 8ince 1929 smaller cr lerger areas of P. patila
at Jessievale have sach year bdesn completely dafoliated
end from then wp to and inelwdimg 1954 a tetal of
6,360 acres have been affected in this way, The total
loss of timber in this area %o be laid at the door of
B. Sarminalis during the past 26 years at Jessievale can
thus be estimated gonservatoly at 1,692,396 cubie feet,
or a yearly asverage of 65,092 cudic feet,

This estimate includes only those seetions
whioch at sone time or another were eompletely defoliated.
To this should still be added the damage done to trees
which were dsfoliated $0 a lesser degres by lighter
infestations not recorded,

The amual rate of inerease in height of the
treas 1s also adversely affected by infestations of
B¢ Saruinglis, as & glance at Fig, 142 will reveal,
Normally the annual height increment decreases progressive~
ly vith age. To err on the eonservative once mors, in
this ealeulation the figure for 19501951, namely,

3.59 feet 13 socepted as the standard potential insrease
for the preceding years against wvhich losses can be cale
culated, Conmsidering only the year 1948 « 1949 we find
that the asetual average height increment was 1,21 feet
in the defoliated compartment, Subtracted from the cone
servatively estimated potential inerement, the less in
height due S0 defoliation may De assessed at 2,38 feot
per tree, oF an aggregate loss during that partieulasr
yoar of 714 feet per acre,

Apart from losses in volume of timder and
height of trees, the shisek of eompleds defoliation is
great, and trees so affected die very easily if swdjeeted
to drought in their weakened state. Under such eonditions
ecnsiderable mortality has been reccrded, In addition
1t should b bdorne in mind that trees weakened by defo-
1iation are extremely vulnersble to attack by bark~beetles,
as shown by Graban (1952) in the U.S8.A¢ There is a

eonstant/cecee
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eonstant danger that exotic inseet species may be imported
into South Afriea from sbroad, Plantations weakened by
defoliation would serve as ideal loealities wherein such
exotics could establish themselves, and sc beccme foeal

centres from which the pests could spread to other parts
of the country,

PINUS PATUL A BLOCK c 7 ‘
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The average annual rete of increase

in height of pP n.fn;; Block C,17
at the Jblsiovn ® plantation, .
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1, HISTORICAL.

Extensive experiments on the eontroll of R.
Jerminalig by chemieal means, were started as early as
1931, and an gecount of this work was given by Tooke
(1938). At that time it was found that ealcium and
lead arsenates were the most promising insecticides for
the control of this pest. In recent years, however,
the search for new insecticides has resulted in the
release of several new eompounds into the field of chemical
control of insects, and as it was felt that these might
prove nore effective than the insecticides presviously
used. Petty (1948) carried out tests with some of these
formulations which were available at the time,

2. THE EFFICACY OF SOME OF THE LATEST IRSECTICIDES.
a. Iechulqus.

The results of tests carried out by the author
using some of the very latest insecticides availsgdle is
ineluded in this thesis, These testz may be regarded as
a eontinuation of the work dons by Tooke, and earried on
by Petty.

The ingecticides tested were applied as dusts,
using the appartus described by Petty (1948). The rate
of application in the laboratory experiments was 0.7 m.g.
per sq.g.m, which is the equivalent of 7 1b, per acre in
field applieation,

To determine the relative susceptibility of
the different instars of E. farminalls to the inseeticides
used, fourth and sixth instars were used as te#t insects,
In the tests both the larvas and the pine foliage on
which they were fed were dusted, The larvae were then
exposed to the treated foliage -~ ten larvae to a petri-
dish - for 24 hours in every case, after which the first

mortality/ccecen
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mortality counts were taken, The larvae were then
transfered to clean petri-dishes containing fresh
untreated foliage end furthcf mortality counts made at
24 hotwr intervals. '

-Twelve groups of ten larvae each were used for
each ingecticide and fér the controls in respeet of both
the 4th and éth instar larvae, The total mumber of
test insects used for each insecticide was therefore
240,

In order to have the insect material as
uniform as possidle, only larvae feeding normally for
24 hours prior to the commencement of the axperiments
were included in the tests, and‘subaaqunnt to the appli-
cation of ingecticides they were kept under constant tem=-
perature and humidity conditions (70-79% R.H. and 79°F.)

b. Reanlts of foxigity Sesta.
The average percentage mortality odtained with
the varloﬁs poisons obtained from twelve replications
are presonted in tables 30 and 32, and the analysis of va-
riance in tables 31 and 33,

e« Socnglusions.
1. Up to, =4 including the 4th inster larvae
as When rapidity of sction and final

mortality produced are considered,

the three organie phoaphates, Parathion,

E.P,N.300, and Malathion are more
efficacious than the ehlorgnated [1'
hydrocarbon insecticides D.D.T.,
Toxaphene, §3£2995" Dieldrin and
‘Aldrin, under the eonditions of these

1

'oqurinonts.

b D.JD.T. and Toxaphene come next in order
of merit by Strobane, Dieldrin and
Aldrin,

2. Bixth/..ee
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7 Totel j - B8 142 179 191 586 73.25
Lean ‘105 e 01 &5.0 95.5
B . ) | 23 &5 . 97 96 265
sldrin 2 34 45 33 93 240
7 Total 57 110 14% 191 503 62 .68
foan EEOS 55.“ ?2.5 3505
9 gontrol 1 c 0 0 o o
2 (] 9 O o 0
Totel Q 0 D 0 0 D
Yesn 0 0 0 o
Total 1006 1300 1455 1577 2338 -
General Experimentel mean 62.68 21.25% 90.94% 96 « 56 - -
IARLE D0,
Js Inseoticidal teste sarried out om fourth imstar larvae of

Lo terminslie.



2. Sixth inatars larvae,
Against the older larvae both Parathion
and E.P.Ne 300 are significantly su-
perior to the other insecticides when
Judged by gensral efficacy which in-

eludes final mortality and rate of

Ge

b,

mortality.

DJ.JD.Ts comes next in order of merit
followed by Toxaphens, Malathion,
Dieldrin, Strobane and Aldrin,

Q268

Significant 4ifferences.

Qe
b

Between treatments, -
Between 5.5, observation peri

Iabla 31,

Analysis of variance of data in
table 30,

92478

Fa
ig:‘::“ p.F.| s.5. M8, v
c&lcu P.Oq
Treatmant (T)o. 7 11.103.07 1’586.12 16.1617 2030
Observation
Periods (0)... 3 11,‘03.82 3’801027 38c7329 2490
T & 0 Inter- : J
action.sseosas 21 9'148t03 ‘35062 ‘0‘387 119%
EFrTOr ssesecsee 32 3,1‘0.50' § it 98.1406 1.000 -
Total seevee 63 3"7950" " - o

- 8.4108
c. Between T & O interaction - 28,6054



Inseoticide ¥ortalities (4) | Genersal
used. » .| Experimeat. | Totals. tresatment|
TS - mean (%)
A 2a<g 28 48 72 144
1 - 100 - 100 100 100 400
Parathion 2 09 igo 100 100 400
? Total __200 _290 200 200 800 10040
_ . o Nean 100.0 100.0 100.0 100.0
E.p.x.300 2 _95 %6 | 98 | oo 391
| 7 Total 192 198 198 200 788 98.50
Nean 96.0 99.0 99.0 100.0
% 1 - S8 92 100 278
7 - Tetal L >3 136 184 200 585 73.13
Nean 32.5 68.0 92.0 100.0
24 | B ! 20 48 78 98 208
Toxaphene 2 32 58 ol -7 274
7 Total _52 16 155 195 518 64,75
Nean 309 58.0 w., . ”05
- Nalathioa 1l 6 76 80 85 308
2 - .28 2 23 358
Total 152 166 K o) 178 666 83.25
Nean 76.0 ‘,o‘ 8%.0 89.0
2 7o 127
ﬁ-nm g , _g _ . ] - ,
108 N 1 0 s 175
B?M : 2 8 é il 43 é 155
7 Total _ A8 . 2 R - 165 330 41.25%
Mean 9.0 27.0 06195 82.9
284 1 0 10 17 55 82
Aldrin 2 8 23 32 72| 1%
7 Total 8 33 b 127 222 27.75
Nean 5 16.5 27.0 63.5 -
Contrel ? 1 0 ° 0 0 °
2 L 9 o 1] °
Total L] o o ) 4] 0
Kean 0 0 0 0
Total 747 976 1154 - 1830 | 4307
General m‘rmu Bean 86.69 61.00 72.13 89.” - -

Insectioidal tests cmid\,lut on seventh instar larvee of
E. terminalis.



Variance 4

éﬂe tO.. D‘.F‘t ) s.s. ‘ ﬁigc ’
) Cale,

Treatment (1).| 7 | 39,219.49| 562,784 53,2331

Observation . o .
Parfods (0), | 3 | 15,602.42| 5200,806] %9.41363

T & O Inter= , , , ,

BYTOY ssssins _ 32 ' 3,368~QO 105025# lomo |

1 Total eeee . 63 e ‘ - L \ * ‘}i

Significant differences, | b |

Be Betue‘én treatments ~ 10,475 “
b. Between 8.8, observation periocds - 7,406
6, DBetween T, & O interasction - 29,589,

m " : % : =
- 3

A Should 1% become necessary to undertake
chemical control of E, 7
cides for instars above the fourth até Perathion and E.P.N.
300, at the conclusions indlcated in ¢able 2, Against the
younger instars than this, equally good results should be
obtained with Parathion, B.,P.N. 300, and Malathion,

be Indications are that D.D.T. Toxaphene, Stro-
bone and Dieldrin, slthough inferiocr to the organic phosphate
materials, appear to be sufficiently toxic to afford a fair
dagree of control when used against larvae up to the fourth
instary while the same applied to D,D.T. and Toxaphene in
raspect of larvae older than the 4th instar, |

alis, the most effective insecti-
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After obtaining locality records of B. terminalis

from all museums in Southern Africa as well as the

British Museum, a map has been prepared showing the

. dfstribution of this insect in South Africa, Avale
~ lsble data indicate that E. fermipa
_ in(its'distrihution to areas with an annual raine

1ig s limited

faii of vos Melle or higher,

" By combining the results of climatic studies with |
data cbtained_from laboratoryvaxpériments designed
to determine the influence of temperature and relae-
tive humidity on this insect, it has been possible
to dslimit the probable distribution area of the -
specles in the Union of South Africa, as well as to

explain why 1t does not oecur in other areas,

The morpholegy of the moth, including a study
of the genitalia of both sexes, is described in -
detail, Mating and oviposition are dealt with, and
details are given of the combined effect of relative

- humidity end temperature on the longevity of the

moth, It i3 shown that, contrary to common belief,

there is no mass migration ef,mcths'fram~defaliateﬁ

to undefollated compartments, .

The struciure and appearance of the egeg is de=

 goribed. Using special technique to obtain and

maintain cﬁhstant relative humidities, the influence

of various combinations of temperature and relstive
bas been

humidity on the incubation of the egg is determined.

A desaription is gilven of the external morphology
of the larval stages'whien ineludes the various types
of setae, mnd setal maps of the firat and laest instars.
The technique used to obtaln accurate sotal maps is
deseribed in ﬁeﬁaii} The attachment of the polson

| ond o/
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_setaey as wall as the origin of the poﬁ.son and its
efi‘eet on man, are dealt with, '

Gy A study has'been made of the ettect of 'e;imata,

; particularly.tempe;m‘k}n‘e, on v-the colowr of the integu-

. ment of the lervae, 01imat1e _inﬂnano-e on »sueh' |
 éolowration is 1llustrated by sketches of typlcal
-‘examles.i S | | -

7. | .A key, based chiefly on calour differences, is
given by means or which the varicus larval instars
may fbe distinguished from each others ©

8, 1The types of cage developed for vearing and keeping
the larvae under observation and ﬂescribed. The
| mcvemants and hamgs of the_ larvae from the time of
ha.*i:ehing to pupatiﬁn are é‘eait;‘ with, |

9. As 'the result of ini:‘ens:tva : smeys e‘vér- vast aréas
of ﬁmiigenous flora, a 1ist of the natlmal host

R plants or the larva has been eompileﬂ. A 1list

- of the exotic plants in South Africa attacked by this
insect 1is also given, It 1s shown that t_he feeding

: 'hébits on exotics differ -eénéiﬁer-éh‘ly from these
observed when :mdigenous bread-leafeﬁ plant Species
are attacked.

10, The édmbihéd influence "bf various combinstions |
of temperatm'e and relative humiﬁity on the third ]
' 'and seventh instar larvae 15 6etermined by hboratory
. | e:@er:lments. -
11, A method 1s deseribed by which density of larval
N . papt;lations 4n pine plantations can be assessed without'
rescrting to the ﬁnpie_ésa-nﬁ task of actually ¢ounting the -
larvae on sample trees, rhiS"is done by'-c’puntin»g |
needles and faecal ifaen‘eté dropped from infested

| tvr"ees/'otii" e
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trees on sample areas of known dimension on the
 fores£ floor over & fixed period of tlme, the
. résults being correlated with the average tempe-

- ratures vhish prevailed during the samism-g period.

E Poyulation density may be determined at & glanee,

' 13-

_ using the graph prepared for this purpose.'*"

‘The external -mmazogy of the pups 18 described

and the"infiﬁsnce of:fempérature-and relative humi-
dity on the duration of the pupal stage in its
natural habitat is detemminad.

The»histcry or outbreaks of E,
plantations of exotle trees 4n South Africa is re~

yiewed and from this it is éeducea that 1n\anw

partioular section of a plentation outbreaks ocour
in rough eyeles of from 6 to 8 years.

"1,  The ‘haﬁta& of the insect 5 subdivided into

three ﬁypes aecording to the dansity of the
1nse¢t. The various factors uhidh together
censtitute the environmental resistance of

. and serve to control this pest

are annlysed in the three areas of abundance, with

Spegial‘emphasis on the;area\inlwhich it_oceurs'in
past proportions. . In the areas
where regular outbreaks oconr,

1t/o a.p_vioob-oo..o
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it is shown that various ﬁ.nsép'ft and fungal
parasites infinence the p’c:puiétim'density of
E. ter It is shown that the .msect

paragites pla.y a minor role in the eontrol af

" the host ingect, whereas the main controlling .
factor is Empusa mi xﬁfortmataly this [ [ U
- fungel parassite ig ei‘feetive only when tha
population density of the host insect reaehes
very high leve Sy i;e; at the stage when heavy
o defoliation of trees is apparenta The main -
' 148 is thus

controlling influence on Ee §

a clen'si{:y dependant factor .

The biology and marphclogy of the main in-

s

sect parasités ta-beth-theirlare:
, s%&ae de:scribé;ﬂ{ This study mglizdas
(a) the egg parasite, Telonomus phogaus,
(b) two larval panasites, Heteorus
tug and Zaching fallax, and
(e) the pupal parasite, Pimpla m_lgx

5 “ o

6. The direct loss in timber increment as a
' result of total defoliation by E. $erminalis
has been determinéd for Pinug patuly trees in |
the J”e‘ésiev*ale plantation. This was done ‘by
volumetrie analysis of trees which were ‘&otaily
~ denuded a faw years ago. Based on this |
analysis, and kn‘owin;g how many 'écres of trees in
- this area haod been completely defoligted c?;ui*ing
the 25 years smé:é this pest first commenced
demaging this plantation, an estimate is given
of the total loss of timber to data 1n this area
due to E, jﬁmmalia attaek. .

i7. From *t:h.e‘ studies ma;ae, 1‘& 13; clear that thé

naturel enemies of E. s in certain plane

't_ations such as Je'ss‘:ig?ale, are unable to prevent

poriodic/ ceeas
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périaﬁic eomplete defoliatidn. Secondly, that
the loss of timber inerement due to such epidemies
in these aréas is g0 gevere that chemical control
';Qf'the pest‘wduld ﬁa an economieally sound invest=
- mente - For this reason e&@arimentS‘were earried
- ouk wi%h the most promising of medern insecticldes
against third and seventh instar larvae to deter-
'-mine which of tﬁeae can be used“mnst'efficiently
and cheaply to control the pést,' The results |
_of these tests are given, |
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