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6. 

INTRODUCTION 

Certain species of He~iptera, including both suborders 

Homoptera and Heteroptera,have for many years been known to 

cause damage to young wattle trees, Acacia mearnsii (de Wild) in 

Natal and the South-eastern Transvaal, as well as in the East 

African wattle growing areas. Species of Hemiptera most commonly 

encountered in Natal include the cicadellid Batrachomorphus 

cedaranus ( Naude) and the mirid Lygidolon laevigatum Reuter. 

Both species have a wide distribution in tropical "and subtropical 

East Africa. 

Ever since the insects were first recognised as pests in 

1910 by Hro C. Fuller, the term ;'froghopper n has been used in 

literature on the subject. However, as neither species is a 

true froghopper - a name given to members of the family 

Cercopidae - the writer will not use this term, and each insect 

will be referred to by its specific name. Common names suggested 

are : ~. cedaranus; Green wattle leafhopper, and 1. laevi~atum; 

Brown wattle mirid. 

In the past, all the work done on these Hemipterous pests 

of wattle, has been confined to investigations aimed at finding 

suitable control measures. Fairly detailed accounts of the 

damage caused can also be found in early papers, together with 

silvicultural methods which were recommended to prevent attacks. 

In the early nineteen-fourties Pyrethrum dusts were used in 

control (Ripley and Pe tty 1940). In 1950 fogging with toxaphene 

(1% oil solution) was instigated as a control measure. 

Probably the main reason for the paucity of research on 

this problem in wattle is that it is difficult for the individual 

..0> _ _ _ • _ _ -'- _ _ , __ _ __ __ __ l.. _ _ .! ,..l ____ .! _ .1..1 __ .c-.: _,...) _~ J..1 ____ __ .! __ 
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the almost complete l ack of informat ion on the biology and 

ecology of the two principal sp3cies prevented any attempt at 

forecasting outbreaks. Consequently this study, started in 

January 1967, has been very basic, vith most emphasis on 

morpholo gy, biology and ecoloGY. Preliminary studies of control, 

both biolo~ic al and c hemical , have been c onducted, but have of 

necessity had to t ake second pIe ce at t his sts3e. Economic 

studies are more of a long-term proj ect in a crop such as wattl e , 

as data is require d on t~e co~parative value s of the dam2ced and 

undame ~ed plantations , toge ther with t he cost of protective 

measures, before an asse ~srnen t of t he economic i mportance of the 

insects to the wat tle industry, c en be made . 
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TH~~ TAjWHOl~Y oX B. _C)i:JA))JJU:J fillD L_~. LAE~.-':7J,TU1~ 

1 .1 

I:·:r.rnODUCTCJn N01'ES 

The morphologic a l studi es conducted have been direct ed 

primarily a t t hose features i mportant i n the t axonomy of the 

species i nvolved . Jes ic ex t ernal anatomic al fe pture s are f a r 

better illustra ted by drawin~s than by description, and t he 

illustrations have been s upplemented by tables of measurements. 

In both the Mirida e and Cicadellidae but more particula rly in t he 

former f2mily, features of the external and internal genitali a 

are widely used as taxonomic features , particularly between the 

genera within a tribe and between species within a ge nus. 

Litera ture was f requently consulte d during the morphologic a l 

studies, particularly with r egard to t he reproductive systems of 

the families involved, in order that descriptions might be 

comparable with those of other authors. A study of t he female 

reproductive system of ~. lae~ij[at~ is of interest from a purely 

morphological point of view. In Miridae as well as in Reduviidae, 

Nabida e and Anthocoridae,the arrangement of the genit al organs 

and genital ducts appea rs to be distinctly different from the 

arrangement i n othe r Hemiptera as well as from ins ects in generalu 

This will be further discussed in t he relevant section on t he 

female organs of L. la evig~tum. Suffice to s ay t ha t this is 

partly the reason for t he detailed study submitted in t he 

chapters on morphology. 

1.1.1 ~rials and methods 

All specimens used in morphologic a l studies wer 6 field 

collected throughout the wattle growing a r eas of Na t al. 
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had been laid, and measurements taken immediately, but nymphs and 

adults were preserved in 70% alc ohol. The majority of dra\·Tings 

of external features were made from untreated alcoho l specimens. 

The methods and techniques used during the course of the 

studies of genitalia were neither extensive nor complicated, and 

were more or less standard procedure. Who l e abdomens were 

removed and placed in a hot 5 per cent.KOH solution until 

examination under a dissection microscope showed that all 

extraneous material had been cleare d away. The specimen was then 

removed and placed in a watchglasB containing water and dissected, 

usin0 watchmakers forceps and fine ,i minu ten nadeln ;l pins in cane 

hold.ers. 

The female Genit alia of ~. £~~l?~~ a re r eadily accesGible 

but in the fe~ale of L. lae~i~~~~ certain sclerotised structures, 

notably the sclerotised rin3s Dnd pOGt erior wall of the genital 

chamber (bursa copula trix), require c~ careful removal for study 

and drawing. The following technique was found to be most 

successful and , with only very little practice, easily and swiftly 

performed. Using small scissors, the terga of the KOH-treated 

abdomen were cut along a mid-dorsal line. Then holdin ; the 

t ergum of t he ninth segment (whic h renains uncu t ) all the ter~a 

and sterna were removed, includin~ lastly those of the ninth 

segment itself. Thus only the valvula e and valvifers together 

with t he rami of the valvulae, ~nd the sclerotised portions of 

the genital chamber remain to¢ether. ~hese l ,~ tt er structures are 

situated dorsally, a t the base of the ovipositor. To expose them 

it was found best to separate the first ( anterior) and second 

(posterior) valvulae which constitute the ovipositor blades. 

This was done by placing the specimen ventral surface up and then 

inserting a dissecting needle between t~e first and second 
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tip se?arated the first valvulae from the secon&. This f reed the 

first valvulae and their rami which r emained joined by the dorsal 

wall (roof) of the senital chamber, containin : the sclerotised 

rings. The second vnlvula e are inseparable end their r ami and 

valvifers form the ovipositor sheath. ~ssociated with the base 

of these structures is the posterior wall of the genital chamber, 

also of great t axonomic value, and this was separated from the 

second valvulae and the ovi positor sheath for the purpose of 

illustration. 

Female cicadellids do not have the sclerotised s enital 

chamber walls considered as i mportant in t he t axonomy of Miridae 

and are sufficiently l a r 3e to make dissecti on of cleared specimens 

simple. The male 0: .!: • . 1aevi~_at~E. similarly r oquires no 

specialist surGery to extract the a edeagus and claspers. 

In the remova l of the male genit alia of B. cedaranus t he 

following quick method with KCln-cleared s pec imens was f ound 

satisfactory. The abdomen wes anchored by means of fine forceps 

while the anal lobe waG gr i 'ped by similar forceps. Gentle 

pulling almost invariably resulted in the anel lob3 and pygofer 

hooks, together with vedeaGus, connective and styles being nea tly 

removed leavinJ the genital capsule ( PY30fer) intact. 

Drcl\vinsS \l1ere made from s}ecimens either under \Ja ter or 

glycerine (occasionally 7~ ~ alcohol) anchored by a tiny drop of 

p e troleu~ jelly where necessary. Sma ller organs were drawn from 

sli des . Most illustrations were made with the a id of a Camera 

Lucida, while a squared ocula r and co-ordin2tc p2per were used in 

a few cases. 

To confirm findings as vell BS to study other org~ns suc h 

as the salivary glands, serial sections were made of whole 

adults. Carnoy's and ~enkcr's fixa tives ~ere use~, especially 



12. 

staining techniques were tested, namely Mallory's Triple Stain 

(Pathological technique 1918 pg. 112) and J ane E. Cason's 

modification of the Mallory Heidenhain sta in (Gurr 1956). Both 

were chosen for speed of execution, but the latter proved quite 

suitable and was used almost exclusively. 

1.102 Illustration techniq~~ 

Illustrations were prepared in the following way. The 

original drawings were enlarged several times, and drawn in 

black india ink on a good quality white paper. These were then 

photographed and reproduced, from the ne~ative, onto Kodagraph 

p84 photographic paper. The contrasty negatives required for 

such work were obtained by developing in Kodak D9 developer. 

1.2 

TI-m TAXONOhY OF LYGIDOLON LAEVIGATUM 

Order Hemiptera 

Subor der Heteroptera 

Superf amily Cimicomorpha 

Family Miridae (C apsidae) 

Subfamily Mirinae 

Tribe Mirini Hahn 1831 

Genus Lygidolon Reuter 1907 

Species laevigatum Reuter 1907 

Due to lack of suf f icient data, Imms (1957) was not 

prepared to give formal subdivision of the Heteroptera into 

super f amilies. He did however adop t the time-honoured division 

into the two s eri es Gymnocerata and Cryptocerata , based on 

_\... ..... .: ........... -- ..... ~----,..., ..... t... r"> _ .............. ...... _ ..... ..... _ ~ k _ .......... ri' ...... .... _ __ ..... l~.: __ ......... _ .... _ .... ""-..: ...... _ J-\.,. .... 
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subdivided into three s e ties, the Geocorisae (land bUGs), 

Hydrocorisae (water bugs) and Amphibicorisae (water surface 

bugs) , a classification still in use (Leston et.al.1954). The 

l a tter workers propose d subdividing the Geocorisae into the two 

superfamilies Pentatomorph~ and Cimicomorpha on the basis of 

two morphologic a l types of accessory salivary glands and other 

features such a s male genitalia , wing venation , the development 

of the female spernatheca and e Gg type. The Cimicomorpha have 

accessory salivary glands of the vesicular type with ducts not 

gre? tly convoluted 

in this group . 

(Sout hwoo d 1955). The Hirida e are included 

1.2.2 £ amily Niridae Hahnl831 

The family name Niridae ha s been the subj ect of 

considerable controversy as regar ds acceptability. However the 

name Miridae would s eem to have prec edence since t he first 

genus described WB.G Hiris (Fabr. 1791+) , and Hirides (Hahn 1831) 

was the earliest name given to the family ( ~later 1950). 

Despite t his some authors, particula rly Kullenberg (1947) still 

use the family name Capsidae. 

The mirids are described as "medium to small ovate , . 

oblong or slender , usually delicate insects. Colours dull or 

brilliant - never metallic. Head small, often sharply produced . 

Antennae four-se gmented and slender the second segment usually 

very long , the third and fourth usua lly thinner. Eyes well 

developed , ocelli absent. Ro s trum long , four-se gmented , first 

segment as long or longer than the head . Hemelytra opaque or 

hyaline , with a cuneus usually present. Le gs long and slender , 

tarsi three-segmented, rarely hJO-se gmented o II imms (1957 ). 

Members a re l a rgely herbivorous, but many species are 

distinctly predacious on small arthropods and a few are both 



1.2.3 Subfamily Hirinae Rah,n 1831 

The primary character used in separat ing the Miridae into 

subfamilies has been the structure and arrangement of the arolia, 

while the presence of a pronotal coliar is used to separate the 

Mirinae from t he Orthotylinae (C arvalho 1955). This author 

descri bed ' the ' foll owing fe atures of the Mirinae : iiTarsi vii th a 

pair 6f arolia present, closely approxima te at their base, larse 
, 

and free, usually dilated. Arising between the claws they are 

di vergent from base to tip '; 0 Ta,rsal claws more or less arcuat e 

or bent at the middle , not sharply bent near the base (Brues et . 

al.1954) . Pronotal collar always present and well separated 

from pronotum by a furrow (Ca rvalho 1955). Other authors have 

suggested the use of male genitalia for separation of subfamilies 

(Kelton 1959~ but Kullenberg (1947 ) had earlier objected to this 

on t he grounds tha t these structures, having the single function 

of inseminating the famale, arc likely to show some variation 

without impa irment of function. On the other hand he considered 

that the female genitalia , with their three-fold function of 

coupling with the male Genitalia, the receiving and retaining of 

the male products, and eg3 l aying , were less liable to under go 

any structural change , and t herefore more reliable as taxonomic 

characters. KullenberG also rejected the use of the arolia in 

subfe.mily taxonomy, as he consi dered them too li abl e to 

adaptation. However Carval~ (1955) cont inued to use the 

features of the arolia. Kullenberg also considered that the 

Mirinae did not constitute a di stinct subfamily but only a tribe 

of the Capsinae. The Capsinae: have been grouped into the tribe 

Mirini by Carvalho (~,955), whO considered them to be not distinct 

enough to be regarded a s belonging to a separate subfamily. 

More recent work by Leston (1961) and other workers has 
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1.2.4 Tribe Mirini Hahn 1831 

Carvalho (1955) gives t he characters of this tribe as 

follows : - first segment of hind tarsi not as long as second and 

third t03ether (Fi g . 6E). Pronotum without a l a t eral ri dge. 

Pronotal collar distinct, separated from pronotum by a furrow 

(Fig . 4A). No speci es are myrmecomorphic as in the closely 

rela ted tribe He rdoniini. Os tiolar peritreme prominent . (Fig.4B), 

pronotal colla r not as broa d a s width of calli. Specie s if dark 

usually shining. Hemelytra opaque, membraneous area two-c elled 

(Fig. 4B small and large areole)o 

1.2.5 Genus Lygidolon Reut er 1907 

The followinG i s a summary of the characters of this genus 

given by Carvalho (1955) and Odhiambo (1960) : Heme lytra with 

cuneus and membrane, the divisions into corium, clavus and 

embolium disti nct; l a r ge areole rounded at apex; cuneus 

longer than wi de . Dorsum although shiny, very densely covered 

with small shallow punctures; scutellum very f inely transversely 

rugose. Odhiambo (1960) states t hat t he dorsum is not gl abrous 

as stated by Poppius (1912 ), but covered by minute pale hairs 

cominG out of shallow punctures, although the hairs are easily 

rubbed off. Frons sparsely punctate and finely shagreened. 

Hind femor a not extending beyond tip of abdomen, about one and a 

half times a s long as fore femora; anterior tibia e c ylindrical. 

Second antennal segment linear in thickness except a t bas e where 

it is narrower, the segment as a whole as thick,or only slightly 

thinner t han first segment; third and fourth antcnnal segments 

distinctly thinner. First t ars a l s egment sli shtly shorter than 

second. Rostrum long r eaching a t le ast to posterior mar Gin of 

middle coxae . Eyes very l ar ge , compressed , smooth behind, 

touching the anterior an3l es of t he pronotum and gula below, 
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Odhiambo (1960) in his supplement to e Drlier generic 

diagnoses uses the criterion "met a thoracic wings without a hamus ;'. 

Davis (1961), however, considers the hamus to be absent in Miridae 

although Sloter (1951) lists the condition of the hamus as a 

crit erion used in separa ting the subfamilies of Miridae. Carvalho 

(1955) does not include the hamus in his key to the genera of 

Miridae o f the world. 

1.2.6 Lygidolon laevigatum neuter 

First described by Reuter in 1907 both sexes of this species 

h nvc been thoroughly redescribed by Odhiambo (1960) who includes 

measurements, as follows:­

iiMale : 

~tructur~ - Head appears twice as high os long when viewed 

from the side. Rostrum extends to apices of mid coxae; first 

rostral segment reaches base of fore co xae . Antennal segment II 

slightly thinner th~n segment I. Pronotum with posterior margin 

two and a half times as wide as anterior margin. Tibial spines 

about as long as tibi ~l thickness; hind tarsus with segments II 

and III subequal. 

Measurements (o f nine m~les in mm ., first figure representing 

the mean, figures in brackets the range):- Length of body 3 .25 

(2.9 - 3.55); width across hemelytra 1.49 (1 . 40 -1. 54); length 

of head 0.64 (0.62 - 0.66); width across eyes 0.93 (0.90 - 0.96); 

width of eye 0.34 (0.32 - 0.35); width of interocular space of 

vertex 0.26 (0.24 - 0.28); ratio, vertex: eye 1 : 0.77 

(1 : 0.69 - 1 : 0.85); leng th of antennal segments I 0 . 28 

(0.26 - 0.30) , II 1.14 (1.10 - 1.16), III 0.52 (0.46 - 0 . 58), 

IV 0 . 38 (0.32 - 0.44); median leng th of pronotum 0.74 (0.72 -

0.76), ba sal width 1.30 (1.24 - 1.38). 

Colour. Shiny . Head fuscous to black; vertex extensively, 
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t0 1;Jards apex. Pronotum, including p rD pleura, black j posterior 

Qargin of disc narrowly and v entra l mar g in o f propI 8ur ' ~ br0nely, 

yellowi sh-whi te ; di s c sometimes l a r gely browni s h-yellow. 

Scutellum blac~j apex bro~ dly , or s om e tim es the disc l argely, 

yellow. Clavus fuscou s to black; basal mar gin ne a r cla va l 

sutur e pG l e r, brownish; sometimes th i s pale a r ea more extensive , 

covering ha l f or more o f the cla vus. Corium yellowish, sometimes 

wi th a b rownish tinGe; inner apical a n ~le, sometimes enlarged 

with an irre ~ul a r tra nsverse band just be fore the cuneal 

fr a cture, and s om e tim e s e x t 8rn81 ma r g in of embolium except at 

base o f apex, brownish to bl a c k . Cuneus yellowish; mo s t of 

apical hal f fu s co us to bla ck. Membrane smoky-grey ; veins 

towards ap ic es , an a r ea ins i de the l a r se a r eole , a narrow area 

adjoining the inne r l a t e ral margin of cuneus towards apex, and 

a s po t near the external ma r gin of membrane, pal e or whiti sh . 

Abdom en brown to fuscous; baso and s ome tim e s ventra l aspect 

yellowish-brown ; abdomen s omet i mes l ~ rse ly yellowish . Thora cic 

venter fuscoU B to black; proba sisternum pa le y e llow; ost iol a r 

pe ritreme parti ally , a n d sometimes a lso m~tepisternum a nd ventra l 

aspect of mcsoba si s ternum, yel lowish-brown. Legs yellowish; 

coxae som e times v ery narrowly yellowish-brown at ba s e ; distal 

halves o f h ind fem ora b rownish or r eddish -brown or with some 

reddish mRr kings ; tibiae narrowly a t apex , the l as t t a rsa l 

segment, some time s a lso bases o f h ind tibiae, infusc a te; basal 

t a r sal segment yellowish-brovmj tibial s p ines bl a ck, t hose on 

fore tibi a e yellowish-brown. 

Female 

~tructur~o Si mila r to that o f the male. 

Measurements (in mm. of seven females):- length of body 

3.5); width a cross hemelytra 1. 65 (1.56 - 1.74); 
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interocu1 2r space of vertex 0 . 33 (0.30 - 0 . 36); r a tio, vertex 

eye 1 : 1.11 (1 : 1.03 - 1 : 1.20); length o f a nt e nnal 

s egments I 0 . 27 (0 .26 - 0 .28 ); II 1.06 (1. 02 - 1.12); 

III 0 .55 (G. }f·8 - G. GU ); IV 0037 ( u . 30 - 0.44); medi an 

l en gth o f p ronotum 0 . 79 (0 . 75 - 0 . 84) , basal width 1 .44 (1.32 

- 10 56 ). 

Colour. As i n the male , except: the body tinged with r ed , 

especi a lly on the paler a r eas; vertex and fro ns yellowish-red; 

pronotum and scu tellum extensively or l a r gely pale in colour; 

a bdom e n sometimes entirely yellowish-brown, or sometimes entirely 

black. " 

---- -- - " ..... -. . ----------~ .-.-.- - . .-..-- ..... -------~ .--~----~ 

Order 

Suborder 

.Serie s 

Superfami l y 

Fami l y 

Subfami l y 

Tribe 

Genu s 

Hemipt e ra 

] omoptera 

Auc heno rrhync ha 

Cic ndoidea 

Cic adcllidae (Ja ssidae) 
T . .L o.SS lno.e 

I ass ini 

Batrachomorphus Lewi s 

c cdar a nus Naud~ 1 926 

The suborde r ~o moptera i s s ubdivi ded into threo series, 

na mely t he Auchenorrhyncha Dum&ril 18o~ the Sternorrhynche 

Amyot Dnd Serville 1 343 and the Coleorr hyncha by Ess i g (1954 ). 

The ~nc henorrhync ha are t h ose speci e s h vvin3 the tarsi mostly 

t hr ee -seGment ed and the rostrum a risinG f rom the ventral bas e 

of the head. I mms (1957) u ses a simila r subdivision . 

The Auchonorrhync ha a r e divided i nto hJO super f amili e s , 
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Cicadellidae. 

1.3.2 F~l!ljJ:.y Ci~.C!.e_l_lid..a~...LJ.~~i.d8c) 

The Qambers of this f6mily have in the past been subdivided 

into a number o f sepa r ate fami lies but the r e has been l ~ c ~ o f 

agreement between different authorities on their limits (Imms 

1957). Brues et.al. (1 95 4) r8tain this splittin3 of t he ~roup , 

but the m2jority of a uthoriti es now rec0 3nis8 t he single f amily 

Cicadellidae (I mms 1 957 , HecHer 1942, Beirne 1 956). 

1.3.3 ?ubfamily ~~ssi~ 

Although there has been muc h controversy Dnd cha n s e in the 

subdivision of the Cicadellidae into subfamilies, recent work ers 

have been consistent in their class i f ic a tion on~ ha ve used the 

subfamily Iassinae (Linna vuori 1961, Beirne 1 956 ). Ea rlier 

Naud& (1926) reco gnised the subfamily Dythoscop ina e, as did 

Buys (1924 ) and even Medler (1942). The genera rec03nised by 

these three authors have b een re ~rouped into a number of 

subfamilies ( Je irne 1 95~ ), one of wh ich is the Iassinae . 

Members of the Iassinae a re keyed by Beirne (1956 ) usin ~ 

the followi n ::; features : - 1l0celli on mar g in or close to margin 

of vertex , or on the v ertex itself. Frontal sutures ending at 

antennal pits (Fi g . 5A). Face flot or, usua lly , d i s tinctly convex 

in profile" . Kramer (1963) descri 'Jes the I ass ina. e as umedium to 

large in size, always robu s t and stout , fre quently somewhat 

depressed" . T'o the above fea tures he adds: " The crown is 

almost alwa ys of uni f orm width, never sharply produc ed . Surfac e 

of crown and pronotum tra nsversel y ruc ulose ll . 

1.3.4 Tribe Iassini 

There a r e two tribes in t he subfa mily I assinae , the second 

being the tri be Gyponini ( Beirne 1 956 ). They a re simply 
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Evans (1947) gives a complete description of the members of 

the tribe Iassini and states tha t the ma jority are arboreal 

in5ec ts, with several species occurring on Acacia spp. in Australic .. . 

1.3.5 ~~Batr~c homorphus Lewis 

Considerable confusi on has previously existed in the 

nomencla ture o f cert a in senera and species of the Iassinae . The 

two gene ra Iassus a nd Batra~homorp~~s are ve ry closely related. 

Linnavuori (1957) describes the genus as follows: ;IRobust a nd 

somewhat fl a tt ened species . IIead na rrowe r t han pronotum behind. 

Vertex short and broad , of uniform leng th, transversely furrowed. 

Face short a nd broad; a~t oclypeus p~r211 01- s i dad ( lI'l' n' 5'\). .. U · , 

frontoclypeus he a rtshaped, sli ghtly trans v e rsely rugulose. 

Pronotum tra nsversely furrowed. Elytra with three closed 

subapical cells; appendix broQd; first o)ical c ell membr aneous; 

submargina l vein evanescent ap ic Qlly, ext endinG onl y to the base 

o f the second a pic a l cell (s. gen. 3t~<:1.~cm i ~) or ext e ndin ::; to 

th e a pex of the second ap ical cell (Batr C1. chor~.or'phus s . str.). 

Flying wings with t h ree ap ic a l cells. Dorsal surface of fore 

tibiae r a ther rounded, with a longitudina l furrow, reducing the 

a ngula r appearanc e in cross-section cha r a cteristic of I as~~. 

Spinulation of h ind knees 2 + 2 + 1 (Fi g . lID) . Male genitali a: 

Plates often well-develope d (except in some neotropical forms). 

Styles with a long apophysis. Pygofer strongly setose, side 

lobes with a ventra l appendage. Anal tube norma l without the 

appendages found in I a ssinae . Penis simple; gonopore on the 

ventral surfa c e . o1 

1.3.6 Batrachomorphuscedaranus Naude 

Naude (1923) desc.ribed the s pecies a s foll ows: - ;;General 

colour dark green . Females 6 mm . long, 2 mm . wide; ma l es 

5 mm. long 1.75 mm. wide. 
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margin; the anterior half of the pronotum which is whitish and 

is regularly marked with dark green spots; the scutellum which 

is whitish with a l a rge brownish green spot a t e a ch basal angle, 

and two smaller one s close together just in front of the middle, 

and has a black depressed crescentic line on the middle; the 

face which is white with many short yellow tra nsverse a rcs, the 

genae being pale green ; the eyes a re red, the ocelli greenish. 

Vertex one-fifth as long as its bre a dth between the eyes. 

Pronotum two and a quarter times as wide a s long, subangularly 

incurved b ehind . Scutellum about one and one-half times as 

wide as long. Elytra puncta te and s mooth, subhyaline towards 

the apex; venation indistinct. Face broad , one a n d a h a lf 

times as bro a d a s long, rounded a t the bas e ; clypeus one and a 

half times as long as wide. 

Genitali a - Female: l a st ventral segment twice a s long a s the 

penultima te, sinuately trunc a te behind. Pygofers strong , two 

and a hal f times as long a s the last ventral segment , spinose , 

equalling the ovipositor in length. Malri : La st ventra l segment 

one and a half tim e s a s long as the penultima te. Valve strong, 

pointed, convex, twice as long as the penultimate segment; 

plates absent; pygofers exceeding t h e valve and strongly 

overlapping. Ii 
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CK'l.PTZR 2 

~r8NBRAL "[-\.PPEARAIJ.C~ AND E~CT:,:;:;RNlI.L HOHPHOLOGY 

In a study of this na ture, it does not s e em justifie d to 

embark on a lengthy description of t he entire external morpholo gy 

of ea ch of the two s peci e s under considera tion. The descri} tions 

which follow will, therefore, be as bri e f as pos sibl e , with 

emphasis on those structu~e s a nd fe a tures of i mport ance in the 

taxonomic status of the group to whic h the s peci es belongs , and 

in the taxonomy of the species i t self~ In doing thi s , 

illustrations will be us e d a s much a s possible . 

2.1 

LYGI DOLON LAEVIGATUM 

2.1.1 Vari a tions in colour 

Odhiambo (1960 ) gives a f a irly com) r ehensivG colour 

description c§ 1. 2 . 6 ) of both t he mal e and f ema le of t his 

species. Howe ver, t he colour vari a tions descri bed by h im, 

va ry according to t he a ge of t he specimen . Dur ins the present 

study these colour c han3Gs ~ere c ar e full y not e d. Immedi a tely 

after emergence as an adult, the femal e i s gre en in colour, the 

clavus and corium of t he wing usually mor e olive. ~ ii thin 

forty-ei ght hours tho pronotum is chestnut c han~ing to yellowish 

anteriorly and with a black posterior border. The genal ar eas 

are ginger to blackish . The ab domen hes twd bl a ck Gre GS 

ventrally. The se l a tter consis t of t wo f eint 

bars one on e ach si d~ of t he abdomen, running pnr il l l ol 

t o . thc outer e ~ge , along thu mid-lator~l r~3ion of the 

Rt prn a l nlates. At this s ta~e the scut ellum is lightly coloure~ 
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Fig. 2A. L. laeviga tum female, 48 hours after emerging 
as an adult. 

Fig. 2B. Darker colourin~ of the female at about 72 hours 
after emergence. 
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ovipo s itor region an~ genital segments becom e li ~ht che stnut 

and the pronotum is now compl e tely chestnut, changing to bla ck 

posteriorly in an a re a rou~hly equa l in wi d t h a n d l e ngth to the 

mesoscutum ( Fi g . 2B). Le~s cream to pale yellowish , s howing 

no red. At thi s stage t he colouring of t h e head, thorax a n d 

wing s becomes more or l e ss constant with little variation 

between specimens . The abdome n con t inues to cha n g e in colour. 

At four days t he only green to b e s een on the bo dy is on 

the anterior thre e visible st e rna of t h e a bdom en ( s terna 2, 3 

and 4). The bla ck now extends to t he l a t e ral e dg es of the 

sterna an d t h e whol e a rea 'surroundinz the ovipositor i s c he s tnut. 

At fiv e days t he g eneral app e aranc e is da rker, wit h the gre e n of 

the abdomen yeceding a nd t he ovipositor a r ea darkening t o 

black . 

After a we e k the 3enital se gmen t s o f the abdomen are often 

compl e t e ly bla ck, a nd the abdomen ma y be almost all bla c k 

ventrall y , with a silve r pubesceno e . In other s pecimens this 

blackenin~ i s confined to t he f irs t genit a l segment a n d the two 

bands of black while t he re s t o f the a bdom e n i s y e llowish 

tinge d wit h red. 



At t en to twelve days the abdomen is pr edomi nantly black 

in colour, with t ha posterior ma r 3 ins o f the second sternum 

narrowly, and the third to sixth sterna broadly black . The 

formerly yellowish parts including t he Genit a l Be~ments , 

become reddish-brown (Fig . 2C). In older females even the 

s e v enth sternum has its ~ost erior ha lf bl a ck. The black 

speckling nnd barring on the h ind femur also chan~es gradually, 

to b ecome reddish in the m2 ture adult female. 

The newly emer~e8 adult male is all green, with the frons , 

the cla val area of the wing , and th8 whole of the pronotum, 

01 ive-3reen. ;:ithin twenty-four hours, the frons and pronotum 

a re completely black, except for a t h in yellou po s t e rior border 

on the l a tter ( F i g . 3A). The vertex ond e ~ c h clavus are gingery 

black and the scutellum is blac k a nt eriorly, merGing to 

yellowish posteriorly ( Fig . 3A) . T~e corium appears greenish , 

mainly due to the green of the body b ene o th , the embolium 

yellow . Powdery black markinGs a re visible on the corium near 

t he anal ridge , at the apex of the V formed by the clavus of 

each wing. The cuneus is yellow, but black ap ic a lly, and the 

membrane o f the win~ i s 3 r eyish . Ventrally the genital segment 

of the a bdomen shows a slightly bl a ck shadinG. 

Dorsally colour only changes slightly in intensity with 

age af ter this stage has b e en re a ched , a lthough the scutellum 

becomes pro gr ess ive ly more black until after abou t five days , 

when only a small area naar the apex is yellowish. Ventrally , 

important colour chan~es occur on the abdomen , as in the femal e . 

The genital segment bec omes light brown, and a bar of reddish 

to brown develops l at erally on each side o f the abdom en , and 

parallel to its oute r margin whe n vi ewe d ventra lly. ' Ihen five 

days old this har is vell develop e d and two blackish a r eas 
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Fig. 3Ao L. laevijiatum.Adult male. Dorsal view. 

Fig. 3B. L. laevigatum. Adult male. Ventral view • 

• 
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in t he fully coloured adul t mal e the genita l segment and bands a r e 

a deep rich r ed- brown to bl ac k , l CQvi ng onl y the c entra l s t erna l 

a r eas and of t en t he a r ea outs i de each band , pal e ye llow . 

The mc a sur ements of body l cngth Qnd widt h pr esen ted i n 

Appendi x 1 c ompa re fa voura bl y wi th those gi ven by Gdhi ambo (1960) . 

Measur ements taken f rom twenty me l es and twenty fema l es sel ect ed 

f rom insect s col l ected ove r an ex t ended pe r i od fr om va r ious 

l oc nli t i es , show average mal e l ength a s 3.19 mm . ; average femal e 

l eng t h as 3 037 mm . Thi s gives a Jiffcrenc e of 0 .18 mm ., with a 

sta ndar d error 0. 0583 for t~is di ffer ence. The value of t (38 DF) 

i s 3.026 , signi f ic an t a t the 1 per c ent . l ev e l . Thus femo l es nrc 

s i gni f ic ant l y l a r ger than the me l es . 

Body wi dt h measur ements t pk en a cross t hu heme l yt r a behind 

t he s cutellum , a r c more vari ~ble , depending as they do on the 

pos i t ions o f the hemelycrn o The body of L . l :,e '!..i_:;a t...~~ i s feirly 

wi de , bu t thi s i G tho gener a l bo dy s hape of mony o f the hirin i • 

. 1: . laevi g~tum may be c onsidere d a f a irly :smc..ll species , since 

Mi ridc..e vary f r om 2 Dm . t o () 

o mm. i n length . 

2 .1. 3 Th e: head 

'1'he heLd of .!:. . ,;t-..':--.e v i gE':..~_1!.!l. i s of the pro .,n<:"' L lOUS t ype and 

h i ghly s peciali sed to a ccommodate t he s uc k ing mo uthpo r ts a nd 

t heir aSGoc iat ed s truc tures. 

On t he head c npsul e t he gul a r r egion i s we ll-develope d, as 

in most He t eropter a ( Sou thwoo d 1953 ) (Fi g . 4A) . The cly~)eus i s 

gr eatly enl or ged an d divided i n to the ant eclypeus or tylus , (Fi gs . 

4 and 5G) and the postc lypeus . Ther e is no sutur e be tween t he 

two but t he division is consider ed to occur wher e the clypeal 

folds end ( Fi g . 5G). Deep cle fts sepa r a t e t he tylus from t he 

l a t e r a l lobes o f t he he a d , c all ed t he juga (the mandibul ar pl a t es 
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FIG. 4 5cut. 
M5cu . I 

I I 
A. 

Adult female 1. ' laevigatumo A, lateral view. B, 
dorsal view. AR, anal ridge; Bas P., basalar 
plate; Bc., buccula; Cl., clavus; Cl S., claval 
suture; Co., collar; Cor., corium; Cu., cuneus; 
Cub., cubitus; [p., epipharynx or labrum; Fr., 
frons; Ge., gena; Gu., gula; Ju., jugum; L Ar., 
large areole; Lo., lorum; lYlem., membrane of ' 
hemelytron; IYl Scu., mesoscutum; OP., ostiolar 
peritreme; Pron., pronotum; Prop., propleuron; 
RD., rostrum; S Ar., small areole; Scut., scutellum; 
Sp., mesothoracic spiracle; Ty., tylus; Ver., , 
vertex. 

... 
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1.0mm 

Head, mouthparts, antennae and wings of: A - F, ~. cedaranus. 
A, anterior view head. B, tip of maxilla. C, tip of mandible. 
D, antenna • . E, Hemelytron. F, metathoracic wing. G - L, 
.h. laevigatum. G, anterior view head. H, tip of maxilla. I, 
tip of mandible. J, antenna. K, Hemelytron. L. metathoracic 
wing. Ac., anteclypeus; AF., anal fold; AP., antennal 
pit; ApC., apical cell; App., appendix; AS., antennal 
socket; Bc., buccula; BrC., brachial cell; CE., compound 
eye; CGr., costal groove; Cl., clavus; C1C., claval cells; 
C1S., claval suture; Cly., clypellus; Cor., corium; CosA., 
costal area; Cub., cub~tus; CubF.,cubital fold; Cun., 
cuneus; DisC., discal cells; Emb., embolium; Fr., frons; 
FrS., frontal suture; Ge., gena; IAA., mAA., DAA., inner, 
median and outer anteapical cells; Ju., jugum; Lab., labrum; 
LAr., large areole; Lo., lorum; mem., membrane; mx., 
maxillae; Dce., ocellus ; PC., postclypeus; Pro., proboscis; 
SAr., small areole; Ty., tylus; Ver., vertex. 
Wing veins:- lA., 2A., f irst and second anal veins; Cos., 
costa; Cu., cubital; m., media; PCu., postcubital; R., · 
t~rl;lI q · Sr • q"hrn",t~ · Smll . • ",,,hm"'T'n i n,,,l \loin. C::II. 
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3ena is a pla t e termed the buccula (Fi gs. 4 and 5G) . 

Sutures are absent in the posterior re gion of the heed 

c apsule of t h8 adult, and t~cra are no oc olli. T:le l~brum is 

attached to the anterior margin of the antcclypeus, al though 

direct ed ventrally due to the position of the head (Fi 0s. 4 

and 5G). 

The mandibles and maxillae are each r8presented by a pair 

of stylets. The tip of each maxilla is s imple (J i g . 5H) while 

the mandibular stylets are serratod on their outer edges 

(Fig. 5I). The labium is modified to form a four-segm ented 
. 

rostrum (Fig. 5G) and the maxillary and mandibular stylets are 

housed in a groove on its anterior surfaco. 

The antennae (Fi g . 5J) are long and four-segmented (as 

in all Miridae) and a re a ttached to the head just below the 

centre of, and ant 0rior to, the eyes (Fi g . 5G) . Th e segments 

are covered by fine hairs, with none of the long setae used in 

taxonomy of other groups of Miridae. 

2.1.4 The Thorax 

There is little informa tion in tha lit erature conc erning 

th0 structure of the thorax in Heteropt er a , the only major 

studies being those of Taylor (1918), Larsen (1945), Brindl ey 

(1934) and Southwood (1953 )0 As obse rved by SouthwOO G, th0re 

is a great deal of ovorlappin3 of tergal plates. 

The pronotum (Fi g . 4) is well devclop cG and forms by fa r 

the grvater portion of the dorsally visibl e thorax. Described 

by Southwood as saddle-shaped, it overlaps the mesothorax to 

the extent that only about the posterior third of thQ 

mesoscutum is visible ext8rnally. Laterally, the pronotum 

fuses with the epimeron which ext ends down immedia tGly posterior 

to the f irs t coxal c ~vity, wher e it ends . Anteriorly the 



po int on the collar behind the eye ( F ig. 4). ? ost e rior to thi s 

s utur e on the propleuron, i s the ep imeron . Ventra lly the 

c olla r g ives way to t he probasistcrnum which forms a wide 

p r e co xal bri dge . 

The mesothorax has a l a r ce mososcutum ( Fi g . 4J) the 

gre a ter part of which is hid~en unde r the pronotum. Pos terior 

to thi s i s the scut e llum ( Fig . 4B), which ext ends bac kwards to 

cove r most of the metanotum . La t e r a lly the epist e rnum and 

epimeron are separate d by a well-de fined pleural suture . The 

episternum i s separated fro m t he l a rge bulky basisternum by a 

weak wavy suture . 

The me tathorax is entire ly hidden by the wing s , i s 

greatly modifi ad , and much r educ ed . The ba ckwa r d proj ection of 

the me s o thora cic scutellum is reduc8d to a narrow band . 

Lat e r a lly the epist e rnum ( Fi g . 4) is l a r ge , and a ccordi ng to 

Southwoo d (1953 ) ov rl aps tho ep i m0ron. Ventrally the 

basisternum is small er than tha t o f the musothorax , but is 

nevertheless well de v eloped . 

201.5 }:,ho0cic le!t~ 

In the Miridae the throe p ~irs 01 less are similarly 

de v e loped anf o f simila r f uncti on ( f i g . 6). All three display 

a fe a ture found i n other He tero p t era , in wh ich ther e appears to 

be hfOisegmGnts " b0bl08n coxa and f er.mr. Soutlnwo d (1953) 

studi ed t he muscles of this p e rt o f the l eg Bnd concluded t~at 

the second "s8Gm:mt' \'/BS in fect 2. ba.sal pa.rt o f th e fomur. 

At the distal end of the ti bi a o f t he prothora cic l U3 

is ~ f ind comb-like structur ~ t e r med the tibial comb by Kni ~ht 

(1 921). It i s compr i sed o f f ine , closel y plac ~ d transluc ~nt 

s p ine-like t eu th , numbering 14 - 1 6 in L. la ovigatum. fhe comb 

is borde r ed on eac h si de , by two l a r ge spines ( Fi3 . 6D) . 
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Thoracic legs of 1. laevigatum adults. A, prothoracic 
leg. B, mesothoracic leg. C, metathoracic leg. D, 
antennal comb at the apex of the prothoracic tibia. 
E, detail of metathoracic tarsus. F, detail of the 
pretarsus. Aro., arolia; 
femur; P Aro., pseudarolia; 
Pro Tib., prothoracic tibia; 
trochanter. 

C 1 s., claw s ; Fe m. , 
Pre., pretarsus; 
Tib., tibia; Tro., 



33. 

pair o f well devel oped, fleshy arolia and a pair of 

pseudoarolia (Fi g . 6F ). 

Apar t fro m a covering of fine hairs ove r a ll leg segments, 

the femora are densely covered by 10n3 hairs, the coxae more 

sparsely. A row of heavy se t ae occur s on the hind tibia , those 

on t he other tibiae b e ing less conspicuous. ~edium leng t h 

hairs a re found on a ll ti b i ae as well. 

2.1. 6 ', /in&s 

The forewins s of all Ze t eroptera are mo difi e ~ into 

hemelytra ( F i 3 . 5E). Te r mino logy given is that o f Knight 

(1921). The hemely t r n a re covered by extremely fine hairs . 

The mem br anous h ind win3 s of Jeteropter a have been studied 

by Davis (1 961). He f ound the venation of Miri dae to be very 

consistent , wit h no marked differences be tween subfamilies. 

The present investigat ion c onfirms this in that t he venat ion 

o f the hindwing o f ~ . ~aeviga tu~ is pra ctic a lly identical to 

tha t de s cribed and fi Gure d by Davis. fhe vena tion is characteris ed 

b y Davis as follows : ' '';:;c. i ndis tinct and mar.:;inal , ha mus l a cking; 

E distinguishable onl y as a diagonal vein conne cting Rand Cu , 

only one secondar y vein present; Pc u and 1st A joined p roximally 

and strongly divergent dista lly , f orming a Y- shaped pattern; 

2nd A o ften obsolete . ·1 In L. ~aevigatum t ~le 2nd A i s fairly well ­

developed (Fi g . 5F) . 

The hindwing has a groove along its costa l edge which 

links wi t h a s pur near the apex o f the clavus of the forewing 

(anal ridg e) and serves to hold the two to ge the r in fli ght 

( Davis 1961). 

2.1.7 The abdomen 

The a bdomen of the female is more or les 5 boat-shaped and 

is rel a tivelY broader and deeper than that of t he male (Fi ~s . 
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Female abdomen and external genitalia i. laevigatum. 
A, ventral view abdomen. B, second or posterior 
valvulae. C, first or anterior. valvulae. D, lateral 
view, abdomen. Gen S.l., G~n S.2., first ·and second 
genital segments; Ovp., ovipositor; Rg., ridge; 
Ra.l., ramus of first valvulae; Sg P., subgenital 
plate; Sp., spiracles; 3 Vl" third valvulae; 
2 Vlf., second valvifers. 
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Male abdomen and genitalia of 1. laevigatum. A, abdomen 
ventral view. B, same, lateral view. C, transverse 
section through the abdomen (after Kullenberg : 1947). 
D, posterior view, terminalia. E, left lateral view, 
terminalia (genital capsule). AB.,a~al blockj DP1~,dorsal plate 
G Cap., genital capsule; L Cl., left clasper; 
L Ter., laterotergite; M Ter., median tergite; R Cl., 
right clasper; Sp., spiracles; St., sternum; T., 
tergum; Ves., vesica of aedeagus; V Pl., ventral plate. 



alth~ugh some are considerably modified. The eleventh is 

covered by the tenth. Accordin~ to Da vis (1955) the ventra l 

portion of the first abdominal se gment is reduced to an elastic 

membrane which joins the abdomen to the thorax. Dorsall y the 

first segment is reduced to a small p l a te. The v entral portion 

of the second segmen t is reduced to a thin sclerotised strip, 

while dorsall y and l aterally the plate is fairly well developed. 

The following f our a bdomina l segments are roughly simi12r in 

shape, consistin g o f bro 2 d ~lates which, i n the fe male, arch 

increasingly in order o f nearness to the genit a l segments. The 

seventh segment in t he f ema l e has a point e d fl a p - like portion 

referred to as t he subgenital pla t e . The t ermina l a bdominal 

se ~ments are discussed in Section 3 . 2 . 2.1. 

In t h e ma le, segmen ts three to eigh t are similar both 

dorsally and ventra lly a lthough they b e co me increasinGly arche d 

towa rds the tip of t he a bdomen. rhe ninth abdominal sB 3men t is 

the genita l c apsul e , discussed i n Sec ti on 3 . 2 .1. 1. 

As mentioned previ ously , a seri e s o f bro ~ d medi ~ n terg i tes 

constitut e wha t i s k nown a s th 9 do r s a l p l a te of t~e a bdo Qen 

( Kullenb c r g 191~7). Two membranous bands , extending from the 

anterior margin of the ab dom en , con tinue t hrough the seventh 

segmen t in the female, to som e ext ent including the e i ghth in 

the male. These become greatl y ex~anded in the young gravid 

fema l e . Post eriorl y the membranous bands on each side of the 

tergum approach a n d moet a thin membranous ban d termed t he 

connexiva by Davis (195 5 ) which extends to the post e rior end of 

the ninth a lthough its membranous appearanc e " is los t in the 

eighth and ninth segments ( Fi gs . 7D and 8B). This band is 

narrow a n d appears to act as a hinge, a llowing that part of the 

t ergal plato between it and t he membranous a r ea to be raised 
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This portion \.,ras termed the l a t e rot e r g i te by I~ullenbe r~ (19[1-7) 

a nd ext ends down with the connexiva at its apex, to include a 

portion o f t he ventral pla t2 ( Fi ~ . 3C) . On the e i ghth and 

ninth se~ments o f the mo le lone fine hairs line the inner edse 

of the l aterot e r 3ite ( FiC. 8). Simila r ha irs a re f ound on the 

posterior mer3in of this tcr3it e on t he female's eiGhth abdomi nal 

segm ent ( Fig . 7) . 

Sp iracles ore f ound, just be low the connexiv~ , on abdomina l 

sc6ments two to From t ransverG e sections made in this 

study it appe a rs tha t these lie in t e r s a l pla tes whic h ha ve come 

to lie l a t era - ventrally on the abdomen . This wes sU3gest c d by 

Kullenb c r 3 (1947) who conside~ed thot the ventral margins 0; the 

tergum could be repres ent e d by hypothet ic a l lines runnins just 

be low the a bdominal spiracles . There i s no obvious point of 

union between tergum a ad sternum. 

2 . 2 

The g enera l colour i s li 3ht 3recn , with two small 

cons~icuouB bl ac ~ s po ts n ee r the post erior marg in o f the vert ex , 

and the eyes re ddish to bri ght red. Tho fac e is white with many 

tra nsv e r se s ree n lines on the clyp eus . The a nterior and posterior 

mar s ins of the vertex , to gether with the area surroundin~ e ~ c h 

of the bl ack dots and a mid-dorsal line are pa l e white. The 

an t e rior third of the p ronotum forms an a rc of ~ale whit e , 

promine ntly ma rked i n 0 pattern o f z reen 6~ OtB a nd markin ~s. 

The scutellum is whi t i s~1 vii tll two bro\!l1ish-fJ'reen markin~s 
<:> ~ 

extending do wn from t he pattern o f t he ~ronotum , two pair ~ of 
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Female abdomen and external genitalia of ~. c e daranus c 

A, lateral view. B, ventra l view. C, ve ntral view of 
the genitalia with the seventh sternum t r a ns parent. 
AS . , anal style; I Ra., inner or second r amus ; OR a ., 
outer or first ramus; Ovp., ovipositor; OvpSh., 
ovipositor sheath; Sp. , spiracles; ST. , ste r nu m; 
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On the abdomen the anterior margin of ea ch tergal plate is 

white, more broa dly l a t e r ally (Fig. 9A). The sterna ar e 

predominantly greeni sh and in the f emale t he ovipositor is 

pinkish-brown. 

Measur ements taken from adult s of B. ce daranus ar e 

presented in Appendix 1 . These give ave rage male l ength as 

4.74 mm., averaGe female l ength a s 5 .46 mm . The di f ference of 

0 .72 mm., has a standard error of 0.1422 mm. The value of 

t (38 DF) is 5.084, signific an t at the 0.1% level. Thus 

f emales are significantly longer than mal es. 

2.2.2 The head 

The anterior view of the head is illustrated in Fig. 5A. 

Even when fe eding it is de flexed under the pro thorax (Fi g . lO A). 

As a result the only part of the head visible from above , is 

the narrow vertex, with a compound eye at each l a teral extremity 

(Fig. lOB). This portion is in fact termed the crown by 

Evans (1946), defined as that part of the head which is visibl e 

from above and is on a plane with the pronotum. Th e t erm has 

no morphological significance and may co~prise part of the 

frons as well as the vertex. Vi ewed anteriorly, the head is 

rather oval in shape, (Fig . 5A) and only slightly broader than 

long. The clypeal suture divides the clypeus into two regions. 

Dorsally the broad frons bears the compound eyes laterally and 

a pair of ocelli. Medially , be twe en the downward curves of the 

clypeal suture on each side of the face, the clypeus extends 

down the length of the face to its ant erior (ventral) margin. 

If we consider the hea d as prognathous for the pur poses of 

description, then the posterior portion of the clypeus is the 

frons. Evans (1946 ) following Spooner (1938) named the part 

imme di a t ely ant erior to the antennae , the anteclypeus. Other 
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Adult female B. cedaranus. A, lateral view. B, dorsal 
view. Ant., antennaj App., wing appendixj C1., 
Clypeusj Cla., clavusj Cly., clypellusj Cor., coriumj 
Cos., costaj - Ge., genaj Lab., labrumj Lo., lorumj 
IY1 Scu., mesoscutumj IY1 Tib., metathoracic tibiaj Dce., 
ocellusj Pron., pronotumj Scut., meSothoracic scutellumj 
Ver., vertex. 
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portion of the clypeus. 

Immediately anterior to the anteclypeus is the small 

triangular labrum. 

Lying along the mar gin of the anteclypeus and frons, on 

each side are two plates termed the lora(e) (Fig. 5A). Evans 

(1946) submits evidence for regarding the lora of Cicadellidae 

as derived from mandibles. Since the lora of Heteroptera 

(Section 2.1.3) are considered to be maxillary plates, and the 

juga as mandibular plates, there appears to be some confusion 

in terminology and origin of these structures. Laterally the 

lower portion of the face is made up of the maxillary plates, 

termed genae, lying below the compound eyes. These structures 

appear to correspond to the maxillary plates or lora of 

Heteroptera (3ection 2.1.3). 

The labium lies be tween an d below the maxillary plates 

forming the three-segmented proboscis. It is grooved anteriorly 

to form a housing for the mandibular and maxillary stylets. The 

latter pair are tubular, while the former have serrated outer 

edges apically and even some serration on their inner edge 

(Fig. 50). Apically the maxillary stylets are locked toeether, 

grooves on their inner surfaces being opposed to form two 

canals, one being a salivary and the other a food channel . 

The antennae are fairly small, consisting of two basal 

segments and a filament. This latter part apparently consists 

of three thicker segments and a long thin portion which makes 

up about half the antennal length (Fig. 5D). 

2.2.3 The thorax 

The pronotum is large and lightly transversely furrowed. 

Superficially the dorsal part of the thorax appears similar to 

that of the mirid ~. laevigatum o According to Evans (1946) the 



42. 

has resulted in a highly compressed metatergum, due to the 

backward projection of the mesotergum (Evans 1946). For further 

detail on the structure of the cicadellid thorax the reader is 

referred to Evans (loco cit.). Although Evans considers the 

scutum to form the major portion of the mesonotum, taxonomists 

persist in re fe rring to the visible a r ea of the mesonotum as the 

scutellum. It is not within the scope of this investigation to 

confirm or reject the vi ews of Evans. 

Laterally and ventrally the episterna of the prothorax are 

reduced and the visible sternum is small. In the mesothorax, 

according to Evans (1946), each epist ernum is divided into an 

anepist ernum and a pre-episternum, with an undivided epimeron. 

A small st ernum is situated ventromedially be tween the pre­

epist erna, although thes e l atter in fact mee t ventrally and 

posterior to the sternal plate. In the motathorax the · 

trochantins and coxae of the hind l egs are so greatly enlarged 

that the episterna and epimera are concealed (Fig. lOA). 

2.2.4 Legs 

Legs of the pro- and mesothorax are similar, consisting 

of normally developed segments. The tarsus is three-segmented 

and the pre tarsus has a pair of claws and a pair of fleshy 

aralia (Fig. 11). 

The metathoracic legs are well-developed for the purpose 

of jumping, hence the appropriate name " leafhopper fl often given 

to members of the family. The coxa is enormously enlarged 

(Fig. lle) and has a greatly enla rged trochantin at its base. 

The femur is also much enlarged. The tibia is long and roughly 

quadrilateral in cross-section, with a row of spines on each 

edge. The two outward-facing rows of spines are slightly longer 

than tibial width, of strong construction with enlarged bases. 
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Thoracic legs of ~. cedaranus adults. A, prothoracic 
leg. B, mesothoracic leg. Bi, detail of the mesothoracic 
tarsus. C, metathoracic leg. C~ detail of the 
metathoracic tarsus. D, dorsal view of "knee-spines". 
Aro., arolium; . Cls., claw~; Fem., femur; KS., knee 
spines; Pre., pretarsus; Tar., tarsus; Tib~, tibia; 
Tro., trochanter. 
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either side of the f emur when the leg is folded, the upper row 

consists mainly of fine spines int ersp ers ed with six or seven 

longer spines near er the base of t he tibia, in al l numbering 

42 to 45, whil e the lower row consists of nine to t en spines, 

slight ly smaller than those of the two outward-facing rows, 

and without enlarged ba s es. 

On the :]-..)V1.f.~T spines exist which are used as 

t axonomic features. These are at t he dist a l end and lie in a 

2 + 2 + 1 format ion (Fi g . llD). 

2.2.5 The wings 

Some confusion has exi sted concerning t he position and 

identity of the Cubital , Pos tcubital and Anal veins of the 

for ewing . Davis (1961 ) states the t the CU2 borders the cubital 

furrow posteriorly but, since it is weakl y developed and 

inconspicuous, it is frequently indistinguishabl e. However the 

presence of this vein is indic a t ed by the presence of a trachea 

clearly visible in newly moulted adults. The remaining veins 

of the clavus s hould thus be designated as the Pcu , 1st A and 

2nd A r espectively (Fi g . 5E). Other veins and cells are 

consistently named as shown in the illustration. There are 

three closed subapical (anteapical) c ells, and a broa d appendix. 

In the hindwi~g , CU2 lies anterior to the cubital furrows 

and posterior to the furrow is foun d the charact eristic 

Y-shaped pattern of venation formed by veins which should be 

designated as Pcu and 1st A (Fig. 5F). The anal lobe conta ins 

a singl e vein , tho 2nd A (Davis 1961) • 

. A recurved toothlike lobe on the costal margin of the 

hind wing (Fig. 5F ) acts a s the mechanism for locking the for e 

and hirid wings of the Auchenorrhynchn together. The lobe of the 

hind wing catches in th(; turacc.··un cl-.:r 115 nd mur gin of the clavus 
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20206 The abdomen 

General shape of the male and female abdomen is shown in 

Figs. 9A and B and in Fig. 220 In both male and female all 

eleven basic a bdominal segments may be readily recognised, 

segment ten being represented by the anal tube, (or anal 

block) usually hidden by the pygofer lobes, while the eleventh 

segment is the anal style (Ossiannilsson eta ale 1956). 

The first abdominal segme nt is reduced to a small tergal 

plate which is visible immediately behind the scutellum of the 

metathorax. Ventrally it is membranous, serving to connect 

the thorax to the abdomen. The second abdominal segment is 

also reduced, both the tergum and sternum bein3 much na rrower 

than those of the third and following abdominal segments. 

Segments three to seven are basically similar, but in the 

female the eighth sternum (Fig. 26B) is modified to form the 

anterior or first valvifers to which the sabre-like sclerites, 

termed the first va lvulae, a r e attached (Ossiannilsson eta ala 

' 1956)0 The genital segments of the female will b e discussed 

in Section 3.3.2.1. 

In the male the eighth tergum is normal in shape while 

the eighth sternum is shovel-shaped and extended posteriorly 

to cover the much reduced ninth sternum, a small plate to which 

the subgenital plates are attached (Fig. 22C). Male genital 

segments are more fully discussed in Section 3.3.~. 
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CHAP'r:~R 3 
r . 

THE ORGANS OF REPRODUCTION 

3 .1 

TH"S TERiVlINOLOGY APPLIED TO 
of-;:ff.~6NIC ..... I !IPORTATiC:G IN 

3.1.1 Miridae - male genitalia 

GZNITh.LIC STRUCTV ... 1ES 
A-J CIC ADELLIDAE 

The male genitalia o f Mi ridae are very specia lised, and 

show no affinities with those of any other Heteropte r a 

(Pendergrast 1958 ). Several part s , particularl y the claspers 

an d certai n details or the vesica, have been used extensively 

to define species and to a certain extent, to de fi ne their 

relationships. The first attempt at using the genitalia as a 

taxonomic tool was that of Reuter (1883 ) who illustrated the 

claspers to show differences between s pecies (Kelton 1959). 

Kni ght (1923) was the fir st to consider the aedeagus in 

taxonomic studies . More r ecent ly the spiculum of the vesica 

has been used as a diagnostic char act er on it s own (Kelton 1955) 

although this author did not use the spiculum separately in a 

later more extensive work (Kelton 1959). 

In this study the structures beyond the phallobas e are 

referred to as the vesic a (Fig. 12A and B). This includes th e 

distal portion of the ductus seminis , the gonopore , and the 

processes of the vesica, which in the Mirinae are usually in 

the form of spiculi or spines. The t e rm phallus is used to 

designate the intromitte nt organ as a whole, while the 

phallobase is the sclerotised basal region of the phallus. The 

phallotheca is the structure enclosing the phallus when the 

phallus is in the normal Dositinn w~il o ~~~ ---~- - • 
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the claspingor8an of male Heteroptera , the former being that 

in common use by North Am erican specialists in Miridae , the 

lai~er wa;~sed by Kullenber g (1947). In this study they will 

be termed claspers . The harpagones of Snodgr ass (1935) 

gonoforc~ps " of Michener (1 944) and gonostyli of Bonhag and Wick 

(1953) are synofym ous with the two form er t erms. The 

termi nology use d for their vari ous re gions is that of Kullenberg 

(1947) modifi ed by Ke lton (195 9 ) ( ~ ig l 2C , D and E). 

3.1.2 Miri da~.-.i..e1!!.ale ~e}!.itali~ 

Although in the male genit ali a , terminology o f the 

structures used is neither extensive nor co mpl i cated , that of the 

female genitalia i s fair l y comp l ex and often spec i al techniques 

are required for dissec ting out the required structures. An 

excellent paper by Kullenberg (1947) initiated the extensive 

search for taxonomic characters in the female Miri dae . However , 

Kullenberg 's terminolo gy was essenti ally descript ive and too 

l engthy for gener a l taxonomic use. Thus Sl ate r (1951) use d a 

series of lett ers to denote structures referred to in text, 

rather than attempting to name par ts of unknown ori gin or 

function. Lat er Davis (1955 ) named several of the structures 

numbered by Sla ter . 

The female mirid genita l structures involved in taxonomic 

studi es to date are all part of the genital chambe r (bursa 

copulatrix of Slater 1951). Thi s structure i s situated dorsally 

above the base of the ovipositor (Figs. l 6A and B). Kullenberg 

(1947) dvs i gncttt::d" three anatomical re gions of the genital chamber. 

These are t he anterior wall, the pos terior wall and the roof. 

Both the dorsal wall (roof) and posterior wall are i mportant 

taxonomically . On the dorsal wall are found t he sclerotised 

rings used by Slater (1951) and Kelton 1955 while the posterior 
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subfamily relationships , and often of value in t he identi f ication 

of species. The di f f er ent area s of the posterio r wall we re 

l e ttered by Sl a t er (1951), whil e Davis (1955) name d t he wing-like 

portions the inter-ramal scieri te and t he c ent r al portion was 

t ermed the si gmoid proc ess by hi m (Fi g . 19D ) . 

3.1.3 Male genitali a - Cic adelli dae 

The principal genitalic fe a tures of taxonomic importance 

are the phallus or penis, the connective a t the ba se of the 

penis and the movable s t yl es or parame r es, more or l ess elonga t e 

sclerotised process es which articula t e with , and are situated 

one on each side of, the connective. The connective itself is 

a usually well scleroti sed format ion belonging t o t he phallobase 

and varying much in shape (Oss iannil sson et. al. 1956 ). o ther 

characters suc h a s t he de velopment, shape an d arrangement of sc t ~c 

on the g0ni te.l ) l:_t¥·s , and th E: pres"nc e or o..bs"nc0 of sC t C:'.0 on t he 

':iGll cs th-" ':'..no.. l tubo ;-.nd tho :'no..l colL~r UGJ '0 ,; :-~r: 'L::d \/i th sc10r:.ti .'JGd 

o..ppend;~g0s vc..r ying in sho..pe '<lhi ch :-'..1' " u""d in tho t nxonomy of the speci es 

i nvolved. 

3. 1. 4 Female~~~tali2 - C ic ndelli d~e 

The vc..rious perts of the geni tali a have been lit t l e used 

in the t axonomy of fe mal e cicadellids . The int erna l st ructures 

lack t he scleroti s ation of t he f emale mirid genita l chamber and 

have ther e f ore been found of little taxonomic us e so f ar. Apart 

from the hind margin of the seventh abdominal st ernum which is 

often inc ised in a charact eristic way; structures at the base of 

the ovipositor have recently been used in taxonomy by 

Cunningham and Ross (1965) in a study of Empoasca spp. 

3.2 

GENITALI A OF LYGIDOLON LAEVIGATUlVi 



3.2.1 . 1 The genital capsule (Figs. 8D and Z) 

The genital capsule consists of the whole of the ninth 

abdominal segment, and is strongly scl erotised. Within the 

'igeni tal chamber li is the anal tube, consisting of the tenth 

urite and a telescoped eleventh or true anal segment. Below 

this is the phallus and the movable copulatory hooks or claspers 

(parameres, Dupuis and Carvalho 1956) locate d at each side of the 

phallus. 

3.2.1.2 Jhe phal~ (Figs. l2A and B) 

The Mirinae represent a hi~hly specialised group within 

the very specialised family Mi ri dae. They app ear to be a 

homogeneous group (Kelton 1959). The vesica i s distinctive 

with the rim of the gonopore generally ci rcular in outline, 

simulating a coiled spring. The vesica is a simple structure 

in laevigatum , showing non e of the bulbous or tubular lobes 

found in other members o f the subfamily. One simple spiculum 

is present. The s eminal duct has a subapical expansi on 

cha:racteristic of the Tribe Hirini (Kelton 1959 ). The 

phallotheca is a simpl e partially sclerotised s hea t h. 

3.2.1.3 The claspers (Fi gs. l 2C , D and E) 

Vi thin the Mirinae the left clasper is gen tly or sharply 

curved, and the sensory lobe varies considerably in size and 

form. The right clasper is generally slender, with a prominent 

apical process (Kelton 1959). In 1. laeviKatum the left 

clasper has a sensory lobe of moderate size, and a sharply curve d 

shaft with a small globular process at the tip. The right 

clasper has four large setae near the apical process, with a 

sharp constriction to form a narrow base. 

3.2.1 . 4 The ductus ejaculatorius 
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male genitalia of .h. laevigatum. A, vesica (aedeagus) 
dorsal aspect. B, same, in lateral aspect. C, left 
clasper - dor s al view. 0, same - left lateral view. 
E, right clasper. ApPr. , apical process; Ext Gp., 
external gono'pore; Phb., phallobase; Pht. , phallotheca; 
Sem O. , ductus seminis; Sen L., sensory lobe; Sh., 
shaft; Spi. , spiculum. 
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ectoderm at t he posterior end of the ninth abdominal segment, 

with which the vasa deferentia become connected (Snodgrass 

1935) . In the Miridae this is divided into three separate 

sections. Anteriorly, where the vasa deferentia join to become 

a common duct , Kullenberg (1947) retains the original term 

ductus ejaculatorius. He describes it as of variable length in 

Miridae, but usually short. The duct becomes greatly enlarged 

near its ante rior end to become the ejaculatory bulb (bulbus 

ejaculatorius) (Fi g. l3Ai). Posterior to the ejaculatory bulb 

the duct turns vertically downwards and immediately enters the 

phallobase to become the ductus seminus. 

In ~. laevigatum t he two vasa deferentia appear to enter 

the ejaculatory bulb without uniting (Fig. l3A), so that no ' p.~ 

of the duct c an be termed the ductus ejaculatorius. 

3.2.105 The accessory gland~ 

Kullenberg (1947) described three pairs of accessory 

glands commonly associated with the male genitalia of Miridae 

as well as a glandular tissue associated with the seminal 

vesicle. He described the arrangement of the accessory glands 

of Lygus .E.r.~ensis as being the most common type encountered. 

In this species the dorsal median gland of the median pair is 

much reduced while the ventral median gland is longer with a 

slightly swollen apex . The dorsal and ventral median glands 

are thus not a true pair being very seldom alike in size and 

shape. Inner and outer accessory gl ands of L. Eratensis males 

are well developed. 

In the male of ~ . laevigatum, the outer and inner lateral 

glands are similar to those found in other Miridae. The outer 

lateral glands are by far the l a r ger, and are slightly thicker 

basally than towards their apical ends. The wall of the gland 



Fig. 13 Interna l reproductive organs of L. laevi g atum. Ai, mal= or[a nE'. 

Aii, . d e t a il of outer accessory g l a nds, in longitudinal s ~ ctj . 0n; 

Aiii, detail o f c e ll s hape of the inner a cc e ssory g lands, ~5 

vi s ibl e externally . B, f~male organs. Aed o, ae de agus, Bu . , 

bulbs of l a t e r a l ovi duct s, Clx., c a lyx ; Ej Bo, ejaculat)ry hulbj 

FB. , f a t body; Fol., follicl e ; Grm., g e r marium; I AccGls., . i nn e r 

a cc essory g1 8n ds , La t o v., l ate r ~ l ovi duct; ME ., ma ture egg j 

Me dOv., med i an ovi duct; O . • ccGl., ou t er a cc e ssory s l a nd j SA ., 

section A 3 i g . 14B; SD. , s ecti on B Fi 3 . 15Aj SC ., s e ction C 

F i g . 15B ; Se mD ., ductu s sern i n is; ~ emVs ., s emina l v e si c l e , 

3L o, suspensory l i g amen t ; 3p t G., g l and o f t he s pe r mathe c a; 

~F ., t est i s fo l li c l e s , VasD . , v a s deferens, Va s E., vas effcrcns ; 

Vt l o, vitel l a riumo 

V1 
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nuclei (Fi g . 13A). The lumen of the gland is divided into 

sections according to its contents. Apically is a portion of 

lightly coloured homogeneous secretion which stains pink with 

Cason's Stain. Centrally the content is granular and stains 

orange . Basally the content is similar to that found near the 

apex . The granular nature of the secretion in the major 

portion of the gl and is conspicuous and Voodwar d (1952) 

suggests that the granules probably aid in nourishment of 

sperm in the anterior genital pouch of the fem ale . It 

undoubtedly has a function of this sort but as mentioned later 

(§ 3.2.2.10) sperm is not permanently stored in the anterior 

genital pouch. 

The inner l a teral glands are of similar cellular structure 

to the outer lateral glands , but a re narrower and have a very 

much thinner lumen. Basally the inner l ateral glands a re 

swollen (Fig . 13A) and a t the point of enlargement is a t hin 

barrier across the gland similar to those found in the outer 

l ater a l glands between the areas of different content. These 

ba rriers certainly appear to be of i mportance, as in the inner 

glands the lumen below the barrier contains a secretion which 

stains yellow with Cason's stain while above the thin barrier 

the lumen appears to contain only colourless non-staining 

secretion which is far less dense. In the outer l ateral glands 

the barriers effectively separate the granules f rom the more 

homogeneous secretions. 

In L. l aevigatum, the dorsal median gland appears to be 

absent , while the ventral median gland is extremely reduced. 

For example in transvers e sections of an adult male the ventra l 

median gland was cut in eleven serial sections of six microns 

each , giving a total length of about 66 microns. Positionally 
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the ventral median gland is no longer being cut. 

Both pairs of lateral glands and the ventral median gland 

empty their contents directly into the ejaculatory bulb (Fi gs . 

13A and 14A). The outer latera l glands enter the ejaculatory 

bulb lat erally while the inner l ateral glands enter it on its 

anterior wall but low down. The ventral median gland enters 

the ejaculatory bulb ventrally. Since the ejacula tory bulb is 

of ectodermal origin and all the glands ente r it, these glands 

must be considered as ectadenia. 

The positions of the glands in the body cavity and their 

positions relative to one another are clea rly illustrated in 

Figs. 14A and B, and 15A and B. 

302.1.6 The vasa deferentia and seminal vesicles 

Pendergrast (1958) descr ibes the vas deferens found in 

male Heteroptera as a simple tub e with an epithelium usually 

invested by a sheath of circular fibres v/hich may become greatly 

thickened posteriorly. In some Heteroptera the vasa deferentia 

a re dilated apical l y to fo r m a seminal vesicle. In others it is 

the middl e or base which is enlarged. 

In the Miridae this simple condition prevails, but the 

vasa deferentia are generally extremely thin, and usually with 

little or no muscular sheath. This type of vas deferens was 

found in several species by Kullenberg (1947) which led him to 

suggest that the mature sperms entered the seminal vesicle by 

their own motions, unaided by contraction of a muscular sheath. 

Kullenberg noted that some species, such as Megalocoleus 

molliculus (subfamily Phylinae), have a fai rly well developed 

muscular sheath around the vasa deferentia, particularly near 

where they enter the ejaculatory duct. 

The seminal vesicle consists, in the Miridae t of a basal 
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Fig. l4Ao ~o laeviEatum male. Longitudinal section through the 
reproductive organs. EB. , ejaculatory bulb; IAG., 
OAG. , inner and outer accessory glands; SVo, seminal 
vesicles. 

T. 

lAG . 

• 

Fig . l4B ~. laevigatum male. Transverse section through 
the abdomen and internal reproductive organs in 
the region of Section A of Fig . l3Ai. IAGo , 
OAG., inner and outer accessory glands; L., 
laterotergite; R., rectum; S., sternum; SV., 
seminal vesicle; T., tergumo 
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.T. 

lAG. 

Fig. 15A ~. laevigatum oaleo Transverse section through the 
abdomen and internal reproductive organs at the 
point s hown as Section B in Fig . 13Aio G. , gut; 
lAG . , OAG., inner and outer accessory glands; La, 
laterotergite; MT ., malpighian tubules ; S., 
sternum; SV ., seminal vesicle; T., tergumo 

• 

• 
Fig. 15B As for Fig. 15A, at the point shown as Section C of 

Fig. 13Aio GF., fold of the gut; VD., vas deferens o 
Al l ~ther abbreviations as for Fig. 15Ao 
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posterior to it, which unites with its compliment to enter the 

ejaculatory duct. The seminal vesicle itself, may be well 

defined and gr eatly distended (sausage shaped) as in Stenodema 

l~evigat~ (1rloodward 1952) or inconspicuous and only slightly 

thicker than the va s def erens as in Ph~tocoris ~ and 

Pantilius tunicatus (Kullenberg 1947). Kullenberg suggests 

that t he former condition is probably foun d in the majority of 

species. 

In Lygidolon laevigatum the vas deferens i s extremely thi n c:.nd 

r ~ ; l .:;.t i vely sho r t ( ::<' i .; . 13 .1. :md 151. Posteriorly it is greatly distend.ed 

to form a seminal vesicle . Each vesicle has a thin muscula r 

sheath. The vesicle in this species has an unusual shape, 

being constricted c entra lly (Fig. 13A). A similarly shaped 

vesicle was illustra ted by Boness (1963) for ExolXgus 

rugulipennis. St ructurally there appear to be two different 

parts of the seminal vesicle . The posterior bulb has a thin 

wall and in t he adult male is tightly packed with mature sperms . 

The cellular lining of the ant erior bulb (i. e . the bulb nearest 

the testis) is thicker and appear s to hav e a secretory functio n . 

The cont ent of this bulb is f ar less dense, with fewer sperms 

and more fluid. Kullenberg mentioned this secretion of the cells 

of t he seminal vesic l e , and named it :' spermi ensekret ;\ . This is 

possibly the source of the fluid in which the mature sperms 

travel from t he test i s to the ser.l inJl vesicle , alt hough it may be 

for nourishment of s perm in the vesicl es themselves. 

As mentioned previously, in some species the seminal 

vesicles open dir ectly into the ejacula tory bulb, a condition 

found in L. l aevigatum. Thus there is no ej aculatory duct 

between t he seminal vesicl es and the ejaculatory bulb. 

3.2.1.7 The testes an d vasa eff er enti a (Fig . 13A) 
.,.. . . --
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numbers is as in the entire Hete ropt era, nam ely one to ei ght. 

He also found marked modality in follicle number within 

subfamilies e.g. Phylinae, 3; Dicyphinae, 1; Orthotylinae, 2 ; 

Mirinae , 7. Of thirty-six Mirinae speci es examined, t hirty-two 

had seven follicles per testis, three s~ ecimer.s h2d eight and 

one spec ies, Notof':.!:..ir~ .eloEJ~at~, of which fourty-fi ve individuals 

were examined, h2.d three follicl es pe r testis. 

In ~. laeviga tum the typical Mir i nae number of seven 

follicles per testis is found. These follicles are elonGated 

with short vas a efferentia. The whole testis is enclosed in 

f at body. 

3.2.2 Female 

In female Miridae as well as in Reduviidae, Nabidae and 

Anthocoridae, the arrangement of the geni tal organs and genital 

ducts appears to be distinctly different from the arrangement 

in other Heteroptera a s well as insects in general. Fina l 

determination of the homologies of certain structures of the 

female genitalia of mirids must await more extensive studies of 

the genitalia of other Hemiptera . However, Davis (1955) has 

made a study of several species and the terminolo gy used by him 

has been adopted in this study, although some reference to 

that used by other authors is also made. 

3 . 2 . 2.1 The genital segments 

When viewed ventrally , the posterior third of the abdomen 

of the female is almost entirely covered by the first and 

second genital segments (Fig. 7A). These a re the abdominal 

segments eight and nine. In this area the ventral plate of the 

abdomen is divided by the elongated second valvifers (Fig. 7A)o 

The seventh segment has a pointed flap-like portion extending 

over the vulva (or secondary gononore) and base of thp. 
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Fig. 16 Ai , 3a~ittal plane section through the female 

genitalia of L. l aevigatum . Aii, detail of 

the wall of the anterior genital pouch. Aiii, 

detail of the rinb gl and c ells. Aiv , detail of 

of the spermathecal gland. B, same, actual 

section of a virgin female L. laevigGtum. 

AGP., anterior geni tal pouc h j. Al.J ., anterior 

wall of the genital chamber; Cu., cuticular 

lining; EC., egg canal; EpdC. , epidermal 

cells; GC o, genital chamber; MedOv., median 

oviduct; MEpd o, modified epidermal cells; 

MGCo , mid-gut cells; Ovp o, ovipositor; PW., 

posterior wa~l of genital chamber; Rf ., roof 

(dorsal wall) of genital chamber; SgP., 

subgenital plate; SptCh ., spermathecal 

chamber; SptD o, spermnthecal duct; SptGI. , 

spermathecal gland ; St ., sternum; Ves., 

vestibulum; 2Vlfo, second valvifer; VUo, 

vulva. 
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MedOv. 
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B. 



The sterna l regions of the eighth and ninth segments a r e 

apparently infl exe d to form the walls of the genital chamber 

and vestibulum ( 3nodgrass 1935). This l a tt er is defined by 

Snodgrass as being :Ian externa l genit a l c avity formed above the 

seventh abdomina l sternum when t he l a tter extends beyond the 

eighth ii . It is therefor e the opening anterior to the base of 

the ovipositor, whic h is covered by the subgenita l plate 

(Fi gs. 16A and B). 

3.2.2 . 2 The valvulae and valvi f ers 

The ovipositor of ~. l~evigatum , as in other Miridae, 

consists of two pa irs of valvula e or blades. The second 

valvula e are unit e d for the greater part of their l ength 

(Fi g . 17A) but remain separa ted at their distal ends (Fig. 

17B). Proximally the medi an bl&des or sec ond valvula e are 

swollen to form an enlarg ed base (Fig 18A ). From t he base 

sclerotised rods krtown a s r ami! ext end in an a ~c, first 

dorsally (termed t he fibul a by Dupuis & Car val ho 1956), and 

then posteriorly, whe r e they unite with the anterior dorsal 

margins of the s econd valvifers (Fi g . 19A). The s~cond 

valvifers (collectively termed the ovipositor s heath by 

Kull enberg 1947) ar e elongated pla tes which li e on eac h s ide 

of the ovipositor when it is i n the rest ed position (Fi 3 . 19A). 

They a lso appear to loc k the ovipositor when in the erect 

position by becoming in f lexed i nto the cavity in which the 

ovipositor usually li es, so tha t the an t erior ventra l ma r gins 

of the valvifers close about the ba se of the ovipositor. 

At t he tip of the ovipositor, t he apical bla des of the 

second valvulae a r e covered by t he more strongly serrated, 

knife-shap ed cutting bla des of the an t erior or first valvulae . 

These are , unlike the s econd va lvulae , entirely free of one 



2VIf. 

• • 

Fig. l7A ~. laevigatum female. Transverse section through 
the oviposi tor near the apex sho'.ving the united 
second valvulae (2Vl o ) and the two separate first 
valvulae (1Vl.) attached to ridges on the second 
valvulae (R). Sh., sheath surrounding ovipositor; 
2Vlf., second valvifers. 

2Vlf. 

Fig. l7B ~. laevigatum female. Transverse section through 
the ovipositor nearer the apex than Fig. l7B., 
showing the second valvulae ununited. Annotation 
as for Fig. l7A. 
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Fig. 18A ~. laevigatum female. Transverse "section through 
the base "of the "ovipositor. E~, eggs; HG., 
hind gut; LOv., lateral oviduct; SG1., salivary 
gland; 1Vl., 2Vl., first and second valvulae. 

" " ... ' 

' ( 

• 

~ 

Figo 18B ~. laevigatum female. Transverse section through 
the anterior genital pouch (AGP.). E., eggs; 
G., glandula.r portion of the anterior genital pouch 
wall; HG., hind gut; SG1., salivary gland. 



second valvulae ( Fi g . l8A). As t hey arch dorsally the two 

pairs of rami are closely linkod and rem a in closely associa te d 

for a short distance before each first r amus extends 

postero-dorsally to become a tta ched to a sclerotised plate. 

Davis (1955) considered thi s l a tter plate to be an inflection 

of the anterior mar gin of the ninth pBratergite, and t ermed it 

the r amal pla te (Fig. 19C). However Kull enberg (1947) 

considered there were two parts involved, name l y part of the 

fir s t valvifer itself as well as part of the ei ghth pa r a t ergite. 

This vi ew has been suppo r t ed by Scudder (1959), who sta tes tha t 

;! the structure called the ei ghth paratergum (by Southwood 

L-19527 and Davis L-19527) is the fused first gonocoxa 

(valvifer) and paratergite VIII. This interpreta tion is 

supported by the muscula ture o •
i 

The first and second valvula e on each side, a re connected 

laterally by means of a longitudinal ridge on t he second 

valvulae, which fits in a corresponding groove of the first 

valvulae. The ridges on the second valvulae continue on the 

corresponding rami to the point wher e the latter become 

attached to the second valvifers (Fig. 19A). From being 

laterally placed apically on the second valvulae, the ridges 

gradually become ventrally situated towards the base of the 

ovipositor, and therefore are on the anterior surfaces of the 

rami as they arch dorsally, and on their dorsal surfaces as the 

rami extend posteriorly (Fig. 19A). The function of this type 

of attachment is to allow the first valvulae to slide back and 

forth in a parallel path while supported by the second valvulae. 

During oviposition first one of the first valvulae is thrust a 

short way into the tissue of the plant and then the other is 

protracted until a similar distance has been pierced. The 
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In ~. laevigatum cutt ing t ee t h ar e well developed on t he 

dors al and ventr a l edges of t he f i rst valvulae be t ween t he ap ex 

and the broadest pa r t of the bl a de . Anter i or t o t hi s regi on 

the teeth ar e very muc h f iner, and ext end f or abou t hal f the 

lengt h of t he valvulae (Fi g . 7C) . The second valvul ee ha ve 

fine teeth on the dorsal and ventral edges , at t he apex onl y . 

The entire ovipos itor i s separ at e d fr om t he body c avi ty 

by a t hin membrane (Fi Z. l 7A). 

3. 2 .2. 3 The genita~ chamber 

The opening to the genita l chamber i s , during co~ulation, 

the vulva or s econdar y gonopor e (Fi g . l 6J~ ). Thi s i s covered by 

t he subgenita l pl a t e, an -extens ion of t he sevent h sternum. The 

passag e leading fro m the vulva to the geni tal chamb er i s termed 

the ves tibulum by Sno dgr a s s (1935). The an t erior wall of the 

ve s tibulum i s t he int ersegmental membrane on the posterior 

margin of the seven t h st ernum. The pos t erior oo r gin of t he 

ve s tibulum is formed by the ovi posi t or. Kullenber g term ed t he 

passage from vulva to genital chamber the ,1 vul va '; and the 

external opening t he ;ivul vamunding; i . 

The genital chamber itself was divided into t hree regions 

by Kullenberg (1947) namely, the anterior wall (vor dere Wand), 

the posterior wall (hinter ' [and) an d the roo f (dach) or dorsal 

wall. 

The anterior wall is the dorsal extension of the anterior 

wall of the vestibulum (Fi g . l 6A ) an d in actual f act very little 

of this forms the an t erior wall, a s it immediately gives way to 

the opening to t he anterior genital pouch. That portion termed 

the anterior wall by Kullenberg (Fig. l 6A ) has been t ermed the 

ventra l l abiate pla te by Davis (1955 ) . 

The roof of t he genital chamber lie s between the rami of 
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Female genital structures. 1. laevigatum. A, dorsal 
view o~ the structures of the posterior wall of the 
genital chamber, in position between the rami of the 
second valvulae. 8, dorsal view of the sclerotised 
rings and plates of the dorsal wall (~oof) ' of th~ g~nital 
chamber, in position between the rami of the first 
valvulae. C, dorsal view of the lateral and median 
oviducts and anterior genital pouch in position over the 
base of the ovipositor~ 0, detail of the posterior wall 
of the genital chamber. E, detail of a sclerotised 
ring. AGP., anterior genital pouch; OP., dorsal 
process; IRL., inter-ramal lobe; IRS., inter-ramal 
sclerite; Lat Dv., lateral oviduct; lYled Dv., median 
oviduct; IYlRf., membranous portion of genital chamber 
roof; Dvp., ovipositor; Ra.l, Ra.2, first and 
second rami; Rg., ridge; RP., ramal plate; Scl P., 
sclerotised plate; Scl R., sclerotised ring; Sig p., 
sigmoid process; Spt G., Spsrmathecal gland; 2 Vlf., 
second valvifers. 

"'".' 

~ . ". 
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first valvulae are app endages. As mentioned before (§ 3 .1.2) 

parts of the roof a re of i mportance as taxonomic characters. 

In sagittal plane sections it is tha t portion which forms the 

roof of the mouth of t he ant erior genital pouch (Fig. 16A ). In 

dorsal aspect this is a plat e of similar width to the mouth of the 

ant0ri or g0ni t ~1 pouc ~ , and containing the sclerotised rings 

which are being used increasingly in female mirid taxonomy 

( Sl a ter 1955). Those of ~. l a evigatum ar e very slender and 

elongated, the ring wider mesally t han apically (Figs. 19B and 

E). Davis (1955 ) found that t hese rings encircle areas of 

glandul ar tissue in the roof of the genital chamber, and 

referred to them as :;ringed glands· ' . Immediately post erior to 

these rings in L. laevi~atu~ ar e a pair of pla tes which are 

covered by minut e acule ae . Also a ttac hed to the roof of the 

geni tal chamber i s a struc tur e termed t he " dorsal sack '; by 

Kullenberg . This is in fact t he medi an oviduct or oviductus 

communis (Fi gs. 16A , 19C) . It is f a irly l ar ge in ~. l a evigatum, 

with a much convoluted wall anteriorly (Fi g . 16A ) and enters 

the genital chamber fro m above. I n some species of Mirida e the 

median oviduct is greatly enla.rged a nd bulbous (Kullenberg 

1947) • 

The posterior wall of the genital chamber i s situated 

between the rami of the second valvulae (Fi g . 19A) and being 

continuous with the second valvifers, may be considered to have 

been derived from the ninth sternum. In~. laevigatum it has a 

characteristic sclerotisation (Fi g . 19D). The sigmoid process 

found centrally has a heavily sclerotised med~~n process and a 

pair of wing-like structures constituting the dorsal structure 

described by Kelton (1955 A) in other Mirinae. This dorsal 

structure is covere d by minu t e aculeae similar to those found 



H. structure of Slater ) and are also cover ed by minute aculeae. 

The lateral lobes of Kelton (1 955 A) are not present in 

~. laevigatum. The dorsal portion of the posterior wall is 

membranous in Miridae ( Davis 1955). 

3.2.2.L~ The ant~ E.enit~l .E0uch ( Figs. 16/i. and B) 

Although this organ is termed the seminal de pository by 

Davis (1955) the term i s misleading since s perm is not retained 

there. The structure is of interest in tha t similar organs are 

reported to occur in only a few closely related families of 

Heteroptera, includin; the Nabidae an ~ Anthocoridae (Davis 1955). 

Due to its supposed function as an organ f or the stora6e 

of sperm, it might be consi dered analo gous to t he spermatheca of 

other insects. Snodgrass (1935) however states that i; the 

spermatheca is primarily an invagina tion of the integument at 

the E.osterior end o f the venter of the eighth abdominal segment ·, o 

As mentioned before ( § 3.2.2.3) the an terior wall of the 

vestibulum i s the intersegmental membrane on the posterior mar~in 

of the seventh abdominal sternum . The anterior genital pouch 

is bordered dorsally by the so~call ed roo f, and ven t rally by the 

anterior wall, of the genita l chamber C§ 3.2.2. 3 and Fig. 16A), 

both of which a re considererl to be derived from the eighth 

abdominal sternum (Kullenberg 1947 and Davis 1955). Therefore 

the organ found in Miridae can not be consi dere d analogous to 

the spermatheca of other insects. 

The insect s permatheca arises as a medi an invagination of 

the eighth sternum just posterior to the gonopore. J ohannsen and 

Butt (1941) state, however, the t in l ~ter de v010pment the 

gonopore and opening o~ the spermatheca moy be carri ed inward by 

the formati on of a co~ulQ tory pouc h ( a s in Miridde) . Thus the 

gonopore may shift with chance s in tho genital chamber , but 
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be consider ed anterior to the opening of the anterior genital 

pouch (§ 3.2.2.7 ). Normally too, the spermatheca ha s a 

slender duct ( Snodgr ass 1935) but the anterior genital pouch 

has a broad slit-like mouth lying lat erally between roof and 

anterior wall of the genital chamber (Fi g. 16A) . There is 

also no sign of a muscula r sheath as found surrounding the duct 

of a normal insect spermathcca. 

In sagittal plane section the pouch is seen to be fairly 

narrow in ~. ~evigatum, (Fi 3 . 16A) although this depends on the 

age and condition of the individual f emal e . However, even at 

its most distended the organ i s small in t his spec ies when 

compared with many other species examined personally and 

fi gured by Kull enbe r g (1947 ) and Davis (1955). I n unmated 

females, i t has a collapsed appear anc e , with a greatly f olded 

inner lining (Fi g . 16B). In newl y-mated females it is often 

gr eat ly distended (Fi g . 19C) and consequen tly lies horizontally 

in t he body cavi ty , while in ma ture l a yin3 fema l es it has a 

more collapsed appear ance alt hou3h some content remains 

visible within its walls. 

The inner lining of the pouch is cuticular, and is fairly 

variable in thickness, but unsclerotised and very pliab le 

(Fi g . l6Aii). The border with the haemocoel is lined with 

epidermis. Dorso-laterally t he epidermal lining is 

differentiated into two large patches of gl and ular tissue 

consisting of cuboidal cells with li0ht l y staining elonoated or 

circula r nuclei (Fi gs. 16Aiv and 18B ). In the r egion of these 

glandular areas the cuticular lining is thin and normal. They 

are the rins ed glands described by Davis (1955 ). 

3.2. 2 .5 The sper~~~1ec a 

In Miridae , a vari ably developed tubular oraan wh~~h 
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to the s permathec a of other insects. Being ectodermal in 

origin, it is lined internally with a thin uns clerotised 

cuticle. The spermatheca of ~. laevi gatum consi s ts basally of 

a short thin-walle d duct follow ed by a medi an portion with a 

wide internal diameter and a muscular sheath, t erm ed t he 

sperma t hec a l chamber by Davis (1955). Internally the cuticle 

of this c hamber is folded into rin~ s, giving the appear ance of 

a trachea when vi ewed in longitudinal section ( Fi g . 16A ). 

Distally t he spermatheca consists of large cuboidal glandular 

cells, of almost i dentical appe ar ance to those of the glandular 

portion of the anterior genital pouch (Fi b ' 16A) . In 

transverse sec t ion they a r e wedge -shaped surrounding a narrow 

duct. The lumen of this gl andular por t i on is consi derably more 

narrow than that of the median chamber. 

Observa tions on t he structure of t he spermatheca of 

L. laevigatu~ are similar to those m~ de by Davis (1955) on 

other Miridae. It i s of i nte r es t to no t e t hat the spermatheca 

does not function as a storage organ for sperms. Its function 

appears to be purely gl andula r _ Thi s points to t he possibility 

of it being an a ccessory gland. Galliard (1 935 ) described a 

gl and of similar structur e to the spermDt heca of Miridae , in 

the reduviid genera ' ~hod~ius and Triatoma. Apart from being 

comparably situa t ed , this gl and had the three structurally 

different r egions found in the mirid sperma t he ca while 

the median chamber ha s similar cuticular ring-like folds and an 

outer layer of longitudinal muscles. Ga11i ard considered it to 

be an accessory gland, with the func tion of secreting an 

adhesive substance for anchoring e ~gs to the substratum. 

However as Davis (1955) points out, ap art from Ga11iard's 

description, there seem~ to be no mention of a muscular sheath 
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may be considered to be a spermathecao It may possibly have a 

spermatophilic function (8 3.2 02.10). 

Davis (1955) considered that the fol ds in the cuticular 

wall of the median chamber allow for shortening and lengthening 

of this portion of the spermathec a under the ac tion of the 

longitudinal muscles, thereby forcing the contents of the gland 

into the median oviduc t. In saline dissections I found i t to be ver y 

r c t iv~, most conspicuously so in young mated females, with 

continuous '; wagging '; movements. 

3.2.2.6 ~ccessor~ glands 

There do not appear to be any structures in Miridae 

analogous to the accessory gl ands found in most insects. As 

noted above (§ 3.2.205 ) the s permathecae of certain reduviids 

are considered to serve as sources of egg-cement, t he function 

usually given to accessory glands. 

Kullenberg (1947 ) noted the presence of gl andular tissue 

at the buse of the second valvulae. He found that in species 

producing greater quantities of egg-cement this tissue was 

be tter developed and sugges ted that it performed the function of 

accessory gl ands . Davis (1955) tends to refute this theory, 

since his studies reveale d no cuticular lined ducts from t his 

tissue, opening into the genital tract~ and no homologies to the 

female accessory gl a nd. 

3.2.2.7 The median oviduct 

The median ovi duct is part of the secondary exit apparatus 

formed as a series 6 f invagi nations of t he body wall, ( Snodgrass 

1935) and is generally tubula r. In the Miridae the tubula r 

median oviduct is repl ac ed by a usuall y pouch-like structure 

si tuated above the genital chamber. It was t e rmed the "dorsal 

sack" by Kullenber z (1 q4'7 ) . Th ; 1 00 1 ,' ~ _~ _ .•. J ,- " 



a thick post erior wall. 

3 .2.2.8 The l a t eral oviducts 

The l a t eral oviducts a r e short and each forms a narrow 

calyx (Fi g . 13B). They a r e surrounde d by a t hin l ayer of 

circular and longitudinal muscl es and have a greatly folde d 

inner wall. Each ha s two dis t inct bulbs ne a r t he point of union 

with the median ovi duct. 

3.2.2.9 The ovaries 

In Miridae the most common number of ovarioles per ovary 

is s even (Woodward 1950). This author noted tha t in most 

species for which numbers a re known, the s ame number of testis 

follicles as ovariol es are found within a species. When they 

differ it is usually by one only. 

In ~. l aeviE~tum there are seven ovarioles per ovary, 

a lthough the au t hor found one exampl e of six in one ovary and 

seven i n t he other. 

The ovariole s are of the acrotrophic type, with nurse 

cells in the upper part of each egg tube (Fi g . 20A). Distally 

each ov~riole i s drawn out into a terminal filament. Follicle 

cells are binucleate (Fi g . 20B). As the ovarioles mature t her e 

is an accumulation of eggs in successive stages of development 

and each ovariole increases consi derably in l ength. A single 

fully mature ovary is l ar ge and in L. laevi ga tum may contain as 

many as eleven mature eggs per ovary, together with partly 

developed eggs. 

3.2.2.10 The f a te of sperm in the mat ed female 

Kullenberg (1947 ) considered that t he organ which received 

the sperm in the first instance at copulation, was the anterior 

genital pouch (vorderer sack). He noted, however, t hat in 
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Fig. 20A Female~. laevigatum. Longitudinal section through 
the nurse cells at the apex of an ovariole. NC., 
nurse cells; 0., oocyte; SL., suspensory ligament. 

Fig . 20B Female~. laevig~. Longitudina l section through 
ovarioles showing binuclea te follicle cells. F., 
follicle cells; NC ., nurse cells; 0., oocyte. 



75. 

oviducts and ovariole stems. He also noted tha t fertilisation 

of eggs occurred in the vitellarium. In an earlier paper 

(Kullenberg 1944) he mentioned tha t after copulation, the sperm 

in the anterior genital pouch (receptaculum seminis) mi grated 

through the oviducts and ovariole stems into the proximal parts 

of each vitellarium. He also noted the presence of a 

spermatophore in the anterior genital pouch of the female. 

Davis (1955) merely records the structure, which he termed the 

seminal depository, as t; apparently serving to receive and store 

sperm :' , while Woodward (1952) noted the dilated appearance of 

the bursa copulatrix (anterior genital pouch) in mated females 

of two mirid species studied, as well as noting that male 

accessory gland secretions ';possibly help to nourish the sperm 

during retention in the bursa copula trix of the female li , thus 

suggesting at l east a semi-permanent r etention of sperm in the 

pouch. 

By dissection in physiolo gical saline (0 .85% NaCl) an 

investiga tion was conducted to study female sperm storage in 

field-coll ect ed specimens. Of 36 females of ~. l~evigatum 

dissected and microscopically examined, none was found to have 

live sperm in the anterior genital pouch, a l though dead sperm 

was observed in one young f emale, newly ma ted, in which the 

pouch was greatly dis~ended . In virgin females, the pouch is 

always empty, while in newly mated females t h e pouch is 

distended and contains a granula r inclusion very similar to 

that produced by the male outer accessory glands. At this 

stage a loose heart-shaped structure c an usually be seen in the 

pouch with an opening at the apex, facing the mouth of the 

pouch. It is a male ejaculation product which appears to form 

as a hard co at, only after entry into t he anterior genital 
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the secondary gonopore of the ae deaguso It would appear that 

this i'spermatophore '! is formed from the solution in whic h the 

sperms are conveyed during copulation, coming into cont act with 

some secretion in the female anterior genital pouch, causing it 

to form a hard out er coat . However the sperm disperses within 

minutes, probably much of it before the outer coat forms o The 

sp er m quickly migrates, probably under the influence of 

spermatophilic secretions from the spermatheca and some tissues 

of the l a teral oviducts, or ovarioles, and enters the lateral 

oviducts. They become embedded in the thick wall of the lateral 

oviducts, at a point just before these latter enter the median 

oviduct (Fig. 21A and B). At this point, the lateral oviducts 

bulge noticeably. In actively laying females, most of the sperm 

can be found in these bulbs of the lateral oviducts, but small 

numbers of sperm can also be found in the vit ellarium and the 

ovariole stem of each ovariole around fully developed eggs. As 

noted by Kullenberg, this is where fertilisation occurs. 

The i'spermatophore i i , containing a finely gr anular fluid, 

in the anterior genital pouch, together with, usually, a granular 

material similar to tha t of the outer accessory glands of the 

male, possibly acts as a source of nourishment for the spermo 

The spermatheca, inactive in all virgin females dissected, but 

continually contracting and pumping in mated females, may have 

this function, but may also secrete a spermatophilic substance 

for guiding the sperm to the l a teral oviducts o Kullenberg (1947) 

suggests that the ring glands may have a s perma tophilic secretion 

as well , acting as first guide to the sperm in the anterior 

genital pouch. Even in young virgin females a finely granular 

secretion can be found in the l uteral oviducts, pro bably having 

spermatophilic or nutritional functions o 
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Fig. 2lA Squash of the lower bulb of the lateral oviduct, of 
a mated female ~. laevigatum, revealing a mass of 
sperm. 

Fig. 2lB Close-up of Fig . 2lA. 
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Taylorilygus pallidulus. ( Bl anch ) ( rvr irinae : J'.'l irini); Sthenarus 

leucochil~ Reut., Cam:e.:xlomma subflava Odh. (Phylinae : Phylini) 

and Orthotylus tabidus (Stgl) (Orthotylinae ). Young newly 

mated female specimens of !. simonyi, ! . Eallidulus and 

c. subflava have been found wit h sperm in the mouth of the 

anterior genital pouch, the geni tal chamber and the median 

oviduct. A ma ture female of £. subflava , dissected under saline 

immedi a tely a fter mating had occurred, was found to have a huge 

mass of sperm in the anterior genital pouch, all grouped 

together in t he fluid in which they had been deposited. The 

sperm had obviously not had time to begin migrating, and no 

i1spermatophore ;! had yet forme d. 

In all the species exmained the sperms were foun d in the 

oviducts and ovarioles of ovipositing femal es. In!. simonli, 

!. Eallidulus and 2. tabidus, the l ast to a l esser degree, 

sperm is stored and nourished in folds in the walls of t he basa: 

portion of each lateral oviduct, whi l e in C. subflava and 

~. leucochilus the sperm migrates up into the ovarioles and is 

apparently nourished there. Obviously this situation also 

occurs in the former three species, but most sperm is always 

found in folds of the walls of the l a teral oviducts, except in 

old mature fem~les which are approac hing the postreproductive 

stage. 

In ma ted fully ma ture ~. laeviga tum fem ales ( and in all 

other species examined a s well) the ;' spermatophore ll becomes 

yellowish and t he anterior genital pouch shrivels. Three 

specimens of ~. l aevi gatum and one sp ecimen each of Orthotylus 

t ab idus and Cam~lomma sp. were found to have more than one 

" spermatophore i l in the ant erior geni t a l pouch. One specimen of 

each of the former two species was foun d to hove three 
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observed mating , i n which no s porm had ye t migrated even from the 

an t erior genital pouch (wh ere i$ was deposit ed by the mnl e ) an 

emp ty shrivell ed sperm a tophore was observed in the pouc h as well 

n s a bundle of fluid cont a ining a mass of sperm, which was 

a6~iv~ly beginning to disperse. ~vi denc e th~ t t he empt y 
:~ -

sperma tophor e c ~me fr om an earli er mating was provided by the 

p r esenc e of sperm up in the vit ellerium of each ovariole • 
.. 

It ther e for e seems tha t the actua l point of deposition of 

copula tory products by the mal e depe nds on the speci es involve d 

but is usually at ~he mouth of, or within, the ant erior genital 

poucho In e very case the s perm quickly mi gr nte-s into the 

oviducts. Dead sperm was observed in the anterior genital pouches 

of several speci es besides ~. l aeviga tumo The products of the 

ma l e acc essory glands a r e stored in the ant erior genita l pouch, 

and possibly the de a d sperm is simply thot which was due to some 

incumberanc e , unable to mi gr a t e into the oviduct s , and ther efore 

ei ther r ~mci:ined in or \va s c arri ed into the pouch, depending on 

wher e the e j aculatory products wer e deposited a t mat ing . This 

de a d sperm is probably lat er nbsorbed by the body fluids, a s it 

was only foun d in the pouches of young mat e d femal es, never in 

older s pecimens . 

As mentioned previously, the mnl 2 ej acula tory products in 

the anterior genital pouch a r e initi a lly a flui d mass, but l a t er 

develop an out er coa ting to form a ·; spermatophore d • Chemical 

action with a fluid s ecrot ed by the wall of the genital pouch is 

possibly r esponsible . ~videnc e t hat t he moulding of the outer 

coat occurs in the nnterior genita l pouch is given by the shapo 

of the spermatophore itself. In s everal sp ecies studi e d (~. 

l ae viga tum, ! ... s-imonyi, 1'. . pallidulus) the ant erior genital pouch 

is heart-shaped (Fig . 19C) nnd the :isperm a tophore ·l even when 
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3.2.2.11 The genitalia during oviposition 

During oviposition the ovipositor is erecte d , until it 

points almost vertic ally downwar ds . This brings the opening of 

the egg canal into a position directly below the genital 

chamber (Fig. 16A). At the same time part of the wall of the 

genital chamber is stretched posteriorly making a direct 

passage from l a t eral oviduct to egg canal. 

3.3 

GENITALIA OF B. CEDARANUS 

3.3.1 Male 

3.3.1 .1 The genital s~gments 

As in male Mi ridae, the ninth abdominal segment forms the 

genital capsule (Fi g. 22). The ninth sternum is, however, 

s eparated in cicade11ids, while the tergum and pleura are 

united to form a single plate, the pygofer (Young 1952). 

Typically the eighth s ternum is normal and the ninth sternum 

forms a pl ate (valve ), variously developed, to which a pair of 

subgenita1 plates are attached . These l atter ar e generally not 

considere d true appendages ( Young 1952 ). 

Atypically, the eighth sternum of ~. cedar anus males is 

shovel-shape d (Fig . 22B), and extends posteriorly to cover the 

ninth st ernum and its subgenit a1 plates . The ninth sternum 

itself is much reduced, and the subgenita1 plates are small , 

bearing long thin s e t ae . 

Dorsa11y · the genital cavity is covered by the terga1 part 

of the pygofer and behind the l a tter, by the anal tube (Fig . 22C). 

This tube consists of the tenth abdomina l segmen t and c arries 

the terminal eleventh ab domina l segment, the anal style. The 
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External genitalia of the male Q. cedaranus. A, lateral 
view. B, ventral view. C, a lateral semi-erect "see­
through" view. 0 dors~l view. AB., anal block~ 
Aed., aedeagus; AS., anal style; Con., connective; 
PP., pygofer process; Pyg., pygofer; Pyg L., pygofer 
lobes; S9 p., subgenital plate (paired), St., 
sternum; Sty., style; T., tergum. . \ . 

.. 

.' 
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The pygofe r possesses a pair of p roc e s se s or hooks , termed 

l a t e r a l par ~meres by He lms ( 1 968), which a rticulate inte rna lly 

with the pygofer pl~tes nc~r the anal lobe ( F i g . 22C ). The sha fts 

of thes e hooks a r c furthe r a tt a c hed for the major pe rt o f the ir 

l e n gth, t o the thin membronous posterior wall o f the genital 

cha mb e r. Distal l y the h ooks are free a n d li e ex t e rna lly, 

i mme di a t e ly above the subgenit a l p l a t es ( ~ig . 22C ). They function 

as cla spers during copulat ion a nd a r e used i n the t axonomy of the 

I assini (Linna vuori 1957, Kr a me r 1963) . An a l hooks a r e not present. 

3 . 3.1.2 The ae de agus 1 connective a nd styles 

The ae deagus is simple and slightly curve d ( Fig. 23D ) lying 

just a bove the subgenita l plates (Fi g . 24A). In dors a l vi e w a 

sha llow ap ic a l notch is a ppa r e nt, togethe r with a seri e s of 

a ngula r serrations. The broa der bas a l opening of the ae de agus is 

t e r med the genita l a trium by Young (1952) a nd its border, the 

a tri a l rim ( Fig . 23D). Paired dorsa l apodemes a r e found on the 

p osterior perife ry of the genit a l a trium. The a nterior or basal 

tip of the a edeagus a rticula tes with the connective , which is 

essenti a lly Y-shape d when vi ewe d fro m a bove ( Fig. 23C), strongly 

curve d when see n i n l a t e r a l vi e w (Fi g . 22C ). Lat e r a lly the styles 

articulate on the l ate r a l a rms of the connective . These styl es 

a r e simple , b e i nG slender and rodlike . The y nrc moveably 

a rticula ted int ernally to t he walls of the ninth segment (Fi g . 22C). 

3.3 .1.3 The ejaculntor~ ducts 

Both Eva ns (1931) and Gil-Ferna ndez and Bl a c k (1965 ) have 

described both paired and comm on e j acula tory ducts in the 

Cic adellidae , and i n B. c edar Dnus by f a r the greater part of 

the e j acula tory duct is pair ed (Fig. 23B). Helms (1968) has 

provi ded ampl e e vi dence of t he e cto dermal orig i n of t hese . paired 

ducts as found in Empoasc a fobae . He f ound tha t tho paired ducts, 
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male reproductive organs and genitalia of g. cedaranus. 
A, pygofer processes or hooks. B, dorsal view of the 
reproductive organs as positioned in the abdomen. C, 
dorsal view of the aedeagus, connective and styles. D, 
aedeagus lateral view. E, lateral view apex of pygofer 
hook. Acc Gl., accessory gland; Aed., aedeagus; 
A L., anal style; Atr 0., atrial opening; Atr R., 
atrial rim; Can., connective; DA., dorsal apodeme; 
EjB., ejaculatory bulb; EjD., ejaculatory duct; 
Ext Gp., external gonopore; P Atr. preatr ium; PP., 
py gofer proc ess; Sem Vs., seminal vesicle; Sh., shaft 
of aedeagus; St., style; T F., testis follicles; 
Vas D., vas deferens. 
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ducts finally unite after entering the ej acula tory bulb, close 

to the base of the ae deagus. The ejaculatory bulb haa a large 

lumen and is enclosed in a thic k muscular s heath (Fi g . 24A) 

while the ducts have a thinner muscle sheath. 

3 . 3.1. 4 The accessor~ glands 

A single pair of l a r ge accessory gl ands is associa ted with 

the male genital i a of Cicadellidae . In many s peci es they are 

of more or l ess uniform width while in others they a r e greatly 

enlarged mes ally. As mentioned before ( ij 3 . 3.1. ) t~~y ~r ~ of 

ectodermal origin. In~. cedar anus they li e in very close 

association with the seminal vesicles , one having be en teased 

out f or the purposes of drawing (Fi g . 23B). The gl and ducts 

meet the ejaculatory ducts posterior to the seminal vesicle s . In 

transverse section the cells of the enla rged portion of each 

gland are seen to be very elonga ted with a nucleus uniformly 

situa t ed near the ba se of each c ell (Fi g . 24B). The content of 

the lumen remains unstained wit h Ca son stain. Apic ally a 

narrower portion i s found, the contents of which are granular and 

st ain red with this stain (Fig . 25A). The cells are far l ess 

elongated. 

Since spermatophores are not produced by Homoptera -

Auchenorrhyncha (Helms 1968 fro m Ma ille t 1959 ), the male 

accessory gl a nds s ecr e te a seminal fluid tha t transports 

spermatozoa during copula tion. 

3.3.1 . 5 The va s a deferentia an d seminal vesicles 

The va s a deferentia of B. cedaranus a r e fairly large tubes 

( Fig . 23B). The pos terior tip of each is dil a ted, forming a 

pair of s eminal vesicles. Thes e a r e pear-shaped in longitudinal 

section (Fi g . 25B) while in transverse section they ar e more 

circuJ nr ( F i ~_ ~~~) 
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Fig. 24A Transverse section through the eighth abdominal 
segment of a male Bo cedaranus. A., aedeagus; 
B., ejaculatory bulb; D., ejaculatory ducts; 
H., section through the pygofer hooks;L., 
latero-t e r gite; SgP ., subgenital plate; VIIISt., 
eighth sternum; T., tergum. 
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Fig. 24B Transverse section through the abdomen of a male 
~. cedaranus. AG ., accessory gland; L., l a tero­
tergite; p., anal vesicl e of a pipunculid 
parasite l a rva; Sp., spiracle; To, t e r gum . 

• 
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Transverse section of a male Be cedaranus cutting 
the seminal vesicles (S~) and-ac cessory glands 
(AG.) , slightly out of posi tion due to the presence 
of a pipunculid parasite l a rva (Po). Sp ., 
spiracle; St., sternum; To, tergum. 

Fig. 25B Longitudinal section through the abdomen of an adult 
male ~. cedaranus. Ag o, accessory gland; MT., 
malpighian tubule; SV ., seminal vesicle (paired); 
TF., testis follicles; VD., vasa deferentia. 
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each follicle con tains spermat ogonia, sperma tocytes, spermatids 

and spermatozoa (Fi g . 25B). No ap ic al cells were s een in 

sections and Helms (1968) reports finding no evidence of apical 

cells in the testicular follicl es of cic adellids. 

3.3.2 Female. B. cedar anus 

The external g enitalia of the fem ale B. cedaranus are of 

the type in which the ovipositor is formed of s abre-like valvulae 

on the venter of the abdomen. This type is most developed in 

Homoptera-Auchenorrhyncha but similar structures are found in the 

Miridae , as described previously (§ 3.2.2). Since the internal 

and external organs are fairly typic al, little time will be spent 

on them. 

3.3.2.1 The genital segments 

The t ergum of the ninth abdomina l segment forms the pygo fe r 

(Fi g . 26A). Dorsally, posterior to the pygofer is the ~nal tube, 

with its anal style. The l ast visible sternal pla te is that of 

the seventh abdomina l segment (Figs. 9A and B), with the shape 

of its post erio r mar gin distinctive. It corresponds to the 

subgenital pla te of female Miridae and is so named by some 

authors. Dorsally t he eighth s egment is f airly well developed, 

but ventrally the sternum is present only as part of the wall of 

the genit a l chamber ( Fig. 27A) although the first valvifers and 

valvulae ar e derived from the eighth sternum. 

3.3.2.2 The valvulae and valvifers 

The ovipositor consists of the usual two pairs of bla des 

or valvulae. The medi an or second pair are, as in the Miridae, 

unit ed for most of their l ength, excep t at the tip, and ar e of 

a fairly uniform width throughout their l ength (Fig. 26B), being 

only slightly bro a der at the base. Basally they ar e united to 
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External genitalia of the female B. cedaranus. A, 
lateral view. B, "exploded" view. AB., anal block 
or anal lobe (tenth abdominal segment); AS., anal style 
(eleventh abdominal segment); Pyg., pygofer lobe (ninth 
abdominal segment); 1 Vl., 2 Vl., 3 Vl., first, 
second and third valvulae; 1 Vlf., 2 Vlf., first and 
second valvifers (rami). . . . 
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Fig. 27 Sagittal plane sections through the genitalia and 
reproductive organs of a female ~. ~edaranus. 
A, Semi-diagrammatic drawing from serial sections. 
B f photograph of one of the serial sections, 
cutting the median and lateral oviducts, the 
spermathecal duct and part of the genital chamber. 
C, Another section showing the opening of the major 
unpaired a cc essory gland into the genital chamber. 
GC., genital chamber; MAcGl., ~ajor unpaired 
accessory gland; MedOv., median oviduct; MPGl., 
major paired accessory gland; Ovp., ovipositor ; 
Sg? , subgenital plate; SptD., s p ermathccal duct; 
St. , ste rnum; Ves., ve s tibulum; 1Vl., 2Vl., 
first and second valvulae; Vu ., vulva. 
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ovipositor is hous ed when a t rest (Fi g . 28A). Ac cordinG to 

Helms (1968 ) both the second Gnd third valvula e develop from the 

anterior mar gin of the ninth abdomi nal seement . 

Api call y the weakly sclerotised blades of the second 

v alvul~e are covere d by the strong , serrat e d cutting bla des of 

the first valvulae (Fig. 26B). The first valvula e a re, a s 

observe d in ~. l ae viga tum, hinged to t he s econd valvulae 

(Fi g . 28A), but unl i ke those of the ~o l aevi ga tum th ey t oo 

a r e linked to one another by similar longitudinal grooves and 

ri dge s basally. This a llows the strongl y serrated first 

valvulae to slide on one another as we l l a s on the ridges of 

the second valvulae . The first valvulae ar e strongly developed 

a long t heir ent ire length, and basally t hey unit e with the 

first vGlvif erso 

Recently us e ha s been made of the struc tures Gt the base 

of t he ovipositor in t axonomy of femal e Cic adellidae (Cunningham 

and Ross 1965). In r esearch on the genus Emp~ these workers 

found tha t although there ar e obvious differenc es in the post-erier 

margins of the s eventh st ernit e in some species, these 

differences overl apped in a t l east a few species and in most 

cases many sp eci es . They found however th~t several excellent 

di agnostic char acters exist in the r egion of the bases of the 

first valvulae and structures associ a ted with them . These are 

best se en in abdom ens cleared in KOH , and vi ewed l a terally and 

ventrally (Fig . 9C ). The structures include the base of the 

first valvulae , termed the out er r2~US (Cunningham and Ross), 

and found to be both constant and distinctive . The inner rami 

(structure B Fig. 9C) were found t o be similar in differ ent 

species and therefore of little use in thei r taxonomy. Also the 

shape of the first valvifers was found to be useful. 
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Fig. 28A Transverse section through t he ovipositor of 
B. cedaranus showing the f i rst valvulae (1Vl o ) 

Iinked with the united second valvulae (2vl.), 
and to themselves by a series of parallel ridges ( ~ .) 
and grooves. 3Vl., third valvulae forming 
the sheath ( Sh.) in which the oviposi t or is housed. 
EC. , egg canal. 

Fi g . 28B Section through an oocyte in an ovariole of a 
~. cedaranus female. FC ., mononucleate follicle 
cells; N., nucleus of oocytei 00, ooc yte . 
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copulation, the vulva or secondary gonopore (Fig. 27), covered 

by the seventh sternum. The vestibulum lies between the bases 

of the first valvulae and the posterior intersegmental membrane 

of the s eventh sternum. According to Snodgrass (1935) the 

genital chamber receives the median oviduct and the duct of the 

spermatheca ihto its anterior end. This therefore defines the 

extent of the genital chamber (Figs. 27A and C). Where the 

genital chamber takes the form of a tubular passage continuous 

with the median oviduct, it is distinguished from the latter as 

the vagina (Snodgrass 1935), a condition preval ent in the 

cicadellids (Kunze 1959). 

30302.4 The ~ermathe~~ 

Opening into t he anterior end of the genital chamber is 

the spermatheca, pear-shaped with a fairly thick duct (Fig. 30). 

It lies closely associa ted with the median oviduct and often 

against it, in the body cavity. It is inveloped in a strong 

muscular sheath and has a thin cuticular lini~g . I n mated 

femal es the s permatheca becomes greatly distended. Helms (1968 ) 

reports finding no spermatozoa or secretory ma t erial in the 

sperma thecae of mat ed female Empoasca fabae, but t he author has 

observed them in the s permatheca of B. cedaranus (Fig . 29). 
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The female reproductive organs of ~. cedaranus. Dorsal 
view with the right ovary deflected posteriorly for 
inclusion in the drawing. Fol., follicular egg 
chamber each containing a developing oocyte; Grm., 
germarium; LatOv., lateral oviducts; IYI Ac GI., 
unpaired major accessory gland; lYlE., mature egg passing 
through the calyx into the lateral oviduct_ lYIed Ov., 
median oviduct; IYI P GI., large paired glands of the 
median oviduct; PGl., small paired glands of the median 
oviduct; Sl., suspensory ligament; Spt., spermatheca; 
2 \11 _ . !=l=nnrl \1-"\1,,"1"'0 IL-b u;~.....J, .'~~~,,~ 



3.3.2.5 Acc essory g~~~ds 

A single l a r se medi nn unp0ircd acc essory gl a nd empties its 

cont ents into the 8lmital chnmber (Fig . 27A nnd C). The cells of 

this gl an d a r e l or ge with I nr ge bascl red~ st nining nuclei 

(C ason's stnin) whil ~ the cont~nts of the lumen stnin orange . 

From its po i nt of ent ry into t he genit a l ~ hamber between the r am i 

of the second vC.l vul E'.e , the gLmd arc hes dorsE'.lly nnd then 

ant eriorly ( Fi g . 27C) . It then passes between the l a t e ral 

oviducts ( Fi g . 27B) and comes to lie below the ovnri es in the 

sternel r vgion of the body cavity, ext ending forward to about the 

ant erior mar gin of the fifth nbdominnl segment in a mnture fem al e . 

In young newly a dult femal es , the gland is very much more slender 

and r educ ed. 

Sinc e the ape rture of the gknd i s dorsal to the ext ernol 

genit a l op ening , Helms (1968) sugges ts thn t it ma y secret e some 

prot ecti ve solution nround the egg a t oviposi tiona He suggests tha t 

such secre tions mny polymerise or otherwis e form a protective 

pocke t in the host - pl nnt tissues for the egg cnd developing embryo. 

A s heath of this sort was found surrounding eggs of B. cedar anus 

in wattle ti ssue ( § 5.2.1). Gil-Fernandez a nd DI E'.ck (1965) 

r e f e r to it a s 0. colle teri al gl and, but offer no evi denc e . 

Sever a l authors have described sm all pnired a ccessory gl ands 

openin~ into the genital tract near t ho median gland. A pair of 

gl ands compar nbl e to these, nr e present in the f emnl e B. cedarnnU8 

( Fi g . 30). These so-called gl o.nds nr e of uniform thickness , and 

ha ve narrow ducts. 

Of far grea t e r functiona l i mportanc e a r e a pair o f 

acc essory glands whic h enter the medi 0n oviduct (Fig . 30). These 

gl ands consist of cuboidGl cells . In the c ent r a l Gnd basnlparts 

of the gl ands , the c ells have diffuse , poorly staining nucl e i but 

apically t he nucl e i nre I nr ge , compnct and sta in deep r ed with 
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In the fem~l e B. c edar anus th e median oviduct is f a irly 

thic k , with nn intricat e ly folded inne r wall (Fig . 27B). It is 

surrounded by a t h in muscula r shea th. LDteral oviducts ( Fi gs. 

27B and 30) a r c r e l a tively short a nd considerably thinne r th~n 

the median oviduct. 

3 .3.2.7 The ova ri eo 

The ova ri 0s o f ~ . ~edar~nus each h~ ve e i ght ova rioles. 

Bnch ova riole consists of a t ur mi nal filament , ge rma rium, 

vit ella rium and pedicul, and belongs to the a crotrc phic type . 

The termina l fil aments a r e united form ing a suspensory fil ament 

a tt a che d to the f a t body. 

Within t he ge rm a rium, a condition similar to that 

obs erved in the Empoasc a !~bae by He lms (1963) exist s , nam ely 

tha t the c ells o f the ap ic a l ha lf ~r e ma cronucleate wi th coa rs e 

c h roma tin . These c ells diffe r enti ate into l a r ge c e lls a nd 

oocytes . The l a tt e r li e in the basa l port ion of the ge r marium. 

The follicul a r c e ll s of a n ewly developing oocyte a r e 

columna r (Fi g . 2 8B ) , but a s the oocyt e enlarges and moves do wn 

the ova riol e , they become cuboida l and e v e nh'.ally squo.mous. 

Follicl e c ell s nre mononuc lc~te , t he nuclei ill - defined and 

g r a nul a r ( Fig . 28B). 
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CHAPTER 4 

BIOLOGICAL STUDn.:S ON LYGIDOLON LAEVIGATUH 

4.1 

INTRODUCTION 

Due to a l a ck of suitable f aciliti es fo r ade quate control 

of temp8 r nture and humidity, the gr eater port of the study 

conc erned with life-cycle durat ion was conduct ed in the field. 

During these studi es fine gauze cages , about tw~lve inches long 

and with a six-inch diameter , were used for confining insects on 

young wattle trees . In order to give some idea of temper atures 

prevo,iling during per iods of study , tabl es of mean weekly 

maximum and minimum temperatures are provided . ( Appendices 3, 

4 and 5). A t able was a lso drawn up showing mean hourly va lues 

of temperature and r elative humi dity, for 0DCh month .o f 1967 

(Appendi x 6). All readings were taken in the field in the 

experimental area . 

4 . 2 

THE EGG STA-JE 

4.2 .1 Oviposition sites 

Eggs a r e l a i d in very young growth on young wattle tre es. 

On the tips o f shoots, eggs are oft en laid between the pinnae of 

tiny developing l eaves, or within the ap i cal bud. Another 

f~voured site is in the tiny axil buds in the axils of the 

dev;eloping leaves. In ·young ha l f -developed l eaves, eggs may be 

l a id in the r achilla , while in tiny folded l eaves the f l eshy 



99. 

also variation in the degree of penetra tion of the egg in the 

tissue. When l a id be tween t he folded pinnae of a tiny developing 

lea f, or in the apical bud of a s hoot, the egg i s a lmost entirely 

concealed, but no plant tissue is damaged (f i g . 31A). In the 

ma jority of case s, however, the egg is laid within living tissue, 

often with only its op erculum showing . Occasionally half or 

less than half of the en t ire egg penetrates the tissue, the 

rest being easily vi s ible (Fig. 31B). Dat a on 50 e ggs examine d 

from field-coll ected ma t eri a l is shown in Table 1. 

Table 1. ~. l a evigatum. Egg position on f ield coll ected 

ma t eri a l consisting of 50 eggs. 

[ Egg Penetra ting Living tissue iEgg Between tissues or on surface 
; I 

pperculum only! Half or more of lBetween pinnae I On the surface 

I Vi :~ble ! e gg V;Sible i or i~3 buds iEntire e : g vi s ible 

:..-__ . ________ '-_~ ___ ~__ _ L __ _ ___ _ _ _____ ____ -.: 

Eggs are usually laid singly al though sometimes several in 

close proximity to each other may be found. Clust ers of five 

have been noted, and even an extreme c ase of seven eggs clustered 

and stuck together, all penetrating the tissue of the plant and 

causing considerable bruising and even slight gumming , was 

recorded. Eggs were only considered as i n a cluster if they 

touched one another along most of t he ir length . The following 

is a table of egg clus ter size and frequency on fi eld collected 

material from young wattl e planta tions ( N = 130) 

No. of eggs per group 1 2 

No. of suc h groups foun d 59 14 

4.2.2 Size and shape of the egg 

3 
6 

4 

2 

5 
2 

7 

1 

The measurem ents of newly-la id eggs together with those of 

eggs just prior to ha tching, are given in t abl e 2. 
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Fig . 3lC 
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An egg of Lo l aevigatum, entirely exposed. 

Operculum of L. laevigatum egg buried between an 
apical bud ( AB o) and a tiny developing leaf (DL.). 

Operculum of ~. cedaranus egg after hatching. The 
operculum rim (OR.) and embr \ yonic cuticle (EC.) 
oV''"'' ,...1,.... ..... _' ......... ..: -.: ,-, -
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Table 2. L. ~aevigatu~ . Measurements of newly-la id eggs, 

( N = 10) together wi th those eggs just pr ior to 

ha tching. All measur ements in mm. 

NevJly laid eggs 
I; J Eggs just prior to hatching 

. Opercul um I I 
t Leng_t_h __ ;-B_r_e_a __ d_t_h-r ___ W_i_d_t_h __ -ff! ____ ~L __ en~---B-r-e_a._d_.t_h _____ _ 

! 0 . 75 0.20 0.20 1

1

"1' 0 . 86 \ 0 . 21 I 

0 .75 0.21 0.21 0 . 85 0.20 

0. 76 0 .20 0 .21 Ii 0.88 0.22 

0 .76 0.20 0 . 19 II 0 . 86 I 0.21 

0 .79 0.23 0 . 20 j 0 . 85 I 0 . 20 

I 
0.76 0.20 0 . 21 0 . 84 I 0.20 

0.81 0.23 0.20 0.88 II 0 . 23 I 
8 I 0 .79 0.20 0.20 O. 7 I 0 0 22 I 

0.79 0.21 0.1 8 Ii 0.87 I 0.21 I 

~7_5._-+-_0-.-2-0--+-_0_._1-8_+~-.-0._._86---j--2~-J 
I 0 . 771 0.208 I' 0.198 I 0.862 1 0.211 
I I: I 
>--~-----I..I------I+~------'---.------.----~-.----. ___ ._ 

Mean 

Newly-la id eggs a v e r a Ge 0.77 mm. in l ength ( N = 10 ) with a 

maximum of 0. 81 mm. and a minimum of 0 .75 mm. Mean maximum wi dth 

i s 0.208 mm . and mean wi dth of the operculum, 0 .198 mm. Eggs 

a r e narrowest j ust behind the op e rculum ( Fi g . 32A ). They are 

cylindrical and slightly curved, and rounded a t the post erior 

end, with an operculum which is l a t e rally compresso d and 

asymmetrical. The chorion is t r ans parent, shiny an d finely 

reticula ted. Overall egg colour is cream . 

4.2.3 Maturation changes in the egg . 

For several days before the egg hatches the red eye 

p a tches of the deve loping nymph ma y be easily seen (Fi g . 32A). 

At approximately this st age , the trunc a ted anterior end of the 

chorion appears to rupture along its midline. The embr.yonic 

membrane becomes exposed and e xpands through this rupture , so 

tha t the finely sculptured chorion rim is no longer apic a l 
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4.2.4 Egg stage duration and fertility 

Using a hand lens (10 x magnification) one is able to 

detect and examine eggs in the field and to note when they have 

hatched. Using this technique the fertility of eggs could be 

studied in the field. Of 96 eggs examine d from the period 

15th April 1967 to 1st May 1967, 75 ha tched; 78 per cent. 

fertile. In order to check this,additiona l data was collected 

in January 1968. Of 25 eggs examined 21 ha tched, giving an 

84 per cent. fertility. No egg parasites were found. During 

August 1969, of 38 fi eld collected eggs isolated individually 

in a s earch for egg parasites, 78 per cent. hatched, one of the 

eggs failing to hatch due to parasitism by a trichogrammatid 

parasite (§ 8.2.2.3). 

Egg stage duration was studied by confining field collected 

females in the small gauze cages rnehtiohed in § 4.1, on tender 

shoots for a period of 24 hours. The cages were then removed, 

together with the adults. The trees were examined every 24 

hours and any newly hatched nymphs removed. Egg stage was 

calculated from day of cage removal to day of nymph emergence. 

Results are presented in Table 3, and represent data collected 

in the period March - June 1967 and January - February 1968. 

Table 3 . Incubation period in days , of eggs of ~. laevigat~m 

during the important outbr eak months. Temperature 

data rec orded in Appendices 3, 4 , 5 and 6. 

! 
, 

1967 I i Month 1968 I 1968 : 1968 1967 i 1967 
! 

i : JanuarylFebruary March April ! May June 
• I 

I Number 
I 

! I 
of readings! 17 23 18 21 12 16 

i M " I aXlmum (days) 8 9 9 11 12 14 
1 M" " (days) 6 1 lnlmum 
I 

7 7 8 9 10 
I , 
! Mean 7.3 7.7 8.1 9.4 10 . 8 12.3 . , 
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4.3 

THE NYMPHAL INST ~~S 

The nymphs of Miridae are generally active and mobile, 

while those of ~. laevi~atum are confined only by their feeding 

habits , since they feed on the tender growing tips of young 

wattle plants. As is the rule in this f amily there are five 

nymphal instars (Fig. 32). Metamorphosis is hemimetabolous. 

4.3.1 The first-instar nymEh 

On eclosion, the first-instar nymph averages 0.59 mm. in 

length, but after feedin g , increases considerably in size, to 

attain an average length of about 0.88 mm . (Appendix 2). The 

nymph is pale yellow with bright red eyes and translucent 

appendages. The body is sparsely covered by fine dark hairs, 

arranged in rows across the abdomen. The appendages and tergal 

plates are darker than the rest of the body. A dark spot occurs 

dorsally on the anterior margin of the fourth abdominal 

segment (Figs. 32B and C). 

40302 The later ins tar nymphs 

Nymphs of the later instars differ fr om first-instar nymphs 

in colour, s ize, wing-pad development and arrangement of hairs 

(Fi g o 32)0 They are predominantly li ght green, with red eyes 

which often become greyish in large nymphs. In the fifth- instar 

the tips of the wing-pads are black, the dark area increasing 

in size as the final moult to the adult approaches. The head , 

thorax and abdomen dorsally, and the legs and antennae , are 

sparsely coated with prominent black hairs . On the abdomen each 

segment has a row of hairs (Fig. 32G)0 The dorsal abdominal 

spot is well-defined in all instars but in these later instars 

is usually acc ompanied by a dull yellow area which appears to be 
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A. 

F. 

Egg and nymphs of 1. la8vigatum. A, an 8gg shortly 
b8for8 hatching, with th8 d8v8loping nymph's 8y8 visible 
through th8 chorion. B, first-instar nymph imm8diately 
after hatching. ' C, saine, after feeding . D - G, second­
to fifth-instar nymphs. 

. . 
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4.3.3 Duration of the nymphal instars 

The durations of nymphal instars were investigated by 

confining newly emerged nymphs in cages in the field. Although 

this gave a good indication of n1mph stage duration, individual 

instar times were often difficult to assess under , such conditions, 

as shed ecdyses were lost and the nymphs themselves difficult to 

observe closely. Studies were therefore oonfirmed by data 

collected in t he laboratory, from nymphs reared on potted wattle 

seedlings, and under lamp glasses. In the l at ter case foliage 

was changed every second day and kept moist using tubes of water. 

Nymphs were individually housed and carefully inspected daily for 

signs of having moulted. It was felt that the data on individuaJ 

instar dura tion so obtained was applicable as overall nymph stage 

duration had been assessed in the field. Data from nymphs which 

developed from egg to adult in a similar number of days in the 

laboratory, confirmed individual instar times. 

Table ,4. Instar duration (in days) of Lygidolon laevitiatum under 

field conditions. Prevailing temperatures during the 

study are recorded in Appendices 3, 4 and 6. 

a) Period January to February, 1968 : 

r 
4th I I Total time' 

I NSTAR 1st 2nd 3rd I 5th i as nymph -
J I Number of Readings 20 20 20 20 20 25 

Max. duration (days) 31 4 
1 

4 16 3 3 

I t 
, 

j Nin. duration (days) 2 2 2 i 2- ~1 ~ ~:~12 I 
I 

I Mean duration (days) 202 I 2.7 209 , 2.6 I 2.9 14.3 , 
I I I I -'-

b) Period April to June, 1967: 

I 
; I I I Total time ! 

2nd i INSTAR 1st I 3rd 4th 5th as nymph 
: ! Number of Readings , 22 I 19 19 18 17 25 

Max. duration (days) 4 l 4 4 I 4 6 20 
i 

! I 

I Min. duration (days) 2 3 i 3 I 2 3 15 
I l i -- . -
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4.3.4 NymEh survival rate in the field 

Owing to the fact that the nymphs of ~. lae~~atum are 

highly mobile, an estimate of field survival rate is extremely 

difficult. By caging nymphs on trees, natural control agents, 

such as predators and parasites are interfer ed with, and 

although these may in some instances be negligiblo , parasites 

have been found to cause a high mortality. However, some 

indication of natural mortality can b e obtained from the data 

collected during investigations into the overall nymph stage 

duration in the field. In order to obtain data on 50 

individuals, it was found necessary to cage 67 nymphs. This 

allowed for a mortality of about 25%. Great care was necessary 

in transferring n ewly hatched nymphs to field cages, as they 

are extremely fragile and active. 

4.3.5 Distribution of nym.Ehs on the tree 

As mentione d in Section 4.2.1, eggs are laid on the tender 

terminal shoots on actively flushing young wattle trees. Such 

areas are the natural feeding places of the adults, and both 

adults and nymphs appear unable to feed on t he more mature 

foliage and terminals which are not in a condition of flush . The 

first-instar nymphs , in particular, are invariably found on the 

tiny terminal buds and between the pinnae of small developing 

leaves. Although highly active, first-instar nymphs do not 

move far from the empty egg-case. They commenc e feeding within 

minutes of hatching , and will recommenc e feeding very soon even 

after being thoroughly disturbed. This indic ate~ that they 

r equire a great deal of moisture due to rapid desiccation . The 

second-instar nymphs also tend to fee d on the very tender shoots, 

whil e the l a rger nymphs feed on the l eafl ets of new fully opened 

leaves, provi ded such leaves are still tender. Thus the 
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instar , do appear to move about a little. More than two nymphs 

are very seldom found on t he same terminal and later inst ar 

nymphs are usually found singly. This is de spi te the fact that 

as many as t en eggs may be encountered on a single terminal. 

Numbers of newly hatched nymphs can often be seen in close 

proximity to one another, but disperse more widely during their 

second- and third- instars. 

4.4 

THE ADULT STAGE 

4.4.1 Preoviposition 2eriod 

In the se studies , adults were confined , i n pairs, in eight 

t o ten i nch tall l amp-gl ass cages with fine gauze over the top, 

and standing in petri-dish lids . Within these c ages small 

succulent t erminals from young wattle t r ees were kept moist by 

standing them in t ubes containing water. The foli age was 

r enewed every second day, and the r epl a c ed foli age mic~oscopically 

examined f or eggs . In thi s way data on preovi pos ition period , 

fecundity and longe vity we r e coll ect ed . 

Data collec ted in May , 1968 , from subsequent experiments 

revealed an average pr eovi position per io d of el even days 

en ; 9) indic~t ing , possibly, the effect of temperature and 

other environment a l oonditions suc h as sunlight , humi dity and 

host tre e condition. 

4.4.2 Fecu~~it~ of femal es 

Oviposition studi es on individual femal es revealed tha t 

e ggs were not laid every day , and the maximuw observe d number 

of eggs l aid in a 24 hour period , was 13. Mean number of eggs 

'_":..J _ .... ~_ ~ __ ..... , _ _ .-, _ nil _ _ ';J..., __ _ ___ ..!. _____ .£' ,,1"\ 
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been considerably higher . Throughout the experiment care was 

exercised in presenting the insects with tender buds from young 

actively growing wattles, to ensure t he presence of suitable 

oviposition sites. 

Table 5. Dntn on preoviposition period, fecundity and longevity 

of ~idolo~ laevig,atum femal es during J anuary and 

February 1968. 

: ~ggs per dny . : 
Female!Preoviposition 'Total eggs: -.") . ., : Longe v~ ty . 

L . d : dur~ng oV~l'0s~ t~on l CD ) i No. ! Period a~ ; . pcr~od : ays 
jHaximum i Hean ~ , 

I . I -
1 10 19 3 I 1.00 ! 29 

2 8 69 7 ! 1.92 : L~4 , 
3 11 45 8 t 2.14 : 32 

I I 

4 8 63 9 , 1.66 ! 46 
I 
i 

1.80 ! 49 5 9 72 9 ! 
6 8 88 11 t 3.03 : 37 I 

I 
3.31 ; 7 6 159 13 f 54 

! I I 

8 10 73 11 , 2.43 : 40 I 

9 9 69 7 2.65 ; 35 
• I 

10 9 123 12 2.93 : 51 

11 11 102 11 2.62 49 
i 

12 12 57 9 1.84 i 43 

13 11 6 
i 

27 1.35 ' 31 ----_. ---, 
1 
! Mean 9. 4 74 2.21 41.5 , 
;....-..-

Dissection of fie ld-coll ect ed fem a l es for various 

experiments has revealed a maximum of 24 mature eggs in a single 

mature female (assessed by colour of the abdomen § 2.1.1). A 

single specimen containing 39 mature eggs was encountered, but 

must be regarded as exceptional. Of 709 matur e females dissected 

a nd found to contain eggs, the f ollowing were found to have 20 or 

more eggs per fem ale. 

No. of eggs per ~ ;20 
I 

21 
I 

22 23 24 ! 
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The full table of r esults fro m all 709 females is not 

presented, as they were collec t ed at di f f erent times and 

localities with various fac t or s affectin g fecundi ty at these 

different times, and the dat a woul d t herefore be misleading . 

However, the maximums given above s erve to illus tra te tha t the 

number of eggs per femal e is no i ndic a tion of the egg-laying 

capacity of that f emal e as egg development continues throughout 

t he egg-laying life. 

4.4 •. 3 Fa,c tors affec tine, female, egg-layinfi, cc:.paci ~ 

During the period Februar y to August 1967 , a marked change 

in the aver age numb er of mature eggs ( esgs s howi ng a fully 

developed operculum) per mature femal e , occurred in a pl ant at ion 

of young wattle trees a t the Jattle Growers Union experimental 

station ;IBlo emendal ,; near Pi ete r mar i tzburg , as shown in the 

following table: 

Table 6. Monthly averages of eggs per mature femal e for the 

perio d Februar y to August 1967 . All samples collected 

in Block 18 , Blo emendal Fiel d- Experimental Station , 

Pietermar i tzbur g . 

Honth 

Aver age No. Eggql~ 

n 

iFebruaryMarc h IAPrill 

I 15.2 12.6 1 608 ! 
1 69 I 80 i 70 ! , : i 

I I . 
May 1 June IJuly !August 

6 . 0 I 5. 1 1 5. 8 7.9 

64 I 80 ! 26 '- 81 

The s amples fo~ August were collec ted in ext ensive sweeps 

as the popula tion was very muc h r educed in numbers a t tha t stage 

(See data on populat ion numbers § 6.2.2). To t es t whether the 

consecuti ve sample me ans liere signific antly different, the data 

was subjected to a F-tes t . The data was however not normal, and 

a trans formation was required. Since the (range )2 was found t o 

be proportional t o the mean when plot ted gr aphically for each 
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dissected during t he course of the investi ga tion. 

The F-test showed the ob se rved drop in fe cundity to be 

statistically significant (p = 0.01). Individual t-tests 

conducted, showed tha t the reductions in the mean number of eggs 

per female recorded between February and March and between March 

and April were both significant (p = 0.05 and P = 0.01 

respectively). The drops in fecundity recorded between the 

months of April and fay, and between May and J une, were not 

significant, but the overall drop between the mean values for 

April and June, was significant (p = 0.01). SimilarLy the rise 

in the mean value observed for July as compared with the June 

mean, was not significant, while the higher mean observed in 

August , as compared with the mean for July, W2S significant 

(p = 0.05). The overall rise in mean value observed between 

June and Augustw~shighly significant (p = 0.01). 

It can be seen from an examination of these results, that 

a drop in mean number of eggs per female, occurred from February, 

to a minimum value in June, followed by a sli ght but significant 

rise , up to the end of August. In order to attempt an explanation 

of the cause of this drop in fecundity other experiments were 

conducted. 

The minimum value observed in June 1967, together with the 

fact that a number of mature females in the sample showed failure 

of the r eproductive organs to enlarge, and more fat body than 

usual in the abdomen , suggested that some sort of facultative 

diapause might occur, similar to that observed in ~. hesperus by 

Beards & St rong (1966 ). From a sample of 15 mature females 

collect ed on June 19th 1967, five were found to be in the above 

condition while the mean number of eggs per female was 3.8. In 

most ins ect species havinG a facultat ive diapause , the princip~ 
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precision, being unaffected by changes in weather and climate, 

but only by changes in latitude and season of the year ( Beards 

and Strong 1966). Since the lowest mean and highest percentage 

of non-reproduoing mature fema les wa s observed in mid-Jun~ 

observations were resum ed when a suitable po pulation was found 

in the field in mid-June 1969 (Kirkfalls, Hillcrest , Natal ). A 

sample from this population r evealed no females in a non­

reproductive state , and a mean of 8.0 eggs per female (n = 45)& 

Diapause is defined a s ; i a sta te of arrested development 

- enforced by a physiological mechanism rather than by 

concurrently unfavourable environmental condi tions ;' (Beck 

1 962 ). By this definition the observed drop in fecundity 

appeared to be in response to a concurrently unfavourable 

environment, and was therefore studied further. 

4.4.3.1 The effects of soil moisture on egg Eroduction 

Assuming that, in a normal young wattle tree, the soil 

moisture content would have an effect on the water relations in 

the plant, and hence , gene r a l tree condition, an experiment was 

conducted to assess the possible effect of water stress in the 

plant on female fecundity. In ~ 90 acre block of young 4 - 8 ft. 

wattle trees on the far m Kirkfalls , Hillcrest , samples of females 

wer e collected from three sites selected for their differing soil 

moisture contents. 3amples of 1000 gms . of soil collected, 

weighed and oven-dried before rewei ghing , were used to estimate 

soil moisture content at each site. Soil was of the Msinga 

series, a moderately leached f a irly deep red soil& The results 

of the experiment are recorded and analysed in Appendix 8. Since 

samples had a similar distributionfu ~ those of the previous 

experim ent , the same transformation wa s used . 

From t he results of this test ( Appendix 8) it can be seen 
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sites. Females f~om the b~st -watered site ( Site C) contained 

signi(i.cantly more eggs than those from s ites A and B. However, 

data from sites A and B were not si gnific~ntly different, 

de spite t he di ffe r ent soil-moisture content s r ecorded. 

404.3 . 2 The e ffect of food qualit~ on egg production 

In the pr evious experiment (8 4 04.3.1) it was noticed tha t 

although the tre es at Sit e A were obviously af fected by a 

shortage of water, the trees a t site B had been requced to a 

similarly poor condition by the feeding of 1;. . l,.aevi ga t~m adults 

and nymphs. It was therefore apparent tha t the trees at the 

two different sites had been adversely af fected by two different 
.'''. 

f actors. Thi s resulted in a single factor being -r esponsible fov 

the reduced egG l aying capaci ty of f emal es , namely re duce d food 

quality , although the r esul t of two different causes . 

To investigate the effect of foo d quality on the fe cundity 

of females, a sit e was c arefully s el ect ed in a 90 acre plantation 

o f badly attacked trees at Kirkfall s , Hi llcrest , 11th July, 1969. 

In this pl antation the inf esta tion had been initia ted by adults 

migra ting from slightly mor e ma t ure tree s (one yea r ol de r) 

adjacent to the southern corner of the young pl antation (Fig . 36A). 

Trees i n the younger plant a tion but ad j a c ent to t he older tre es 

were more he avi ly damaged , whil e t hose further away were only 

lightly damaged. Two samples of insec ts were coll ected , the 

first fro m ac tivel y f lushing undamagod trees , and the second fr om 

t he more heavi l y damag ed young trees. These l atte r trees showed 

typic a l damage due to feeding and were ther e for e predominantly of 

poorer quality as food, although spme had produced a new f lush of 

foli age in response to good soil moisture conditions. The 

number of eggs per femal e was r ecorded by dis s ection o The data 

was subject ed to a t-t est, and the r esults pr esented in the 
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Table 7. Results of the statistical analysis of data based on 

the number of mature eggs per mature female (the 

latt er assessed by body colour) from damaged and 

undamaged treeso Kirkfalls, Hil lcrest. July 11th 

1969 . 

n 
i 

I Treatment totals 
i 
: Treatment means 

I 

'Undamaged trees 
I 
I 34 

343 

10.088 

Damaged trees 

71 

512 

7.211 

Pooled estimate of variance = 21.16 (103 DoFo ) 

Vari ance of the difference of the means = 0.9204 

Standard Error of the difference = 0.9594 

to (103D.F . ) = 2.999 

The mean diff er ence of 2.877~ 0.959 eggs per female in 

f avour of f emales collected on undamaged succulent trees is 

significant (p = 0.01). 

This effect of food-quality is important in studies of the 

population dynamics of the species and will be referred to again 

in the section on ecology. 

The rise in mean number of eggs per female observed at 

Bloemendal, Pietermaritzburg in July and August 1967 (§ 4.4.3) 

can now be explained from the data presented above . During that 

year, rains were consistent ~nd copious until the end of April, 

the soil water content reDaining high, and trees were growing 

rapidly. However, the heavy population of 1. l aevi gatum damaged 

the trees to such an extent that by June the quality of the food 

available was having a marked effect on the egg production 

potential of the mature femal es. A late flush was noted during 

l a te June and July as trees recovered from the attacks, and 

this was confirmed by the observed rise in the mean numb er of 

eggs per female for July and August. 
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case of 13 females, showed a mean of 41.5 days and a maximum 

of 54 days. Although no detailed investigation on male 

longevity was conducted, cage experiments indicated that males 

survived for shorter periods than females under 3iDil~r 

conditions. A study of the literature revealed that most 

workers found male Miridae to be shorter-living than the 

females, death intervening soon after mating had occurred. 

4.4.5 Sex r~tio in the field 

During population studies throughout 1967 and 1968 at 

Bloemendal, Pieterma ritzburg, sex ratio records were kept of 

all samples coll ected. Since each sample contained both males 

and femal es, lIStudent's" method of paired differences test was 

used to indicate any significant difference between the numbers 

of males and females encountere d. 

A total of 3330 males and 2895 females were used in the 

test, comprising 88 pairs. Mal e s were significantly more 

numerous than females (p = 0.01), by a difference estimated at 

4.94 ! 1.57 ma les per sample. 

However, it has been found that when breeding is checked 

by unfavourable tree conditions, the shorter adult life of 

males results in a r a pid change in the s a x ratio, females 

becoming predominant. For exampl e in early August 1967 two 

collections, on the 2nd and lOth August respectively, yielded a 

total of 114 f ema les and only 50 mal e s. 

4.4.6 Adult mobility 

Although flight studies were a ttempted, using a 

permanently tacky adhe sive on boards at various heights in a 

plantation a t Blo eoendal, Pieterma ritzburg during 1968, other 

activities prevented the experiment from being properly 

controll e d, a nd it wa s a bandoned. However. a number of careful 
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As mentioned earlier (8 4.3.5) nymphs are fairly localised 

on trees, and provided trees are not touching, no movement, even 

from tree to tree, will occur. Adults are active and readily 

take to flight, and even slight jarring of a branch will cause 

adults to drop off and flyaway. The presence of an observer is 

sufficient to cause them to dart around to the far side of the 

shoot on which they are perched , and may even set them to flight. 

The males are far mor.e active than the females, and the acti vi ty 

of both sexes is increased . during warm sunny days. 

Flight studies of Heteroptera conducted by Southwood 

(1960) at Rothamsted Experimental Station from 1947 to 1956 

indicated that 97 per cent. of all Heteroptera from light trap 

catches were r1iridae. In the rather less biased suction traps 

they formed 56 per cent. of the total. Although Miridae 

dominated the light trap catches, less than 20 per cent. of the 

Miridae were taken at night. He also found that while equal 

numbers of males and fem a les were taken during the day , the 

males grea tly exceeded the females in the nocturnal captures. 

This excess of males wa s even more pronounced in ultra- violet 

trap c a tches . 

4.4 . 7 Alternate host data 

In and a djac ent to wattle plan tations a number of we ed 

species are found on which adults of ~. laevigatum has been 

collected. Amongst these are the following:-

Compositae Tagetes minuta Khaki weed 

11 C 1 rassocepha urn creEidioides 

Phytolaccaceae Phytolac-ca octandra Inkberry. 

The speci e s has never been coll ected from any grass 

species , and on Eo octandra, is usua lly found in association 

with Taylorilygus Gimonyi, a species of mirid often found on 
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numbers in the young wattle plantations where these weeds were 

growing. Thus their occupation may have been due to some 

stress factor such a s crowding or poor food quality. 

The fact that wattle is so readily attacked resulted in a 

search for ~. laevigatum on indigenous Acacia spp. Two of the 

most common species in the wattle growing areas are Acacia 

nilotica subsp. kraussiana and A. karroo. Both L. laevi gatum 

and Taylorilygus simon1:i were collect'ed from young flushing 

trees of these two species as well as from the inflorescences 

of the latter. o 
Orthotylus tabidus (Stal), a species of mirid 

commonly occurring on wattle, was also collected on Acacia 

karroo at the same loc a lity in the Umlaas river valley, 

Camperdown. 

Odhiambo (1960) records having collected a single 

L. laevigatum male on cotton at Serere Experimental Station in 

Uganda. 

4.4.8 Overwintering 

~. laevigatum has no true overwintering stage in the 

life-cycle, and breeding continues throughout the winter. Even 

under extreme conditi ons such as those experienced at Bloemendal, 

Pietermaritzburg during the mid-winter of 1967, when trees were 

in very poor condition, some breeding occurred (9 6.2.2). 

Sampling in the second h alf of August yielded only a single 

male,but on 30th August nymphs were collected, obviously the 

progeny of females present in the fi eld in early August (Fig. 34). 

Some of these r eached the adult stage, an d consequently five 

young females (determined by colour) were collected on 14th 

September 1967, during an extensive sweep of 100 trees. Many 

died of desiccation (§ 6.202). Under favourable tree conditions 

such as occurred during t he winter of 1969 at Kirkfalls, 
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During routine sampling in Block 18, Bloemendal (§ 6.2.2), 

specimens of ~. laevigatum were occasionally collected 

throughout the winter and spring of 1967. On 4th October two 

mature females and a single male were collected, while on 

12th October a single male was collected. Sampling was 

maintained for continuity and for determining the population of 

BatracllOmorphus ~edaranus which was present at the time. 

In October 1967, adults and nymphs were collected from the 

flowers of mature wattle trees at block 21E, Bloemendal, some 

150-200 metres from Block 18 (Fig. 36B). On 4th October 1967 

adults and fourt~and fifth-instar nymphs were collected from 

these flowering trees. The adults were) judging by colour 

development, newly emerged, indicating that they had hatched 

from eggs laid about the first week of September . At this 

stage trees were covered with buds in the liyellow;r stage, two 

to three weeks before flowering in the last week of September. 

Adjacent to these flowering trees, young wattle trees, 2 - 4 ft. 

high, planted as seedlings in paper sleeves in January 1967 

were found to be harbouring some adults during October, possibly 

as a r esult of local movement from the flowering trees. 

Too little is as yet known regarding the local movement 

and possible sustained flight of the species to offer valid 

comment on the possible origin of the adults found in the 

flowering trees in Block 2lE. The presence of the species in 

small numbers wi thin Block 18 wa-s clearly established by 

sweeping, and it is probable that local movement was responsible, 

but the possibility of a longer range invasion by more sustained 

flight can not be ruled out, at least as a contributing factor, 

at this stage. 
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4.5 

SUMMARY BIOLOGY OF Lo LAEVIGATUM 

There is no definite overwintering stage, and the insects 

may continue to breed all year round provided conditions are 

favourable, although more slowly in the winter months. Eggs a re 

laid in the tender terminals of young wa~tle trees, and the . 

incubation period varies 6 to 8 days In summer, up to 14 days 

in winter. There are five nymphal instars, the overall nymph 

stage occupying from about 14 days in SUmml)r to a maximum of 

about 20 days in the field in early winter. Adult females have 

a preoviposition period of six to twelve days (mean 9.4 days) 

and females used in the investigation laid between 19 and 159 

eggs with a mean of 74 eggs. Females live from 29 to 54 days 

(m ean 41.5 days), whil e males are shorter lived. Sex ratio in 

the field favours mal es during active breeding, but as a 

population recedes, under unfavourable conditionsf females 

become more abundant than males, presumably because of their 

longe r life-span. 

From the above it may be concluded that a single generation 

is completed in four to five weeks in summer and five to six 

weeks in wint er. Several generations may t herefore occur in a 

season. 
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CHAPTER 5 

BIOLOGICAL STUDIES ON BATRACHOMORPHUS CEDARANUS 

5.1 

INTRODUCTION 

Comments made in respect of the lack of suitable 

facilities for biological studies on ~o laevigatum apply also 

in this instance. Studies on the two species were carried out 

simultaneously in the field, and the same temperature and 

humidity conditions existed (Appendices 3, 4, 5 and 6). 

502 

THE EGG 1ST AGE 

5.2.1 Oviposition sites 

Unde r field conditions the site used most regularly for 

oviposition on wattle trees is the underside of the compound 

leaf rachis. The upper surface of the rachis is sometimes used, 

and on the underside of the leaf eggs mGY be found buried in the 

tissue of the petiole. Under crowded conditions on small potted 

trees some eggs may be e mbedded in the tissue of the brunch at 

the base of the l eaf, a condition which seldom occurs in the 

field. 

Eggs are usual ly inserted in fully developed young leaves 

which are still lush and tender, although older, tougher leaves 

may also be used. Eggs are not laid in n eat rows, but usually 

rather haphazardly as the femal e moves along the leaf rachis o 

If undisturbed, a l a ying female may remain on a single 
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even on the stem adjacent to the leaf. From a spa rsely 

populated greenhouse ( August 1967) a total of 633 eggs were 

collected, comprising 45 ;lbatches", and giving an average of 

14.1 eggs per batch. Of these 633 eggs, 59.2 per c ent . were 

l aid in t he tissue of the underside of the leaf rachis l 16.1 

per cent. on the upper surface, while 1.7 per c ent . were l aid 

in the rachillas of leaves and 4.9 per cent. in the tissue of 

the petiole. A further 18.0 per c ent . were found embedded in 

the tissue of the stems adjacent to these leaves. 

In the field eggs are found in smaller batches. For 

example, from 68 separate egg-batches observed in the field 

(Dec ember 1967), a total of 560 eggs were counted, giving an 

average of 8 .2 eggs per leaf batch. Of these 72.~ per cent. 

were l aid in the lower surfaces of the l eaf rachides, 6.4 per 

cent. in their upper surfaces, while 18.4 per cent. of the eggs 

observed, were l ai d in the rachilla . Only 2.3 per cent. were 

laid in the leaf petiole, and no eggs were found laid in the 

plant stem adjacent to the leaves. The maximum number of eggs 

on a single leaf was 56. 

In young tissues of newly opened leaves the ovipositor 

penetrates the xylem tissue of the rachis during oviposition, 

and the entire egg is buri ed within th" tissue , ol mos t r.t ri s;ht::u.Jgles'Cothe 

ourface of the rathis. Usually about half of the egg's length 

penetrates the xylem. In harder more mature tissues, especially 

when a stem is used for egg-laying, the ovipositor is unabl e to 

penetrate the xylem. The egg is then laid just beneath the 

surface between phloem and xylem in the region of the cambium. 

Within the plant tissue the egg is complet ely surrounded 

by an outer coat of material probably secreted by the large 

femal e accessory gland during oviposition. This envelope is 
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end of the egg is exposed to the air by splitting of the plant 

tissue, as usually occurs where a leaf rachilla is used for 

oviposition, the chorion, in the absence of the enveloping 

membrane, turns blackish. Each egg-slit has small threads of 

white subs tGnc u OV8r it, attached to the operculum, and these 

are possibly of the same substance which envelops the egg in 

the tissue (Fig. 31C). 

5.2.2 Size and shape of the egg 

Table 8. B. cedaranus . Heasurements of mature eggs from the 

ovaries. All measurements in mm . 

Length Breadth Anterior End Itlidth 

1.08 0.27 0.21 

1 .. 09 0.26 0.19 

1.11 0.30 0.19 

1.12 0.23 0.18 

1.07 0.27 0.18 

1 .10 0.25 0.17 

1.08 0.25 0.20 

1.13 0.25 0.17 

1.17 I 0.28 0.19 

1.19 0.24 0.18 

1.09 0.25 0.19 

1.14 0.25 0.18 

I 1.12 0.27 0.19 

I 1.09 0.29 0.18 

1.10 0.25 0.21 

1.12 0.25 0.17 

1.09 0.26 0.21 

1.18 0.26 0.20 

1 .12 0.25 0.21 

1.15 0.29 0.23 

Means 1.117 0.261 0.1915 
. 

Table 8 gives measurements for 20 mature eggs dissectred 

from females. These averaged 1.1 mm. in length with a mean 

I 
I 

I 
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Egg a nd nymphs of ~ . c edar anus. A, ma ture 

egG from the l a tera l oviduct of a laying 

f emale. B - F , first- to fifth-instar 

nymphs. G, detail cuticula r hairs of a 

fifth~instnr nymph. H, nymph ha tching from 

an egg buried in t he rac h is of a wattle 

leaf . 
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finely sculptured chorion rim found on the eggs of Miridae, and 

is smooth and white in colour. The chorion is translucent, so 

that the two red eye spots of the developing embryo within may 

be easily seen towards the anterior end of well-developed eggs 

dissected out of wa ttle leaves. 

5 . 2.3 Egg stage duration and fertilitx 

A considerable increase in numbers of B. cedaranus in the 

field at Bloemendal, Pietermaritzburg during the period 

September 1967 to January 1968 made it possible to conduct field 

studies. During November and December of that period the data 

shown in Table 9 on egg incubation period was collected. A 

mean incubation period of 18.4 days was obtained. 

Table 9. Incubation period, in days, of eggs of ~. cedaranus 

laid in wattle leaves during the period November 

December 1967. 

t Incubation period 

l Number of eggs in 

I 
I 

in days 115'16 117 118:19 120 ' 21122 123124 25 

each class ! 5 14 !46 ;22\44 ;13. 51 3 4 j 4 1 

Mean 18.4 days 

Data collected in the course of other experiments indicate that 

the incubation period is more than doubled dur{ng mid-winter. 

For example, 54 eggs laid by a female confined on a potted tree 

in an open nursery, from 1st to 15th June 1968 hatched between 

22nd and 25th July, giving the minimum possibl e incubation 

pe~iod as 37 days. 

Percentage egg ha tch is fairly high and since the eggs are 

relatively easy to see and count (as compared with eggs of the 

mirid ~. laevigatum), accurate figures are easily obtainable . 

During the incubation period studi es of November and December 

1967 an overall percentage hatch of 84 per cent. was achieved 
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5.3 

THE NYHPHAL INSTARS 

5.3.1 The first-ins tar n~mph (Figs. 33B and H) 

Immediately after hatching, mean body length is 0.94 mm. 

with a mean head width of 0.45 mm. (Appendix 2). After the 

first meal, mean body length increases to 1.16 mm. The nymph 

is pale yellowish or greenish and covered by rows of whitish 

hairs about 0.1 mm. long and with slightly split, y-shaped 

tips. There are eight rows of these erect ha irs running down 

the length of the body from vertex to abdomen tip (Fig. 33B) , 

one each on the lateral edge of the body (not visible in 

Fig. 33B) whil e the 'other six rows are dorsally situated, and 

arr a nged in pa irs. There are four rows of hairs on each tibia. 

Each hair a ri s es from a da rk- brown pit, giving a spotted 

appearance. The underside of the abdome n is bare. Byes are 

reddish int e rnally, with a white cuticl e . Some first-instar 

nymphs have a feint brownish band on each side of the thorax, 

running longitudinally. 

5.3.2 The second-instar nymph 

Second-instar nymphs average 1.56 mm. in length, and 

0 . 61 mm. in head width (Appendix 2). Colour is predominantly 

greenish, with the prothoracic colour pattern o f th e adult 

already clearly visible. The eight rows of long, erect y-shaped 

hairs are intersp~ced by smalle r mor e num erous y-shaped hairs of 

the type shown in Fig. 33G. These sma ll e r hairs are randomly 

scattered over the entire dorGum and on the sterna of the 

abdomen. Well-developed strong spines replace the four rows of 

hairs on the hind tibiae, but interspersed with long hairs. 

Wing buds are discernible at this stage. 



5.3.3 The third- and fourth-instar nymphs 

In the third-instar nymph, mean l e n gth averages 2.05 mm., 

mean head width 0.81 mm. The underside of the body is still 

greenish, but dorsally c o lour may v a ry from light green or 

yellowish to light brown or light r eddish-brown. The smaller 

y-shaped hairs are more numerous than in the second-instar . Eye 

colour is pale pinkish to r ed. 

Hean l ength of the fourth-instar nymph is 2.89 mm. , mean 

head width 1.06 mm. Overall colour is similar to that of the 

third-instar, with the tip of the abdomen brown. The 

mesothoracic wing-bud now extends post eriorly covering about 

half the length of the metathoracic wing-bud ( Fi g . 33E). Fourth­

instar nymphs are even more profusely covered by the smaller 

variety of hairs th~n third-instar nymphs. Some of the long 

hairs of the for e nnd mid tibiae a re replac e d by thin hair-like 

spines . 

5.3.4 The final (fifth) nymphal insta r 

This instar a veraged 4. 54 mm. in length and 1.36 mm. in 

head width for 20 specimens examined (Appendix 2). Colour is 

similar to tha t of the third-instar nymph, the usual colour . 

above being greenish with brownish or reddish-brown tinges on 

eyes, posterior margins of thoracic t erga , wing buds, the 

proximal third (or whole) of the meso- and metathoracic tibiae 

and ninth abdominal segment. The re are also several brovmish 

spots on the abdominal terga , and the last abdominal sternum is 

often very dark , especially in female nymphs. There are fewer 

of the smaller setae than in fourth-instar nymphs although the 

dorsum is often still well cove red with them. Also many of the 

longer setae are absent giving the appearance of a more random 

distribution a s opposed to the rows of these setae found in the 
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thorax. Most of the shorter oblique-lying hairs are white as 

in other instars, but a few are dark- brown, especially on the 

meso- and metathorax . The prothoracic pattern of the a dult is 

discernible as watery green patches of cuticle free of 

epidermal hairs. 

The mesothoracic wing buds extend posteriorly to the tip 

of the metathoracic wing buds in t h is instar. 

5.3.5 Duration of the nymphal instars 

Data on the duration of the nympha l instars of individuals 

caged on trees at Bloemendal during the period November 1967 to 

January 1968 are given in Table 10. Cages were placed over 

terminals to include a single large young mature leaf on which 

nymphs were placed. Not more than five nymphs were isolat ed in 

each cage. The study was made easier by the fact that in the 

cages nymphs were r e latively inClcti ve, and were easi ly observed 

passing through their five developm ental instars. Despite the 

fact that as many as five nymphs were reared to the adult instar 

on a single l eaf , little observabl e damage was c aused to the 

leaf. An extreme fifth-instar of 16 days duration, resulting 

in a total nymph period of 36 days for a single female, was 

o~itted from the table. Temperatures and humidities in the 

field during the studies are recorded in Appendices 3, 4 and 6. 

Table 10. Instar duration (in days) of B. cedaranus under 

field conditions Bloemendal , Pietermaritzburg 

November 1967 - January 1968 . 

r 1 st 2nd 3rd 4th 5th Total 
I 

Number of r e adings 32 32 29 29 29 29 

Maximum duration 8 8 7 9 11 34 

Minimum duration 3 2 2 4 5 24 

Mean duration 5.2 5.2 4.7 5.6 7.9 28.3 
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obtained were comparable with those from field observations. 

During December 1967 tests were conducted in a room 
, . 0 0 

maintained ~t a constant temperature of 26.7 C (80 F) and a 

relative humidity of 76 ~ 2 per cento Nymphs were reared in 

lamp glasses on foliAge standing in water and changed every 

second day. Mortality of the 34 first-instar nymphs was as hi Ch 

as 59 per cent o , whil e a further 12 per c ent o died without 

becoming adults. A fault in the temperature regulation system 

caused the premature term~nation of the experi~ent o The four 

specimens successfully r eared by then showed norm a l nymphal 

instar periods as compared with table 10 0 Three were males , 

with overall nymph stage durations of 27, 27 and 25 days, while 

the only female reared, took 30 days to pass through the nymphal 

instars . The high mortality recorded in first-instar nymphs 

seems to indicat e that the temp e r a ture was too extreme in thj.~ 

test. The field-tests resulted in a first-instar mortality of 

only 8.6 per cent. en = 35). However, overall nymp h stage 

durations were compara bl e with thos e obta ined in the fi eld a t 

Bloemendal during November and December 1967 (26 0 6 days for 

males, 29.5 days for fem a l es ). It is therefore possible tha t 

optimum conditions for development lie somewhere between those 

in the fi eld during the trial pe riod ( Appe ndices 3, 4 and 6) and 

those of the controll e d room . 

Data presented in Table 10 give a mean overall nymph-st age 

duration of 28.3 dayso In othe r experiments further data was 

collected for a total of 96 indivi duals , which averagec 30.1 

days. Sepa ration of data on mal es and females r e veals a slightly 

shorter male nymph-stage duration of 28.7 days en = 27) compa r ed 

with 30.0 days f or females . However, statistical analysis of the 

data showed the difference of 1.3 days to be nonsignificant, 
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Some nymph-stage durati on data were collected from May to 

August 1967. During the period n total of 40 nymphs reared to 

adults in cages on young trees in the field at Bloemendal 

required an average of 54.9 days to complete the~r nymph 

instarso 

5.3 06 Distribution of nym~hs on the tree 

~fter hatching, first - instar nymphs settle on the leaf 

rachis , usually up against the base of a rachilla , or on a 

rachilla itself. Except under crowded conditions very few 

leave the leaf on which they hatched, and nymphs will often 

develop ri ght through to the adult stage on a single leaf. More 

mature nymphs are usually found on the leaf rachis , and al so 

often on young tender shoots . The nymphs are i nactive , usuall y 

moving only when disturbed , and they qui ckly re - settle . Often 

when disturbed nymphs will shake the abdomen rapidly from side 

to side , without moving position . 

5.4 

THE ADULT STAGE 

5.4.1 Preoviposition period 

The preoviposition period of females exposed to males 

for seven days from the time the females emerged as adults was 

usually seven days , and the mean for 15 individuals studied in 

lamp- glasses in the l aboratory during October 1967 to Januar y 

1968 was 7. 6 days (Table 11) . 



Table II. Preoviposition period, fecundity and longevity in 

days of ~. cedaranus females each caged with a male 

f or seven days. 

Preoviposition Eggs laid 
Period Per Female LonJievi t.,;y 

Number of r eadings 15 15 15 

Haximum 9 152 80 

Minimum 7 48 27 

Hean 7.6 90.5 4703 

In order to eliminate the possible delaying effect of newly-

emerged males, only males seven days old were used. A further 

20 females in a second experiment , yielded a preovi~osition 

period of 7.5 days (Tabl e 12). 

, 

Table 12. Preoyiposition period, fecundity and longevity in 

days , of ~. cedaranus females each c aged with a male 

throughout the experimen t . 

Preoviposition Eggs laid 
Period Per Female LongevitY:. 

Number o f r eadings 20 20 20 
Maximum 9 161 68 
Hinimum 7 27 29 

! Mean 1 7.5 95.8 47.0 J 
Most unmated females l a id eggs, but the preoviposition 

p e riod was g r eatly extended. Thus f or 16 unmated fem a les which 

l a id eggs, the preoviposition period a veraged 21 . 8 days with a 

minimum of ten days and a maximum of 52 days. 

5.4.2 Female fecundity and adult longevity 

Two studies were c onducted in an investigation of female 

fecundity . In the first experiment, each female was paired with 

a single seven-day old male as soon a s she reached the adult 

stage. Males were removed after seven days. New foliage was 

provided every second day and eggs were counted after each 

foliage cha nge. In the second experiment a malA WA~ n~o~o"+ 
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conducted simultaneously in ten-inch high lamp-glass cages in 

the laboratory from November 1967 to January 1968 . The results 

a re recorded in Tables 11 and 12 . No significant difference was 

recorded between numbers of eggs l aid by the females in the two 

different experiments. The first experiment, however, did not 

exclude the possibility of multiple matings during the week in 

which males and females were confined together, and data were 

not obtained in respect of the number of matings. 

Virgin females usually lai d a few eggs, and the maximum 

life span was recorded for two specimens which each lived for 

92 days, during which time they l aid 17 and 27 eggs respectively. 

Of 18 caged unmated females, however, eleven died within three 

to five weeks. 

Males have a much shorter life span, averaging 21.1 days 

for 21 males, with a maximum of 46 days. 

5.4.3 Sex-ratio in the field 

During population studies conduct ed at Bloemendal ~.n 1967 

and 1968 , B. c edaranus was scarce. During routine sampling 

557 males and 617 females were collected, of which 47.4 per cent. 

were males. However sub-totals of this data were so varied and 

often so low tha t a statistical analysis of the data was not 

possible. An interesting feature was the difference noted when 

compar ing the sex ratio of high and low field population 

numbers. During regula r sweeps on young trees at Bloemendal 

during 1967 and 1968 it was found that during most of the 

observation period, ~ . c edaranus was sc a rce, averaging only 

4.5 insects per sample of 25 trees swept, and only 36.3 per 

cent. of the total of 366 specimens collected were males. 

During the p eriod September 1967 to January 1968 when 

B. cedaranus was relatively abundant, with an average of 38.5 
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809 specimens collected were males. The scarcity of males in 

populations of low density is probably explained by their 

shorter adult life C§ 5. 4.2). 

5.4.4 Alternat 2 host data 

The low field populations of B. cedaranus which have 

prevailed during this study reduced the possibility of alternate 

hosts beinf, found in the field , and laboratory studies on this 

aspect were not conducted. Although different species of weeds 

and other ~lants in and around wattle plantations were swept in 

search mainly for alternate hosts of the mirid ~. laevigatum, 

~o cedaranus was never collected on any plant other than watt le. 

Several surveys of wild Acacias never revealed the presence of 

~. cedaranus, except for a single nymph collected amongst the 

inflorescences of an Acacia caffra in the Umlaas river valley, 

Camperdown, during De cember 1968. 

5.4.5 Overwintering 

The species continues breeding throughout the year and 

therefore haG no true overwintering instar. They may be found 

throughout the winter in all instars of the life- cycle. Being 

hardier and less dependent on the succulence of the host tre e 

for feeding and breeding, ~ . cedaranus is able to invade more 

mature trees. Sxamples were observed during July 1967 on the 

farm Groenekup in the Seven Oaks district where nymphs and 

adults were found on tiny shoots sprouting from the trunks of 

mature trees , as well as in the crowns of trees felled . Similar 

observations were made on 19th July 1967 on the farm Newlands 

near New Hanover, Natal, and while examining the crowns of 

trees during felling operations on Newlands in October 1967. 
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5.5 

SUHMARY BIOLOGY OF Bo CEDARANUS 

Eggs are usually laid in the tissue on the underside of 

the wattle leaf rachis . Often only a scar, made by the 

ovipositor, indicates the presence of an egg . Eggs hatch in 

about 18 days in summ ~ r under local field conditions 

(Pietermaritzburg) but this period is more than doubled in 

winter. The five nymphal instars are completed in an average 

of about 28 days in summer, extending to an average of almost 

55 days in winter (May to August) . The preoviposition period 

varies from seven to nine days, with an average of 7. 5 days. 

In two separate experiments females laid an overall average of 

93 eggs. Femal e s lived for from 27 to 80 days , averaging about 

47 days in both tests. Males were found to live for a shorter 

period, averaging 21 days. Sex ratio in the field was 

approximately 1 : 1 in an actively breeding population, although 

favouring females at times of very low field population 

numbers. 

It may be concluded thnt the cicadellid B. cedaranus has 

a life~cycle of about eight weeks in summer, and fourteen weeks 

i n winter. This is much more extended than the four to five 

week life-cycle of the mirid L. laevigatum during summer . 
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CHAPTER 6 

POPULATION STUDIES 

6.1 

GEOGRAPHICAL DISTRIBUTION 

The mirid ~. laevigatum occurs in all the wattle-growing 

areas of Natal" the north-eastern Transkei and the Piet Retief 

area of the eastern Transvaal. Further afield the species is 

common on wattle throughout the Uasin Gishu and Central 

Province of Kenya where it causes damage to young trees (Sherry 

1968; Elmar and Smith 1956). The species has been recorded in 

Tanzania (Odhiambo 1960), on wattles in Swaziland (Sherry 1968) 

and Odhiambo (1960) records two male specimens collected at 

Kawanda and Serere Exper~mental Station respectively, in Uganda. 

The cicadellid B. cedaranus has a similar range in the 

wattle-growing areas of the northeast Transkei, Natal and 

eastern Transvaal, Swaziland, Kenya and Tanzania. The author 

has a sample collected on wattle on 31st March 1967 in the 

Eldoret area of Kenya, comprising 106 adult specimens ' of 

~. cedaranus, eight specimens of ~. segregatus Naude, ten 

specimens of Coloborrhis corticina Germ. and a few Distantia sp. 

Two isolated records of specimens collected in South Africa show 

that the range of ~. cedaranus extends well out of the wattle 

areas. These records are of a specimen from Silverstrand, Cape 

eight miles west of Kleinmond collected on 19th December 1950, 

and another collected 10 - 15 miles south-east of Lydenburg, 

Transvaal on 7th May 1951 (Linnavuori 1961). 
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6.2 

SEASONAL POPULATION FLUCTUATIONS 

During the course of this study, several populations on 

farms within reasonable access to the Wattle Research Institute 

were kept under observation. By far the most detailed study 

was conducted in Block 18 of the Bloemendal Field Experimental 

Station, Piefermaritzburg during 1967 and early 1968, and in 

Block 20a from February to July 1968 (Fi~. 36B). After this 

date neither species was present in the field in numbers 

sufficient for a population study. 

6.2.1 Sampling Techni~ue 

In an attempt to achieve some sort of standardisation in 

samples collected, sample plots, eac'h consisting of five trees 

were selected at random. Each tree was swept on all sides with 

a hand-net of 18 inch diameter head. Five plots were sampled on 

each occasion, so that in all 25 trees were sampled. Insects 

from each plot were placed separately in containers fo.l' later 

identification and counting in the laboratory. 

To obviate sampling of a single tree on two consecutive 

sampling days, groups ·of trees were used in rotation. Sampling 

technique had also to be modified to avoid the bias resulting 

from sampling trees of different heights. Only trees of from 

five to seven feet in height were sampled, and sampling areas 

"-

were changed as soon as trees had outgrown this upper limit. 

During 1967, ~. laevigatum was abundant and two samples 

were collected, usually on Monday and Thursday, of each week, 

depending upon weather conditions. 

Data on population numbers was confined to adults. This 

may not have been completely satisfactory, but in the early 
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the n~mphs of the different species of mirids, while the 

younger ins tars of both ~. laevigatum and B. cedaranus are 

difficult to collect and count. 

6.2.2 Seasonal fluctuations observed at Bloemendal , 

Pietermaritzburg, during 1967 and 1968. 

The mirid ~o laevigatum was abundant at Bloemendal during 

the summer of 1967. Abundant rains during early and mid-summer 

(Appendix 9) resulted in the young two to four - foot high trees 

of Block 18 being in lush condition suitable for rapid 

colonisation and population increase. Mirid numbers remained 

high throughout the summer (Fig . 34), becoming depressed as the 

trees lost condition due to mirid feeding damage and reduced 

soil moisture. By the first week of August 1967 standard 

sampling techniques were yielding no specimens of L. laevigatum. 

During the latter part of 1967, in the absence of L. laevigatum, 

the cicadellid B. cedar anus increased in numbers to a peak in 

the first week in October and another in early to mid-December. 

Each peak represents a generation emerging to the adult stage, 

evidenced by the large number of nymphs of B. cedaranus which 

were collected just prior to each of these peaks (Fig. 34). The 

reduced adult popUlation after each peak is possibly due to 

migration out of the sample area. 

In January 1968 the only area of Block 18c, suitable for 

population studies was used for an insecticide trial, and 

population studies were switched to Block 20a, approximately 

200 metres SSW of Block 18, where an almost identical population 

was to be found. During February and March 1968 this plantation 

showed a moderate increase in numbers of L. laevigatum (Fig. 35) 

while numbers of ~. cedaranus were low (less than two adults per 

sample of five trees). 
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such that, despite the presence of young trees in Block 19, 

which lies between the two previously infested areas of Blocks 

18 and 20, no specimens of ~. laevigatum were collected by 

periodic sampling. B. cedaranus was also so seldom collected 

that regular sampling was abandoned. The young trees were 

observed to be showing symptoms of lack of water throughout the 

mid-summer season and in view of the noted requirement of 

succulent tree condition for breeding of ~. laevigatum 

(§ 4.4.3), it is apparent that this resulted in the absence of 

the species. Too little is known of the factors which affect 

populations of B. cedaranus to offer any explanation as to why 

this species did not increase in numbers during the same period. 

Since commencing this study in January 1967 the only increase in 

numbers of B. cedaranus encountered was that which occurred at 

Bloemendal in the early summer of 1967 (Fig. 34). However, 

population density was· still relatively low. 

6 . 2 . 3 Observations of various populations of L. laevigatum 

In 1967 heavy infestations were reported from a number of 

farms throughout the wattle growing areas of Natal . At the farm 

Harden Heights in the Seven Oaks area a heavy outbreak was first 

inspected on 2nd March 1967 . Trees were a year old and there 

was evidenc e that the insects had been present for several 

months. Sampling revealed an average of 48 adults per sample 

of five trees i . e . 9.6 adults per tree. Trees were very badly 

damaged , with very few pinnules and much branching (§ 7.4.2). 

A sample collected two weeks later on 15th March revealed far 

fewer L. laevigatum, except on the occasional tree still 

bearing green foliage. Most trees Were so badly damage d that 

the mirids were apparently unable to feed and breed on them . A 

sample taken on 4th April contained an average of eight adults 
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rainfall in this are a fell in a pattern similar to that for 

Bloemendal. Precipitation wa s heavy in January and March, 

inducing the young trees to flush vigorously and thus producing 

conditions particularly suitable for the mirid to breed. 

In 1968 the same plantation was sampled on 29th February. 

Although ~. laevigatum was present, the infestation was lighter 

than the previous year, averaging 26 adults p e r five-tr e e sample. 

Trees were generally in poor condition, which together with a 

high degree of p a rasitism of nymphs by Euphorine wasps 

(§ 8.2.2.2), estimated at 68 per cent. by dissection, probably 

caused the drop in population numbers observed in a subsequent 

sample collected on 21st March. An average of only three adults 

per five-tree plot was collected. 

In the summer of 196 9 at Ha rden Heights a plantation of 

young two to five feet high wattles close to the previous 

plantation was observed. In mid-February sampling and close 

observa tion fail e d to reveal the presence o f either L. l a evigatun. 

or B. cedaranus. On 15th April, close obse rvation r e vealed 

ch~racteristic pinnul ~ da ma ge, the e a rly sign of the presence 

of ~~ laevigatum, in the south-west corner of the plantation. 

A few fem a l e s were also observed, revealing a low population, 

which appeared to ha ve moved from a n a~. ~ ncent p~antation of 

ten to twelve feet wn ttles into the younger trees. On 23rd May 

more signs of damage were evident, the trees being four to eight 

feet high. Sampling yielded an average of only three adults per 

five-tree plot, but an average of nine fourth- and fifth-instar 

nymphs per plot, showed the insects to be actively breeding. 

However, on 17th July few L. laevig atum were found and most 

trees were free of them. 

A s i milar 1969 popUlation pattern was observed in a 
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but numbers of ~. laevigatum were slightly higher (11 adults 

per five-tree plot) and some light damage to trees was observed. 

By 17th July when this plantation was last visited, very few 

specimens were found, the population being too low to assesp on 

adults or nymphs per five-tree sample plot. 

A population of ~. laevigatum was studied in a 90 acre 

plantation of young wattles on the farm Kirkfalls at Hillcrest, 

Natal, during 1969. Rainfall data are given in Appendix 11. 

The plantation (Fig. 36A) was joined on its southern border, by 

a six-acre stand of trees approximately a year older than those 

of the main plantation, and standing six to eight feet tall. 

An inspection in November 1968 failed to reveal the presence of 

the mirid, but on 6th February 1969, both adults and nymphs were 

found in the six-acre plot and adjoining younger two to three 

feet high trees. The population in the younger trees was 

obviously a result of local movement, some of the adjacent 

older trees showing slight signs of .damage to terminals. A 

sweep of the young trees showed an average of five adults and 

five nymphs (fourth- and fifth-instar) per five-tree plot. On 

6th March 1969 a sample in the same section of the plantation 

(Station C Fig. 36A) yielded an estimated population of 23 

adults per five-tree plot. At thi s stage it was apparent that 

the mirids were confined to the southern corner of the plantation 

where the trees were actively growing, watered by a small stream. 

The extremely dry January experienced on the farm appeared to 

have affected most of the plantation to the extent that the 

young trees had a spindly upright growth form and no lush 

foliage. Good rains in the second half of February (77.7 mm.) 

and throughout March led to rapid appearance of succulent new 

growth on the young trees resulting in a rapid spread of mirids 
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conducted on 19th June at stations A, B, C, D, E and F 

(Fig . 36A) . 

Table 13. Sample counts of adults and nymphs of ~ . laevigatum 

collected at several sample stations . Kirkfalls , 

Hillcrest 19th June , 1969. 

No . of insects per five - tree plot 
Sam~l e station Adults Nymphs 

A 34 26 

B 28 22 

C 70 30 

D 37 43 

E 50 85 

F 54 86 

Hean I 45.5 
I 

48.7 I 
i 

On 14th August 1969 a similar sample survey was mad€, but 

samples were only collected from stations A, C and G (Fig . 36A). 

Table 14. Sample counts of adults and nymphs of ~. laevigatum 

collected at three sample stations. Kirkfalls, 

Hillcrest 14th August, 1969 . 

No . of insects per five-tree plot 
Sample station Adults I 

Nym~hs 

C 4 2 

C 3 0 

A 16 5 
A 21 8 

G 24 11 

G 15 5 
: 

On this occ asion it was observed that the trees at station 

C were so badly damaged that despite favourable soil moisture 

most trees had no flush of green foliage. In vi ew of the mirids 

need of tender succulent foliage for feeding and breeding 

(§ 4 . 4.3), the recorded drop in numbers at station C is not 

surprising , while the overall drop in numbers might also be 
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18th and 19th September revealed that trees in the low-lying 

more moist areas of the plantation were supporting a fairly 

high, actively breeding population of mirids, and at station A, 

three samples of five trees along timber piles (see § 6.3) 

yielded an average of 40 adults and ten nymphs per five-tree 

sample. In view of this extremely high local population within 

the plantation, together with a lower density at stations C and 

G (eight adults per five-tree sample) at the start of a new 

growing season, it was decided that this plantation should be 

sprayed. Aerial spraying with Dimethoate was carried out on 

23rd September, and during sampling at stations A, B, C and D 

on 25th September no specimens of ~. laevigatum were collected. 

6.3 

RAINFALL AND POPULATIONS Ol" L. LAEVIGATUM 

Throughout this study it has been noted that populations 

of L. laevigatum increase after good rains. Studies of 

histograms, however, have not always revealed the pattern of 

rainfall required to make conditions favourable for an outbreak 

of mirids in a plantation. For example (Appendix 10) in the 

summer of 1968, despite a poor rainfall, mirids were present in 

a plantation of young trees on the farm Harden Heights 

C§ 6.2.3). However, it is reasonable to suppose that this was 

due to the presence of the mirids in the plantation the season 
, 

before, the survivors creating a nucleus for re-infestation in 

1968. On the farms Honey Grove CHar-burg) and Harden Heights low 

numbers of the mlrid ( See § 6.2.3) were found in plantations in 

mid-April, 1969 following a dry January and a very much wetter 



of four to six feet high trees on the farm Windy Hill in the 

Wartburg district. Populations were low due to the late 

appearance of favourable conditions. 

The effective rainfall required to bring about a flush in 

young wattles will naturally vary according to a number of 

physical factors such as soil type and topography, while the 

period during which the trees are suitable as hosts to the 

mirid will depend on similar variable factors, together with 

the degree of habitat destruction caused by the mirids feeding 

on the trees . The common silvicultural practice of leaving 

brushpiles in plantations conserves moisture and trees planted 

in the rows next to these brushpiles are better watered and 

more succulent during dry periods than trees in adjacent rows. 

Such was the case in the plantation studied at Kirkfalls, 

Hillcrest, during 1969 (9 6.2.3) where many tons of timber was~ 

left lying in rows in the plantation. Trees next to these rows 

of timber were noticeably more succulent, and contained a high 

mirid population, as shown by sampl es collected on 19th September 

(§ 6.2.3). Another factor would seem to have been the mild 

winter experienced on the farm, which resulted in continuous 

growth of the trees supporting a population of mirids until 

23rd September when the insects were removed by chemical 

spraying. 

6.4 

OTHER SPECIES FOUND IN PLANTA'rIONS OF YOUNG WATTLES 

6.4.1 Miridae 

By far the most common mirid encountered in wattles, apart 
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with an average of sliGhtly less than one adult per : ive-tree 

sample during the population studies at Bloemendal in 1967 and 

1968 (§ 6.2.2). Three species of Lygus complex were also found 

in v/attle plantations. Taylorilygus simonyi (Reut.), is allJ.ost 

identical in size to L. laevigatum. Although fairly frequently 

found on the wattles themselves, the species was more commonly 

collected on weeds , especially Phytolacca octandra (Inkberry). 

! . simonyi has a widespread distribution, the type specimens 

having been collected in Aden, · while Taylor (19L~7) recorded the 

species from Uganda in East Africa, and Grahamstowh and Durban , 

South Africa. The southern race, including the specimens 

collected on wattle during this stud~ differ from the type of 

simon~i and from Ugandan specimens; in having darker markings 

dorsally, but agree well in other respects, notably in the 

details of male genitalia (Taylor 1947). He records a number 

of plants known to be breeding hosts, particularly of the 

families Amarantaceae and Chenopodiaceae. Taylorilygus 

pallidulus Blanch, a cosmopolitan species (Kelton 1955), was 

recorded from Uganda by Taylor (1947) as !. aEicalis Fieber, 

but later [""CarvalhO 1959 Arq . Hus. Nac. 48(4) : 265_7apicalis 

was listed as a junior synonym of pallidulus (Fennah 1969) . 

It is common on composites found in young wattle plantations, 

and is frequently encountered in samples from wattles although 

it is doubtful that the species breeds on wattle . Ano ther 

species occasionally collected on wattle was simply identified 

as LYKuS sp . by M. S.K. Ghauri of the British Museum (Natural 

History). 

Three small species of mirid are commonly encountered , 

and the presence of nymphs indicate that they breed on wattle . 

All are approximately 2 mm. in length . and have beAn in An t.if;pn 
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Campylomma citrinella Odh. and CamYllomma subflava Odh. The 

latter two have both been rec orded from Uganda by Odhiambo 

(1959). 

Other species of Miridae occ asionally collected in sweeps 

include Nesidiocoris tenuis Reut., Stenotus nigroquadstrintus 

Kirk. (common on several grasses), ~~ sp. (also found on 

grasses); Creontiades pallidus (a third elongate grass species) 

Deraeocoris ostentans St~l, Sthenarus leucochilus Reut., and 

Psallus sp. 

From the population studies made at Bloemendal there is 

some evidence of populations of Orthotylus tabidus (St~l) being 

influenced by the presence of ~. laevigatum . However, this 

appears to occur only when numbers of L. l aevi gatum are so high, 

that severe damage to the trees r esults, and it is therefore 

probably caused by destruction of habitat, rather than 

competition for various habitat requirements. Thus, during 

February and March 1967 a steady population of one adult per 

five-tree plot of O. tabidus was present, but numb ers were 

reduced to nil during mid-April (Fig . 34) when the L. laevigatum 

population was high, and trees were being severely damaged. 

O. tabidus appears to be slightly more tolerant of dry 

conditions, and remained in the field in low numbers through 

August and September when no ~. laevigatum were being collected 

in samples (Fig. 34). During 1968 both species again occurred 

in the field together (Fig. 35) and in the absence of severe 

tree damage, O. tabidus attained a population higher than that 

of the previous summer. There appears to be no question of any 

mirid species competing in any way with ~. laevigatum in the 

field, while populations of cicadellids have been too low to 

T .... .,t"" """ •. , ..... .,_ ..... _of" .;_+ ...... _ .......... +- ___ +- __ ~\",_J,.. 
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Bloemendal in the absence of L . laevigatum (Fig . 34). 

6 . 4.2 Cicadellidac 

Although no accurate data has been kept concerning 

their numb~r, by far the most commonly encountered cicadellids 

in wattle are a small green Empoasca sp. and a similarly sized 

Gen. nr. ~metta sp. (Cicadellinae : Erythroneurini). The 

former, although commonly present in fairly high populations 

in young wattles, appears to cause no damage to the tre e , being 

confined to mature leaves of lower branches . The latter species, 

slightly smaller than Empoasca sp., is found feeding and 

breeding principally on dark mature leaves of lowe r branches. 

Their presence is indicated by whitish, almost thriplike , 

markings on the surfac e of pinnules, presumably caused during 

feeding. Their presence , however, does not appear to cause 

any l eafle t shedding or poisoning of the tree. 

Most c ommon of the larger species is on e identifi ed as 

Gen. nr. Allygus sp. by M.S.K. Ghauri of the British Museum 

(Natural History). This species was encountered almost as 

commonly as B. cedaranus. Other species (identified by 

M.S.K. Ghauri) from wattle include Penthlmia vinula St~l. and 

Thaumatopoides sp., Jassus SP.1 Macropsis capensis Cogan 

Aletta fuscovaria (St~l~) and Erythroneura sp. A s ample of 

cicadellids collected on wattles at Eldoret, Kenya on 

31st March 1967, consisted mainly of ~. cedaranus but contained 

several specimens each of Batrachomorphus segregatus (Naude) 

and Coloborrhis corticina Germ. 
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CHAPTER 7 

THE RELATIVE IMPORTANCE OF B. CEDARANUS AND L. LAEVIGATlit1 AS 

PESTS OF YOUNG VJATTLE TREES 

7.1 

FEEDING LOCALITIES ON THE PLANT 

Both species, being phytophagous Hemiptera , feed by 

piercing the tissue of the host plant. Adults and nymphs of 

B. cedaranus feed by piercing the tissue of a l eaf r achis , 

rachilla, young shoot or the unspread pinnules of a young leaf. 

Nymphs and adults of .!:.. laevigatum on the other hand feed on 

the pinnules of young mature or developing leaves , the tissues 

of tiny developing leaves and the me ristematic tissue of 

terminal buds. 

7.2 

STYLET PENETRATION AND CELL DAMAGE 

7.2.1 B. cedaranus 

Due to the r e latively settled feeding behaviour of this 

cicadellid, little trouble was exp erienced in obtaining 

specimens with their mouthparts in the tissue for detailed 

examination . However, any disturbance causes them to withdraw 

the mouthparts so attempts at dropping l eaves containing feeding 

insects into hot and cold fixatives, and hot water (with wetting 

agent) met with little success. Dropping hot wax onto feeding 

insects was also not very successful and it was found that the 

best method was carefully to approach the feeding insect and 
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Fig. 37A Transverse section of a wattle leaf rachilla showing 
the mouthparts of a first-instar B ~ cedaranus nymph 
in ' chlorenchyma (C.) and parenchymarPar~) cellso 
E., epidermis; S ., saliva r y sheath ; Vo, vascular 
tissue. 

Fig . 37B Longitudinal section of a pinnule of a young 
developing wattle l eaf , showing the stylet paths made 
by t he mouthparts of a fourth-instar B. cedaranuB 
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being gently but firmly held , and t hen carefully placing it 

together with the leaf or shoot on whic h it was feeding , in Carnoy 1s 

fluid. After fixing , t he plant tissue was trimmed and with the 

insect still in position embedded in paraffin wax. Sections were 

cut at 15 - 20p and stained in Jackson's Crystal Violet (Conn 1953)0 

studying the cicadellid Eu~teryx melissae Curtis, Pollard 

(1968) investigated stytet penetra tion. He found tha t the mandibular 

stylets were used for piercing the epider mis, and the maxillary 

stylets, being longer and more pliable , then easily penetrated 

palisade and parenchyma tissue without the support of the 

mandibular stylets. This was also found to be partly the case 

with B. cedaranus but the mandibular stylets usually penetrated 

half or more of the distance of the maxillaries. Feeding usually 

occurs in the parenchyma cells, (Fig. 37A) with a dark-staining 

sheath surrounding the stylets . Fe eding on 'folded young 

pinnules often results in most of the leaf depth be ing penetrated 

(Fig. 37B). In such cases feeding styl ets often penetrate th~ 

palis:'.d c t:issu e; below the.: cpP .j,sitv 18, f surf~c (;. Stylc t s occ:~sionally 

re nch the phlocr.1 of the vnGPulnr systcn , but thi s d0 0s not appear to 

occur commonly (Fig. 38) . 
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The salivary sheath appears to be a gel-like substance, 

and remains even after the mouthparts have been withdrawn 

(Fig. 37B). It appears to be confined to the perifery of the 

mandibular stylets only , and therefore may be important as an 

anchor for these stylets while the maxillaries remain fairly 

mobile . Pollard stressed the importance of this function of 

anchorage of the mandibular gtylets, bath during feeding and 

moulting . Sometimes during feeding the maxillari es are partly 
. 

withdrawn and re-inserted in a new path, resulting in branched 

feed paths, indicated by the deep-staining (crystal violet) 

reaction of the contents of damaged tissue (Fig. 37B). 

Despite repeated attempts at obtaining specimens of 

L. l a evigatum adults and/or nymphs with their styl ets in the 

plant tissue, all the methods tried on B. cedaranus failed. 

Another technique using high voltage el ectric current was 

attempted (Emsley 1958). This method required a 12-volt battery 

and a 12-volt motor-car induction coil. The l atter was earthed 

by high tension wire, to a spade electrode buried in the moist 

soil of the plant on which the insect was feeding , and from the 

outlet pole of the coil, a high tension wire carried the stepped-

up voltage to a pointer electro de . This latter was then pointed 

at the insect and when the circuit was r ap idly closed and then 

opened (by means of a switch near the battery) a spark passed 

from pointer to insect and via the plant to earth. Emsley 

obtained a half- to three-quarter inch spark but for various 

possible reasons the spark obtained in the present attempt was 

only about one-quarter of an inch. Also at the time of the 

experiment only adults were available, and they were strong 
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Fig . 39A Longitudinal section of a healthy young wattle leaf 
rachilla and pinnules , showing slight tissue damage 
during oviposition by h. laevigatum. 

/ 

Fig. 39B As above, showing feeding damage with the contents of 
damaged cells removed, and the damaged area of the 
rachilla shrunken (arrowed). The crystal-violet 
staining contents of damaged cells in the pinnules are 
clearly visible, showing the extent of feeding damage . 
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The only indications of where ~. laevigatum feeds, 

therefore , have been obtained from stylet paths in tissue 

sectioned after feeding , and from observations of field damage. 

From the former it would appear that stylet penetration is often 

fairly deep (up to about 0.6 mm. ) and pa sses through various 

tissue s including vascular bundles . Feeding occurs in most 

tissues. While studying Miridae , Smith (1926) simil arly found 

th8. t Calocoris bi;eunctatus Fab . and Lygus pabul~ Linn. fed on 

any part of the tissue pierced including vascular bundles while 

Awa ti (1914) figured the stylets of L. pabulinus in the xylem 

vessels of the host plant . 

Some sections seem to indicate the complete destruction of 

cell contents of palisade , parenchyma and phloem cells leaving 
- ~ -----only cell walls (Figs . 391, and B, and 40), "'T hich l a ter collapse 

to form the necrotic s pots so characteristic of L. laevigatum 

feedin g . 

Fig . 40. Close - up view of Fi g . 39B , showing cuticle , 
chlorenchyma and parenchyma cells with t heir contents 
removed . C., chlorenc hyma; E., epi dermis; P. , 
pare nchyma; V., vascular ti s sue; Pi., pith . 



to be allied . Just as those bugs wash out the internal tissues 

of their prey with a stream of saliva, so the capsids kill the 

plant cells within a limited area and wash out their contents. 

In these processes the accessory salivary gland vesicles seem 

to be responsible for the maintenance of salivary circulation;' . 

Continuous feeding by ~ . laevigatum in numbers sufficient 

to damage a young wattle tree badly , has a distinctly systemic 

toxic effect as well . Thus it is often observed in the field 

that trees subjected to continuous attack , shed practic ally all 

their pinnules, leaving only the rachis and rachillas of each 

I 
) 

leaf. The stem and branches of the tree take on a dull grey-

green colouring , often far from the points of feeding . Even the 

pinnules of mature leaves not fed on by ~. laevigatum are shed , 

indicating translocation of toxin within the plant , which in 

turn suggests that at least some saliva finds its way to the 

vascular system and in particu l a r t h e xylem. Evidence of this 

was found by Smith (1926) while studying feeding habits of two 

species of Miridae . 

THE SALIVARY GLANDS AND THEIR SECRETIONS 

The salivary glands of ~ . cedaranus are typical of 

cicadelli ds , consisting o f a pair of principal glands, each with 

a small accessory gland on a s~ort duct . From the central 

portion of the principal gland (termed the hilus) a duct arises 

which joins the corresponding duct from the o ther principal 

gland to become the common saliva ry duct before enterin~ the 

salivary pump e The g lands are small and confined to t h e head 
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Fig . 41A Longitudina l section through the head and prothorax 
of an adult female Bo cedaranus illustrating the size 
and position of the-salivary glands o ALo, anterior 
lobe of salivar y gland; E., eye; H., hilus; ON., 
ocul ar nerve; PL., posterior lobe; PT o 1 prothorax. 

Fig . 41B Ventral view head and pronotum of an adult female 
~. l aevi&a tum showing principal and accessory 
salivary glands. ASG ., accessory salivary gland; 
ML ., PL. , median and posterior lobes of the principal 
salivary glands (PG.), T. , tracheae . 



In the terrestrial Het eroptera, there are two pairs of 

salivary glands , namely the principal sal ivary glands situated 

on eithe r s i de at the front of the thora x and the ac c essory 

g lands, one assoc i ate d with e a ch pri nc ipal gl and ( Southwood 1 955 ). 

Although usually bilob ed ( Sout hwood 1 955 ) the principal glands 

o f ~. laevi g~tum have a t h ird lobe prot ruding from the p osterior 

lobe ( Fi g . 41B)o The p rincipal gl ands are also extreme ly l a r ge 

i n comparison wi th those of many other mirids , extending from 

well into the thorax and head (Fig . 42A) t o about the posterior 

margin o f the fifth abdominal segment (Fi g . 42B). The cells o f 

the gl and can be clearly seen in Fi g . 42B, being l a r ge and 

bulbous. The a cc essory gl ands are fairly small and as in other 

mir i ds , t h in-walled , and vesicula r ( Fig . 43A). Each is attached 

to its princ i pal g l and by a long thin duct which loops anteriorly 

i nt o the head before enterin g the principal gl and at th e point 

where the saliva r y duct enters the principal gland ( Fi g . 43B). 

The sal iva r y ducts join to form a comm on duct just be fore 

entering the salivar y pump . 

· As observed by Goo dc hil d (1 952 ) an enormous des truction of 

plant tissue is c haracteri stic of the feeding o f mirids . This 

i s produced by quite smal l numbers of bugs, by means o f what is 

usually c alled th e toxic saliva. Baptist (1941) found bo t h an 

amylase and 6n invertase i n the salivary gl ands o f the miri d 

Lygus p rat ensiso Goo dchild (1 952 ) found amylases and es t erases 

in the sali vary gl and secretions o f cacao mirids , and considered 

t hat the strong acidity produced , possibly by the action of the 

esterases , was toxic to t h e plant c ells . The amylase acts on 

insolub l e carbohydrates. Go o dchil d also considered that the 

function of the accessory sal i var y gl a nds was to absorb wate r 
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Fig . 42A Fifth-instar nymph of ~. l aevigatum. Longitudinal 
sec tion of head showing the anterior lobes of the 
principal salivary glands . A. , anterior lo bes; 
C., co xae of thoracic l egs ; E., compound eye . 

Fig. 42B Longitudinal section through an adul t f emale 
~. laevigatum showing the posterior lobe of the 
principal salivary gland extending int o the abdomen. 
The bulbous gl and cells are easily visible . E., 
developing egg ; G., gut ; PL., posterior lobe; T. , 
t horax . 



Fig . 43A 

Fig . 43B 
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Fifth-instar 1. laevi&atumnymph . Ventral view head ' 
and salivary glands . ASG ., accessory salivary gland ; 
PG ., principal salivary gland; D., duct of accessory 
gland. 

As above, dissected out, showing the salivary ducts 
( SD .) from t he principal glands to the salivary 
pump . AL ., ML. , PL., anterior , median and poster ior 
lobes of the principal gland , D., accessory gland 
duct ; SD ., salivary duct leading to the snlivnry pump . 
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7.4 

THE EXTERNALLY VI SI BLE DAMAGE CAUSED BY FEEDING 

During the initial stages of this investi gation it became 

obvious from field observations , that ~ . laevigatum was capable 

of causing severe damage to young wattles , and all the types of 

damage previous l y des c ribed (nipley 1926 , etc. ) were present in 

badly attacked plantations . However , these past reports referred 

only to il froghopper ,l damage , without identifying the spec ies of 

insect pr esent at the time . It was therefore felt necessary to 

conduct a simple test, in whic h adults of Bo cedaranus and 

~. l aevigatum were confined in c ages on young potted trees 

during April 1967. 

7.4 . 1 An assessment of damage caused by B. cedaranus and 

L. laeviEatum o 

Ten fiel d collected adults of ~ . cedaranus (five male and 

five femal e ) were confined on ea ch of t hree young well-watered 

and succulent trees , with t he same number of field- collected 

adults of ~ . laevigatum on three similar trees a s a comparison . 

After three weeks the cages were removed and a visual inspec tion 

of the trees was made . Trees subjected to feeding by ~ . laevigatum 

showed typi cal damag e (§ 7. :4. 2 ) but no fee ding damage was 

vi sible on trees fed on by ~ . cedaranus adults. The only damage 

caused on these latter trees "Jas a purely physical one , resul ting 

from large numbers of eggs be ing laid in the rac hides of seve r al 

leaves and , probably due to crowding , also in some of the tender 

shoo ts . Damage of a similar na ture was noticed when a high 

population of ~. cedaranus built up on potted tre es in a 

greenhouse at the Wattle Research Institute during July 1969 , 

.. ,- _.- -'-, -



eggs laid by ~. cedaranus females in the initial test , and 

although about 50 were allowed to reach the adult stage on each 

of the original trees , little damage was caused . Some pinnule 

shedding occurred , but since the nymphs and adults never feed 

from the pinnules , no necrotic spots appeared on these . Also 

a little stunting of internodes wa s noticed while the actively 

growing tree was being attacked , but the trees all recovered 

well after the insects were removed (each as it became adult) . 

In direct contrast the apical bud was destroyed on all 

three trees colonised by ~ . laevigatum and the typical side-

branc hing which foll ows in the field, was observed . 

7. 4. 2 External damage caused to y~unK wattles by feeding o f 

L . laevigatum. 

The earliest damage first becomes visible on the pinnules 

of young mature leaves. Within four to five days of feeding , 

each feeding puncture becomes a small dark red-brown spot of 

0 . 5 mm . to 0 . 8 mm . in diameter (Fig . 44B) , equal in size on both 

the upper and lower surfac'es of the pinnule and with all the 

tissue between dead and shrivelled. Where the spot occurs on 

the side of a p innule , the latter becomes bent (F i g . 44c). 

Ofte~ feedin g near the apex of a pinnule resul ts in the entire 

tip becoming ~hrivelled (Fig . 44n) . Compared with Q noroal 

pinna ( Fig . 44A) , the pinnae of leaves subjected to feedine by 

~. laevigatum take on an extremely ragged appearanc e . This is 

p a rticularly true in the case of nymphs which may spend several 

days feeding on a single leaf, with the result that a large 

percentage of the pinnules have at least one puncture mark. 

When feeding occurs on young leaves o f apical buds , 

stylets often p enet rate the rachis of the l eaf wjich becomes 



Fig. 44A Undamaged pinnules 
of a wattle leaf 
pinna. (Magnified 
about lOx) 

Fig . 44c Pinnules bent as a 
result of feeding 
damage. 

Fig . 44B Individual pinnules 
of a pinna damaged 
by feeding of L. 
laevigatum nymphs and 
adults . 

Fig~ 44D Tips of pinnules 
shrivelled following 
feeding. 
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Fig . 45A A young wattle leaf with a severely bent rachis 
caused by the feeding of L. laevi~atum damaging the 
growing tissue. 

Fig . 45B Lesions contnining patches of dead tissue after 
feeding by ~. laevigatum , in the vicinity of an 
apical bud (AB.). 



leaves . On the tender stems o f terminal buds large yellowish 

to br own lesions resul t from feeding (Fig . 45B) and i n this a r ea , 

when stylets penetrate deeply and enter the terminal bud , the 

result is the death of the bud. lhe re this terminal bud is the 

ap i cal bud of the young growing tree , its death means the 

removal of the source of growth-inhibiting hormone which the 

api c al bud produc es . As a result several side shoots in leaf 

axils immediately below the apical bud become dominant , 

resulting in f orking . 

Thus , after the destruction of the apical bud , subapical 

buds develop elongated shoo ts . With the continued presence o f the 

mirid t hese new shoots are also pierced resulting in turn , in 

their death, and further shoots attempting to become dominant 

( Fig . 46A) . Continued sprout i ng of sho ots f ol lowed quickly by 

their destruc tion results in a i1wi tches-broom '; type of effect 

( Fig . 46B) . In the nodes of leaves tiny bundles of shoo ts a r e 

oft en found , giving the appearance of abnormal hormonal contro l 

(Fig . 46A) . 

Ul timately continue d unc ont rolled feeding by increasing 

numbers of ~ . laeviga tum adults and nymphs destroy~ eve r y 

te r minal bud on the tree , and the writer has on several occasions 

seen young four - to eight -foot trees thus badly damaged . These 

trees also shed almost a ll their pinnules (Fig. 47A) and the 

bar k becomes a dull greyish- green colour, blac kish in places o 

Naturally such trees do not support the mirids, so that at thi s 

stage very few of the cul prits are to be found in the p l antation . 

Young trees may be damaged two years in succession . Double 

leaders caused by the first season ' s attack are then subjec ted 

t o further attack, severely damaging the young tree (Fig . 47B) . 
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Fig . 46A Apex of a three-foot high wattl e tree with multipl e 
l eaders and masses of tiny buds i n l eafaxils 
( a rrowed) caus ed by the feeding of 1. l aevi&atum. 
Hillcrest Sept ember 1969 . 

Fig . 46B ';Wi tc hes -broom " caused by the con tinued feeding of 
1. laevigatum on apical buds and leaves . Hi llcrest 
August 1969. 



Fig. 47A A young tree badly attacked, showing some leaves 
which have dropped all their pinnules (arrowed). 
Bloemenda1. March 1967. 

Fig . 47B A young tree showing forking from a previous 
attack , and severe leader damage with multiple 
branching , caused by a further attack during 
January and February 1967 . Bloemendal March 
1967. 



Fig . 48A A normal healthy young 
six- foot high wattle tree 

Fig . 48B A young tree badly damaged by tte 
feeding of ~ o l aevigatum . 
Kirkfalls , Hillcrest , August 19F9. 

~ 
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(See Sherry 1968 pp 369- 375) . 

Fig . 49 . A row of young tre e s showing multiple branching due 
to fee ding by L. laevigatum the previous season . 
Photograph take n Bloemendal larch 1968 . 

Damage is only v e ry rarely caused to very young trees . 

The author has seen one to two foot high wattles bQdl~ dRmngcd , 

but plants smaller than this were foun d dif ficult to co lonise 

during biological studies in the field . It was thou ght possible 

that rain - spla she d soil p nrticles clinging to the plants , which 

were about nine inc he s high , may have been responsible for the 

high mirid morta lity rate . 

7.5 

POPULATION DEnSITI ES CAUSI NG DAMAGE TO YOUNG -JATTLES 

Th e initial damage to p i nnules described in § 7. 4 is 

easily obs erved in t he fi eld by examina tion of l eaves. It is a 

simple means of detecting ~. l ae vi gat um presence in a young 

plantation . The rap id appear ance ( f our to fi ve days ) of these 
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made regularly at least every two weeks, and if young trees are 

bordered by trees a year or two older, the young trees closest to 

these should be carefully inspected for evidence" of mirids 

moving from the older trees. 

One or two adults or nymphs on some trees, can easily be 

detecte d by this method, and as the population builds up, the number 

of damaged pinnules increases , as does ease of detection. Light 

damage with some side branching on most trees is caused by three to 

fi ve adults per tree ( trees three to five feet tall) assessed by 

sweeping . Nymphs are usually slightly mo re numerous than adults on 

trees ~here ins ects are actively breeding but this ratio depends 

on the breeding cycles and is quite variable. Moreover nymphs are 

not so easily swept from tre8s, so that counts have usually been 

confined to adults. Counts averaging six to ten adults per tree 

are high, and trees supporting such numbers soon show extensive 

branching with .lwi tches-brooms ;1 on the leader shoots of some trees. 

Some degree of pinnule shedding may also occur . An attack of this 

intensity ov er a period of about a month , will result in the final 

stage of a severe attack described in § 7.4 , with pinnule 

shedding almost comple te a nd all terminals damaged . 

As indicated by nursery tests (§ 7 . 4. 1) far higher numbers of 

B. cedaranus are required to cause any damage to trees , and damage 

is of a different nature to that caused by ~. laevi~atum . Such 

very high numbers of ~ . cedaranus have apparently occurred in the 

field in the past, wi th literally hundreds of adults and nymphs being 

collected by a sweep of the hat (G.A. Hepburn 1969 personal 

communication) . Under such circumstances some damage may be caused 

to the trees, but such an outbreak has not been reported for many years, 

and was not observed during this investigation. It would appear that 
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CHAPTER 8 

OUTBREAK OCCURRENCE AND CONTROL 

8 . 1 

OUTBREAK OCCURRENCE 

8 . 1.1 Historical review 

According to a paper in the author's possession, unsigned 

and undated but probably written by Dr . L.B. Ripley in about 

1926 , Mr . C. Fuller in 1910 noted a condition in young wattles , 

\vhich resembled the fungus disease symptom known as "wi tches­

broom" . Fuller was of the opinion that L. laevigatum was mainly 

responsible for the damage . Ripley (1927) described the lesions 

figured in Figs. 44B , C and D (pinnule damage) but wrongly 

assumed that both L. laevigatu~ and B. cedaranus were capable of 

causing such damage . Thus in these early reports (Ripley 1926 , 

1927) , B. cedaranus was considered the more important pest , a 

situation which remained until the findings of the present study 

revealed the importance of ~. laevi~atum. (§ 7.3). 

Considerable damage was being caused during the 1920's 

(Ripley 1926 , 1927 , 1929) and some silvicultural control methods 

were instigated in an effort to reduce the damage. During many 

summers in the period 1930 to 1950 damage was apparently caused 

to young trees but reports are scarce. With the appointment of 

Dr. L.L.J. Ossowski as entomologist at the Wattle Research 

Institute in September 1949, more regular reports were 

forthcoming, published in the Annual Report of the Institute. 

However, those reports did not identify the species of insect or 
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trees in most yearso As many as 8 , 000 acres of ypung trees were 

reported to be damaged in the summer of 1952-3. 

8. 102 Pr esent importance of L. laevigatum in youn& wattles 

The overall importance of the species to the wattle industry 

is ext remely difficult to assess . Although questionnDires on 

insect infestati ons are sent to farmers each year , these are in a 

great majority of cases, ina dequately and inaccurate ly filled in , 

so tha t an assessment of over&ll acreage of young wattlesdama6ed 

in any one year is virtually impossible . However, on the basis 

of a single farm unit , the i mportance of the pest can easily be 

assessed by damaGe caused to young pl antations being re-established 

to wattle . Apart from the loss of growth resulting from a severe 

attack , the branching which results necessitates the added expense 

of corrective pruning (See Sherry 1968 pp 369-375 ). An assessment 

of the possible reduced va lue of timber and reduc ed bar k yield 

obtained from a mature stand , on eight to ten year ro tation , 

attacked years before as young trees , is a long-ter m project . An 

experiment has been desiGned in an attempt to estima te any such 

loss, and is to be attempted this summer if a suitable plantation 

of young tre8S is sufficiently heavily attacked. 

8.2 

THE CONTROL OF L. LAEVIGATUM AND Bo CSDARANUS 

8. 2. 1 Silvicultural methods 

During t he early development of the wattle industry , prior 

to the us e of insecticides , a number of silvicultural practices 

were us ed in an attempt to reduce damage to young trees . As 

listed by Ripley (1927) these included avoiding thinning 
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to be removed before attempting to prune the less severely 

damaged trees. Such advice is still appl icable today. 

In the l ate 1920's further attempts were made at controlling 

damage by intercropping young wattles with crops such as maize and 

millet . At t he time it was believed that the insects clustered on 

the outer edge and apex of the tree due to being strongly 

photopositive , and that they would then leave the young w~ttles in 

favour of taller plants such as maize. While it is possible that 

such intercropping a cted as a screen to some extent, neither 

species feeds readily on either maize or millet , and it is 

therefore doubtful that the insects would remain on either 

intercrop for any length of time. Protection might also have 

been a fforded by competition rendering the young wattles less 

succulent and unsuitable for colonisation by ~. laevigatum. 

Equal l y good protection was reported to have been afforded by 

certain weeds (notably Erigeron canadensis - Rorseweed) 

overtopping the young wattles. 

8 . 2.2 Biological control 

8 .2.2 01 Predators 

Although no direct study was made of predators of 

B. cedaranus a nd ~ . laevigatum , a number of predatory insects 

and spiders whic h might be expected to prey on one or both 

species , commonly occur on young wattles. These include the 

l arvae of a small g r een lacewing (Chrysopidae) . Ripley (1926) 

mentioned a l adybird beetle (Coccinellidae) larva feeding on 

B. cedaranus nymphs but this has not been investigated . 

A small gre en and white spider identified as OXlopes sp. 

n ., (Oxyopidae~by B.R. Lamoral(1969) , commonly encountered on 

wattlAR. . hnA h nn~ _~~ ____ ~ D 
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L. laeviga tum adults , only to discard them quickly, possibly due 

to the rel ease of an oif ensive odour from the metasternal stink 

glands. 

8. 2. 2. 2 Internal parasites of ny~ 

Two such parasites hnve been found parasitising nymphs of 

~ . cedaranu8. The more i mportant speci es , a pipunculid fly , was 

mentioned in litera ture by Ripley (1926) . Specimens reared from 

nymphs were identifi ed as Pi2unculus (Eudor~lis) libratus (Hardy) 

by Prof . D. Elmo Hardy of the University of Hawaii (Fig . 50A) . 

A single specimen reared was identi fi ed a s E. (~.) n. sp . nr . 

mutillatus . The fly appears to par as itise nymphs only , the 

ma tur e fly larva emerging dorsally from the point of junction of 

thorax and a bdomen of the fifth- instar ~ . cedaranus nymph 

(Fig . 50B). Occasionally the l a rvae eme r ge from young adults one 

to two weeks a fter the final moult . Pupation takes place within 

24 hours in the soil , leaving the empty shell of the parasitised 

nymph clinging to a wattle leaf . The pupal period lasts 19 to 

22 days (February to March 1968) i n the l aboratory. 

Lack of suitably high popul ations of B. cedaranus in the 

field has prevented any assessment of the possible cont rol 

potential of this pipunculid at hi gh host density. The 

relat ively hi gh popul at ion of Sept ember 1967 to January 1968 was 

not subj ected to high parasi t i sm , being 18 pe r cent . of all 

f ourth- and fift h-instar nymphs collected during t hat period. 

Alt hough far less common in the field a t that time , nymphs of 

the cicadellid Gen . nr . Al~gus sp . (§ 6. 4.2) were very highly 

par asitised by pipunculids (68 pe r c ent .) , but it was not 

established whether thi s was the same species of pipunculid, 

sinc e none wa s r eared to the adult . Several othe r species of 
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A 

B 

Fig. 50A PiEunculus libratus fe male . 

50B B. cedaranus nymph shell. Nota gap between thorax 
and abdomen through which para site l a rva escaped. 

Fig . 50C Liodrzinis sp. 

50D Ventral view of a parositise d B. cedaranus nymph 
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The o the r known parasite of B. cedaranus nymphs ~s the 

wasp Li odryinus sp. ( Hymenoptera: Dryinidae o Fi g . 50C). The 

species is howeve r relatively rare, only an occasional 

par asitised nymph being encountered , showing the blackish 

external gall-like c yst or thylacium typical of parasitism by 

this family of wasp (Fi g . 50D) . An unusually high rate of 

parasitism was noticed in a plantation of young trees in the 

Piet Retief area of the Transvaal where 16 of the 23 fourth- and 

fifth-instar nymphs coll ected were parasitised. The wasp and 

parasitised nymphs have been collected in the Vryheid distri ct 

and in the Natal mi dlands at Pietermaritzburg , Se ven Oaks and 

Grey town . 

The only two internal parasites so far foun d parasitising 

nymphs of ~. la~vi~atum are EUFhorus ni ~ricarpus Szeplige ti and 

~o Fraetor Nixon ( Braconidae : Hymenoptera. Fizs . 51A and B). 

Identification was confirmed by G.E.J . Nixon of the British 

Mus eum (Natural History) . Both s pe cies have previously been 

found parasitising a number of mirid speci es in UGanda by Nixon 

(1947) who described ~. nigricar~us and ~. praetor as the two 

species of great importance in c ontrolling L. vosseleri on 

cotton. On wattle they also parasitise Orthot~lus tab i dus 

o 
Stal , and at times when ~. laeviGatum is scarce, this species 

probably acts as an important alternate host to maintain the 

parasite in the field . In vi ew of the host range reported by 

Nixon, it is probable that other loc al species of mirid also 

act as h osts . 

Parasitism is generally f rom 20 to 30 per cent . Few 

nymphs were collected at Bloemendal during 1967 , as the 

parasites had not been detected , and adults only were being 
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Fig . 51A 
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177. 

Euphorus niEric ar2us. 

E. praetor. 

o 
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in the alcohol-preserved samples. Parasitism of the few nymphs 

in these samples was 21.4 per cent. In the summer of 1968 the 

mirid population at Bloemendal (§ 6 . 2 . 2) was more heavily 

parasitised, probably due to the build-up of parasites i n the 

previous summer. In block 18c parasitism of all fifth- instar 

nymphs collected in January and February (assessment by 

dissection) was 69 per cent. (163 nymphs ). An insec ticide 

trial attempted during this peri od was a failure due to a 

simi l ar reduction in numbers of insects collected from control 

plo ts afte r spraying , as that observe d in the treated plo ts . 

Weekl y samples in this experiment, from 30th Januar y 1968 to 

21st March 1968 showed 75 per cent. parasitism of fifth-inst a r 

nymphs collecte d . Since no other factors were observed which 

may have been responsible for the drop in population, it was 

considered likely that the euphorine parasites played an 

important part . 

Regular sampling in Block 20 Bloemendal from February to 

early June 1968 revealed a 63 .4 per cent. parasitism overall , 

compr ising subtotals shown in Table 15. 

Table 15. Parasitism of L. laevigatum by EU2horus Eigricarpus 

and ~. Eraetor. Block 20 Bloemendal during 1968 

(Assessed by dissection of fifth-instar nymphs). 

Month Total Parasitised Percentage Parasitism 
-~-

February 93 61 65 . 6 

March 203 128 63.1 

April 154 95 61.7 

Nay 111 59 53.2 
June 18 8 44 . 4 

The monthly t ot als are not comparable since the number of 

sampl es taken each month was not constant. Thp ~~n~ ~~ 
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parasitism at low host density was observed by Nixon (1941) who 

noted ::It is a general rule that parasites cannot attain a high 

percentage parasitism when the host is scarce, except in special 

circumstances ;; . Nixon found a particularly high parasitism of 

L;y:gus vosseleri on cotton reaching 100 per cent. by the end of 

July at Kawanda, Uganda and remaining high until the mirid 

population dropped due both to the cotton plants dr ying out and 

parasitism . He noted that wet weather in September did not 

cause a second outbreak because adults were sc arce and 

parasitism was still complete. Cott on appears able to support 

a higher population of mirids than can wattle, the latter being 

extensively damae;ed by relatively low populations of l;, . laevigatum. 

In contrast to Kawanda , Nixon found that at Serere, Uganda, 

where natural vegetation was rather different from that at 

Kawanda, parasitism o f ~. vosseleri on cotton was rare, despite 

parasitism of nymphs on grain crops in the area . Invasion of 

cotton after the grain harvest was rapid but the failure of the 

parasites to follow was thought to be due possibly to their 

being a different ecological race, and there f ore searching 

different plant species for their hosts. 

The parasites ~ . nigricar2us and ~ . praetor have been 

collected from various other localities besides Pietermaritzburg. 

In the Se ven Oaks area on the farm Harden Hei ghts an outbreak of 

L. laevigatum, sampled on 29th February 1968 , showed 68 per cent. 

parasitism of fifth-instar nymphs. This plantation had been 

attacked the previous year ( See § 6 .2.3) , and the high parasitism 

is therefore interesting as a similar increase in parasitism in 

the second year was noted at Bloemendal in 1968 (§ 6 . 2 . 2). In 

1967 several samples established the parasitism at between 18 
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In 1969 parasi tism was closely studied in the Ki rkfalls , 

Hillcrest outbreak area (§ 6.2 . 3) . Table 16 shows the sampling 

dates and parasitism recorded . 

Table 16. Parasitism of ~ . laevigatu~ by ~ . nigricar~us and 

E. praetor . Kirkfalls , Hillcrest 1969 

Date Total Parasitised Percentage Parasitism 
r-' 

13/2/69 50 13 26 

6/3 23 8 35 
2/4 30 8 27 

9/ 4 38 13 34 

16/4 59 20 34 

19/6 134 52 28 

It was interesting to note that at Harden Heights ( Seven 

Oaks district, Natal) a light outbreak of mirids (8 6.2.3) was 

heavily parasitised ( 62 per cent.), showing that the parasites 

are at times capable of efficient searching and parasitism at 

low host density . 

A serious outbreak of ~o laevigatum on the farm Burn Tops 

east of Piet Retief , sampled on 4th June , 1969 , was found to 

have 21 per cent. parasitism (115 fifth- instar nymphs dissected; 

24 parasitised). 

The overall impression gained is that these euphorine 

parasites are capable of considerably r educing populations of 

~. laevi ga tum, particularly in the second of two successive 

seasons of outbreak in a particular plantation . In isolated 

plantations parasitism is generally between 20 and 30 per cent., 

the parasites seemingly being able only to keep pace with mirid 

build up, without increa sing suffici ently to increase 

substantially the percentage parasitism . Only after one season , 
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8 .2.2.3 Egg ]arasites 

Tiny wasps parasitising egg s of £. cedaranus and ~. 

l ae viEatum have recently been investigated . Most specimens 

were collected by simply leavinG foliage, known to contain eggs 

of the species of insect under study, in jars of water covere d 

by gauze or plastic and collecting the wasps which subsequently 

emerged. However this did not exclude the possibility o f eggs 

of other species being present . Individual field collected 

eggs of h. laevigatum were therefore dissected out of the tissue 

in which they had been laid and placed separately in tubes. 

Parasites of egg s of B. cedaranus were reared from eggs collected 

in the nursery at theiattle Research Institute . 

Identification of the species involved has not been 

attempted . Specimens of two egg -parasites of ~. laevigatum 

have been sent away for identification, but the more recently 

obtained parasites o f B. cedaranus eggs have yet to be 

dispatched. 

Two pa rasites h a ve so f a r been r e ared from eggs of B. 

cedaranus. Both were reared from egg s collected in 

Pietermaritzburg during August and September 1969. From 169 

e ggs isolated in the laboratory ten specimens of a small yellow 

as yet unidentified chalcidoid wasp (Fig. 52A) were reared, as 

well as two specimens of a sp ecies of Trichogrammatidae 

(Chalcidoidea). This constitut e d about 7 p er cent. of the 'egg s 

collected . 

Two hymenopterous parasites ha ve been r e ared from the egg s 

of L . l~evigatum. All egg s in t his investigation were collected 

in the field at Kirkfalls, Hillcrest during August 1969 . By far 

the most common species collected was a trichogrammatid (Fig. 52B) . 

1\ _ . _ _ .,..., .. .., 
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Fig . 52A Fig . 52B 

Fi g . 52C 

A Egg par asite o f B. ceda r anus. 

B Trichogrammatid egg parasite of L. l ae vigatum. 

C An egg parasite 6f L. l~~~i~~tu~. 



trichogrammatid, fr om eggs dissected from tissue and isolated , 

but not from foliage kept in plastic bags. It was found , 

however , that they took longer to emerge f rom the host egg than 

did specimens of the trichogrammatid, and it is likely that 

many individuals of the black spec i es were killed within the 

egg as the s urrounding plant tissue dr i ed out, or became invaded 

by fungi. 

From 160 eggs dissecte d out and isolated , ten 

trichogrammatids referred to in my collection as Species 1 , 

emerged , the last three emerging on 13th October 1969 , 21 days 

after the eggs were collected. Four days later three specimens 

of the small black parasite referred to above , emer3ed . In all 

ten specimens of the latter species were reared, ~iving a total 

egg parasitism of 12 . 5 per cent. made up equally of both species . 

From foliage collected, a total of 1 49 specimens of 

Trichogrammati dae sp . 1 were reared. The number of eg3s was 

estimated by rough counting , at 2 , 000 , 7.5 per cent . parasitism. 

As mentioned previously, very few of the bla ck species of egg 

parasite were reared from this foliage. Only 36 specimens were 

collected. 

No data are available on the distribution of these egg 

parasites since the only mirid infestation avai labl e durin3 the 

study was on the farm Kirkfalls , Hillcrest, Natal . 

8 . 2 .3 Chemical control 

8 .2. 3. 1 Hi stori c a l review 

Initially experiments were con duc ted i n 1939 using a 

pyr ethrum dust. Talc was found to be the best diluent (Ripley 

and Petty 1940). These authors noted that it was important to 
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During the late 1940 ' s tests were conducte d using 

pyrethrum and DDT , both i n talc . In t he laboratory 2 per c ent . 

pyrethrum dust was found more e f fective than 5 p er cent. J JT . 

against both nymphs and a dults of B. cedaranus and ~. l aevigatum . 

Tests with a 1 per cent. oil solution of Toxaphene were 

conducted by Ossowski (1 950) , at a rat e of three gallons per 

acre , us in~ a Tifa fo ggi ng machine . Control wa s not complet e , 

and no indication of ins ect sp eci es involve d was given. During 

1951 further tests we re conducted using 2t per cent . and 1 per 

cent. solutions of f oxaphene in Di esoline applied with a hand­

opera ted sprayer at a r at e of two gallons per acre , and 4 per 

c ent . gamm a - BRC in Di esolinc a t a r a te of 0 . 2 gallon per 

acre . A ;;Kyori tu " fogging machine was used . Good control was 

reported with both insecticides (Ossowski 1951). 

8 . 2.3 . 2 Insecti c:i...dE;. fi~l_~l tests conducted aGainst L o_ l aevi £1..a tu~ 

In view of t he report ed succ ess in the control of sucking 

bugs wit h toxa~hene , about ten acres of young trees wer e fo gged , 

using a Tifa fogging machine , on 15th and 16th March 1967 . The 

succ es s of t h is measure was however suspect even before 

confirma tion by swe ep samples, sinc e t he cover obtained with t he 

method appeared (visually) to be rat he r inadequate . It was 

obvious tha t a mor e e ffective insecticide , a~pli e d by a method 

l ess suscepti bl e to prevailing conditions t han is fo gging , was 

required . 

Trial I 

The presence of a f a irly evenly s pr ead popul a tion of 

L. laevi gatu~ in Block 18 at Blo emendal , Pi c t e r ma rit zburg , l e d 

to a fiel d experimen t conduct ed be t ween 18th and 30th May 1967 . 



last being an experimental insecticide (at t he time) presented 

as a sample by the manuf acturer. Toxaphene Has used as a 

standar d , while dimethoate and sevin were both selected for 

their relat ively low mammalian toxicity and for their dif fer ent 

p r operties, the former having systemic action, the l a tter only 

contact action. 

Each insectici de was to have been applied at a r ate 

recommended for smvllish shrubs or trees. These r a tes were as 

follows:-

T1 

T2 

T3 

T4 

T5 

Control. 

Dimethoate 

Sevin 

Menazon 

Toxaphene 

e.c. (405~ technical)l2 fl.oz pe r morgen 

( 85% wett able powder) 1 Ib a .i. per morgen 

10 fl.oz pe r morgen 

e.c. (62% a. i. by weight) 41b a. i. per morgen 

Howeve r an error in making up the solutions r esult ed in 

1/5 this rate being applied. 

The statistical design of the experiment was a 5 x 5 

1 Randomised Block with /20 acre plots, each plot consisting of 

six rows of tre es nine feet apart (54 ft.) 40 ft. 4 inches long, 

being 2,178 sq. ft. or 0.05 acre. Each plot was separated from 

the next by 30 feet, while four rows of trees, nine feet apart, 

separated each line of plots. Eac h plot contained about 100 

trees at three foot spacing. The fi eld plan was as follows: 

Block Treatment 

1 T5 TL~ T2 T3 T1 

2 T3 T1 T5 T~· T2 

3 T2 T4 T5 T3 T1 

4 T3 T4 T5 T2 T1 

5 T4 T5 T1 T3 T2 

Insecticide application was by means of a ;lcp40 ;1 motorised 

knapsack sprayer. In order to ascertain the amount of liquid 
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to spray all tr ees in the plot from both sides. Using thi s a s 

a s tandard, t he volum e of each insecticide required to treat 

1/4 acre (five plots of 1/20 acre eac h ) wa s made up to 11.5 

litres. In the field only 2,300 cc. was loaded into the spra yer 

at a time, thus ensurin3 proper dosage application for each 

plot. Controls were sprayed with water. 

Plot samplinG before and aft er spraying was randomis ed by 

simply selecting a ra~dom number from 1 to 20 as t he first tr ee 

for s ampling and then sampling every twentieth tree, since there 

were approximately 100 tre es per plot, and fiv e tr ees pe r plot 

were r equir ed for sampling at each occasion. On the first 

sampling furthermoro, each sampled tree \'lias marked, so that on 

the following occ asion every e ighteenth tree coul d be sampled, 

and then every sixt eenth tre e and so on, without the danger of 

anyone tree be ing sampled twic e during the c ours e of the tri al. 

Only the number of ~. l aevi..Batum adults in each sampl e was 

r ecorded. Samples were taken on the day before the tr ee s were 

sprayed, and four, e i ght and twelve days after spraying. 

An~~ysis and r esults 

Due to the fact that only 1/5 of the commerci ally recommended 

dosage was appli ed , kill within sprayed plots wa s less than 

100 per c ent . for all ins ec ticides t ested . This was f ortuna te 

for it simplifi ed comparison of results. Appendix 12 shows t he 

r esul ts of the plot sampling befor e a nd after trea t ment . Da ta 

1J>1ere transformed I...-y = Log ( x + 1) J for analysis. An analysis 

of vari anc e and covarianc e applied to the before s ampling and 

four days after s prayinG d8ta established a hi ghl y s i gnific an t 

response to insecticide ( Appendix 13) but since the error 

regr ession was nonsignificant, the ana l ysi s was not continued. 



Although t e.aphene was found to be initia lly effective 

( Appendix 14) the r es idua l effect was very short, and adults 

quickly reinfested toxaphen e - sprayed trees. Thus in both 

dimethoate and sevin sprayed plots there were si~nificantly 

fewer adult s per sampl e eight days a fter spraying . No 

significant difference was detectable between the effects of 

dimet ho a te and sevin on both the fourth a n d eighth day after 

spraying. Wenazon had no de tectable insecticidel effect a t 

the conc entration used . Analysis of the sample data fro m 

twelve days a ft er spr aying (after tr a nsformation) gave a 

non-si gnificant F- test. This was expected since th e numbers o f 

a dults from all plots including controls, were r e duced 

( Ap pendix 1 2) a nd fairly uniform. 

Both s evin and dimethoate appear ed p romising and 

dimethoate was used for comparisons in further tests. In a n 

a ttempt to assess the effectiveness o f soil applied sys temic 

insecticides (in granular form) an experiment was l a id out in 

the fi e l d during Janua ry 1968 ( Bloemendal Block 18). Unfortunately, 

however , the .!:. l aevi G,a tum popula tion was suddenly reduc e d in all 

plots , including controls. An unus ual ly high degree of parasitism 

was thought to have b een r esponsible ( § 8.2 . 2.2). Throughout 

the r e st of 1968 no suitable a r e a for insecticidal t es ts was 

avail ab l e . 

Tri a l II 

The obj e ct of t h is tri a l was to confirm the e ffectiveness 

of Dime thoate a n d to compar e it with another systemic 

ins ecticide, Metasystox. 

Procedur e 
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30 ft . 3 inches long, in a 5 x 5 Latin S quare design . 

Insectic i des were applied at the f ollowing rates:-

T1 Control 

T2 Dimethoa te 40% e.c. 12 fl.oz per morgen 

'r3 Dimethoate 40;'; e.c. 6 fl.oz per morgen 

T4 Hqtasystox 25% e.c. 12 fl.oz per morgen 

T5 Me tasystox 25l; e . C. 6 fl . oz per morgen. 

Although the percentage active in3redient is lower in 

Metasystox, the cost is sli3htly hi gher so the s~m e concentra tion 

as tha t for Dimethoa te was us ed . 

The method of applic a tion was the same as used in the 

previous experiments , but the error of the previous exp eriment 

was a voided and the correct dosages given above were applied. 

The volum e of spray per plot was slightly increa sed. The 

required volume of insecticide to s~ray a 1/30th acre plot was 

made up to 4. 4 litres , giving a better cover . Sampling was as 

in Trial I , but ten trees pe r plot , inst ead of five as in the 

previous trial, \Jere sampled on each sampling day . No 

pretreatment sample WclS made , samples being tal;: en one , eight 

and fi f te en days after spraying. Bo th adults and nymphs of 

~. l aevigatu~ were counted ( Appendices 15 and 16) . 

Results 

Analyses of dat a from each of the sampling days revealed 

tha t on each occ as ion the F-tes t was highly signific ant 

(p = 0 . 01) , revealing r e sponse to insecticide . Comp8risons of 

insecticides a l one reveal ed that Dimetho a te was superior t o 

Metasystox ( Appendix 17). Although not sta ti st ic a l l y superior 

after one and eight da ys , Dimethoa te gave better control and wi th 

additiona l replic a tions , would probably have proved superior. 

1\.t:'.L. ___ .c"':.C',J.. __ __ ... ,.-. ___ n .:. ___ .L. l_ ..... .- -'-.- .... J.. , "") -C, 



Since local flight activity probably has some effect on 

th e numbers of adults collect ed on sprayed trees, it is of 

interest to study the numb e rs of nymphs colle cted ( Ap pendix 16). 

This increa sed in control plots during the exper im ent, 

indic atins considerable breeding activity . Howev er, in the 

first and eighth day samples, very few were collected from any 

of the spray plots . After fifteen days, considerable numbers 

of nymphs were collected from treated plots, and analysis of 

these data ( App endix 18) r e vealed that Dimethoate wa s again 

superior to Metasystox , i n killing n ewly ha tched nymphs, 

indic a ting a superior residual systemic activity. An important 

fact revealed by these dat~, however , is that most eggs within 

the tiss ue at the time of s praying , were unaffect ~ d by the 

spray. Since these eggs would at most , take elev en days to 

hatch (those l a i d the day b e for e sprayin3 , Table 3 § 4.2.4) all 

the insecticide s f a iled to h a ve good a ctivity for those eleven 

days. The f a ct tha t most of the nymphs colle cted from sprayed 

plots were in the secon~to fourth-instar excludes the 

possibility tha t they hatched from eggs laid after spraying 

(Ta ble 17). 

Tab1 8 17. Numb e rs o f nymphs of eac h instar (excluding first­

insta r) collected fifteen days a fter s praying 

Insecticide Trial II. Kirkfalls, Hillcrest, 

16th April, 1969 . 

I n s t a r 
Treatment 

2 3 4 5 

Control 19 17 41 97 

D6 17 16 14 3 
D12 5 3 4 -
M6 37 43 29 5 
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hatched from the eggs l ess than a we e k after spraying, when 

only dimethoate at 12 fluid ounces per morgen was exerting 

a go od level of control. 

8.2 .4 Discussion of chemical control measures 

00 far the best insecticide tested is Dimethoate 

40% e .c., applied at a rate of 12 fluid ounces p e r morgen . 

This costs approximately Rl .22 per morgen (R78 0 93 per 5 gal . 

drum) which is e conomically quite acceptable . 

In view of the various pa rasites a ctive in populations 

of L. laevigatum it h~s b een felt that contact insecticides 

should be avoided. However , it would be an advantage if a 

systemic insect icide could b e found having a slightly longer 

r esidual action in the plant. With this in mind further tests 

are planned using systemics. Other important properties are 

low contact action and quick absorption into the plant so that 

paras ite mortality be reduced to a minimum. Unfortunately 

several systemics which suggest themselves, such as Azodrin 

and Phosphamidon (Dimecron) have a high mammalian toxicity. 
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SUMMARY 

Two specie s of Hem i p t ~ra namely the cicadelli d 

Batrachomorphus ~aranus ( Naude ) and the mirid ~~idolon 

laevi gatum Reut., have been considered respons i bl e for t he 

periodic serious damaGe to young wattles occ urring in the 

wa ttle-growing are as of Natal and the south- eastern Transvaal . 

The studie s discussed in this t hesis are divided into 

three parts , the first dealing with taxonomy and morphology. 

The taxonomy of the two sp ecies is only briefly discussed. 

Morphological studies are , for the most part, confined to adult 

features of i mportance in the taxonomy from family down to 

speci es level. This r equired f a irly detailed studies of 

genitalia, particularly important in the males of both species 

and the female of ~ . l a evigatum . Investigations i nto the 

taxonomically i mport ant structures of the posterio r wall and 

roof of the fem ale mirid genital chamber le d to a study of the 

function of the anterior genital pouc h . Pr eviously described 

in the li terature as an organ which .iapparently serves to 

receive and store sperms " (Davis 1955) studies r evealed that 

i mmediately after copulation spe rm mi 3r a ted into the l ateral 

oviduc ts whil e only the contents of t he male accessory glands 

rem~ined in the anterior genital pouch. Findings were confirmed 

by s tudies on sever al other species of mirid commonly 

encountered i n watt l es . The eventual destination of sperm i n 

the ovaries was found to vary in the di ffe rent speci es examine d . 

In ~. l aevigatum and two closely related Ifirini, Lygus simonyi 

ffieut .) and ~. £allidulus ( Dl anch.), the maj ority of the sperm 

was found in a bul bous porti on of each l ater a l ovi duct with only 
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sperm mi gr a ted up i n to the calyx and ovariole stalks . 

The second part of t he investi gation de a ls with biology 

and ecology . The mirid has no de fi n ite overwintering stage, 

and c an breed t h roughout the year provided the trees are 

succulent enough . Eggs a re laid on t he tender tern ina l shoots 

of the youn g wattles (in their first two seasons of growth). 

Ol de r trees become t oo tough and c an not b e successfully 

colonise d . Zgg incuba tion perio d va rie s f rom six t o ~i ght days 

in summer, and increases to a maximum of 14 days in winter . 

Th ere are five n ymphal instars , the overal l nymph stage occupying 

about 14 to 15 days in the fie l d i n sumwer , and up to 20 days in 

early winter ( J un e) . tdult f emales have a p reoviposition period 

o f six to twelve days (mean 9.4 days). Caged females laid 19 t o 

159 e ggs (with a mean of 74 eggs per female) while living f rom 

29 t o 54 days ( mean 41 . 5 days) . Males have shorter li ves than 

female s . The sex rat io is 1 .07 : 1 , in favour of males. The 

whole life -c ycle is compl eted i n four to f ive weeks in summer , 

five to six weeks in winter. Several generations may there fore 

occur in a season and population buildup is r ap i d . 

The entire li fe - cycle of t he cic adellid is completed in 

eigh t weeks in the fi e ld in summer , and fourteen weeks in winter . 

~ggs are u s ually l a i d in the tissue on the abaxi a l sur face of 

the leaf rac his . They hatch i n about 18 days in November-December, 

but incuba tio n pe rio d is more t'1an doubled in winter . The five 

n ymphal i nstars are completed i n an a verage of 28 days in summer , 

extending to an average o f 55 days in winter ( Hay to Augu s t). 

The preoviposition peri o d varies from s e ven to nine days . Ca3ed 

females lai d an a ve rage o f 93 egJ s with a maximum of 1S 1 e ges 

l aiJ by a singl e female . They lived an a v erage of 47 days as 
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Field studies reveal that although several species of 

mirid a re found on wattle, none in any way competes with 

~ . ~~evigatum, or attains the densities of population recorded 

for tl1.is species. No high field populations of Ii. cerk'l.l'llP..E..§, 

were encountered during t he study. 

Th e breeding r ate of ~. la~igatum is considerably 

affected by the condition of the young \Tattle tree. The two 

most important factors in reducing t h e suitability of the tree 

as a host are soil moisture and the effect of mirids feedin~ on 

the tree . Succul on t .~c ti v...;ly c,Towing YUUE '; tru·.: G ccre r "pidly c,) l\~a is\.Jd, 

~articularly if there are older plantations nearby, from which 

adults can move into the younger trees . 

The effect of tree condition on the dynamics of 

L . laevi gatum populations is r eflected in populations studied in 

the field. 

Part III deals with economic importance and control. 

Feeding studies revealed that while t he ci c adellid feeds mainly 

in the chlorenchyma and parenchyma cells the mirid penetrates all 

tissues and dama~es cells i n a wide area around the feeding 

puncture . Toxins spread from feedin s areas and exert a 

systemically toxic effect on the tree, causing it to shed 

pinnules , and discolourin ~ the bark on shoots and stems. Local 

feeding on apical buds results in the death of the tissue and 

loss of apical dominance . Trees thus become extensively branched. 

The biological c ontrol of both species in the field is 

assessed. Two species of hymenopterous parasites, ~horus 

Rraetor and E. nigricar~us are fairly efficient in controlling 

populations of ~. laevigatum , particularly in the second of two 

successive years of mirid presence in a single plantation. 
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namely Liodr~~ sp. (Hymenoptera: Dryinidae) and ~~vunculu~ 

libratus Hardy (Diptera : Pipunculidae ). 

A bri ef searc h for egg parasit es r e ve a led t ha t the e33s 

of bot h species are parasiti sed . Seven per cent. of the eGgs 

of B. c edaranus were parasitised by two unidenti f i ed species of 

chalcidoid wasp. Be tween 7.5 and 12.5 per c ent. of eggs of 

~. laevigatum were found to be p a r a sitised by two species of 

wasp, one a trichog r ammat id ( Cha lci doi dea) , t he other, also a 

Chalci do i dea , u n identifi ed . 

The mo st suc c es s ful insecticide tested a gainst 

L . ~aevigatum is Dimethoat e (40 per cen t . e.c.) appli ed at a 

r ate o f 12 flui d ounces p e r morgen. 
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.1. External body measurefTIents from adult s of i. 1 aevigatum and ~o cedaranus. All measurements in millim8tres. 

--

i· laevigatum li· cedaranus 

surement lYlale Female lYlale Femal e 

n, lYlax. , lYlin. , lYle an n, lYla x., lYlin . , lYle an n, lYlax., lYlin. , lYle an Il, lYlax.9 lYlin. , 

gth excluding wings 20 3.77 2.94 3.2 0 20 3.72 3.09 3 . 37 20 5.76 4.02 4.74 20 6.18 4 . 7 0 

r oss head 10 1.03 0.92 0.99 10 1.01 0.97 0.99 10 1. 47 1. 38 1.42 10 1. 60 1.49 

gth - dorsal view - - - - - - - - 10 0.17 0.14 0.15 10 0.16 0.15 

f face 10 0.71 0.59 0.65 10 0.71 0.67 0.69 10 1. 08 0.98 1. 04 10 1.13 0.98 

tween eyes 10 0.29 0.2 5 0.26 10 0. 39 0. 33 D. '35 10 0.88 0. 83 0. 87 10 1.01 0.90 

eye 10 0. 39 '0.34 0.37 18 0. 34 0 0 29 0.32 20 0.32 0.25 0.28 20 0.3 3 0.24 

:'ClSS prollotum 10 1. 44 1.28 1. 38 10 1. 54 1. 40 1. 48 10 1. 73 1. 59 1. 67 10 1. 9 1 1. 75 

3ngt h pronotum 10 0. 86 0.6 9 0.77 10 0. 88 0.76 0.85 10 0.97 0.82 0.87 10 1.00 0. 88 

~h across hemelytra 10 1.71 1. 52 1 . 58 10 1. 81 1. 64 1. 73 10 1. 96 1. 72 1. 85 10 2.13 1. 90 

'I le ngth 25 3 . 45 . 3 .06 3.28 38 3 .57 3.19 3 . 44 40 4. 3 1 3.91 4.06 37 4.75 4. 1 7 

segment : I 18 0.29 0. 25 0.2 8 20 0.29 0.25 0.26 - - - - - - -
segment II 16 1.30 0.9 8 1.25 19 1.12 0.99 1. 08 - - - - - - -
segment III 15 0.67 0.54 0.61 18 0.69 0.60 0 .65 - - - - - - -
segment IV 12 0.46 0.37 0.43 14 0. 46 0.43 0.44 - - - - - - -

ixcluding Segs. I and II - - - - - - - - 17 0.43 0.28 0.38 19 0.49 0.32 

lengt h 10 1. 22 1.08 1.139 10 1.23 1.14 1.18 10 0,,49 0.34 0.43 10 0.52 0.39 
- - ----- -

lYlear 

5.46 

1. 5E 

0.15 

1. OE 

0.96 

0.2

J 1.8 I 

0. 93
1 

2.o~ 
4 .52' 

, 

-
-
-
-

0.41 

0.46 

I\) 
o 
I\) 
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Appendix 2. Body length and head width, in millimetres, 
of nymphs. 

1· laevigatum Body length Head width 

Nymph instar n, Max., Min., Mean Max., Min. , 

I newly hatched 10 0.69 0.49 0.59 0,30 0.27 

I " after feeding 10 0.94 0.83 0.88 0.31 0.29 

II 20 1.35 1. 05 1.19 0.43 0.39 

III 20 1.80 1. 37 1.65 0~55 0.51 

IV 20 2.40 1. 91 2.14 0.71 0.64 

V 20 3.09 2.51 2.78 0.88 0.79 

!i. cedaranus Body length Head width 

Nymph instar n, Max. , Min., Mean Max. , Min. , 

1 newly hatched 10 1.06 0.87 0.94 0.47 0.43 

I after feeding 10 1.35 1.08 1.16 0.49 0.41 

II 20 1.81 1.32 1.56 0.65 0.58 

III 20 2.33 1.64 2.05 0.86 0.76 

IV 20 3.39 2.43 2.89 1.13 0 .. 94 

V 20 5.44 3.53 4.54 1.52 1.26 

., 

Mean 

0.29 

0.30 

0.41 

0.53 

0.68 

0.84 

Mean 

0,45 

0.45 

0.61 

0.81 

1.06 

1.36 
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Appendix 3. Mean weekly temperatures, in degrees Centigrade, 
for Bloemendal experimental station 
July 1966 - June 19670 

~eek Ending 
Hax . Min. Heans I ' leek En"":"ding 

Naxo Hin. t-1eans 
Nean Hean Avo Nean Hean Av. 

I 1967 
1966 July 31 24•6 i 8.6 16.6 January 1 28.8 15.2 22.0 

I 
8 24.8 10 22.0 4.1 ' 13.1 15.0 19.9 

17 22 .1 3.9 13.0 15 24.9 14.6 19.8 

24 21.2 5.2 13.2 22 27.1 17.2 22.2 

31 20.3 3.9 12.1 29 27.4 15.8 21.6 
I 

Au r;ust 721.6 i 7.5 14. 6 February 51
24

•
4 1509 20.2 

14124.91 6.8 15.9 12 25.9 16.9 21.4 

21118.1 7.2 12.7 19 27.1 16 .1 21.6 

28 25 .3 6.5 16.4 26 24.5 14.5 19.5 
September 4 22.9 8.61 15 •8 Harch 5 25.0 j 15.6 20.3 

11 23.4 7.8 15.6 12 27.91 15.0 21.4 

I 
• 

18 20.9 8 07 14.8 19 2309 12.9 18.4 

25 2309 909 16.9 26 24.3 13.9 19.1 

October 2 23.6 110.9 17.3 I Apri l 2 24.5 1 Lt.O 19.3 

9 126 .1 I 12.7 19.4 i 9 24.7 12.6 18 . 7 I 

16 ! 1906 I 9.7 14.7 16 24.3 13.6 19.0 

23 I 19 02 8.5 1309 23 2009 1106 16 03 

30 2704 13.3 2004 30 2309 11 .1 17.5 
November 6 2407 1602 20 05 Hay 7 23.3 10.1 16.7 

13 22. Lt 12.6 I 17.5 14 23 .9 10 0 Lt 17.2 

20 25 00 1300 19.0 21 21.9 7.6 14.8 

27 23.4 12.9 18.2 28 20.6 6.1 13.4 
December 4 26.7 1307 20.2 June 4 18 .4 801 13.3 

11 26 .0 15.9 121.0 11 21.0 5.1 13.1 
18 I 25.1 13.8 119.5 18 17.9 1.1 9.5 

2~2608 15 .4]21.1 25 21.6 5.0 13.3 
,< -- --
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Appendix L~. Mean weekly temperatures in degrees CentiGrade , 
for Blo emendal exp e rim ental station 
July 1967 - June 1968. 

I Hax ! Min f Heans ' I Nax . I Hin . Means . , . , I i \veek Endinr; Bean: Bean 1 Av. \Veek Endin.E. Mean Bean Av ._~ 

11967 July 2 21 .21 5 . 91 13. 6 :1 31 27 . 1 14.921.0 
I 9 18 .1 I 2,,8 i 10.5 il 1968 7 130.1 16.5 23.3 ii' , il Januar y I 
I 16

1

15 •3 I 2 .5 ! 8.9 1' 1 14 1 25 •5 , 15. 4 20.5 

I 
23 18.6 i 2.3 i 10.5 21 27.0 16.0 2105 

30 1 21 . 7 ' 2.6112.2 1 28 23 .7 15.5 19. 6 
'I' Au gust 6 I 24.5 6 . 3 t, 15.4 I Februar y 4 i 24 . 9114. 6 19 . 8 

I I! 
I 13121.61 6.3114. 0 11 28 . 8 16.2 22 . 5 
I I I 20 i 19.4 : 5 .7 12.6 18 26.2 14. 9 20.6 
I " 

I 27124 .1 i 5 . 6 I,' 14.9 I 25 ! 24 .2 11 3. 6 18.9 

ISeptember 3 i 24.9 10.6 ! 17.8 1'",J.larch 3 23.9 , 15 . 0 19.5 
I 10 I 21 . 2 10. 3 ' 15 . 8 10 24.1 ,: 1,5. 8 I 20.0 

I 'I ' 
17 126.5 9. 7! 18 .1 17 22.1113.1 17.6 I I i I 

! 24 : 21 e4 8 . 4 ! 14.9 24 26.3 16 . 2 21.3 

i Octobe r 1 : 25.7 9 . 9117 . 8 ! 31 ! 20.6 11 . 4! 16.0 
8 I I 6" 'I I : 'I 123. 1 8 . 8 1 1 •0 April 7 , 21.0 I 11 .6 16.3 

! I ' I 15124.5 10.9 'I 17 .7 II 14 122 .5 11. 8 17.2 

I I ' I 

'

I 22 29 .2 , 13.2 I 21 . 2 ! 21 123.1 10.1 I 16.6 
I i i I I 

I 29 ! 19.2 j 11.4 15 . 3 28120.4 5. 4 1 12 . 9 

[NOVember 5 ! 25.2 113.2 19.2 I May 5 i 23.7 i 6. 9! 15.3 

i 12 126 . 4 15.7 , 21.2 ! 12 23.61 9.9 1 16 •8 

i 19 121 •4 12.9 117 . 2 II 19 15.~" 7.0 11.2 

i 26 I! 25.8114.4120.1 26 19.6 6.3 13 .0 

jDecember 3 25. 8 ! 14.7 120.3 jJune 2 20.9 4.9 12 . 9 
I , ! I i I 
I

I, 10 ! 25.0 I: 1 ~' . 1 19 . 6 I 9 18.6 2.1 10.4 

17 '124.6 12 . 1 1 18.4 'I 16 17.6 3.2 ! 10.4 

i 24 126 . 6114.7120 .7 11 23 16. 8 I 0.31 8.6 



206. 

Appendix 5. 11ean weekly temperatures, in deGrees Centi grade, 
f or Bloemendal expe rimental sta tion 
July 1968 - June 1969 u 

Hax . Hin . Heans "'---~---~ax . ! Hin . I Means 
lif eek Ending Mean Hean Av. \Jeek EndinJ£.. Hean 1 Mean ! Av. 
1968 1969 I ! 
June 30 19.6 1.7 10.7 January 5 26.8

1

15 •9 ! 21.4 

Jul y 7 19.4 I 4.7 12 . 1 12 30.1 I 15 . 0 i 22. 6 

14 
19.41 3.4 11 .4 19 27.9 1 15 . 6 I 21.8 

21 23.6 5 .0 14.3 26 32.2116.7124.5 
28 23.0 I 5.7 14.4 February 2 30.6118 .4 : 24.5 , 

6.6 14. 0 August 4 21 .3 ! 9 29.4117.7 23.6 I 
11 19 . 9 6 . 9 13.4 16 25.5 , 15.0 20.3 

18 19 .0 7.1 13.1 23 26. 5 1 16.9 ! 21.7 
25 20.5 I 8.1 14. 3 Marc h 2 29. 0 ! 17.91 23.5 

8 . 6 14.9 30.0 ; 
I 

September 1 21.1 I 9 17.4 ! 23.7 , 
I 

I 

8 21 . 4 i 7.4 14 . 4 16 23.2 I 14.1 
1

18 07 

15 24.5 I 10.4 17 . 5 23 25 .31 15.1 I 20.2 
22 25.91 9.9 17.9 30 22 . 9 ! 13 .1 118 .0 

29 21 . 9 7 .1 14. 5 . April 6 22.6 : 11.8 17 .2 

18 . 5 1 

\ 

October 6 8 . 0 13 . 3 13 23.6 I 12.3 18.0 

13 24.4 11 . 0 17 .7 20 23 .41 12 . 9 1 18.2 
20 27 . 5 11 01 19.3 27 20.6110.9! 15.8 
27 1901 11.5 15.3 Hay 4 21.9 1 10.7116.3 

November 3 23.7112.6 18 .2 11 18.8, 7.9 13.4 

10 27.L~ 14.4120.9 18 20.7 8.8 14.8 

17 16.3 7.3 11 . 8 25 17 . 6 8.7 13.2 
I 

I 2Lr 25.8 13.8 19 . 8 June 1 19 .
L
r 1 5. 4 ) 12 .4 

I 

December 1 24 .1 13.3 18 .7 8 18 . 9 7.31 13 • 1 
8 26.4

1

150 6 21 . 0 15 16.9 5.9 i 1104 

L 
15 26.4 13.6 20.0 22 17.9 I 

3. 1 1 10 •5 
22 30 . 5 16.4 23 . 5 29 20.6 4.4 I 12.5 

i 
29 27.7 17.3 22 .5 1 I I 

I I 
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Appendix 6. 

mean hQur l y value s Df re l ative humi di t y (%) an d t emperature(DC) a t 
Bloemendal 1.96'7. 

~ours J a ri . F e h .... . I ar . A PI' . !Y1 ' ay JtJn . J 1 A u • ug . s ep . o t N c • DV. 

% 87 93 93 91 87 78 76 76 83 89 85 
010 0 DC 17.1 16 . 6 15 0 8 l q.2 12.0 9. 2 8.0 10. 6 11.0 H.l 13.4 

% 90 92 93 91 67 78 77 75 83 89 85 
0200 °c 16. 9 16.4 15. 7 13.9 11. 7 8. 8 7. 5 10. 3 10. 5 10.9 13.3 

% 91 92 93 92 87 '78 76 '73 82 90 86 
0300 DC 16.6 16. 3 158 6 13 . 5 11 . 3 8. 5 7. 2 10.0 10.4 10.6 13.2 

% 92 91 94 90 87 77 76 75 81 90 86 
04 00 DC 16 . 4 16 . 1 15.3 13 . 4 11. 0 8" 5 6.8 9. B 10. 1 10. 5 12,, 9 

,% 91 92 93 91 88 78 76 75 81 88 89 
05 00 DC 16.4 16 . 0 15. 0 13.1 10. q 8.1 6. 4 9. 3 9.9 10. 5 12.9 

0600 ,% 90 92 93 91 88 77 75 76 81 87 88 
DC 16.8 16 . 2 15 .0 13 . 0 10. 1 8. 0 6.0 9. 0 9.9 11. 4 13.5 

0700 ,% 85 88 92 89 86 79 75 75 79 83 83 
DC 18.0 17. 3 15. 7 13 0 9 10. 8 7. 9 6.1 9.5 11.2 13. 0 15.1 

08 00 % 79 82 87 84 83 76 71 69 71 71 76 
DC 19 5 18.7 17.1 15.4 12.3 9. 2 7. 1 11. 9 13 . 2 14.8 16. 5 

0900 ,% 72 76 '18 76 76 67 69 57 60 6 0 72 
°c 21 . 0 20 . 1 19.0 16 . 8 14. 4 11 . 7 B. 8 15 . 1 16. 1 17.0 18.1 

1000 ,% 67 69 n 71 67 ~6 59 q.6 51 54 67 
DC 22 . 2 21. 2 20.6 18.2 16 . 6 14. 2 11.1 171 5 17.9 18 . 5 19.2 

1100 % 64 67 68 64 55 48 49 37 42 5 0 64 
DC 23 . 1 22.0 21.5 19 . 6 18. 5 16.2 1:5 . iI· 19 1 2 19 2 3 19 .7 201 2 

1200 % 62 66 62 59 49 42 43 35 40 48 61 
DC 23 . 7 22 . 'r 22.6 2 o. '7 19,,6 17.5 15. 1 20 .• 7 20.0 20. 2 20.5 

13 00 ,% 61 65 62 58 47 39 39 32 39 49 61 
DC 24 . 3 23 . 4 23 .1 21. 2 20. 2 18 . 3 16 .. 2 21. 4 20. 4 19. 8 20.3 

1400 % 63 67 63 59 49 37 36 32 4 0 53 64 
DC 24 . 0 22 . 9 23.0 21. 5 20. 2 18 . 6 17.1 21. 3 20. 4 19 . 2 20.0 

1500 % 66 '7l~ 66 65 54 37 36 35 43 57 69 
DC 23. /~ 22.4 22 . 3 20. 4 19 . 6 18 4 17. 2 20. 2 18.8 18.1 18.9 

16 00 % 70 80 76 69 62 41 38 40 50 62 73 
DC 22.5 21.1 21. 0 19. 5 18.1 17.1 16.5 19. 1 17 . 9 16. 8 18.1 

1700 % 77 87 82 78 73 50 45 49 58 69 76 
DC 21. 3 19 . 9 19 . 6 18. 2 16 . 2 15. 0 15. 1 17.0 16. 1 1 5.1+ 17.2 

J.80o ,% 83 91 88 83 79 56 51 58 69 77 80 
DC 19.7 18.6 IB.3 16 . 8 15. 0 13 . 8 13 . 6 15. 0 14 . 2 14.0 16 . 3 

1900 0% 8'1 93 91 86 8:3 61 57 68 77 8t. 84 
C 18.8 17.9 17. 4 16 .1 14Q 3 12 . 7 12 . 5 13 . 9 13 . 2 13. 0 15. 3 

2000 % 89 93 93 87 85 64 63 71 81 88 83 
DC 18 . 1 17. 5 17. 0 15 . 6 13 . 8 12 . 1 11.0 13.2 12 . 4 12. 4 15. 0 

2100 % 90 9:3 93 89 86 69 69 72 81 89 83 
DC 17. B 17.3 16.6 15 2 13.6 11. 2 10 .• 3 12.b 12 .1 12 0 0 14.6 

2200 ,% 91 91 94 90 87 73 72 73 81 89 83 
DC 17. 5 17. 2 16 . L~ 15 0 0 13 .0 10. 5 9. 7 12. 3 11. 8 11.. '7 14.3 

2300 ,% 90 91 94 90 88 75 73 73 83 89 83 
DC 17.3 17.0 16 . 2 14 . 6 12 . 6 10. 1 9. 2 11.7 11. 4 11. 4 14.1 

2400 % 88 90 94 91 89 76 75 75 83 90 84 
°c 17. 2 1'7. 0 16 . 1 14. 4 12. 2 9 . 6 8. B 11. 2 11. 2 11. 1 13 .9 

mean % 80 84 84 81 76 63 61 60 67 75 78 
DC 19.6 18 . 8 18.2 16 . 4 14,. 5 12.3 10. 9 14.2 14.1 14. 3 16.1 

D ec . Y ar e 

89 86 
13.7 12 . ' 

89 86 
13.6 12 . : 

90 86 
13 .5 12. : 

90 86 
13.3 12. I 

89 86 
13. 4 11. 1 

88 85 
14. 5 12 . 

85 83 
16.1 12. I 

73 77 
18~0 14 . 

65 69 
19. L~ 16. 

59 61 
21.0 18. 

54 55 
21. 9 19 Q 

52 52 
22. 6 20. 

52 5 0 
22.6 20. 

55 51 
22.2 20. 

61 55 
21eO 2 O. 

67 61 
19.9 19. 

73 68 
18 5 17. 

76 7q 
17 2 16 . 

80 79 
15 9 1 5 . 

86 82 
15.2 14. 

87 84 
14 .9 14. 

88 8q 
l q· 6 13. 

89 8!: 
14.1 13. 

89 8!: 
13....,B 13 . 

76 74 
17.1 15. 
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Appendix 7 . 

To test whet her the observed change in female 

fecundity in a population of L. laevigatum, during t he period 

February to August 1967 , was signific ant each month. 

Data tra nsformed: square-root transformation: y =~(x + t) 
Based on number of mature eggs per fem ale, determined by 

dissection. 

Treatmen 
Totals 

Treatmen 
Heans 

Source ----
Months 

Error 

Total 

~~:~~nYI 
69 I 

270 . 94 

3 . 92666 , 
"-

.Anallsis 

DF 

6 

463 

469 

T2 T3 T4 
HAnCH APRIL HAY 

80 70 64 

282.39 175.1 8 1L~3.54 

3.52987 2.50257 2.23812 
-

of variance 

SS l'lS --
206.67 34 . 45 

445.13 0. 96 

651. 80 

T5 
JUNij 

80 

165 •911 

T 
JUL 

2 

58 

b T7 
Y AUGU.3T 

6 81 

. 62 222 . 98 

2.073871 2 •25 461 2.75283 
t.-............ -------

F E. required 

35. 8 2. 80 (P=0 . 01) 

St andard error of a single yield (transf orm 8d) = 0 . 9805 

Coefficient of variation (transformed data) = 34 . 93% 

t test results (t has 463 de grees of fre edom) for transforme d 
da ta. 

value of t 

T1 vs T2 2./+6 * 
T2 vs T3 6.40 * ~~ * 

T3 vs T4 1.56 NS 

T4 vs T5 1 . 00 NS 

T5 vs T6 0. 82 NS 

T6 vs T7 2.25 * 
T3 vs T5 2 .67 ;:: * * 

T5 vs T7 4.39 * * 

t values re quired P = 0 . 05 1.960 

P = 0.01 2.576 
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Appendix 8. 

The effect of soil moisture content (and therefore 

tree condition) on the fecundity of ~. ,l a eviga tum females 

feeding on young wattles . (Transformed data ba sed on number o f 

~atur e eggs per mature female sample d at each site. 

rfransfo r mat ion y =rI---;-';T ). Data from Kirkfalls, Hillcrest, 

1st July 1969. 

Site ~Jater content of soil (by weight) -
l\. Hill top 11 .1% 

B Hill slope below A 17.0% 

C Base of slope 25 . 8% 

-

I Site A 
I 

B C , 

I 
19 1 36 n 27 I I 

Treatm ent totals 82 .94 I 56 .92 1127. 67 

Treatment means 3 .0719 I 2.9958 13.5460 
l-- J 

Analysis of vari anc e 

Source DF SS MS F F required -
Treatments 2 5.234 2.617 4.73 3.15 and 4.98 

Error 79 43.678 0.553 

Total 81 48.912 

Standard Error of a single yi el d (transformed data ) = 0.744 

Co effici ent of vari at ion (transformed data) = 22.79% 

t test results (transformed data) with 79 de gr ees of freedom . 

Site Value of t 
----~ 

' A vs B 0.342 N.s 

B vs C 2.611 * 
A vs C 2.733 ':t * 

Required value of t(79DF) p = 0.05 2 .000 

p = 0 .01 2.660 



APPENDIX 9 

-220 

200 

180 

-
160 

-
140 f\) 

;-- --" - o 
120 ;-- ;---- .....- r-

100 

% 
r- I--

.....- .....-
! - -
...J 
...J 

80 
~ 
Z 

- r--
C( 

60 II:: r-
r-r-

r-
40 l-.....-

20 
I-- r1-- l-, '""""l 0 

JU.. AUG. SEP. OCt tK:N. DEC. J4N. FEB."'''UPR. N4Y. J~. JUL. "'-'O. SEP' OCT. NOltDEC. J.lN FEa MAR APR. w.y JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. FEa >4ARAPR. NAY JUN. 

1966-67 1967-68 1968-69 

MONTHLY RAINFALL FIGURES. BLOEMENDAL EXPT. STN. PIETERMARITZBURG. 



APPENDIX 10 

-
220 r--

200 

180 

160 

r--

140 --
r-

120 
r--

r-
100 -

~ 
! 
..... 80 ..... 

r-- r-
f--

<t 
IL 
Z 
;( 

60 IX 

r-
-40 

r--
r-

20 

I- fh nr- --, 
JUL. AUG. SEP. OCT. p()y' DEC. JAN. FEBMNlAP'R. HAY JUN. JUL. AUG. SEP. OC T. NO'l DEC. JAH. Ft8.MARAPR MAY JUN. 

1966-67 1967-68 

MONTHLY RAINFALL FIGURES. HARDEN HEIGHTS, SEVEN OAKS. 

-

---

-
r-

-

r--r- -
f--

r-

h 
JUL.AUG. SEP. OCT. NOV.DEC. JAN. FEB. WAR,APR.MAY JUN. 

1961H9 

ru 
--> 
--> 



APPENDIX 11 

220 

200 

180 

160 

140 

120 

100 

i 
~ 

:::j 180 

~ 
~ 60 

40 

20 

JUL . AUG. SEP. OCT. NOV, DEC . JAN . FE8.11IlA'lAPfU4AV JUN. JUL. AUG. SEP. OCT. NOV. DEC. JAN. FE8.NAR.APR. NAY JUN. 

19611-69 1968-69 

KIRKFALLS, HILLCREST. HONEY GROVE, HARBURG. 

MONTHLY RAI NFALL FIGURES. 

-

r-
.--

I-

-

.--
.--

.-- I-

-

l 
JUL AUG. SEP. OCT. NOV. DEC. JAN. FEB. MAR.APR.NAY J UN. 

1968-69 

WINDY HILL, WARTBURG. 

N 
~ 

N 



213 . 

Appendix 12 . 

Samplins results, based on adults of ~. laevigatum, from each 

plot durin0 insecticide trial I ( § 8.Q.3.1). 

~ 

I - I 
Replic 

1 2 

Treatment 1 

at ion 

3 -~ 
Befor e sprayinG 24 20 

4 days after 25 33 

8 days after 23 18 

12 days after 7 4 

2 

2 

1 

1 

2 

6 

9 

3 

10 & 

11 

13 12 

6 3 

2112:- f---

i 'rreatment 2 
I 
I Be for e spraying 1 4 

jJ 
I 

12 10 
1 

, 
I 4 days a f ter 1 
I 
i 

8 days after 3 
, 

i 
( 12 days after 0 
J 

Treatment 3 i 

I 
Before s p raying 23 I 

4 days after 8 I 
I , I 8 days after 

~-~ 2 days after 

Treatment 4 

Before s praying I 22 I 
4 days after 20 

8 days after 11 

12 days after 1 

Treatment 5 

Before sprnying 10 

4 days after 11 

8 days after 12 

12 days a fter 4 
!---

Treatment 1 Control 

If 2 Dimethoate (40% 

.. 3 Sevin ( 85% 
I. ." - -- - - - --

7 

12 

+ 
11 

3 

1 

1 

7 

1 

6 

o 
9 

4 6 

1 3 

17 5 

32 9 

13 27 

4 4 

2 10 

3 6 

7 8 

13 9 
4 5 

2 5 

4 11 

1 -
18 2~· 

5 21 

13 14 

11 9 
---+---- +------+------4 

30 

13 

32 

6 

e.c.) 

w. p . ) 

2 .4 

0 .2 
...., -", 

14 

7 

4 

15 

2 

17 

3 

flooz per morgen 

lb a.i . per morgen 

- - _ ..... ~- - .... __ ..... -

5 
10 

11 

5 
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Analysis of data collected during ins ecticide Trial I (§ 8 .a.3.~ ). 

Data based on numbers of ~. l aevi gatum adults coll ect ed from 

five - tree samples within each plot. 

["Data transformed y = Log (x + 1 ) _7 
x = before spray sample totals . 

y = 4 days after spraying sample totals . 

( lO CkS 

Treatments 

T1 T2 T:? . 
1 be 1 . 40 1.34 1 . 38 

I 1 • ~·1 0 . 30 0 . 95 r 
2 ~ 1 . 32 1. L:·6 1. 08 

I 

t 
1. 53 0 . 90 0 . 60 

1.36 1 . 18 1 . 04 3 

1 . 43 0 . 90 1 . 00 

4 1 . 04 1 . 11 1 . 15 

1 01 1 0 .48 0 070 

5 ~ 0 . 95 1 . 04 1 . 00 

1. 08 1 0 04 0 . 78 

I 
Treat ment 

Total s ~ 6.07 6 . 13 5 . 65 

Dr 6 . 56 3 . 62 L:·.03 

Analysis of variance and covariance 

Fx 

b = 
0 . 03 

0 . 1966 

Fy 

T4 

1036 

1.32 

1 . 26 

1 . 52 

0 . 78 

1 . 00 

1 . 28 

0 . 78 

1 . 40 

1 . 3~· 

6 . 08 

5 096 

6 . 21 ** 

Test of si~~~fj_~ance of error regression 

I 
T5 t Bloc k Total s 

1. 04 , 6 . 52 

1 . 08 I 5 . 06 

I 
I 

1. 49 6.61 

1 015

1 

5.70 

5 . 54 1. 18 I 
I 

0 . 70 I 5 . 03 

I 
1. 20 I 5 . 78 

0 . 48 3 055 

0 . 781 5 . 17 

1 . 04 I 5 . 28 

I 
5 . 69 29 . 62 

4.45 24. 62 
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l\.ppendix 14. 

To compare t he effectiveness of four inse cticide treatments 

against ~. laevig atum in young wattles (transformed data 

based on numbers of live adults sampled) four e nd ei ~ht days 

after s pray a pplic a tion. Insecticide Trial I fl a y 1967 

( § 8 .•. 3.1.). 

a) Four days after spray application . 

r Treatment 1 2 3 J;l I Treatment 6 . 56 3 0 62 totals 4.03 5.96 _4 . 45 I 
--i. 

F = 6 .21 ~, * 

s t a ndard Error of a single transform e d treatment yield = 0.2283 

Coefficient of v a ri a tion (transforme d dat a ) = 23 . 2% 

S • .. ~- of a single transformed treatment total 

LSD's (Two treatm ent to t als) 

P = 0 . 05 -

P = 0 . 01 

1.53 

- 2 . 11 

b) Ei ght days after s pray a pplication . 

I Treat~ent 
, 'I' r e atment 
L 

l--~ 1 

totals! 6 . 22 , J . _ ___ l 

F = 5 .5 H 

I 3 
I 3 096 
L 

= 0 . 5104 

St a ndard error of a s ingl e transformed treatment yiel d = 0 . 2042 

Coeffici ent of va ri a tion (tra n s formed data) = 19.41% 

S . E . of a singl e tran s form ed t r ea tm ent tot a l = 0.4566 

LSD 's ( Two trea tm en t tota ls) : 

P = 0.05 - 1 . 37 

P = 0 .01 1 . 89 
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Appendix 15. 

Sampling results based on adults and nymphs of ~. laevigatum 

from each plot during insecticide trial II (§ 8.a.3.2). 

Samples: A 1 day after spraying 

B 8 days after spraying 

C 15 days after spraying 

--~---r-

Treatment I 1 

Replications 

3 

I C 28 

2 

16 i 22 
I 

B 48 40 I 25 

I 
4 5 ~ 

45 11 I 

I 
4 

I 

28 r-_________ C ____ +-__ 6_1 __ ~--4!--~-}3--~------+ ~:-1 D6 A o 
B I 5 J 

; i 
C 18 

D12 A 1 

B 7 i 
I 

C 13 I 
M6 A I 2 i 

I 

I 
B 

I 
14 

C 38 
I 

M12 A In B 17 

C 27 

Treatment C Control 
,/ D6 Dimethoate 6 

" D12 ;i 12 
Ii M6 Metasystox 6 

H12 12 

3 

2 

3 3 

I 3 2 

2 7 i 20 9 

0 I 
t 3 

-
4 

4 I 5 3 

6 
I 

5 

~_+"_1_0 ---+-_.-...-..., 

5 I 6 

2 

5 

8 

3 

L 

4 

34 

f1.oz. 

fl.oz o 

f1.oz. 

flo oz "_ 

I 

per 

per 

per 

per 

4 

19 

3 
5 

37 

morgen 

mor gen 

morgen 

morgen 

8 

13 

4 

4 

13 

2 ! 

24 I --1 
1 I 

10 I 
9 i 

I 

------l 
4 

7 

35 
- _.--1 

0 

8 

7 
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Appendix 16. 

Sample results based on nymphs only (of !:.. ;Laevigatum) from 

each plot during insecticide trial II (§ 8.8 .3 .2). 

Sampl e A 
i i B 

C 

1 day after sampling 

8 days after sampling 

15 days after sampling 

,-- --- - -. ~-- ·~l I Replications 

____ ~ __ _+__-__ +_~-2-__t--3-+_--4 _+_~_ I 

32 

34 

19 13 I 1 22 

I D6 A I 0 

I B I 0 i 

9 8 1 3 j 20 

__ ~-1-8 __ ~ __ 55 __ t__!~--- __ ~ 
o O ! 1 i 2 

o I o o o 

C I 10 I 16 -+ 14 J 2 -11 

D1-2--

c

-:-l:-l ~ - -- ~ I-~- -;-....-......ll 

H12 

A 

B 

C 

11. 

B 

C 
----~-

1 0 1 0 0 1 I 

I 2~i 4~ 1'~ ~ 1-
2:--1 

14 l 23 I 20 ,_~_~_J 

Treatments C 

D6 

D12 

M6 

Control 

Ii 

,i M12 

Dimethoate 

Metasystox 

6 fl.oz. per morgen 

12 fl.oz. per morgen 

6 fl.oz. per morgen 

12 fl.oz. per morgen 
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Ap:)endix 17. 

To comp a re the effectiveness of two insecticides eac h at two 

conc entrations , against !:: . laevir;,atum in wattles .( Data based 

on numbers of adults and nymphs collected from eac h plot.) 

Tri a l II ( § 8.2.3.2) . 

a) One day after s pray 

s o ;~ 0 of a single yield 

Coefficient of variation 

LSD's (two treatment totals) 

b) Eight days after spray 

G. · ~. of a sinGle yield 

Coefficient of variation 

LSD's (two treatment totals) 

c) Fifteen days after s p ray. 

= 1.27 

= L~~. 0 65~ 

= 8 .7 ( :p = 0.05) 

= 12.2 (p = 0 .01) 

= 2.67 

= 43.85j 

= 18.4 (p = 0 .05) 

= 25.7 ( p = 0 .01) 

I Treatment J 2 3 4 5 -------- ----1 : --·:1 ---·--~----l 

12,:eat.m:nt tot als __ L~_ 59 158 L~ J 
if ....... 
:.:> 0 .t'J 0 o f a single yield = 8.5 

Coefficient of variation = 39. 3~~ 

LSD's (two treatment totals) = 58.3 (p = 0 . 05 ) 

= 81 .7 ( p = 0.01) 
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Appendix 18. 

To compare the residual effectiveness within the plant of two 

systemic insecticides each at two concentrations, against 

~. laevigatum in young wattles fifteen days after spraying. 

(Data based on numbers of nymphs only sampled) 

Insecticide trial II (§ 8 .2.3.2). 

~:o:c:~sr n6 
1 i 10 

i 
2 ! 16 

! 
3 I 14 

Analysis o f variance ---.-.---
Sourc e DF 

:t:nocks 4 

Treatments 3 

Error 12 --
To tal 19 

'freatments ~ --------j 

D12 M6 t112 I Block total, 
2 . 25 1~· I 51 

9 46 23 9LI- I 
2 13 20 LI-9 

" , ,J.) HS F 

759 

1116 372 7.5 1.: * 

596 49.7 

2LI-71 

S·, 
.j of a sin3le yield = 7.1 

CoefL of variation = 55.3% 

LSD 's (2 treatment totals) = 48 0 6 (p = 0.05) 

68.1 (p = 0.01) 

D12 vs D6 37 NS 

D12 vs N12 52 * 
D12 vs M6 104 * ~"<: 

D6 vs M6 67 * 
M12 vs M6 52 >t-

nt:; Q. n1::> VR M6 & H12 59.5 '~ 
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