
in New Zealand than in Australia. There a re  two related families 
in which there seems to be some close between the 
faunas on either side of the Tasman Sea, namely the Elipsocidae 
and Philotarsidae. Of all the genera in these two families Zealand- 
O ~ S O C U S  seems to have a combination of characters from which, by 
modification, we can obtain the rest of the Philotarsidae on the one 
hand and Elipsocidae on the other. For  example, by introducing 
such features  as  brachyptery and other neotenic characters the 
strictly New Zealand, Campbell Island and Macquarie Island Aus- 
tropsocus can be arrived at .  Amongst the Elipsocidae we have a 
small complex of genera closely related to  each other also forming 
a close-knit group of genera of southern origin. The Sphaeropso- 
cidae of Australia and South America have not  yet been found in 
New Zealand. 

I t  is unfortunate that  the psocid faunas of areas to  the North 
of New Zealand a re  so poorly known. There is not a single species 
recorded, fo r  instance, f rom New Caledonia. 

Summarising then, i t  can be said tha t  the psocopteran faunas 
on either side of the Tasnian are  not particularly closely related as  
wholes and certainly a re  not both simply derived from one source or 
one ancestral fauna. Only few groups, fo r  example the Philotarsids 
and Elipsocids, are  closely related and have something in common 
on either side of the Tasman. 
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THE NYMPHAL A N D  IMAGINAL STAGES OF THE 
BISEXUAL STICK INSECT CLITARCHUS HOOKER1 

(PHASMIDAE : PHASMINAE) 
I. A. N. STRINGER, 

Zoology Department, University of Auckland. 

The following observations were made on the instars of Clit- 
archus hookeri (White) (Phasmidae, Phasminae) while rearing a 
small number of both sexes fo r  dissection purposes. 



No descriptions of the instars of C. hookeri have been found 
and only Salmon (1955) implied that  there a re  four  moults. During 
the present study seven inctars (i.e. six moults) were observed in 
both sexes. Twenty newly hatched insects were reared but  a s  only 
two adults emerged morphological characters were studied. The 
classification followed is that  of Giinther (1953). 

METHODS 
Adults stick insects were collected from manuka scrub a t  Beth- 

ells Beach, Auckland, and kept in a large cage supplied with fresh 
manuka every two or three days. Most of the nymphs were reared 
from eggs and kept on small potted nianuka in a glasshouse. Two 
nymphs of each sex were collected when half grown from Bethells 
Beach and also were observed. 

Eggs were collected from the floor of the adults' cage and kept 
a t  rooni temperature on a grooved plastic foam t ray  enclosed within 
a clear plastic box. Water  on the floor of the plastic box main- 
tained a high humidity, and mould was controlled, when i t  occurred, 
by spraying with a 1 % solution of nipagin-M-sodium. 

A separate bush was used for  each instar, nymphs of the same 
instar being kept together on the sanie bush. Each time an insect 
moulted i t  was transferred t c ~  the appropriate bush. The bushes 
with adults and last nymphal stages were enclosed within cages as  
they had a tendency to migrate. First and second instars required 
water which was supplied every morning as  fine droplets sprayed 
onto the bushes. 

The stick insects usually ate  their exuviae (except a t  the first 
moult) and therefore the totai body length was measured every one 
or two days so that  changes could be noted and parts of exuviae 
could be found to confirni ecdysis (always small parts, such a s  legs, 
were not ea ten) .  Individual insects older than first instar could be 
identified by physical characters such as  missing legs, colour and /or  
arrangements of spines, and their progress followed. 

Care had to be exercised in handling the nymphs during mea- 
surement or they would regurgitate fluid or lose a leg. The insects 
were sandwiched between two clear disposable plastic petri  dishes 
and their lengths measured with graph paper placed underneath. The 
upper petri dish stood on small rounded knobs which protected the 
smaller nymphs and i t  fitted into the lower petri dish so that  parallex 
errors were reduced. 

The insects were observed during the winter of 1968 with the 
tenipelature inside the therniostatically heated glasshouse a t  70°? 
10°F.  Measurements were discontinued in October due to  the obvi- 
ously abnormal condition of the remaining insects; they became thin 
overnight, fluid dried around their anal apertures and n~outhparts ,  
and they usually died within two days. However. one male and two 
females successfully reached imagines. 



All drawings were taken from recently killed insects with the 
aid of a squared graticule in a binocular microscope. 

RESULTS 

Both sexes of C. hookeri were observed to undergo six n~oults ,  
there being six nymphal instars and the imaginal stage. 

The observed differences between the stages a re  summarised 
a t  the end of this section in the form of a key. Useful characters 
included the number of antennal annuli, the female external geni- 
talia and to a lesser extent the male genitalia, and (for  first and 
second instars) the total body length and degree of fusion of the 
first abdominal segment with the metathorax. 

1. The instars can be recognised by the number of annuli in 
the antennal flagellum although this is of limited accuracy since 
parts of i t  a re  often lost a t  e c d y ~ i s  (as  a re  occasionally the legs) and 
this accounts f o r  specimens collected in the field sometimes having 
unequal antennae. 

The antenna of the newly hatched insect has a flagellum with 
seven annuli, a scape, and a pedicel. The annuli divide during 
growth except fo r  the distal member and the scape and pedicel. At  
the first moult the meriston (Henson, 1947) or proximal annulus 
becomes internally divided into three and each of the second to 
sixth annuli internally divided into two. Towards the end of the 
second instar two additional divisions occur within the meriston 
and a t  the second ecdysis all these become full annuli so tha t  there 
a re  now sixteen. The ninth, eleventh, thirteenth and fifteenth 
annuli a re  slightly larger and darker than the annuli immediately 
preceding them, and these annuli can often still be recognised in 
the fifth and sixth instars. At  subsequent inoults additional annuli 
are  proliferated only a t  the meriston; two additional annuli appear 
a t  both the third and fourth moults, and one or two a t  the fifth and 
sixth moults. Jus t  before each ecdysis internal divisions become 
apparent in the meriston where the new annuli will form. Thus 
there a re  distinct differences in the number of annuli in all but  the 
last. nymph and adult. 

The antennae form the best guide to the different male stages 
since the male genitalia do not change much during the ecdyses. 
However, the female instars a r e  best characterised by their geni- 
talia. 

2. The adult male genitalia (fig. 1A) a r e  close to the typical 
Phasmid structure described by Snodgrass (1937). They comprise 
a genital bulge formed by the eighth and ninth sterna together with 
toothed claspers which curve around behind the cerci f rom the 
posterior ventral edge of the tenth tergum. The ninth sternum is 
divided by a flexible joint into a n  anterior sternite and a posterior 
hypandrium. The hypandrium forms a cover fo r  the withdrawn 



s t .  

v l 

v l 

v l 

FIGURE 1 
TERMINAL ABDOMINAL SEGMENTS OF ADULT C. hookeri 

A. Male, lateral aspect. 
B. Female, ventral aspect. 
C. Female, ventral aspect; operculunl removed. 
D. Female, lateral aspect; operculum removed. 

c, cerci; el, claspers; d vl, dorsal valvulae; g, genital opening; hyp, 
hypandrium; i vl, inner valvulae; op, operculum; st, sternum; t, 
tergum; v vl, ventral valvulae. 



phallus (bearing the genital aperture) which is protruded from be- 
neath the posterior lip when the hypandrium is raised. The ninth 
tergum is elongated beyond the genital bulge (with a pleural area 
ventrally) while there is a distinct tenth sternum but  no subanal 
vomer. 

The adult female genitalia a re  typically orthopteran (Snodgrass, 
1933).  The eighth sternum forms a large operculum (subgenital 
plate) which covers the genitalia and most of the tenth sturnum 
(fig. 1B) .  The reduced ovipositor consists of a pair of ventral 
valvulae arising from the eighth segment behind the base of the 
operculum and paired dorsal and inner valvulae arising from the 
ninth sternum (fig. 1 C  and D) .  The ventral and inner valvulae a re  
both soft and flexible and together enclose a n  egg chamber. The 
genital aperture lies ventrally between two membranous genital 
lobes a t  the base of the operculum and is separated from the ventral 
valvulae by the opening to the bursa copulatrix. 

First instar male and female nymphs can readily be distin- 
guished; the male has a slight mounding of the ninth sternum which 
terminates in a fold towards the posterior of that  segment (fig. 2A, 
A ' ) ,  while the female has a distinct transverse fold in the  middle of 
the eighth sternum and paired tubercles a t  the posterior of sterna 
eight and nine which a re  often pigmented red (fig. 3A, A').  

In  the male the changes in the genitalia a re  slight (fig. 2 ) ,  
although the degree of development of the claspers, relative length 
of the eighth, ninth and ten tergites, position of the genital bulge 
with respect to the eighth and ninth tergites, and subdivision of the 
ninth sternum a r e  of some value in dis t ingui~hing the instars. 

In  the fema!e the main criteria fo r  distinguishing the instars 
are  the length of the operculum relative to  the eighth, ninth and 
tenth tergites together with the degree of development of the  
ovipositer (fig. 3 ) .  

3. Total body length was useful in distinguishing first and 
second instars. First instars grow in length from approximately 
1.1 cm to 1.6 cm, while the lengths of older instars remain relatively 
constant. There is a distinct increase in length a t  each ecdysis, the 
change a t  the first moult being relatively quite large (from ca. 1.6 
cm to ca. 1.9 cm) and characteristic. A similar gap (max. 1.65 
cm to min. 1.8 cm) was also found in the field. The body lengths 
of other instars overlapped so that  body length would not be a good 
criterion for  distinguishing these stages. 

Other changes noted were as  follows: Many insects did not 
develop notal tuberc!es, bu t  in those tha t  did, these appeared a t  any 
moult a f te r  the third. There were no leg spines on first instars, and 
only disto-lateral femoral projections on second instars. Other 
spines appeared a t  subsequent ecdyses in variable numbers. In  first 
instar nympths the first abdominal ~ e g n i e n t  was distinct f rom the 
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FIGURE 2 

F ' 
TERMINAL ABDOMINAL SEGMENTS O F  IMMATURE 

MALE C. hookeri 
A. 1st  Instar. D. 4th instar. 
B. 2nd instar. E. 5th instar. 
C. 3rd instar. F. 6th instar. 

A', It', F', lateral aspects of corresponding instars. 
Scale 1 mm. 



FIGURE 3 
TERMINAL ABDOMINAL SEGMENTS O F  IMMATURE 

FEMALE C. hookeri 
A,A'. 1st  instar, ventral and lateral respectively. 
B. 2nd instar. E. 5th instar. 
C. 3rd Instar. F. 6th instar. 
D. 4th instar. 

E', F', Operculum removed from corresponding instars. 
Scale 1 mm. 



metathoracic notum and the junction was only partly obliterated in 
second instars. In  all later instars the metathoracic and first 
abdominal terga were fused and the position of the junction was 
marked only by slight indentations on either side of the tergum. 
First instar nymphs always hatched green, and colour change 
occured a t  any  time from the end of the first stadium to the fifth 
stadium, and took a period of one or two stadia to  complete. The 
body and prothoracic legs turned brown first followed by the meso- 
and metathoracic legs. The bright red colouration of the adult 
female stick insects on the proximal region under the antennae and 
on the ventro-basal portions of the femora first became noticeable 
during the fifth instar and prominent in the sixth instar and adult. 

KEY TO THE INSTARS O F  C. hookeri. 

1-(a) First abdominal tergum distinct . . . . .  2 
(b) Firs t  abdominal tergum completely fused with 

. . . . . . . . . . .  metathorax 3 

2-(a) Body less 1.7 cm long. Seven annuli in flagellum. 
First abdominal and metathoracic tergum dis- 
tinct. First abdominal tergum a s  long as  second 
tergum. No spines on legs. 

FEMALE. Operculum a small median fold on seg- 
ment 8. Small pair of posterior tubercles each 
on segments 8 and 9 . 1st  Instar 

(b )  Body greater than 1.8 cm long. Seven annuli in 
flagellum; all but distal one with internal divi- 
sions. Junction of metathoracic notum and first 
abdominal tergum incomplete; la t ter  2/3rds 
length of 2nd abdominal tergum. Disto-lateral 
femoral projections present. 
FEMALE. Operculunl a small lip reaching groove 
between ventral valvulae. Dorsal and inner val- 
vulae as  separate but slight tubercles . . 2nd Instar 

3-(a) 16 annuli in flagellum. 
FEMALE. Operculum covers base of ventral val- 
vulae. Dorsal and inner valvulae distinct flaps. 

3rd Instar . . . . . . . . . . . .  
(b )  18 annuli in flagellum. 

FEMALE. Operculum completely covers ventral 
valvulae and reaches base of dorsal and inner 
valvulae . . . . . . . . .  4th Instar 

(c)  20 annuli in flagellum. 
FEMALE. Operculunl covers internal valvulae, 
dorsal valvulae project only slightly around edge. 
Red coloration appearing . 5th Instar 



(d)  21  or  22 annuli in flagellum. 
FEMALE. Operculum covers valvulae. Red 
prominent. 
MALE. No teeth on claspers, which a re  prom- 
inent bulges a t  posterior edge of 10th tergum. 

. . . . . . . . . . .  6th Instar 

( e )  22  to  24 annuli in flagellum. 
FEMALE. Operculum reaches almost to tip of 
abdomen; V shaped in cross section. Abdomen 
thicker than thorax when gravid. 
MALE. Claspers toothed. Abdonien always as  
thick as  thorax . . . . . . . . .  Adult 

DISCUSSION 

The observed number of seven stadia in C. hookeri cannot be 
taken as  representative of the population because of the small num- 
ber of later instars studied. This number, however, is probable 
because the total body length of the reared adults fell within the 
range observed a t  Bethells Beach (Stringer, 1968) and Phasmids 
reared by other workers do not show variations in the number of 
moults. However, the first three instars (from 1 0  observations 
each) and the fourth instar (from 8 observations) a re  certain. Sixth 
female nymphal instars can be recognised in the field bu t  as  there 
is no sharp distinction between fifth and sixth instar nymphs, the 
possibility exists that  there may only be five nymphal instars. There 
may be only five male nymphal moults a t  Bethells Beach as  the 
male instars also cannot be distinguished clearly. Thus, i t  can only 
be said with certainty that  there is a minimuni of six and a maxi- 
mum of seven stadia in each sex. 

I n  the female the progressive development of the  genitalia 
forms the easiest method of identifying the instars and this has 
been used by workers on other stick insects, fo r  example Savage 
(1957) fo r  Carausius morosus, Hadlington and Hoschke (1959) fo r  
Ctenomorphodes tessulata, and Gangrade (1963) f o r  Necroscia 
sparaxes. I t  is interesting to  note that  in the Phyllidae the sexes 
a re  hard to  distinguish in  the  first instar,  and sexual differentiation 
is delayed; f o r  example Necroscia sparaxes (Korinninae) can be 
sexed only a f te r  the  first nioult (Gangrade, 1963), while in Timema 
californica (Timeminae) Gustafson (1966) notes "As the genitalia 
a re  not fully developed until the final moult, to determine the sex 
of the immature instar is difficult or impossible". In the Phasminae 
the opercululn shows as  a small transverse structure a s  f o r  ex- 
ample in Carausius morosus (Lonchodinae) (Savage, 1957) and 
Ctenomorphodes tessulata (Phasminae) (Hadlington and Hoschke, 
1959). In  these two species the development of the ovipositor is 
similar to that  in C. hookeri. 



In the male, the best character f o r  identifying the instars was 
found to be the number of annuli in the antennae although this was 
not always reliable since the antennae often broke during ecdysis. 
Hadlington and Hoschke (1959) also found the annuli to  be of use 
in determining the male nymphal stages of Ctenomorphodes tessu- 
lata although they had the added character of wing bud develop- 
ment. 

I t  was found that  most of the antenna1 growth occurred in C. 
hookeri a t  the meriston but the second to sixth annuli of the first 
instar divided during the first and second moults. In most insects 
the meriston is where the annuli proliferate (Imms, 1940) bu t  in 
Ctenomorphodes tessulata there is a doubling of the annuli a t  the 
third moult which suggests division of more than the meriston 
(Hadlington and Hoschke, 1959). Ling Roth (1916) found that  all 
the annuli of Carausius morosus divided, while reference to the in- 
crease in the antennae of other Phasmids during growth a r e  limited 
to their lengths, possibly because the annuli may be internally 
divided and hard to count. Imnis (1940) and Uvarov (1966) also 
note division of the proximal annuli in Orthoptera. 

The habit of stick insects eating their exuviae is well known, 
both in New Zealand forms (Yates 1950, Salmon 1955) and others 
(e.g. Talbot 3 920, Gangrade 1963, Key 1957) and may have con- 
tributed to the confusion in the number of moults recorded (three 
to  seven) in Carausius morosus by various authors (Savage, 1957). 
This may also explain the implied observation of Salmon (1955) 
tha t  there a re  five instars in C. hookeri. 
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AN AGAR-GEL IMMUNODIFFUSION METHOD FOR 
BLOOD MEAL IDENTIFICATION IN AEDES 
(FINLAYA) NOTOSCRIPTUS SKUSE (DIPTERA : 

CULICIDAE) 
MARION A. FOOT (NEE HILL) ,  

Plant Diseases Division, D.S.I.R., Auckland. 

Blood meal identification by precipitin tests is a well established 
procedure in ecological studies of blood-sucking arthropods (Weitz, 
1960; Davies, Downe, Weitz and Williams, 1962).  The present 
work describes a n  agar-gel inlmunodiffusion method used in deter- 
mining blood meals of the mosquito Aedes ( F i n l a ~ a )  notoscriptus 
Skuse. 

METHODS 

Preparation of the Antisera: Antisera f o r  likely hosts of A. 
notoscriptus, including man, cow, sheep, cat, dog, opossum and 
chicken*, were produced in mice, each mouse receiving three in- 
jections of serunl (see Table 1 ) .  Seven days af ter  the third injec- 
tion the mice were anaesthatised and bled through the jugular vein. 
The resultant antisera were then separated out. Antimouse serum, 
kindly supplied by Mr. Marbrook of Auckland University, had been 
prepared in a similar manner in rabbits. 

*Chicken serum was selected to  represent birds because of its avail- 
ability and its non-specificity with blood from most other bird 
species. 


