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still hatched later as determined by direct examination of

clutches. 1st instar numbers began to decline ten to twelve

days after onset of egg hatch (Fig. 1). This was probably

due to moulting, since 1st instars took 7–11 days to

develop (Table 5). Thus, the time when females deserted

their clutches (7–11 days after onset of egg hatch) coin-

cided with the maximum number of 1st instars present

(9–10) and with the moult of 1st instars that had hatched

first (7–11).

In all species, maternal care was restricted to egg-

guarding. In no species were females found to stay with,

to defend or to interact with nymphs (or predators).

Rarely was a female found off its hatched clutch while

still on the same twig with its nymphs. In these rare

instances, the female flew or walked off when lightly

touched with a pen.

Aggregating behaviour

Nymphs of all egg-guarding species lived in aggrega-

tions, whereas Ebhul ?varium Walker was the only non-

guarding species to live gregariously as nymphs (Table

2). Gregariousness in these species was common to all

nymphal stages and to most teneral adults, but was never

found in mature adults. Altough more than one mature

adult on one twig was found regularly in Dingkana

Goding sp. 1 (males and non-guarding females on aerial

roots of the undetermined host plant), these “groups”

were not regarded as aggregations, because adults varied

greatly in individual distances from each other (but were

at least their body width or length apart). “Groups” of

egg-guarding mature females of Hypsaucheniini-species

were only occasionally seen (up to 14 of a given species

in a row,  4 mm apart) and, therefore, were not regarded

as generally aggregating.

Because aggregating may help nymphs to attract mutu-

alistic ant partners, we investigated ant presence in two

selected aggregating species (Table 3). Ants were present

for 24h in two (of 4) nymphal C. ?horrifica- and in 17 (of

21) H. ?horizontalis-aggregations. In one C. ?horrifica-

and in 3 H. ?horizontalis-aggregations ants were also pre-

sent during the 24h period, but during daytime a different

species was present than at night (C. ?horrifica: day:

Camponotus Mayr CB-3, night: Camponotus-CB-1; H.

?horizontalis: Camponotus-CB-3/Camponotus-CB-1 and

Polyrhachis Swainson & Schuchardt CB-3/Techno-

myrmex Mayr CB-2, respectively). For a given aggrega-

tion, this diurnal replacement pattern was stable for at

least 5 consecutive days. Among the ants engaging in

diurnal replacement, only Camponotus-CB-1 tended other

aggregations for 24 hrs. There was just one aggregation

32

Camponotus

Mayr CB-1, 2,

and 3

Plagiolepis Mayr

CB-1

Technomyrmex

Mayr CB-2

Polyrhachis

Swainson &

Schuchardt CB-3

Camponotus

Mayr CB-1,

and 3

Crematogaster

Lund CB-6

Oecophylla

smaragdina

Fabricius

Dolichoderus

Lund CB-2,

and 3

Ant morpho-

species

28–27 (sic), 1011–18, 7

*(Med = 9,

N = 3)

4–19, 3Egg develop-

ment [days]

(Min.–Max.,

N)

Hybandoides

?horizontalis

Centrochares

?horrifica

Ebhul near

notatum sp. 2

TABLE 3. Egg development of three Centrotinae treehoppers

and the number of ant morphospecies tending their nymphal

aggregations (field observations on Piper aduncum L., Piper-

aceae, at Ulu Gombak, see Table 1; P. aduncum is a South

American species introduced to Malaysia, see Carrick, 1968).

Egg development times are approximations (see Methods); the

estimate from a laboratory culture of Centrochares ?horrifica

(*) is based on daily controls (reared on P. aduncum at 28° C).

644N (cohorts)

13–1513–1743–47Maximum

4–61–531–35Minimum

9–107–1135.5–39.5Median (days)

Days to

1st instar

 Max

Egg-guarding

(since

hatching)

Egg-guarding

(since oviposi-

tion)

TABLE 4. Egg-guarding (days) and egg hatching in Pyrgonota

?bulbosa (field observations on Tristaniopsis clementis (Merr.)

Wilson & Waterhouse, Myrtaceae, at Kinabalu Headquarters,

see Table 1). Note that egg-guarding since onset of egg hatch

and time from onset of egg hatch to maximum number of 1st

instar nymphs counted per cohort (Days to 1st instar Max)

lasted a similar number of days. Values are given as intervals to

account for measurement errors (see Methods).

Fig. 1. Hatching of 1st instar nymphs of Pyrgonota ?bulbosa

estimated from 6 cohorts (field observations as in Table 4).

Days were standardized among cohorts by defining the day of

egg hatch (= first sighting of 1st instar nymphs in a cohort) as

day 1 for every cohort (intervals account for measurement

error, see Methods). The dependent variable is the median of 1st

instar numbers derived from counting them on the same day in

all the six cohorts. To simplify comparisons among cohorts, 1st

instar numbers on a given day in one cohort are expressed as

percentage of the maximum number of nymphs that was ever

counted in that cohort on a single day (maximum numbers

were N = 36, 68, 51, 57, 54, 80 nymphs per cohort, respec-

tively).
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