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universities within the context of tertiary 
education in South Airica. h would be 
impossible, and even inappropriate, to 
address in this article all the wider issues 
and questions which the brochure has 
raised. It would, however, be remiss not 
to highlight two of the main ones, nantely 
the wide polarity in research funds 
received by specific universities (Fig. 2), 
and the fact that almost half of the teach-
ing staff arc unrated by FRD, the main 
provider of funds (Fig. I). These statis-
tics in themselves indicate that in the 
case of botany, the majority of universi-
ties (and individuals) are experiencing 
difficulty in fulfilling one of their main 

societal roles, namely striving to be 
leaders in basic research. Bearing in mind 
the opinion of the CUP that 'teaching and 
research are inseparable and syrnbiot-
ically bound to each other and that teach-
ing can only he effective if it is supported 
by thorough scientific research',1 such a 
situation is indeed one for concern. 

Although the data are only for botany 
in 1990, the FRD brochure raises the 
issue that this might be the tip of an 
iceberg and that a similar situation could 
exist in many of the other strategic disci-
plines. Quite clearly, this concern can 
only be substantiated through a more 

Diuresis in the desert? Unexpected excretory 
physiology of a Namib Desert beetle 
S.W. Nicolson 

Physiological ecologists currently con-
tend that desert animals are not unique.1- 3 

Desert reptiles, for example, can be 
viewed as not uniquely adapted to their 
harsh environment, but pre-adapted, 
employing the characteristics useful for 
terrestrial living which are possessed by 
all rcptilcs.4 The same can be said of the 
other group of ectotherms so successful 
in deserts, the arthropods.5 Here, I wish 
to consider the uniqueness of desert 
arthropods, using research on the excre-
tory physiology of Narnib Desert beetles. 

Insect excretory physiology involves a 
secretion-reabsorption systcm.6 Malpigh-
ian tubules secrete varying volumes of a 
fluid isosmotic to the haemolymph 
(blood), but containing relatively more 
potassium ions (or in some cases sodium 
ions). This fluid is discharged into the 
hindgut, where solutes and/or water are 
reabsorbed according to the circum-
stances of the insect. Both secretion and 
reabsorption are under the control of 
peptide hormones:7·8 it is this control 
which determines the final volume and 
composition of the fluid excreted. 

Insect diuretic hormones 
The diuretic factors accelerating fluid 

secretion by Malpighian tubules originate 
in the nervous system. The distribution of 
diuretic activity within the nervous sys-
tem varies between species, but common-
ly the corpora cardiaca (analogous to the 
vertebrate pituitary gland) are storage and 
release sites for diuretic factors, synthe-
sized in the neurosecretory cells of the 
brain.7·8 All insects investigated possess 
at least one diuretic factor (in comparison 
with vertebrate systems, their status as 
hormones is generally unproven). In con-
trast, an antidiuretic factor acting on 

Malpighian tubules has so far been 
demonstrated only in the house cricket 
Acheta.8 Insect diuretic factors increase 
tubular secretion rates dramatically 
(I 0- 1 000 times) in insects taking inter-
mittent, large blood meals, but have a 
modest stimulatory effect (2-4 times) on 
the tubules of insects that feed contin-
uously.6 

Major advances are currently being 
made in isolating and characterizing 
insect diuretic factors. The complete 
sequences for diuretic peptides of Locus-
la, Manduca and Aclll!la have been 
published recently,9- 12 an impressive 
achievement considering the tedious bio" 
assays required, and the minute amounts 
of material present in individual insectsP 

A 'diuretic hormone' in a desert beetle 
Water relations of the Narnib tene-

brionid beetles have been reviewed 
recently: 14 almost all of the research has 
been on a few species of the most con-
spicuous genus, Onymacris. Onymacris 
species exhibit low rates of evaporative 
water loss relative to other insects15 and 
are efficient osmoregulators16·17 during' 
times of water scarcity and after the 
opportunistic drinking of fog water (Fig. 
I). Tenebrionid beetles possess a rectal 

\ 

Fig. 1. Onymacris unguicular;, '" 
fog-basking position (from a p!>" '<>-
graph by M.K. Scely). 

extensive investigation than the one 
which was undertaken. 
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van Staden, University of Natal, who was the 
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the information; and to all heads of depart-
men! and individuals who participated in the 
survey. 
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complex, in which the terminal portions 
of the Malpighian tubules form a sheath 
around the rectum and generate excep-
tionally high osmotic pressures for living 
tissue (9 Osmol in Onymacris18 ), causing 
water to be withdrawn from the rectal 
contents. The rectal complex allows the 
production of extremely dry excreta and, 
in larvae only, the absorption of water 
from unsaturated air. 

In view of the characteristics of water 
handling in Onymacris so consistent with 
desert adaptations, it was a surprise to 
find that the Malpighian tubules of 
Onymacris plana, which normally secrete 
about 3 nl of fluid per minute in vitro, 
were stimulated 20-25 times by a diuret-
ic factor in the corpora cardiaca, occa-
sionally exceeding secretion rates of 100 
nl min-1 • 19 Such stimulation is reminis-
cent of the tubules of blood-sucking 
insects, in which the high rates are 
associated with secretion of a sodium-
rich fluid. Onymacris tubules, however, 
achieve these high rates of secretion 
while producing the potassium-rich fluid 
which is characteristic of the tubules of 
insects other than blood-suckers.6 

Electrical responses of tubules 
Because of their potassium-rich secre-

tion and dramatic response to stimula-
tion, and because they are unusually 
large, the Malpighian tubules of Onymac-
ris have proved useful for studying the 
electrical events associated with fluid 
secretion and its control. Stimulation of 
secretion by extracts of the corpora 
cardiaca is accompanied by pronounced 
electrical responses in the tubule cells, 
which have been investigated in both 
unperfused and perfused tubules of 0 . 
plana.w.zt In vitro microperfusion of tub-
ule segments, widely used for mamma-
lian and amphibian renal tubules, has 
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been applied to only one other insect, the 
mosquito Aedes aegypti?2 

The high p'otassium permeability of the 
basal membrane in dnrnacris Malpig-< 
hian tubules has been explored further in 
a patch clan1p study.23 The physiological 
relevance of the study is that potassium 
ions might diffuse rapidly through chan-
nels in the basal membrane to reach the 
potassium pumps located on the apical 
membrane.6 As a comment on uniqueness 
in physiology, I should point out that the 
existence of the potassium pump, thought 
to be unique to insect epithelia, is now in 
doubt. :lA 

Does Onymacrisreally possess a 
diuretic hormone? 

An insect diuretic hormone could be 
defined as one which increases fluid 
secretion by the Malpighian tubules, or 
one which increases fluid loss by the 
whole insect.8 This distinction is espec-
ially important for Onymacris, in which 
maximum rates of fluid secretion (suffi-
cient to dehydrate the insect in a few 
hours) can be induced in isolated tubules 
by as Iiule as one pair of corpora cardi-
aca homogenized in 1 ml of Ringer solu-
tion.19 Biogenic amines released by 
homogenization of the corpora cardiaca 
are not responsible.21 Diuretic activity 
occurs throughout the nervous system, 
but depolarization with high potassium 
concentrations releases it only from the 
natural release site, the corpora 
cardiaca. 19 

Even when beetles have replenished 
their body water after a period of dehy-
dration, diuretic acuvlly cannot be 
detected in their haemolymph; 19·21 

indeed, haemolymph partly inactivates 
diuretic acliv1ty in corpora cardiaca 
extracts.19 A classic endocrinological 
experiment is to inject a putative active 
agent: 0 . rugatipennis injected with cor-
pora cardiaca homogenates or methanolic 
extracts showed no diuresis.21 Amaranth 
dye included with these injections was 
transferred mostly anteriorly to the 
midgut lumen, rather than posteriorly to 
the hindgut. It seems likely, therefore, 
that when fluid is secreted rapidly by the 
Malpighian tubules, it is recycled via the 

haemolymph 

midgut and returned to the haemolymph 
(Fig. 2). 

Is Onymacrisspeclal? 
It is fortunate for Onymacris, a desert 

beetle, that fast fluid secretion by its 
Malpighian tubules does not result in 
diuresis. Perhaps its 'diuretic hormone' 
should rather be called a clearance 
hormone, because it could lead to rapid 
clearance of accumulated waste products 
from the haemolymph without wasting 
water. Such filtration of the haemolymph 
might be useful when fog moisture 
becomes available to a Namib beetle after 
a long period without free water. 

Hormonal stimulation of the Malpigh-
ian tubules is evident in another Namib 
tenebrionid, Physadesmia g/obosa, and in 
larval and adult mealworms (Tenebrio 
nw/itor).21·26 Mealworn1s live in the arid 
environment of stored grain products, 
and are in no more need of diuresis than 
Onymacris. Larvae of both Tenebrio and 
Onymacris maintain their water reserves 
by absorption of water via the rectal 
complex and do not normally drink. The 
accumulation of Malpighian tubule fluid 
in the midgut may be advantageous in 
providing a more fluid medium for diges-
tion and absorption, given their diet of 
dry grain products or desert detritus. 

The recycling of Malpighian tubule 
fluid is not unique to Onymacris. For the 
three insect species (Locus/a, Manduca 
and Acheta) for which the 'diuretic' 
hormones have recently been seyuenced, 
the term clearance hormone might be 
more appropriate: there is evidence that 
fluid is recycled via the midgut in 
locusts,27 and the rectum in Acheta8 and 
larval Manduca. 28 Such recycling may be 
common to all insects except those which 
must void a large quantity of fluid in a 
short time. Even some insects which 
exhibit a true diuresis reabsorb a signifi-
cant proportion of the initial tubule 

Onymacris is an extreme example of 
the secretion-reabsorption excretory sys-
tem of insects in that the secretion is fast 
and the recycling is complete. Though its 
altributes make it a good subject for 
studying the basic physiological process-

Malpighian 

. 11'"""'' 
midgut 4 I I> d1 ry 

aecea 

'\ \l \l \l hind gut 

Fig. 2 . . Diagram of the excrelory system of Onymacris. During fast fluid secretion by 
the Malpighian tubules (only one is shown), most of the tubule fluid passes antcriorly 
into the midgut so that valuable water can be returned to the haemolymph. 

es, this desert insect is clearly not unique. 
Fast fluid secretion accompanied by 
complete reabsorption may be related to 
the dependence of Onymacris on occa-
sional rapid drinking of fog water in the 
Namib. Its subelytral cavity allows for 
expansion of the abdomen during drink-
ing,l0 and, after hormonally controlled 
filtration of the haemolymph, the water is 
returned to the haemolymph for stor-
age.17 The excretory system of Onymac-
ris resembles the mammalian kidney, in 
which filtration is fast but most of the 
fluid is recycled. 

Implications for insect control 
Chemical insecticides have long been 

known to cause diuresis in Rhodnius?1 

which offers the opportunity for the 
design of new insecticides, possibly 
involving insect hormones. A recent 
example is the insertion of a synthetic 
gene for Manduca se.xta diuretic horn10ne 
into a baculovirus; the genetically engin-
eered virus, however, killed infected 
caterpillars only about 20% faster than 
the original virus.32 A possible reason for 
the marginal value of this manipulation is 
that any increase in fluid secretion would 
be diminished by increased cycling 
through the hindgut of the caterpillars.28 

If insect diuretic hormones arc to be used 
as designer insecticides, they may be 
suitable only for species exhibiting a real 
diuresis. 

I am grateful to Dr M.K. Secly of !he 
Desert Ecological Research Unit of Namibia 
for her generosity in supplying beetles over 
!he years, Dr G.N. Louw and Professors D. 
Mitchell and G. Giide for commenting on 
dr.tfts of lhe manuscript. and lo !he FRD and 
University of Cape Town for financial assis-
tance. 
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An automatic telescope for Sutherland 
David Kilkenny 

An automatic photoelectric telescope 
(APT) for the Sutherland site of the 
South African Astronomical Observatory 
(SAAO) is currently under joint construc-
tion by the SAAO and the universities of 
Cape Town (UCT) and South Africa 
(UNISA). When completed, the telescope 
will carry out fully automatic photoelec-
tric measurement of the brightnesses and 
colours of stars and will be used mainly 
for !he detailed observation of variable 
stars. 

The telescope. based on the Auto-
scope1 design, is being built under 
licence at the SAAO; almost all Ihe auxil-
iary instrurncnlation and software will be 
of SAAO/UCT/UNISA origin. The Auto-
scope design was chosen because several 
of Ihese telescopes have been built, Jested 
and are now operational, for example at 
Fairbom Obser-Vatory in Arizona. Figure 
1 illustrates the main feature of the 
telescope. A Dali-Kirk.ham-type opiical 
system, with a concave ellipsoidal prim-
ary and a convex spherical secondary 
mirror, is being figured by the Optical 
Engineering Programme of the CSIR 's 
Production Technology Division. The 
primary mirror is of particular interest; 
the blank was produced by the Hextek 
Corporaiion of Tucson, USA, using the 
gas-fusion process. In this technique, Iwo 
llai glass plates, separated by shorl glass 

cylinders, are heated to approximately 
I 000°C. Holes in the rear plate allow 
the cylinders to be pressurized so that 
they expand to meet, fusing to each other 
and to the front and rear plates. The 
result is a blank which is as rigid as a 
solid piece of glass under gravitational 
loading but substantially lighter, a great 
advantage in reducing the inertia of the 
telescope. Hextek can also 'slump' the 
blank to almost any desired curvature and 
in the case of the (>.75-m-diameter blank 
supplied for the Sutherland APT (illus-
trated in Fig. 2), this was done to give the 
requested / -ratio of f/2.5, simplifying the 
inilial grinding of the mirror surface. 
When completed, the primary mirror will 
be the largest fine-optical component to 
have been figured in South Africa. The 
overall primary and secondary mirror 
system will operate atf/7. 

The photometer planned for the APT 
will have a commercial charge-coupled 
device (CCD)2 thermoelectrically cooled 
to about -40°C, for Iarget identification 
and fine guiding of the Ielescope where 
necessary. The CCD is a 578 X 386 EEV 
chip used in frame-transfer mode. Sever-
al such units have been built at the 
SAAO, based on a design3 of the Ruther-
ford Appleton Laboratory and the Royal 
Greenwich Observatory in Britain. The 
CCD units will also be used for acquisi-
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lion/guiding on the other SAAO Suther-
land telescopes, as well as for controlling 
visual and near infrared 'science-quality' 
CCD units. 

The photometer itself is of fairly con-
ventional design with the usual aperture 
wheel (for the isolation of individual 
targets) and optical filter wheel units. A 
GaAs photomultiplier will be used for 
observation of pass-bands in the region 
- 300-900 run. Photoelectric photo-
meters currently in use at the SAAO have 
computer (PC) control of the filter 
wheels so that a preprogrammed se-
quence of measurements with different 
pass-bands can be efficiently made on a 
star. The APT will require extra control 
for the aperture wheel and for all the 
tasks that an observer usually performs, 
such as setting the telescope, moving the 
dome, focusing the telescope, identifying 
the target star, checking data quality (for 
instance for cloud interference), and 
observing 'standard' stars for calibration 
purposes. A considerable amount of soft-
ware already exists (written mainly by 
Luis Balona of the SAAO and Angela 
Jones and Greg Cox of UCT) for photo-
meter control and data handling,4 pattern 
recognition for target acquisition,5 and 
prograrlune management - the selection 
of sequences of stars to be observed on a 
given night and the priorities for observa-
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