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near the t0§>0f an Zragrostis bushe Lowest temperatures were vecorded at
6.30 a.m., just before sunrise, when tha open send surface was 16°C,

Meximum beetle activiiy coccurred betwesen $.0 and 10.0 z.m., when the surface
temperature was 38°C in the sun and 37°C in the shade, There was very littls
activity even in the shade 2t 2.0 p.m. when tha sunlit surface was 66°C znd ths
shade surface 37°C., A second, lesser peak of activity cccurred at 6.0 p.m.
when the surface temperature im the sun was £3°C, and in the shade, 34°C. At

this time of the vear the records showsd a distinetly bimodal ectivity cyele,

When they were mot active, the beetles retired into Eragrostis bushes or into

the sand,

&t a similar habitat in the river bed in the winter month of July, bestle

activity (agzin On

with an activity peak at 3.0 p.m. At this time the ground sun temperature
varied from 41° to 46°C on differvent deys. Censuses of active beetles were
taken each houyr of the dav by walking a pre-determined path of 375 paces in &

>

minutes and counting the beetles seen. Activity commended at 2.0 a.m. (when 3
mean of 1 beetle per vound was ssen), vose rapldly to 18 beetles per round at
11.0 a.m,, and then more slowly to 26 beetles per round ai 3.0 p.m. There fol-

lowed a rapid dyxop to 3 beetles per round at 6.0 p.m. and none thereafter. Fox

both species the curxves were unimcdal,

Body tempevaturaes of some of these beetles was measuraed and will be considered

further below.

b) The plaims to the east of the Rulseb rivex

The only habitat studied here was that of the thysanuran insect Cienclepisma,

probably pauliani, This imsect lives in the crevisee of exfoliated granite



rocks and stones which occur on the desert surface, Measuvements of tempera-

tures and humidities were made above snd below the stones and im other relevant

places. Tha ingects were present below the stones from 8.0 z.m. to 9.0 p.m.,

after which they were very scarce, most of them having moved out, presumably to
¥

fead, uatil they reappesred under the stenes again the pexit morning. Tha

S

activity of Ctenoplepisma, unlike thar of Ouymacris zugatipennis, is mocturnal,

Highest and lowest tempervatures and humidities recorded weore as follows:

e

Temperaturs “C

Below granite stone &3 3.0 p.m, 24 6.0 a.m.
Surface of stone 58 3,0 pem, 22 6.0 a.m.
&ir above stone 38 2,0 p.m. i3 6.0 pom,

Relative humidity %

Loy, Zizme Time
Below granite stone 17 3.0 pom. 4% 6.0 a,m.
Air above stone 32 3.0 pom. 75 6.0 a.m.

A feature of some interest iz the faect that although the numidity was never
higher than 75% and usually much lower, this would be sufficient to permit the
insects to absorb water vapor and thuc to remain in water balance. (The

experimental evidence for this stetement will be referwved to below).

¢) In the sand dunes area ~ {aravan Dune

Sand dunes formed the third habitat in which the microclimste was laveastigated,

Hare temperatures and huomidities were recorded every hour for a complete 24 hour



cycle in the following places: on the dune lee side at -80, -40, -20, 0,
40.3, 43 cm., and on the dune slope at -40, -20, -10, €, 0.3, +1, 45 cm.
(ghe minug sign indicates dapth below the surface). Readings were slso taken

near the top of an Avistida clump,

Time  Femp °C R, H. % E Time  Temn.’C R, Ho %
Surface of dume slope 1.0 p.m. 57 10 E6.G a,m, 17,5 78
20 cm. below surface 18 p.a. 34 35 512 noon 31 3L

In each case the time chosen is that at which the highest or lowest temper-

atures and humidities occurzed. Only 2C cm. below the surface the temperature
varied some 3°C throughout the 24 hours (and was warmest some 10 houxs after the

warmest time at the surface). The humidity therve was zlso rathey constant, At

BT

]

greater depths temperatures and humidities showed even less daily flwetuation,
Mr. Erik Holm has information gbout the activities of various species at

these places, during both sumper and winter, TFor example, while the aghove reodings

P

were being taken, Onviracris laeviceps wes sctive at 7.0 znd 8.0 s.m. avd ggain

——

from 6.0 to 8.0 pum., while 0. plora was active from 9.0 to 12.0 noom and from
&,0 to 6.0 p.m., Doth were bDimedal in activity, but the wmodes were st different

tines,

2. WYater balance in certain beetles

Total water loss during ctarvation was weasured in dry alv at 27°C + 0.5°C, est

of these messursments were made in the ilsbovatory st Cspe Town. Fraliminary

measurements were also made 2t CGeobabeb,

o

and varizd between 25° and 30°C, In compa:

e . " o den
megdurensals gare meae




or three species o? Zrigonopug - pedinine temebrionid beetles from the wmore
mesiec environment éf Crahamstown in the Eastern Cape Province,

Beetles were welghed individually each day for five days. The results
show that in most species water was lost more rapidly at £irst than later
{an effect which is quite general in arthropods, although the explanation is not
certain) and secondly that if water loss is expressed as a percentage of origical
wet weight, there was a clear effect of size, in that smaller individuzls loast
a greater percentsge than layger ones did. This effect sppears to be absent in

the larger size classes of Onywacrls rugatipepnis and O, plana (which zre

1]

themselves the largast beetlss studied), but my results have not yet been analysed
to the extent that a fiwm stalement agbout this can be made,

The number of beetles use{ was at least 30 for each species, gnd the nean

losses were asz follows: {as percentages of originmal weighu)
Griglual Weight Rauge of Beerlgs Used (o)
Onymacrig plana Gt 0,6 « 1.2
Q. 1ggstiueﬁﬁ1; 7.3 0.3 ~ 0.7
Calosis amabilis 8.5 0.05 -~ 0,022
Geanclepisma pauliana 0.0 0,006 « 0,021
Onymacris laeviceps 10,6 G.3 ~ 0.6
Gyrosis moralesl 12.6 5.06 - 0,15
Lepidochors porti 4.0 0,12 - 0.22
Lenldochore argentogrisea  15.9 0,06 ~ 0,12




The above msy be compared with the logsses shown by more mesic beetles:

Origiral Weight

Species % Original ¥Wt. Lost Range of Beetles Used (g)
Trigonopus sp. near capicola 21.6 {10 only) 0.30 - 0.45
T. spinipes 13.6 {5 only) 0.31 - 0.35
T. sp. 25,7 (20 only) 0,10 - 0.18

All the mesic tenebrionids lost water more rapidly tham all but two sPécies
{both active by night) of the desert forms., Of the desert species, those
active by day lost less than those active by night, and the two largest species

lost less than auy of the others. Ctenolepisma, the thysanuran, seems to be

remarkebly well waterproofed, as indsed it needs to be to live where it does.

I made 2 few measurements ip an sttempt to determine the relative iImportance
of the general integument and the spiracles for water losg in 0. plana, When
the spiracles of these were kept open by about 20% 002 in dry ailr their weight
felli by 6.8% of original in 2 days, while s control group fell by 2.7%. The
Cozotzeated beetles were allowed to recover for ome day after which they again
lost only 1.3% of their weight in a day. ©. plana which had been killed by
exposure to chloroform lost 7.4% in two days. It is not clear, however, whether
the dead insects lost a lot of water because theilr spiracles were open, or for

some other reason,




Uptake of water vapor by Ctenolepisma

Porty Ctenolepisma were kept im dry ajr at 27°C until their weightﬁfell to
a mean of 79,37 of oxwiginal weight, Tén animals were then put in each of the
hunidities 40, 50, 60, and 80% for two days, after which their ﬁeights;were

as follows:

R, H, % ‘ % of Origi inal Welght
| 40 v 72.8

50 98.8

60 . 100.4

30 ' 106.3

Thoze that had been at 40% R, H. were held at 45% for a fnrther 2 deys, when
&Lais weight fell to 65.8%, then at 47.5% foxr 2 &ays when their wesn weight
zoge to 68% (4 gained, 3 lost and 1 remained constant); then to 50% for & days
whan their weight rose to 86.27 and finally for L day at %0% when the weight
¥ose to 101%. Ome insect finished with a weight equal to 139% of its oxiginsl
| weight, and this aftex Lwo.wceks starvation.

in a furthewr experiment, 45% R. H. was again found to be too low for vaper
uptake, while at 47.5%‘this-was just possibile,

Experiments were then made to f£ind whether the state of hydration of these
insects affects the rate of water logs and gain. This appears to be szo, for a
fully hydrated grovp of insects lost 14% of their oziginal weight in 2 days at

% R, H. while a control group of pertly debydrated insects lost only 5%

again, hydrated animals goined only 1% during 2 days at 90% while dehydratad ones

geined 20% in the same conditions. As mentioned asbove, these inmsects live in

an enviroument which at times is very hot and very dry. Doubiless gome of the




water they veed is derived from the oxidation of foodstuffs (they fead on plant
detritus blown into thelr othezwise lifeless habitat). However, there probably
are times when food is very scarce or absent, and then it seems that the
ability to abscorb water vapor from relative humidities as low as 47.5% is s

very useful adaptation.

3. Boedy tempervatures

a) Body temperatures in the field.

All the body temperatures to be roported were measured by means of fine copper-
sonstantan thermocouples made from 46 S.W.G, wire, using a potentiometer
gensitive to C.005 V. (4 copper/constantan junction generates about 0.04 mV
per 1°C difference). With care the thermocouples could be relied upon to the
nearest 0.2°C,

Ingertion of a fine thermocouple into the thorax of éven a small beetle such

as Stenocara eburnea did not appear to incommode it at all,

Temperatures of beetles in the field were measured by exposing the insects
either in such s way that they could move relatively freely*wﬁile the obsarver
followed their movements with s stick which carried the thermocouple leads,
Alternatively, the beetle was mounted on a smell slip of wood by slips of
adbesive tape over esch tarsus, the wood was covered with sand te provide the
appropriate substvate reflectivity, and the main thermocouple leads were
attached firmly to ome end of the mount, Such a ‘probe’ could be placed wherever
it was desired to measure the fnsects’® temperature,

The highest body temperature cobserxved in a situation where other completely
free beetles were also present (and presumably had ebout the same body tempera-

ture) was 44.5°C in Onymacris rugatipenniz at 11.30 a.m. on Jamuary 27 on sand.
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When tethered in direct sunlight for experimental purposes, 0. rugatipennis

frequently reached 50°C for several minutes and survived. However, no free
beetles were present at those times so that it cannot be said that

0. rugatipennis reaches 50°C in nature.

Such récords are uct particularly informative. Of greater interest is valuable
information concerning the effect of various factors om body temperature, and
some information on this was obtained. For example the importance of orienta~
tion of the body towards the sun's rays was very clearly observeéo The following
example of a beetle's thoracic temperature is typical of several records:

July 18. 2,06 p.m. Kuiseb river bed,

Temperature in °C

0. rugatipennig Ground Alr at:1.0 ecm.
Iunsect head on to the sun | 35.0 | 40;7 | - 30.5
Insect's left side to sun 39,7 41,2 33;2
Insect's right side to sun 40,7 40.7 31.0

Q. xrugatipennis and P. cribripes were frequently oﬁserved to move between
sun and shade. After a long exposure to the sun as they moved across an open
area, beetles would pause in the‘shade of an Eragrostis bush (for example)
before moving out into the sum again., I therefore made measurementa to find the
time taken for the body temperature to rise or fall as a rasult of wovement
between sun and shade, A beetle, attached to a fine thermocouple lead, was
allowed to reach a constant temperature either in sun or shade and then trens-
ferred to the other condition, Immediately its body temperature was recorded
at approximately 10 second intervals, while the substrate and air temperatures

were recorded less frequently, A typical example of = move from shade to sun
]

v
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is the following. The body temperature xose from 28.5°C to 41.0°C in 6 minutes
while the ground temperature in the sun rose from 40.3° to 4£1.6°, and that in
the shade remained at 28°C., In the reverse direction, the temperature of an
insect placed In the shade after exposure to the sun fell fyom 38.1 to 28.5°C
in 4 minutes while the air temperature varied between 27.5 and 29°C and the ground
temperature in the sun was 41.0°C. On July 25, in the Ruiseb river bad, one
0. rugatipennls was observed to walk in the sun for 15-20 second intervals,
alternating with short sojourns of about 10 seconds in the shade. These
conditions were mimicked as far os possible with captive beetles. Background
conditions were as foliows: Ground with divect sum, 42.5°C; ground in the shade,
22.5°C; air in sun 32.7°C, air in the shade (in Exagrostis bush) 22,5°C, One
beetle in sunshine in these conditions veried between 42° and 43°C, while a
second beetle, in the shade, was steady at 23°C. The second beetle was then
exposed alternately to sun and shade for 15 seconds each., After eight such
alternations the tempevature of the beetle varied between 30° in the shade and
31.8°C in the sun.

| It is therefore posgible for beetles to thermoregulate satisfactorily
in this manner. Whether or not this is the reagon forx the observed behavior
cannot be said.

b) Lethal temperatures

Having observed rather ﬁigh body temperatures in natuve, it was of interest to
establish upper lethal temperatures for the insects concerned. These determi-
nations were made firstly in rising temperatuves (about 1°C every 1.5 mimutes).
However, this gave rather erralic results because itlwas difficult to judge

when heat coma occurred. Ancother methed was therefore used, in which the beetles
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were exposed to coastant temperatures for a fixed pericd of time (30 min.) and
their survival was determinad on the following day. If at that time they were
able to walk away from a 50 watt tungsten filament lamp in 2 metal shade suspended
directly over taem at a height of 6 inches, they were comsidered to have
survived, |

The beetles were exposed in moist air inm a jar whose temperature was main-
tained by stirred water outside it. Thermocouples inserted into the beetles
showed that even large =pecies reached the air temperature in 7 minutés, Only
4 beetles ware used at 2 time gnd their insertion into the jar csused only a brief

(20 sec.) drop in the temperature of the air in the jar.

In constant temperatuves: for 30 min., and moist air. (A signifies sglive,
D signifies dead, 24 houvs sfter exzposure)

Temp. Lepisma 0. plena O, rugati O, laeviceps T. capicola T. spinipes T.sp (small)

0°
42.5 A A A A A A A
45 " o " - D o D
46 " ’ " o B " -
47 " " " " " o "
48 A/p W m 'R " o o
49 D o A A/D D - D .
50 " " A/D o " o o
51 " D D " . " "

Clearly two of the mesic tenebrionids have a much lower lethal temperature

than all the desert insects examined. Of the latter, the most hardy seems to be
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Onymacris plana, and this 1s reasonable because this species lives on the open

dunes, is active and is exposed to higher temperatures than other species since
it seeks cover later in the morning and emerges scomer in the afternoon,

c¢) The effect of surface color on body tempesrature

There is some doubt in the literature as to whether or not the surfacée colors

of insects have an important effect upon their body temperatures. The experi-
ments to be veported suggest that indeed black and white surfaces do have such an
effect.

Preliminary experiments showed that the gub-elytral cavity of Onzggcr;g
brinki (a beetle with black head and prothorax and white elytra) wasbcooler than
the thorax., The extent of the difference and the reasons for it were therefew~
investigated in this and in other species.

Fine themmocouples as described above were used to measure temperatures and
they were imserted through small (0.5 mn) holes in the cuticle, and held in
place by 2 water soluble white glue., The junction inserted through the elytron
made contact with the abdominal surface below.

In direct sunshine at Gobabeb, when the energy of the radistion on a horizontal
surface was about 1.15 cal./Cm?/min,, temperature differences up to 4°C were
observed in 0. brirnki (the thorax being hotter). The differences were varlable
and depended very much on the orientation of the insect to the suns rays. Air
movement reduced the temperature difference.

In similar circumstances sub-elytral temperatures of Stenocara eburnea {(a

white species) were consistently about 1°C cooler than thosof S. depressa (a
black species). Both these imsects are about 1 cm. long.
Differences were observed in dead as well as in living beetles, so that

thoracic muscle contraction was not responsible for the difference. K Differences

v

-
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in temperature were also observed in models where only the elytra of 0. brinki
(white) and Q. laeviceps (black) were used. In whole insects, the sub-elytral
temperature of 0. laeviceps was higher than that of O, brinki. Finally, the
temparature of 0. brinki was raised approzimately %o that a 0. lssvicens

when the elytra of brinki were coated with carbon black.

It can therefore be said that differences in reflectivity between the black
and white elytral surfacés is responsible for the observed'temperature dif-
ferences,

The situation was analysed further in the laboratory at Capes Town, undexr
more readily controlled conditions. This work was particularly useful in showing
the extent of the orientation effsct. Thus, in dead as well as in iiving
0. brinki exposed to direct sunlight, the temperature of the abdomen below the
elytra was equal to or cooler than that of the beetle's thorax except when the
gun’g rays fell at an elevation of 45° or less from behind the insect, when the
abdomen was warmer. Contraviwise, in the all black beetle 0. laeviceps, the
sub-elytral temperatﬁre was equal to or higher than that of the thorax when
the sun'gdirection was behind tﬁe animal and at any elevation up to %0°C.

By means of a recozdér it was pogéible to follow the rate of heating and
cooling below the black and white surfaces of beetles. In general biack areas
both gained and lost heat more rapidly.

Temperature differencez in the expected direction were also observed betwesn
light and dark colored morphs of the diurnal beetle Calosis amabilis, even
though this insect is a good deal smaller than O, brinki or 0. laeviceps,

{(0.05 g. compared with 0.6 g. approximately).
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The sbove experiments show that surface reflectivity im the visual range
does have a sigrificant effect on body temperature. Whether or not this hasg
an ecological significance is another question. Beetles are able to move
from one microhsbitat to ano;her, or to become active at diffevant times of the
day, and thus exercise considerable control over their temperatures. Perhaps

the striking black and white contrast shown by (for ezample) Onymacris brinki

or Stenocara ebuzneg have other functions, such as advertisement.
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Sumpary

1, Microclimates in the immediate enviromments of the insects in three dif-
fevent habitats were measured. The data Include temperatures and relative
humidities in the dunes area, in the Kulseb river bed and on the plains to the
east of the river, duving 24 bour cycles in January or Pebruary 1968, Some
coryelations ave appavent between these factors and activity cyecles. For

example, the daily activity of Onymacris rugatipennis in the river bed is

bimodal in the hot summer months but becomes unimodal in the winter.

2, Relative humidity in the habitat of the thysaauran Ctenolepisma sp. near

pauliana in the plains was always low, but sometimes high encugh to pexmit the

ingect to absorb water vapor.

3. Overall water loss during 5 days in dry air at 27°C zanged from 6,47 of

original weight in the diurnal beetle Onymacris plsna to 15.5% in the nocturmal

Lepidochors axrgentogrisea. Tenebrionids from more mesic habitats (Trigonopus

spp. from Grahamstown) showed losses up to 25%.
4, Ctenoplepisma sp. near pauliasna absorbs water vapor from humidities down
to 47.5%. It loses less rapidly {or gains more rapidly provided the R. H. is

above the 47.5% threshold) when ghort of water after partial dehydration.

5. 'The body temperature of Onymacris rugatipennis rises to at least 44.5°C

in nature., The temperature of these imsects in the field depends upon their
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orientation to the sun. The effect of direct sunlight and shade, and of various
combinations of these, on body temperature was determined, using live insects
and models. Possibly beetles thermovegulate by altermately visiting shaded

and insolated areas,

6. Upper lethal temperatures were measured during exposures of 30 mimutes in

moist air. They vange from 51°C for Onymacris plana to 49°C for 0, laeviceps.

The mesic temebrionid beetle Trigonopus sp. near capicola died at 45°C.

7. During direct insolation Onvmacris brinki, which has white elytraz, las a

lower sub-elytral temperature than does U, laeviceps which has black elytra,

The sub-elytral temperature of brinki is cocler than that of the black pro-
thorax in the same Insect., Experimentz in the field and im the laboratory,
with live inmsects and with models, showed that surface reflectivity within the
visual spectrum does significantly affect body temperature, Differences
between sub-elytral and thoracic temperature of 2° - 3°C were commonly measured.

The ecological significance of these facts is unclesx,



