The coexistence of Onymacris rugatipennis and Physadesma globosza in the

Kuizeb River bed, Gobabsb.

PROJECT FROPOSAL: Dr. David Ward.

The Targe body of zoological theory dealing with the coesxistence
and competition between specizs has its origin attributed to Gausze
(193&), who proposad that no two species could coexist on the sams
resource. Competition theory has recszived a arsat deal of attention
from zoologists, stemming largely from the work of Robert MacArthur.
MacArthur & L~v1n< (1964) took Gause's (1924) theory and expandad it and
placed it in mathematical parlance in what is now known as the theory of
Timiting =imilarity. This theory lad to numzrous studies to examine
niche positions and niche breadths of animals in an effort to determine
how =similar animals could afford to be without suffering interspecific
competition. Following on from this, biogzographical theoris:
(MacArthur & Wilson 1967) motivated investigations into community
structure with respect to body zize and species co~occurrence patt
The'communitv matrix approach {(MacArthur & Levins 1964) hasz encouragsd
both direct {via removal experiments) and indirect (via censzus data)
measures of species' interaction coefficisnts. More recently, theorizs
of foraging behaviour {2.g. optimal foraging theory - Stephens & Kraobs
1986) and thair implications for community structure (,.g. Holt & Kotlar

1987) have

d studiez of patch use and habitat zelzction (Frics

& Waser 1985, Brown 1988). In desert animal communities, thess latter

theories have bsen extensively usad, pdrflbu1ar1y in studi=zs of rodent

community structure {e.g. Abramsky 1988, Prown & Munger 1985, Kokl




1984 Ward, Abramsky & Rosenzweig in prep.).

I propose here to use a combination of techniques currently used in

\

gxamination of patch use and habitat selection, along with direct

behavioural obsarvation, to determing tne factorsz that permit the

coexistence of COnymacris rugatipennis and Physadesma globoza. Thes
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bastles provide a unigue opportunity to sxamine the role of competition
and coexistence on community structure for the following reasons:

{a) The two bestle species occur in the zame habitat at Gobabeb,

and have ths same food resource in apparent "defiance" of th
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praedictions of community ecology theory.

(b) The community structure is sxtremely simple, with faw othar
species present to provide confounding effects on interaction betwzen
the species being studied.

(c) Tenebrionid beetles ars easy to watch on the substratum, and it
ig relatively simple to determine the effects of ambient temperature on
their behaviour (Seely E£ éL; 1988).

(¢) The sexual size dimorphism in these two species iz proncunced,

Iproviding an opportunity to study the effects of inter~ssxual

ct of community =<cology haz been, thus far,

sy

competition., This asp
neglected. Males, which are smallar than females, may suffer an
scological dilemma in times of competitive stressz becads=se in ordsr to

mate and ensure parentage they must remain with the females and sufter

%

the effects of competition with the females for food.
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The activity of ectothermic animals, such as tenebrionids, i

closely Lied to the prevailing ambient conditions. It will, therefors,
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g5

be nscassary to ezféb?iah the thermal prefasren



detarmins how ambient temperature aftfects thesir activity patterns. A
conuiderable amount of attention has been paid to the thermal biclogy of

these animals, largely on account of their diurnal activity patterns and

high preferred body temperatures in the extreme snvironment of the Namib
desert (EBEdnsy 1971, Hamilton 1971, Louw & Hamiltoh 1972, Sealy
1988) . However, there has Leen no attempt to sstabliszh the role of
temperaturse preferences of tenebrionid beetlezs in a community-scological

.

g proposes that the

context. Hamilton's (187%) '"maxithermy" hypothesi
hiigh praeferred body temperatures of Namib tenebrionids are selected for
o maintain maximum metabolic activity and thuz optimize the perfornuance

of activities zuch as foraging.

al. 1988 have sxamined thiz in
detail and found that these beetles do indeed maintain extracrdinacily
high body temperatures. However, they have, I beligve, nob examined the
crucial scological part of this hypothesisy namely the corrvelalion
batween high metabolic activity and food availability. If these beetles

are indeed performing in résponse to an optimization process, they

should prefer lower body temperatures when food is in short supply in
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order to reduce energy use. In the xperimental protocol that follows I
detail the procedure for establishing the changes in tamperafure
p{&chCHL; with increused starvation. Once this is established n the
laboratory, this may be used in conjunction with the activity data in

the Tield to establish the effects of intra- and inter-speci

competition on temperature preferences and its affect on the temporal
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Expesrimental protocol:

The following experimental proteocol was set up, with the approval

of Dr. Saely, during « three-week stay at Gobabeb i1n Februury 1988.

"TEMPERATURE PREFERENCES OF C. rugatipennis AND Physadesma Jloboza TN AN

ARTIFICIAL GRADIENT.

Methods: -
Do experiment on 10 bestles of each sex for each zpecies for the
groups of both fed and unfed beetles. Fed beetles arse fed ad 1ibitum

4

throughout the study period and unfed bestles are not fed at any stage.
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Unfed and fed beetles must be put into the gradisnt on the day they ars
removed from the fieitd to snszure that they have the same temperaturs
preferences azs the fed begetlzs at the start of the experiment. As the
unfad beetlaes become more and more starved they should chooszse
prograezsively lower temperatures.

Use the circular temperature gradiznt available at Gobabeb. Ensurs
that the thermocouplss {16 of them) ars placed equfd?sLant to onz
another around the entire gradient box, each taped te an aluminium strip
that covers the width of the gradient box at the point that the
thermocoub]e is attached, This ensures that the thermocouple reads the
mean temperature across the hot and cold copper pipes (which create the
gradient by water passing throuwgh them) at that pointb.

Uze the computer-driven thermocouplie-reading progiramme zet up Ly
M. Francois Malan at Gobabeb to give temperaturs readings automatically
every Tive minutes.

W&igﬁ @11 beetles befor. each experiment and meazure their length.

I

]
Put in one beetle at a time and wait until it zettles. FRecord the



temperature shown on the computer at that time for the thermocouple

nearest te the beetle. If the beuetle i3 between two thermocouple:

“""f
record the averaqs temperature.

"

Repeat this experiment twice a week Tor four weeks.

FEEDING ECCLOGY OF P, globosa AND 0. rugatipennis
Methods: :
These sxperiments are based on the experimental protocols of

sandt tracking (Kotler 1884) and "seedtray experiments" (Brown 1988).

These procedures have largely been performed in studies of patch uze and
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habitat selaection in dezert rodents, but have also been suscesafullty
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uzsed in studies of ants and lizards (Abramsky & Romenzw=ig in prep.).
Sandlracking involves using the degree of activity of animals in a

particular habitat (determined by the amount of activity in arsasz where

the sand has bzen smoothaed over prior to the experiment) as an indicator

of habitat preference. The beetles of the differenlt sexes and spacies
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differ in size and pattern of tracks they leave behind, facilitating
simultaneous comparison of activities. '"Seedtray experiments" involive
using travs which contain sand that the bestles usually forage in and
including a known amount of the bsetles' food (Acacia flowers). The

f food left in the trays subsequent to a feeding bout s known

amount ©
as the giving=-up density (GUD). The lower the GUD in a particular
micro-habitat, the higher iz the animal's preference Tor the micruw'
habitat. 8y comparing changes in activity (using both sandtracking and’

seedtrays) through the day and under different levels of compatition,

the micro-habitat "rules" for coexistences can be established.



The details of these expsrimsnts are as follows:

1) Fence off 8 areas, cach containing at leazt 2 tre:

5 . Each areu

should contain one “geod! tree (where beetles are resident - of Crawford

et al. in presz) and cne’ "poour! tree where bestles are transient.

v

Choose pairs of trezs that show the greatest difference in beetle nos.
to includs in each fenced-off arsa.
2) Mark all beetles and place all beetles - of one spacies onl, -

(a1 max. natural density) in arenas as follows:- half the avenaz wilh

males only and the other half of the arenas with females oily. Upoen

LM
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complaetion of thiszs experiment (se< below), put 1 equal numbers of sach

zex into all arenas. After thess experiments ace complated, put z2qual
numbers of beetles of each species into sach arena.,

3) Clear sandtracking areas (0.5 X 0.5 m) in each arena using
rubber squeeges (hard rubber strip attached to & broom handle commonly

P
usaed for clzaring water away) as followsz:~ 3 arsas in ths copsn {away

1€ Lree stem and 3 areas al edye of
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from canof
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subcanopy. Clear thezs areas at the beginning of the day and read
tracks cvery 2 hours. After reading tracks, squesgeese sand in

preparation for the next reading 2 hours later. Each time tracks ure

&

vaad the number of bovtles on the surface, their positicn (under canuvpy/
in the open and whather they are under bthe “good! o "bad' tree) and

cgach beaetle's number zhould be recordsed. 3coire zach completes pans ovo:

]

the area (from one side to the opposite side) as 1, up to a maximum of

the animal entzes from one side and exits on theadjacent side,

scoire @ half. The maximum score 1z set at 4 becausse more puassss over

]
Pan thad create an unreadable mess.
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4)  FPut 5y of Acacia f?uwérs (beetles' preferred food) in a
deep) . Seedtrays should be 0.5 X 0.5 m by 1 ¢m desp. The seadtray
should Lo sunlk in the sand so that the 19p ié Tflush with tLeAzuL:Lrutumm
Place sesdtrays as for sandtracking. At the end of each day, the flowers
must be sieved out of the sand and weighed. If the amocunt of food zaten

"

in a single day proves to bz insignificant, =xtend the number of day

£

that the trays are left oul. In order to determine how many days zre

gnough, approximately half the food eaten in the most preferred tray

slieuld be aimed at. The number of days that trays are 1Tt out muzi be

kept constant throughout all experiments. There must bz sufficient

3

baetle

flowers to ensure that th

M
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s will not sat all of 1t over any onw
experimental period (i.e. one must always weigh something atfter the
exparimental period is up). |

5y Leave the beetles in the arenas for about a wezk before

starting ach experiment.. Then do one day of zmandiracking, followed by

o

one day (or szeveral days if very 1ittls food iz saten in just one day)

atter, remove half the animals from <ach

T
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of seedtrays - repeat. 5X. Ther
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arena and repeat the above., Fhen, remove half again and repesat. In
areinas with both males and females, remove half Lhe fToemales gach time,

keeping the number of malzz constant. When sxperiments are conductad

ther (in =qual numbzrs), removse half of tih:
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with both species Tn tog
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species that iz naturally more abundant (F. globosa) each times, keeping

t
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nts can
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the numbers of the other speciess constant. No seadtray expearime

i

s has caben From Lhe
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e done here because you cant tell which spe

secdtray. T
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I addition:-

‘ @) Six arenas with half males and half females (for each spzcie

\

i

&

removing half the females esch time. Experiments as tor singls sexe

b) 2ix arenas with half F. globosa and half C. rugatipznnisz, each

gt maximum natural denzities. Do no seedtrays here, only sandtracking.
Remove half of the F. globosa =zach time after ten days of sandtracking,

so that you are left with quarter of the original numberz of P.

at the end of the experiment.



SUMMARY

3 arenas 3 arenasg
Put in males ' Fut in females
wait one week as for males

one day sandtracking
: repeat 5X
ong day seedtrays
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wait one week

|

one day sandtracling
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one day sesdtrays

l

remove half of males

l

wailt one wsek
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one day SandtPaCking
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one day segditrays
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Interpretation of the Results of the Fiald expariments:
13 Movements of individuals from oneg tree to ancther may occur

when competition is strong or food availability low under a tree.

for zpecific areas. These prefarences may vary temporally, e.g. beetles

may prefzr open areas where they can heat up zarly in the morning and
3Y Low giving-up densities in the seedtirays indicates preferred

h) Competitive effects (intra- and inter-sexual and interspecific)
will be shown by changes in preferences for different arezsz and by
changes in l=2vels of activity.

5) High activity (shown by sandtracking) and high giving-up

denzsitizs in the zeadtrays will szhow that fecoding areas may be divorcsd

frrom arcas uzsd for other acti

_,.
(T)

These sxparimants will establish the perw*nnces of these bestles

at mesaic and the relative importance

=
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o
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for different parts of each

cf intra- and intersexual competition, as we'l as the importance of

ink
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I

3

pecific competition on community structure in the Kuiszab riverbsd.
The results of these experiments of particular interest to the Tiszld of
communi bty ecology will be the effects of intra- and inter-sexual

competilion on inter-apecies relationships becauze thesze effects have

Fitherto beun ianored owing to the difficulty in separating these
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flectz from pupulation-wide eff
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