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Abstract

In Zimbabwe, catches of Glossing morsitans morsitans Westwood and G.
pullidipes Austen, at an odour source produced by up to 60 tonnes of cattle, fell
by 90% from April to October 1987, With the time effect removed, the catches
were: positively correlated with daily maximum temperature: up to twice as high
with a trap as with an electrified target; and unaffected by the presence of an
incomplete ring of electrified netting (11.5 m diameter) around the catching site.,
Catches increased as a power of bait mass in accord with the theory of odour
dispersal. The power was ca, 0.32—0.44 for G. pallidipes, ca. 0.15 for post-teneral
G. m. marsitans, 0.67 for Stomoxyinae and 0.48 for non-biting muscids, Earlier
results from dose-response studies accord with the new model. Tsetse catches were
1.7-4.5 times higher with 20 tonnes of cattle as bait than with a synthetic simulate
of this dose, consisting of carbon dioxide, acetone, butanone, octenol and phenelic
residues. Important olfactory components thus remain to be identified. Trap
efficiency for G. m. morsitans rose from 10—20% to 40% with increasing bait mass
between 0 and 5 tonnes; thereafter bait mass had no effect. Increased efficiencies
were also seen in Stomoxyinae (5 to 60%) and in post-teneral G. pallidipes (45 to
70-80%). Increases in catch for bait mass greater than five tonnes were due to
increased attraction rather than increased efficiency. Targets were 60-66% efficient
for G. pallidipes, regardless of dose: for G. m. morsitans the efficiency was ca. 54%
when unbaited and 24-35% when 60 tonnes of cattle were used as bait. The
probability that G. pallidipes landed on the cloth part of the target, rather than
colliding with the flanking nets, increased as the square of the bait mass for both
sexes—from 0.11 to 0.22 for males and from 0.06 to 0.15 for females. There was
no effect of bait mass on landing probability for G. m. morsitans and no difference
between the sexes; ca. 11% of the catch landed on the cloth portion of the target.
Efficiency and landing behaviour were independent of climate and season.
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Introduction

The cost-effectiveness of bait systems for surveying
and controlling (Diptera: Glossinidae) tsetse Glossing
marsitans morsitans Westwood and G pallidipes  Austen
(Diptera:Glossinidae) has increased . 100-fold in the past
decade (Vale, 1993a). About half this improvement is due
to the use of attractants identified from host odour (Vale,
1982; Vale & Hall 1985: Owaga ¢ al, 1988; Vale ¢ al.
1988a). It is desirable to know how the cocktall of available
odours compares with natural host odour and. infer alia,
what scope there is for improvement by o bimising odour
doses and using attractants as vet unidentified. We investi-
gate here the catches obtained using a wide range of doses
of natural host odour, and simulates consisting of the main
attractants so far identified,

In calculating the expected efficacy of control by baits,
we need to know the proportion of the population treated
per device per unit Hme (Hargrove 1988) It is also
important to estimate the numbers of tsetse which visit a

iven device but fail to be caught, killed or otherwise treated
Ey it, since such knowledge should suggest ways in which
the device can be improved. The present study investigated
how trap and target efficiency varied over a wide range of
doses -.ﬂr natural and artificial host odour,

Study area and methods

Natuwral odoiirs

Studies were made in April-October 1987 in Colophos -
permunt mupire (Leguminosae) woodland near Rekomitiie
Research Station. Zambezi Valley, Zimbabwe, in the habitat
of G. pallidipes and G. m. morsitans. During sampling, cattle
{or artificial] odour was evacuated from a shed (fig. 1) by
three fans, regulated to produce a flow of 200 I/min/t of
cattle. This was discharged via 2 0.75m (id) pipe. at
ground level in the centre of an arena ca. 30 m from the
shed. The pens closest to the exhaust were filled first: an
auxiliary fan was used for the 40 or 60 tonne treatments,
to ensure that air from the back of the shed was pushed to

A. Plan view of site
Shed witk five pens

the exhaust. A trap or target was sited 2 m down

the pipe exit. A TDT-:I‘L tall ﬂ%ﬁﬁniding tower was m:‘jnd[:
the capture arena. Observers sitting on the top of the tower
monitored the progress of the experiment, collected samale.
using a vacuum cleaner and took measurements of the we
direction at the capture site for use in other parts of the
study (Holloway. unpublished data).

Up to 200 cattle of both sexes and all ages were used
in the experiments. Each animal was identified and weighed
at the start of the experiment and monthly
Different bait masses were obtained by selecting animaly
from the herd to make up the mass ired. Animals we
fed on hay and concentrate while in the shed, into
they were herded one hour befare catching started each day,
Al the end of each day all manure and straw was Clednsd
out of the shed. When not in use, the animals grazed in the
bush well away from the experimental area. Al ni ¢ they
were kept in a kraal 750 m south-east of the sh '

Artificial odowrs

Two simulates of cattle odour were produced and tested
against natural ox odour. One was estimated to be the
equivalent of 60 tonnes of cattle, the second of 20 tonnes.
(It was reasoned that any difference in effect between natural
and synthetic doses of odour would be detected most easily
at high dose rates). The 80 tonne simulate was produced
entirely artificially in Pen 1 (g 1) of the cleaned shed
Carbon dioxide was released from pressurized cylinders
ketones from open bottles. and phenols and octenol from
heat-sealed polythene sachets (Hall of al. 1991), The 20
tonine simulate was only partially artificial: the CO., ketones
and octenol were dispensed as described above, but the
phenolic component of the simulate was derived from fresh
residues produced by keeping 20 tonnes of cattie in the shed
for three hours and removing them 30 min before starting
the experiment.

Rates of release of acetone and butanone were measured
by the weight loss of their containers during the exper-
iments, Rates of release of the phenols and octenol wem
assessed by drawing air from the pit outlets at 21/min
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Fig. I Experimental set-up at the shed sampling site.
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Fig. 2. Capture systems used at the shed sampling site.

through filters containing 100 mg Porapak Q (Waters,
Milford, MA 01757, USA; 50-8- mesh). Trapped volatiles
were removed with purified dichloromethane (3x0.1 ml)
and the resulting solutions analysed by capillary gas
chromatography linked to mass spectrometry using decyl
acetate {10 pg) as internal ctandard.

Traps and targets

Insects were caught in an HI11 trap (fig. 2B), with
the collecting cage changed hourly, or on a target (Vale
et al, 1988b) comprising a central black cloth panel
measuring 1X1m with a netting panel 1X0.5 m at each
flank (fig. 2A). Insects stunned by an electric grid covering
the target surface fell into hoppers on the ground; they
were sorted into those landing on the cloth and those
colliding with the upwind or downwind netting panels.

addition to tsetse, Stomorys ealeifrans (Linnaeus), low
numbers of § nmger " 5.'n'.'.||.1.1r‘._ T lr'.-||.|--.'n‘.1|I'I|:":'1-!JI_‘,l'!"-l'- Mus-
Li-lj-'li' and VArIOWUY |,'-|:i:||_'; .Lll:ldl_"'l".:i.ll_"'-ﬂ:: nsects were .I|!~'i'
coflected

As controls, HI1 ifig. 2B) and F3 braps (I lint, 1985) were
deployed ca. 2 km south of the shed, and another pair ca

9 km north-north-east of the shed at the Nyakasakana Gate
on the Rekomitjie River. They were baited with acetone,
released at ca. 200 mg/h, and I-octen-3-ol (octenol), 3-n-
propyl-phenol and 4-methyl phenol released at ca. 0.05, 0.4
and 0.8 mg/h, respectively.

Experimental design

Experiments ran for three hours in the afternoon, ie.
when tsetse were most available to stationary baits at this
time of year (Hargrove & Brady, 1992). The exact starting
and finishing times varied slightly with season, but typically
were 1500 and 1800 h respectively. The H11 trap was
tested with odour produced by the following bait masses (in
tonnes; numbers of replicates for each mass in parentheses):
nil (17), 0.5 (6), 5 (7), 10 (6), 20 (19), 40 (7) and 60 (13); for
the target the masses used were nil (8), 10 (2), 20 (2), 40 (2)
and 60 {8) tonnes. No attempt was made to use the same
number of replicates for each trealment; emphasis was
placed on the 0 and &0 tonne treatments. Within months,
treatments were allocated at random to available days
Replicates of treatments were tested throughout the study,
':.".‘C'LI'I.'|."': in September and October when there were no 60
tonne treatmenis
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Preliminary analysis indicated a power function relation-
ship between catch and bait mass, i.e. a linear relationship
between the logs of these two variables. This creates a
problem because both catch and bait were zero on occasion.
To circumvent this problem we added one to each daily
catch and 0.1 tonne to each odour dose before performing
the log transformations. The addition to the odour dose
may be regarded as allowing for the visual stimulus of the

trap or target which was present even when the odour dose
was zero.

Efficiency

The ability of a device to capture flies attracted to it has
been termed its efficiency (Vale & Hargrove, 1979; Hargrove,
1980) and we use the term only in this sense. Catches can
be increased by attracting more flies to the device and/or
by increasing its efficiency. The device under test in the
arena was surivunded with an incomnplete ring (diameter
11.5 m) of six electrified nets (1.5X 1.5 m) covering 25% of
the ring’s circumference (fig. 1C). The efficiency was defined
as the number of insects caught by the test device as a
proportion of those entering the area bounded by the ring
of nets. Following Vale & Hargrove (1979) it was estimated
for the jth experiment by é=x/(x,+4I) where x, is the catch
of the test device and [ is the total catch on the inside of
the nets in the circle. For data pooled within each odour
dose the pooled estimate of the efficiency is given by:

E=Z 1/(E (x+4l)
j=1

=1

Interpretation of tables

Preliminary analysis indicated that the logarithm of fly
catches (n) varied approximately as a linear function of
season () and daily maximum temperature (T) and that
there were separate effects due to the locality (L) in which
trapping was carried out and the type of trapping system
(S) used. Moreover, catch appeared to increase as a power
of odour dose (M). These observations led to the consider-
ation of models of the type:

log(n)=a +bt +cT +d log M+eR +f5 (1

J.W. Hargrove et al.

where 4, b, ¢, d, ¢ and f are constant coefficients, Takin
antilogs of both sides we get the equivalent formulation

n=AB.CTM"EFF® Qi
where a =log A, b =log B, etc. For each of the independeny
variables, except for M, it follows that the value of its
coefficient in (2) (or the antilog of the coefficient in (1)) gives
the proportional expected change in the catch for a yny
change in the value of that variable. For example, the
proportional expected change in catch (1., ,/n,) due to g
increase in T from 7 to T + 1 (for constant £, M, R and §;
is given by:

.. /n.=C*"1/C*=C =antilog (c) = 10°

As a numerical example, for female G. pallidipes (Table 1),
the cofficient (c) of T is 0.055. We then have C =10°=114
Thus the model predicts that catches increase by 14% for
an increase in 1 of 1°C.

Independent variables such as sampling system or region
are entered as levels. Each level has been assigned a dummy
value of either 0 or 1 (e.g. in table 1, for trap type, F3 =0,
H11 = 1) which are entered into the equation exactly as for
a continuously distributed variable. The antilog of the
estimated coefficient thus gives the factor by which the
catch changes between levels. For example, for female G.
pallidipes (table 1), the coefficient of ‘trapping system’ is 0.28
with antilog 1.91. Catches of this fly were thus, on average,
1.91 times as high from the H11 as from F3. The dummy
values O and 1 are convenient arbitrary choices. The reader
may check that choosing different dummy values (1 and 2
say) affects the value of the coefficients, but not the
expected difference between the catches for the different
treatments in question.

In the case of the variable M the coefficient D (=antilog
(d)) gives the factor by which the catch is expected to
change for a 10-fold increase in bait mass (for constant ¢, T,
L and S). To see this, denote the catch at mass M by n(M).
Then:

n(10.M)/n(M) = (10 MY/(M)=10=D

For example, for post-teneral female G pallidipes (table 2), the
coefficient d =0.441 so that D = 10°*" = 2.8. Thus a 10-fold

Table 1. The effect of season, temperature, location and trap design on catches of tsetse from traps baited with acetone, octenol,
3-n-propyl-phenol and 4-methyl phenol (see Methods). April-Ocotober 1987.
Model: log (n+1)=a+b (+/100)+cT +dL +eS

I . " Y T ‘(iC) Loc\i\llity Tra\;ging
Species Se’x a t/100 (days) Sopein
i 1 0.810 —0.485 TUVLL N.D. VUTO L vevsr v JPE——
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. . mrstans 066) (913) (0.22) (69) (1.06) 26 (-) (55) (1.57)
0.3631+0.032
idj| al 0.553 —0.554+0.027 0.033+0.004 0.509+0.032 +
¢ P“”'d"’es (r(‘;é;) (431) (0.28) (70.9) (1.08) (248)_’5.':).2033)0 0(;%3)452(-).3013)0
idi : - . +0.004 0.650 0. . +0.
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increase in bait mass leads to a 2.8-fold increase in the
expected catch of this fiy

Unless otherwise stated, logarithmic transforms were to
base 10 and roferences o skatishcally significant effects
imply P < 0.05 after the application of an appropriate £ test.

Results

All catches were influenced by a subset of the following
factors: season, maximum temperature, capture device, ex.
perimental site, and the qualitative and quantitative makeup
of the odour source. The complexities of the :L'su'::nl'.y,
miodels, compounded by necessary log transtormation of the
catches and of odour doses, cannot generally be illustrated
in a single graph, To define the various models precisely we
require tables. However, these are necessarily very detailed
interrupt the flow of the text, and give no easy intuilive
sense of what is happening. Accordingly, while tables are
included for completencss, readers are advised to ignore, at
first reading, references fo these tables. Rather they

should refer to the text figures which provide simplified
visualizations of the most important features of the study.

Control catches using traps baited with synthetic odour only

Catches of male and female G. m. morsitans and G.
pallidipes from the F3 trap at the Nyakasakana Gate control
site averaged ca. 10, 20, 40 and 70, respectively, per
afternoon at the start of the experiment. They were 1.3—4.5
times higher than this at the Rekomitjie control site (table 1,
col. VI) and catches from the H11 at each site were 1.6—2.3
times as high as those from the F3 trap (fig. 3; table 1, col.
VII). The daily catch of tsetse at both control sites decreased
by ¢. 90% during the course of the experiment (fig. 3)
presumably due to seasonal population changes. When this
trend was removed, catches at both sites increased with
daily maximum temperature by 6—14% per °C (table 1, col.
V). No quadratic effect of temperature was detected; this
was probably because only a small number of very hot days
(when catches are expected to decrease) occurred during the
experiment.

Experiments at the shed
Catches with natural odour

The distribution of catches over the afternoon varied
with season (fig. 4). At the hottest times of year, catches
increased as the afternoon progressed and most flies were
caught in the last hour. In the coolest months (June and July)
they were caught throughout the aftemoon (cf. Hargrove &
Brady, 1992). These changes were independent of bait mass

As with the contral sites, catehes at the shed generally
declined during the experiment (fig. 5) and increased with
maximum temperature (fable 2. col. VI by 4-9% per *C. Al
the start of the experiment, catches of male and female G,
m. morsitins and G, pallidipes from the unbaited H11 krap
plus ring of nets, were ca. 10, 20, 50 and 120, respectively.
When baited with the odour of &0 tonnes of cattle at this
Hme the catches increased to 30, &0, 800 and 2000,
respectively. Removal of the incomplete ring of electrified
nets did not reduce isetse catches, except those of male G.
. morsitans which fell by a factor of 2.25 {table 2, col. V)
Substituting the black electrified target for the blue H1T trap
made no diference to catehes of G. m. marsitans, but cut G,
pallidipes catches by 30-50% (table 1, col. 1X). Gatches af
non-biting muscids were ca. 80% lower when the ring of nets
was present and were 1.6 Himes higher from the target than
from the trap ttable 2, cols. VIl and IX)

If the effects of Hime and temperature are removed, we
can illustrate the important result that caiches increase as a
power function of odour dose (Hg. 0 and thal t'zlu- rate of
increase of log catch with log dose was markedly higher for
G. pallidipes than for G. m. morsiturs. Detailed study of table
3 (col. VII} shows that the rates of increase differed by a
{actor of three between species, that the rate was ca
15— 255 lpss for teneral (not yet fed) than for post-teneral
. pallidipes and Lhat, within each age category for both
species, there was little  difference hr‘.v?u_-:-r'. the sexes
increased dose thus resulted in decreased percentages of
tenerals and of G. m. morsifars in the catch, but did not aftect
the sex ratio. The model predicts that a 10-fold increase in
dose leads to a 2.1- to 2.8-fold increase in G. pallidipes but
only a 14-fold increase tor post-teneral G. w1 marsitans
(table 2, cal, V1)
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For G. pallidipes, figure 6 suggests that the rate of
increase of catch with dose is greater for the trap than for
the target. In the tables presented in the text we restrict our
view to models where no interaction terms are considered,
Inclusion of first arder interaction terms led to even maore
complex models than those presented and to considerable
problems of interprotation. Accordingly, and because the
more comilex models did not explain much mare of the
variance, they are not presented here. However, we note
that there was a significant interaction between capture
device and odour-dase (see Discussian),

Since catch level and maximum temperature were both
correlated with day of experiment, it may be objected that
the qualitative and quantitative relationships between catch
and bait mass estimated by multiple regression (table 2) are
unreliable. This problem was investigated by repeating the
arclsis usiig, as the dependent varialle, catches at the shed
expressed as a proportion of the total catch at the cantrol
sites. Variance due to season and weather was thereby
removed, and the effect of bait mass could be viewed in
isolation. For post-teneral tsetse, particularly G, pallidipes for
which the catches were greatest and least variable, catch
index and bait mass were still apparently related by a power
function (fig. 7) and the coefficients were similar to those

L pdatar

20 Lot half mmas

Perventage of alternoon's catch In each hour

Aprll  May  June

July  Amgmt  Sepiem. Dctaber
Month
Fig. 4. Mean hourly catch distribution of female Glossing pralliclipes
in an H11 trap wsing no odour or 20 tonnes of cattle 2s odour
source, The Eﬂ:rﬂmtagc catches in the first, second and third hour

are denoted by blank, eross-hatched and solid histograms, respect.
ively.

LW, Hargrave & al

obtained using multiple regression, There thus seems by
no reason to doubt the general validity of the effects g
odour dose estimated in table 2.

Meassrements of odour dose

Production rates of natural attractants by cattle v, ied
within fairly wide limits, but increased as the weight of
cattle increased (fig, 8) and were generally of the same orde ;
ol magnitude as the rates for the residues and the
artificial odour (table 3). However, although octeno] w;
detectable in all 14 collections of cattle adour. the amount
produced was <001 mg/h/t. This is much less than fhe
guess made at its concentration, before the start of the
experiment, based on preliminary indications from Hall et gl
{1984). Collections of octenol made at the exit of the air dud
from live cattle, residues, or an artificial source showed
the amount of this chemical in the fully artifictal simulate
was ca. 100 times as high as the natural dose in thig!
particular experiment.

Simulated host odours

When the partially artificial host odour was substituted
for natural odour, mean catches of post-teneral G. pallidines|
were approximately halved from 133 to 81 for males and _
from 411 to 200 for females. The corrected catches are
shown in figure 6. Catches of Stomoxyinae and of non-hi
ing muscids decreased by 70-80% (table 4). Catches of |

st-teneral G. m. morsitans and of all teneral tsetse were too
r;lw (=<5 per lrapping session) for meaningful analysis. *IH

With the fully artificial simulate (with grossly elevated -
levels of octenol) tsetse catches were as high as those
obtained with 60 tonnes of live cattle (fig. 6) but catches of
Stomoxyinae and non-biting muscids were depressed by ot
90% (table 5), d

3
Analysis of earlier dose-response dafa _ _"

Hargrove & Vale (1978) modelled tsetse catches as a\!
two-part linear function of bait mass, with a discontinuity
in the rate of catch increase at the 0.5—1 tonne level (their
fig. 1). However. when the model given in table 2
applied to the original data, it accounted for 53—59% of the
variance in the catches of G. m, morsitans and 89-93% n
those of G. pallidipes (table 6). The results, particularly for
L. pallidipes, suggest that the discontinuity was an unnecess:
ary complication, and support present findings that catch
levels increase as a power, rather than as a linear function.
of dose. The relative sizes of the constant term and of the
coefficients of log (M + 100} in tables 2 and 6 show that the
overall catch levels, and the rate of increase of catch w-lth_-_
bait mass, were higher in the earlier experiment.

i !
Trap efficiency 3

Analyses of variance and covariance of individual esti- =t
mates of the trap efficiency indicated that, for post-teneral =
G. pallidipes, efficiency was positively correlated with bait -
mass, but independent of climatic factors. Accordingly, |
mean efficiences and their varances were estimated from o
data pooled for each bail mass (see Methods), For alllc[nsses i
of Ay tested, efficiency increased with increasing bait mass
but (for female tsetse) only significantly for M < 10 tonnes



Table 2. Factors affecting catches of tsetse and other flies attracted
Model: log(n +1

to cattle odour. April-October 1987.
)=a+b (1/100)+cT +d log (M+100)+¢R +f5

I Il I v \'% \Y| VII VII IX
Species  Age (Se))( a /100 (days) T (°C) log (M + 100) Ring of nets Trap/target
r* (kg)
G. m. PT male —0.032 =0.701 +0.088 0.018 +0.007 0.138 +0.024 0.3534+0.107 N.S.
(0.58) (62.8) (0.20) (7.2) (1.04) (35) (1.4) (11.0) (2.25) (0.1) (=)
G m. PT female 0.052 —0.644 4+ 0.055 0.032+0.008 0.151 +0.030 N.S. N.S.
(0.62) (137) (0.23) (15.4) (1.08) (26) (1.4) 0.4) (=) (0.6) (~)
G p. Ten. male —0.395 -0.13010.053 NS. 0.31740.028 N.S. -0.289 1+ 0.075
(0.59) (6.0) (0.74) 2.1) (-) (125) (2.1) 0.1) (- (14.8) (0.51)
G p. Ten. female -0.852 -0.1911+0.058 0.018 +0.009 0.37440.031 NS. -0.291+0.082
(0.64) (11.0) (0.64) (4.3) (1.04) (148) (2.4) (1.1) (- (12.6) (0.51)
G p PT male —0.083 -0.39010.052 0.031+0.008 0.422+0.028 NS. -0.263 +0.074
(0.76) (56.7) (0.41) (16.7) (1.07) (234) (2.6) 0.1 (-) (12.7) (0.55)
G.p. PT  female 0.038 -0.2424+0.051 0.037 £0.008 0.441+0.027 NS. -0.1714+0.073
0.76) (22.2) (0.57) (23.5) (1.09) (260) (2.8) 0.1) (=) (5.5) (0.67)
St. - - I 0.020 £ 0.009
0.82) (5.1) (1.05)
MNEM - - 0.982 - { NS.
(0.87) (1.1 (=)

-, \—eay L) \Wasl) Ju.v) (£.0)

Key: t—day of experiment; T —maximum temperature; M —mass of cattle used as odour dose; R
(absence=0, presence=1); S—trapping system (trap=0 and target=1); G. m.—G. m. morsitans;
NBM -non-biting Muscidae; Ten.—teneral; PT —post-teneral. Numbers in the body of the table are
b c... f(+SE). Below each coefficient is its F value and the antilog of the coefficient (see note

—presence or absence of ring of nets
G. p.—G. pallidipes; St—Stomoxyinae;
estimated values of the constants a,
s on interpretation). For the coefficient

of log (M +100) the anti-log is the increase in cath expected for a 10-fold increase in bait mass. Total treatments=98, Numbers of teneral

G. m. morsitans too small for analysis.

(fig. 9). For male G. pallidipes there was a quadratic effect of
dose. For high odour doses the trap was 75-80% efficient
for G. pallidipes, 60% for Stomoxyinae, 40% for G. m.
morsitans and <10% for non-biting muscids (fig 9).
Insufficient teneral tsetse were caught to estimate the
effect of dose on trap efficiency in these flies. Pooled
estimates for all doses suggested that efficiencies for teneral
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Fig. 5, Catches of post-teneral tsetse atb the shed when 80 tonne
of cattle were used as bait

(k. ¢

Frget efficiency and distribution of fsetse an fargets

Data were obtained only for doses of 0 and 60 tonnes
and for the fully artificial simulate, For G, pallidipes, target
efficencies were ca. 60-70% 4 and 5)
regardlvss of dose. For G. . morsibans there was a sugrges-
tion, as ot Lo traps (fig. 9 that oapiure
efficiency actually declined at high doses itable 7)

RL‘H;L“:-HLPII analysis of the data for post-tencral G
pallidipes showed that, tor Hies caught on the target, the
probability of capture on the cloth surface increased with the
square of the bait mass wsed (g, 10}, This factor .1.{|:c:-ulr'.:;.3|._1
for 71% of the variance in the probability that a female G
pullidipes landed on the cloth, but only 27% in males. For
G. m, morsibans there was no effect of bait mass on landing
probability and no difference between the sexes; |_'H|'I:I|'||r1|E‘|‘|
data for all and for both sexes showed that
10.7 4+ 2.7% were caught on the central ulul‘i'll panel, Tem-
perature and time of year had no _deic-:t_ﬁ'.-lr_- elect on
landing probability for any class of fly, There was no
significant effect of bait mass on the proportion of tsetse
colliding with the vpwind and downwind sides of the
netting wings of the target

(kable 7, rows

LU [R5

doses
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Fig. 6. The effect of bait mass on catches of post-teneral tsetse.
Geometric means were caloulated for each dose after catches were
carrected [or seasan and for the maximum temperature on the day
of capture, For Glassina pallidipes mean catches rom trap (dots) and
target (circles) were caleulated separately. Catches resulting from
the use of simulates are indicated g;' square symbals; solid for tra
catches, hollow for those from bargets. Because of the :.m.u.ﬂ
numbers, catches of G. me. morsitans from trap and target are not
differentiated,

Discussion
The increase in iselse catches with bait mass

Changes in trap and target catches of tsetse with
increasing odour dose can be due to changes in the number
of flies arriving at the device and/or to changes in the
efficiency with which the attracted flies are caught. Trap
efficiency increased for doses between 0 and 5 tonnes of
cattle; thereafter there was little change. Increased catches
associated with bait masses greater than five tonnes are thus
presumably due to the larger number of flies ap roaching the
trap, as a result of; better recruitment of flies within a
fixed area, and/or better navigation of recruited flies, and/or
increasing odour plume length. 1t is not easy to separate
these Eﬂid‘&. but we note that the last possibility is
consistent with Holloway's finding (unpublished data) that
the distance at which tsetse were detected flying upwind
towards the odour source increased with bait mass. It is also
consistent with the theory of the dispersal of odour particles.

Theoretical issues

Under ideal conditions (no turbulence, fat ground with
no trees, wind blowing in a constant direction) the concen-
tration Cfr, v, 2z} of a chemical at a point x m downwind

| W. Hargrove e al.

{v=0) from an odour source, at height W metres above
ground ean be modelled as:

€ ={E/(2n3600VFG)lifexp(~(W—H)'/2G) ¥
+expl—(W+HE2G) .;ilﬁf.

{Tumner, 1970) where € =concentration (g/m’), E=emission
rate (kgth), V=wind velocity (m/s}, F* and G* are the
variances in the v and z directions, and H and W are the
heights (m) above the ground of the emission and receptor.
sites respectively, 3
In real situations. where plumes meander and have 3
flamentous structure, this idealization of the way in which:
odour concentration decays with distance from the source
is Madejual'c (Murlis et al, 1992). On the other hand, the'
current data give a rare opportunity to gauge the extent of
the errors resilting fromn: the simplification.
Equation 1 can be further simplified here, since the ]
is being released at ground level and since most tselse
approach at <1 m above the ground (Vale, 1974) so that
W = H 2 0. The terms F and G depend on meteoralogieal
conditions but, for H < 50 m, are proporiional to a power
?‘Lx whose sum { f ) lies in the region 1.4—2.0 (Tumner, 1970},
us:

-5

|
@

Clzy=0; =)= KE/ V2!

where K (constant) is the produet of 3600m and
proportionality constants for F and g. :

Our practical results accord with the idea that the
number of flies we attract to a point source depends on the
distance downwind at which € falls below some constant
threshold level (C;, say). Beyond this threshold distance ()"

Ln (Tncken 4 1)
£ E
i

1 R - i b k
“'I.l LERE ] 54 ma s @l LT ] 4 Ima s

Tadl smad |Roenea )
Fig. 7. The effect of bait mass on catch indices for post-teners
t:fl.w. Each catch at the shed was divided by the total catch at th
contral sites on that day: the means and standard errors were
calculated from (hese indicies. -
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Fig. 8. Rates of production of 4-methyl phenol by different masses
of cattle. Graphs for the production of other attractants (table 3)
showed similar patterns.

flies in the plume will not detect the smell and will not turn
upwind. Putting C; and x; into (2), rearranging, and taking
logs we have,

log 2;=K'+1/f log E—1/f log V (3
where K’=log(K/C;) and where 0.5 < 1/f <0.7.
Simply put, this equation says that the log of the

threshold distance increases with the log of the odour
concentration and decreases with the log of the wind speed.

Table 3. Mean rates of production of attractants in the actual and
simulated odours per tonne of cattle, and from residues produced
per tonne of cattle. Production figures are in I/min for carbon
dioxide and mg/h for other attractants (UD, undetected).

Odour

Natural Semi-artificial Artificial

Manths S,
Replicates i}
Chemicals:

Phenol 0.54° 0.40° 0.28¢
3-methylphenol 1.31° 1.17° 0.41°
4-methylphenol 3.32° 337 2.02¢
3-ethylphenol 0.09* 0.07¢ -
4-ethylphenol 0.29° 0.16° 0.17¢
3/4-n-propylphenol 0.20* 0.15¢ 0.23¢
1-octen-3-ol <001 uD* 0.24¢
Acetone 4b 10* 10°
Butanone 0.04" 0.1 o1
Carbon dioxide 25> 2.5¢ 2.5°

Release rates measured by analysis of trapped samples from: ’live
cattle during experiment; blive cattle subsequently; ‘cattle residues
during experiment; ‘artificial odours during experiment. Other
Tates © measured by weight loss of the containers during expet
iment.

If the number of flies entering the odour plume at some
point in [0,x7] is directly proportional to z;, and if all flies
recruited are trapped thereafter with the same efficiency,
then the expected catch should be directly proportional to
z7. To this extent there is good qualitative agreement
between simple theory and our finding that log catch
increases linearly with log bait mass.

For post-teneral G. pallidipes, in Hargrove & Vale's
(1978) study, the estimated value for the coefficient linking
log catch and log bait mass was 0.6 for both sexes (table
6), in the middle of the expected range on the basis of
e?uation 3. In the present experiment, for the same classes
of flies, the estimated coefficients were only 0.42—-0.44.
Similarly, Torr (1989) modelled catches of G. pallidipes as a
power function of dose rates of carbon dioxide and acetone,
and estimated coefficients of 0.35-0.43 when acetone was
released at >5 mg/h.

In both cases the lower values could be due, in part, to
site and seasonal differences and, in Torr's (1989) exper-
iment, could also be due to the fact that he was using only
two components of natural host odour. The more important
sources of the discrepancy are likely to be the simplifications
involved in equation 1. When there is turbulence, particu-
larly due to heating close to the ground, it seems likely that
the threshold levels will be reached closer to the odour
source, so that the expected values of 1/f may be rather
lower than indicated by equations 1-3.

In real plumes, molecules arrive at receptors in bursts,
rather than in the smooth fashion indicated by equation 1.
Measures of the strength of an odour —such as the number
of molecules in each burst, the flux of the material moving
past a receptor, the peak value of the flux, and the maximum
peak measured in some constant time—all decline with
distance from the source according to some simple power
law (Murlis et al, 1992). The pattern is thus qualitatively
similar to that predicted by equation 1.

However, the various measures of odour strength decay
at different rates (Murlis ef al, 1992). Thus, the mean flux
(which is supposed to have a more direct impact on an insect
than odour concentration) decreases more rapidly than peak
values. If the flux also declines more rapidly than concen-
tration this would explain why our measures of the co-
efficients linking catch and bait mass are lower than
expected from the naive approach.

The much lower values of the coefficients in G. m.
morsitans (0.14—0.15) are not easily explained. It is tempting
to invoke differences in behaviour linked to flight capability.
G . nwsituns appears to be less active than G. pallidipes
and to depend more on the visual detection of hosts walking
past its resting sites than on the location of essentially
stationary hosts using olfactory cues (Hargrove, 1991). This
may be linked in tum to their smaller size and strength
which may mean they are unable to pursue odour trails for
as far as G. pallidipes. The lower coefficients for teneral G.
pallidipes (0.32—0.37) may have a similar cause since young
flies have an incompletely developed flight musculature
(Bursell, 1961).

However, Hargrove & Vale (1978) found that the
teneral percentage in trap catches was independent of dose,
suggesting that tenerals had no trouble finding their way up
the longest plumes produced in that experiment. One could
perhaps ascribe this to the fact that the maximum dose (11
tonnes), and hence the maximum distance the plume trav-

~

3 11 1
elled, was much smaller in that experiment. Unthe other
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Table 4. Comparison of catches of tsetse and ather B
a partially synthetic: simulate of

[ W. Hargrove el al

Model: lagle = L= +b (/10004 T +d5

_ lies between treatments where the edour of 20 tonnes of cattle: or
this dose, were used 25 an abtractant. October 1987

P i mr v v Vi Vil
Species Age Sew il FA100 (s T 1o Odour
irl .
G, oo marsifans FT male 0.I120 M5 ME M5
= - (0.03) (=) (0.1) (=) &)=
L. eri miprsifaes PT {emale RE.ET NS ~ 0000+ U_Jr_lza m]ﬁ_sll :I
0,17 o)1= (4t} (087 001} (=]
G. pallidipes Ten meale 461 -0.058-+0.014 Q0BT +0.036 NS,
_ - {0.51) (17.4) (0.87) (5.9) (0.82) {0.02) (=)
G pallidipes fen.  fermale 1024 —0.051 4+ 0015 NS NS
. _ 1038} [11.3) {0.89) {23y (=) [0.4) (=)
G parllidipes PT  male 1123 NS, NS -0.214 £0.094
_ (030 TR (L)) (5.2 (0.é61)
G palldipes PT  female 2614 NS N5 “D34 L0104
(.32 (17.9) (=) 2= {21) (049)
Stomoxyinae - - 1763 NS, MA: 06264 0158
_ 048] (3 (34) =} 1156} {0.24)
-:\aun-_bumg - - -3.3e3 DOde+ 0011 M5, -(439+0.112
Muscidae 1059 (11.0) (109 (0.8) {—) [15.5) (0.38)

Key: t—day of experiment; T —maximuim temperature; 5 - odowr (natural odour=0; simulate=1); Ten—teneral: PT—post-
tenieral. Total treatments=18. Numbers in the body of the table are the estimated values of the constants @ b, ¢ and
(£5E). Below each coefficient is its F value and the antilog of the coefficient (see notes on interpretation.

hand, we still found a difference between the coefficients for
G. . morsifans and G, pullidipes (table &) indicating that one
should be wary of any simplistic explanations of differences
based an differential fight capabilily

feal and artifical odour

The wholly artificial simulate caught as many tsetse, of
all classes, as the highest dose of natural odour used in this
experiment, but the amount of octenol dispensed was ca.

Table 5. The effect on catches of tsetse and other flies of substitutin

100 times as greal as that expected in the odour from 60
tonnes of cattle. In the presence of ox odour, increasing the
octenol dose from 0.05 to 3 mg/h doubled tsetse catches
{Vale & Hall, 1985). Torr ef al. {in press) found similar effects
with both natural and synthetic ox odour for 2 mgrh
octenol, relative to 0.014 mgsh from the ox

When all identified attractants were dispensed at appar-
ently appropriate levels, catches of post-teneral G. pallidipes
were LE’h.'JE of that expected mepf}fe equivalent mass of
live cattle {table 4}, Thus while a number of atiractants for

the odour of 60 tonnes of cattle with a totally synthetic simulake

af this. dose, (Nole that the simulate contained 100-fold excess levels of octenall
Model: logln + =g = b (21001 +:T +dP+eR +{D
I Il i I\ W W] Vil Vil [
Species Age Sex i FA100 idays) T1"C) Odour Ring of nets Trap/target
]
G o, T female 0396 —0B23+0.121 0.032 4+ 0.008 M5 S, NS
(0.72] (44.4) (0.15) [153.4) (LO8) o7 i=1 0.4 @1
G T male  —0.914 by -8 D062+ D010 HS. NS —0.535 £0.070
(0.74) (1.1} (=1 WT.0 LI {3.8) (=) W0e) =) {49.6) (0.29)
G.op T female —0925 NS a.079+00m2 NS NS, —(.588 £ 0.087
(.72} 10L0] §=1] [47.5) (1.20] (2.5} (=) (0.3} (=} (45.4) (D28}
G FT male 2058 -0.763 + 0110 D036+ 0012 ME M5, -0, 168 + 0,081
073 (50.9) (017 19,7 (1.09) o2 (-l i3 (= (4.3] lﬂ-gﬂgﬂ
o PT  female 1733 —0,4424+0.100 0086 +0.011 MS. RS -0 198 £ :
(0.6} (17.9) {038 [24.60 11.14) (L8} =] (0.02) (=} (6.3) (0.63
5t - - 0,730 NS 0048 +0.014 —1.056 +D.107 MS. NS
D74 9.1 (=) (1.7 11,12 97,1} (0.09) o4) =) (051 Hm
WNBM - = L02% M5 M5, =0.915 +0.100 —1.094 + 0.020 ﬂlz%iﬂéig]
(087} {0.5) (=} 235 (=) (83.9) (0.12) 1123) {D.08) (8.1) (193]

Key: | =day of expertment. T -maximum temperat
neks labsence=0, presence= 1} 5 —trapping system
NBM—non-biting Muscidae; Ten —beneral; PT—posl-teneral. ¥
b, c.d, e and § { +5E), Below each coefficient is its F value and the antilog of the coefficient

ure: P—odour type (natural edour

—0; simulate=1); R —presence or absence of ing of
(trap=0 and target= 15 G. m.—G. m, marsilans; G p.—G.dpaIMipm 5t —Stomoxyinss
Mumbers in the body of the table are estimate

isee notes on interpretation). Total freatments

values of the constants &

=38.
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Table 6. Factors affecting catches,

of cattle. Data from Hargrove & Vale (1978).

on an electrified target,

Model: log(n +1)=g +} (t/100)+

225
of tsetse attracted to the odour of 0-11 tonnes

cT+d ]Dg (M+100)

I 11 111 % \% V1
Species Se;\' a £/100 (days) T (°C) log(M +100) (kg)
(re

G. m. morsitans male 0.766 N.S. N.S. 0.270+0.035
(0.53) (58.2) (1.86)

G. m. morsitans female 0.689 —0.931+0.225 N.S. 0.45740.051
(0.59) (I17.1) (0.12) (81.2) (2.86)

G. pallidipes male 0.422 -0.983+0.125 0.016 +0.007 0.612+0.027
(0.93) (62.2) (0.10) (4.8) (1.04) (513) (4.09)

G. pallidipes female 0.549 —0.6234+0.140 0.01840.008 0.608 +0.030
(0.89) (19.7) (0.24) (4.8) (1.04) (399) (4.06)

S - S

Key: t —day of experiment; T —maximum

the anti-log is the increase in catch

tsetse have been identified, important components still
remain to be discovered. Torr et al. (in press) arrived at the
same conclusion using different techniques.

Catches of Stomoxyinae with the fully and partially

odours. There is thus great scope for increasing catches of
Stomoxyinae, both by identifying further components of
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elficiency of an H11 frap in the presence of varying
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halural host odour (circles and dots) or of fhe high
octenol, fully synthetic, simulate [sguares)

— —
temperature; M —mass of cattle used as odour dose. Numbers in
the body of the table are estimated values of the constants a b, c

its F value and the antilog of the coefficient (see notes on interpretation). For the

and 4 (+SE). Below each coefficient is
coefficient of log (M +100)

expected for a 10-fold increase in bait mass.

natural odour important in their attraction, and in the
development of efficient traps for these flies.

Catches from traps and targets

Catches of G. pallidipes were higher with the trap than
target (fig. 6), in accord with the finding that traps can
€ more efficient than an electrified grid for this species (Vale
& Hargrove, 1979). This is partly because the grids fail to
kill 100% of the tsetse contacting them (Packer & Brady,
1990). Such an effect would be expected to be aggravated
when the number of flies present is highest, consistent with
our finding that the discrepancy between the efficiency of
the trap and target (and even between the absolute catches
from the two devices) was highest in the presence of the
greatest odour dose. The difference in efficiencies might also
be due in part to differences in the visual stimuli presented
by the two devices. Packer & Brady (1990) found that some
tsetse visiting odour-baited targets flew around the targets
and apparently did not alight, although figures from Vale
(1993b) suggest that the effect was small with targets of the
type used here.

Efficiency estimates

Packer & Brady (1990) suggest that trap efficiency
estimates obtained using electric grids in incomplete rings
will be greatly inflated because ca. 50% of tsetse either avoid
electric nets or fail to be killed by them. The error can be
quantified if their figure is accepted. Thus, the estimate for
the H11 trap baited with the odour of 60 tonnes of cattle
is based on 4755 flies in the trap and 251 on the inside nets,
giving E=4755/(4755+(4X 251))=0.83. If the ring of nets
is only 50% efficient then we should really have caught
2X251=502 flies on the inside of the ring; the estimated
efficiency is then 0.70—only 0.13 less than pur sstimate, Ear
a less efficient trap which caught, say, 476 flies with 257 fies
caught on the inside nels we cstimate an efficiency of 0.32,
whereas we should have estimated o 19 —again 0.13 less
than eur estimate though a greater proportional error. The
method thus correctly identifjes efficient and incflicient
devices, and the percentage error in the estimates decreases
as the true efficiency of the test device increases. More-
over, incomplete rings of nets provide an absolute goal:
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_ i 11 274 CGes
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_ ) ] 4 a0 10
{Post. tenerals) acetone+ 1 4.4 2o+ pok 037 +005 0.7+ 0.0z .73 -EIS at
18 43 582 1304
Targei
(Post-tenerals) i Mse+0iar 0524 0oa Q.04 + 00p Q.86 4+ 0.03
48 I 160 7o
tPastdenesyls o0 lopnes 0244 0oz 056 L ea =0T L R
. _ 18 o 1498 4578
(Post-tenerals) sirrrulate 047 + 006 2424003 0724001 0604001
ks 254 2139 5228
to wit, a lrap which results in 3 zero catch on the inside of

the electric nets. We emphasize again that it is at least as
important to know how many flies a trap is missing as il
15 ko know how many it s catching,
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Fig, 10. The posteriar probability that fies ciiight on an elecirified
target were caught on the central black cloth portion rather than
on one of the Hanking nets, Matural host edour (circles or dots:
high octenal, fully synthetic, simulate tsquares), For male and
fermale Glossing pellidioes the regression equations relating landing
prabability (jn) and bait mass (M in tonnes) are, respectively:

i DO285 4 N 00000308 < 0000011 and
p= 00554 4+ MY % 00000292 + 0.0000043.

While estimates of trap efficiency clearly are inflated
due to the above effect, they might be deflated because
flics which fail to entor the trap at their first approach,
and are then killed or stunned by the electric nets, do not
get another opportunity to visit the trap. This would npt
be an important factor if fies made only one visit o the
trap and then left the vicinity permanently if they were
not caught. But if that were the case then the catch on
the inside of the electric nets chould accurately reflect
the number of fies which would not have been caught in
the central trap even if the nets had not been present,
It fallows that the trap-plus-nets should cateh more flies
than the trap alone. In fact this does not happen (except for
male G, . marsitans ) and this is consistent with the idea that
ties make more than one visit to the trap, and that the catch
on the inside of the fing of nets includes a substantial
proportion of flies which would ultimately have been
cuﬁi-ured at the centre had the ring not been present. In
other words, our methad may actually deflate the frue
efficiency of the trap, as concluded by Vale & Hargrove
(197,

We conclude that the H11 trap, even if it does not catch
100% of the flies which wvisit it is a highly efficient device.
Unfartunately, its size and design preclude its use in rouline
sampling. However, independent tests show that there s
little difference between the sficienciss of the H11 and of the
mare convenient F3 and epsilon traps as devices for
sampling G. pallidipes (Hargrove, unpublished data), The
problem comes with C. p1. morsitans, where the H11 is
distinctly superior to the other twe traps but, as this study
shows, still disappointing in absolute terms, Although better
traps have been developed for this species none has been
shown to have an efficiency greater than 40-50% (E.]. Phelps,
unpublished data). Moreover, it has been argued that the
poor catches of G. m. morsitans in all stationary devices is
due more to the failure of this species to visit the devices
than to our failure to capture visiting flies {Hargrove, 1991),
This results from the relatively less active nature of the
species. If this is true then we should perhaps be concentrat-
ing on the improvement of mabile sampling techniques for
G worsibans,
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