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Calcium carbonate enhancement of methiocarb repallency for quelea

E. M. ELMAHDI, R. W. BULLARD and W. B. JACKSON

Czenver Wildilife Research Center, U.S. Fish and Wildlife Service, Denver, CO 8025, U.S.A..

A=xstracl. Methiocarb causes illness when prasent in food below
Iz.2ls at which it can be detectad by some birds. Thus, sensory
c-<s added to food have been used as repellent enhancers.
E zzause white contrasts with most plant colours, various calcium
cz-bonale {CaCO,) combirations were expzrimentaliy surface-
csziru on to wheat, rice, white sorghum or red sorghum. In
rz red preference tesls, quelea, Quelea quelea L., consumed
m2re control than treated (24 CalO, -+ 0:05°" rnethiocarb) for a'l
fz.r grains. However, CaCO, .lone was no! repclient. Most
i—oortanlly, birds that had been conditioned lo avoid the
m=thiocarb-cue treatment avoided 2% calcium carbonate treat-
zals on all four cereal grains. In concentratioi tests, 0-008%%
(~ 112 kg’ha) rethiocarb and 0:32% (~44-8 kg/ha) CaCO, were
t-= lowest levels alfecling repeliency. The enhancement proper-

z5 of CaCO, as a visual cue werc illusirated in thot concentra-
t zns ol 0:32' . and above were repellent waeicas those below
wzre nol.

Introduction

Bird depredations on agricultural crops are not new but
t=2y are increasingly in conflict with marn's interasts.
Ezpecially serious are he losses to graminivorous

:aver-birds in the subScharan region of the African con-
t 2ot Lesses in East Africa zlone exceed USS15 M ann 1-
“y (Ediot and ‘icesley, 1979; Kitonye and Allan, 1979;
-uggers, 1230j. Most of this dameage is caused by the
r=d-billed guelea, Quelea quelea, which has been known
1o altack fields of sorghum and millet *n the drier parts of
~‘rica since time immemorial (Ward, 1973).

Hundreds of milliens of birds have been killed by
various means (toxicants, explosives, ~:1c.) during the past
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i~ree decades without reducing queiea populations to tol-
-able levels (FumJayo and Akande, 1979). The high cost,
>ssible contamination, and low success of such activities
zs led soma to question their continualion (Ward, 1973)
-d o consider a more ecologizal approach (Jackson and
=rk, 1973). The goal tecame on2 of crop prote tion rather
t-2n simple reduction of pest populations (Fumilayo and
~-ande, 1979, Ward, 1979).

Chemical repellents Lave been considered to ba a 1ea-
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< snable alternative. Repellents have been dafined by
=ogers (1972) as compounrds or a combinalion of com-
: unds that, when added to a food source, act through the
tzste system to produce a marked dacrease in the uli-
" zation of that food by the target species. They can be
< ther parmary, in which an eaimal respaads 1o the taste of
e chemical, or sccondary (conditizned aversion), in
«~"ch taste of the repellent is assaciated with adverse

coatingest.enal effects (Rogars, 1578). 1n both situatons

e treated crop is avoided, however, secondary repullents
i currentty considered to be more relinble (Bullard !

al., 1583). The chemical methiocarb (3,5-dimethyl-4-
(methylthio)phenol  methylcarbamate—Mesurol ®)  has
proven to be an eifective, nonlethal, broad-spectrum
repellent to pest birds in numerous agriculture situations.
In Africa, melhiocarb has protecter ripening wheat, rice,
millet ard sorghurn against bird attack (De Grazio, 1974
Bruggers, 1977; Ruelle o.1d Bruggaors, 1979).

Howevear, curre, t field application rates for this purpoze
are genzrally higher thon those for other peslicides,
making the cost prohibitive for low-incorne furmers.
Because birds have uifficulty in lasting methiocarb, higher
levels ar2 us:: than actually needed to induce its charac-
teristic soporific effect (Bullard et al., 1983, 1984), Fortu-
nately, studies at the Denver Wildlife Research Center
have incicaied that inexpensive chemicals can be added
as sensory cues {tactile, visual, or olfactory) to formula-
tions, rnaking tham cifective at lower methiocarb concen-
trations and thus lower application costs (Bullard et al.,
1983; Eirnahdi, 1982).

In a previous study (Bullard et al., 1984) the visual cue
calcium carbonate exhibited oulstanding characteristics
on sunfivwer applications It iz important that birds 1eadily
detact thst & food has bean treated and the colour white Is
more ezsily distinguishable from various plant pigments
than any other dies or pigirents tested. Calcium carbonate
often serves as a pigment extender in white paints and
coatrasts with plants betfer than most other colours. Qur
objective was to determine the pelentiai of calcium car-
bonate (CaCO,) as a visual cue for quelea to associate
with thz post-ingestional effects of rmethiocarb and to
develop a suitable cue-methiocarb ratio for ficld applica-
tions.

Materials and methods

A ledoratory testing regime developad by Bullard and
Shumav=a (1979) was followed in this study. Individually
caged birds were exposed to the test substances that were
surtacr-coxted on wheat grains, and offered to the birds
on a two-choice preference basis in @ cerices of four tests.,

Quelza, imported from Africa and kept indoouis in a
245438 x 21 m aviary to acclimatize them to captivity,
weare aliowed free access to wate:, grit, and a main-
tenanca ratio mixture of whole millet sceds, whole grain
so-ghium, and Purina game bird chow, One weet betore
the irdividual  caging,  birds  wero  transferred  to
U3 % 51 » 41 em communal canas and were adaptad grad-
ually tothe tiot foods, Finally, thre birds were transtarred
to doudntee cnges (M 25 w20 cm). where thoy were
ceparatad by oacwire-mesh partivon and further agantet to
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the untreated test foods for 4 days before initiation of the
tests. During this period, their food consumption was
iecorded; those that had a daily cousumption of 3-5 g
were retained for testing.

Six raive birds (three males and three females) were
used in all the tests. Each of the six birds was given 10 ¢
each o! the treated and the untrea‘~d (control) wheal daily
for 6 cays. Taz positions of food cups were alternated
daily to eliminate position bias. Spillage was colleclod by
means o! boxes placed under the cages and accounted for
in food consumbtion calculations. Duily food consumption
from th2 control and treated food was recordad for each
bird. A preference score was calculated for each bird by
using the formula:

Percentage preference

Treated food consumed (g)

= — x 100

Treated -+ control food consumed (9)

A mean percentage preference was calculated and used
lo compare differcnt treatment levels. To make data morc
uniform, they were transformad by the formula
Y = ARCSIN Y/100. The parcentage preference data ware
(reated stalistically by analysis of variance (ANOVA) Pret-
erences at the dilferent treatment levels were compared
by using the Duncan's Multiple Range Test {MRT). Com-
parisons between consumption of treated and control
foods in individual tests were done by paired t-tesls.

The test formulations were prepared by surface-coating
the test substances on the cereal grains {(wt/wt). This was
done by mixing 1 ml of water and veeighed amounts of the
test compounds with 100 g of the test food in a beaker. The
mixture was then air-dried and presented to the birds,

Results
Test 1. Potential of CaCO , as a colour cue

The objectives of this test were to investigate the poten-
tial of CaCO, as a colour cue and to determine if crop
preference would affect repellency. A formulation contain-
ing a visually apparent level of CaCoO, (2",) and a concen--
tration of methiocarb known lo be marginaily repellent
{0:05%.) alone (Elmahdi, 1982) was chosen and surface-
coated on wheal, rice, white sorghum and red sorghum.

Palred f-lest results of individual tes's indicated thq
there was a signilicant diffeienze between guelea con-
sumplion of ealed and control foods for each of the four
crops (P < 0:001). However, by ANOYVA the mzan prefer-
ence scores among the four crops were not signiticantly
different (P > 0-05). The highesl preferencze  (least
repellency) among the four test crops was for vheat
(Table 1).

Tesl 2. Repellency of CaCO , alonz on whole
wheat and white sorghum

Paired preference tosts were conducted on both 2%
CaCoO  -treated wheat and white sorghum grains. Paired
t-test resulls ol individual tests indicated that theri: was a
significant cifference in the consumption of treated and
nontreated wheat (P < 0:001) but not white sorghum
(P> 020). The mean preflerence scores were 72-8 and
37-0 respectively (Table 2).

Test 3. Associalion of colour cue with sickness

This experiment was designed 1o tesl whether the
qualea would associate the white colour of CaCO, with the
‘unpleasant’ experience of methiocarb-induced illness,
Two per cent CaCO, was coated on the four, cereal grains.
Aller 10 days (simulating normat spray intervals) quelea
uscd in the initial test (Table 1} were re-exposed for 2 days
(a precaution against memory losses) to test malerials
{2% CaCOy + 0-05% methiocarb) before lesting 2%
CaCOy treatments only. Although the birds' intake rates of
both control and treated (CzCO,) food varied for the four

Table 2. Tolal food consumption and preleiance responses of
Quelea (N = 6) lo 2% CaCOylrealed whext and white sorghum
grains

Censum; tion (g)

(mean -+ S.D.)* Percentage

P prelerence
Crop Control foad  Treated food {(t-t351)  (mean x S.0.3¢
VWheat 4:53 + 135 1286+ 143 <0001 7223 + 915

White sorghum 1413 + 443 878563 >020 4703+ 2. 030

* Average corsumplion () per six birds per cay.

1 The parcentago preforenze is the per cent by weight that the treated
food made up of the tolal tood consumed (treated lood consumeo plus
control lood == 1007).

{ Means followed by the same letter are not signiticantly ditierent
{Duncan's Multipte Hai.ge Comparisons).

Table 1. Summary of pieference responses and total food consumption of quelea (N :- 6) determined in a secies of two-choize prelerence”
lests on four cercal grains coaled with 2*,CaCC 7y + 0-03% methiocarh

Consumptior (3)
{mean + s0.)*

Crop Contro! lood Treated food
Brown rice 135 -+ 42 0-29 4 0-18
Wheat 19 354+ 39 082081
Red sorghum 239 +23 035 + 023

Vhite sorghuin 221 4 602 02t+0M1

Perce tage P
prelerence (two-way
P ({-test) {mean + s.0.)! ANOVA)
<0 001 202+ 105"}
<0-001 4-15 ¢+ 4-34" =005
-20-001 1-47 + 107
<0-001 091 i 045"

* Average consumptlion (g) per six birds par day,

t The percentage preference is the per neat by weii <t that the treated lood muade up of the Lt food consumes {treated {cod consuined

plus controlfood .. 100 15)

P Mazans fullowed by the same letter wro not significantly dit'erent (Durcan's Multipte Range Gomparisons)
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Ta2ble 3. Food consumptlion and proference responses of quelea (N - 6) delerrnined in a series of two-choice preference tes!s on four
cereal grains coated with 2+ CaCO,. Quelea were previously exposed to 2°., CaCO, 4 005 methionard

Consumption (g)*

{mean ¢+ sp)* rcent P
- i preference (two way
Crop Control food Treated food P (t-test) (inecan + so)t ANOVA)
Brown rice 18-10 = 3-29 1434 145 <0031 7223 707"}
Wheat 15-82 + 543 676+ 377 <010 31-03 -+ 16-58° <001
Red sorghurn 18-48 + 3-94 3-24 4 2:07 <001 15-04 4 10-20"
White soighum 1788 = 1-85 0:36 + 040 <0001 1-82 + 1-81°

* Average consumption (g) per six birds par day.

t The percentage prelerence is the per cent by weight that the treated fosd made up of the tolal food consumed (treated food consumed

Fius control food = 100)).

3 Means foliowed by the same letter are not significantly different {Duncan’s Mult:ple Range Comparisons),

crops, t-test results of individual tests indicated significant
cillerences between consumption of trealed (CaCO,) and
control cereals (Table 3). Overall, there was a significant
cifference in quelea percentage preference for the CaCoO,
treatment among the four crops (P < 0:01; ANOVA). The
mean percentage preferences were separated usiAr\}g
Duncan's MRT. Preference for treated wheat (31-03) and
red sorghum (15-04) were the highesl and were signifi-
cantly different from each other. The birds’ preferences for
treated brown rice (7-33) and white sorghum (1-82) were
signiticantly different from thoze to treated wheat but were
not significantly different from each other. Also, quelea
greference response lo treated rice was not significantly
Cilferent from thatto treated red sorghum.

Test 4. Datermination of optimum
rnethiocarb-cue foimulation

According to the residue data oblained by Grass et &/,
(1981), four methiocarb levels (0-0015, 0-008, 0-016 and
0-24) v.ere selected for this phase (A). Each of these four
methiocarb levels was combined with 2%, CaCO; with the
ebjective beaing to find the lowesl methiocarb level v/hich,
in combination with the visual cue, would confer sta-
tistica"y significant repellency.

The paired t-test results (Table 4) on this experiment
indicaled that the 0-00152% methiocarb level was the only
one that did not induce avoidance (P >0-20). Two-way
ANOVA indicated a highly significant treatment effect
{P < 0:001) for mean percentage perference over all treat-
ments. Percentage prelerence decreased as methiocarb
concentrations increased. Mean separation by Duncan's
MRT indicated that the 0-008% methiocarb was the lowest
concentration to elicit the repelient response.

In phase B, the threshold level of inethiocart from
phase A was tested without cue. Percentage preference
and t-lest results (Table 4) indicated that although that
level is capable of inducing conditioned aversion, that
without the cue it was not efleclive in producing avoidance
to the treated food.

Experiment C was designed lo delermine the efficacy
threshold for £aCO, as a visual cue. Four CaCO, dose
levels (0-16, 0-24, 0-32 and 0:40") also were selecled
according to Grass et al. (1981) residue dala. Each was
combined with 0-0038*. methiocarb and surface coated on
wheat grain. Quelea were then given a choice between
this formulation and urtreated control,

Within individual tests, paired t-lest results (Table 4)
indicated that cue enhancement of rathiocarb repellency

Table 4. Food consumption and preference responses (N = 6) for Jarious tnethlocarb-cue variatins on whole wheat grains. Foods
olfered in a hvo-choice tast for 6 days

Field equivalent

Consuinption (g)

{kg’ha)* (mzan 4 so)f Percentage
- preference
Experiment tAethiocarb Cue Control focd Treated {ood £ (t-test) (mean + sp)?t
A. Me!iocab variations
06015, methiocarb 4 2%, CaCO 5 0-22 2380 8744265 1059 + 3-42 0-20 5492 4+ 082"
0:C08% methiocarb -+ 2% CaCO 3 112 280 12:17 4 353 4:35 + 110 <001 2772 -+ 10-62°
00164 methiocarb 4 24, CaCO 5 2:24 280 13654203 170+ 073 <0-G01 11-27 4+ 516°
0 0244 mathiocarb + 2. CaCO 3 4-48 280 16 45 + 252 08Y +03: <0-001 503 + 1-62¢
B. Thresktold methiocarb alone .
0 008" methiocarh 112 573 +0s1 4834091 »>020 . 4561+ 5¢5°
C. Cue variations
0-008".. T 2thianarh + 0 167 CaCQ 4 112 22 4 G584 45 6956+ 378 =020 42:67 1 20-€3°
0 023", methiocwb + 024", CaCoO 3 1-12 336 8554229 B-10 + 308 »020 49-16 1- 18-92°
0 008" rrethiocarh -+ 0-22", CaCO 4 112 448 165 4229 ShY 237 <0001 311+ 6 557°¢
0-CG23™, wrethiocarh 4 0 437, CaCO 4 112 56 0 1325 ¢ 205 40t - 203 <001 2573 410 87

Caiculat.one conducted on basis of residue dala
Y Average consumption per six birds por day

DThe personlage prelyence is tho par o cent by woight that he trested fosd moadie Lol the et fund cansumed (treatsd food

trewnad 4 control foad =+ 100°,). Means with the weune Teties tie not srdiuticantly ¢ Berent (Dunea’s Lisig)

g,
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(P <022 occurred cnly at the 0-32”, and 0-40", CaCO,
levels. Two-way ANDVA gave a highly significant treat-
ment ¢'act (P < 0:COY) over all treatments lor percentage
preferer ze. Percentzze prelerence tended to decreasa as
CaCo, =zvels increzsed. *lean separation by Duncan's
MRT arc paired tt23! results both indicated that 032+,
calcium carbonale was the lowest level at which cue
enhancsent of met~iocard occurred. This appears o be
the citiczzy threshols for both mathiocarb and CaCo,.

Biscussion

These studies he!p substantiate earlier findings (Bullard
et al, 1283) that s asory cues enhance the repellent
properties of methiccarb formulations. In Test 1, with a
margina'ly eficclive rmethiocarb level, the birds' consunip-
tion from all trealed ‘cods was nagligible compared to the
control b=ginning the iirst day of the test (Figure 1).

These resulls contrast with other reporied paired prefer-
ence observations involving methiocarh without a cue. For
example, Rogers (1978} reported that at least two expo-
sures are necussary for formalion of a conditioned
aversion in  redawinged  blackbirds when  offered
methioczarb-treated food. Also, because methiocarb has
negligibla taste properties, quelea usually are confusad
when tn2 food cup positions are alternated and thus
consume  unexpectec amounts of the. untreated food
(Bullard et al., 1983;. Hence, it seems in these tests that
the whiz= colour of tas CaCO, crabled quelea to deoicc!

methiocarb-treated fnod in spite of the ~lternativn of the
food cup positions.

Test 2 indicated that CaCO, itsell has ro laste regued-
lency to quclea. With the lower patatability of wheat, the
while cuz may have influenced the increased « ansuig-
tion. Since CaCO, powder was removed froro uncon sumed
treated seeds one might suspect that with this cerea! the
minerai qualities of CaCO, were impottant, With the more
palatable  white  sorghum, food intake  fiorn  the
CaCOj-treated sceds was much lowor initially but an
increased trend rade consumplion for the two nearly
cqual by the end af the test period. If the birds used in this
tes! had previous exporure to treatod white sorghum, the
initial avoldance nay be attributed 1o familiarity (Buliacd
and Shumake, 1979). However, during the adaptation
period they had fed on nontreated red sorghum. The
increased consumption during the second half {Figure 2)
indicates adaptation and/or a mincral effect for CaCo,.

In Test 3, when quelea, initially tested on the 27, CaCo,
and 0-05% methiocarb combinaticn, were offered a choice
of griins treated with CaCO, or untreated grains 10 days
later, they generally discriminated agai=st the treated
grain. This indicates that quetea can associale a visual
cue with iliness induced aversion. Quelea avoide:d the
Cal0 -methiocarb formulations during the 2-day exposure
period indicating that this precaution may no!l have beaen
necessary. This is consistent with another study conducted
earlier (Shumake et at., 1977). Since these grains treat-d
with CaCO,4 were shown in Test 2 to have no taste repel-
lercy on quelea and since the birds used in this test were
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Figure 2. Average daily food consumption of quelea (N .-6)
from control znd 2%, CaCOy-lrealed wheat or while sorghum in
G-day choice tests.

previously »ﬁxposed to a combination of CaCO ,-methiocarb
treatmaont, it wouid be reasonabic to assume that the biras
were able (o relalz the write colour of CaCO., with the
previous meathiocarb-indused illness in all four test grains.
These resulis were consistent with Wilcoxon et al. (1971)
who demonstrated that quail cun associate a purely visual
cue with a long-delayed illness without mediation of per-
ipheral mechanisms, such as taste.

The prefzrences for the four cereal grains, though less
than 40%, were quite variable (Table 3). Quelca prefer-
ences for tha treated rice and white sorghum were very
low, approximating those of the four C":(‘O:, -moethiocarb
treatments in Test 1. This further indicates that the birds
were visuzily responding from the rnethiocarbh-induced
sickness expzrienced in the previous exposure.

The queiza, thus, can associate a mere visual cue with a
previous ‘unpleasant’ experiznce. This phenornenon, due
to the current hign prices of bird repellents, may have
desirable economic implications. Second sprayings of the
inexpensive cue-only formulaticn may work for a local
flock of birds. Among unevenly maturing local sorghurn
varieties cultivated by low-income farmers, individua!
plants reaching the susceptible milk and dough stages can
e spot-sprayed by the repellent-cue combination, while
those which are relativaly late in attaining this stage can
be sprayed by the cuz chemical only. The latier strateqgy
can cease i
the field.

and when the birds are conditioned to avoid

Qur effor:s to determine the optimem methiocarb-cue
formulation in Test 4 vsas probahly the most informative
study. Thesz experimen's helped substantiate carlier find-
ings (Bullarz et al, 1983) concarning the mode-of-action of
sensory cuzs enhancement in methiocarb formulations. In
our study, T 008 methivcarb (~ 112 kg'ha) alone was not
repellent o quelea but when detectable

CaCO, as visual cue was addad o the formulation, avoid-
ance becer~2 significant (Table 4). Thus, 0:009%. tnethio-
carb is a righ enough level to elicit the soporolic eifect,
but appare~ily the birds are not able to detect its presence

quantities of

unless a sensory cue is added. Under this test paradigen
where cups are rolated daily, birds
confused &3
1982). Mor=zover,
have been

anparently become
indicated by the consumption data (Elmahdi,
this “confusion’ responsa which might
confounded by the time-delay in affectation of

o

methiocarb (Rogaers, 1974), resulted in an overall reduced
food consumption,

These studies give the first published indication of the
lowest levels of a methiocarb-cue formulation thal would
be effeclive. Our projection based on calculations from
Grass et al. (1981) is that 1-12 kg ha methiocarb plus 448
kg ha CaCO, levels or higher should be cliective if prop-
erly applied. We must caution froin Table 4 dala that this
level of methicearb and CaCO ,would be about minimum,

These studies have provided further insight into the
mechanisrm ol sensory-cue enhancement of methiocaro
repellency. Threshold concenltrations for hoth methiocarb
and cue in combination have also been establishad. It was
revealed that repellent protection of cereal grain grops
from birds can be cost cllective. Alternate methods of
application, such as direct head spraying of sorghum or
millet, sdge or strip treatments ete., are being studied as
means of reducing application costs even further.
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