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Introduction

An understanding of the wnnual or scasenabmigravon or datly jecdmg flights

of quelea n relation to local and regronal agricultural patterns 1s necessary

for developing sclective control .s:z.zh:@-*:;. In the 19505 10 cavtern Alvica,
ringing was mitiated under the promise that “when Jarge numbers of birds

have been ringed throuehont East Atrea itwil becasier to untangle some of
the outstanding questions reoarding the extreinely complex migratory prob-
lems” (Haylock 1957, Winging and recovery eforts m Tanzania (IDsney

1960), Snnm Alrca (Chapter oAWard 1971), and Eihiopia

(Chapter 10) have provided examples of tocal and migratory movements and

RN

contributed to the overadl wigrtic the ~py- s {(Morel and
Rourhisre 1955 W ! N Ty : nely
Bouriicre 1955; Ward 1971 tHoweve wing technique i3 extremely

laborious during both ringing and rece , and recoveries have been

proportionally very few. The Hmttations of ringmg and the desire for more

Y

precise r\nowledgc of movements resulied in cftorts to develop other identifi-
cation or marking techniques. Pepulations have been intensively sampled for
‘fingerprint’ patterns (Chapter 4). Trace clement profiles (Chapter 7) and
radio-telemetry (Chapter 6) have been investigated or implemented as
techniques to differentinte populations or follow local movements, respect-
ively. As a result, movement patterns appear to be much more complex than
Ward (1971) previously thought,

Another identification technique that has proven very useful has bezn the

acrial or terrestrial application of fluorescent pigment parm.les o birds in

nesting or roosting aggregations. fhxs tcchn.que is compatible with the other
marking methods, yet it permits marking literally hundreds of thousands of
birds during one cvening at relatively low cost using standard control

Quelea quelea, Africa's Bird Pest, Richard L. DBruggers and Clive C. H. Eliliott,
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equipment and proccdures. It also offers the possibility of obtaining a
reasonable number of marked recaptures, depending on the specific situa-
tion. Birds can be collected in mist-nets or after control operations and
examined under ultraviolet (UV) light for the presence of {luorescent
particles. This chapter describes the historical development, current meth-
odology, and future direction and usc of this unique capability.

Techniques development

Background

The development of the fluorescent mass-marking technigue for quelon
began-when Bruggers and Bortoli (1979) conducted lahoratory marking
trials with various fluorescent dyes and paints in Seaegal. At the same time,

researchers at DWRC were studying ways to mass-mark Red-winged Black-

birds Agelaivs phoenicers with various particle markers. The combimed
efforts of personnel mvolved n these two inttial approaches resulted i the
development of mass-marking micthodology for quelea. Mass-markineg was
first used m 1981 in Lthiopia to determine quelea movements 1 the
Ethiopian Rift Valley (Naeger et «f. 1986). Tt was subsequently used in Kenya
(Thompson and Jacger 1984), in Tanzania (uder and Eiliott 1984), and in
Niger in 1987 (R, Bruggers and I, Bourassa, unpubl dota) 1o dehineate
movement patierns relative to susceptible cereul crops, Tt was also used 1 thie
United States to study dispersal paiterns from reosts of migrating Red-
winged Blackbirds (Knittle er «f. 1987).

Markers aund fornndation
In early attempts to mark wildlife, fluorescent dyes were dissolved in a liquid
medium and sprayed on the animal (Evans and Griftithe 1973; Taber and
Cowan 1969). The dyes were translucent and fluoresced under UV light. For
birds, these dycs presented problems when sprayed in small quantities
because the liquid spread en the feathers, and even though it fluoresced, it
was often quenched on darker plumage. Tn contrast, the new quelea marking
technique described in this chapter uses particles that fluoresce when cxposed
to long-wave (360 nm) UV light. The highly fluorescent particles are not
diluted or quenched on a feather; small flecks of markers, as minute as 10 pm
i‘n diameter (slightly larger than a red blood cell) can be detected on feathers
i UV light with the unaided eye.

The markers are amorphous, transparent organic resin particles that
‘contain dyes which are capable of fluorescing while in a solid state solution.

DAY-GLO Color Corporation is the manufacturer of the markers we have
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used. They produce a variety of fluorescent particles for incorporation into
various solvents and product bases to make paints, inks, plastics, or other
produbts that require a fluorescent pigment. Most particles are 3.5-4.0 pum in
size, but they range from < 1.0 um to 50.0 pum; 95 per cent of the particles fall
between 2 and 13 pm. Ten colours are available, but depending on observer
discrimination ability, only four.to six colours or combinations of two
colours work well. The A and AX series of particles have proven satistactory
for formulating avian mass-markers. The specific gravity of particles in thesc
is 1.36, which causes them to sink in the marker formulation but stay
ended when slightly agitated. The particles are essentially non-toxic; the
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he marker spray formulation was developed to be compatible with
current avicide application equipment and techrques used in Alvica
(Plate Sa). The components of the formulation ave, by volume, 935 parts dicsel
fuel anad 5 parts boiled linsced oil plus, by \.‘,cwvt, 2 parts particle marker.
Thus, a 100-1 spray load would contain 95 [ dicset fucel, 51 boiled hinseed oil,
and 2 kg particle marker. The botled linsced ot is the adhesive: it polymerives
to a hard, somewhar dexable filim that holds the marker i place afier the
dicsel fuel evaporates. Raw linsced o1l 15 nnaceeptable because ?t docs not
harden but mstead remaing as a hiquid on the feathers, The botled Tiasced e
is first nuxed with the diesel fuel, then the marker particles are mixed
homo&:cn:oml} mnto the fquid. The nackers will slowly seitle to the bottom
tthe mixture is not vegularly agitated, and theretore the marker formulation
<1mu!d not be mixed and stoved ftor later use. Storage of the formulated
marker will also vesult in particle degradation. Initial exammation of marker
wear rates on quelen (Bruaggers and Bortolt 1979) indicated that the wings

ield markers better than oﬁ. cr body paits (Plate 5 Additional exoumnina-
tion ol wear rates i Red-wi 1;@(1 Blackbivds (Knittie :u/. ! m,/ determined
that wing collection was the most eflicient means ot detecting marked birds.

Wing collection has been used for quelea mass-marking slud*es.
IFluorescen pnrtic!cs can be mixed into a toxicant spray formulation to
determine the location of toxicant droplets. [f the marker is used lor this
purpose, 1t is necessary to determine compatability between marker and
toxicant formulation. Séme toxicant chemicals will degrade or destroy the

marker on contact. Marker particles in the G F series are more resistant to a
wider range of toxicant chemicals.

Application equipment and niethods

‘A variety of aircraft, spray systems, and ground-spraying equipment have
‘been used to mark quelea. Both fixed-wing (D¢ Havilland Beaver) and rotor-
wing (Bell Jet Ranger 206) aircralt have been successfully used to mass-mark
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quelea roosts and: nesting colonies (Plate 5«). They have been fitted with
spray systems like Micronair® (AU 3000, AU 4000), or similar rotating-disc
designs with two sprayers per aircraft, or a boom and nozzle system.
Droplets with a volume median diameter (vimd) of 100 pm seem to mark
birds well, but marking should still be successtul with droplets in the range of
40-150 pm vimd. Droplets outside this range could be too fine to leave marks
or too large to have a chance of impacting on a bird, cither because they are
too few or they do not remain airborne long encugh. As a general rule, a
boom- and nozzle-type spray systent will require a greater volume of spray
liquid than a rotating-disc spray system to mark the same number of birds.
The boom and nozzle system produces awide range of droplet sizes at a given
setting, and thus is less cffective in producing the desired droplet sizes. The
suggested time and methods used in acrial spray control operations should be
followed to mark the maxmmum numbers of quelca (Chapter 21).

The concept of mass-muarking using ground application techniques is

basically the same as for acrial application- —brir-.;_,_;lng acitoud ol droplets into

1

contact with birds. During :xcriul spraying, spray both draps and drifts, while
during ground spraying, spray movement ichies mainty on swind drift with a
slight amount of vertical movement. This diflerence in application requires
that the ground-gencrated spray clouds have droplet diameters suthiciontdy

small to hang tn the air,) as the wind drifts the spray clond nto the birds or the

ats
birds fly throught it Dropletyin the 40- (o (‘.Q-lm‘n Fange Can be tragsnoried in
ght winds (23 in/s) and wiil mark l:lld\ wells droplets -0 pmave carried
in the shghtest breeze (<2 my/s), while droplets = 60 wm will drop to the
ground quickly unless the wind .\chd exceeds 5m/s. Therefore, aspray cloud
of droplets from ground sprayers with & vind of 0 wm should provide
acceptable marking under a variety ol wind conditions,

In some situations, ground sprayers can oficr a less cxpensive way to mirk
quelea than aivcraft. Ground sprayers have been successtully used to mark
quelea in field tests in Niger (R, Bruggers and J. Bourassa, unpubl. data) and
in Kenya (Meinzingen and Latigo 1986). Both arc transported to the
_ marking site by vehicle. The ground sprayer used in Niger was a rotating disc

~unit that was mounted on a telescoping pole and driven by an air compressor
powered by a generator. This unit is sct in a fixed location upwind of the
marking site (GTZ 1986). More than one unit may be required to obtain
proper marking coverage of a site considering the size of the roost or coleny
-and the wind conditiens. The ground sprayer used in Kenya was a Micro-
nair® AU 7000 rotating-disc type that can be attached to vehicles or mounted
-on a wand that is hand-held and powered by electricity from a portable
‘generator. The process of matching droplet size, wind speed and direction,
distance from marking site, sprayer height, spray volume and duration with
he ‘window’ of best spraying time to mark birds requires the same skill and

(eXperience as that nceded to acrially mark quelea. Any sprayer design that
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i functions well {for the purpose of controlling quelea should be adaptable to
‘ the delivery of the marker formulation.
It is very important to keep accurate records of all parameters during
i : marker applications as this will help improve the success of future marking
sprays. Table 5.1 illustrates the type of intormation that should be collected
and typical spray parameters that should be determined and recorded for
each marking operation.
Table 5.1, Example of aerial queleca mass-marking record sheet.
Spray site

Councentration Colony

Size (ha) 10

Mean no. active nests/ha C2320:4428 (11 S

Tetal no. wetive nests 233800

% nests occupied 91

[nstallation date 20, 22 Nar.

Conmiposition on spray night 24 to 28-day-old young

and a few reosting adults
Total no. birds
Nesting edults, nestiings, fledalings 0000
Roosting wdults and juveniles £000
I -

Spray parameters
ate 25 Apr.

Time
Vol (1) marker formulation

13201330 h
€0

No. passes above colony 4
‘ Ambient temperature (°C) 24
Wind speed at 2-m height (kmy/h) 3
i Flight height (m) above tallest canopy 15-20
| Flight speed (km/h) . 165
Flow rate (1/min per Micronair
b AU 4000 atomizer) o 21.5
Droplet size (um, vmd) 80
| |
[ Estimated no. birds marked
K % adults : " 35
; :; % nestlings, juveniles, fledglings 95
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Mass-marking studies

Since the onset of mass-marking cperations in Africa, several million birds
have been marked using fixed-wing aircraft, helicopters, and ground
sprayers. When marking has taken place in the context of a well-defined
movement study and has been followed by conscientious and thorough post-
spray bird collections, marked birds usually have been found and interesting
and useful information has resulted.

Mass-marking efforts in Ethiopia (1981), Kenya (Dec. 1982/fan. 1983,
1984 and 1985), and Niger (1987) have resulted in an cstimated total of 6
million birds marked and 3352 marked birds rccovered of 12 760 sampled
(Table 5.2). These studies documented the movements of birds from distant
brecding grounds to agricultural arcas and confirmed itinerant breeding in
Ethiopia (Jaeger er «l. 1986), provided a basis for recommending control
strategies 1n Kenya ( acger 1984), and confirmed the impact of quelea on rice
1 Niger (R, Bruggers, unpubl. data). In general, mass-marking appears to be
pu;‘tiCtl]qu” valus

1

ible i circumstances exemplificd by these situations (Table
5.2), wiien it is of interest to know when and where quelen ag

roreoalions are

Likely to threaten cerend <“1‘<‘vl‘r:;. Beades penmitung one to obtan information
on breeding biology and bird movements, this infonmation is necessary for
making quelea control more selective and Tocusing it where 1t can be of
greatest benefit {Thompson and facger 19684).

Discussiaon

The success of the tiret field study in Ethiopia scemed (o result in optinisti-
cally high expectations as to the utility of this technique in unravelling the
movements of quelea. [nosome marking sitwations, birds were sprayed,
collected 1 spray sites to determine marking effvctiveness, and then litile or
no effort was made to collect them again. In other situations, birds were
sprayed and collected in widespread localitics without first having deter-
mined the effectiveness of the marking spray. In still other situations, large
~ numbers of birds were sprayed, immediately collected to determine effective-
- ness, and conscientiously collected later without finding marked birds.

A number of factors seem to be responsible for variability in the results
- and the recovery rates of marked birds. These include (1) failure to cstimate
- the number of birds marked, (2) deterioration of marks, (3) moult, (4)
- grouped dispersal of birds from particular spray sites, and (5) time and
-personnel available to collect and examine wings, a factor that greatly
influences post-spray sampling strategies and, ultimately, sample size. The
real dilemma, however, is interpreting negative data obtained from a
Br_operly designed and conducted study.
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Estimates of marked birds

The cffectiveness of the marker spray must be determined at the spray site by
collecting birds and estimating the number marked. Interpreting data from
future collections of birds is based entirely on some idea as to the percentage
of birds originaltly marked and the quality of the marks relative to detectabi-
lity and longevity. These initial post-spray samplcs are particularly import-
ant if no marked birds are found in future collections.

Deterioration of marks

Marked birds may not be found if the marks have not initially adhered or if
they have worn off by the time samples of birds are collected. Mark retention
has not svstematically been documented in the ficld, primarily because one
can never assume a \\.tu‘oh,, l()LLii population of birds from which to sample
over time. Population turnover further complicates any retention studices.
Although R. Allan (personal observation) found it difficult to remove marks
on primarics by simulated abraston with a brush, and B. Johns (unpubl.
data) deronstrated good marker wear on quelea wings subjeeted to weather-
ing compounds i a paint weathering instrument, one must assume that
markers are lost with the wear of primary feathers. Under laboratory
conditions, caged quelen lose markers progressively over a period of several
months (B, Johns, unpubl. data). In ficld studics, nmx.l\u,i wings have been
found up to }f“‘i(‘) days post-spray when moult was not a comphicating factor
(_IL CHCr et 1)\\()

R A H
nioult

Post-breeding moult 15 an important conicern when marking adults in
brezding colontes. Uniess post-breeding moult 1s arrested, adults usually
compiete it (which inchides l'cmigcs and rectrices) about 4 months from its
onset. If juveniles were present at the time a colony was sprayed, marks
should be present on their feathers for considerably longer as they do not
start their moulit for ) {3 weeks after hatching. Likewise, marks could be on
the feathers of adults which had begun moult and had fresh new feathers at
the time of spraying (Luder and Llllott 1984). None the less, moult greatly
reduces the chances of finding marked birds over time.

Group cohesion

Group cohesion appears to be another potentially_ important characteristic
of quelea movements that affects marker recovery. Results from mass-
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marking suggest that quelea tend to remain together as a group during
movements: group cohesion was cvident in the Ethiopian study {Jaeger ef af.
1986). Similarly, quelea marked at Mwea, Kenya, were recoxued only at
Timau, Kenya (Thompson and Jaeger 1984). Group cohesion may offer an
explanation for not recovering marked quelea from suspected sites. Marked
birds could be expected to be found if they disperse widely and are
adequately sampled. However, a marked group of 100000 guelea that
migrate together can easily be missed in much of this specu:s’ ll.z.LCCSSlbIC
range without extremely widespread sampling,.

Logistical constraints and sample sizes

In studies where marked birds were found after at least D month and away
from the spray site, samples ot at feast 400--500 bivds were needed to have a
good opportunity to recover marked birds (Thoimpson and Jeeger 1984).
Small collections of 10100 birds can yield recoveries i restricted arcas
where birds have localized and apparently vepeated movements such as
the Tillabery region of Niger on the Niger Ruiver (R Rrusmcr\‘ pers. obs.),

d
A
- ok

v

3
where 294 marked birds were recovered {rom a s;m‘i‘ col 1165, l‘f()‘.‘.-C‘."r_"i‘,

obtaining large post-spray samples of quclea can be very time-consuming
and tedious, unless they can be collect ul iotlowing tethal spray l;)pa,mtu‘.ms.
Sitmilarly, consid ‘r'lblc time can be spent looking at wings tor paimnt particles
under UV hight. C Ethiott (Duder and Eliott 19E4) estimated that he speat
37 I over a period of several days ch(_u\mg 3716 wings following a spray
i Tanzania.

The importance of thorough sampling cannot be overstiessod as dedue-
tions about movements are also made on the bhasis of neeative collections.
LElliott (198 ’%0) teseiibed the difficuity of interpreting nezauve data from
colonies in Tanzania following a marking spray i Peavo Fast, Konya, in
1983. Negative results can it so many nq,pt‘mtscs that using them to try to
umprove control strategies 1s contusing.

In contrast to the confusion that can exist in trying to interpret data from
an inadequate post-spray sampling design is the clarity of information that
can be generated from proper sampling. Knitde er «f. (1987) wished to
determine the spring dispersion of Red-winged hck birds tn North Americ
from spring roosts in the central United States. They estimated that they
marked 10.6 million birds in roosts in 4 h. A post~spxay collection network by
investigators and co-operators was established in 19 stat’s and 3 Canadian
provinces in 1982 and Il states and 3 provinces in 1983, They collected 838
birds during 2- to 10-weeck sampling periods and found 637 were marked.
Marked birds were found over an arca of 1.8 million square kilometres. The
general movement pattern of these blackbirds was according to predicted
hypotheses. However, movements of a considerable number of other birds
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were unexpected. Prior to this work, the seasonal distribution of blackbirds
had been determined on the basis of banding data, which, as we have
mentioned, is a particularly laborious task. To recover suflicient numbers of
birds over an appropriately large area to obtain a meaningful analysis had
taken many years. This mass-marking study further demonstrates how ideal
and eflicient the technique can be for understanding complex distribution
patterns.

The sampling thoroughness and overall success of these kinds of studies
stimulate the desire for implenienting more sophisticated studies and inter-
pretations. Concerns relating to (@) the number of birds that must be sampled
from a location remote from the spray site to ensure suflicient sampling to
detect marked birds, and (b) proper sampling to determine the proportion of
marked birds that migratc in different dircctions need to be addressed.
However, accurate estimates of pre-spray colony or roost populations, the
percentage of birds marked, and thorough post-spray sampling are needed.
One must also make assumpliom (1) of the percentage of marked birds that
can be expected to mig ate to a particular area, (2) that no loss of markers
occurs during the stud (3) that muarkers arc properly identified, (4) that
birds collected on czu,i; cccasion arce i representative sample of the roost
population cach time, (3) that birds :\:pcr?(‘nc‘ fates independent of cach
other. and (0) that mortality is ncgligible {(Otis et al. 19806).

Cechivigue improvenienis

Fruture use of the mass-marking techmque could benelit from technical
mmprovements in marking methodelogy. The marker particle size and the
targe quantity used during marker eperations cause considerable concern
about contamination and, althnately, data interpretation, Care must particu-
larly be taken to prevent colour contamination when two or more celours of
purtictes are used in an operation. ngs collected for examination must be
handled amd exoannined in @ way that prevents false positive marks from
occurying. Auy procedural innovations that reduce contamination will
mprove the technique: mixing procedures for the marker formulation and
dedicated use of equipment and vehicles arc possible areas of improvement.
The number of colour codes that can currently be differentiated on
feathers 1s innited 1o between four and six, depending upon the use pattern.
Improvements in the number of marker codes will be required if several
groups or organizations wish to mark quelea several times at different sites.
DWRC is developing a method to incorporate a new rare-carth clemental
code in addition to the colour pigment in the mass-marking spray formula-
tion. In this marking system, the fiuorescent colour of the markers would
indicate a marked bird and the new rare-earth code would identify the
. particular spray application. This marking system would provide an almost
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unlimited number of codes, but it would require a sophisticated clectronic
detection instrument to distinguish each of them. Also, improvements in the
adhesive formulation and a better understanding of how the marks wear oft
the feathers are required to extend the marker retention for the lifetime of the
feathers between moults. Finally, detecting mquerb on wings is very labour
intensive. The screening proceéss. uould be improved by using a detection
device that would sense the p1eschx, of particular wavelengths of light
emitted from the marker under UV light.

Conclusions

[t has been clear to cveryone invelved in mass-marking activities that the
technique has immense poteatial for understanding quelca ecology and for
providing infonmation upon which to develop efficient, selective control
operations. The technigue 1s particularty hclpﬂll when used in conjunction
with “fingerprint’ profiles, to offer a much more valuable means of determin-
ing quelea movenmient patterns than cither technique offers by itself. {nforma-
tion and conclusions arising from the marking studics in Ethiopia in 1981

and v Kenya in 1934 and 1985 were enhavced by the stmuiiancots
developmaent of ‘Ningerprint’ profiles lor birds collected at all locations. These
profiles are particularly impoctant when only asingle marked bird is found in
the sample. Obviously, mterpretation of fingerprint’ data is only as reliable
as the orntthologists’ expertise. Flowever, finding luorescent-macked birds in
these samples provides indisputable proot for local and regional movements.

As previously mentioned, the work must be conducted within the framework
of a well-defined hypothesis and have adequate logistical support to deter-
mine the destination of marked bivds.
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