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ABSTRACT

The Red-billed Quele®uelea queleas the most numerous terrestrial bird and the
most destructive avian pest of smal&igr crops throughout sub-Saharan Africa. The
birds occur in 60% of theereal production areas of Tanzania almost every year.
Quelea can cause serious local damage to millet, rice, wheat and sorghum and cause
considerable hardship to subsisterfaemers. Spraying with the organophosphate
avicide Queletox®, (60% fenthion a.i.) reimathe preferred control measure despite

its negative impact on the environmemtd high cost. As an alternative control
measure, the mass trapping of quelea anglelsting their chicks to use both as a
source of protein and for income generation was investigated. Two traps using very
large nets, based on designs used successfutigtch birds imMunisia and the USA,
failed with quelea; but success was achiewid four other methods. With traditional
basket traps made of grass, an averadg&86fbirds could be caught per trap per day,
this increased to 574 birds by using a rephae@ mesh version. When using mist nets

in a breeding colony the nubar of birds caught per dgyer 12 m long net varied

from 445 for the first day to 231 on the terday. Trials with a roost trap yielded
5,000 to 17,000 birds per dayo@king and preservation methodsre investigated to
maximise the potential utilization of dea meat as a food resource. The best
preservation method was aebhed by boiling with addedalt and drying, while the
cooked product rated mosighly by volunteer tastervas fresh meat. Proximate
analysis was conducted on preserved, milled, quelea meat which confirmed the highly
nutritive value of quelea for human consumption. It was concluded that mass-trapping
and chick harvesting methods were merevironmentally friendly control methods
than spraying or use of exydives, with the added bensfiof providing high-quality
proteinaceous, uncontaminated, food andnme@eneration for the trappers and their

families.
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CHAPTER ONE

1.1. INTRODUCTION

Tanzania and its agriculture

Tanzania lies south of the equator betweendteat lakes of Victoria to the north and
Nyasa to the south, Lake Tanganyika to tirest and the Indian Ocean to the east.
Tanzania is located in thHeastern Africa region betwedangitudes 29 and 41 degrees

East, latitude 1 and 12 degrees south. The average temperature varies between 15 — 27 °C

depending on the altitude, which varfesm 0 — 1900 metres above sea level.

The main climatic feature is the long dry dgedm May to October, followed by a period

of low rainfall which is often concentratedarelatively few days of heavy showers. The
main rainy season on the co&sfrom March to May but #re is a second season from
October to December. Total rainfall increagowards the north. Around Lake Victoria,

rainfall is well distributed throughout thear with a peak during March to May.

The mainland of Tanzania is divided into Atiministrative regions. Each region is
divided into districts (ruralrad urban). In total there are 1&@ministrative districts and

five cities.

The total area of Tanzania is appimately 945,000 sq. km. which includes
approximately 60,000 sq. km. of inland water. Out of the 945,000 sq. km., over 100,000
sq. km. are devoted to reserves and natipagds. The potential arbbland is 9.5 million

hectares and the area under agriculture is about 5.2 million hectares.

The country’s economy is highly dependent agriculture, subsistence and commercial
agricultural activity(National Sample Census of Agulture, 2007). Its contribution to

GDP is about 51% as of 2006; 80% of gmeduce is grown on small scale farms.

Thus, over 80% of the population lives in fuageas and depends agriculture for their
livelihoods (United Republic of Tanzania2008; National Bureau of Statistics-
Agriculture, 2007). It provides full time emgtment to over 70% of the population as

well as the bulk of the food. i$ estimated that the countryfidly self-sufficient in food

1



and, in good years, is a nefperter of cereals (National Buae of Statistics-Agriculture,
2007).

Agricultural produce may brally be divided into foodand cash crops, the most
important of the former are maize, sorghumillets, paddy rice, wheat, cassava, sweet
potatoes, pulses and banana. Important cagbsanclude cotton, sisal, coffee, tobacco,

cashew nuts and flowers. Cereal crops cover about 4 million hectares.

The need to support growing populationdich are dependent on agriculture has
increased the pressure to develop margamahs by irrigation. Moreover, irrigation has
been seen as a means towandseased food self-sufficiency as well as ensuring a source

of foreign exchange from food and cash crops.

In Tanzania, the irgation potential is estimated 29 million hectares, of which 310,745
hectares is currently utilized. The modeschemes account for about 50,070 hectares,
whereas the small scale or traditiosahemes account for 225,675 hectares. Production
in these schemes includes paddy rice aowvdls (Ministry of Water and Irrigation,
2008).

Like elsewhere in the world, crop productionTianzania has its share of pest problems.
There are field pests as well as post-harpests. Among the most important field pests
are migratory pests such as the African Armywo@pddopteraexempt the grain-
eating Red-billed Quele®(elea quelea the Red LocustNomadacris septemfasciata
together with field ratsMastomys natalengisOf these the most serious pests of small
grain cereals are the queleghich in Tanzania occur iswarms ranging from thousands

to a few million birds. They have been responsible for famines of varying proportions in
some areas like Dodoma (Haylock, 1959) and 8mgegions in the central part of the

country.

Serious quelea damage to crops is not a recent phenomenon. One of the earliest records is
of “Lihamba” in Gogo (Haylock, 1959; Brook&967; Tarimo, 1994), attributed at least

in part to quelea. Small grain crops whare damaged by quelea are those grown in drier
areas and irrigated farmkarge flocks of queleaccur in areas with permanent water

bodies (Allan, 1996) and they become a majat péagricultural crops when grass seeds



are scarce and they cause heavy damage to cultivated cereals such as millet, sorghum,
rice and wheat (Jarvis and Vernon, 1989).

Tanzania has a very rich tree flora remglt from the varied physical and climatic
conditions. In some areas at higher altitudesrthnfall is reliabletemperatures are low
and the vegetation is “bush”, whereas lovdaareas are generally hot and arid with
unpredictable rainfall patterns. This widange of ecological conditions provides
favourable environments for many specasplants, animals and birds (Mbuya al.,
1994; Campbelkt al, 1996; Moycet al.,1993).

Some semi-arid areas of the country hsacia trees which are favoured by quelea for
breeding in and sometimes for roosting incl$wegions include central regions Dodoma
and Singida, part of the northern parttbé country and a fewther western regions
(Bridges, 1990; Stons, 1995).

1.2. BACKGROUND TO THE STUDY

Tanzania has been plaguéy the attacks of quelean its small grain crops, millet,
sorghum, wheat and rice, probably since adpuca began. There have been attempts to
prevent losses to the crops attributablehie birds since th&940s (Elliott, 1989). For
example, in 1942 an estimated crop loss valued at US$ 60,000 occurred in central
Tanzania (Dodoma) that forced the imptaa of about 5080 tonmseas relief food
(Elliott, 1989). Although scanty rainfall sareported to be the primary cause, the
invasion of quelea from the north alsontributed to the low production.

The problem of quelewas, however, recognized by tkelonial government in early
1950 in Northern Tanzania (Arusha and svV&ilimanjaro) where heavy damage was
observed on large, well established, wteeat barley farms (Elliott, 1989; Tarimo, 1994).
Since then action against tlygelea birds has been an aanand continuing activity.
Local damage can have a number of iedirdemoralizing effects on the process of
production. It has been observidht heavy bird pressure amops forces local farming
populations to abandon fertilenid in favour of less fertile ans with less bird pressure.
This has resulted in government policites encourage development of high yielding

drought-resistant millet and sorghum varisti® replace maize to be undermined by



guelea damage. Such indirect effects nmhesttaken into consatation when deciding
national policies towards the managemef quelea (Dyer and Ward, 1977).

In Tanzania quelea invasioase annual events and occur in 60% of cereal production
areas between 3 and 8 degrees South, amti@37 degrees East where large populations
of breeding birds are a majorgieof small-grain cereals in which they cause losses worth
millions of Tanzanian shillings (Ministry d&griculture, Food Security and Cooperatives,
2000; 2003)In a day, each quelea is capable@isuming and destroying up to its own
body weight (18g) (Elliott, 1989). Therefore gpptation of one million birds can destroy
up to 18 tonnes of crop in a day. In yearheavy invasion, crop dame can be as high

as 50% of potential crop harvests, andsame cases the entire crop may be destroyed
(pers. obs). The most affected areasTanzania comprise 11 out of the 21 regions
including Arusha, Manyara, Dodoma, MlaeyMwanza, Shinyanga, Singida, Tabora,
Mara, Kilimanjaro and Morogoro regionsi¢f 1.1). Vulnerablecereal crop production
amounts to about 2.7 million metric tonnes. Damage caused by quelea in Tanzania is
estimated at more than Tsh 198.7 billion (US$ 2.4 million) annually (Ministry of
Agriculture, Food Security and Cooperativ@803) All this production is at risk during
heavy quelea invasions.

In 2001, 700 ha and 40 ha fields of wheaBasuto and Mulbadaw in Manyara region,
experienced 100% losses (N&itry of Agriculture, Food Security and Cooperatives,
2002). The problem of bird infestation the country is growing in line with the

expansion of irrigated ceseproduction schemes and norigated new areas. These new

areas provide food for quelea duribgth the rainy and dry seasons.

However, experience has shown that bpelst problems in agriculture have proved
difficult to resolve due in large part to theds’ behavioural versaity associated with

flocking and seasonal movement (Elliott, 1989).



Figure 1.1. MAP OF TANZANIA SHOW ING THE AREAS MOST AFFECTED
BY QUELEA IN TANZANIA (REGIO NS WITH NAMES ENCIRCLED PLUS
SINGIDA).
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1.3. RATIONALE FOR SELECTING THE STUDY

The rationale for selecting the study isseéd on a number of issues, listed separately

below.

1.3.1. Bird population increase and re-distribution

The need for increased food production hasessitated the allocath of more land to
agricultural use. Irrigated land for cereabps has been increasiggadually every year
(Ministry of Water and Irrigatin, 2008), with a progressivecirease in areas of small and
large grain production and ahges in ecological conditiongrevailing in the birds’
preferred breeding habitat of grasslands. @aélave increased breeding activities in new
areas where they have become associatétd millet, sorghum, rice and wheat
production. The species has expanded its geographiogé as a resuldf the availability

of cereal crops in new areaeésTable 4.1). In the past twenty years the areas most
affected by quelea were a few regions sashArusha, Kilimanjaro, Manyara, Mbeya,
Morogoro, Dodoma and Singidd&hese regions were gravg wheat and barley for
business and rice and sorghum for food. Lad#rer regions such as Tabora, Shinyanga,
Mwanza and Mara introduced gy rice production. In the paiiree years other regions
such as Tanga, Coast and Kagera hadeatimcks by quelea reported on paddy rice and
sorghum, which they have started to grimwfood and business, respectively. Irrigation
schemes have also increased in number inyna@eas in the countnAll of these factors
have contributed to the spread and or tloegase of quelea in many areas of the country.
It is anticipated that the anease in small grain production may contribute to some extent

to the increase of quelea pogtibns in the country.

1.3.2. Quelea control methods

Several techniques have been tried to redbod populations tdevels where crop
damage is minimal (Matee, 2002). Traditionathods such as the use of slings, scare-
crows and bird-scaring, e.g. by making loud neilg cracking whips, are still being used
in many areas. Modern techniques of freghhg devices, chemical repellents, less
preferred crop varieties and alternative cultymactices have been evaluated by various
authors (Tarimo, 1994; Bashir, 1989; Bruggel989; Meinzingen, 1993; Elliott, 1989;
Elliott and Allan, 1989; Allan, 1996). However, all methods have minimal value in

situations where bird pressure is high avitere habituation is lidy to develop through
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repetitive repellent use andher methods, so they may ordjleviate damage in small
plots or in large fields for a short tim&o alleviate the problem, aerial spraying using
Queletox (fenthion) has been carried oufanzania for the last few decades. Queletox
and explosives together have been emplaged/est Africa and in South Africa, Kenya
and Botswana (Omolo, 2004; Bruggetsal. 1989; Meinzingeret al, 1989; pers. obs).
The aerial spraying technique can be vedfective, killing senetimes many hundreds of

thousands of the pest birdsarsingle operation (see Table 3.1).

Fenthion is known to be hazardous to many forms of life and environmental
contamination is of great concern in sprd areas, as control operations can pose both
direct and indirect health hazards to hmsand other non-target organisms (McWilliam

& Cheke, 2004). It has been observed that birds killed after being sprayed with fenthion
are fed on by raptors, scavenging mammals$ people, leading to secondary poisoning.
There are also incidences in which ranget organisms, including raptors and
passerines, insects, reptiles, amphibiagis, are killed during quelea bird control
operations where fenthion has been used (Brugetead, 1989; McWilliam & Cheke,
2004; Meinzingenet al, 1989; De Grazio, 1989; pers. obs.).

The method is also very expensive as fuiees the use of a spraying aircraft and
extensive logistic support which havieeen borne entirelypy the Government.
Organophosphate pesticides such as fenthion used during Red-billed Quelea control
operations also affect cholinergic tissuesthe body of mammals. Serum (AChE) and
plasma (BChE) cholinesterase activitiage therefore good biomarkers for pesticide
exposure (see Appendix 7a for details ofimvestigation on suclkeffects conducted in
conjunction with the presentusty). Explosives and fire-bomtaso have effects on the

environment and non-target organisms (Sepefalix 7b, for details of effects on soil).

Thus, there is a compelling case for attempting to find alternatives to aerial spraying of
pesticides, in order teeduce the costs of queleantrol to the Government, to limit the
use of pesticides and to minimise thegatéve side-effects on human health and the

environment.

The risk of human health problems and environmental damage can be mitigated

considerably by development of integratedieonmentally sound control strategies to be
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described later (Miller, 1998). Exposure to these methods will educate farmers to
becoming custodians of the environmenteTinethods offer more rapid prospects for
implementation and enable farmers to coméi making their own decisions about control

of quelea in their areas and are peoplgeread through participatory approaches.
Farmers are able to adopt the practicelianging circumstances because they own the
process and not just the cdumion of someone else’s pexs. Follow-up group activities

will generally be mobilizedusing local resources including local government or

community organizations. The methods will provide uncontaminated quelea for food.

The study described in this thesis seeks to investigate new approaches and / or improve
the traditional methods that would empowemfars to take more pest control actions
themselves. The emphasis should be upon maxi protection of the crop at its most

vulnerable stage and providing uncontaated quelea as food for local people.

1.3.3. Use of quelea as a resource

Birds have been important to man in mamgtys. Humans have used wild birds as a
source of food, art, social manifestationscafture and sport. Wild birds and their eggs
have also been used as source of food by many people (Bet@lari996).

Since the rise of agriculture, the relatibips of man with birds has become more
complex. In many parts of Africgquelea occur like lkeusts, in plague proportions so
numerous that alighting flockeay break the branches of trees. Some colonies of quelea
have been estimated to exceed 1,000,000 individuals (Senar, 1988).

Control operations against these birds ugarghion to protect crops produce tonnes of
dead birds, yet the quelea constitutes a potential source of protein. Jaeger and Erickson
(1980) estimated that in 1978 colonies anadsts in the middle Awash River Valley of
Ethiopia contained 7.5 million adult quelea,%s®f which were killed during control
operations. At a weight of 7 g per drieagpared bird (Uk and Munks, 1984) 37 tonnes of
potentially edible birds would have been aualiga A similar rate of control conducted in
colonies found throughout Kenya, Somalradalranzania would yield about 345 tonnes
(Jaegeet al, 1989).



In some parts of Tanzania quelea canbperations using avide spraying produce a
large amount of potential food and people ditect dead quelea afteontrol operations
(Jaeger and Elliott, 1989; pers. obs). Quelea arsource of protein in some peasant
populations (Bruggers & Elliott, 1989) and asch the image of the species should,
perhaps, be shifted from that afpest to that o resource with potéial for sustainable

utilization.

Many communities in Africa collect quelea atithcolonies or roosts using techniques
that do not require pesticides in order tpglement their diet (Jger and Jaeger, 1977,
Mullié, 2000) either by harvesting chicks framasts or by mass-trapping using traditional
methods or nets. Chicks are collectedhlahost any age, although it would seem most
productive to take them at 10-14 days old jusftore they leave the nest. Different ways
in which quelea can be prepared for foodl gpossibilities for long-term storage were

investigated during this study.

1.4. AIMS AND OBJECTIVES OF THE STUDY
1.4.1. Aims
The aims of the research were to investigate different methods of harvesting the birds,
particularly in Tanzania where the subspedesg. aethiopicais a major pest, and to
develop improved methods for utilizing therds as a food source and for income
generation.
Towards these aims, research was conducted on:
(1) Mass capture methods
(i) Use of quelea as a sourcef@dd free of harmful chemicals
(i) Devising integrated environmentabpund and cost-effective control
methods, after investigating\v@ronmental impacts of current methods
(iv) Promoting the use of such methods amongst farmers in Tanzania

1.4.2. Objective of the research

The overall objective of the study was to tesdl apply alternatives to using pesticides for
quelea control, with a view to minimizingetrol costs, and reducing the negative side-
effects of control on human health and theiemment. Ultimately the application of the
alternatives could lead to quelea being considers a resource instead of as a pest. More

specific objectives were:



e To investigate and testarious possible methods rfacatching quelea under
different conditions, determine the exteot their applicablity and adapt any
successful ones to sub-Saharan conditidhs. potential methods investigated and
tested included mist-nets, a Tunisiamass-capture funnel trap adapted to the
conditions that apply to quelea breedindpotes and roosts, a big net covering a
roost (a “roost trap”) anddditional basket traps somewhich have been used for
mass capture of roosting birds in other places.

e To determine the feasibility of haesting chicks manually from colonies.

e To determine how best to use the birtbr humans, including preservation
methods. In the event of successful aagtion, consider how the technique(s)
could best be expanded andavhegulations would be nexsary to ensure that the
traps were used exclusively for queleapiding their use for protected birds or

other non-target organisms.

1.4.3. The research output

The research focused on developing/recondimen alternatives to aerial spraying of
pesticides for quelea bird control that have potential to makeadical changes to
farmers' attitudes to the problem of the lossmssed by grain-eating birds, in the light of
environmental impact assessments of cordobivities. New techniques were tested and
those already proven to be eftive in other countries' agricultural systems were adapted

for application specifically in Tanzaniam@ more generally in sub-Saharan Africa.

1.5. The Research Questions

Characterizing the people’s uskquelea requires an expldian of how their world view
influences the control and use of geeel and environmental conservation. The
examination of the peoples’ world view andrggationship with quelea trapping and their
use was based around fundamental questleak with in this thesis including:

1. Do people in the study area prefer to geelea for food and for income generation

rather than allow control by spraying?
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2. Do the current trapping methods (ihyg used for catching quelea satisfy the

trappers or farmers or both?

3. Are there any effects on the environment associated with the current trapping or

control methods of quelea?

4. Is there a possibility of exploring potesitimass-trapping or control methods of

guelea safe for the environment?

5. Is there a possibility for potential ugation of quelea for food and for income

generation in the communitgdding to poverty alleviation?

6. Will the technology transfer for quelea ssatrapping, processing and preservation
methods contribute to the interest oé thommunity on the potential utilisation of

quelea?

1.6. Delimitation and Limitation of the Research

The research was initially designed to cover three regions, namely Arusha, Kilimanjaro
and Dodoma. However, due to the seasaiatribution of quelea, and especially
breeding colonies, most of the researchkmwas done in the Dodoma region. Based on
the onset of the short rains, quelea departh-eastern Tanzania for southern Somalia,
whence they initiate a south-westward wanfe breeding back to central and south
western Tanzania by March (Ward, 1971). Bragdiolonies are usually found in central
Tanzania (Dodoma region) from late Februtoylate March or, sometimes, early April
(see Appendix 2a). Most of the work in breeding cadenivas done in March, although
there were breeding colonies hay, in Kondoa District (& Appendix 2a). Other work
using a roost trap on roosting birds wasoaldone in Arusha and Kilimanjaro. The
research was based on the distribution of pdjmuria and migration patterns of quelea in

Tanzania (see Chapter 3).

Another issue concerns the limitations tbe study. Little assessment of many more
mass-trapping methods was possible, due todatikne, and funds. Quelea, when scared
or threatened, can desert breeding coloniesosting sites in the early stages of their

development. This means the stage of deeelopment of the colony can affect the
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results. Vegetation cover is an importaactbr in mass-trapping of quelea, as they
normally choose dense thorn a@atiees as the vegetationwhich to roost and breed,
which has sharp leaves and is often in flooterdain which is difficult for trappers to
penetrate (Johnson and Burrows, 1994). Late ragasons also affected the availability
of breeding colonies in the research area. ffdygs used, and especially the mist-nets, are

a danger to non-target bgdf not properly handled.

Generally, the focus was to observe tstakeholders’ willingness regarding mass-

trapping, use of quelea as food source and income generation.

1.7. Thesis outline

The research study and findings have been organized into six chapters. Chapter 1 outlines
the background to the study, intrailg the rationale to it. Chégr 2 deals in detail with

a description of the study ea. Chapter 3 explains thlgeographical distribution and
breeding seasonality of quelea in Tanza@hapter 4 explains the investigations of
stakeholders’ knowledge and needs regarding quelea trapping and use of quelea as food.

Chapter 5 deals with mass-trapping hoets. Chapter 6 is a general discussion.
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CHAPTER TWO
DESCRIPTION OF THE STUDY AREA

2.1. Introduction

The study was carried out in the Dodoma oegwhich is in the central part of the
country. The region lies inland, very closethe centre of mainland Tanzania (Figure
1.1). Geographically the regione$ between latitude 4° &And 7° 21’ South of the
Equator and also between longitudes 88° and 35° 5’ East of the Greenwich
meridian (The United Republic of Tanzania, Dodoma Region, 2003).

The area was selected based on the astlkmowledge and experience, using the
following criteria intended to achieve representation for the entire country where
quelea are a problem. The criteria uoéd suitable vegetation for breeding and
roosting, with grass-seed for food, the gnogvof cereal crops favoured by quelea for
food such as bulrush millet, sorghum amzk, and local peopleith knowledge of

guelea trapping and who use them asarce of food and income generation.

2.2. Administrative units

At Independence, the Dodoma region was ra @awhat was th&entral Province. In
1963, the Dodoma region was created. Isvegparated from the Singida region,
which with the Dodoma region, were the qmments of the former Central Province.
At its inception the regionansisted of the three rurdistricts of Dodoma, Kondoa
and Mpwapwa. The urban district of Dodomeade up the fourtldistrict later on.
Mpwapwa district was later divided intbe two districts oMpwapwa and Kongwa.
The Dodoma region has a total land ané&1,311 square kilometres, making it the
12" largest region on mainland fizania out of the total &1 regions in the country
(Figure 2.1) (The Regional Commissiose Office, Dodoma 2002). All of the
districts in Dodoma region are attackiegl quelea since they all grow sorghum and

millet.
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Figure 2.1. Dodoma region and itonstituent districts.
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2.3. Population characteristics

The Dodoma region has for centuries belminated by Bantu-speaking peoples who
even today form about three quarterstbé population. Indigenous Bantus are the
Wagogo, Warangi, Wanguru, Wazigu&akaguru and Wasagara. Nilo-hamites form the
next largest group which includes thead&ai, Wafyomi, Wataturu, Wambulu and
Watoga. In this latter group the Maasag dhe only ones who lead a totally nomadic
pastoralist life and are hente be found all ovethe region. Withurbanization and the
breakdown of tribal borders, many tribes Tanzania are represented in the region
including Indians, Arabs and Somalis frdmayond Tanzania’s borders, who are mainly
merchants. Kiswabhili is thiingua francaof the region as it ithroughout Tanzania (The
Regional Commissioner's Office, Dodom2Q02; The United Republic of Tanzania,
Dodoma Region, 2003).

2.4. Climate

The Dodoma region is mostly semi-arid dodow and erratic raifiall. The region has a
unimodal rainfall pattern. It falls in a silegrainy season between November-December
and April-May. Generally these rains fatli heavy storms resulting in flash floods.
Consequently about 60% of the precipitation becomes run-off rather than penetrating the
soil for crop growth. The month of Januargrmally experiences unpredictable drought.
Such very dry spells cause siseto crops and coeguently low yieldf crops or even

crop failure. There is significaariation in the rainfall patte in different parts of the
region where 80 percent rainfall probabilisyonly about 200 mm, although the rainfall

in neighbouring areas can exceed 700 mnthénlong dry spell between late April and

late November persistent glecating winds and low humitgl contribute to high evapo-
transpiration. This dry spell leads to frequent shortages of soil moisture causing stress to
crops, which are normally gendent on rain, and conseqtlg low yields which are
dangerous if an invasion of many quebgapears (The United Republic of Tanzania,
Dodoma Region, 2003).

2.5. Physical features

Topographically, the Dodoma region forms part of the Central Plateau of Eastern Africa
extending from Ethiopia in the north to the Tsaaal in the south. Bregion is dissected
from north to west by a number of mountalmins. They are steajoped with table-top

summits. Between and around these mountaigas are low-lying relatively flat areas.
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A number of depressions are associated thidse lower areas. They are generally water-
logged in the rainy seasons, have a tendémsalinity because dheir limited outflow,

and are locally known asbuga(The Regional Commissioner's Qfé, Dodoma, 2002).

2.6. Drainage
There are three major drainage systemgheregion which favour quelea for breeding,

roosting and, in the dry period,tfjag drinking water. These are:

To the north, the Bubu and Kinyasungwe streams coltbet rainfall excess from almost
one half of the area of the region. The Kinyapue flows east andventually joins the
Wami river which discharges into the ladi Ocean. The Bubu flows in the south-west

direction and drains intthe Bubu swamp where quele@ aeen almost all year.

To the south,numerous tributaries run almost dseuth and drain into the Ruaha river

system, which ultimately discharges inb@ Indian Ocean via the Rufiji River.

The third system consists of the peripheral systemdich drain into the Maasai steppe
system. A very small portion of the steppe dsanorth via the Tarangire area into Lake
Manyara, the remainder is patternless idgzk drainage (The Regional Commissioner’'s
Office, Dodoma, 2002).

2.7. Vegetation

Quelea occur throughout the short grass Aecateppe or shrub savannah of Africa.
Within this range, the birds seek areas wtikege is an abundance of wild grass seed, a
plentiful supply of fresh drinking water dra dense enough covenitich large numbers
can assemble to roost or breed (Allan, 1996kré&fore, the presenad birds within an
area is largely dependent on such factors aaldaihabitats and availability of food and

water as well as shelter and securitg(@bsence of predators) (Matee, 1999).

The natural habitat ajuelea is semi-arid Acacia countmhere the specserelies on wild
grass seedsSegtaria spp., Echinochloaspp., Sorghumspp., Panicumspp., Eragrostis
spp, Digitaria spp., Brachiaria spp. andCynodonspp. etc.) and natural water holes,
migrating locally in a seasonal search $ostenance (Roming, 1988; Jarvis and Vernon,
1989a).
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The characteristic vegetation of the regiomsists of thickets, formed wherever the
natural vegetation has been destroyed byicalgural activities, grazing and fire,
regenerating bushes, maigaciaspp., mixed with short lived annual grasses and herbs
(Stuartet al, 1990; Kideghesho, 2001; White, 1983).efidn are also areas of wooded
grasslands in depressionghich are seasonally inundatetbugas(areas with impeded

drainage).

There are many different types of vedmta in Dodoma, but inter-related factors
determine where and how trees grow. The nmogbrtant of these factors are the amount
of rainfall and length of the season, the ranféemperatures, the slope of the land and
the activity of man. The natal conditions over very long periods have caused the
vegetation types which are foumdDodoma today, but it ie activity of man over the
past 100 years, which has brought about the shaghatic changes, and these are usually
for the worse (Hamilton and Bensted Smith, 198%e destruction diorest, e.g. by fire,
will lead to the formation of woodland, and turn the destruon of woodland will
eventually result in open grassland (Whili®83; Hamilton and Bensted Smith, 1989;
Beentjeet al. 1994) which produces grass semdential for quelea food.

Queleacan utilize a variety of \getation for breeding and raowy. In nearly all cases
breeding vegetation may be describedttamny. Quelea can, however, also breed in
exotic plantations that have thorns, apparently in sitti@ns where preferred vegetation
is absent (Jarvis and Vernon, 1989). Tpienomenon has been observed where thorny
trees are not numerous and they are mixé@t wther non-thorny trees. In other areas,
quelea have been observed breedingPimragmites reeds. Quelea roost in dense
vegetation. This may be woodlandsyphaspp. T. latifolia), densePanicumspp. P.
maximum and evenAcacia spp. (Frost, 1996). TheAcacia spp. most preferred for
breeding and roosting by quelea (Mbwtaal, 1994; Stons, 1995) afe hockii, A. lahai

A. mellifera A. nilotica A. polyacantha A. senegal, A. seyalA. tortilis and A.
xanthophloea.

2.8. Agro-economic zones
Identification of different agro-economicomes in the Dodoma gen has been based

mainly on topographic and geographic featuras well as climatic conditions. For
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practical purposes, the region can be divided into three agro-economic zones
(Regional Commissioner’'s office, Dodom2002; The United Republic of Tanzania,
Dodoma Region, 2003).

Zone I:

This is predominantly dry, flat or undulag plain with a low density human population.
Rainfall in these areas is veuyreliable. It recees an annual raiall below 500mm. The
area covers the Maasai steppe in the neat- part of Kondoa, the southern part of
Dodoma Rural district and tremuth-west of Mpwapwa districThe soils in this zone are
reddish-brown loamy sands ancetygrclays in depressions.

Zone |l:

This zone covers theentral and southern gaof Kondoa district the northeastern and

central parts of the Dodoma Rural distritte whole of Dodoma Urban and Kongwa
district and parts of Mpwapwa. The are& laarainfall regime ranging from 500 - 700 mm
annually. Dark-brown, dark reddish loamy samuiedominate in the area. The zone is

principally a maize producing area. §bum and bulrush millet are also grown.

Zone Il

Areas within this zone are the central partsvipwapwa district, mainly hilly areas and
the Bereko highlands in Kondoa distrlwbrdering Manyara region. The zone has the
highest rainfall regime, 700 to 1000 mm penam, in the region. $s are deep dark
reddish brown clay loams with black clayilsm depressions andalleys. Main food
crops grown are maize, sorghum, bulrustilet, finger millet, cassava and sweet

potatoes.

2.9. Agriculture

About 85% of the estimated 1.6 million populat{@®01) in the region live in rural areas
relying on agriculture and livesck keeping activities for subsistence and income. The
agricultural sector generatesuch of the region’s Gross Domestic Product (GDP) while
providing labour for over 90% dhe work force. More thaii5% of the landarea in the
region is semi-arid. Soils have low nutriesdntents. Rainfall is low and occurs only
seasonally with considerable variation oube region and from year to year. It is
estimated that the region has 2,593,0000harable land, @d 1,406,518 ha or 54%
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(2008/2009 season) which are under crops. Distribution by districts is given in Tables 2.1
to 2.4.

The region is unfortunate indhit does not havany traditional exportrops. What is

grown as a food crop is alsmnsidered as a cash crop (Tables 2.5 and 2.6). Bulrush
millet and sorghum, which are favoured by lgaefor food, are grown more extensively

in Dodoma and Singida in the central partlod country than imther regions. The two

regions make up the central paftthe country. The planteatea for these crops is bigger

in the Dodoma region than in the Singidgiom, which is why Dodoma was chosen as a
research area. The planted areas for the seasons 2007/2008 and 2008/2009 are shown in
Table 2.7 for Dodoma and Singida and BaBl8 for the Dodoma region by districts.
These tables were provided to show the drest of cereal crops planted during the study

period.
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Table 2.1. Distribution of arable lanaicharea under cultivation by district, Dodoma
region (2007/2008 and 2008/2009 seasons).

District Arable Area under cultivation Area under cultivation

land area 2007/2008 2008/2009

(Ha)

Ha % Ha %
Arable Arable

Mpwapwa 223,000 117,684 53 127,158 5y
Dodoma 893,000 383,846 43 453,239 51
Rural
Kondoa 925,000 456,689 49 610,259 66
Kongwa 364,000 109,552 30 124,110 34
Dodoma 118,000 92,225 78 92,752 79
Urban
Total 2,593,000/ 1,159,996 45 1,406,518 54
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Table 2.2. Estimated area (ha) undesjor crop production by District, Dodoma

Region 2008/2009. This show the imfamce of cereal crops in the

region.
Crop Dodoma| Dodoma | Kongwa | Kondoa| Mpwapwa Total % of Total
Urban Rural Crop Area
Maize 10,288 32,078 58,000 92,917 12,775 206,058 19
Sorghum | 22,214| 112,879 40,700 90,800 36,836 303,429 28
Bulrush 39,427 87,645 1,870 82,927 2,941 214,810 19
Millet
Cassava 12,657 40,216 4,610 46,459 19,416 123358 10
Paddy 450 8,706 - 150 306 9,612 1
Sweet 1,121 41,410 850 30,974 4,550 78,903 7
Potato
Beans - - 750 15,456 5,442 21,678 2
Bambara | 18,101 38,536 12,960 46,459 22,577 138,633 13
nuts
Total 104,258| 361,470 | 119,740| 406,170| 104,843| 1,096,481 100

Source: The Regional Commiseer’s Office, Dodoma 2008/20009.
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Table 2.3. Distribution of landrea by districtbodoma Region.

District Land Area in % Regional
km? share
Dodoma Rural 14,004 33.9
Kondoa 13,209 32.0
Mpwapwa 7485 18.1
Kongwa 4,041 9.8
Dodoma Urban 2,572 6.2
Total Region 41,311 100.00

Source: The Regional Commiseer’s Office, Dodoma 2008
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Table 2.4. Estimated area (ha) under mamps production by district, Dodoma
region 2007/2008. This show the impoxtarof cereal crops in the region.

Crop Dodoma| Dodoma | Kongwa | Kondoa| Mpwapwa Total % of
urban Rural Total
Crop
Area

Maize 9,260 28,870 52,200 83,625 11,496 185,451 18

Sorghum | 19,993 101,591 36,630 81,720 36,836 276,770 25

Bullrush 35,485 78,880 1,683 74,634 2,647 193,329 18
Millet

Cassava 11,390 36,195 4,15( 41,813 17,475 111,023 10

Paddy 405 7,836 - 135 307 8,683 1
Rice

Sweet 1,010 37,269 765 27,87% 4,095 71,014 G
Potatoes

Beans - - 683 13938 6,047 20,668 2

Bambara | 16,290 34,683 11,664 138,813 103,989 1,086,474 20

nuts

Total 93,428 | 35,324 107,775 455,553 103,989 1,086(474 100

Source: The Regional Commiseer’s Office, Dodoma 2007/2008
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Table 2.5 Planted

areas of bulrushlleh and sorghum in Dodoma and Singida

regions.
Season Crop Area (ha) Area (ha)
planted planted
Dodoma Singida
2007/08 BulrusiMillet 202,300 87,855
Sorghum 275,000 155,340
2008/09 Bulrush Millet 275,800 88,933
Sorghum 305,546 157,693

Source: The Regional Commissionedfice, Dodoma and Singida 2007/8 and

2008/9.

Table 2.6. Planted areas of bulrush milatl sorghum Dodomagion, by District.

Season Crop | Dodoma Dodoma | Kondoa Kongwa | Mpwapwa
Rural (Ha) | Urban (Ha) (Ha) (Ha)
(Ha)
2007/2008| Bulrush 77,481 58,262 46,529 | 12,947 7,081
Millet
Sorghum| 122,100 11,000 46,750 | 33,275 61,875
2008/2009| Bulrush 103,425 78,051 67,571 | 19,306 7,447
Millet
Sorghum 137,496 13,750 53,470 | 36,665 64,165

Source: Regional Commissione@dfice 2007/08 and 2008/09 seasons.
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2.10. Irrigated agriculture

Irrigated agriculture has contributed to tpersistence of quelea the country, because
grain seed crops are mostly irrigated, utthg rice, wheat andbarley. Rainfall in
Dodoma is too low and irregular in manyrisaof the region for crop production to be
reliable. On this basis there is a need togmto crop production aas with potential for
irrigation, which in the region comprises 16,1B2. Their distributiongy district are:
5,305 ha. in Dodoma Rural, 2,238 ha. in Mpwa, 7,796 ha. in Kondoa and 813 ha in
Dodoma Urban district. Table 2.9 shows that out of 16,152 ha potentially available for
irrigation in the region only 3,756 ha 88% are under production. Irrigation production
in the Dodoma region is not common but is dede and it is feasible. What is needed is
the will and resources to delop the potential to irrigation schemes producing tons of
crops under irrigation. Rainwater harvestinghieiques could be used more extensively
in the region. By this approach many hectanethe Bahi depressn area (Dodoma Rural
district) have been put into production ibygation through tapping the Bubu river water
that flows through the area. Kondoa distri@s exploited only 5% of its irrigation
potential. Mpwapwa district shows the highetiiaation of its irrigaion potential at 73%
(Table 2.9). Water from the river supplemewtster moisture after the rain stops to allow
the crop to mature. The water is not usemulghout the year as mgelittle water is
available in the dry season.
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Table 2.7 Irrigation Prospexin the Dodoma Region 2007.

District Division Potetial area (Ha)| Area under
Irrigation (Ha)
Bahi 1,600 1,295
Chilonwa 500 30
Mwitikira 1,700 -
Makang'wa 750 8
Dodoma Rural Mundemu 75 3q
Mvumi 300 -
Chipanga 38( 1838
Total 5,305 1,546 (29%
Rudi 920 595
Kibakwa 520 420
Mpwapwa Mpwapwa 173 73
Miscellaneous area 625 541
Total 2,238 1,629 (73%
Kondoa mijini 2,450 27
Kolo 2,969 53
Bereko 1,187 228
Mondo 195 33
Kondoa Kwamtoro 350 7
Farkwa 45 5
Goima 600 8
Total 7,796 361 (5%
Dodoma Urban Total 8138 220 (27%)
Regional Total 16,152 3,756 (23%

Source: Regional CommissiateOffice, Dodoma 2007
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CHAPTER THREE

THE GEOGRAPHICAL DISTRIBUTION, BREEDING SEASONALITY
AND FORECASTING OF BREEDING OPPORTUNITIES FOR THE RED-
BILLED QUELEA IN TANZANIA

3.1. INTRODUCTION

The Red-billed Quele®. queleais a superabundant weaver bird which is characterized
by its habit of seasonal migration. These abuh8ads breed colonially when conditions
permit (Vennet al, 2002). Seasonal long distance migrations have been suggested
(Ward, 1971) and movement of moreath2000 km by ringed birds is known (Mundy
and Herremans, 1997; Oschadleus, 2000).

The migration patterns and thiening of the annual cycle are believed to be governed by
seasonal changes in availability of the birgrincipal food and seasonal patterns of
rainfall across sub-Saharan Africa. The pipal food includes seeds of annual grasses
and insects (mainly caterpillars and nympgedsshoppers) to provide sufficient protein
for females to form eggs and for the parents to feed chicks (Jones, 1989a,b&c; Jones and
Ward, 1976; Jonest al, 2007; Jaegest al., 1989; Manikowskiet al., 1989; Dallimeret

al., 2002; Dallimer and Jones, 2002). Queleataghly mobile, commuting considerable
distances between roostepfl and water on a daily basiEhe seasonal movements and
breeding cycles are closely tigml movement of the rain front (Intertropical Convergence
Zone — ITCZ) and the subsequent produttof grass seeds (Elliott 1979; Jaegesl.,
1979, 1986; Ward 1965 a&b; Ward abohes, 1977; Elliott, 2006).

The array of physiographic features witheastern Africa, such as the mountains and
lakes associated with the Rift Valley Systdéogether with the proximity to the equator
and Indian Ocean results in a complex grattof rainfall (Brown and Britton, 1950;
Brown et al., 1983). Although rainfall patterns in stitwpical southerrAfrica are more
complex, the basic patterns north and sawitlthe equator are mirror images of one
another, with their seasons being six mordbs of phase. The slow movements of the
rain fronts cause important regional diffeces in the timing of grass growth and are
responsible for quelea migration patternsn@s, 1989a). Consequily, quelea breeding

can occur somewhere within the region tlgloout most of the year and simultaneously
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at two or more widely gmrated locations (Jaeget al., 1989). An ability to forecast
where and when colonies could be estabtishdl greatly improve the efficiency of
control measures (Chelet al, 2007). When preparing for control measures, forecasting

suitable breeding conditions for the quekeaery important.

Geographical coordinates of places found swgtdbt breeding colonies in the southern
and central part of Tanzani@e shown in Appendix 2é&6ome of these areas were
included within the zone covered blye forecasting model developed by Vesinal.
(2003) used for forecasting breeding oppoitiaa for quelea in southern Africa. The
model is based on, and providegpartial test of, the conjered rainfall-migration model
of Ward (1971) whereby quelea movements @etermined by rainfall patterns and grass
seed availability (Cheket al.,2007).

3.2. REVIEW OF LITERATURE ON THE GEOGRAPHICAL DISTRIBUTION
AND TIMING OF BREEDING BY RE D-BILLED QUELEA IN TANZANIA

The Red-billed Quele®. quelea is the most abundant bird in Tanzania, being much

more numerous than the other specie®uoélea the Cardinal Queled&) cardinali§ and

the Red-headed Quele®.(erythrop3, and has the greatest impact on the Tanzanian

agro-ecosystem of any pebird (Elliott, 1990). Quelegopulations in Tanzania are

classified into three categories dependimig occurrence, abundance and extent of
damage caused to crops as follows:

(1) The most abundant and major pest of cecegips. This classification is appropriate
for the major cereal regions sucaAs Dodoma, Singida, Manyara, Arusha,
Kilimanjaro, Mbeya, Shinyanga, Morogoro;

(2) Intermediate importance, covers Musoma, Tabora and Iringa, and

(3) An occasional pest, covers Dar eta8m, Coast and Tanga Regions (Tarimo, 2006).

Large flocks of quelea occur in Tanzanideafthe onset of the long rains. The rains
normally start from November to Februamg central, east and southern Tanzania
between 3and 8 South, and 33and 37 East where large breedj colonies are found.
For example, an average of 45 coloniegsemecated and contiled annually between

1979 and 1985 in an area that lies diagonatiynfmorthwest to southwest of the zone
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(Tarimo et al, 2006). With the increase in gated rice quelea are seen almost
throughout the year in rice-growing aredsit these birds araormally non-breeding,

roosting, birds.

In Tanzania. q.aethiopicaare believed to migrate north-east from central Tanzania to
southern Somalia and then back to ceraral south-western Tanzania following the rain
front as it moves north and @ across the equator (Jaegsral. 1989 Ward, 1971).

The migratory movements of quelea are gehegoverned by changeas the availability

of the birds’ principal food, theegeds of annual grasses suchRemicum, Setaria,
Urochloa and Echinochloawhich grow and set seed rthg the rainy season (Jones,
1989a&d).

3.2.1. The ‘early-rains’ migration

Much of the following account is based on texts by Peter Jones (1989a&d). In years of
scattered or poor rains the gealmay not move far, or may not move at all. During this
time, quelea mainly subsist on fallen seedmfiual grasses produced during the previous
rains (Ward, 1965a). Seeds fall onto thd sarface during the dry season remaining
ungerminated, and thus available for bir@aelea will remain in one area only for as

long as seeds are available. The enormous roosts, to whibirdis return every evening,

may be disbanded as quickly as they amenéal. With the availabty of grass seeds,

some roosts may persist throughout the dry season. As other quelea may remain in one
area for the entire dry season, there is camralule interchange of others among nearby
and distant roosts. Such movements do not have any set pattern and are governed only by
the local depletion of food stocks, so thegpy be termed nomadic. They differ greatly

from the movements that take placehat start of the rains (Jones, 1989a&d).

The beginning of the early rains usually t&awith frequent local showers, which are
insufficient to cause seed germination. As fiihowers become continuous the result is a
sudden and widespread germination of thmaiming seeds, hence leaving the ground
covered with growing grasses (Jones, 1989ajs @hprives the bisl of their preferred
food and although insects, such as moths asgjroppers, are plentiful at the start of the
rains, they are mostly in active adult stagand difficult for quiea to catch (Jones,
1989a&d). Thus, the birds are compelled tove If the rains are widespread the birds

may be obliged to travel some consideratitance to find new food sources. In this
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they are aided by the flush of insects, jpatarly termites, which are promoted by the
rains. For a short time the birds gorge tlseires on this rich food source, building up a

fat reserve sufficient to sustain them orithmigration. The average amount laid down

by the quelea population is proportional to thenimum distances that the birds must
expect to fly before encountering freshly matured seeds (Ward and Jones, 1977). This
suggests that they have tceegdict how far they must tral. This migration through the

rains is known as the “early rahmigration (Ward, 1971; Allan, 1996).

During this first migration, quelea may seelag#s where it has not yet rained and where
ungerminated seeds still exist, foy to areas where it hasined sufficiently long for the

germinated seeds to have grown.

3.2.2. The Red-billed Quelea breeding migration in Tanzania

After 4 to 6 weeks grasses in areas where safiicigrowing rains’ fé, begin to set seed
thus maintaining the food source and, pogsilallowing the birds to attain breeding
condition. Quelea involved in thearly-rains migration arrive at sites where most grass
heads are setting seed. After feeding on suellsse these “early rains quarters” (Ward,
1971) the plumage of some of the birds changes so that they come into full breeding
condition. The facial masks of the malescdme black and the bills of the females
change from red to yellow. Some birds thenickly establish small colonies, but often
birds beginning to attain beding condition in the earlyirs quarters move back on a
“breeding migration” towardshe rain front to nest wherthe grass has already grown
sufficiently to set seed. For quelea to bregain in a season, they have to move once
again along the line of the adwang rain fronts, returning tareas where they had been

concentrated at the endtbe dry season (Meinzingen, 1993).

The breeding migrations, particularly in soutinéfrica, often follow river valleys as the
birds search for ideal sites at which to establish their breeding colonies (Allan 1996).
After reaching a suitable site, nest building tstammediately but it may be two or three
days later before a colony is established. Baermally arrive atlwosen sites before the
females and only males build the nests (pers. obs). After the females arrive, colony
establishment is quick and symonous egg-laying begins. In Bi@ases nests are built in
thorny acacias such ascacia tortilis A. melliferaand Dicrostachys cinerear other

thorny plants such aBaidherbia albidaor Zizyphusspp., although colonies have also
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been found in reed-bed grasses or sugar canes. The breeding cycle is usually completed in
5 to 6 weeks.

The adult birds, which first breed in therlgarains areas, mayontinue their breeding
migration along the advancing rain fronts tgioss where grasses are still flowering and
breed again when their seeds are set. Such birds in prime condition may attempt to breed
two or more times in the same rainy season. This type of breeding is known as ‘itinerant
breeding’ (Meinzingen, 1993; Jones, 1989a). Quelea that were not among the first to
breed have two options. Fir¢ghey may remain in the earhains quarters until ready to
breed and then make a long flight to catghwith the zone of ey seeding grasses.
Secondly, they may move slowly along thensaleading edge as the rain front, but
remain within the seeding zone as it adwmds soon as theyeaready to breed they

stop migrating and begin nesting. Whichevetiapthey follow, they would not need to
deposit pre-migratory fat for this breedimgigration. They may feed on fresh seed or
insects at any point, andefe is no urgency for the journey to be made non-stop.
Eventually, the breeding migration will bg birds back to the areas where they had
concentrated at the end of the dry seamoa from where they departed on their early-
rains migration (Jones, 1989a). In regionsevenquelea have been breeding itinerantly,
most will complete their breeding attempttbe season in the area that was the last to
receive rain. The end of the breeding mignatieaves quelea in areas that become the
major concentration zones ftite dry season and where th&ifl resume their nomadic

life until the next rains (Jones, 1989a). Thasee birds in poor condition and birds which
have reached the limit of suitable breeding habitat for that season. They will disperse to
areas where the season’s grass seed itablaito them exposed on open ground. This
condition characterizes the beginning of the dry season. During this time good feeding
grounds become scarcer and the quelea gathecri@asingly larger roosts to exploit the
diminishing food reserves. It is generally timlese dry season concentration zones that

irrigated crops may be at risk to qealas the dry season advances (Allan, 1996).

When the adults have deserted the coloniesyoung birds left behind usually remain in
the area using the site as a roost for a fexeks. After the localed supply diminishes
the juveniles have to movaway to areas better for finding food in. During the
movements some may join adults on the@daling migration but,l@rnatively, they may

stay put, often finding fields of cerealsfe®ed on. Thus, it is usually the young birds that
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cause the greatest losses tim#fad crops. Eventually, many of the young birds move on
to catch up with ta adults in their dry seasaoncentrations. The remaining young
disperse throughout the breeding areas amdtfe main body of quelea moving back on
their early-rains migration to startetannual cycle again (Ward, 1965b, 1973; Jaeger
al., 1979).

The northward movements of quelea from central and southern Tanzania in February /
March to breed again in May / June is well known (Disney and Haylock, 1956).
Normally, quelea migrate from the northernfhaf Tanzania to northern eastern Kenya

or southern Somalia in DecenmtbBuring the onset of thénert rains in November quelea
move north-east into southern Kenya wheoene nesting could occur during December
and January before the birds move backagtlsern Tanzania in February and March to

start a new breeding cycle (Disney and Haylock, 1956).

Very rarely breeding colonies have beewrid in dry periods, although juveniles have
been caught in areas near national parksuah times. This indicates that sometimes
there is some breeding inetmational parks during theydperiod, normally following the

last harvest when rains have been prolonged.

Breeding activity is a regular feature for ¢gee occurring in allareas with favourable
conditions, although locations camange from year toear depending on the rainfall
patterns. In years with widespread rainsghme birds can continue breeding as many as
three times in different areas. The cycle maytdtom February in the south and central
parts of Tanzania and end towards the rerthpart in late dy where colonies
sometimes are found (Jaegsral, 1989). The months which have been recorded as
breeding periods for quelea in Tanzania, intlgdhe six weeks of colony establishment

to the production of independeydung, are shown in Figure 3.1.

Breeding activity is a regular d&ure in all of tle areas shown in good rain years, except
for January and February in northern Tamz and May and June in northwestern
Tanzania. Nevertheless, some breeding imudey within Lake Manyara National Park
was recorded by Ward (1971). This was rextorded again between 1978 and 1986, but
in March 1987 Tarimo (1994) located one coldhgre at its last stage of development.

This colony was established late January or early Februamhich is not normal in the
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area (see Figure 3.1). In northwestern Tanzambnies are only found in May and June
but occur between March and W the northeast colonies. Elsewhere, breeding appears

to be sporadic.

The annual breeding quelea popigia in Tanzania has been estimated to be about 62
million breeding adults (Elliott, 1989a). THigure doubles to about 120 million birds to
account for chicks fledged by each pair acle colony per year. g&ypical quelea clutch
consists of a mean of 2.8 eggs (Jod€89d) from which 1-3 young are hatched, varying
from 1.6 to 2.8 (Jackson and Park, 1973; Morel and Bouliere, 1956). Under normal
weather conditions, an average of 2.57 younghmmneared to fledglings (Ward, 1965).

All females probably make at least one breeding attempt per year (Ward, 1977).
However, itinerant breeding has been reported at Hanang wheat complex farms (Elliott,
1989a; Ericksoret al, 1982) and if conditions are favalnle two or three breeding

attempts per year may occur (Elliott, 1990; Tariet@l, 2002).

However, there is evidence that the breeding pattern in Tanzania has changed
considerably since the timefescribed by Elliott (Tarimeet al, 2006). For example,
between 1994 and 2004 it was observed that most of the quelea population remained in
northern Tanzania sometimes up to April because the rainfall patterns were either too
little or too much or came too early avat late to allow normabreeding migration
(Tarimo et al., 2006). In 1997, after minimal control the previous season, only eight
colonies occurred at Hanang Wheat ComplexriSacompared to more than 25 colonies a
year before, when the farm waelatively wet. In the 1996eason no effective control
measures were undertaken in many parts @icthuntry. Breeding cohies established in
western and central Tanzania were not effetyicontrolled. It is possible that some of

the birds moved north or southeast to brisedhe second time in areas with wheat.
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Figure 3.1. The months of active breeding amdration of quelea in East Africa (Source:
Elliott, 1990).
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In the 1997/1998 season, thereswep colony established in tloern Tanzania nor in the
Hanang Wheat Complex Farms due to the nabfirhe long rains in that season. The
unusual heavy and continuous rains supporbethdant growth of grasses in November
and December. The grasses dried early wace completely replaced by broad-leaved
plants by February to April the following se This situation deprived the birds of
suitable building material as well as food for successful breeding. Quelea remained in the
northern zone where they caused heavy lossdsoth rain-fed andrrigated rice and
wheat. The years 1995 and 1999 had inadeqaate and grasses to allow breeding and
precluded the possibility of the birds movihg the south. This resulted in the birds
remaining in northern Tanzania as residpopulations as the area had enough paddies,

wheat, and wild grass seeds for their survival (Targnal.,2006).

In May and June 2001, six colonies with estimated population of more than thirty

million adult birds were located in Hanang Wheat Complex Farms. The colonies were at
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different stages of development. Two cokmiat Gairo Hill and Marjanda in the Wheat
Complex Farms were divided into three andrfdlistinct sectionsvith eggs, nestlings
and fledglings at different stages suggesttimgrant breeding. Thishowed that quelea
breeding may occur in one locality more thamce but also they can breed within the
same site more than ive in a season (Tarinet al, 2006; pers. obs). In this season, over
90 per cent of the farm (9,000 ha) was noticated as the former growing company had
finished its contract and fte no other company was takirayer. The few workers who
were left cultivated 10 per cent of the farm.is'tesulted in the availability of abundant

grass seed coupled with adequaté even distribution of rainfall.

The widespread rainfall allowed several grapecies to grow, inatling dense love-grass
(Setaria verticulatawhich covered more than 70 pent of the uncultivated farm. Other
grasses included couch gragsgjtaria spp.), wild sorghumSorghum halepengeliver
grass Urochloa spp.) and Sudan gras$Sdrghum vulgare var. sudanehs& hese
provided a continuous supply of new smghass seeds for quelea, possibly from

February to June.

This prolonged period coincided with theouth-north migrationof birds that had
probably bred in central and western Tanaafhe favourable conditions allowed for
itinerant breeding for the second and possibé/third time. Another reason for breeding
in several sections in one site may be latkavourable and adequate breeding sites at
Wheat Complex Farms. Ecological changesngfes in rainfall patterns and introduction
of irrigated rice in many places in theountry have possibly altered the normal

movements of the queléa Tanzania (Tarimet al, 2006).

3.3. RECORDS OF ROOSTS AND BREEDING COLONIES REPORTED IN THE
CENTRAL ZONE IN TANZANIA DURI NG THE STUDY PERIOD (2006-2010)

During the study period the rainy seasons differear after year. $e years had normal
rainfall patterns, but others had long drougftsis situation led t@some early and late
migration of quelea in the area. The 2@I®7 and 2007/2008 seasarseived normal
rainfall compared to the 2008/2009 seasorictvthad a long drought. The rainy season

started at the end of March, wwh appeared to be below normal in central Tanzania. This
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situation made farmers complain as the waas generally insufficient for the maize crop,

although good enough for bulrush millet. This led to late migration of quelea in the area.

In the Dodoma area roosts are normally ldsthed from mid-February onwards when
the rainy season is normal. By this time the birds are usually prepared for breeding and
colonies are normally established from eavlgrch. This situation is followed by several
heavy rain storms which do not last longhaugh they appear to improve the breeding

condition. The located roosts and breedintpnies are shown in Appendix 2a&b.

3.4. CURRENT STATUS OF THE RHED-BILLED QUELEA IN TANZANIA
BASED ON RECENT MINISTRY OF AGRICULTURE REPORTS

Farmers in Tanzania have known bird pefsir a long time (Yahia 1957; Crook, 1957
Tarimo, 1999), with weaver birds (Family B&dae) constituting the greatest problem in
agriculture. Williams (1953) reported heavy d@y@ao wheat in Tanzania in the early
1950s. Most crop depredations were cause@ bgueleawhich occurs in almost 60 per
cent of the country’s grain produn area. As it ocas in large congmgations of several
thousands to millions each year, if uncol&, it can cause serious damage but where
control has been carried out effectively frdine onset of the breeding colonies, damage
to cereal crops has been minimized andynhirds killed (see Tables 3.1 and 3.3). If

such birds were not killed a lot of crops would have been damaged.

Quelea damage begins in the field at the torheowing seeds. If the seeds are scattered
and not covered properly with the soil, the seeds will be picked up by the birds. Also, the
birds feed on ripening seeds especiallyring dough or milky stages of millet and
sorghum. Serious damage takes place vithercrop has reached plglegical maturity
before and after harvesting, mainly where craps stacked in the fields waiting to be
shelled and bagged (Elliot989; Matee and Tarimo, 2006).

Although the quelea is probabthe most studied bird spes in Africa (Elliott and
Bruggers, 1989) and heavily killed bird species in Tanzania (Taetral., 2006), the
problem remains the same. Quelea reseanchcantrol, therefore, remains an area for

active research for crop protectionists.

36



Table 3.1. Quelea control operations unaleeh in Tanzania from 2001 to 2009

Year | Regions| Districts Villages Colonies Roosts InvadeQuele- Birds
Area (ha)| tox killed
used | (millions)
(litres)
2001 7 15 130 15 3 1565 830 56.00
2002 10 14 60 27 27 1648 4705 100.00
2003 9 21 81 1 80 2643 | 6153 169.00
2004 6 12 37 9 31 1184 | 2595 93.00
2005 9 12 49 29 20 1572 3535 147.00
2006 3 9 27 17 20 1236 | 3120 79.52
2007 6 13 54 23 29 1527 3197 128.45
2008 6 11 42 22 34 1635 4230 130.00
2009 10 21 74 36 41 2365 6465 185.5

Source: (MAFSC) Quelea Control &ation reports from 2001 to 2009.

The annual cereal productionragk during quelea invasion ghown in Table 3.2. Tables

3.3 and 3.4 show the numbers of hectadesnaged by quelea in some regions in

Tanzania during 1998-2002 and percentage damage estimates in some villages from 1995

to 1998, respectively (Quelea Control Operatibanzania, 2008). Estimates of the extent

of damage by quelea were based on wheat @ce ears visually examined within
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guadrats (Otis, 1984; Ubaidullah, 2004). Thélda show the extent of the quelea
problem to cereal crops in the country.

The problem of bird invasion in the counis/apparently growingn magnitude in line
with the expansion of cerea&ropping, especially irrigad paddy in new areas like
Kagera (Kale village), Chato districh@ Tanga region, Muheza district and Musisi
village where more than 3 million birds wereported to damage paddy and sorghum.
These crops were introduced to thesgiaes for food security and as cash crops
respectively (sorghum was needed for bregyifQuelea ControDperation, Tanzania,
2008).
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is not undertaken.

Table 3.2. Annual cereal producti¢f00’ tones) at risk duringjuelea invasions if control

Region Sorghum | Millets Paddy Wheat TOTAL
Arusha/Manyara 32.1 57 2113 63.5 12.6
Dodoma 80.594 20.0 11 0/0 101.894
Kilimanjaro 7.393 2.5 17.2 4.8 31.393
Mara 42.557 18.6 0.8 0.0 61.457
Mbeya 8.291 17.4 1141 0/4 140.191
Morogoro 30.469 0.4 84.2 0,0 115.059
Mwanza 19.664 9.8 73.6 0/0 102.864
Shinyanga 88.6 23.b 26/7 0.0 137.8
Singida 39.362 32.8 4.8 00 78.762
Tabora 36.131 9.9 4117 0|0 87.762
TOTAL 385.151 140.4 383.9 70.2 979.651
Pricing Tshs/kg 150 250 230 250 -
Produce worth 57,772.65 35,100.00 98,279.00 17,550,00 198,71P.65
(Tshs ‘000,000)

*1 US dollar = 1097 Tshs
Source: MAFS report 2000
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Table 3.3. Hectares damaged by quelea in soeggons in Tanzania 19982002,
confirming regular damage in Dodoma region.

Region 1998 1999 2000 2001 2002
Manyara 320.5 165 D 0 288
Dodoma 143 600 430 186 230
Mbeya 170 522 573 342 190
Mwanza 24 370 110 80 0
Shinyanga 56 0 41 194 123
Singida 150 C 41 194 123
Kilimanjaro 0 102 0 Q d
Morogoro 0 254.5 36 202.5 191
Tabora 0 215 663 0 127
Total 865.5 2228.5 1894 1198.5 1272

Source: MAFSC report 1998 — 2002
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Table 3.4. Percentage damage estimates for some villages from 1995 to 1998.

Year Village Crop Areaunder| % Damage
crop (ha)

1995/1996 West Wheat 10 10
Kilimanjaro
Arusha Seed Wheat 800 26.5
Farm

1996/1997 UsaMajimoto | Rice Variable 12 - 100
and King'ori

1998/1999 LoweMoshi | Rice 1125 23

1999/2000 Ndungu Rice 680 18

2000/2001 LoweMoshi | Rice 1325 15
Basuto/PV Wheat 2000 44
Basuto Wheat 170 >50
Mulbadaw Wheat 40 100
Hannang Wheat 1000 5-100
Magugu Rice 70( 6
Mto wa Mbu Rice 30¢ >7

n.b. The table shows only years when crop assessments were done, limited by the
availability of experts to do the exercise.

Source: MAFSC report 1995/1996 — 2000/2001
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3.5. FORECASTING BREEDING OPPORTUNITIES FOR THE RED-
BILLED QUELEA QUELEA QUELEA IN TANZANIA

Timely information on location and onset oEbding activities is aassential support for
effective quelea control. Weather conditioespecially rainfall, are important and can
affect the locations as well as the behaviotiquelea. Thus, the breeding migration of
quelea is influenced by rainfall (Meinzingel993). Knowledge afmigration strategies
could help to inform decisions relating teetthanagement of quelea as a pest (Dallimer
and Jones 2002). Seettedral (2006) wrote that environmet conditions are of great
importance in controlling migration and poputatiprocesses at various scales. Evidence
is mounting that migration patterns amdtering with current changes in weather
conditions (Cotton, 2003; Jenni and Kéry 2088thes, 2004). Climatic conditions have
been determinants of theaution of many migration sysins and the processes that
bring about seasonal changes are exploited lgyamis to keep them on their journeys
(Cheke and Tratalos, 2007).

3.5.1. Breeding Forecasting Model

For effective management it is essentiactmtrol quelea during their breeding period.
The physiological stress of nest-buildingdaegg-laying makes the birds vulnerable to
minimum application rates of avicides. Hencentrol efforts shdd be concentrated

during this specific period (Meinzingen, 1993).

In a breeding forecasting model a database providing information on both the location
and time of breeding is necessary. The coldaia should contaiall known historical
colony records and should be regularly upda The DFID-fundedNRI project ‘Models

of quelea movements and improved contsttategies’ assembled a computerized
database of 3543 historicedcords of quelea breedingaerences thneghout southern
Africa, from which a forecasting model has bedveloped to assist pest managers in

predicting control needs and tatmg them effectively (Jonexg al.,2000).

The project involved the collection of dateom the surrounding countries of the
Southern African Development Community (SADC) (but excluding Tanzania) that share
the same quelea populations, i@uelea quelea lathami{Q. g. aethiopicais the

subspecies occurring in Tanzania). Thedel covers most of the southern African
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countries as well as the southern and cergeats of Tanzania, which are the first to
receive breeding colonies in each year. A gainmodel of quelea migrations in southern
Africa was first described in detail by Jones (1989b) and that account forms the basis of
the predictive model developgeby the NRI project (Jonest al, 2000, Chekeet al,

2007). The latter two references were reliedammuch of the following descriptions in

this section.

The DFID-funded project was concerned omiith alleviating damge to rain “fed”
subsistence crops. Therefore, the model wesnded to forecast the timing and locations
of quelea breeding colonies that would requoatrol to prevent successful fledging of
juveniles. The forecasting model developedthiy NRI project was, therefore, designed
to predict where and when breedindaroes will be established (Jones,al, 2000). The
basis of the model is the conjectured mignatpattern of quelea in southern Africa first
proposed by Ward (1971) and elaborated Joyes (1989b). Within this pattern, the
timing and distribution of rainfall and the rdisunt growth of annual grasses is the main
determinant of the bigl movement (Cheket al., 2007). On arrival in the early rainfall
areas, some birds breed immediately whileead come into condition more slowly and
begin breeding later. Some places provide goding conditions reliable for queleas
in most years, even under a variable rainfaiime, and can be regarded as traditional
breeding sites to which the birds return yatier year. Other areas may be occupied only
if the traditional breeding sites prove uiable, or only in years of above-average
rainfall. Areas that are suitable for breeding in all aspects may remain unoccupied in a
particular year if the birdBrst settle elsewhere (Chek¢al, 2007, Jonest al.,2000).

The model was based on that used sucekgdr forecasting outbreaks of African
armywormSpodoptera exempia Tanzania (Tucker and Holt, 1999; Heltal, 2000).

Figure 3.2 provides information on the reportedwrences of variousigrant pests, the

sort of data which can be used to validate such forecasting models. The rule-based
forecasting model for quelea, incorporating state changes by logical ‘if then’ type rules,
was described conceptually bef@aey programming was started by Joeesl. (2000).

To construct the quelea foretiag model, the timing and amouaot rainfall necessary to
initiate breeding have been established froonrelations between past rainfall records

and the dates of breeding attempts in thdegudatabase. Example outputs showing areas

43



where conditions were suitableased on satellitderived rainfall data, for quelea to

breed are given in Fig. 3.3.

Validation of the model foQ. g. lathamiiwas based on the dates and coordinates of
breeding colonies reported to agriculturapdegments and control teams by farmers. Not
all the colonies were repodewith exact times of breeay. Information such as nest-
building activities, presence @fggs, nestlings or fledglingshen reported was used to
calculate a more pree date when the tmmy was likely to havdeen founded, bearing

in mind that nest-building and egg-laying taksout 7 days, incubation 10 days, fledging
11-13 days (Ward 1965) and the post-fledging period is about 7 days (Eheke
2007).

As described by Cheket al. (2007), the model was run ateekly intervals during the
quelea breeding season in southern Africap(mber to May). Each week a forecast
map was produced which was colour-coded #evis. At the start of the computer runs

in September, all grid squares in the mapsewather white or grey, the latter denoting
squares wher®. quelea lathamihave never been known to breed (i.e. habitat unsuitable

or whereQ. g. aethiopicaccurs, as in Tanzania).

Once a first rainfall threshold (60mm) has beeached in a particular square, a white
square turns light green indicating that thedbimust vacate the area, as seeds will be
germinating and a grey square turns dark green. Only once a second rainfall threshold
(>240mm of additional rain) has beenspad and sufficient time has elapsed for
conditions to become suitable for quelea bregdioes a light greergaare turn red and a

dark green square changes to dark red.Ikinafter too long a time has passed (6 or
more weeks) since a square turned redgicelea breeding to remain likely there, a red

square turns yellow and a dark red square becomes khaki.

The model performed well compared to anepntpd null distributiorof breeding colonies
within southern Africa, buéxcluding Tanzania, among quartkegree grid squares. In a
more refined analysis of a small subsetcolonies for which precise dates of their
establishment were known, their spatiopemal distribution matched predictions in
95%, 85% and 99% of casesthree successive seasons. This success rate shows that

predictions from the model, the first of ked for any African bid, can aid in planning
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of quelea control strategies (Cheiteal, 2007).

Figure 3.2. Migrant Pest Situatidiap for SADC Region: March 2003
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Figure 3.3. Quelea forecasting modet smuthern Africa 2002/2003. Samples
of outputs for weeks ending 16 Feb. 2q@8t) and 16 Mach 2003 (right) and
summary key for colour codes (R. A. Cleelpers. comm.). For explanations of

colour codes see text above.
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3.5.2. Results and Discussion of validag the model with Tanzanian data

To begin to incorporate Tanzania into thedwal, coordinates for tmtions where colonies

have been established in the country, dates and the colony status were collated (Appendix
2a). Given that the output ahe model includes prediotis for southern and central
Tanzania up to 6 degrees S, i.e. appros@iyaas far north aPodoma, it has been
possible to validate the model using Tanzamiata for the first time (see Appendix 2a).
Outputs from the model for the years 20022009 were available from websites and
unpublished data (Table 3.5). 8model output shows redrf6.25 x 0.25 degree squares
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where Q. quelea lathamicolonies are predicted to Ipossible (see Figure 3.3) and, in
northern areas, dark red where breedingQyq. aethiopicamight be possible. As
described above and by Che&keal (2007) it also shows, fd®. g. lathamiiwhite in
squares where the first rainfall threshold mot been exceeded, green for when it has and
finally yellow when more than 6 weeks hastapsed since the square first became red,
l.e. breeding remains possible but is lékely. From the data in Appendix 2a, 44
colonies in Tanzania were recorded & siand dates covered by the forecasting periods
(Table 3.5). Table 3.6 gives details of whichotw square they were found in, when the
colonies would have been first establistieeded on information on presence of eggs or
young of various ages. For the first three seasthe results were excellent with all
colonies occurring at locations predictedsastable for quelea breeding by the model.
However, in later years arebpecially in 2007-2008 the rdsuwere poor or very poor.

Overall, 66% of colonies were places predictéas suitable.

Obtaining information at the right time orethocation and onset of breeding activities of
quelea is important for effective management of these pests. Information on the
exceeding of thresholds of rainfall is necessary for ascertaining (a) when grass seed has
germinated, initiating the “early rains migration” by the birds out of their dry season
quarters (Meinzingen, 1993; Cheke, 2003) andugn sufficient rain has fallen to allow

breeding by quelea to start.

The normal early rains in Tanzania start ioMdmber in southern and central regions of
the country. These rains are needed to cauffecient widespread germination of grass
seeds important for determining quelea maigms and allowingthe birds to begin
breeding. Thus, the availabilityf preferred food sourcesrfguelea allow them to move
in from elsewhere to these regions. This migm is believed to move from Somalia to
northern Tanzania in November/December (Hi)i1990). The first breeding colonies are
normally located in southern and centragjioms from the end of February and early
March (see Appendix 4a&b). Given this inmfeation and knowledge of recent rainfall

patterns, quelea movements can beiptaldle and possible to forecast.

Using the ‘rainfall-migration model’ thatvas first proposedby Ward (1971), it is

possible to predict where and when populatioinde southern Africa subspecies of Red-
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billed QueleaQ. g. lathamii might breed and which regisrthey may expect to avoid
(Chekeet al, 2007).

Chekeet al (2007) tested the rainfall-migration hypesis and showeddhit is possible

to model the birds’ breeding activities usinfprmation on rainfall alone. They devised a
computer model using spatio-temporal infation obtained from satellite imagery. This
forecast model was intended to be used within the Southern African Development
Community (SADC) to target pre-emptiverdrol operations against quelea breeding
colonies more effectively. As was statedChapter 3.5, the model was for forecasting
outbreaks ofQ. g. lathamii in southern Africa, but not fa®. g. intermediain Tanzania.
However, the model’s output included thentinental area between 5°S and 35°S latitude
and 11°E and 41 ° E longitudes, i.e. pat the geographical breeding rangeQfa.
intermediain southern and central regiookTanzania (see Appendix 4a&b).

Some of these colonies reported in Appertlixccurred too far north for any predictions
from the model and others were found ateine.g. August) long & the forecasting for
the southern subspecies had ceased for $kason. However, 44 colonies were reported
from times and places covered by the misdeutput. For the first three seasons that
could be analysed (2002-2003, 2003-2004 and 200%) all of the colonies were found
in places where the model forecasted thatdleas would have been suitable for quelea
breeding. For these same three seasons Gitesib (2007) also had high success rates
(>85% correct in all seasons) fQx g. lathamii. Results in Tanzania for 2005-2006 and
2006-2007 were also good, but thereafter few of the colonies were found in areas
predicted as suitable (Table 3.6). Reasondhese later failures are unclear. Perh@ps

g. aethiopicaneeds less rainfall thap. g. lathamii for successful breeding or it is forced
to breed in sub-optimal conditions when tlans are late, as happened in the Dodoma
area in both 2007-2008 and 2008-2009.

Therefore, for effective forecasting using tmedel in Tanzania more precise validations
and more research are neededbe able to report fofanzania as was concluded by
Chekeet al (2007) forQ. g. lathamii who wrote that ‘We are confident, however, that
even in its present simple form and withoeal-time information on the activities of the
birds themselves, this model is capable aivting useful forecasts. It shows, uniquely

for any African bird species, where Red-bill@dieleas most probably will not breed in a

48



given year, and will enable glea control teams to focusdin attention on breeding areas
most likely to be colonized by the birdstifey are near to vulnerable croplands. This
capability may be invaluable when allocating limited time and resources to control

operations’.

Table 3.5. Sources of forecast data u$ed validating the quelea forecasting
model with Tanzanian data ontds and locations of breeding Ry qg.

aethiopicataken from Appendix 2a.

2002-2003 (8 Sept 2002 to 4 May 2003)
http://www.nri.org/quelea/arc2002-3/index.htm
2003-2004 (7 Sept 2003 to 25 April 2004)
http://www.nri.org/quelea/arc2003-4/index.htm
2004-2005 (5 Sept 2004 to 24 April 2005)
http://www.nri.org/quelea/Weeks.htm

2005-2006 (11 Sept 2005 to 16 April 2006)

NRI unpublished data (R. A. Cheke, pers. comm.)
2006-2007 (10 Sept 2006 to 9 April 2007)

NRI unpublished data (R. A. Cheke, pers. comm.)
2007-2008 (9 Sept 2007 to 20 April 2008)
http://www.sadc.int/fanr/aimgsu/quel/2007-2008/weeks.htm
2008-2009 (7 Sept 2008 to 12 April 2009)

http://www.sadc.int/fanr/aims/rrsu/quel/weeks.htm
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Table 3.6. Numbers of breeding colonies(hfq. aethiopicaeported in Tanzania

within the zones and periods for whipredictions fronthe model were
available and the colours of the 0.25 x 0.25 degree squares in which
they were found. Dark greenieason has started, 60mm rainfall
threshold exceeded; Dark red: breeding possible as 6 or more weeks
have elapsed since the 60mm rainfall threshold was exceeded and
>240mm of additional rain has faft; Khaki: 6 or more weeks have
elapsed since the square became suitable for breeding (dark red). *
colony in dark green square but neighbouring a red one (i.e. a “near
miss”). ** 2 colonies in dark greesquares but adjoing dark red ones

(i.e. two “near misses”).

Season Colour of square in model output
Dark Green| Dark Red Khaki % correctly
forecasted
2002-2003 2 3 100
2003-2004 6 100
2004-2005 6 2 100
2005-2006 ¥ 7 87
2006-2007 2* 2 50
2007-2008 > 0
2008-2009 5 1 17
Total 15 15 14 66
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CHAPTER FOUR

INVESTIGATIONS OF STAKEHOLDERS' KNOWLEDGE AND NEEDS
REGARDING QUELEA TRAPPING AND USE OF QUELEA AS FOOD

4.1. Introduction

The research questions posed section 1.5 enabled consideration of the type of
information to be elicited and thus defiaa appropriate meodology (Creswell, 2003;
Punch, 2000). This chapter discusses the choicenethods made for the research to
obtain information and data.

The objective sought to understand the pesppractical experience and opinions of
trapping and processing of deaa meat technologies, whatthsee as the benefits and
draw-backs of these technologies and how thegract with their community and impact
on the people and processes. The reseamteps aims to gather information and / or
data from which ideas are induced (Easterby-Sreithal, 2002) and tested with
qualitative and quantitative methods.

The initial literature review has, throughviestigating mass-trapping methods, revealed a
significant number of factorsvhich could play prominentoles in the quelea control
strategy. These factors generatesearch questions which inmtiucould be translated into

a series of questions which colld measured via a questionnaire.

This chapter provides details thfe research design, i.e. sipeally how the information

was obtained. The study applied a mixed methods approach (Creswell, 2003; Babbie,
1997; Johnsoret al, 2007) to explore the views &by stakeholders on quelea mass-
trapping and the use of the birds asoad source and for income generation. Adolph
(1999), Ellis (2000) and Sabates—Wheg2002) have used similar mixed method
approaches to investigate stakeholders’ padtoon in natural resource management in
India and sustainable livelihooahalysis in eastern Africalhis can also be possible
when dealing with a poorly undeostd phenomenon like quelea mass-trapping
technology (Rocheleaef al, 1988 Edmondson and McManus, 2007).
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In the choices made for methods of inguithe chapter commences in section 4.2 with
methods used to gather information on the Kedge of mass-trapping and use of quelea
as a food source and income generation ftben stakeholders. S&on 4.3 depicts the

results obtained. The chapter endsetion 4.5 with the discussion.

4.2.Methods used in collecting information. Knowledge of mass-trapping and use

of quelea as a food source and income generation

Before starting the research, various poé$itds for catching quelea with different
methods and under varying circumstances vexa&uated and discussed in a workshop
and meetings with various stakeholders. Walkraps made of chiken wire, large cage
traps, basket traps with livguelea or food baits, mist-netstjcky traps and very large
funnel traps, roost traps and other methaged to capture free-flying birds were
discussed. Different ways in which quelea were prepared for food and possibilities for
long-term storage such as drying and profliwere also discussed. Literature reviews
(e.g. Bub, 1991) and consultatiomith people (e.g. C.C.HElliott and E. Bashir) who
have observed and even worked on quekggping were conducted. Questionnaires were

used to collect information aB®wvn in Appendix 1 (Oppenheim, 1992).

The field work on mass-trapping was started using methods which were considered to be
possible for Tanzanian conditions. Afteonducting quelea trapping, trapping methods,
processing and preservation of quelea meate demonstrated, for two consecutive
years, at the national Farmers’ Show conducted in the Dodoma region during the study

period.

4.2.1. Workshop

A workshop and training course on “Environmental impact assessment of quelea
control”, at which various mass-trapping nadls for birds and use of quelea as a food
source were discussed, waslchérom 4-8 June 2007 at the Impala Hotel, Arusha,
Tanzania. The course was facilitated byARCheke and C.C.H. Elliott. Eighteen
members of staff of the Plant Health Servjddsistry of Agricultue, Food Security and
Co-operatives, from zonal offices and onepresentative from the Department of

Resource Assessment, UniversifyDar-es-Salaam, attended.
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The purpose of the workshop was to sensitiee participants tahe objectives of the
research identify the various stakeholders quelea mass-capture and also seek their
views for incorporation into # Government policy as at that time it was illegal to trap
birds without permission from the Ministrgf Natural Resources. Also the policy on
aerial spraying was discussed. Environmental Impact Assessment (EIA) is now a
requirement for any undertaking in Tanzathat affects the environment under Section
81 (1) of the Environmental Management Alri. 20 of 2004 which came into effect in
July 2005. Aerial spraying, including againsietpa, requires an EIA to be conducted as
stipulated under Schedule 3 of the Adtapping methods possible for Tanzanian
conditions were proposed, including bigtsxenodelled on the Tunisian/Funnel trap, a
roost trap, locally made mist nets and trahisil baskets (the use of replicas of which was
proposed). Lastly a questionnaire was givenhiam and the resulsre summarized in
Appendix 1.A.

4.2.2 Meetings

Meetings with stakeholders (farmers, trapgpeusers and governmenfficials) in the

study area were conducted. Objectives of the research were introduced. The research was
shown to be interesting to all the stakehaddes none was being undertaken on the topic.
Farmers, trappers and users were inteveie through a questionnaire (Appendix 1 b, ¢ &

d).

It was observed that in theusly area, bird trapping has bedane for at least 50 years,
and, in parts of the Kondoastiict, was said to have been done over 100 years ago, hence
Kondoa and its environs was suitable for stigations on mass-trapping, especially as
the trappers there have been trapping bagla source of food arfidr income generation.
Although birds have been destroying theos, the trapping was not done to reduce the
population, but to provide a resource. Digrithe interviews (Apendix 1), one person,
aged 65 years, said he got most of hisost requirements from selling trapped quelea.
His father was one of the trappers. The itradal way of trapping birds using baskets

woven from grasse€fnodonspp.) was used.

4.2.3. Farmers’ Show
The Farmers’ show, thBlane-naneShows, were initially a brainchild of the Arusha-

based, Tanganyika Farmers Asstion (TFA) which started torganize the event in the
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late 1980s. Later the Zonal chapter for thenZania Agriculture Society (TASO) took
over the show after establishment of theSIA grounds in different zones, which went

into operation for the first time in 1995.

In 2000 the Government decided that tdane-naneShow should rotate among the
country’s zones. The show is normally atled by large- and shhscale farmers from
Tanzania, Kenya and Uganda and beyond, aodyanized at National level. Agricultural
experts, institutions and farmers’ group<se uke gathering to demonstrate the use of
simple technology and modern farming in 8Bimming agriculture and increasing food

security.

The event took in a large number of peoptafrvarious economic sectors ranging from
thousands of rural small-scale farmers from many parts of the country, business people,
industry representatives and high rankimgfficials from both Non-Government
Organizations and Government officiated ages including Minisies, some of which

were also exhibiting. School ibtiren and college students alattended in great numbers.

The show demonstrated some findings ofrdeearch as well as the possible processing
and preservation methods of quelea meatpfewere allowed to taste and rank the
cooking methods from the best to the legaiestionnaires were distributed to get their

views (see Appendix 1. e)

4.3. Results

The results obtained during the workshop antérviews are summarized in Appendix 1.

4.4. Discussion

From the investigations it was found that pedp areas affected by quelea are willing to
do quelea trapping as well as use quelea fa®@ resource and for income generation.
The results showed that the introducti@mm expansion of quelea trapping and
consumption among people, and others whaalotraditionally trapand eat quelea can
motivate them to continue trapping and eatinglea. This was also publicised during the
national Farmers’ Show in Dodoma fordwears running. Processed and preserved
guelea were made available for tastingjollmany people were eager to do. People who

did not, traditionally, eat quelea, also aterthand everyone who ate quelea liked them.
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This was indicated by the eagerness of petiplget more than what was given to them

for tasting.

The availability of chicks inrmany colonies raises a number of questions about their
potential as a food source and for incom@&eagation. It was observed that if a large
quantity of quelea can be harvested ompped then there is a need for effective

processing and preservation methods.

After the Farmers’ shows many people showvikdir interest in getting quelea as a
potential food source for both humans and atsmif possible. It was proposed to be
used in the diets of specifgroups of people such as chin, the sick and old people.
Quelea can also be used as an importamhponent in animafeed especially for
chickens if trapped in large enough quangitie exceed immediate human requirements.
This needs further investigation. The nuttimontent of a milledsample of quelea
analysed by Sciantec Analytical Services Isghown in Appendix 4a. Also their safety
for human consumption with regard to nuesrganisms was analyg and is shown in
Appendix 4b. Milled or minced qles, both adults and chicks,iche used in a variety of
foods like soup, sauce andxad in foodstuffs for making snacks (Plates 4.1 and 4.2).
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Plate 4.1. Milled / minced ques for making soup or snacks.
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Plate 4.2. Boiled and dried queleadsi (both adulteind chicks).
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CHAPTER FIVE

MASS-TRAPPING METHODS

5.1. INTRODUCTION

This chapter describes tesif different methods for thenass-trapping of quelea as a
means of pest control to reduce crop danmtagecceptable levels. If such methods proved

to be effective, particularly at vulnerablengs of the year such as the breeding season, it
would reduce environmental contamination, be cheaper than aerial spraying and
contribute to conservation and wildlife megement. However, any quelea mass-trapping
method adopted must be legal, humane amdedaout with sensitivity and respect for

other countryside users.

The trapping described here was carried ioutlose collaboratiowith villagers that

were complaining about quelea attacking their crops. The villagers were expected to
provide all necessary labour ¢arry out the trapping, additione what the investigator

could do. The selected villag were in areas favoured Qyelea for breeding or roosting

and where the birds are traditionally used as a food source and put on sale for generating

income.

Various traditional methods which are usedldiyal people were evaluated, but of these
only the basket trap was tested. Other methods which have been used for killing or
trapping birds worldwide were also ewated and a few which were possible for
Tanzanian conditions were tested. These inclldege nets of theame design as those
used for catching pest birds in Tunisia (Taian trap, C.C.H. Elliott, pers. comm.), a
modified Tunisian trap (Funnefap), a roost trap, mist netwire mesh equivalents of
local basket traps and hartieg chicks from nests.

The techniques were checked in different types of habitats to determine under what
conditions they would work well and whadifficulties would be encountered. Other
factors including the acceptability to localgpde, costs and availdiby of the materials
needed in local areas were also consideredairying out the testproposals were made

for regulating the use of the traps strictly that they would only be used for catching
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guelea and never to catch beneficial dreotnon-target birds. The quelea caught were
provided to the villagers for food. Eaclaprtested is considered separately.

5.2. Field work

At the start of this study, trapping of qaalwas illegal as the thorities feared that
protected non-target birds would be caughtwasdl. Also some of the trappers were
involved with the cage bird trade, sometsrating illegally, but, also, sometimes acting
legally with permits. Before the researchrdbirapping of any kindvas prohibited partly
because of the bird influenza, but largely doethe general law of protection of bird
species. It was suggested by the Ministry of Agriculture to the Government that the law
should give room for farmers and trappéostrap bird pests like quelea for food and
income generation for poverty alleviatiofossible trapping methods suitable for
Tanzanian conditions should ladlowed with specified dections. During the trapping
exercise other non-target birds shouldrbeased unharmed. The field work involved

trapping site allocation (survey) andaphing and design of trapping activity.

5.2.1. Survey

Before undertaking any trapping activity tatgtrapping sites were identified, an
important activity to locateareas where quelea were lieg, roosting, drinking or
feeding. The simplest and the most reliable/ walocate and identify quelea flocks for

trapping is on foot, when each flock can be checked clearly (Ndege, 2007).

Necessary information is collected in ord® assess the quelea situation, and then
trapping activities can be tmted with the most suitable trapping method. Sometimes
guelea can roost or breed in areas whach inaccessible, e.g. dense thorn bushes or

water-logged areas where a certaapping method may not be feasible.

5.2.2. Planning and design of trapping activity

The trapping activity was conducted at sugabtimes of the year, in trapping sites
suitable for the type of the trap to beeds The trapping wadone at various sites
including breeding colonies, gt roosts, drinking siteseéding places and threshing

grounds.
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5.2.2.1. Planning

The big nets, the Tunisian/Funnel type wptanned to be used in both breeding and
roosting sites depending on taeailability and time planned.he roost trap was planned
to be used only for roosting birds in gsgsvegetation. Thisvas to avoid thorny

vegetation which can easily damage nets.

The locally made mist neteere planned to be used iwarious trappig sites like

breeding, roosting, drinkingnd feeding sites including threshing grounds.

The traditional trap and its replicas were planned to be used only at drinking sites in the
dry season when drinking sites are limited towalquelea to concentrate in a few areas.
During the rainy season water is availablemany places which might make trapping

difficult and hence affect the results.

With chick harvesting, it was planned to praeilocal people withron hooked bars to
observe how many birds thean collect in 6 hours. Lotgeople were using hooked

sticks or felling trees to collect chicks.

5.2.2.2. Design
Where both grass-made basket traps and washnversion replicas were used, they were
randomly mixed. But the grass-made ones walsd tested alone to observe their

efficiency.

For chick harvesting, it was planned to in®I15 local people selected randomly from

the group of people involved in ckibarvesting at various sites.

5.3. TRAPPING METHODS TESTED

5.3.1. The “Tunisian” trap

5.3.1.1. Introduction

In 2000, C.C.H. Elliott (pers. comm.) parpated in two catches of starlingurnus
vulgaris carried out by professnal Tunisian trappers. @ncatch had yielded 15,000
birds, the other 3,000. The starlings rmok in eucalyptus é&es through which the
trappers could walk at night after theoom had set and the night was darkest, using

minimal torch light. Minimal noise was useddathe birds were quietlghivvied into the
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trap. The trap was funnel-shaped, ab@Gm across its mouth and 8-10m high. The
funnel narrowed into a tube about 1m immeter and 8m long. The birds were chased
into the tube, the trap end of which was tlwbysed off. The captured birds were shaken

out of the tube into sackei@ were killed by asphyxiation.

5.3.1.2. Materials and Methods

The version of the Tunisian trap used irststudy was constructed on 10-11 June 2007 at
the Plant Health Services’ ground in ArushaeTrap was constructed from a big plastic
net and the design was similar to nets usednass-trapping of Red-winged Blackbirds
Agelaius phoeniceuand StarlingsS vulgarisin the United States of America (Seubert,
1963; Mitchell, 1963) and Starlings in Tunig@. C. H. Elliott, pers. comm.). A “shade
netting” plastic material used for shadiogps was utilised. The net had a small mesh
(about 0.5cm across) and was black rather tharorange colour of the Tunisian net. The
netting material used was taken fromeam 100m long and 4m wide. The trap was
constructed by joining 6 piecesit from the main ream of netting material. The pieces
had different dimensions. One piece wam2bng and 4m wide. Five pieces 10m long
and 4m wide were also used. The five piegege joined at their narrow ends to the 25m
long piece along its length (Fig. 5.1, Plates. 815.2). Then the fivepieces were also
joined together, but not straight along thieingths. Rather they were sewn overlapping
so that a funnel shape would result whba net was erected. When joining the five

pieces to the 25 x 4m pieces a dista?&an long was left on each side.
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Figure 5.1. Diagram showing how six piecef netting were joined to make the
Tunisian trap. The diagram shows tlagout before the five pieces were

overlapped to form the funnel.
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Plate 5.1. Preparation of pieces of théing material (Photo: R. A. Cheke).
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Plate 5.2. Joining of the five pieces te ®#bm x 4m piece. (Photo: R. A. Cheke)
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When erecting the trap, it was supported atmisuth with two cast-iron poles 9m in
height and 3.75 cm in diameter. Each psbes supported by threenigths of nylon ropes
4mm in diameter and 20m long from the togstakes driven into thground to secure the
poles. The shape of the erecteap is illustrated in Plate 5.3. The completed erected net
cost about Tshs 1,110,000.

The erected trap was funnelegied, about 22m across itsutio and 9m high. A tube-like
tunnel was made from the remaining pieceh&f netting material. This was attached at
the opposite end to its mouth, which was redlto about 10m in width. The tube was
9m long and 1m in diameter which was attachethe bottom for catching the birds to be
chivvied into that end. The tube-like tunragdted as a decoy escape route for the birds
that entered the trap lookirfigr a way out. The birds were ltected at the closed end of

the tube furthest from the main net’s entrance.

The trap was so big that it needed clear grainide erected. If erestl at a proper place
for the birds to fly towards the mouth, cley of the vegetation was inevitably needed.
The clearing did not disturb the birds asyogtasses and sometimes a few trees which
were in the site had to be removed wheeeessary. The wholeguess of erecting the
trap was very laborious and needed moantten people. Some qge were lifting and
holding the poles while others ped the ropes joined to theaffles and tightened to the
stakes in the ground. The whaeocess of erectinthe net with 10 pede took about one

hour.
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Plate 5.3. The “Tunisian” trap erectedTligphasp. grass.

66



The Tunisian-style trap was tested for capiy quelea three times in 2007. The net was
erected and tested on two conse@itiights at a quelea roostAtaciaspp. bushes at 4°
24’, 25.2” S, 35° 08’ 8.6"E near Basuto. Thrst attempt was made on 13 June 2007 and
the second on the following day. The roost washorn trees that were impossible to
walk through and difficult to walk around indldark. Attempts quietly to scare the birds
towards the net seemed to cause them singplffutter upwards in the trees and then

settle down again almost in the same place.

On the night of 22 June near Kawawa village (5° 58’ 12.4"S, 36° 01’ 16.7"E), the third
trial was conducted in @yphareed bed (Platb.3). All three attemis involved roosting
guelea, probably several tens of thousandbimfs. Birds were driven into the trap 30
minutes after dark and when the birds werntles On the third triba head-torch shone

at the tube was used. A person holding it shateethe entrance, which helped to guide
the birds into it.

5.3.1.3. RESULTS

5.3.1.3.1. Tunisian trap

During the first trial, only a few birds (<10) tmed the trap but thedyounced out before
they had entered the catching tube. Thesddrial also produced a zero catch because
the birds, having been dished on the first night and aip in the early morning by
guards posted to look after the net, abandoneddhbst. In the third trial 42 birds were

caught.

5.3.1.4. Discussion on results of éhTunisian trapping attempts

The net was not successful in teitsidy as compared to thesudts obtained in Tunisia for
catching StarlingsS vulgaris A number of factors contiuted to the poor results,
including the design of the trap and the tragphabitat. In Tunisia the trap was funnel-
shaped, about 25m across its mouth and 8-hiiyjh. The funnel narrowed into a tube
about 1m in diameter at its end and 8m longe Binds were chased into the tube, the trap
end of which was then closed off. But the design used during this study, the net
narrowed to 10m wide at the end where filnenel tube was attaeld. Although the tube
was big enough for the birds &scape through, the net wag enhough to allow birds to

fly in, turn around and get back out through the mouth.

67



In Tunisia, the starlings roted in eucalyptus trees throughialinthe trappers could walk
using minimal torch light. Minimal noise wased and the birds were quietly chivvied
into the trap. During this study, rassvere found in thorn bush écaciaspp. andl'ypha
spp. The first area had dense bushAohcia spp. which was difficult to penetrate for
driving the birds towards the mouth of the trap. Also, the area Withaspp was
partially flooded in areas surrounding whémne net was erected. Generally quelea choose
vegetation in which to roost and breed which is dense and thAoaci@trees) or has
sharp leavesIiyphg and / or is in flooded terrain, areas which are difficult for predators,

including trappers, to penetrate.

Driving of the birds directly towards theet was not possible and it was necessary in
some instances to throw sticks into the meddf the roost to frighten the birds towards
the net. If better areas had been locatedgperithe results would have been better. Also,
the habit of quelea to leaveeass after much disturbance maddifficult to achieve good

results.

More trials were not possible in 2007 as tBovernment was carrying out bird control
operations to protect crops from birdndage. Many areas withuelea were already
sprayed and some were continuouslyinge sprayed. In later years, no further

opportunities to test the traps arose as other actiibiek precedence.

5.3.2. Funnel trap (modified Tunisian trap)

5.3.2.1. Introduction

A funnel trap, with a catching box of the typsed in Heligoland traps at bird-ringing
stations in Europe (Brownlow, 1952), wassidgmed and constructed. It was also decided
to add a bright lamp shining through ttransparent window, in the manner employed
successfully in the United States of America in winter roosts to catch Red-winged
Blackbirds A. phoeniceus Grackles Quiscalus quiscula Starlings S. vulgaris and
Cowbirds Molothrus ater (Mitchell, 1963). The so-cld ‘Floodlight Trap’ caught
672,000 birds over 101 operations with the Isasgle catch being 120,000 birds. A small
version of the American floodlight trap was &ty E. A. Bashir (pers. comm. to C. C.

H. Elliott) in South Africa for catching quelea, but the best catch was only 80 birds.
Nevertheless Bashir felt that, with somedifications and furthetesting, catches of

10,000 quelea in a single operation, could beeeted. Such traps are set up over places
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where birds collect to feed, rest and roddte trap was a small version of a modified
Tunisian trap made into a funnel shape.

Following reports to the Plant Health Serviad§ice, suitable colonies were located at
Chidilo (6° 25’ 04.2” S, 35° 25’ 32.3" E)mal Zejele (6° 24’ 53.0” S, 35° 24’ 34.7" E),
villages in Dodoma rural digtt about 50 to 60km SW @odoma town. The areas were
accessible to vehicles and were near the \@Bagd he sites were salile for the new trap
as the trees with nests had gaps betweem tkvhich would allow erecting the trap with

minimal clearing of the bush.

All the villages were near extensive areasoltivation, mainly of millet and sorghum,
which are vulnerable to quelea and it was ctbeat the birds were posing a threat to the
crops. This had the advantatat it was thus unlikely thahe quelea would abandon the
place as they could easily get food for thelwesand their chicks near the colony.

It was decided to do a tramg trial at Chidilo, where #h site was big enough. It was
spread over about 200ha andilcbhave contained 20 to 50khath nests. A figure often

used for quelea colonies in &aAfrica is that each hectacontaining nests can contain
about 30,000 nests or 60,000 adults (Elliott, 1989). On this basis, the Chidilo colony was
estimated to have contained 1.2-3.0 million quelea, which had the potential to produce

1.8-4.5 million fledglings.

5.3.2.2. Materials and Methods

A 100 x 6m knotted nylon netting material wahmesh size of 15 x 19mm was used for
construction of the trap. The net was brovma anerged with thedctkground better than

the “Tunisian” funnel net (C.C.H. Elliott, persom.). Two pieces of different sizes were
joined by sewing by hand. One piece was 16ng and the other was 6.5m long (Fig.
5.2). The two pieces were joined along their lengths before the combined pieces were
fashioned into a funnel-shaped net. The end of the funnel was attached to a Heligoland-
type catching box with a window of transpat acrylic plastic about 50 x 60cm square,
and an opening to the funnelhiad provided a hole of aboibcm in diameter, closed by

a sliding shutter, and through which tErdould be taken out by hand. The box was
placed on a metal platform or stand 2boee the ground. The box into which the birds

were expected to fall was about 60cm square (Plate 5.4).
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The trap was erected supported by cast-iroegdlhe poles supporting the trap were like
series of soccer goal posts of different Iisg and spaced at decreasing widths. The net
was supported at its mouth with two poles6af in height and 3.75cm in diameter. To
have its funnel shape, theprwas supported at its mouththviwo poles 3m long, at the
middle by two poles 2m long with 2.5cm diatar, 4m from the mouth, and at the
catching box by 2m high poles 7m from tivouth. At the mouth, the trap was about
6.1m wide, and then converged in the midle2m wide and at the catching box was

funnelled to bein@bout 60cm wide.

The last two poles were fixed to the catghbox which was fixed to a 2m high platform

(Plate 5.5). Each pole was supported by Dmylopes of 5mm diameter and 15m long

each to the stake driven into the ground. Waestted, the total tgth of the funnel was

about 11m and its mouth was placed as close as possible to the edge of the quelea roost or
near a tree with nests in a breedindoog. A powerful floodlight (1,000 Watts, Jones

Lite with 15 million candlepower) was pled on the platform behind the catching box

directed towards the roost or trees waists, through the mouth of the trap.
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Figure. 5.2. Diagram illustrating how pieces radtting material were joined to form

the funnel trap.

I: 19m. =|
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Plate 5.4. The Funnel trap in position in froftguelea nests (Photo: R. A. Cheke).
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Plate 5.5. The Funnel trap, with a Heligalainap style catching box, in the field
with the floodlight in posion (Photo: R. A. Cheke).

The funnel trap net and its catching box werected near a dense concentration of
guelea nests in acacia thorn trees (300 nedfse immediate vicinity) at the Chidilo
colony. The completed erected net calbut Tshs 720,000 and was re-usable. The
erection took about 1.5 hours with 10 peofiaie trials were done after which the

colony was sprayed.

Trial 1

At the first site, the net wasrected by about 1630 hrs wihinset occurring at 1855 hrs
on 4 March 2008. Having erected the net, the ftseempt to chase birds into the net took
place at 1925hrs, half an hour after sunset geople were organized to make a drive of
the birds towards the net, starting from ab@0tm away. On the &t of a whistle the
drivers made various forms of noiseapping and shouting, ednhurled stones or
branches into the trees. Two people were mostl concealed in the mouth of the trap,

one of them equipped with a powerful tor€l5 million candlepower). Their expected
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role was to try to chase any birds that wiet the funnel into the catching box, using the
lamp to frighten them. The chasing did rsgem to move many of the birds very far

although it was difficult to see @b was happening in the dark.

Trial 2

It was decided to leave the net in place &mdio drive the birds into it the following
evening of 5 March 2008, bugtarting a little earlier #in the previous night. The
powerful floodlight was placed on a platfolwn the catching box so that its beam shone
through the transparent window into the funnel trap. The drive towards the net was
carried out at 1920hrs by 6 pdepTwo others were agairoecealed near the net with

torches ready to chase any birdshe trap into the catching box.

Trial 3

It was thought that the first site had sufféteo much disturbance for further catches and
guelea adjacent to the net haciadboned their nests, but there was still plenty of activity

in other parts of the colony only a few tens of metres away. On 6 March 2008 the net was
moved to a new site about 300m away and eeted near a concenfiat of nests. From
sunset onwards many flocks of between 50 Ho@l birds flew in the direction of the net.

It was difficult to see where they settled. Agéie floodlight was plad to shine through

the catching box window into the funnel. Oribur people were available for the drive

towards the net which was carried out at 1920 hrs.

Trial 4

On 7 March 2008 in the afternoon the area ®gbuth of the net site was searched for
signs that it was being used as a roosta Hoost has been active for several days an
accumulation of droppings occurs like a whitish carpet under the trees. Although some
trees had more droppings than usual bentesin, there were no clear signs that a roost
had been formed for long enough for droppingsaccumulate. Possibly the roost had
only recently been formed. Nevertheless it wasidied to move the net to a new site next
to a tree with substantial@spings under it. From dusk onwdar several flocks of 50-100
birds flew into the trees immedéy in front of the trap, indiating that in addition to the
birds occupying the nests in front of the trap, other birds weosting there. The
floodlight was placed on theatching box as before and tachon at 1915 hrs. At about
1920 hrs a drive of the bushes and trees by 7 people was carried out.
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Trial 5
A fifth trial was conducted on the evening ®&March 2008 when an attempt was made

without use of the floodlight.

5.3.2.3. Results

Trial 1.

A total of 14 birds was caught, all of thdemale quelea in breeding condition. No non-
target birds were caught and none were stigning the drive. It was thought that the
males belonging to the nests in the immediatinity of the tree had left the trees to

roost separately, a behaviour that hasrbobserved before (Allan and Jackson, 1974).

Trial 2

No birds flew into the fap, giving a catch of zero.

Trial 3
Three birds were caught, all of them fensale breeding plumage. While the birds were
being removed from the catching box, th@ital noise of a quelea roost was heard

within 500m of the net site to the south.

Trial 4
Two large flocks of several huretl birds were seen to swerag/ay from the entrance to
the funnel, missing the net by a few metres. Giybirds flew intothe catching box, of

which three were male and three female.

Trial 5

After a whistle was blown at 1920hrs ane theating team of 4 people moved towards
the trap, observers positioneear its entrance saw about §0elea fly into the netted
area, but without lighthey seemed not to perceive tleegit” at the end. When a light was
then shone at the exit to illuminate the birdath into the catchinigox, this proved to be
counter-productive as the birdgere dazzled, turned aroumahd flew back towards the

light and thence out of theajp. Nine quelea were caudftmales and 2 females).
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5.2.2.4. Discussion

Although the floodlight traps in Aerica and South Africa wergsed in roosts (Mitchell,
1964), it was decided to test the trap in bregdolonies of quelea. This was mainly
because colonies were available in the stdya. Normally in March every year, quelea
breed in the Dodoma region. Although thereraveoosts reported, the one roost visited
was found to have too few birds to make it suitable for a trial.

The advantage of working in breeding coloniess two-fold: first, nests would be less
likely to be abandoned becausenddtting trials than roosttes, and, second, that as a
crop protection target, the colonies represgrateserious threat to nearby crops. Several
other breeding colonies whickere reported to the Plantellth Services (PHS) office

were visited; two sites werat Mwitikila and one at Chunyu in Dodoma rural. When
reached, these sites were rejected as suitablesites for various reasons. Firstly, it was
found that the birds were in the procesis abandoning the placdue to a lot of
disturbance from local people. Secondly, the trees at the site were considered to be too
high for the trap. Thirdly, the area was not accessible to vehicles and the vegetation was
very dense thorn bush. Someetis which were crossinthpe Chunyu site were flooded

and the site was very far from the villagehub it would have beevery difficult to get

local people to help in diffent activities involved in thquelea trapping. These activities
include erecting the trap, camg the net and other matels, clearing the site and

driving the birds towards the trap.

Although the Chidilo site was good for the Isiathe results were not good. The reasons

may include the following:

- It appeared that placing the floodlighthoed the transparent window of the catching

box had the effect of showing the birds where the net was. Once the birds were close to
the catching box, they appeared to be dazzled by the floodlight, but when they were
further away it did not seem to cause thenilyanto the trap. Birds were flying away

from the trap into the nearer vegetation illuminated by the light. It seems that the
behaviour of quelea is substelly different from the behaour of starlings as caught
successfully in the Tusian trap and of starlings /dukbirds / cowbirds caught in the

American trap. This behaviour was not ecfeel, thus more studies with quelea are
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needed. Both field and aviary studies need to be carried out to investigate the effect of

light on quelea.

- Unlike starlings in Tunisia which roostén eucalyptus and which moved away from
danger by fluttering away, qualen the dark seemed to flutter only up and down within
the thorn trees and move the minimum distafi¢es makes them fficult to chivvy into

the trap in big numbers when driven towards it.

- On the 8 day of the trial it was raing before getting tohe site. It then transpired that
one reason that the birds haddd to see the “exit” was that rain earlier during the day
had led to the clear plexi-glass becomingedsned-up” with rain drops rendering it

opaque. Without this misfortune it is possilthat more birds would have been caught.

5.3.3. Traditional basket traps

5.3.3.1. Introduction

On 16 June 2007 the town of Kelema (@& 36.3"S, 35° 49’ 25.3"E), about 35 km
south of Kondoa, was visited to interviewopé& who catch quelehere for food, using
traditional methods. At the village there were both Ward (constitutes several villages) and
village officials. Thomas Mazai, the Wardezutive officer, the Chairman of the village

and 21 villagers including trappers were interviewed at a meeting using a questionnaire
(Appendix 1). A bowl of about 100 quelea prepaasdood was presented at the meeting.
This belonged to the retailewgho buy trapped quelea frometirappers and prepare them

for selling. It was reported that more than fppeople sell prepared dea at the centre of

the village every day during quelea outbredkeias also reported that people throughout
Kelema Ward, consisting of about 15,0p8ople in six villages within 950 Kmate
guelea. Birds were usually sold in tripliedor 100 Tanzanian Shillings (about 4p), but at
the end of the season, or when Rift Valfeyer outbreaks prevéed the slaughter of

cattle, the price could rise to 50 TSh per bird.

The main trapping technique employed utiligedus-shaped baskets woven from star
grass Cynodon nlemfuensislraditional basket traps erincreasingly becoming very
popular among the trappers in Dodoma regidme traps have been used by farmers and
trappers in Kondoa districtDodoma region, for more tha®0 years. Thus they are

common, well known and acceptable in the afeabstantial numbers of quelea have
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been trapped for years. It waeported at the meeting by\ard Executive officer that a
trapper deploys 5-10 traps from which 50000 birds can be caught per day. Quelea

were used as a food source and for income generation.

Trapping was done at Pongai village, Kondasrdit. The site was a traditional drinking
site for quelea in a location with a rivemnning through it, leaving stagnant water.
Fortunately, in the dry season these placesretater for a long time, sometimes until as
late as the early rains. The sites were @esite where quelea were roosting beside a river
about 2-3km from the trapping sites. Tlo®@sting places had thick vegetation mixed with
reeds, ideal for quelea roosting.

The trapping was planned to be used onhdiking sites inthe dry season when
drinking sites are limited to allow quelea to concentrate in a few areas. During the rainy
season water is available in many placestvimight make trapping difficult and hence
affect the results. Two trials were conduf;tene using traditional baskets alone and the

second by mixing the traditional and the wire mesh versions.

5.3.3.2. Materials and Methods

Trials were conducted using the improvedditional baskets (wire mesh version, see
below) and the traditional type. Fifteen wireesh baskets were made; five with each of
one, two or three inteopenings. These were testedcmmparison with each other and
with the grass-made traps. Removing opprad birds was carried out after every hour to
observe the most effeee time to do trapping.

The torus-shaped traps, both the traditiomad improved versions, were made in the
same shape and size. The basket trapslaoat 60cm in diameter, 20cm deep, 2m in
circumference and with two central holes, one hole on top and another hole on the bottom
(Plate 5.6). During the research period gnass made trap was costing Tshs 4,000. The
improved version was made of white-coaddminium wire-mesh, with mesh size of

1cm square. They were non-reflecting and seveee made with more holes on top (one,

two or three) than thibasket versions (Pla&e7). A complete tragvas costing about Tshs
7,000. The top holes were 5cm in diameter and tapering inwards, serving as the entrances
for the birds but out of which they hawifficulty escaping. The bigger hole, 15cm in
diameter on the bottom, served as a removal hole through which birds could be taken by
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hand. The holes underneath the trap were bbbekith bulrush panicles which also acted
as bait. The first birds to get into the trape attracted by bait not by a decoy bird.
Usually a bird in a trap makes a noise whittheats other birds that, perhaps, assume that

its presence indicatedikelihood of food or drinking water being available.

Where cereal panicles are used, undevelapedbmaged panicles are placed on top of
the trap while the developed ones are plaosdle the trap. The damaged panicles are
used to attract birds. When reaching the trap they will find no seeds on the top panicle
while those inside the trap have seeds. The birds will easily find the small entrance hole
and enter for food, but haveffitulty in leaving. Removingf trapped birds by hand

was carried out every houtturing trapping sessions laggifrom 0700hrs in the morning

to 1800hrs in the evening.

The first trial was done from 21-25 July 2088en food for quelea was available in the
farms (when harvesting). The second tals done from 3-15 September 2008 (to allow

participation at the farmershew in August) akr harvesting.

The design of the experiment with traps was as follows:

0] 5 grass baskets were compared with 8kibts made of wire-mesh all of them
with single inlet holes.

(i) 5 grass baskets with one hole each warmpared with 5 baskets made of
wire-mesh with two inlet holes.

(i) 5 grass baskets with one hole each wesmpared with 5 baskets made of
wire-mesh with three inlet holes.

(iv) A mixture of 3 grass baskets (with one hole each) were compared with 3 each

of the wire-mesh baskets with 1, 2 or 3 inlet holes.

As food for quelea was not available near trapping site, food vgaprovided to attract
them not to go very far to search of it. 200 kgs of bulrush millet was bought and used to
feed the birds during the trapping period togetith un-threshed panicles of bulrush
millet for placing in the traps as bait. Thelrush millet was disifbuted about 100m from

the trapping areas for the wieolrapping period. This encouraged the birds to feed near

the trapping areas andtching was thus easier.

79



5.3.3.3. Results

Trial 1.

A total of 35,766 birds was caught at a rafe285.9 birds / trap day. Fig. 5.3 shows
means of the data plotted according to timeagfture. There was a clear temporal trend
with more birds caught in the morninggetween 0900 and 1100 and in the evenings
between 1600 and 1800 than during other times of tlye Tae differences between
catches at the various times was highly sigant when tested using a Friedman non-
parametric repeated measures analysis of variance (ANOVA), with the data analysed
being the total catches for each time gatg for each trap over the 5-day period
(Friedman chi-squared = 228.98, df = 10, p-value <¥)2e

Plate 5.6. Traditional torus-shaped trapglentom grass at a trapping site, placed at

aQueleadrinking site.
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Plate 5.7. Improved basket trap made froire mesh (Photo: R. A. Cheke).

Plate 5.8. Both traditional and wire mebhskets at a trapping site, placed at a

Queleadrinking site.
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Figure 5.3. Mean numbers of quelea caught tpep at different times of the day
during 5 days of trapping with 2Baditional basket traps at Pongai
village in Kondoa district from21-25 July 2008. Error bars are
standard errors of the means. Timlenoted as 7 refers to the period
0700-0800 and 8 refers to 0800-0900 etc.
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Trial 2.
A total of 221,703 birds was caught (see Appendix 5. 1 - 4).

First of all, the data comparing the performnas of one-holed basket traps with wire
mesh equivalents with only one entrance hole were examined. From Fig. 5.4, it is clear
that more birds were caught in the wire mésips (Statistical analyses conducted using
R). The mean percentage caught in baskgtstusing the grand total as the denominator
was 6.83 (S.E. = 0.21) while the mean petage for the wire traps was 13.17 (S.E. =
0.21). The differences were highlyaificant (ANOVA; F = 443.98, df = 1, P < 239,

using a linear model with Gaussian errors fhadsed tests for its applicability (Q-Q plot

of residuals versus theoretical quasgifor a standard normal distribution).

Next the diurnal variation in trapping raten the two trap tymewas examined. Fig. 5.5
shows the results for each trap type. Analydivariance using the mean data over the
three days for each time category from Fig. 18veed highly significant effects of trap
type (F = 303.31, df = 1, P < 2/, time (F = 178.57, df = 10, P < 2% and the
interaction between trap typend time (F = 15.45, df = 10, P = 2.32e The latter result
was surprising but may be accounted for by thlatively greater proportions of birds
caught in the wire traps ithe 0800-0900 and 1500-1600 periods.

In the experiment with basket traps beingnpared with wire mesh traps with 1, 2 or 3
holes, the same diurnal var@ati as described above was nelzdl (Fig. 5.6). As with the
earlier results, trap type (F = 1821.93, df = 3, P = 2!82éime (F = 1402.08, df = 10, P

= 2.32¢é" and the interaction between trap type and time (F = 45.53, df = 30, P = 2.32e
M were significant when sted by ANOVA usinga Generalised Linear model with a
guasipoisson log link.

Analysis of the results of the trials compayibasket traps with wire mesh traps with 1, 2
or 3 holes also revealed sigoant differences with the 3-holed wire mesh traps catching
the most birds (Figs. 5.6 and 5.7). Catchebasket traps with onleole (gh1l), wire mesh
traps with 1 hole (wlh), 2 holes (w2h) anithn3 holes (w3h) were compared by first
calculating the difference between the actuat@et share of a given day’s catch and the

expected catch (DELTA) (with expected valises at 10% when #ne were 10 traps out
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and 8.33 when there were 12, i.e. the data were normalised for the day and for the number
of traps out that day). Then the DELTAlwes were tested by ANOVA which revealed a
significant effect of trapype (F = 241.66, df = 3, P < 2:%. Next a Tukey multiple
comparisons of means test was appliethtomean DELTA values which showed, with

95% family-wise confidence intervals, thatrevimesh traps with 1, 2 or 3 holes caught
more birds than basket traps (P < 0.0000000&ach case). Furthermore wire mesh traps
with 2 holes caught more than those witthole (P = 0.02), those with 3 caught more
than those with 1 hole ((R 0.00000001) and more than those with 2 holes (P =
0.0000001).
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Figure 5.4 Comparison of pmntages of daily total catches in traditional basket
traps with one entrance hole and in wire mesh traps with one entrance
hole. Data used were from 3 dates, with the grand total of catches for
both basket (grass) and wireaps for each date used as the
denominator for percentage catfr individual traps. The box-and-
whisker plots show median (50tpercentile, thick dark bar) and
ranges. Upper part dfox denotes upper quartile [7percentile] and
lower part of box shows lower quartile [2percentile]) of catches of
guelea in traditional basket trapseraged over 5 days and 25 traps
according to time of capture.
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Figure 5.5 Mean percentages of total casabiequelea in baskégrass, blue bars)
and wire-mesh traps (red bars), eadthwingle entrance holes. Error bars

are standard errors of the means.
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Figure 5.6. Variation with time of day in erage catches in basktraps (blue lines,

glh), wire mesh traps with 1 hole (rixe, wlh), wire mesh traps with 2

holes (green line, w2h) and wire mesaps with 3 holes (grey line, w3h).
Error bars denote standard errors of the mean.

==
=
L]

Average catch
(&S]
=
S

600 -

500 -

r~a

=

L]
1

_—

10 11 12 13 14 15 16
Time of day

et pglh =Bmylh =t=w2h ==w3h

17

87




Figure 5.7. Box-and-whisker gis comparing catches of dkeet traps with one hole

Difference between % share of gadatch and the g@ectel

(ghl), wire mesh traps with 1 hale1lh), 2 holes (w2h) and with 3 holes
(w3h). The y axis denotes the diffape between the actual percent share
of a given day’s catch and the exmet{DELTA) (with expected values

set at 10% when there were 10 trap$ and 8.33 when there were 12, i.e.
the data were normalised for the day and for the number of traps out that
day). For explanation of box-and-wkes plots see legend for Fig. 5.4.
Additionally, the whiskers give the range, unless this exceeds 1.5 times
the interquartile range from the top or bottom of the box, when outlying

points are shown as circles.
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5.3.3.4. Discussion

Performances of the traps depended on wiffe factors including selection of the
trapping site, time, appropriate baiting amdnimum disturbance at the trapping site.
Open dry land habitats were suitable captsites. Although the time for emptying was
after one hour, when birds veecoming in a large numberrfdrinking, it showed that
traps can be checked even before the timeTses. allows taking ta trapped birds out of
the trap allowing for many others to enter yefthe bait is finished. Also it showed that
traps were effective if bait was always replagezide the trap and lightly spread around
the traps.

The results showed that there were signifidgdifferences in the times of catches in the

traps during the day (diurnaariation). Many birds were cght from 0900 to 1100 hours

in the morning and 1600 to 1800 hours in dvening (see Figure 5.1). Also, the wire-

mesh traps caught more than grass traps when each had one entrance hole (see Fig. 5.2)
and successively more when they had 2 en8ance holes (Figs. 5.4 and 5.5). When it is

hot, quelea drink at least twieeday. They drink in the morning after feeding and in the
evening before they goffa night rest (Bruggemst al, 1989; pers. obs.).

The results may have been affected by diffefactors. The optimum times for trapping
guelea using basket or wire mesh trapy \éepending on the weather conditions. During

the rainy season or when there is cloudhgirag may be less effective as quelea may not

get as thirsty as they do ot weather. Particularly duriripe dry season, when food and
water are less abundant or there is hot weabhets are forming large flocks at drinking

and feeding places and many birds can be caught. When trapping quelea with basket
traps, the use of water as an attractast b@en successfully demonstrated in different
places where quelea congregate (pers. obs). Water is very important to quelea as they

never spend a day without drinking water (Bruggsral, 1989).

For good catches trapping sites and traps shioelldrepared and placed well in advance,
at least one hour aheauf,the expected arrival of thertds. Traps should be placed near
drinking water, and loosely covered with drgd@rbranches driven firmly into the ground.

These help the birds to settle on them bef@#ing into the trap. The funnel entrances of
the baskets should be just wide enoughlltmmaa quelea to pass through the opening, or
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push inside the opening if thmaterial is slightly flexible; the larger the entrance, the
greater the likelihood of birdsscaping. Baits are very impantan bird trapping. When
trapping quelea it is important to bait heawiith panicles of bulrush millet, sorghum or
other food inside the trap blightly on top of the trap, using damaged or underdeveloped
panicles, and around the funretrance to entice birdstorthe trap. During normal
trapping regular checking of traps is very imjamit. The traps need to be checked at least
after one hour or less. The frequency @ptmrmonitoring will depend on a number of
factors including trap success, mortalityedto congestion etclhe frequency should
increase when many birds are being capture@rdlis no risk of injury or mortality to
captured birds when using both of thessps; even when deployed by inexperienced

trappers.

5.3.4. Roost trap for use in “trap roost” vegetation

5.3.4.1. Introduction

The concept of the “trap roost” was firstvédoped in Zimbabwe to lure quelea to an
artificially grown roost of Napier GrasBennisetum purpureunvhere they can then be
controlled (Jarvis and La Grange, 1989). Thest trap described here is derived from
that idea but existing plardeareas were used for theapr deployments rather than
involving the deliberat@lanting of sugar can®@accharum officinururor Napier gras®.

purpureumby the author specifically to catch quelea.

Quelea are selective in theihace of roost, preferring vegdion that enables them to
crowd as close together as possible. A syrof 29 known roosts in Zimbabwe indicated
that, provided water was close by, quetedected dense and homogenous vegetation
rather than widely spacedaits (La Grange, 1978including stands of sugar cane or
Napier fodder, vegetation in which quelea hals been found roosting in all areas of
Tanzania. In northern Tanzania, farmers gidapier grass for fodder and sugar cane for
sugar processing. The birds travel more th@km from feeding grounds to sugar cane
plantations or Napier grass for roosting (peiss.), roosting in suchabitat in preference

to the natural vegetation.

In Zimbabwe, “trap roosts” were especiaflignificant since aantrol method had been
developed whereby roosting quelea couldspeayed by a tractor mounted with a mist-

blower (La Grange and Jarvis, 1977). Theaftroosts” were muchmore accessible for

90



this method of control rather than were roastsatural reed beds. The advantage of the
mist-blower method was its cheapness comgawith aerial spraying operations. A
second advantage of the “trap roost” was thafewer non-target species used the same
sites for roosting (La Grange and Jarvis, 191Herefore, controbr trapping operations
against quelea in those situats caused less damage tbestwild birds. Due to the
economic advantage resulting from cheaper control methods and the conservation
advantage of these trap roqgdegislation has been mootéal encourage all small-grain
farmers to plant a “trap roost” near theindts. Legislation was proposed in Zimbabwe so
that farmers who did not follow this recomnation might find that they would have to
carry the cost of any queleartol undertaken on their land. iBhgave rise to publicity

about the “trap roost” conceflarvis and La Grange, 1989).

“Trap roosts” are intentionally planted tattract quelea into situations facilitating
trapping activities. Different &apping methods can be uséthpier grass and sugar cane
are probably good and are the most high-yrejdof all the perenniaropical grasses.
After 50 days of growth Napier grass hadigestible nutrient coent of about 60% and

is useful as a stock feed supplement araliges dense vegetaticguitable for quelea
birds to roost. Depending on the variety invady sugar cane can have dense vegetation
120-150 days after planting, when the vegetateromes suitable for quelea to roost in
(Acland, 1971; Williams and Chew, 1980). Fritable quelea roosts, plants should be
left to grow up to 2m high or more. Atithheight the roost Isagood and dense vegetation

for quelea to roost in.

Typhaspp. is also used by quelea for roosting.eféhthese plants are available and not in
marshy areas they can be used as good vegefar a “trap roost”. In Tanzania, many
places where soils have been excavated for road construction hold water and become
occupied byTyphaspp., where quelea have been foumakting (pers. obs). Such places

can also be maintainedrfquelea trapping activities.

The plan for the trap to be described was #haét was to be laid out around a small roost
or part of a roost and that, when the binadsl settled down for the night, the net would be
rapidly pulled over the site to trap the birds within an enclosed space. The ideal
dimensions for a trap to be deployed dtrap roost” site formass trapping of quelea

birds depends on the type ofttiregy material to be used bthe ideal size is 10 x 20 m
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square. These dimensions will depend on dtiength of the netting material (fine or
coarse strand) to be used. A very importamtsideration is the top sheet which is used to
cover the roost, which should not be vemgavy. If the sheebecomes heavy then
unrolling and rolling it up on top of the raowill be difficult. Light material may be
necessary although this alsopdads on the type of vegetati and the strength of the
strand. More experience usimgjfferent materials is neede Only three trials were
conducted due to availability ofisable trapping site during the study.

5.3.4.2. Materials and Methods

A brown knotted nylon netting (100 x 6 musare) material with mesh size 15 x 19mm
with coarse strands of 1mm thickness (in diar)edr size 9 was used to construct a trap

of a rectangular shape. Th&e of the trap was 15m e@, 25m long and 6m high. This
was made up from 5 pieces, of which two pewere 6m wide and 15m long, two others
were 6m wide and 25m long and the last shibe cover sheet, was 15 m wide and 25 m
long. A funnel of 2m in diameter and 10onj was made. This wdixed at the top of

the width of the rectangular trap. This svéixed at the centre. The door was opened
joining together the upper and the lower sheets. This allowed the birds to fly out of the
trap along the funnel. A complete trap cost about Tshs 650,000.

When setting the net before a trapping exercise, it was found that for a successful set-up
the targeted trap roost sholdd smaller than the construction with netting material. This
was to allow flexibility during pulling and fixig the sheets to each other to cover the top

of the roost. The size of the “trap roosts” which were maintained during trapping trials
was 12m wide and 20m long, with an areaB8ide and 2m long fée around it to allow

flexibility during set-up.

During trapping, the trap roost was swunded by poles. The hollow iron poles were
firmly driven into the ground and spaced 5.2m apart along the net’s length and 3m apart
along its width. Six poles were spaced alorgléngth and 4 poles along the width of the
net. The poles were 3m long and other pa@t2m long were insged into the bigger
poles. The 3m long poles had diameter8.@5cm (1.5 inches) and the 2m long poles had
diameters of 2.54cm (1 inch). The poles hadks to hold the sheets on the sides and the

top cover. The poles had holes of 1 cm in ditanspaced 1m apart. The intention for the
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holes was to lift and fix the poles insertedo them according to the height of the

vegetation; most of the vegetatiwas expected to be 3—4 m high.

Another factor for consideration was theed to lift the net (the top sheet) above the
vegetation during the removal dtfe birds. This was to provide a way for the trapped
birds to fly out towards the outlet funnel. Tteps of the poles were joined with ropes

across and along their lengtéusd widths (Plate 5.9).

This made an ideal layout for smooth il of the top cover sheet. The ropes were
adjusted on top of the vegetatisach that they were not clearly visible to the birds. The
trapping site, the trap roost, was surrounbddgdhe net sheets on its sides. The upper part

was left uncovere(see Plate 5.10).

Plate 5.9. Set-up of the rodsap on the ground: ropes on top of the poles with the

net ready to be pulled over.
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Plate 5.10. The sides of the roosfptibeing surrounded by net sheets.

The setting of the trap was done in day-litpefore the birds began arriving to roost.
Specific places where birds were concemigativere located, where the net was set. The
rest of the places in the roost were d®gdd by cutting some of the vegetation, leaving

only a few places left attractvfor the birds to roost in.

They settled and became quatabout 2000 hrs. At 2100<hall the birds were silent.

Three trials were conducted on 4, 11 d®&dNovember 2009 at Rundugai, Kilimanjaro

region and at Madiira and Rongorongo villages in Arusha region. The quelea population

was first estimated as the birds were engethe roost before the trapping exercise. A

method of estimating the number of birelstering the roost by observing carefully the

bands of the flock size was employed. The quelea numbers were estimated in the

following way (see Figure 5.8):-

i) Small flocks less than 10 metres iratieter spaced 300 metres apart were
estimated to have 100,000 birds.

i) Larger flocks of up to 50 metres in diameter spaced 200 metres apart were
estimated to have 200,00 birds
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i) Larger snake-like flocks spaced 100 metres apart were estimated to have
1,000,000 birds

iv) A continuous stream of birds 100 metreisle was estimated to have 5,000,000
birds (La Grange 1989).

The top sheet was covered bwrolling it on top of the rectangle-shaped trap. Seven
ropes, about 20m long, so reaching away ftbenroost, were tied onto the net along the
length of the piece of the net and each wasipudated by one person. Thus seven people
were used to pull and unroll the sheet ondbghe rectangular trap. A sign was made to
alert all the people to start pulling the sheehatsame time. The roosts were covered in

about 3 seconds (see Plate 5.11).
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Figure 5.8. A method of estimating the numbgquelea enterinthe roost (see text
for explanation).
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Plate 5.11. The whole roost being encloséth the birds inside — upper part is

covered.

The birds were collected at the end of fbanel into a bag and removed through the
funnel (Plates 5.12 and 5.13). It was possiblgebthe non-targets out before they died.
At the time of the year when the trapping was done, weaver Bimtusspp. were
treated as pests because there was muchlamimg from farmers as their crops were
being damaged by them. Weaver birds wererdgisty irrigated crops sth as maize, rice

and red-fruited nightshad&¢lanum villosunMiller).
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Plate 5.12. A funnel being attached to tbest trap (covering # “trap roost”) for

collecting the birds.
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Plate 5.13. A funnel attached to the roosp tfar collecting the birds from the trap.
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5.3.4.3. Results

Three trials were conducted yphaspp. The bands of the flying flocks were used to
estimate the size of the quelea population, asrded above. When birds were coming
for roosting they were scared by the rige net was placed inthe vegetation. When
they were coming, the birds were flying ovhe roost for about 15 minutes before
settling. Some tried to go todildestroyed areas, but whémwas becoming too dark, they

then moved to the “trap roost”.

First trial

The first trial was conducteat Rundugai village, wheweroost had about 20,000 birds.

The birds settled at the roost at 2000 soand at 2100 hours an attempt was made to
cover the roost which was successful for gaet of the area while elsewhere the net
became stuck on the hook of the pole, thus the roost was not fully covered instantly. The
birds flew out of the trap through the uncowkggart. It was very difficult to rectify the
problem before the birds got out. After managing to unhook the net, the area was then

covered quickly but few birds remained. Frainis trial 5,089 birds were trapped. These

included:

o Quelea 3,097

. Weaverbirds 1,981
- African Golden Weaverd?(oceus subaureiis 1,314
- Chestnut WeaveP(oceus rubiginosys 457
- Black-headed WeavePloceus cucullatys 210

. Others(non-targets) 11

- Common Waxbill Estrilda astrild
- Green-winged PytiliaRytilia melbg
- Winding Cisticola Cisticola galactotes

- Red-billed Firefinchl{agonosticta senegala

N B P W BN

- Desert CisticolaQisticola andulu¥
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Second Trial

The second trial was conductedRxdngorongo village. The roost was Tiyphaspp.

and was estimated to have about 20,000 birds, which entered the roost from 1830 hrs
and settled at 2000 hrs. This time tto®st was covered without problems. 17,137

birds were trapped.

These included:

e Quelea 10,826
e Weaverbirds 6,306
- African Golden Weave(Ploceus subaureiis 948
- Chestnut WeaveP{oceus rubiginosys 4,873
- Black-headed WeavePloceus cucullatys 485

e Others (non-targets) 5

- Rattling Cisticola Cisticola chiniana 2

- Banded Parisomdarisoma boehni 1

- Tawny-flanked PriniaRrinia subflava 2
Third Trial

The third trial was conducted at Madiira village in an area which was estimated to
have 15,000 birds. The birdsted at 2000 hrs, the trialas done at 2130 hrs and the

roost was successfullyeered. 13,371 birds were trapped. These included:

o Queleabirds 9,478
o Weaverbirds 3,886

- African Golden WeaverRloceus subaureiis 628

- Black-headed WeavePloceus cucullatys 181

- Chestnut WeaveP{oceus rubiginosys 3,078
o Others(non—targets) 7

- Green-winged PytiliaRytilia melbg 3

- Red-billed Firefinchl(agonosticta senegala

- Winding Cisticola Cisticola galactotes 1
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5.3.4.4. Discussion
The bird catches during the last two trialere good in relation to the estimated
population. The results in the first trial veenot good due to the problem encountered

when trying to cover the trap. These fesmay be due to the following reasons:

The “trap roosts” were well prepared ametre in places and vegetation favoured by
guelea for roosting. Experiments showed thetll placed and prefred “trap roost”
vegetation can be used by queieareference to reed bedsd thorn scrub (La Grange

and Jarvis, 1977). Aviary experiments witlosd perches indicated that quelea preferred

to use designs that best enabled thentrtiwd, suggesting that the vegetation was
important mainly as regards the densitypefches it provided (La Grange, 1989). Aviary
experiments also indicated that where pleech length of a favoured roosting perch was
decreased below the length that could accoduate all the birds irthe aviary, they
abandoned it for a less favoured perch that could accommodate all of them (La Grange,
1989). Therefore, vegetation suchsagar cane, Napier grass angphaspp. all seemed

to be suitable for roosting.

Although the quelea select partiaulvegetation to roost in, it seems that the site of the
roost is more important than the vegetation tyfige birds also prefesituations in close
proximity to water and to thieeding grounds. Another importdiaictor is disturbance, as
guelea do not like noises andhet disturbances. ‘fap roosts” should ridoe planted near
roads or houses, but should be sited in dped away from othetanopy vegetation into
which quelea could move if they were disturbed.

During roosting, quelea move deeper imtmsting vegetation vén danger threatens
(pers. obs.). Also quelea react instantlyatty approaching threatr danger and when
disturbed in a roost they move readily viitithe vegetation, but &y are reluctant to
move out of the roost, especialfyit is too dark for thento see alternative destinations,

which acts in favour of the saess of trapping activities.

Destruction of the areas around the trap rookddukethe birds to concentrate in the target
area. It was also observed that, even whdiere is a largexpanse of homogeneous
vegetation, quelea were choosing to occupy angynall part of it (pers. obs.). The habit

of occupying a small area during roostiresulted in successful catches.
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Quelea react to alterations of the roostingetation or if partof the vegetation is
removed when cutting paths (pers. obs.) arldmave to other suitable roosting places if
these are available but, as there was norathest nearby in the experiments, the birds

continued to entehe target roost.

Therefore, the intended “paroosts” should ideally betsated somewhere between the
crop lands and the areas wétural vegetation formerlysed by quelea for roosting.
Where possible, the plots should also be withfew hundred metres of a drinking place
since quelea drink just before roosting fihe night. “Trap roosts” should be some
distance from other suitableasting vegetation and the thickée “trap roost” is grown

the better it is for a trapping exercise.

From the results, a large proportion of the eated number of quelea in the roost were
trapped. More trials are needed on this prag method, as it shows promise in reducing
crop damage, as does the mass harvestingitpah (see below), for collecting a large
guantity of quelea for food and income getieraif done in many places of the country.
Also more research is needed on the propetting materials suitable for different

vegetation covers as well agthize of the trap roost salile for the trapping exercise.

5.3.5. Quelea Chick harvesting

5.3.5.1. Introduction

Chick harvesting is done in parts of Tanzawhere the breeding colonies are found. In
areas in Dodoma, Singida andif8fanga regions, chicks aharvested and used for food
(pers. obs). Chick harvesting at breeding colonies is the easiest way for villagers to obtain
large numbers of uncontaminated quelea ffmbd. Thus chick harvesting provides a
guantity of nutritious food for local peopleléi®e 5.14). Chicks are collected at almost
any age, some people prefoung chicks while others alchicks. Thus, chicks are
harvested from 6 to 14 days o|dst before they leave the ste Chicks are easier to eat

than adults as they have softer bones.

Chick harvesting has been associated witst destruction. B#roying nests is a
traditional co-operative activity carried outlleatively by hundreds of villagers directly

affected by pest birds (Jaeger and Elliott, 1989). Nests are destroyed normally using
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hooked wooden poles or poles equipped waittooked device. Nests are pulled down and
the chicks collected from the nests. The vehot part of the nest can be pulled down.
Sometimes, when the nests were pulled, these damaged and the chicks fell down on

the ground and were collected.

When there are many villagers competingchick harvesting at a small colony (pers.
obs.), many trees and especially tall tregth many nests are tulown to ease chick
collection (Plate 5.15).

When trees have been felled, chicks areectdld easily. If large scale tree-cutting is
involved it might have adverse consegoes on the environment and intensify
desertification (Bashir,1989). In Western Sudan, wieervillagers can easily be
encouraged to group, manual nest destruasowidely used and is effective under the
supervision of the crop protection unit (Jae@nd Elliott, 1989). Only one site was

possible for the trial as many located breeding sites had eggs or were inaccessible.
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Plate 5.14. About of 20kg of harted naked chicks in a bucket.
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Plate 5.15. Trees with nests cut down for ease of chick collection.

5.3.5.2. Materials and Methods.
During the research both wooden hookedkstiof 2—3 m length omed by local people

and hooked iron sticks 4m long and 6mm in diameter were used. The hooked iron sticks
were provided by the researcher. The aim was to compare the effectiveness of these
devices. Fifteen farmers were involved inotwrials at lyoli vilage, Kondoa district
before starting trials with mist nets. Farmevere found in a colony harvesting chicks on

7 May 2009. In collaboration witkillage leaders, farmers were asked to be checked on
the next day, on 8 May 2009, with their harveben more than 50 farmers gathered at a
meeting point with their harvests. Leaving their harvest aside, 15 farmers were selected
randomly. Thereafter they were asked to geirtharvests which were measured with the
weighing scale and recorded (see Table 3Mhen farmers were asked how long they

did the harvesting for, they replied about sbut® It was decided to do the trial for six
hours from 0700hrs to 1300hrs.

The same farmers were asked to continue with the trial on the following day (9 May
2009) by being given an iron hooked stick each. The farmers were asked not to involve

another person in the exercise. The time wgif@ the work was six hours from 0700 to
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1300 hrs as people would be dri¢ expected to work muclonger. On the following day
early in the morning at about 0600 hrs, themers were given the hooked iron sticks.
After six hours all othem gathered at a meeting poamd their harvests were weighed

and recorded (see Table 5.2).

5.3.5.3. Results

It was found that one person can collebbat 7-15kg of chickgper day (mean 11.3)
using the local wooden sticks with hooked/ide. These were not uniform. After using
iron hooked sticks, farmers were able toviest 18-25kg of chicks per day (mean 21.7)
(Table 5.1). The differences in harvestsrevlighly significant (t = 12.73, df = 28, P <
1.83¢e%).

Table 5. 1. Chick harvest at lydly farmers at a breeding colony

Farmer number Weight Harvested (kg) | Weight Harvested (kg)
using hooked wooden stickausing hooked iron Sticks on
on 8/5/2009 9/5/2009
1 13.5 21.2
2 12.6 19.6
3 7.2 24.3
4 9.8 20.7
5 15.1 21.5
6 8.7 23.4
7 11.5 21.5
8 9.8 18.8
9 10.2 25.1
10 13.4 24.4
11 14.5 22.3
12 12.3 20.2
13 8.4 19.3
14 13.3 23.5
15 9.6 19.7
Mean (S.D.) 11.33 (2.41) 21.70 (2.04)
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5.3.5.4. Discussion

Successful chick harvesting may depend onuaber of factors. These include the

number of people and their petence relative to colonyza and status, its vegetation

type, height, density and accessibility. Témea was 2 km from the village and easily
accessed by people. The bush with nests was needbut easy to penetrate. Trees with
nests were estimated to be 4-5 m high.ngsdron sticks was easier than using wooden

sticks as these were uniform dodg enough to reach tall trees.

Short trees with nests were easier for chiekvesting than tall trees. Sparse trees were
more easily accessible than dense treessugwessful chick harvesting and a large
number of quelea have been harvested from sparse vegetatiorshirt nest trees
(Jaeger and Elliott, 1989; pers. obs.). Using the iron sticks, farmers were able to harvest a
large quantity of quelea for food and also makennecessary for theto cut trees down.

This means if farmers are using longoegh and strong hooked devices, they may be
able to harvest a substamt@amount of quelea without cutt trees which may damage

the environment.

Chicks under 14 days old were easy to harasdhey did not get asitle their nests, but

once outside the nests, chicks were diffidco harvest as they moved quickly from
branch to branch. With good hooked sticks, large numbers of these birds can easily be
harvested. In one colony in southern Tanzawidagers collected ifes of naked chicks

about 6 days old (Jaeger and Elliott, 198&t®5.17). In Zimbabwe, villagers often wait

until the chicks are almost ready to fledagfore raiding the colony (Jarvis and Vernon,
1989b). When the chicks are outside the nestst pulling is never done, villagers collect

them with sticks and catapults, but few are collected per day.

Distance of the colony from the village isalan important factoiThe colony was not
far from the village. If the colony is far frothe village, it may discourage old people to

do chick harvesting and, also, very fpeople are able to reach the site.

Sometimes quelea breed in marshy and tkhckn bush areas, which are very difficult
for chick harvesting as they may not be act#s®asily, unlike dry and sparse tree areas.

The farmers involved in the trial were happythsy obtained largeguantities of chicks
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than expected. Many farmers asked for siasice in getting such iron hooked sticks,
which they were prepared to buy if available for sale. Each piece of iron hooked stick
cost Tshs 4,000 and can be used for a long.tMiith such a cost, it is possible for a
farmer to buy one if he or she manages tbtee harvested chicks to other consumers.

One kilogram of chicks (about 70 chickaas sold at Tshs 1,000 before processing.
Assuming each farmer was able to harvest an average of 18 kg and sell 15 kg per day and
remain with 3 kg for home consumption, has able to get s 15,000. With this

amount of money a farmer wasl@lo buy his iron hooked stick.

5.2.6. Mist nets

5.2.6.1 Introduction

Mist netting is the most widely used rhet for catching small to medium-sized wild
birds for research and ringing (McClur&984). Catching birds using mist netting in
principle is simple; an incopguous mesh net is used. Thet is erected vertically on
poles and deployed in areas of high actitiyintercept birds as they go about their
normal daily routines such as feedinginling, roosting and reting (Bub, 1991). Mist
nets are available in many different measumeaterials, mesh sizes, colours and strand
thicknesses. Dark-coloured nylon nets are comisnused, but the optional features for a
mist net will depend on th&arget species and habitat chaeristics at the netting site.
Short nets are more practical in heavy cowdrile longer nets can be used in more open
habitats (Inglis, 1985). Mesh size of the netirectly related to tb size of the target
species; smaller mesh for smaller species, ampglanesh for larger species. Nets with
finer strands are less visible but more fraghan nets with coser strands, although the
more durable coarse nets may be adequatepferies netted at nigbt in other low light
conditions (Schemnitz, 2005).

When the nets are properly positioned, they iaconspicuous even to the birds’ keen
vision, and unsuspecting birds ynatrike the net at a consichble speed. Mist nets are
made with a series of 3-4 shelves or pocketsing horizontally aing their lengths into
which the bird drops when it strikes the natgdesign which decelerates the bird when
impacting the net (Plate 5.16).

Trapping of quelea was carried out in thedst area of Dodomeegion and in Singida

region depending on the availabyjlof sites where quelea wetengregating for feeding,
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drinking, roosting or breedinglhe following villages weranvolved in the exercise:
Mahata, Swaswa and Mamba in Dodom&asr, Kawawa East, Msanga and Chamwino
in Dodoma Rural, Chidilo Dodoma Rurd@jho and lyoli in Kondoalistrict and Solya

Manyoni district, Singida region. Localljade mist nets were used.

5.3.6.2. Materials and Methods

Locally-made mist nets, constructed by a teairtrappers based near Dodoma, were
made from white nylon fishing nets 45 x Jach, with 1.5cm mesh size, sown together
and dyed black with waste from batteriesvath hair dye mixed with kerosene. Two
such nets were needed to construct a 20 xofm mist net. The nets were made up into
four shelves with thicker thread acting as gb&ings which were also dyed black. At the
ends of each shelf, loops made of about Temgths of thicker acrylic rope were tied.
When made-up and erected on wooden polesetfective catching area of each net was
about 12 x 3m. The poles were about High. Wooden, aluminium and cast iron poles
were used. Wooden poles were cut from bushes and were strong enough to hold the nets
with catches. Although cheap and light, thenaihium poles that were used were found
not to be strong enough, especially if there was any wind, and by the end of the trials
more than 50% of such poles were bmoker bent. Their cost-benefit ratio was
undermined by their lack of durability and it uld have been bettéo continue buying

cast iron poles that were more or less indesible, albeit that they were heavier and

more expensive.
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Plate 5.16. Locally made misets showing a s&s$ of shelves allowing formation of
pockets to trap bird¢Photo: R. A. Cheke).

The wooden poles cut from a bush were preparealway that theyere very strong to

hold the nets and such that they would not snag on them. The pole surface was smooth

enough to allow the net attachment loops testleanly on and off the pole. Nets were

properly erected which is important for susstil catches (Schemnitz, 2005) (Plate 5.17

and 5.18).

Each 45 x 1m net cost 780 Tsh (when boughdan-es-Salaam in February 2009) and a

completed 20 x 4m long mist net required 40&M in labour costsThus, together with

sundries for making shelf lines and pocketsl doops at the ends for attachments to

poles, each 20 x 2m net cost about 6000TsR08O prices (equivalerib about £3, as
opposed to the £100 or more for a commertak 2m net; R.A. Cheke, pers. comm.).
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In the breeding colonies the nets were ereatetthe gaps between the patches of thorn
trees in which the quelea were nesting. In tiogssites paths were a to erect the nets.
Very little clearing of the path was made saasto destroy the vegetation. In other sites

nets were erected following the birdeutes to drinking or feeding sites.

The number of nets used varied from orapping site to anothalepending on the size,
type of trapping sites, peopievolved and time of the day. €mets were taken down at
the end of the trapping exercise. Erectingribés was done early in the morning before
the birds came to or left the trapping sitksthe night roosts nets were erected early in
the morning and late evening and kept upglumidnight. Birds wereextracted at hourly
intervals and the numbers caught recordedppers and other local people helped in
trapping and extraction exercises as theyewgven trapped quelea for food. Non-target

birds were removed and released.

The birds caught were mainly killed following normal and religious attitudes. In other
areas birds were killed by crushing theadd, which was thought to be the quickest and
most humane method available. The local pespmetimes killedhe birds by throwing
them at patches of hard ground. But in ofplaces especially in Kondoa district, where
Muslims are predominating, birds were killed by cutting their throats with a sharp knife.
Sometimes the birds were killed by crushingotting their heads whilthey were still in
the nets. The mass of the individual bivelss between about 18 and 20g (weighing using
PESOLA Spring Balance), thu average of 110 birds piided about 2kg of food for

the local people.
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Plate 5.17. Trapped birds in a mist net (Photo: R. A. Cheke).
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Plate 5.18. Entangled Red-billed Quelea binds mist net (Photo: R. A. Cheke).
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5.3.6.3. Results

On 17 June 2007, 201 quelea were caught“dag-roost” at a drinking place amongst
Sesbaniasp. in a marshy area at Mahata vida@6° 06’ 54.6”S, 35°42’ 55.8” E) 15km
from Dodoma town. The following non-targepecies were also caught and released
(unless otherwise stated): 1 Black-eyed BulBytnonotus tricolgr4 Lesser Swamp
Warbler Acrocephalus gracilirostrig3 died), 2 Rattling Cisticol&isticola chiniana 3
Jameson’s FirefinchLagonosticta rhodopareigl died), 1 Red-billed Firefinch..
senegala 19 Blue-capped Cordon Bleuraeginthus cyanocephalu® Green-winged
Pytilia Pytilia melbaand 3 Southern Masked WeaWoceus velatu§ died).

On 18 June 2007, at a drinking place at Mahallage, 504 quelea were caught when
using 21 nets. The following non-target speciese also caught and released: 4 Lesser
Swamp WarblerA. gracilirostris, 2 Rattling CisticolaC. chiniana and 15 Bishops
Euplectessp.

On 21 June 2007, 1841 quelearaveeaught during the evierg at Kawawa (05 58’
12.4”S, 36° 01’ 16.7” E) in &yphaspp. roost when using 2fets. The following non-
target species were also caught and released: 2 Laughing [Rivegtopelia
senegalensjs1 Malachite KingfisherAlcedo cristata 2 Crimson-rumped Waxbills

Estrilda rhodopygal weaveiPloceussp. and 1 BishoRuplectessp.

On 17 July 2007 at Swaswa—Dodobhdban, 1766 quelea were caughfliyphaspp. The
following non-target species were caught and releds&@feen-winged PytiliaRytilia
melbg, 1 Village Weaver Rloceus cucullatys 2 Red-cheeked Cordon-bleu
(Uraeginthus bengalgsand 1 African Firefinch l{agonosticta senegalal0 mist nets
were used as the site was only about 1drecin area. It was used by the birds for
drinking during the day anaosting in the night.

On 18 July 2007 at Swaswa, 1724 quelea weungltafeeding on bushes at the edges of a
rice field. This was a restingaate of quelea when they were threatened in the farm. 10
mist nets were used according to the largftthe bush which was about 160m long. The
following non-targets were caught areleased: 1 Green-winged PytiliBytilia melb3,

1 Red-cheeked Cordon-bleuUrgeginthus bengalys and 1 African Firefinch
(Lagonosticta senegala
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On 19 July 2007 at Swaswa, 1033 quelse caught at a night roost ryphaspp.
Three Village WeaverRloceus cucullatyswere caught and released. 10 mist nets were

used due to the size of the roost.

On 20 August 2007 at Msanga Village, 237 quelea were caught using 5 mist nets at a

threshing ground. No non-target bird was caught.

On 21 August 2007 at Msanga Village, 1059 qaelere caught using 7 mist nets at a
drinking site. No non-target was caught. Thias not a permanent drinking place. Birds

were threatened and moved to another place.

On 22 August 2007 at Msanga village, 2373 gaelere caught using 7 mist nets in a
night roost. 2 Village WeaveP( cucullatu3 and 2 Southern Masked Weaver yelatug

were caught and released.

On 23 August 2007 at Msanga village, 4153 gaelere caught using 7 mist nets in a
night roost. 5 Southern Masked Weaver\elatug and 4 Village WeaveR, cucullatug
were caught and released.

On 24, 25 and 26 August 2007 at Chamwino village in a sugarcane roost, 574, 621 and
519 quelea were caught, respectively. No nogetaspecies was caught. Seven mist nets
were used. The plot occupidy quelea was estimated to be 10 hectares. The area had
thick vegetation which made it difficult to petrate. Nets were erected only one metre

inside the sugarcane and queleaendriven from the middle.
On 1 August 2008 at KawawmBast in a night roost, 188quelea were caught and 2
Village Weaver P. cucullatu3 and 1 Southern Masked Weaver yelatug were caught

and released. Seven mist nets were used.

On 2 August 2008 at Kawawa East in a niglutst, 872 quelea were caught and 1 Village

Weaver P. cucullatug was caught and releasedv8&e mist nets were used.
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On 5 August 2008 at Kawawg@ast in a night roost, 146quelea were caught and 1
Village Weaver P. cucullatu3 and 1 Speckled Mousebir@€d@lius striatuy was caught

and released. Seven mist nets were used.

On 6 August 2008 at Kawawa East in ghtiroost, 723 quelea were caught and 1
Speckled MousebirdQolius striatu3 was caught and released. Seven mist nets were

used.

On 21 August 2008 at Kawawa East in ghtiroost, 1635 quedewere caught and 1
Village Weaver P. cucullatug was caught and releasedv8&e mist nets were used.

On 22 August 2008 at Kawawa East in ghtiroost, 663 quelea were caught and 2

Southern Masked Weavd?.(velatu3 were caught and released. Ten mist nets were used.

On 30 March up to 4 April 2009 at Solya village in a breeding colony 457, 690, 825, and
805 quelea were caught, respectively. Ten mits were used. Fourteen non-target

species were caught, of which 12 wezkeased but 2 died in the net.

On 6 and 7 April 2009 at Mamba villagearbreeding colony 2066 and 1536 quelea were
caught, respectively. Sixtearon-target birds were caught and released except one was

harmed. Ten mist nets were used every day.

On 10 — 19 May 2009 at lyoli village, 158,1G8elea were caught in a breeding colony
using 50 mist nets every day. Fifty-six nongtr birds were also caught, 4 were killed

and the rest were released.

On 25 — 29 May 2009 at Piho village, 20,815lgaeand 23 non-target birds were caught
in a night roost. 15 non-targetgere released and 8 weraisasly harmed. 24 mist nets
were used every day. During the same dage3 quelea were caught on the edges of the

rice field in the same véige using 4 nets every day.

A summary of the results of mist netting different habitats are presented in Fig. 5.9.
The data were analysed by ANOVA accordiioglocality, habitat type and year. The

latter was not significant (F = 0.29, df = 1, P = 0.59) and so data for all years were
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pooled. It was then found that habitat typas significant (F = 13.66, df = 4, P = 1.874e-
%), as was locality (F = 15.85, df = 7, P = 1.64hebut the interaction between habitat
type and locality was not (f = 2.25, df =B,= 0.10) so it was concluded that the pattern
of catches was the same different localities. Mean ¢ehes per net per day (with
standard errors in parenthe¥dor the different habitatypes were as follows: breeding
sites 226.29 (18.59), drinking sites 80.80 (40.%¥s)ges of rice fields 133.00 (25.02),
night roosts 163.62 (24.99) and threwhigrounds 47.00 (46.39). Tukey tests for
differences between these means showedall®ving significant dfferences. Breeding
site > drinking sites (P = 0.0000083), Breediitg & edges of rice fields (P = 0.0017),
Breeding site > roosts (P = 0.0045), Breeding site > threshing grounds (P = 0.0062), and
drinking sites > roosts (P = 0.012).

Diurnal variation using differ® netting systems are depicted in Fig. 5.10. Excluding the
data for the night roosts, thetfmns were found to be sigiwéntly different when tested
with a Friedman non-pararme 2-way ANOVA (P < 0.0001).

Figure 5.9. Histogram showing average catgiersnet in different habitats. Breeding
= breeding sites; drinksite drinking sites; feeellge = edges of rice
fields; roost = night roosts and tlste= threshing grounds. Error bars are

standard errors of the means.
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Figure 5.10. Diurnal catch patterns betwdwbitat types. Average catches per net
per hour for breeding colonies, drinking sites, edges of rice fields,
threshing grounds and night roosisdifferent times (0700-0800 — data
above 7 on the x axis; 0800-0900 — datove 8 on the x axis etc.).

Error bars denote standard errors of the means.
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5.3.6.4. Discussion

It was observed that the periods and trapping site when and where mist netting was
carried out were very impoma for a successful catch. €lea are active at dawn and
dusk, as they feed intensively early in tmerning and in the late afternoon. Both in
roosts and in colonies, flocks leave at ddamfeeding sites where they typically feed for

2 or 3 hours (Erickson, 1989). Adult quelea with chicks, when fed enough themselves,
bring food to their chicks throughout much thie day, leaving feeag flocks in small
groups to return to the colony. These groups gather more birds as they fly by other
feeding flocks (Jarvis and Vernon, 1989ahus§, when in breeding colonies quelea are
active most of the time. When incubatingale and female quelea regularly change

places and therefore some are active atratl of the time, looking for food.

When food is abundant, suchwad grass seeds or cereabgrs in milky stage near the
colony, adults make many movements to andrfrthe morning and evening feeding the
chicks. Fewer movements are made when ltasor after the adults have enough food
themselves and for their chicks, when thegt. In the evening from 17:00 hrs adult
guelea are busy looking for food which willstain themselves and their chicks for the
following night. During these hectic movementsre birds are caught in the mist nets.

From the analysis above it was shown thmgirning hours and evening hours are ideal
times for trapping. These indicate that easktting-up of the nets and late evening
trapping could improve catches. Fortunately thés not a problem with the trappers as
they were doing this already: they were dregthe nets early in the morning before the
birds began leaving the colony or roost lhis was difficult with inexperienced local

people who wanted to practice. They alefi the colony or roost after 2000hrs in the
night. They were using torches to extractdbi from the nets. From this experience,

catching was very successful.

At drinking sites and threshirgrounds, for example, nets needbe erected some metres
away from the source of water. Nets had torimved to adjust theistance at which birds
headed for the drinking site. This also deged on the site where the birds were resting
before they went to drink. Telve metres between the eretteets and the water source

seemed to be an ideal distance.
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Accessibility to the site alsoontributed to the results. Kr sites were too bushy and
flooded with water that made it impossible &asy erection of the nets. In the sugarcane
it was not possible to do any alteration likdtiog paths for nets. This also limits the

results.

During mist netting, shifting of the nets after two days was observed to be very important.

It was observed that trapping in one areanfiore than two days makes the birds change
their routes. Sometimes a few birds were seen to fly within the same area or direction
thus resulting in low catches. The catchesenmeund to be higher where the nets were

first put up. Continuous catching at the same place showed that few catches were
experienced, and hence it was good to change to another place. Through experience the

numbers dropped, probably due to many birdging been caught or deserting the area.

121



CHAPTER SIX

GENERAL DISCUSSION

6.1. INTRODUCTION

Bird trapping has been a part of the amtihunting behaviour of mankind in many parts
of the world. Apart from other uses, bird®re mainly caught for food. Thus, many bird
species were caught and their habitatgeweontinuously eroded. Considering these
consequences, many countries enacted lavpsaiect the majority otheir bird species

(Bub, 1991), with the result that mass traygpof birds for food was banned and only a

few bird species were caught for scientific research.

With the rise of agriculture, and especialhe growing of small grain crops, some bird
species which destroy crops like the Red-billed quel@aelea quelea needed
intervention (Mineau, 2002). Fceffective control this sgries has been killed with
chemicals which pose negative impacts on tawget species and the environment.
Quelea killed with the chemical are cantinated and not recommended for human
consumption. Thus it became importantngestigate environmentally friendly methods
of mass capture that could provide uncontat@d quelea and income generation to local
people and, if possible, reduce bird nunsber order to minimize the damage done to
crops. However, trapping methods are oftéola intensive, opportunistic and may have
limited value in bird contro(Jaeger and Elliott, 1989).

This chapter discusses the main findingshef research. Further research is needed for
testing some of the mass trapping methods taed, others which weneot tried, to see
which will be feasible for successful masagping of quelea in Tanzanian situations.
Some recommendations are given followi the findings associated with the

communities’ interactions.

122



6.2. DISCUSSION OF THE MAIN FINDINGS OF THE RESEARCH

Trapping quelea has been customary mostthéncentral regions afanzania using local
traditional basket traps for trapping adult qael8ome local people in the central regions

of Tanzania are trapping quelea and harvesting chicks, sometimes as an alternative means
of control that was investigated in detailb@pter 5). It was also noted that many people

in the country where quelea are a problem wisiag them for food asell as for income
generation, although only a few were tragppesing local trappig methods, partly
because of regulations in force at the outdethis study that banned wild bird trapping
irrespective of theipest status. The interest amonidp population of eating quelea was
shown at the Farmers’ Shows where many pe@oaim all over the country attended and

were interested in tasting cooked quelea meat.

In other parts of the countwhere quelea are a problemathharvesting is done as well
as in the central zone by both men andnga. Only boys in these areas are trapping
adult quelea for food, using othiecal trapping methods. Suchethods include throwing
sticks about 0.5 m long into denfeeding flocks, using baitettop traps to catch quelea
alive as well as for the cage-bird trade, patts and bird lime, an entangling glue. Sticky
twigs covered with bird lime are placed irstiag or drinking sites, and a catch can be
made every few minutes at the right timedaly. Such methods are generally used only
by small boys supplementing their personal dwbile occupied inother activities like

herding livestock (Jaeger and Elliott, 1989).

Baseline data on the people involved irclsuguelea trapping, ¢hnumber of birds
trapped, the trapping system and trappindgnégues used by local people, were obtained
before embarking on the practical parts oftbgearch through meegs and interviews.

Little quantitative information was availahl however, on the qotty trapped by the
trappers, but since many people in the redearea were using quelea for food and for
income generation, the research was welcohehbcal farmers. Traditional basket traps
which were being used by local people waraong the traps tested and they showed
positive results in terms of catches of quedea especially their replicas. Traditional
knowledge was highly regarded in this reseamt trap techniques deloped were to be

environmentally friendly, easy to carry amdfective for trapping quelea. Finally the
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public, through mass media, was kindly add to assist and support what the
government was working on inying to control thes pest birds by p#cipating in the

areas tested.

Before starting the study, it was reported in the meetings that local people were able to
trap a reasonable numberlofds applying local methods. &development dirge traps

and patrticularly of special nets and an iomy@ment on the traditiohdasket trap (the
wire-mesh version) constituted a great step forward. A number of techniques were tested.
The first of these special nets included the use of big nets, the Tunisian trap and the
Funnel trap. These were constructed and usetssibed in Chapter 5. These nets were
conspicuous to the extent that the birdsuld fly around or over them rather than into
them. Traditional basket traps and its wire-me&srsions, mist netand a roost trap in

trap roost vegetation were also used.haiigh the big nets (Tusian trap and Funnel

trap) did not work effectively, other methodsrformed well (Chapter 5). Some trapping
techniques used methods to lure birds taamwhere the traps were set. Food, water, and
decoys in the form of cdéipe birds are effective to attract birds (Gadd, 1996, Lowe,
1989) and both use of food (supplies of supgletary grain spread near the traps) and
water were used successfully in this study.

The three methods, the mist nest, traditidreekets (and the wiregsh versions) and the
roost-trap proved to be much more successfuhass capture of quelea than the Tunisian

and funnel traps. The reasons for these are discussed below.

6.2.1.The big nets (Tunisian trap and Funnel trap).

The big nets, the Tunisian trap and Funnel trap which were tried in 2007 and 2008 were
designed following the general plan of the Flagiut trap or the Heligoland trap used in

the United States of America (USA) andirilsia for catching large numbers of Red-
winged Blackbirds and Starlings at roosts. Tla@s$rhave been used in many places with
great success. The experience gairtdiig the study period 2007 and 2008) with the
effort to carry out mass-trgmg of quelea using the twopgs of funnel traps suggested
that the trapping sites, thelmersiour of quelea and the breegl habitat made this method

unlikely to succeed.
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6.2.1.1. Trapping sites

For the trapping site (for all the traps) theshould be adequate cover (bushes or trees)
leading into the trap. It is very importantaththis be somewhat lower than the entry,
perhaps 2/3 of its height, otherwise somedbiare likely to fly up and over the trap
(Woodford and Hussell, 1961). For example and; Point, Ontario, thep of the trees in
front of the trap were cut off so that theyr&@bout 0.5m below theajp’s roof level with
the result that fewer birds flew over (idussell and Woodfar, 1961). Sometimes, the
mouth should, if possible, face the directmhmigrants’ local movements at the season
when it is likely to be the most productiieor example, ‘doubletraps along stone walls
have been built at Fair Isle, the two mmafacing in opposite directions (Woodford and
Hussell, 1961). Unlike starlings, quelea do eater a roost or a breeding colony in a
single direction. This made impossible to direct the moutsf the traps in the direction

of their movement.

Another important factor is ¢hdensity of the cover at the trapping site. It is suggested
that the cover at the trappirgite should not be too densatherwise it may lead the
trappers to miss the trap when driving birdsyy cover at the side of the entry which
might lead birds away from the trap was removed.

In principle, mass trapping needs a siteemehbirds are congregating in large numbers.
Such sites are breeding, roosting and feeding places. In U.S.A. and Tunisia most of the
traps have been used at roosting sites kamts were provided, buduring this research

the Funnel trap trials were conducted at breeding sites where no baits were provided.
These factors might have been affecting thelt®sMore trials are needed to ensure that

all important factors are observed amthere necessary, improvements made.

Most of the big traps desigddrom the plan provided by é¢hPatuxent Wildlife Research
centre which were used in different pladesd different shapes and sizes (Mitchell,
1963). The importance of these may be to mialeen efficient, portable and even cost
effective according to the users. Very heavyl expensive traps may not be feasible for
many farmers or trappers in Tanzania asytimay require vehicles to carry the traps,
which may not be possible. Also farmers may Ine able to afford expensive traps, like

the ones used in this study, which were also heavy and required a vehicle for their

transportation.

125



It is clear that sucasful trapping using the big nedlepends on many factors besides the
structures of the traps. Regardless of thecstire of the trap and its costs the most
important factor is that the trap should mstructed so that it presents the birds driven
into it with a ‘point of no return’ (Bownlow, 1952, 1955), beyond which the transparent
back of the catching-box or the funnel tuyepears as the only, @t least the most
obvious, way of escape. This is made posgililee last sectiondading to the catching
box or funnel tube is made into a narrpassageway and should slope slightly upwards
towards the catching-box or furirtabe. This creates the illusi of a ‘point of no return’

as the birds fly naturally upwards (Woodfoand Hussell, 1961). &b the side walls
should be such that they guide the birds i trap and prevemthem from by-passing
the entry. For example, at Point Pelee, Ontatie long side walls were built at the same
height as at the entrance of the trap angel@oved to be veryfiective in guiding birds
into the trap entrance (l8sell and Woodford, 1961; Gunn, 195&hus, traps can vary in
their design to capture birds and are adaptambrding to the habitat and behaviour of the

birds. More trials using sudbig nets need to be carried dat mass-capture of quelea.

Although there was little success with the bidgsn@he Tunisian and Funnel traps), if
many trappers and farmers were availableyemimials at roosting sites and threshing
grounds should be conducted, with provisionbaits and water at the trapping sites,
particularly during threshingvhen many flocks come to the threshing grounds looking
for food. Also, when coming for night ramsg quelea usually make a stopover about
500m away from the roosting place. If a trapreved be constructed at such a place and

provided with water and baits#,might produce good catches.

6.2.1.2. The behaviour of the target species.

The behaviour of bird species is an impot factor when considering mass captitre.

was observed that the behaviour of quelea is substantially different from the behaviour of
starlings, as caught succedbfun the Tunisian trap, ah of starlings / blackbirds /
cowbirds caught in the American trap. Qeeelgenerally choose vegetation in which to
roost and breed which is dense and thoAwaCiatrees) or has sharp leavdyphaspp.)

and is in flooded terrain, both of which ardfidult for predators, including trappers, to
penetrate. For those choosing trees, their defence against attack is to retreat into the

thorns. In the Chidilo colony, incoming flocks were occasionally chased by falcons and
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they reacted by swerving away and settling ithe thorn trees. The thorns are a very
good protection against almost pledators. Unlike starlings Tunisia which roosted in
eucalyptus and which moved aywfrom danger by fluttering away, quelea in the dark
seem to flutter only up and down within ttteorn trees and movminimal distances.
Both quelea and starlings have the capaintyeact to disturbance by abandoning the
roosting site altogether. The Tunisian traygptechnique involves oging it out with the
minimal use of noise and torches. Roost satesworked only for three or four nights and
then are left to settle down. If a starlingpst is worked too much, the birds abandon the
site and go somewhere else to roost (Tuniti@m C. C. H. Elliott, pers.com.). Since the
finding of roosts is a laborious process and it tzd@ several days to pin-point a roost, it

is inefficient to trap too much arwhuse the birds to move elsewhere.

The capacity for quelea to abandon a romken disturbed was demonstrated by the
experience in June 2007 when a roost wamndbned after being sturbed only twice.
Quelea also abandon colonies as they dae at Mwitikira in 2008 when 200 local
people had reportedly invadedetitolony to collect birds ih catapults. Also, in the
Chidilo colony, the area of sts nearest the funnel tradisst position was abandoned,
although the rest of the anly was functioning normally.

The bird density is also one of the shamportant factors in mass-trapping. Many
migratory species travel, roost, feed lmeed in large numbers together. Thus, mass-
trapping is most successful when bird dees are high. In U.S.A. and Tunisia mass-
trapping traps were used where birds were ingsespecially in winter when they roost
in compact masses (Mitchell, 1963). At a few areas, especialliydatinging stations,
birds were baited with grain at the entrartoethe trap. Thus, few birds were caught
automatically entering the traps, but the gmeajority were caught by driving them into
the mouth of the traps from some distanceyaw he driving techniques may vary with
every trap, and with the species of birdngecaught. Thus, the driving techniques must
be worked out for each trap and species targeted (Hussell and Woodford, 1961). Birds
should be driven into thedap with the minimum possible noise. Too much disturbance
tends to make most of the birds to fly apd move out of theapping range (Woodford,
1959). Due to the birds’ behaviosome can be gently driven almost all the way into the

trap, but others require rather more forceftiVing into the trap’s mouth. When birds are
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approaching the mouth of the trap, the quieshould be the driving. When necessary, a
final rush can be done when biraie at the mouth of the trap.

Proper management during driving is needed. The trappers need to keep in touch with
each other and coordinate their efforts. Wiheds are reaching the mouth of the trap, it

is necessary for the trappers to keep in lvith each other. Sometimes, if this is not
done, birds break back much more easitd fly away from the trap (Woodford, 1959;
Brownlow, 1952). Driving can be easily dobg clapping hands, shouting, or pounding

on the roost or nesting trees with stiqi@eubert, 1963). Quelea are sensitive to noise,
thus readily move out of trapping areas whem much noise is made during the driving.

But also they may need a forceful driving jastthe mouth of the trap. More studies are
needed in aviary and field studies to obsdhe effect of noisen driving quelea to the

traps.

The nature of the USA-designed trap was tasethe attraction of éhbirds to light and
provision of baits togethewith live decoys. These funnélaps are characterized by
narrow entrances leading to the catching-lsoge chambers into which birds may be
lured or driven. Food, water and live decoysevprovided to attract the trapped birds.
Starlings, Grackles, Red-wing&lackbirds and Cowbirds wemore easily attracted by
the light than quelea. Quelea are not gaaitracted by the light, but can easily see
objects illuminated by the ligletnd move to them. More exjients using light at night
when trapping quelea need to be studiedvrary and field studies. Quelea, like other
birds, are also attracted baits and live decoys.

6.2.1.3. The trapping habitat

Trapping habitat is an important factor @hconsidering mass-trapping of quelea. Mass-
trapping can be successful redass of adverse weatherather unfavourable conditions
when the trap can be placed at a propter isnmediately higher than the vegetation and
immediately beside a very densoncentration of birds (Mihell, 1963). Quelea will fly
towards the trap when placed at a goodrgitmrdless of weather conditions. A good site
should be near the end of molated, narrow, line of low cover. The best cover consists
of bushes, with some small trees, but with nptoees in front or behind the trap as these

will encourage some birds to fly avtine trap (Woodford and Hussell, 1961).
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Where there is strong wind, it is good tofact the trap from wind (Brownlow, 1952).
The amount and position of cover is a veryportant factor in tB number of birds
caught. At most sites, it is always necessamgtnove some trees or bushes near the trap.
Tall trees in the area of the trap, both behamdi in front of it, mg@ have to either be
topped or removed. For convenienbeshes or trees at eithgde of the entry may have

to be removed. Such favourable cover and tiealr the roost may induce the birds to by-
pass the trap and fly into it. It is necessargnsure that bushes or trees in the entry area
need to be lower than the height of the entry area (Woodford and Hussell, 1961). It is
better to ensure thahe cover at the entry area shouldt be so dense to prohibit the
movements of the trappers when driving gaeinto the trap. When necessary, selective
thinning may be needed tdaav trappers driving the birds to pass through easily to the
catchment area (Woodford and Hussell, 19@Herefore, suitable trapping habitat is

important for successful mass trapping of quelea.

6.2.2. Traditional traps

Traditional traps were also observed to de effective method for mass capturing of
guelea. Althoughhe traditional traps have been used for a long time, more than 60 years
in the Kondoa district, they are used undestrieted conditions. Tétraps are used only

in the dry season when water and food amadtéid. Traps are placed at traditional or
artificially made drinking sites with baits. W artificial water sites, traps can also be
placed near roosts and along the route #rtosting area (McClure, 1984; Sharp and
Saunders, 2004).

The trap size of 60cm in diameter, 20ceed, 2m in circumference for both types of

trap, grass and wire-mesh versions, seems to be ideal. This is because the traps have to be
taken back to their owners’ homes after trapping sessions. A trapper sometimes deploys
more than 10 traps depending on the marketaadlability of the birds. Traps of bigger

size than these have not been used, but nalgiat be effective wdn quelea invade in

high numbers, although such traps would not be easy to carry.

Areas with standing water Ekponds or swamps are prakd by quelea for drinking.
These are the best sities trapping. It is better when theky is clear andery hot rather
than when it is cool and cloudy. Quelea drink water at least once each day. When it is hot

and water is available, quelea canndritwice a day duringhe hot midday when
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congregating in day-roostéErickson, 1989). For succeskfaatching of quelea it is
essential to provide food and / or water inseohel outside the trap as bait. An artificial
drinking water supply can be provided at gaovhere natural water is not available.
Water and food may be provided at the sarapping place. When birds are coming for
drinking they will easily find tk food placed in the trap, find the small entrance hole and
enter for food, but have difficulty in leang. When birds are coming in a large numbers
for drinking, traps should be checked reglylaat least once every half an hour. This
allows taking the trapped bsdout of the trap allowing famany others to enter before
the bait is finished. The tra@se effective if bait is always replaced inside the trap and

lightly spread around the traps.

It is necessary to identify suitable captaites where quelea drinkater in open dry land
habitats. The site and traps are prepaagad placed well in advance of the expected
arrival of the birds. The site should be pregzhand traps placed lgast two hours before

the capture effort.

The optimum times for trapping quelea usingks traps vary depending on the weather
conditions. During the rainy se@sor when there is cloud aipping may be less effective
as birds may not get as thirsty as they ddah weather. At other times of the year,
particularly during the dry season, when faott water are less abundant or there is hot
weather, birds are forming large flocksdaiinking and feeding places and many birds can
be caught. When trapping quelea with basketsiréige use of water as an attractant has

been successfully demonstrated in different places where quelea congregate.

During this study, both the tranal basket trap made of grassnd improved versions
made of wire-mesh were tested to see which worked efficiently. The results showed that
the traditional basket trap caught an average of 800 birds per day while the improved
wire-mesh version with one entrance holgtoeed an average of 1600 birds per day.
Others with two and threentrance holes caught aveeagof 2200 and 3300 birds per
day, respectively (see Appendices 5.1 to S Aus, the wire-mesh versions were superior

to traps made of grass. Some factors continiguo this result weréhat: (1) the food and

birds in the wire-mesh versions were morsiblie than in the grass traps. Quelea birds
outside the baskets can see other birds amrdtiie bait more clearly in the wire mesh

versions. Those feeding in the trap canaattrithe rest outside towards the food bait,
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acting as extra decoys. (2) The wire-mesh wer$s more durable than the grass traps as
the latter are destroyed easily when they igeo contact with water. Thus, wire-mesh
versions could be used for longer timesMater than the grass-made ones without being
damaged. However, these traps have otherrddgas in relation to the grass-made ones,
as they are easy to make. Their construct®less time consuming than the making of
grass traps that requirekilled basket weavers.

The improved version caught more than twasemany quelea as dide traditional trap.
If these traps can be used widely in @llelea invasion areas, substantial numbers of
guelea can be captured which camtribute a substantial aunt of protein-rich food for

local people and hence generate income.

The appearance of quelea in many areas i®sahsvhich limits the times when they can
be caught. Large flocks @juelea invade an area whemr is food, water and suitable
roosting or breeding vegetatiavailable for them. These atke considerations to be
taken into account when choosing apprdgriaites for successful trapping. When
necessary, a supplementary food supply may thelirds to feed near the trapping site.
Good results were obtained when the traps Wearted heavily insidéhe trap and lightly
around or on top of the trap.

As indicated above, when birds were feedmegr the trapping site, regular checking was
necessary. Sometimes, and especially whesast hot in the morning hours (from 0900 —
1100 hrs) more birds came to drink than at other times. In the evening, from 1500 — 1800
hrs quelea need to feed to build reserves for surviving theght, rather than spend time
drinking (Bruggers and Elliott, 1989). These times were ideal for regular checking as
many birds got into the traps. During theidst the traps were sited every one hour,
although sometimes emptying was done twicanrhour as many birds entered the traps.
This sometimes happened in the wire-mesksion when many birds entered the traps
and required an urgent emptying. Half an houan hour are ideal intervals for regular
checking when many flocks are comingr fdrinking especially during the above
mentioned hours. A higher visiting rate, howewprobably increases the total number of
captures. There is no risk of injury or mortality to captured birds when using both of these

traps, even when deployed by inexperienced trappers.
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The presence of juveniles thie trapping site can also cabtte to a large number being
caught. This is because, when properly lohithe juveniles drive themselves into the
traps to seek food. It was reported by AgricrdtiOfficers in the district that about 4 — 6
million quelea are caught in the Kondoa disttising the traditional basket traps during

the peak season, although this number may be somewhat optimistic.

Potentially, traditional traps and especially the improved version are an effective
technique for capturing quele@hus, locally adapted researblased on farmers’ skills

and experience in quelea mass-trapping is needed to increase the potential uptake of the
methods throughout quelea-isted zones of Africa.

The trapped quelea were sold by trappersvarious people mluding women, men,
young boys and girls in the \alje and outside the villag@uelea were bought for food

at home or for selling after processing (frimdcooking oil). The price of trapped quelea
during the study period demonstrated litdiasticity. The trappers always obtained a
premium price for quelea as there is a huge demand for them. Quelea prices went up in
periods when animal and chicken meat wwaarce or when few quelea were trapped.
Sometimes the prices went up to Tshs. 1003fe- 5 fresh birds @uivalent to 30 — 50

birds per US$ 1). The women, young boys aids then sold the fried quelea at
roadsides or in local pubsrfa@ash, usually single piecdésr Tshs. 50 or dried birds
packed in lots of 20 birds fdrshs. 1,000 (equivalent to US$ 1).

6.2.3. Roost trap for use in “trap roost” vegetation

From the results, trapping quelea using a trap at “trap roosts” may be an ideal method
which can help to minimize the number gfielea birds damaging crops. In Tanzania
damage to crops is mainly caused by roosting concentrations of birds during May to
December. Breeding is mainly in the cahtregions of Dodomand Singida from
February to April. When looking for a breadi area, quelea firsbost for 3 to 5 days
before securing a suitable breeding areas(pebs.). Suitable roosting areas are near
water and sometimes feeding grounds. Also quelea tend to roost in traditional roosting
areas, where they commonly roost at least once every year. These traditional roosting

areas are suitable sites to establish “trap roosts” in.
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Large congregations of quelaathe roosting site contribed to good results during the
trapping activity. In the central regions thfe country quelea start arriving one to two
months after the first rains in mid-Febryato mid-March, when the cereal crops
sorghum and bulrush millet areear to their booting stag@uelea during this time feed
on natural grass seeds. Inigt known why they concentratefbee seeds begin to form in

the crops.

However, it is probable that they recognizdyearop growth that resembles natural grass
such as they would find whdlying behind the rain front isearch of breeding areas and
food (Ward, 1971). It is also possible tltptelea surviving from previous seasons are
able to recall areas dbod concentration and return them, possiblyattracting other

birds with them (Ward and Zahavi, 1973). é®ps mature, bird numbers increase. Small
roosts are then abandoned in favour of large ones that are better able to accommodate
large numbers (La Grange, 1978). When groupeldrge numbers, they start breeding.
Before starting to breed, quelea usually toossuitable vegetation which, if planted
intentionally, would attract birds for a whikefore they move to breeding areas. Before
they move for breeding, quelea in “trap r®jscould then be trapped. If “trap roosts”
work effectively, they may minimize breeding Quelea as they would be trapped before
they start breeding. If this can be done in many places in the country, large numbers of
birds could be trapped before the breedinggaeand provide large quantities of food to

local people.

Quelea quickly detect any modifications t@ithroost, when they may then keep away
from it. Where serious interference is madeher by introducing foreign objects, or by
removing a substantial part of the vegetatithe birds may vacate the roost completely.
This behaviour was observed during the piag activity. Birds were flying over the cut
areas for some time until it was becoming damkt, eventually they joined others which
were roosting in the undisturbed area witham@oncentration of birds. After an hour all
the birds were settled into the trapped ar€his behaviour contributed to the good
results. Experience shows that any disturbamcateration in the roosting area can force
the birds to move to another suitable roospare (pers. obs.). Afteevery trial the trap

was not placed on the second day as very fetiheofemaining birds tarned to the roost.
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The ideal period and place to plant the “trapstd are important factors to consider for
mass-trapping of quelea. If “trap roosts” @aeebe maintained in the dry season when
guelea depend mostly on irrigated crops, thay be attracted tthe greenness of the
“trap roosts” when looking for roosting areaBhe concentrations of birds that cause
damage during this period can be trapped. Afisbe “trap roosts” are to be maintained
and found by quelea during their arrival time area during théreeding season they

would also be attracted to these aredsredocating suitable breeding areas.

“Trap roosts” should ideally be situatedms@where between the crop lands and the areas
of natural vegetation formerly used by qeeelfor roosting. Wher@ossible, the plots
should also be within a few hundred metresaadrinking place sirec quelea drink just
before roosting for the night. f&p roosts” should be some distance from other suitable
roosting vegetation and the thicker the “trap toasgrown the better it is for a trapping
activity. Although the birds select particular ro@ggetation, it seems that the site of the
roost is more important than vegetation typle birds also prefer situations in close

proximity to water ando the feeding grounds.

Another important factor is disturbe® as quelea do not like noises and other
disturbances. “Trap roosts” should not be pdannear roads or houses. Therefore, “trap
roosts” should be sited in open landsagwfrom roads, houses and other canopy

vegetation into which quelea coutibve if they were disturbed.

6.2.3.1. Roost preferences of quelea

For a successful trapping exercise using atroap, the size of thérap roost” and type

of vegetation cover most preferred by kpae were the importda factors. Dense
vegetation cover enabled thamform crowds and an area big enough to accommodate
them contributed to good results (Laa@ge and Jarvis, 1977; La Grange, 1989).

During this researchTyphaspp. and an area of 20m loagd 12m wide of the “trap
roosts” were used. The areas were ableadoommodate all the roosting birds. More
research is still needed to determine whakes of areas can accommodate a certain

number of birds.
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Napier grass and sugar cane hpuaved to have potential ahe attractive to quelea and
these crops can also be used by farmerawdspurpose crops (pers. obs.). The crops can
be used for fodder and, when mature, sugaeazan be sold for income generation as
well as for fodder. To have “trap roosts” available throughout the teampreferred that
two trap crops or more plots of each crop dfedent age can be planted so that one patch
can be cut and harvested irtatton with the other. At lest one patch should be fully
grown at any one time, espdbyaduring the first rains when quelea start coming into the
area. Such a condition of the “trap roost” camtribute to good re#s as it will attract
many birds into itTyphaspp. have also proved to fae/oured by quelea for roosting. If
these crops are maintained properly they mavide good cover for the “trap roost”. The
three trials were conducted in this typecoiver and the activity was successful. If “trap
roosts” are to be maintained in the dmwason when quelea depend mostly on irrigated
crops, they can be attracted to such aremsofasting. This can contribute to successful
mass-trapping of quelea. The size of the aretheftrap roost” isentirely dependent on
the type of netting material tee used toaver the top of the roostap. Strong and lighter
material to cover the top can beasible for a big area, with heavy material only feasible

for small areas.

6.2.4. Mist netting

Mist netting of quelea at different trial sitasing locally made mist nets was a learning

process for participants in the study areanasone had been using the nets for quelea
trapping. The netting was performed in vasdypes of vegetation such as sugar cane,
rice fields, Typhaspp. andAcaciaspp. where quelea were féegl, roosting or nesting.

The author, who had been using the netsfber purposes, had tmin the local people
who assisted in the researbbfore and during the netgjrexercise. Local people were
first trained to make the nets from the noriiinsth netting materialsilso the people were
trained in the use of the tsefor quelea trapping and exéting. Improvements were made
as experience was gained allowing more t@tse put up and larger numbers of birds to
be caught. In a trial at lyoli the highdstal achieved was >19,000 birds per day and a
catch of 395 per net compared to 46 perwigen the trapping activity was started in the
breeding colony. Local people made an imparteontribution to the work, helping to
carry the equipment to the sites, putting up tiets and extracting the birds. In some

places people helping changed and the new ones had to be shown what to do. But in other
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places people were maintained for the wholereise. This is because teams of people
were formed to monitor certain nets whilepervised by the researcher. On one occasion,
a local team was left in charge of the rasl they managed to extract over 500 birds on
their own. The work of extracting the birdgas quite demanding physically in that it
required the person extracting birds to bensing in the sun for six or seven hours per
day, plus the exertion requiredreach the site ofoot and to erect the nets. The achieved
results were made with themtribution of the local peopleiv assisted to the end of the
exercises. The highest catches were made when the catching continued until dusk. The
catching was higher in the morning, fra®®00 to 1100 hours. The catching was also
higher in the evening from 1500 to 1800 hourshesbirds were comg into the catching
area to roost as well as thos&uraing to their nests. It isssential that the number of the
nets be limited to that which can be effeetwmanaged with trappems supervised with

field officers as a large numbof birds can be caught.

Mist nets, like fishnets, consist of finghin, nylon threads (see Plate 5.19). To be
effective, the shelf strings must be tight. The key to effective use of mist nets is proper
installation and when they aegected attention to the nessneeded (McClure, 1984).
Qualified personnel are needed to attend ttie aed to quickly untangle and release the
birds (Bub, 1991; Sharp and Saunders, 2004us, during the research, local people
were trained to be able to release the caugtils where possibleyithout injuries to

them.

Successful results were obtad, eventually, through keeybservation of the location

and direction of flight pathsThese are the best importaactors to observe prior to
trapping quelea in their roosting sites or biagdcolonies. Before setting the net, it is
best to note the flight path or paths thia¢ quelea use to enter and exit the breeding
colony or night roost. The best location to &ilsthe mist net is wherit will intersect the

path taken by the majority of the birds. When quelea are flying into the mist net, they
seldom hit the net perpendicula it (90 degree angle), busually hit it at a lesser angle
and lose air speed almost immediately. Tfadlydown the net and into the shelves where

they remain until removed (McClure, 1984).

Poles are also very important elementfmstalling the mist net. Strong and long enough

poles are important to erect and support the masdirectly in the olesved flight path in
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all types of conditions. The poles should bétignough to be portable. This is because
sometimes trapping equipment needs to beetha long distance from the end of the
road where a vehicle is parkéal the trapping site. lis better to use a set-up that allows
raising and lowering the mist net quickly arepeatedly after exdction of the birds.
Strong wooden poles or cast iron bars of mmaxn diameter of 2 t@.5cm are preferred.
The height of the poles can range from &4ong. Where mist nets need to be raised
higher than the available cast iron bars, pasis be added by using simple end-to-end
couplers (Bub, 1991; Sharp and Saunders, 2004h $ales will be useful in different
places where vegetation heights differ.

A total of 10 nets was about the maximunatticould be handlety one responsible
leader with four trappers in one day, if thets were to be taketown again at night and

there was a large number of birds being caught.

Trapping areas, especially colonies far from villages, were most efficient if a camp was
set up in the vicinity of eactolony or roost and catches wemade all day, with perhaps
longer periods for rest in between extracting birds. This would require more logistic
support but could allow catches to increéseerhaps 4,000 or 5,000 birds per day for
one team with 10 nets in the first feslays before the population is reduced. The
efficiency of the nets would also improve the nets were tethered, reducing their
tendency to billow to onend if there was a wind blamg and causing substantial
numbers of birds to bounce out. The nets walsd be easier to handle if they were dyed
with a permanent dye that did not come offewmttouched. Further trials need to be done
using parallel lanes of nets to catch #hdlsat may bounce out. The parallel lanes were
tried in one trial and seemed to be effeetifhose birds which bounced out of the nets
were caught in the parallel lanklore research is needed observe the effect of this

practice on mass capture of quelea.

At the Mamba/Makutupora colony, an areaabbut 1.5ha, the two days of catching were
insufficient to show a strong impact on nuend although some of the nests nearest the
nets were deserted. If it had been possibleotttinue with trappig for another three or
four days of all day catching, it mightave succeeded in controlling the colony.

However, there was another patch of the colony, about 0.5ha in area, a few hundred
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metres to the east and this would also haseded several days of catching in order to
have an impact on the population and to reduce the number of birds attacking the crops.

More research is needed to observe thpaich of both trapping and disturbance which
can cause birds to desert the trapping siteelition to protection of crops from bird

damage.

Generally, the environmental impact okthetting was limited to the catching of non-
target birds. Throughout the catching period the number caught was very low compared
with the total number of birds extracted froiime nets. Most of them were released
unharmed. Even if all the birds caught hiaglen killed, the number affected would
probably have been very much lower than if the sites had been treated with
organophosphate aerial spraying. The types mishaffected by the spray would also be
greater and would probably include rapt@sd scavengers, as well as predatory or
scavenging mammals. It is believed that watHittle training of agricultural staff and
other trappers they would soon learn tdrast non-target birds without harming them.
On the other hand local people would be Wké&bd kill them and use them as food
whatever species was caught in the nets, alternatively, would injure the birds
sufficiently that they would ndfurvive. To avoid tis it is suggested #t the nets should

only be used for quelea and that the Govemtnpeermit only quelea to be Killed. It is
considered that this edict was likely to telowed mainly because catching quelea in a
breeding colony was an effective way to iagle good catches and the local people were
used to eating the birdg.would be difficult to police the use of the nets if they were left

in the possession of the villagers. If they wiefé with the village chairman, it would be

more likely that the nets would only beeased to villagers dimg the quelea season.

Fine mesh mist nets are relatively incogsipius when deployed, bahoice of a netting

site that helps conceal the net is venpamant. Erecting mist nets on sites where the
outline of the net is clearly revealedafigst a monotonous background such as the sky,
open water or uniformly coloured fieldshauld be avoided. Shaded sites are always

preferable to sunlit areas.
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A clearing in a vegetated areath a dark but variegatedackground is an important
netting site. As quelea are most active at dawn and dusk, therefore, these are important

mist netting periods as showy the results in section 5.3.6.3.

The number of nets needed depends on theasitee colony to béargeted. About 100
nets can make an impact on a breedingroplof about 20ha for 10-15 days of trapping.
It will be necessary to use 20 nets per supgervand to have atdst 5 supervisors with
10 teams each with a leader. Where caenare far from the village ideally a
comfortable camp should be established neadbyhat advantage can be taken of peak
catching times in the early morning andwamd sunset. The larger the colony, the more
days will be needed to make an impact &whl people also need to be encouraged to

collect the chicks.

At a cost of about 6,000TzShs/net (equivalent to about £3) during the research, it seems
unlikely that villages will be willing to invesh 100 nets which can be used effectively in
the village. A procedure needs to be esshield that the village chairman notifies the
local agricultural officer thaa colony has been found and tleatching is about to start.
This would allow the Agricultural officeto visit the area and check that correct
procedures are being followed. Where necgssificers from the Ministry of the
Environment would also be able to chettiat only quelea are being caught and, in
theory, non-target birds are being releasatiernatively the nets could remain the
property of the local District AgriculturaDffice and could be provided to farmers on
notification that a colony has been found.tiBdocal people and agricultural staff
involved in quelea trapping need training i throper use of the nets and especially in

extracting non-target birds without harming them.

6.2.5. Evaluation of different methodsused in mass-trapping of quelea

To evaluate the relative merits of traps and nets it was necessary to consider various
factors including the degn or type of the traghe trapping site, the trapping habitat, the
ideal trapping time, the experience of trappeh® were involved irll of the techniques,

the cost of each trap and their efficiennoyoperation (Woodford and Hussell, 1961). All

the factors mentioned differ from one methodanother during the operation. Thus, it is
difficult to say which method is best aach method had its omoperational optimum

and merits in the context of mass captureuélea. Although some of the methods were
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not successful, the successful methods dwumied to the successful achievement of the
objectives of the research.

Although after several trialsith the big traps only a few birds were caught, some good
catches were obtained with the “trap rdo#&lthough there were good catches in USA
and Tunisia for Starlings, Grackles, Cowbiatgl Red-winged Blackbirds, the birds were
easily attracted by the light. In contrast, witprelea were flushed by the light they flew
away from the light, although on one occasioremlight was used there was a catch of
42 birds. Due to difficulty of locating feas@éareas for trials, only few were possible
which were not enough to conclude whethiee traps are feasible or not for mass-
trapping of quelea. Therefore, more researclaviary and field studies are needed to
observe the reaction of quelea towards lights. Also more research is needed on the use of
Funnel traps which can be constructed ia tiesign of the Heligahd trap with minor
changes to suit local conditions. The trap @@nconstructed at the threshing grounds
where quelea congregate during feeding or tiearroosting sites dheir last stop over
before they enter into their roosting site. Baitill be provided taattract them into the
trap. In the U.S.A. baits (foodnd water) and live decoys meused. No such elements
were used during this research with big nét®re research is needed to observe the
reaction of quelea with sucheshents with big nets. Theap should be constructed in
such a way that it can be easily movedotber places as the trapping sites will be

changed.

During the study, it was observedtiquelea, like starlings, e@iattracted to baits, water
and live decoys, as these were used sucdbssgiith the traditional basket traps and with

the wire-mesh versions.

As the big traps were not used in the stadga before, people who assisted in driving
birds into the traps were not experienced gilich traps. Also a viety people were used

at every trial and so there was poor cooatiion with trappers being trained onashhoc
basis. When driving quelea towds the trap with too much sturbance, especially noise,

it can easily scare them away from the ti@pmetimes this can cause quelea to desert an

area in favour of another and hencetpct the crops ithe first area.
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The traditional basket traps and the improwee-mesh versions were so successful that
they can make a valuable contributionttee livelihoods of people, providing useful
proteinaceous food and generating income. Wwine-mesh versions caught more than the
grass made ones. These traps, if emplagedirious areas where quelea are a problem,
can help in catching many birds which ceontribute to the mvision of food and
generate income for local people. The wiresim version can be used at almost every
place where quelea are avaikalals the material can beuind in many shops, whereas the
grass for making the basket traps is only found in certain areas. Also as mentioned before,
making of the grass traps needs an expéile the wire-mesh version needs little
expertise. The traditional traps are also good as many bird problems occur after the main
rainy period in many parts of the country. Tiesfrom June to December, including the
irrigated crops. Such a trap is recommentiede used in many parts of the country

wherever quelea are pests.

The mist nets also provided good catches mhts can be used all year round, but are
most successful in breeding colonies. The mete used in daylight as well as at night.
Also the nets were able to be usedfesding, drinking, rodsng and nesting sites
(Schmidtet al,, 1986).

Mist nets are very effective at differe sites and under mangifferent conditions
compared with the traditional traps whiglork only in the dry season when drinking
water is very scarce and conditions are hot.tBe traditional trap has an advantage over
the mist net in that extracting the birds from the traps is much easier than from the mist
net. For example, extracting 100 birds frammist net can takebaut 30 minutes for a
professional trapper, while tlsame number of birds can tEmoved from a trap in about

10 minutes. Sometimes this time for extrastcan vary depending on the way the birds
are entangled in the net.

A mist net at a breeding colomy lyoli was able to catch average of 400 birds per day.
When employing about 100 mist nets at eaapgmg site, a very good catch could be
obtained. The reactions from farmers indicatedlef from bird pests in their farms and
reduced bird activity athe trapping sites. This implieddections in bird populations at
the sites, indicating that atast small colonies could bertoolled by a combination of

netting and chick collection. It should be bornanind that quelea with chicks are very
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difficult to induce to desert their colony thrduglisturbance, in contrast to quelea with
new nests or nests with one or two eggsoBserved in Mwitikila, quelea in a 5 day old
colony with at least two eggs were forcetbimlesertion by local pgle’s disturbances,
while the colony at lyoli remained for the wiagberiod of trapping as it had chicks from
the outset of the netting operation. Frore tlesults obtained, witthe permission given
by the Ministry of Natural Resources, trappend many farmers have established a

thriving commercial trapping enterprise.

Mist nets have the advantage of beingtgide and easy to set up, can cover a wide
trapping area, and are easily movable frplace to place to take advantage of local
movements of birds, which is not the case with the big nets (Williamson, 1957). The
initial cost of the nets was lower than that for the big nets and they can be easily operated
by few people, as even amongst high densdgulations, two people can manage five
mist nets. Some disadvantages of mist regts that they need regular checking and
experienced bird trappers to operdtem (Woodford, 1959, Woodford and Hussell,
1961).

The roost-trap was aimed at covering smadisting sites of about2 x 25m. The three
trials done showed good catches of 5,000, 17z0@D13,000 birds per trial, respectively.
The trapping was done in the dark after bivels had settled for roosting. The first trial
was not so successful as the net stuck anespoles, and the covering was not done
quickly enough. The next two trials were more successful after adjusting for some
problems experienced in the first trial. Thigp showed promising achievements in

reducing bird populations as well as piaivig food and income for local people.

Generally, traps used fobird trapping cannot be ead successfully under all
circumstances. Some areas are inaccesstilers have insufficient open areas in which

to operate and some places have almost impenetrable vegetation where thinning may be
necessary. Sometimes during theéy seasons some areas barflooded with water thus
making it difficult to work inthem, whilst in some areas birds may cover large areas,
through which the birds are gad too thinly where the biscare apt to by-pass the traps
(Mitchell, 1963). Traps used in mass-trappingpaliffer in shape and design. This allows

them to be used in different situatiosgasons or times and conditions. This provides
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some advantages of using a variety of différegaps in different situations, times and

conditions.

Improvements to traps and improving opimaal methods are always necessary
depending on different factoravolved in trapping activitiesSmall, portable, and less
expensive traps have to be modified andsatesfactory and moreoavenient to use. The
objective is to adapt traps for better usdlifierent trapping situations and to improve
their usefulness in catchingr¢gge numbers of birds for food and for income generation

(Mitchell, 1961), and where necessasya device for bird control.

Emphasis is now being placed on improvingchas and processing of quelea meat by
local trappers to improve supplies for datie markets and when possible to take
advantage of high prices for quelea meat prtglut overseas markets. This is currently
prohibited by most countries because of f@amporting avian influenza (H5N1 virus).

However, if substantial numbers of quelean be caught locally, then there is the
potential for a substantial number of peopldémefit from any establishment of a long-

term mass-capture programme in Tanzania.

Interviews conducted with trappers and farsiin the study areas disclosed that the
trapping trials became very productive aftdeployment. Trappers and farmers were
willing to continue trapping if they werallowed to and given trapping equipment.
Formerly, quelea trapping was conducted illggdy local trappers but this project
obtained permission for the activity fronthe Ministry of Natural Resources.
Subsequently, some trappers and farmers welleng to buy mist nets (locally made
from fishing nets) and began their own cpgeltrapping activities. To maintain this
momentum, trapping techniques need to ifproved and continued as part of an
intensive programme. The methods tried during the research aasetey the trappers
as well as other farmers. Awot all the methods were mille for all conditions and
situations, some were good thg the rainy season and sorre the dry season, as
described above. Also some methods wgoed in breeding colonies while others in
roosting sites. Other methods were costlilevlothers were cheaper to be managed by
farmers themselves. Therefore, differdattors can guide which method should be

employed under different conditions.
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Although the catches with varis mass-trapping methods wesgbstantial, they may
have amounted to far too littte affect the ovell quelea population psent in Tanzania.
Even though the methods were not suitedbfad control, theyprovided a good source of

food and income to local communitiésereby achieving #hstudy objectives:

- To assess potential mass-trapping metHodgjuelea and the potential use of
guelea for food and for income generation
and

- To determine the feasibility of mass-trapping techniques using nets for

controlling quelea birds.

Finally, further investigationseed to be carried out onwdest the methods should be
implemented, regulated and where necessapggrated by trained personnel. If the
methods are to be used as bird control methods, more research and use of these methods
needs to be carried out tughout the country where quelaee a problem to evaluate
whether the methods can serve as an altemé&b or merely supplementary to existing

bird pest control methods such as spraying with avicides.

6.3. Forecasting breeding opportunitiedor the Red-billed Quelea Quelea quelenin
Tanzania

This topic was discussed @hapter 3 (see section 3.5.2.)

6.4. Training of farmers, trappers and ext@sion service personnel in mass-trapping

and use of quelea as a resource.

Training of farmers, trappers and extensgervice personnel whassisted during the
execution of the research was very important. The aim was to sensitise them to the
objectives of the research and eventually to promote the quelea mass-trapping technology
to the villagers or farmers who will be ahe utilize it for their economic benefit. The
objective of the training was to integrate gh&lders’ input at allevels of technology
development and transfer. The stakeholdereded to have knowledge of the trapping

methods as well the trapping devices to bedusrhis also will aid in the transfer of
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information to reach the wider produseand consumers throughout Tanzania. The
learning was aimed at assistitige stakeholders to acquitee knowledge andkills with

the intention that they might then contribute towards the achievement of some of the
main activities of the research and disseminate the information to other people. During
the training the knowledge, concepts andiskb be acquiredvere communicated in
various ways such as joint participation, teical meetings, trade shows, and information
dissemination (Greenhalgt al, 2004).

During the training it was expected thaveryone involved should gain a shared
understanding of the needs anterests of the different pple who use quelea within the
community and an accurate picture of théesexg and potential uses of quelea and their
products. It was expected that the intergretaand application ofraining results will
depend on the experience of the communiigmbers have on quelea. By showing an
interest in new ideas and asking for peoptgshions and suggestions, it was possible to
uncover a whole new range of knowledge notilataée to them before. The training also
provided an opportunity to meet groups thad not previously participated in quelea

trapping activities.

During the Farmers’ Show informal trang was conducted for people who attended the
guelea stand. Issues on quelea trapping, psoweand use were addressed and were very
interesting issues which even attracteddimepeople, who started to advertise the
demonstration. From their advertisementnyadditional people werattracted to the
shows. Journalists from print and electromedia joined the visit of Ministers at the
show. Print media such &wananchj MtanzaniaandNipashepublished some pictures
and articles on quelea actie$. Electronic media likefanzania Broadcasting Co-
operation Ltd provided some Radio and Telewasi coverage. They also had short
programmes on quelea trapping, processingumad The programmes were presented in
different styles, both during the News amdspecial programmes of 2, 5, 15 and 40
minutes (see Appendix 3). The mass-med@mmmes were aimed at large populations
and were intended to catch people’s attentind arouse their intesein quelea trapping,
processing and use. The programmes cregexkeral awareness of quelea trapping
through mass-capture methods as well ascéffely increasing the public’s knowledge of

the processing and use of quelea aswce of food and income generation.
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Involvement of different people in the reseh helped to achieve the goals. Some
provided the relevant informian required, while others enged themselves to almost
every kind of work that was initiated. Somassisted in carrying equipment to the site,
putting up the nets or traditional basket gand the wire-mesh versions and extraction
of the birds from nets and traps. In soplaces, like Solya and Mamba, most of the
people participating changed each day and neaplpéhad to be traimkin the activities.
On several occasions, local people were bgftthemselves carrying out the trapping
activities under the reaecher’s supervision. More praaticand experience resulted in
good catching of quelea. The efficiency of thets and basket traps also improved as

trappers learned proper ways of puttingtii@ nets and setting the basket traps.

The training stimulated and enhanced thpacity of the trappers of quelea through
linking quelea products with mieet channels to processetlbirds and tcsell them as

value added products. Also, it strengthenes idsearch—extension and local marketing
linkages, dissemination capacity of theppars and users of quelea. Empowering the
stakeholders (involved in quelea businessjespect of their initiatives was undertaken

for the technology transfer mechanisms.

6.5. Conclusions

Substantial numbers of quelea could bagtd, providing useful proteinaceous food to

local people, using mist nets, traditionakkets and the improved wire-mesh versions,
the roost trap and chick harvesting. At leastall colonies in accessible areas could be
controlled by a combination of netting aoallecting the chicks when many people could

be organized with a sufficient number oft:1ieWWhen many people could be involved in

the trapping activities, especially whenings mist nets, 100 nets can make substantial
catches and hence reduce the number of birds which could destroy crops in

circumscribed area.

The research established camchquelea as an alternativmethod of small breeding
colony or night roost management. If the hoets were carried out in different parts of
the country where quelea pose a problem iamicipated that they will contribute

substantially to bird @ control programmes.

146



The mass-capture techniques have allowedtanbal numbers of bils to be eaten by
local people as healthy uncontaminated fooc ftethods could also make an important
contribution to people’s welbeing as they provide quelea a good proteinaceous food
to local people and to some limited extent campensate farmers for the losses to their
crops. The mass-capture methods are an atteento aerial spraying of pesticides at
small colonies or roosts which could limit thee of pesticides and reduce their negative
side-effects on human heaklihd the environment. Masspping of quelea for providing
residue-free birds for protein supply and im@generation could contribute to economic
growth and poverty alleviation of resouspeor small holders. Téh results of this
research have opened up grounds for futureares work, outlined ithe next section.

6.6. Future Research

Further research needs to be carried ouddeelop clear methodologies, to decide how
best to train agricultural staff and other stakeholders and on regulation of the procedures
to ensure that the traps are used exclugif@l quelea, avoiding their use for non-target
birds.

Further research needs to be carried out to determine howohest the bds caught as
human food for local people and, when andexehpossible for foreign markets, and to

delineate the areas where the culttnradlition would favour such an approach.

As some colonies were deserted through hudisinirbance, this nesdo be studied as a
potential means of protecting crops frajuelea damage. Although it is likely only to
move quelea from one area to another, it mggnve to save the crop from damage in the
first area.

Future research is required for an in-tte@nd critical reviewof world-wide mass-
trapping methods, the selection from thenaefide range of potential candidate methods
for quelea under the conditions prevailing in Tanzania, and the testing of these in both

aviary and field.
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Further development of the techniques is eeednd further experience to establish the

limitations of the techniques as meangaftrolling quelea colonies and roosts.

6.7. Recommendations

1. Given that substantial numbers of tgse could be caught using mist nets,
traditional basket traps, improved wire-mesh versions of these, a roost trap and
chick harvesting, these operations shoulcebheouraged to provide proteinaceous
food and income for local people.

2. The trapping methods should be consideregotential control measures for small
colonies in accessible areas that cdmddcontrolled by a combination of netting
and collecting the chicks, provided thextough people can be organized with a
sufficient number of nets and under siyion of Ministry of Agriculture
personnel.

3. With further refinement, practice and ex@srce, the number of colonies or roosts
that can be controlled by ching without recourse taerial spraying could be
gradually increased. Perhaps in the futurere than 50% of all colonies and
roosts, mainly small ones, could be coiied with the methodsried and others
which need to be investigatelut large colonies and rasswill still have to be
controlled by aerial spraying.

4. Capacity building is needl to enhance quelea mass-trapping, processing and
preservation of quelea meat. Capacity boddof agricultural staff in the Zonal
Plant Health Services Offices and Digis’ Plant Protection Staff is very
important as this will in@ase the number of staffittv knowledge of the use of
mass-trapping methods. This will alsad in the promotin of mass-trapping
methods in the villages, partieuly among the younger generation. A
recommendation is made for training thiese staff with shared knowledge and
practices in the making andeusf the traps. These staiéed to know how to make
mist nets, wire-mesh basket traps aheé roost trap, locally. Processing and
preservation of quelea meat methods neeble learnt by the staff to promote the
marketing of quelea meat.

5. Building and forming networks both internaliynd externally is also important in
sustaining quelea mass-trapping and it® @ a resource. In most of the

communities, there are village instions (e.g. community development
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committees) which could act as linkages for entry into the community for
implementing mass-trapping activities.

. For sustainability of the activity, the Govement of Tanzania needs to include it in
their development programmes. As manyjle are willing to eat quelea and
some methods have shown promising fssthen efforts should be made to
approach donors for support for follow-up work, more capacity building of the
stakeholders and more research. Theasnability of mass apping will only be
achieved if many Tanzanians beconmvolved in the activity. This means
trapping, use and marketing (Kotlenda Armstrong, 2007). Farmers or trappers
involved in the activityshould be provided with & appropriate technology
required. Where necessary, assistance shioelgiven to all stakeholders to be

able to implement their activities.
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APPENDICES

Appendix |
QUESTIONNAIRES USED DURING THE STUDY

Summary of the interviews made amongst ttiedint groups of stakeholders involved in

guelea control, trapping and use

(A) Interviews were conducted withethAgricultural personnel who attended the
workshop on Environmental Impact Assessment of Quelea control and mass —
trapping of Quelea from 4 — 8 June 200%het Impala Hotel, Arusha, Tanzania. 18
people (17 men and 1 woman) attended thekgimp. These were the representatives
from Zonal Plant Protection Offices naméijorthern Zone, Arusha; Central Zone,
Dodoma; Western Zone, Shimga; Southern Zone, Mbegad Eastern Zone, Dar es

Salaam.

The responses to the questions wanmmmarized in the notes below:-
Q.1. What methods for crop protection fromuelea damage are employed in your
area?
The following methods were mentioned.
- Bird scaring methods such asngjs and scarecrows and devices such
as cloths or plastic flags amadhetwork of novable rattles.
- Farmers guarding their farms byaming around their farms by
shouting and clapping, crackimghips and throwing missiles.
- Covering of crop heads with plafgaves, woven grass sheaths and
plastic bags.
- Nest destruction which kills the nestlings.
- Cultivation of less susceptibleag varieties such as sorghum.

- Aerial spraying — using toxichemicals such as fenthion.
Q.2 Do the methods have any adverse impacts?

- Nest destruction was mentionedtesr/ing deleterious effects on trees,
as they are sometimes cut down to ease chick collection.
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Q.3.

Q.4.

- Aerial spraying using toxic chemicals was said to have an impact on a
much wider spectrum of organisms than on the quelea alone. These
include the immediate and long-teaffects on non-target animals and
birds such as foxes, wild cats,tds, eagles, vultures, leguans and
storks. Also the method was saidn@ve an effect on the environment

such as contamination of watasdies and terrestrial ecosystems.

What have been the major obstaclestive successful implementation of

guelea control operations?

The following obstacles were mentioned.

® Very few knowledgeable personnak quelea control requires a good
understanding of the behaviour of the bird.

(i) Timely reporting and control dhe quelea attacking the crop.

(i)  Timely availability of control logistics e.g. avicide, aircraft and
vehicles for transporting equipment.

(iv)  Aerial spraying is very expensive.

(v) Weather conditions such as rain, clouds, temperature and wind have
been affecting quelea control opgons using aerial spraying.

(vi)  Availability of airstrips near the attacked crops. Few airstrips are
available in many areas attackedduelea. It is recommended to have

an airstrip within a distance &fkm from the target area.

Have quelea breeding seasons and pojpigla sizes changed in comparison

with the known patterns in the 2bcentury?

67 per cent said that the breedirgasons and the population sizes had not

changed, although research is needed to justify their statements.
33 per cent said yes, wiht any justification.

All of them commented that, with climate change and ecological changes
which have been happening in many places in the country due to human
activities, there has been spreadqoielea into areas wdh had no quelea

invasion in the past. The introductionrmofiny new dams, irrigation of big rice
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Q. 5.

Q.6.

paddy farms and sorghum fields in maogrts of the country has provided

drinking water and food for quelea in new areas.

Do people in the area where you wopkefer to use quelea for food and for
income generation rather than haveris killed by chemical spraying?

- All of the intervieweessaid that people pref the opportunity to
harvest them and eat them rather than have them sprayed with
chemicals.

- People are concerned about thife@s of chemical spraying on non-

target species and the environment.

- People are also concerned about the operation being expensive. The

money could be used for other demment activities if alternative
methods would be developed.
An example was given by representatisn the central zone where people
have been shifting the mamis (flags) used for deneating the target areas to
be sprayed to nearby sites where thereewm birds. Theiintention was to
ensure that the target areas, espbciamlosts, were not sprayed to allow
trapping activities to continue. Peoptethe central zone exploit quelea for

food and for income generation more than in other zones.

Representatives from other zones saidpbe prefer to eat quelea but that only
a few are caught by small boys, except wbkitk harvesting is carried out by
older people, both men and women. Té&w quelea that were caught were not

sold.

How do people get quelea for food? Dbe methods used for trapping (if

any) satisfy the farmers/trapperd?o the methods need improvement?

4 representatives from the central zwaéd that people were trapping quelea
using traditional basket traps. Othepresentatives saithat old people in

their areas harvest chicks. Onlgpung boys catch quelea using lime, drop
traps at drinking placeand catapults or by throwing knobkerries into dense

congregations of quelea.
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Q.7.

Q.8.

All representatives said that the methadsed by farmers/trappers to catch

guelea were not satisfying them as fquelea are caught or harvested. The

methods used need improvements etse other new methods which are

effective for mass capture need to be developed.

Is there a potential utilization of queleéor food and incane generation in

the community leading to poverty alleviation?

Yes, if many quelea were caughtany people would be willing to eat
guelea.

In the central zone, both the trappeand retailers (processors) are
selling quelea to other people irethcommunities to generate income
which leads to poverty alleviation.

If mass capture methods of queke® to be developed many people
will be able to do quelea trappirand sell the birds to other people
who will eat them and process théon selling to generate income.

What are your general suggestions dhe subjects of quelea control to

prevent crop damage and utilization of quelea for food and income

generation?

The replies were summarized as follows:-

Quelea control methods which caadeto crop protection and produce
uncontaminated quelea available to the community for food are
needed.

Trapping methods which lead to mass harvest of quelea and protect
crops from quelea damage needbéointroduced to the community.
Research is needed to developtmes of mass capture of quelea for
food and income generation. The methods should also be used to
alleviate quelea damage to crops.

If mass trapping methods can be deped, then research should also

be done on processing and prestoramethods of quelea which will
help in future utilizabn of the processed quelea.
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(B)

Q.1.

Farmers/trappers and other usersqoklea should be trained in the
mass trapping, processing and preservation methods developed.
If many quelea are to be trapped, more market places than the villages

need to be found.

Interviews were conducted withrfaers at Kelema Ward on 16 June
2007. 15 men and 10 women were iniewed after the introduction of
the objectives of the research. The responses from the interviews were

summarized as follows:-

Is quelea a problem in this area?
All of them said yes.

Q.2.How do quelea affect th peoples’ livelihoods?

Q.3.

Q.4.

- Damaging the crops which leads to food deficiency

- Time consuming during crop production, as farmers
concentrate on bird scaring when they could be better occupied

- Many school children and women are involved in crop
protection, so attendances sathool decline and looking after
young children at home becomes neglected.

- Heavy attack of quelea on cropan result in poverty among

the people.

Have quelea breeding seasons and population sizes changed recently,
in comparison with previouslknown patterns in the area?

25 per cent said Yes

35 per cent said No

40 per cent said they did not know

What methods are used in the control of crop damage by quelea in

the area?
- Bird scaring methods such ssarecrows, networks of movable

rattles, throwing stones, and ckawy plastic orcloth flags.
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Q.6.

Q.7.

Q.8.

- Field guarding by shouting and clapping
- Aerial spraying by the government

Are the methods satisfactory or is more assistance needed?
- Bird scaring methods andefd guarding done by farmers
themselves were said not to be satisfactory.
- Aerial spraying was said to Isatisfactory if onducted in time,
just after the observation of dea flocks in the invaded areas

Are quelea used for food and income generation in the area?
All said Yes.

Were more birds eaten in earlier times?
- All said Yes. Many people in the area like eating them.

- People have been eating qaefor more than 60 years.

Who are collecting or trapping quelea?

- Both men and women, étuding young boys and girls are
involved in the collecting afuelea during chick harvesting.

- Only men trap quelea using traditional basket

traps.

Any comments on the possibilitidsr improved trapping methods of

guelea?

- New mass trapping methodsmfelea need to be developed

- Traditionaltrappingmethodseed to be improved to be
durable and able to catch many quelea

- Develop processing and pesgation methods of quelea for
future use

- Training of people, farmers/trappers in the use of newly

developed mass trapping, prosieg and preservation methods.

171



(C) Interviews with quelea trappers atlgma Ward were conducted on 16 June
2007. 20 people who are involved in qeeeltrapping activiés in the area
were interviewed after an introduction to the research.

The following is a summary a@he questions and replies.

Q.1 How long have you been trapping quelea?
45 per cent said between 15 — 25 years
35 per cent said between 10 — 15 years

20 per cent said between 5 — 10 years

Q.2.  Why do you do trapping?
All said to obtain food and generate income

Q.3. If you sell them, how much do you charge?
How much do you get per day? Whotdemines the pricing of your
product?
- The price varies with the increaseguelea trapped at certain periods.

The price varies from 3 — 5 quelea per Tshs. 100

- The amount obtained depends on hmany the individual can catch

per day. A trapper owning 5 tradihal basket traps can catch 700 —
1000 quelea per day. When sold5atuelea per Tsh. 100, a trapper
can get between Tshs, 14,000 — 20,000 per day. When few quelea are
available or they are trapped by angpper with 5 traps he can get at
least Tshs. 5,000 per day.

- The price is determined by theppers themselves depending on the

availability and the market itself.

Q. 4. Is the money you make from queldsapping enough to meet your

family needs? How do you use the money?
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- 35 per cent said it depends on the time of year and the population sizes
of quelea found in the area

- 65 per cent said — No

People said that they use theoney to buy household goods, building
materials, bicycles, cows, goats amiket school requirements for their

children.

Q.5 What methods do you employ for trapping?
Are they satisfactory for your business?
- All of them used traditional basket traps
- They were not satisfactory for their business
- Traditional basket traps need to be improved
- Many more improved mass trappinmgethods need to be developed

Q.6. How many traditional traps does one trapper deploy per day?
One person can deploy about 10-20 traps per day. Sometimes one
person can deploy up to 30 traps depending on the market and
availability of birds.

Q.7. 'Who are involved in quelea trapping?
- Only men when using traditional basket traps
- Both sexes are involvetliring chick harvesting

Q.8. Do people fight over areas feasibler trapping such as roosting
sites, breeding colonies, drinking places, threshing places and
others?

No. everyone is allowed to do trapping or harvesting at any feasible
place. If the area is not big @mgh, especially a drinking place,

artificial drinking places are eated by the trappers themselves.

Q.9. Can anyone who needs to collacép the birds or are there any
restrictions on the activity?
- Everyone who needs to collect/trap the birds is allowed to.

173



- Trapping using mistets is not allowed.
- Only quelea are allowed to be trapped.

- Trapping in the national resed areas is not allowed

Q. 10. If there are restrictions, how do these restrictions/laws affect your
livelihood activity?

The restrictions/laws are not affecting diuelihood activity.

Q.11 Do you think the restrictions/laws are necessary or should they be
removed and, if so, why?

- 75 percent said thatetrestrictions/laws areecessary and should not
be removed as they protect nongetr species which could be killed
when using mist nets or trappimgthe national reserved areas.

- 25 per cent said that the restioois/laws are not necessary and should
be removed allowing people to usestmets and get into the national

reserved areas for trapping.

Q.12 Are there available markets for th trapped quelea within your
community or there are mrblems with selling them?
- All said that the market is avdike as many people in the area prefer
to eat quelea

- Many people are willing to buy quelea in the area

Q.13 Do your activities reduce the popuian or do the hids still attack

your crops?

- The trapping is done using traditiorasket traps. This does not aim
at reducing the population that attack crops. The trapping is done off
season when the crops are hangstéed when drinking water is
limited.

- Chick harvesting is aimed at both obtaining food and reducing the
population of the chicks #t would attack crops.

Q.14. Do you prefer to catch and eat quelea or have them controlled?

- We prefer to catch and eat them.
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(D)

Q.15

Control using aerial spraying hadesfts on non-target species and the
environment. We have seen dogses foxes and birds of prey dead
after spraying.

Spraying is expensive, we prefer trapping.

When adults in the early breedioglony are heavily gcked, they can

be forced to abandon the colony to move to other places, thus

protecting the crop in the vicinity.

Do you have any comments to make about quelea trapping and
harvesting?

New mass trapping methods gfielea should be developed and
introduced to the farmers/trappers.

Hooked iron bars should be providexthe farmers to assist in quick
chick harvesting.

Mist nets should be allowed fajuelea trapping, ith a policy to
protect non-target birds.

Traditional baskets traps shouldiedified to make durable and more
efficient versions.

More market places, inside and side the country should be secured
to enable the sale of all the bifisnany can be trapped or harvested.
Processing and preservation nogth of trapped/harvested quelea
should be developed to enableeusf the processed quelea in the
future.

Farmers/trappers should be tradl in mass trapping, processing and

preservation methods.

The interviews were conducted witihe retailers who buy quelea from

trappers and process them for sdlé.men and 11 women were interviewed

on 16 June 2007 at Kelema Ward. The following is the summary of the

replies.

Q.1.

How long have you been selling quelea?
60 per cent of the people said 15 — 25 years

175



25 per cent said 10 — 15 years
15 per cent said 5 — 10 years

Q.2. Where do you get them?
Fromthetrappers

Q.3. Do you get them at all times of the year?

- Only when there are crops in the fields from May to July

- When drinking water is limited frorduly to early October, during this
time water is available at the riv8ubu. The river is a traditional

drinking place for quelea in the area.

Q. 4.How much do you get per day?
- It depends on the daily catch from the trappers, on the

demand, and on the availability of quelea.

Q.5. What methods do you use for processing the birds for food?
- Cooking as a relish

- Frying in vegetable oil

- Roasting on charcoal or firewood

The processing is done after plucking and removing the heads and intestines.

Q. 6. If a large quantity is collected, is possible to process them and store
them for future use?

No. Only few are trapped, not enouglréguire storage for future use.

Q.7. Any comments on possibilities for impved processing of the birds?
- Improved processing, preservatiomdapackaging methods need to be
investigated
- Training of trapper/farmers immproved methods of processing and
preserving of quelea should be done
- If many quelea can be trapped, morarkets need to be found. At the

moment quelea are sold to tb@mmunities in the villages.
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(E) The interviews were conducted withfdrent people who attended the Farmers’

Show from 1 — 8 August 2009. 167 mermd&®33 women were selected randomly

as they were coming to the queleanstalnterviewed people were coming from

136 villages, 53 districts arkb regions in the country.

The following questions were posed to the people.

Q.2.

Q.3.

n.b.

What is your primary occupation?
81.75 percent were farmers
18.25 percent had different occupais such as students, teachers,

working in the government and non-governmental organizations.

If you are a farmer, what kinds of crops do you grow?
The following crops were mentioned.

Bulrush millet, Sorghum, Maize, Paddy, Cotton, Coffee,
Sisal, Finger millet and Sunflower.

Is there any problem with bird attacto some of your crops? If

so, mention the bird that attacks your crops.

- 89percentsaidYes

- 11percentsaidNo.

The following birds that attack crops were mentioned.

- 73.5percentmentionedjuelea

- 26.5 percent mentioned Weaver birds (Chestnut and Village

Weavers)

In Tanzania, people with othercopations than farmers also owned

farms. Many people other than those who said that they were farmers also

suffer bird attack on their farms.

Q.4.

What measures are you taking to solve the problem?
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Q.5.

Q.6.

Q.7.

Q.8.

Q.9.

The following methods were mentioned
- Field guarding by farmers

- Shouting and clapping

- Bird scaring methods usingcaecrows, slings and movable

networks of rattles
- Aerial spraying by the Government

Are quelea a source of food in your area?
- 81.75 per cent said Yes
- 18.25 per cent said No.

What methods are used for catching quelea?

Are the methods satisfactory?

- 37 per cent mentiode traditional basket traps and chick

harvesting using hooked sticks
- 57 per cent mentioned lime
- 6 per cent mentiodedrop traps and catapults.
- 81.75 per cent said that theethods are not satisfactory
- 18.25 per cent said — they did not know

Who is trapping the birds?
- 35 per cent said — trappers — only men
- 65 per cent said — small boys

Chick harvesting was said to be done by both men and women.

Do you get enough?
No. Only a few are caught or trapped

What methods do use for pparing quelea for food?
- 27 per cent said — cooking as a relish
- 33 per cent said — fryingith vegetable cooking oll

- 40 per cent said — Roasting on firewood or charcoal.

mostly done by young boys.

178

It is



Q.10. Do you preserve some of the quelea for future use?
No. Too few are obtained

Q.11. Here are a few different preparatics of cooking quelea which you
have to taste. You are required tank them from the most to your
least preference. You have to takdout 2 to 3 minutes before you
take the second taste until you finish. At the end you have to rank
them
® Fresh Fried quelea meat
(i) Fresh Stewed quelea meat
(i) Grilled quelea meat
(iv)  Dried Stewed quelea meat
(v) Dry Heated quelea
The results from ranking of quelea protgirom their best to the least

favoured were as follows:

GROUP RANKING FROM THE BEST TO THE TOTAL
LEAST
1 2 3 4 5
Fresh  Fried 273 75 51 1 0 400
Quelea
(Group 1)
Fresh Stewed91 254 |49 |6 0 400
Quelea
(Group 2)
Fresh Grilled| 37 83 246 | 31 3 400
Quelea
(Group 3)
Dry Stewed O 29 55 269 |47 400
Quelea
(Group 4)
Dry Heated O 0 7 94 299 400
Quelea
(Group 5)
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Q.12.

Q.13.

If quelea can be obtained in large quantities, can they be ranked
high as an important food source for humans?
Yes, they are good and nutritious.

Do you have any comments on possibilities for improved processing
and marketing of the birds?

The following were the comments.

Large quantities of quelea should be trapped and sold to people who

like to eat them

Processed and preserved quedea good for food and for income

generation

Well processed and preserved quedbauld be prepared and sold to

people in many places in the country.
Mass trapping methods shouldbe demonstrated to many
farmers/trappers in all places in the country where quelea are a

problem.

Improved processing and preservimgthods should be demonstrated

to farmers in the countryhere quelea are found.

Well hooked devices should be found and given to people for chick
harvesting to reduce their populations.

Many new market places should be found for selling processed and

well preserved quelea.

Quelea contaminated with poison should not be eaten nor allowed to

be sold to people for food.
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Appendix 2a. SOME BREEDING RECORDS FORQUELEA QUELEA IN
SOUTHERN AND CENTRAL TANZANIA FROM 1991-2010. Those marked with an

asterisk were involved in theusties reported in this thesis.

LOCATION COORDINATES DATE COLONY
LOCATED STATUS
Tinai S 06 54 372 01Apr. 1991 Chicks 6 days
old
E 035 28 514

Chitemo S 0533418 03 Apr. 1991 Eggs
E 03551 574

Makutupora S 0558 274 04 Apr. 1991 Chicks fledging
E 03545 678

Zepisa S 06 28 318 07 Apr. 1991 Chicks out of nests
E 03647471

Mbalawala S 06 05 219 15 Apr. 1991 Chicks out of nests
E 03521 732

Lukali S 0573478 17 Apr. 1991 Chicks 6 days old
E 035 25 192

Isini S 0508140 21 Apr. 1991 Eggs
E 035 47490

Serya S 04 40 468 24 Apr. 1991 Chicks 3 days o|d
E 035 41 653

Mtera S 0619517 24 Apr. 1991 Chicks out of nests
E 035 30 872
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Tinae S 06 82 684 25 Apr. 1991 Chicks out of nests
E 03557 919
Lukali S 0527 137 31 March 1992 Eggs
E 03539572
Lamaiti S 0547 392 01 Apr. 1992 Building nests wijth
1 eqgg
E 035 29 068
Nguji S 0555 945 19 Apr. 1992 Chicks 5 days
E 035 36 212
Porobanguma | S 05 16 924 31 March 1992 Eggs
E 035 30 093
Kwadelo S 0554 331 09 Apr. 1992 Chicks 6 days old
E 036 08 595
Idindiri S 04 47 381 11 Apr. 1992 Fledging
E 036 07 375
Changarawe S 06 54 234 24 Mar. 1992 Eggs
E 037 22 527
Kidogobasi S 06 37 328 26 March 1992 Eggs
E 37 03 562
Ulaya mbuyuni| S 06 41 371 9 Apr. 1992 Chicks 4 days old
E 037 52 446
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Miyombo S 06 27 315 9 Apr. 1992 Chicks 5 days ol
E 037 45572

Paranga S 0510637 01 May 1992 Eggs
E 03552 015

Kwadelo S 0545472 9 May 1992 Eggs
E 036 18 618

Msowero E 06 57 456 17 May 1992 Eggs
S 037 00 454

Lamaiti S 0564 428 18 Apr. 1992 Eggs
E 03532174

Makutupora S 05 82 327 20 Apr. 1992 Eggs
E 035 45 618

Dakawa S 06 25236 17 June 1992 Fledging
E 037 33 216

Mkiwa S 05 32 936 27 May 1992 Chicks 5 days ol
E 034 57 022

Mwakako S 0431473 25 May 1992 Chicks 3 days o
E 034 38 146

Ngamu S 0442274 26 May 1992 Chicks 5 days
E 034 53 475

Isini S 0528 272 02 Apr. 1993 Eggs
E 035 37 518
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Chiboli S 06 53472 6 Apr. 1993 Eggs
E 035 50 981
Serya S0455771 22 May 1996 Eggs
E 035 43 327
Paranga S 05 25 546 25 Apr. 1994 Eggs
E 035 34 274
Isini S0513174 03 May 1994 Chicks 2 days ol
E 035 52 258
Mutua S 04 53 216
E 036 27 577 6 April 1994 Chicks out of nes
Lukenge S 06 18 377
E 037 55 819 25 May 1994 Chicks out of nes
Makasisi S 06 26 422
E 037 43 683 31 Apr. 1994 Eggs
Mtibwa S 06 12 627
E 037 35 278 14 June 1995 Fledging
Kisaki S 04 48 678
E 03527 814 05 May 1996 Chicks 5 days ol
Murua S 04 62 327
E 036 32 562 25 May 1996 Fledging
Kelema S 05 06 542
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E 035 49 582 26 May 1996 Eggs
Idindiri S 04 83475

E 036 27 658 5 June 1997 Chicks out of nests
Makanda S 0565 874

E 035 26 485 5 June 1997 Chicks 6 days old
Dakawa S 06 27 258

E 037 56 434 30 June 1997 Chicks 4 days o|d
Mtibwa S 06 13 044

E 037 39 848 26 June 1997 Chicks 6 days o|d
Ibugule S 06 26 246

E 03533 038 30 March 1998 Building nests wijth

1 egg

Loje S 06 54 782

E 036 06 384 31 March 1998 Eggs
Dizungu S 06 14 977

E 037 34 293 16 May 1999 Chicks 4 days old
Kwamkole S 06 06 544

E 037 41 254 17 May 1999 Chicks 6 days old
Dumila S 06 23 333

E 03720 106 17 May 1999 Eggs
Lusonge S 0642517

E 037 43 520 20 May 1999 Eggs
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Kanga S 06 00 590

E 037 45 522 25 May 1999 Chicks 3 days ol
Isini S 0513374

E 035 38 726 15 May 1999 Eggs
Masimba S 06 29 247

E 037 45531 29 May 1999 Fledging
Mgungira S 0437371

E 034 58 494 29 Apr. 2000 Fledging
Suli S 0649 071

E 035 24 310 20 Apr. 2000 Eggs
Loje S 06 63 281

E 035 27 377 20 Apr. 2000 Eggs
Membe S 0552 230 15 May 2000 Chicks 5 days old

E 036 14 426
Bayakati S 06 63 807 14 March 2001 Eggs

E 035 45 968
Loje S 06 82 156 14 March 2001 Eggs

E 036 59 458
Suli S 06 48 154 11 March 2001 Eggs

E 036 54 456
Paranga S 0522818 11 March 2001 Eggs
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E 035 30 093

Chingisili S 06 58 861 11 March 2001 Chicks 3 days old
E 03545 951

Igunguri S 06 48 150 11 March 2001 Eggs
E 036 54 455

Chiboli S 0653472 18 March 2001 Eggs
E 035 50 981

Msolwa S 06 53 328 2 May 2001 Chicks 5 days old
E 037 23 528

Lukali S 0545 445 28 March 2002 Eggs
E 035 32 336

Nchinila S 06 52 274 30 March 2002 Eggs
E 035 35 145

Igomadete S 0679475 22 April 2002 Chicks 3 days o]d
E 035 87 563

Kongwa S 06 15 822 13 March 2003 Eggs
E 036 35 714

Mwitikila S 06 58 236 15 March 2003 Eggs
E 035 73 627

Chali S 06 05 653 04 April 2003 Chicks 3 days old
E 03543724
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Chifutuka S 0545 678 25 April 2003 Chicks out of ne
E 03547 864

Chikopelo S 0575643 5 May 2003 Chicks out of ne
E 035 87 543

Porobanguma | S 05 35 688 21 March 2004 Eggs
E 035 41 567

Mlimwa S 0558476 26 March 2004 Eggs
E 036 22 189

Kongwa S 06 05 701 07 Apr. 2004 Chicks 3 days old
E 036 31 274

Manyoni S 0554 278 10 Apr. 2004 Chicks 5 days ol
E 034 47 927

Lukali S 05 38 229 12 Apr. 2004 Fledging
E 035 45 375

Lahoda S 0504 934 21 March 2004 Eggs
E 035 25 526

Bubu River S04 38274 22 March 2004 Eggs
E 035 40 527

Ipambe S 0547 382 22 Feb. 2005 Nest building w

1 egg

E 034 34 274

Mwitikila S 06 30 833 24 Feb. 2005 Eggs
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E 035 40 668
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Sts

Bayakati S 06 59 458 28 Feb. 2005 Eggs
E 035 44 029

Naguro S 06 35 436 2 March 2005 Chicks 4 days o
E 035 34 310

Mulazo S 06 31 243 6 March 2005 Chicks 6 days o
E 035 38 329

Ibada S 0551 324 10 March 2005 Eggs
E 034 32 803

Suruma S 04 38 150 12 Mar. 2005 Eggs
E 036 13 286

Itaswi S0432173 12 Mar. 2005 Eggs
E 036 07 077

Lukenge S 06 15 027 27 May 2005 Fledging
E 037 39 854

Mtibwa S 0606 776 29 May 2005 Chicks 6 days ol
E 037 59 884

Dakawa S 0541 050 05 Aug. 2005 Fledging
E 037 37 054

Ipande S 0547 388 5 Aug. 2005 Chicks out of ne
E 034 34 270
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Muhanga S 0551 639 6 Aug. 2005 Fledging
E 034 36 394

Farkwa S 0518 275 12 Apr. 2006 Eggs
E 03539578

Rofati S 0522 954 13 Apr. 2006 Eggs
E 035 48 524

Kidoha S 05 23 968 13 Apr. 2006 Eggs
E 035 85 936

Haneti S 0567 286 1 May 2006 Fledging
E 035 51 904

Kidoka S 0526 785 2 May 2006 Chicks out of ne
E 035 52 908

Tumbakose S 0518 334 4 May 2006 Fledging
E 035 45 526

Pangalwa S 05 21 883 7 May 2006 Chicks out of ne
E 03588912

Bayakati S 06 59 458 9 May 2006 Fledging
E 035 44 029

Nchinila S 0629 334 10 Mar. 2007 Eggs
E 035 28 038

Suli S 05 22 954 12 Mar. 2007 Eggs
E 036 27 211
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Ikangwa S 04 40 468 14 Mar. 2007 Eggs
E 036 10 338
15 Mar. 2007 Chicks 6 days old
Bumbuta S 04 36 085
Nzasa S 06 59 264 21 Mar. 2007 Fledging
E 035 54 016
Chiboli S 06 54 457 23 Mar. 2007 Chicks out of ne
E 03549 137
Chidilo * S 0625173 20 Mar. 2008 Chicks 2 — 5 day
old
E 035 24 570
Zejele * S 06 24 285 20 Mar. 2008 Chicks 4 -days @
E 035 24 305
Chunyu S 06 17 593 25 Mar. 2008 Fledging
E 036 17 804
Kitalalo S 0534482 14 Apr. 2008 Fledging
E 034 57 218
Sasajila S 0555 959 25 Apr. 2008 Chicks out of ne
E 034 58 108
Kidago S 06 88 550 13 May 2008 Chicks 5 days o
E 037 04 753
Dizungu S 06 15 222 4 June 2008 Chicks 7 days @

d

Sts

Id
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E 037 34 204

Marundi S 06 05 881 22 June 2008 Chicks fledging
E 037 43 192
Mbwasa S 05 30 528 9 Mar. 2009 Nest building with
1 egg
E 034 51 689
Gawaye * S 055126 18 Mar. 2009 Eggs
E 034 50 038
Chihanga S 05 55 384 23 Marz@09 Nest building with
one egg
E 03545 479
Solya * S 05 34 493 30 Mar. 2009 Chicks — 5 days|old
E 034 48 574
Mamba * S 0557 274 4 Apr. 2009 Nest building with
1-2eggs
E 03545 678
lyoli * S 0566 221 5 May 2009 Chicks 6 days old
E 035 42 239
Bufana S 05 06 996 28 Apr. 2010 Fledging
E 033 58 747
Pikeo S 07 16 908 30 Apr. 2010 Chicks 5 days old
E 03531991
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Changushwa S 07 28 709 1 May 2010 Chicks out of n¢
E 035 20 352

Makula S 07 40573 2 May 2010 Eggs
E 03545111

Mahango S0433774 4 May 2010 Chicks 6 days old
E 035 56 692

Chemichemi S 0501 327 7 May 2010 Fledging
E 035 42 440

Kongwa S 06 01 268 29 May 2010 Fledging
E 036 36 406

Mvomero S0612 170 6 June 2010 Chicks out of ne
E 037 40 901
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Appendix 2b.  Roosts locatedh the research area from 2006 to 2010

DATE REGION DISTRICT LOCATION COORDINATES
2006
S 0633472
02.4.2006 Dodoma Chamwino Kawawa E 035 41 489
S 0518 275
12.4.2006 Dodoma Kondoa Farkwa E 035 39578
S 0522 954
13.4.2006 Dodoma Kondoa Rofati E 035 48 524
S 0523 963
13.4.2006 Dodoma Kondoa Kidoha E 035 85 937
S 0508 702
14.4.2006 Dodoma Kondoa Paranga E 03551 423
S 0622 954
17.4.2006 Dodoma Chamwino Suli E 035 27 219
S 0654 782
18.4.2006 Dodoma Chamwino Loje E 035 00 387
S 05 67 284
01.5.2006 Dodoma Bahi Haneti E 035 51 905
S 05 26 762
02.5.2006 Dodoma Kondoa Kidoka E 035 52 909
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03.5.2006

04.5.2006

05.5.2006

06.5.2006

07.5.2006

08.5.2006

09.5.2006

19.5.2006

20.5.2006

21.5.2006

22.5.2006

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Morogoro

Morogoro

Morogoro

Morogoro

Kondoa KidoKa
Kondoa

Babhi Haneti
Kondoa Bubutole
Kondoa Pangalua
Kondoa Rof#ti
Chamwino  Bayakati
Kilosa Mikumi
Kilosa Kilangali
Mvomero  Mtibwa Sug
Mvomero Kanga
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S 05 26 783
E 035 47 373

S05 18 335

TumbakoseE 035 45 525

S 05 67 286
E 035 51 906

S05 19 117
E 035 39 018

S 0521 883
E 03588 912

S 0535314
E 03556 724

S 06 04 642
E 035 40 315

S 06 58 209
E 037 10 357

S 06 68 368
E 037 46 894

S06 21 245
E 037 45 752

S 06 00 590
E 037 45 523



DATE

2007

10.3.2007

12.3.2007

14.3.2007

14.3.2007

15.3.2007

16.3.2007

18.3.2007

21.3.2007

23.3.2007

26.3.2007

REGION

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

DISTRICT LOCATION

Bahi Nchinila

Chamwino  Suli

Kondoa Ikengwa
Kondoa IkengWa
Kondoa Bumbuta
Kondoa Idindiri
Bahi Chifukulo
Dodonfa) Nzasa
Chamwino  Chiboli
Kondoa Bumbuta
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COORDINATES

S 06 29 334
E 035 28 038

S 0522954
E 036 27 211

S 04 40 468
E 036 10 338

S 0440874
E 036 10 572

S 04 36 085
E 03559 011

S 0448 041
E 036 12 314

S 06 34 004
E 03527 211

S 06 59 264
E 03554 016

S 06 54 457
E 03549 137

S0444715
E 03577 374



27.3.2007

28.3.2007

16.6.2007

16.7.2007

28.7.2007

19.8.2007

21.8.2007

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Kondoa

Kondoa

Dodoma (u)

S 04 36 083

Kisaki/ltaswkE 035 59 011

Isini

Mahata **

Dodonfa) Swaswa

Chamwino

Chamwino

Chamwino
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Kawatwast

Msanga

S 0474 268
E 035 68 352

S 06 06 546
E 035 42 558

S 0545 245
E 035 42 653

S 06 35573
E 035 41532

S 06 45 245
E 035 42 653

S 06 43 437

Chamwino E 035 35 563



DATE

2008

20.3.2008

20.3.2008

21.3.2008

25.3.2008

25.3.2008

29.3.2008

30.3.2008

13.4.2008

14.4.2008

25.4.2008

REGION

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Singida

Singida

Singida

DISTRICT LOCATION

Bahi Chidilo

Bahi Zejeli

Dodonfa) Zuzu

Mpwapwa  Chunyu
Mpwapwa  Nghambi
Bahi Zanka
Dodonta) Mchemwa
Manyoni Makanda
Manyoni Kitalalo
Manyoni Sasajila
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COORDINATES

S0625173
E 035 24 570

S 06 24 285
E 035 24 305

S 06 16 728
E 03537 764

S 0617593
E 036 17 804

S 0627475
E 036 19 362

S 06 34 542
E 035 28 247

S 06 28 432
E 035 37 348

S 05 58 567
E 035 44 427

S 0546475
E 034 56 579

S 0559 532
E 034 47 247



27.4.2008

29.4.2008

12.5.2008

12.5.2008

13.5.2008

13.5.2008

13.5.2008

13.5.2008

20.5.2008

23.5.2008

03.6.2008

Dodoma

Dodoma

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Singida

Dodoma

Morogoro

Bahi Bakiakulu
Dodonfa) Chigongwe
Kilosa Kilangali i
Kilosa Kilangali ii
Kilosa Kivungu
Kilosa Mulegeni
Kilosa Kidago
Kilosa Mulegeni
Singide)  Mkiwa

Babhi Bakiakulu
Mvomero Dizungu
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S 0634673
E 03525678

S 0653729
E 035 32 538

S 06 56 800
E 037 06 570

S 06 58 785
E 037 06 437

S 06 37452
E 037 16 542

S 06 42 275
E 037 26 175

S 06 88 550
E 037 04 753

S 06 67 452
E 037 32 273

S 0533275
E 034 67 832

S 06 38 564
E 035 30 486

S 06 14 657
E 037 35116



03.6.2009

04.6.2008

04.6.2008

04.6.2008

05.6.2008

05.6.2008

07.6.2008

08.6.2008

18.6.2008

20.6.2008

20.6.2008

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Dodoma

Morogoro

Morogoro

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Bahi

Mvomero

Mvomero

Dizungu

Dizungu

Sechambo

S 06 22 456
E 037 41 238

S 06 15 222

E 037 34 204
S 06 00 583
E 037 44 829

S 06 32 417

Kwamagangk 037 65 725

Blodd4C

Blod&C

Makutano

BlodBk

Kitonga

BlodJ

Blod3J
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S 06 12 080
E 037 44 829

S 06 35187
E 037 23 672

S 06 14 275
E 037 41 061

S 0617 324
E 037 54 412

S 0640434
E 035 33 273

S 0614 275
E 037 40 080

S 06 19 345
E 037 76 225



20.6.2008

21.6.2008

21.6.2008

21.6.2008

22.6.2008

22.6.2008

23.6.2008

23.6.2008

23.6.2008

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Morogoro

Singida

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Mvomero

Manyoni
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BlodBk

Mwaluwala

KwiEbo

Mvivuhendi

Malui

Warundi

BloddC

Blod3J

Mkakatika

S 06 14 275
E 037 40 061

S 06 03 148
E 037 43 604

S 06 04 987

E 037 43 604

S 0602770
E 037 42 848

S 0605951
E 037 46 698

S 06 05881

E 037 43 192

S 06 12 080
E 037 44 829

S 06 15 762

E 037 76 786

S 0525671
E 034 57 842



S 0617 426
17.7.2008 Morogoro Mvomero Blod3J E 037 88 819

S 06 26 342
18.7.2008 Morogoro Mvomero Dizungu E 037 53 327

S 0524 765
19.7.2008 Dodoma Kondoa Pongai ** E 035 40 539

S 05 20 532
20.7.2008 Dodoma Konda Tampori ** E 035 42 428
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2009

DATE

4.3.2009

18.3 2009

15.4.2009

12.5.2009

22.5.2009

20.9.2009

REGION

Dodoma

Singida

Dodoma

Singida

Dodoma

Dodoma

DISTRICT LOCATION

Dodoma(u) Ndachi **

Singida (r)  Kisaki

Kongwa

Singida)

Kondoa

Kondoa

Chimotolo

Mtipa

Piho **

Pongai **
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COORDINATES
S 06 04 642
E 035 40 315

S04 35215
E 03557 472

S 06 08 217
E 035 44 568

S 04 40 563
E 034 35 762

S 0502 538
E 035 56 376

S 0524765
E 035 40 539



DATE

2010

25.2.2010

26.2.2010

3.3.2010

4.3.2010

4.3.2010

5.3.2010

7.3.2010

12.3.2010

27.3.2010

30. 3. 2010

REGION

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Dodoma

Singida

Singida

DISTRICT

LOCATION

Dodonfa) Makutupora

Mpwapwa

Bahi

Chunyu

Bahi

Chamwino Chiboli

Chamwino

Bahi

Bahi

Bahi

Manyoni

Manyoni

Ibugule

Mwitikila

Chipanga

Nchinila

Ipande

COORDINATES

S 0556 279
E 035 45 702

S 0617618
E 036 17 873

S 06 02876
E 035 19 370

S 0653471
E 035 50 993

S 06 53 355
E 035 18 545

S 06 31 492
E 035 39 727

S 06 13 648
E 03518 549

S 0629414
E 035 28 128

S 0507 763
E 034 34 513

S 0540 889

Itigi-BumbuaE 034 25 880
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5.4.2010 Morogoro Mvomero  Mbigiri
11.5.2010 Dodoma Kondoa Paranga
27.5.2010 Dodoma Kondoa Idindiri
10.6.2010 Dodoma Kondoa Pongai

Source: Zonal Plant Health Services — Dodoma

S 06 28 662
E 037 27 769

S 0510673
E 03552 254

S 0447417
E 036 07 401

S 0524760
E 035 40 543

* Areas where research was conducted both for quelea mass-capture

and soil sampling.
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Appendix 3. Newspaper articles published during the study period

(All the articles were in Swabhili) and lists of broadcasts on quelea (some attached as

videos).
Title Newspaper  Date
1. Mtego wa kienyeji wa kunasia Kweleaddea Nipashe 4 Mar. 2008

(Traditional basket trap for quelea mass — capture)

2. Umewahi kuonja supu, skonzi ya Kealkwlea? Mwananchi 12 Sept. 2008
(Have you tasted Quelea soup and bitings?

3. Kwelea kwelea waangamizwa kwa sumu na hatari zake Mwananchi 21 Mar. 2009
(The effects of chemical control of Quelea birds on

the environment)

4. Dawa ya Kwelea kwelea yaathiruwbe Mtanzania 10 Aug.2009
(Quelea quelea avicide affects living organisms)

5. Uroho wa kitoweo wawatokea puani Mtanzania 21 Sept 2009

(People suffered afterteay chemical sprayed quelea)

Channels of the broadcasts Programme Date
Tanzania Broadcasting Co-op.Ltd Nane-nanecoverage 3,5,7 &8 Aug.2008
(TBC-Radio)

TBC Ltd (TV) Nane-naneoverage 2,4,6 &8 Aug 2008
Tanzania Broadcasting Coop.Ltd Nane-naneoverage 1,5,7 &8 Aug.2009
(TBC-Radio)

TBC Ltd (TV) Nane-naneoverage 2,3,6 &8 Aug 2009

Tanzania Broadcasting Coop.Ltd (Qeeehuelea, farmers’ enemy 15,17 &18 Sept.2009
(TBC- Radio) specigirogramme (40 minutes)
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1. Mtego wa kienyeji wa kunasia Kiea kwelea Nipashe 4 March 2008

(Traditional basket trap for quelea mass — capture)
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2. Umewahi kuonja supu, skonzi ya Kwelea kwlea? Mwananchi 12 Sept. 2008

(Have you tasted Quelea soup and bitings?)
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3. Kwelea kwelea waangamizwa kwa sumu na hatari zake Mwananchi 21March 2009

(The effects of chemical control of Quelea birds on the environment)

Kwelea Kwelea
waangamizwa
Bl Habel Chidawali, Dodoma

WIZARA Ka Kilitmo, Chakula
a, juuzi ilituma katika

mna Ushiri
Kijiji cha INdachi, INDodoma he-
likKkopta maalum ya kunyvuniviz=a
sumu va kuangamiza ndege
waharibifu wa mazao, aina va
Kwelea Kwelea.

Pamoja na kuangamiza
ndege, hatua hivo pia ililennga
katilka Imuatafiti madbara ya-
navotokana na hewa ambavo
bBinadamu wanaivuta walkati
ndege hivo, imaponylinssiza
sumiul Kwenyve rmasharmiba.

Hali kadhalika kujua madhara
yanayoweza Kumpata binada-
TTiu Kwa kula mabaki va ndege
waliokufa kwa surmu ivo.

Akizungurm=z=a lkatika kijiji
hicho, muuncja vwa cnaafisa wa
Wizara va Kilitmo, Chakula
na Ushirika, Boaz= Mtobesvya,
aliserma utafiti huo wulian=a
mwaka jana katika kijiji cha
Zajela, wilavani Bahi.

Mtobesva ambave mii mitaaaliao
e sk E Rutoﬁ’a katika kitengo
cha mimea, aliserma utafiti
katika kijiji hicho, ulikuywa wa
mafanikio.

Alisema pamoja ma utafiti
huo wizara Pia irmebuni utara-
tibbu mvwingine vwa Ixairigria ya
kKuangamiza ndege hao, kama
itabainika kuwa kuna madhara
SsSanavotoaokana ma unyunyiziaji.

Kova rmmujibu vwa afisa huvo,
hii i mara a pili kwa Tanza-
nia ku&:r‘nde._*%a utafiti vwa aina
hivo ambao aliserma ni wa
Zharama kubwa._

Mratibu wa miradi hua, Dk
Mrrnrtika hvfualarta, aliscrma wi=ars
Ammepata fedha Kutaka Umnoja
wa Ulava Kupitia Jumauiiva ya
hMacndaeleo nzini rmavwa Afrilea
(S5AIC), ili kuendeshea utafiti
huo. Baadhi va wananchi
katika kijijii hicho. waliserma
wamekuwa na mazoea va
Kuokota mizoga va ndege
walkati helikopta inaponiyvuny -
Lzia davwa masharrni>ani, ili
Kuangami=zn ndege vwaharibifu.

Walidai Euwa hawvwajawahi
kudhuarilea kywa EKula sriizcrza
hiyo na kvwamba wataendelea

Bennilze.
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4. Dawa ya Kwelea kwelea yaathriumbe Mtanzania  10Aug.2009

(Quelea quelea avicide affects living organisms)

- hkweleakwelea
vyvaathiri
viumumrmbe

Pendo NMiangaia, Dodomna

IDAWA ambayvo imekuwa ikitumika
kuulia kweleakwelea imebainika
kuwa mna madhara kwa viumbe
wengine, imeclezwa.

Kwa sababu hivo serikali ime-—
shaurivwa kuangalia njia mbadala va
kuwaua ndege hao ikiwamo kuwate—
ga Kkwakutumia mitego maalum kama
wanavyofanya wananchi wa wilaya
ya Kondoa na maeneo mengine.

Ofisa Kilimo Mkuua wa Whwizara
va Kilimo, Chakula na Ushirika, Boa=
Mitobesva alikuwa akizungumza na
Mtanzania katika wviwanja wvya
Maonyesho ya Nanenane mjini hapa
JUE=zi. MMitobesya aliserma kuwa baada
ya muda mirefu wa matumizi yva surnu
hiyvo imebainika kuwa imekuwa ikiua
na viumbe wengine. . - =

Adlisema kuwa hali hivo
imesababisha wataalamm wa kilimo
kuangalia namna yva kutumia njia rafi—
ki na mmbadala ya utun=zaji mazingira.
Kwa kushirikiana na wananchi wa
Kondoa hivi sasa wameckuwa waki-
wanasa ndege hao katika mitego
maalum badala wva kuwaangamiza
kwa sumu, aliserma . - :
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Mtanzania 21Sept 2009

5. Uroho wa kitoweo wawatokea puani
(People suffered afteating chemical sprayed quelea

E

o

Wanakijiji Dodoma wala ndege waliopuliziwa sumu

Miili yao yaumuka kwa kuwasha, wengine wababuka

Na Debora Sanja, Dodoma

AADHI ya wakazi wa Kijiji
. ¢ha. Gawaye, kilichopo katika -

: D Manispaa ya Dodoma, nje ki-
. # dogo ya mji, wameathirika na
‘Kemikali baada ya kula ndege
waliouawa kwa kupuliziwa sumu.
Wanakijiji hao wanadaiwa kula
ndege hao aina va kwelea kwelea am-

| bao walinyunyiziwa sumu na wataala-

mu wa kilimo, kutokana na kuharibu
- mazao katika kijiji hicho.

~ Inaclezwa kuwa baada yai'véétaala'-f =

- mu hao kunyunyizia sumu hiyo, baadhi
. ya wakazi wa kijiji hicho waliradi
‘ kesho yake wakiwa na magunia na
kuwazoa ndege hao kwa ajili ya ki-
toweo, licha ya kutahadharish- oy
wa na viongozi wa kijiji kuwa 4
‘wanaweza kudhurika,
Akizungumza na
Mtanzania, Diwani wa Kata ya Chihanga, Ju-
lia Mputu, alisema kabla ya wataalamu
kupulizia sumu ndege hao, waliitisha miku-
tano ya hadhara na kuwaarifu watu wasiwale
- ndege watakaokufa. s
“Pamoja na kuwaataarifu kuwa ndege hao
ni hatari lakini walipuuza wakisema
wamekuwa wakiwala ndege hao miaka yote
baada ya kuuawa, na kwamba hawajahi kud-
hurika na kama ni madhara huwa ni ya muda
miupi tu,” alisema Mputu,

Baadhi ya wanakiji waliojitokeza, walidai
wanasikia kiwashwa mwili mzima na kwam-

ba mara nyingine hutoka vipele kwa muda
mrefu pamoja na kubabuka ngozi.

Wengine walieleza kuwa wanajisikia
vibaya ikiwamo kuchoka wakati wote, ku-
Jisikia kichefuchefu, kuurnwa kichwa, kupata
kizunguzungu na kuvimbiwa wakati wote,
lakini baadhi wakasema dalili hizo zilikuwa ni
za muda mfupi na badaye zilitoweka,

Alipooulizwa, mtaalamu wa mambo ya
ndege waharibifu kwa mazao, ambaye ni
Ofisa Kilimo Mkuu Msaidizi, Kitengo cha

~ Afya ya Mimea Kanda ya Kati, Damasa

Shumbusho, alisema ni kweli kwamba sumu
ya kuwaua ndege hao ni hatari na ni sumu
kwa binadamu.

“Tumeshafanya tafiti mbalimbali kwa
kuchukua udongo na kuupima kuona kama
kemikali za sumu zipo, tumezikuta na mpaka
sasa tafiti zinaonyesha zina uwezo wa kukaa
zaidi ya miezi mitatu ndani ya udongo huo.

“Vilevile tumewapima ndege waliokufa

* tumewakuta na kemikali za sumu, hivyo siyo

hali ya kushangaza binadamu kuathirika na
sumu hiyo kwa kuwa ina uwezo wa kudhura

‘Wanyama wengine, ndio maana tuliwatahad-

harisha watu wasiokote ndege hao,” alisema
Shumbushe. :

Alisema bado wanawatafuta watu
walioathirika na sumu hiyo ili wachukue sam-
puli ya damu zao kuona kama surmu hiyo ina
uwezo wa kukaa kwenye mwili wa binadamu
kwa muda gani na kuna madhara gani ya baa-

daye.

Kijiji hicho kilivamiwa na ndege hao wa-
haribify mwaka jana na Ofisi ya Kilimo Kan-
da ya Kati iliwapulizia dawa kwa kutumia
ndege mapema mwaka huu.
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Appendix 4a. Nutrient content of dried milled quelea tested May 2010.

NUTRIENT CONTENT UNITS RESULTS
Ash % 16.9
Calcium % 2.61
Copper mg/kg 10
Crude Fibre % <1.0
FFA of extracted fat (as

Oleic Acid) % 15.1
Gross Energy MJ/Kg 18.450
Iron mg/kg 382
Magnesium % 0.13
Manganese mg/kg 5
Moisture % 11.3
Nicotinamide mg/kg 85.20
Nicotinic Acid mg/kg 10.50
Potassium % 0.88
Protein (N X 6.25) % 57.7
Sodium % 3.36
Total Vitamin B3 mg/kg 95.70
Vitamin A, Trans-Retinol IU/g <1.00
Vitamin B1(Thiamine

HCL mg/kg 2.00
Vitamin B2(Riboflavin) mg/kg 4.8
Vitamin C (Ascorbic

Acid) mg/kg 0
Water Soluble

Carbohydrate g/Kg 5.0
Zinc mg/kg 75

Cawood, North Yorkshire YO8 3SD, UK.

See Certificate of Analysis below.
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Source: Sciantec Analytical Servidesl. Stockbridge Technology Centre,




51024
51015
51015
51022
JAS1052

S1015
51015
51018
51023

51015
51018
51015

JAS107Z

51020
51015

Certificate of Analysis

Robert A Cheke
University of Greenwich

Client Reference Sample 1

Dietails 150g

Diate Recaived 12-Apr-2010

Diate Reported T-May-2010

Lab Refersnce Mo 04447

Oinder Number

Canificate Mo 04447 Sample 1_1.pdf

Product Miscelianeous Miscellanecus

Sampisd Date

Sample Source
Test_ Units
Ash %
Calcium %
Copoer ma'kg
Crude Fibre %
FFA of extracted fat (as Olese Acid) o

# Gross Energy Mg
Iron mgkg
Magnesum %
Manganese mgkg
Moisture %

# Nicotnarmide ma'kg

# Nicobnic Acid mgkg
Potassium kY
Protein {N x 8.25) %
Sodium %

# Total Vitamin B3 kg
itamin A, Trans-Fetnol ILig
Witamin 81 (Thiamine HCl) migkg
Vitamin B2 {Ribafiavin) ma'ko
“Witamin C {Ascorbic Acid) ma'kg
Water Soluble Carbohydrate gHg
Zing mo'kg
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16.9
il

<1.0
16.1
16450

D13

113
B5:20
10.50
D.23
57T
338
BE.T0
<1.00
2.00
43

5.0
il

Completed On

20-Ape-2010
28-Apr-2010
28-Ape-2010
29-Ape-2010
4-May-2010
23 Ape-2010
28-Apr-2010
20-Ape-2010
28-Ape-2010
20-Ape-2010
4-May-2010
4-May-2010
28-Apr-2010
Z1-Ape-2010
20-Apr-2010
4-May-2010
28-Apr-2010
7-May-2010
29-Ape-2010
B-May-2010
21-Ape-2010
20-Apr-2010

Page 1 of 2



Appendix 4b. Certificate of Analysis for safety of quelea meat conducted in April 2010.

The results are as follows:
JAS1128 * C.perfringens cfu/g 130

S2103 * Salmonella in 25g Not Detected
S2104 * Enterobacteriaceae cfu/g <10

These results relate only to the sample(s) tested and do not guarantee the bulk of
the material to be of equal quality. This report shall not be reproduced except in full,
without the written approval of Sciantec Analytical Services Ltd. Sciantec Analytical
Services Ltd. was not responsible for sampling and cannot be held liable in respect
of the use to which information is put.

A certificate having a number with a suffix of _2 or greater is supplementary to the
original report. Tests marked with # are subcontracted to a UKAS

accredited laboratory. Tests marked *# are subcontracted to a non UKAS accredited
laboratory. Tests marked with * are outside UKAS scope of

accreditation. Microbiological assays marked with (p) are presumptive.

Unless otherwise stated results are expressed on an 'as received' basis.

Source: Sciantec Analytical Servidgasl. Stockbridge Technology Centre,
Cawood, North Yorkshire YO8 3SD, UK.

See Certificate of analysis below.
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Certificate of Analysis

Robert A Cheke
University of Greenwich

Client Reference Sampls 2

Dietails 50g

Diate Receed 18-Apr-2010

Diate Reportad 27-Apr-2010

Lab Reference Mo 04448

Cirder Number

Certificate Mo 304448 Sample 2 1.pdf

Product Miscefianeous Miscellanscus

Sampled Date

Sampie Source
Mathod No Test Units  Result Completed On
Jasiizs - . perfringens clulg 130 27-Ape-2010
52102 ' Salmonella in25g Not Detected 23-Apr-2010
52104 . Enterohacteriaceas cfulg =10 21-Apr-2010

IUnless ctherwise stated results are expressed on an 'as received’ basis.

Scianisc Anaiytical Sereces Lig.
Vi) Sincenricge Technology Centre, Cawood, Yorshire
£+.44 |0 1757 242400
f+.44 |09 1757 24240
Alan Ash W SCianber L. Com

Technical Support Manager

These resuls reiate oniy 12 T Sampiels] t=sied and do not guamntes e buln of Te matent o be of squal guadty. This repor shail mot be
repmcucsd mecepl In U, wihoul the writhen apoeoval of Scianec Aratytical Services Lid. Scianier Analytcal Services L5d was not responaibie for
sampling and cannct be heid Eabés In respect of the use fo wivich Informasion is pat.

A cerdfcaie Faving & nomber with 2 5u™x of _Z or preater 5 sappiementany 1o the onginal repon. Tests marked wih # are subcontacisd boa URAS
BocTedRed Iabormory. Tests marked “F are suboniacisd b & non UKAS acoedbed [sbomiony. Tests marksd wis ® are putskde URLAS scope of
aooedFadon. Mioobioogics aszays mansd with (o) ane presumplies.

Solantec Analytics Ssrvices Lid. = =¥ 10A 350 Page 1 of 1

arem: Ararvrn! Sorves (R & o o e Ceesd SoeeSe s Magmess Hame ORI Regwies Cifam ey Srgm Emrren s Dracradl Desmaren ROSC D
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Appendix 5. A comparison between the numbers of quelea caught in traditional basket traps

with those caught in wire-mesh equivalents.

Appendix 5.1. A comparison between the numbeiguelea caught in traditional basket traps

with those caught in wire-mkswvith one entrance hole.

No. of Average No. of
Type of | Type of | No.of| Time of Birds No of Birds birds caught/
Date Site Trap Traps | Trapping | caught/hr caught/day trap/hr
Day 1 Grass
3/9/ 09 | Drinking| Basket 5 10am 715 143
1lam 635 127
12am 755 151
16pm 620 124
17pm 665 133
18pm 775 155
Subtotal 4165 833
Day 2 Grass 146
4/9/09 | Drinking| Basket 5 10am 730
1lam 570 117
12am 745 149
16pm 645 129
17pm 680 136
18pm 715 143
Subtotal 4085 820
Day 3 Grass 142
5/9/09 | Drinking| Basket 5 10am 710
1lam 860 116
12am 685 149
16pm 695 119
17pm 710 132
18pm 720 144
Subtotal 4380 802
Grand 12630 2455
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total

Wire-
Day 1 Mesh
3/9/09 | Site 1| Drinking Basket 10am 1515 303
1lam 1095 219
12am 1590 318
16pm 1005 201
17pm 1135 227
18pm 1620 324
Subtotal 7960 1592
Wire-
Day 2 Mesh
4/9/09 | Site 2| Drinking Basket 10am 1470 294
1lam 1020 204
12am 1580 316
16pm 1020 204
17pm 1165 233
18pm 1610 322
Subtotal 7865 1573
Wire-
Day 3 Mesh
5/9/09 | Site 3| Drinking Basket 10am 1705 341
1lam 1125 225
12am 1710 342
16pm 1120 224
17pm 1300 260
18pm 1655 331
Subtotal 8615 1723
Grand
total 24440 4888
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Appendix 5.2. The numbers of quelea caughtrlgitional basket traps in comparison with

the numbers caught by wire-mesaps with two entrance holes.

Average
No. of No of No birds
Type of No. of | Time of Birds Birds caught/
Date Site Type of Trap | Traps | Trapping | caught/hr | caught/day | trap/hr
Day 4
6/9/09 Drinking| GrasBasket 5 10am 810 140
1lam 780 133
12am 825 163
16pm 830 158
17pm 703 130
18pm 865 167
Subtotal 4813 891
Day 5
7/9/09 Drinking| GrasBasket 5 10am 700 162
1lam 665 156
12am 815 165
16pm 790 166
17pm 650 140.6
18pm 835 173
Subtotal 4455 962
Day 6 138
8/9/09 Drinking| GrassBasket 5 10am 690
1lam 630 126
12am 735 147
16pm 755 151
17pm 670 134
18pm 815 163
Subtotal 4295 859
Grand total 13563 2712
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Day 4 Wire-Mesh
6/9/09 Drinking Basket 5 10am 1560 312
1lam 1515 303
12am 1620 324
16pm 1685 337
17pm 1490 298
18pm 1755 351
Subtotal 9625 1925
Day 5 Wire-Mesh
7/9/09 Drinking Basket 5 10am 1690 338
1lam 1455 291
12am 1950 390
16pm 1920 384
17pm 1380 276
18pm 1965 393
Subtotal 10360 2072
Day 6 Wire-Mesh
8/9/09 Drinking Basket 5 10am 1785 357
1lam 1495 299
12am 1805 361
16pm 1840 368
17pm 1535 307
18pm 1870 374
Sub total
10330 2066
Grand total
30315 6063
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Appendix 5.3. The numbers of quelea caughragitional basket traps in comparison with

the numbers caught by wire-mesaps with three entrance holes.

Average
No. of No.of No.birds
Type of Type of No. of | Time of Birds Birds caught/
Date Site Trap Traps | Trapping | caught/hr | caught/day trap/hr
Grass
Basket 810
(one
Day 7 entrance
9/9/09 | Drinking hole) 5 10am 162
1lam 725 145
12am 755 151
16pm 820 164
17pm 675 135
18pm 825 165
Subtotal 4610 922
Grass
Basket (one
Day 8 entrance
10/9/09 | Drinking hole) 5 10am 825 165
1lam 695 139
12am 800 160
16pm 865 173
17pm 680 136
18pm 900 160
Subtotal 4765 933
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Grass

Basket (one

Day 9 entrance
11/9/09 | Drinking hole) 10am 860 172
1lam 685 137
12am 710 142
16pm 890 178
17pm 735 147
18pm 970 194
Subtotal 4850 970
Grand
total 14225 2825
Day 7 Wire-Mesh
9/9/09 | Drinking Basket 10am 2835 567
1lam 2765 553
12am 2805 56l
16pm 2860 572
17pm 2455 491
18pm 2790 558
16510 2741
Day 8 Wire-Mesh
10/9/09 Drinking Basket 10am 2755 551
1lam 2685 537
12am 2850 570
16pm 2870 574
17pm 2440 488
18pm 2945 589
Subtotal 16545 3309
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Day 9 Wire-Mesh
11/9/09 Drinking Basket 10am 2660 532
1lam 2430 486
12am 2785 557
16pm 2880 576
17pm 2460 492
18pm 2810 562
Sub total 16025 3205
Grand
total 49080 9255
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Appendix 5.4. The numbers of quelea caught byiticaal basket traps in comparison with

the numbers caught by wire-mesh trapthwne, two or three entrance holes.

No. of Average No
Type of | Type of No. of Time of Birds No of Birds | birds caught/
Date Site Trap Traps | Trapping | caught/hr | caught/day trap/hr
Grass
Basket
Day 1 (One
13/9/09 | Drinking hole) 3 10am 477 159
1lam 438 146
12am 471 157
16pm 474 158
17pm 417 139
18pm 480 160
Sub total 2757 919
Wire-
Mesh
Basket
(One
Drinking hole) 3 10am 834 278
1lam 621 207
12am 840 280
16pm 858 286
17pm 798 266
18pm 852 284
Sub total 4803 1601
Wire-
Mesh
Basket (2
Drinking holes) 3 10am 1095 365
1lam 1059 353
12am 1110 370
16pm 1104 368
17pm 902 302
18pm 1122 374
Sub total 6392 2132
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Wire-
Mesh
Basket (3
Drinking holes) 10am 1662 554
1lam 1611 537
12am 1680 560
16pm 1701 567
17pm 1626 542
18pm 1710 570
Sub total 9990 3330
Grass
Basket
Day 2 (One
14/9/09 Drinking | hole) 10am 441 147
1lam 408 136
12am 435 145
16pm 465 155
17pm 405 135
18pm 444 148
Sub total 2598 866
Wire-
Mesh
Basket
Drinking | (One hole) 10am 810 270
1lam 786 262
12am 834 278
16pm 837 279
17pm 792 264
18pm 846 282
Subtotal 4905 1635
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Wire-

Mesh
Basket (2
Drinking holes) 10am 1086 362
1lam 1029 343
12am 1104 368
16pm 1110 370
17pm 1008 336
18pm 1116 372
Sub total 6453 2151
Wire-
Mesh
Basket (3
Drinking holes) 10am 1701 567
1lam 1620 540
12am 1713 571
16pm 1707 569
17pm 1641 547
18pm 1719 573
Sub total 10101 3367
Grass
Day 3 Basket
15/9/09 | Drinking | (One hole) 10am 432 144
1lam 387 129
12am 426 142
16pm 456 152
17pm 402 134
18pm 435 145
2538 846
Wire-
Mesh
Basket
Drinking | (One hole) 10am 816 272
1lam 771 257
12am 843 281
16pm 855 285
17pm 726 242
18pm 828 276
Subtotal 4839 1613
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Wire-
Mesh
Basket (2
Drinking holes) 10am 1101 367
1lam 1914 338
12am 1095 365
16pm 1122 374
17pm 1035 345
18pm 1110 370
Sub total 7377 2159
Wire-
Mesh
Basket (3
Drinking holes) 10am 1749 583
1llam 1698 566
12am 1734 578
16pm 1731 577
17pm 1653 551
18pm 1755 585
Sub total 10320 3440
GRAND
TOTAL 73073 24059
TOTAL FOR THE WHOLE OPERATION 221703

Appendix 6. CDs and DVDs prodiced (available on request)

Appendix 7 (a&b)
Scientific publications on studiesrmducted in conjunction with this thesis

1. During the interviews

3. During the Farmer’s Shows
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2. Quelea trapping using traidnal basket traps
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Abstract The red-billed quelea bird Quelea quelea is one
of sub-Saharan Africa’s most damaging pests, attacking
small-grain crops throughout semi-arid zones. It is rou-
tinely controlled by spraying its breeding colonies and
roosts with organophosphate pesticides, actions often
associated with detrimental effects on non-target
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organisms. Attributions of mortality and morbidity of non-
targets to the sprays are difficult to confirm unequivocally
but can be achieved by assessing depressions in cholines-
terase activities since these are reduced by exposure to
organophosphates. Here we report on surveys of birds
caught before and after sprays that were examined for their
blood cholinesterase activities to assess the extent to which
these became depressed. Blood samples from birds were
taken before and after sprays with fenthion against red-
billed quelea in colonies or roosts, and at other unsprayed
sites, in Botswana and Tanzania and analysed for levels of
haemoglobin (Hb) and activities of whole blood acetyl-
cholinesterase (AChE) and butyrylcholinesterase (BChE).
Background activities of AChE, BChE and Hb concentra-
tions varied with bird species, subspecies, mass, age and
gender. Contrary to expectation, since avian erythrocytes
are often reported to lack cholinesterases, acetylcholines-
terase activities in pre-spray samples of adult birds were
positively correlated with Hb concentrations. When these
factors were taken into account there were highly signifi-
cant declines (P < 0.0001) in AChE and BChE and
increases in Hb after contact with fenthion in both target
and non-target birds. BChE generally declined further (up
to 87 % depression) from baseline levels than AChE (up to
83 % depression) but did so at a slower rate in a sample of
quelea nestlings. Baseline activities of AChE and BChE
and levels of Hb were higher in the East African subspecies
of the red-billed quelea Q. ¢q. aethiopica than in the
southern African subspecies Q. g¢. lathamii, with the
exception of BChE activities for adult males which were
equivalent.

Keywords Bird pest control - Fenthion - Red-billed

Quelea - Acetylcholinesterase - Butyrylcholinesterase -
Haemoglobin - Non-target birds and reptiles - Africa
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Introduction

The red-billed quelea bird Quelea quelea is one of sub-
Saharan Africa’s worst pests, causing damage up to the
equivalent of US$79.4 million per annum at 2011 prices
throughout semi-arid zones (Elliott 1989a, b). This migrant
pest is a serious threat to the livelihoods of farmers
growing small-grain cereals in much of western, southern
and eastern Africa but particularly in Botswana, South
Africa, Tanzania and Zimbabwe. A single bird can destroy
10 g of grain per day, of which only a quarter may be
consumed (Elliott 1989a). The birds occur in flocks,
sometimes countable in millions, and up to 12 million birds
may roost together (La Grange 1989). Quelea bird control
operations in southern Africa involve spraying of organo-
phosphate pesticides (fenthion or cyanophos), from aircraft
or from the ground, onto breeding colonies and night
roosts; or destruction of roosting areas, and occasionally of
colonies, using explosives. In an average year in South
Africa alone, for example, there are 173 separate control
operations, each one covering c.7 ha on average, with a
total kill of ¢.50 million birds (Willemse 2000). Control of
breeding colonies using fenthion has been carried out in
Tanzania for the last four decades and, in Botswana, an
average of 2,000 litres have been sprayed annually for
more than two decades. In addition, explosives have been
used in Botswana for the last 6 years.

Fenthion and an alternative avicide, cyanophos, are
organophosphate compounds which are known to be haz-
ardous. Environmental contamination is of serious concern
in sprayed areas, as control operations can pose both direct
and indirect health hazards to humans, livestock and other
non-target organisms (Bruggers et al. 1989; Mullié et al.
1999; McWilliam and Cheke, 2004). Direct hazards result
from spray applications and indirect hazards can result
from consumption of contaminated food. For instance, in
some areas of Tanzania, quelea birds are often used in
homesteads as a source of protein and, after avicide
spraying has been carried out, dead birds are frequently
collected for consumption. Similar secondary poisoning
amongst wildlife can occur if carnivorous mammals, birds
or reptiles consume contaminated quelea.

Non-target organisms including birds are killed during
the sprays, but it is difficult to disprove that such casualties
have not been affected by other factors such as disease.
Organophosphates (OPs) act by inhibiting acetlycholin-
esterase (Thompson 1991, 1999), which is essential for
normal nerve function (Coye et al. 1986; Magnotti et al.
1988). Inhibition of the enzyme results in build-up of
acetylcholine and prolonged transmission of nerve impul-
ses leading to death from respiratory failure. In mammals
cholinesterase exists in blood cells as erythrocyte acetyl-
cholinesterase (AChE), identical to the enzyme found in
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the nervous system and thought to be a good indicator of
neuronal activity, or in plasma as butyrylcholinesterase
(BChE) and both types are markers of exposure to OPs.
The turnover rate for red blood cells in mammals is slow
(half-life of about 1 month) and AChE is typically used as
a marker of chronic exposure. In contrast, BChE turnover
is much quicker (half-life of about 2 weeks) and it is a
better short-term indicator of acute poisoning due to its
more rapid response to exposure (Whitaker 1986, Lawson
and Barr 1987, Thompson 1999). However, the responses
of each enzyme vary with the type of organophosphate
applied as pointed out by Mullié et al. (1998) who drew
attention to greater inhibition of BChE than AChE in
response to monocrotophos (Van Sittert 1991), in contrast
to methylated organophosphates such as azinphosmethyl
which inhibit AChE but not BChE (Schneider et al. 1994).
In birds there is AChE activity in the brain and plasma and
BChE activity in plasma, but ever since early reports by
Stedman and Stedman (1935) that there was no AChE in
avian erythrocytes this has been widely accepted (e.g. see
Walker and Thompson 1991). However, Stedman and
Stedman (1935) only examined “fowl” and “duck” and
they also reported a lack of AChE in cat erythrocytes, yet
this is now known to be mistaken (e.g. see Harlin and
Dellinger 1993). Furthermore, others have reported the
presence of traces (Mendel et al. 1943) or even up to
0.3 ApH units h™' (Onyeyili et al. 1992) of AChE in bird
erythrocytes. Here we report that whole blood AChE of
birds is positively correlated with Hb concentrations and
further research on why this is the case is needed. It is
likely that bird erythrocytes do contain AChE in higher
activities than traces, especially as there is a highly sig-
nificant correlation (r = 0.93, P < 0.001) between hae-
moglobin and erythrocyte counts of South African birds
(Fourie and Hattingh 1983).

Since organophosphates depress cholinesterase concen-
trations, objective assessments of poisoning can be made
by measuring the activities of AChE and BChE. A previous
study confirmed that measurements of AChE in target and
non-target birds before and after a fenthion spray in Kenya
provided useful information on the spray’s environmental
impact (Bruggers et al. 1989). Although Bruggers et al.
(1989) published data on cholinesterase levels in the brains
of dead birds, they gave details of AChE activities in the
blood of only a few free-flying birds and did not assess
BChE activity or haemoglobin (Hb) levels, as presented
here. Haemoglobin concentrations are often taken as indi-
cators of a bird’s condition (Banbura et al. 2007, Lill 2011)
and they vary with the season (Colombelli-Négrel and
Kleindorfer 2008, Norte et al. 2009b), species (Cooper
1975, Fourie and Hattingh 1983), gender (Colombelli-
Négrel and Kleindorfer 2008, Norte et al. 2009b), repro-
ductive status as measured by nuptial or eclipse plumage
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(Colombelli-Négrel and Kleindorfer 2008), levels of ecto-
parasitism (Whitworth and Bennett 1992, O’Brien et al.
2001) and levels of haematozoan parasitism (Norte et al.
2009a). Regarding the latter, the main taxon investigated
here (Q. q. lathamii) is known to harbour high rates of
parasitism (63.2 %) with Haemoproteus sp. and Plasmo-
dium sp. (Durrant et al. 2007). Given the above factors, we
wished to control for them by using Hb as a proxy measure
of condition but, as already mentioned, we found that
whole blood AChE was in any case positively correlated
with Hb concentrations, so we adjusted for this finding in
our analyses.

This is the first study to provide data on pre- and post-
exposure activities of AChE, BChE and Hb concentrations
in a wide variety of species of wild birds in Africa. From
the data obtained, we test the null hypotheses (1) that
organophosphate poisoning by fenthion cannot be detected
in non-target birds by analysing their BChE as well as
AChE activities; (2) that activities of AChE and BChE do
not respond differently to the same exposures to fenthion;
(3) that haemoglobin (Hb) levels are unaffected by contact
with sprays and (4) that background levels of AChE, BChE
and haemoglobin do not vary with bird species, subspecies,
size, age and gender.

Materials and methods
Analyses of blood samples

To obtain baseline information on AChE and BChE
activities in a variety of bird species for comparisons with
those in birds found moribund after spraying operations,
blood samples were collected from unaffected free-flying
birds caught in mist-nets and then released, or from nes-
tlings found in nests and returned to them. Post-control
samples were taken from birds found moribund at sites
sprayed with fenthion (0,0-dimethyl o-[3-methyl-4-
(methylthio)phenyl] phosphorothiate) in both Botswana
and Tanzania. The wing length (maximum chord, mm) and
weight (g, measured using Pesola balances) of each bird
was measured before blood was collected from the birds’
brachial veins. Two 0.01 ml capillary tubes of blood were
obtained per bird and the contents of each was immediately
transferred to one of two vials of buffer solution (pH 7.6)
containing a mixture of phosphate, surfactant and EDTA
preservative and vigorously shaken. If analyses in the field
were impractical, the vials were stored in a portable
refrigerator at about 3 °C for up to 24 h before measure-
ment. One vial was used to assay AChE and the other
BChE. Hb readings were taken from each vial and the
average of these used for analyses. Two custom-made kits
were used for the assays, one reserved for AChE assays, the

other for BChE. The kits were portable cholinesterase
testing devices based on the Test-mate system commer-
cially available for analysing human blood (EQM
Research, Inc. Cincinnati, USA). The bird blood kit used a
12 V battery-operated photometric analyser for assays
based on the Ellman method (Ellman et al. 1961) to mea-
sure the concentration of an indicator that increases in
proportion to the activity of cholinesterase in test samples.
The assay kit first heats up to a constant 37 °C and is then
used to measure a blank of the buffer solution, a value for
Hb (g dI™"), then BChE (U ml™") or AChE (U mI™") and
AChE adjusted for its associated haemoglobin levels
(U g™"), using methods described by Magnotti et al.
(1988). Acetylthiocholine (AcTC) or butyrylthiocholine
(BuTC) is hydrolysed by AChE or BChE respectively,
producing carboxylic acid and thiocholine which reacts
with the Ellman reagent (dithionitrobenzoic acid, DNTB)
to form a yellow colour. This is measured spectrophoto-
metrically at 470 nm and the rate of colour formation is
proportional to the activities of either AChE or BChE,
which are estimated in units (U) per ml. One unit (U) is
defined as the amount of an enzyme that catalyzes the
conversion of 1 micro mole of substrate per minute,
equivalent to 16.67 nano katals (1 katal being defined as
the amount of enzyme that converts 1 mol of substrate per
second, as recommended by the General Conference on
Weights and Measures in 1978 and adopted at its 21st
meeting in 1999 as its resolution 12, see http://www.bipm.
org/en/CGPM/db/21/12/). Before use, the kits were cali-
brated to agree with a laboratory spectrometer calibrated to
the USA’s National Institute of Standards and Technology
(NIST) traceable standards. The molar absorption coeffi-
cient of 4,360 M~! cm™! used for the reduced DNTB (.e.
the TNB resulting from the reaction) was taken from
Table 3 of Eyer et al. (2003) for 37 °C and 470 nm.
Similar quality control was used for calibrating the
haemoglobin measurements, which were performed using
the molar extinction coefficient of 33,209 M~ ' em™! for
haemoglobin in water at 470 nm, with the calibration
constant for Hb at 470 nm being independent of that for the
TNB.

The avian classification and the sequence used in the
supplementary material follow the Handbook of the Birds
of the World (del Hoyo et al. 1992-2011).

Study areas

In Botswana, samples of pre-control birds were obtained
between 20 February 2004 and 5 February 2010 at Atholl
Holme Farm, a site approximately 20 km west of Gaborone
at 24°45'S, 25°51'E and at Shakawe (4-5 March 2005;
18°22'S, 21°51’E). Both pre- and post-control samples
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were collected at various quelea breeding colony (c) or
roost sites (r) including Sebalola (c; 1-4 March 2004;
21°1'4"S, 27°2'27"E), Kotolaname (r; 10 March 2005,
24°28'20"S, 25°16'33"E), Diboro (c; 16 January 2008,
24°16'45"S, 26°34'33"E), Musi (r; 22 May 2009;
25°3134.0"S, 25°07'36.7"E), Naledi (r; 25 May 2009;
25°38'40"S, 24°52'3"E), Pilikwe (c: 23 January 2008;
22°50/2"8S, 27°10/31”E), Maphoko (c; 19-20 January 2008;
23°28'45"S, 25°44'13"E), Masilajwe 1 (c; 27 January—1
February 2008; 21°502"S, 26°29'9"E), Masilajwe 2
(c; 2-3 February 2008; 21°49'50"S, 26°29 55"E), and a few
birds were sampled 6 weeks after a cyanophos spray (from
a fixed wing aircraft at 4 litres per ha of a 520 ULV for-
mulation of cyanophos, Falcolan 520 UL, Symbiosis
Technologies Pty Ltd; 520 g cyanophos per litre) in a
colony at Pandamatenga (30-31 May 2009; 18°41'S,
25°30'E). In Tanzania, birds were sampled in 2008 and
2009 at quelea colonies at Chidilo (4-16 March 2008,
6°25'4"S, 35°25'32"E), Zejele (16 March 2008; 6°24'53"S,
35°24’35"E) and Gawaye (21 March 2009, 5° 51'S, 35°
50'E), at a roost at Ndachi (12-22 March 2009; 6°04'S,
35°40'E) and chickens were sampled at a farm at Chihanga
(10 March 2009, 5°55'39S, 35°50'41”E). The locations of
the study sites are depicted in Fig. 1.

In Botswana, the fenthion sprays were conducted using
vehicle-mounted sprayers depositing fenthion (queletox,
640 UL) at 4 1 ha~'. In Tanzania, fenthion sprays were
conducted from a fixed wing aircraft, similarly at 640 g of
active ingredient per litre, but at 2 1 ha™".

Results
Analyses of blood samples

Samples taken from 610 birds of 62 species were analysed.
Of these 189 were from moribund birds caught after sprays.
Values for mass (g), haemoglobin (Hb, g dlfl), raw AChE
(units ml~"), AChE adjusted per g of Hb (U g~ ') and raw
BChE (U ml™") were obtained for different sexes, ages and
subspecies of each species. The requirement to adjust the
AChE activities according to a bird’s Hb concentration
followed the discovery that raw AChE activities in pre-
control samples of adult Q. g. lathamii were positively
correlated with Hb concentrations (ANOVA, df =1,
F = 13.27, P < 0.0004, Fig. 2). Tests for effects of sex,
interaction between sex and Hb or addition of mass data in
an ANCOVA did not make any significant differences to
the model. As cholinesterase production increases with a
bird’s age (e.g. see Fig. 1 of Thompson 1991) and baseline
levels are species specific (Walker and Thompson 1991
and this paper), only data from adult birds with information
from 8 or more replicates were used in an ANCOVA to test
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if this result was general, which was found to be the case
(r = 0.67, P < 0.0004), with the species effect also highly
significant (P < 0.0001).

The supplementary material summarises the results for
raw AChE activities, AChE adjusted for Hb concentrations,
BChE activities and Hb concentrations for all taxa inves-
tigated according to species, age, gender and pre- or post-
spray status.

Among the nine species for which comparisons are
possible, the extent of the percentage reductions in their
combined data-sets for BChE levels were greater than
those for adjusted AChE in six species (laughing dove
47 %/-6 %, respectively; kurrichane thrush 87 %/74 %;
red-backed shrike, 87 %/83 %; red-billed quelea 66 %/
60 %; southern red bishop, 79 %/76 %; southern masked
weaver, 89 %/24 %), the same in one (chestnut-vented
warbler, 13 %) and less in two (common whitethroat 64 %/
75 %; vitelline masked weaver 50 %/73 %). Of the latter,
the results for vitelline masked weaver were based on only
one moribund bird, a nestling in which enzyme physio-
logical systems may not have been fully developed any-
way. Nestlings are known to have lower Hb values than
fledged birds (Kostelecka-Myrcha et al. 1973). When the
BChE values for this bird are compared with the AChE
value unadjusted for Hb, then the extent of depression is
indeed greater (50 % versus 54 %). Figure 3 shows com-
parisons of pre- and post-spray results for adjusted AChE
and for BChE for nine taxa, without accounting for age, sex
or mass. Post-spray activities for both cholinesterases are
lower than pre-spray results in all cases except the AChE
for Streptopelia senegalensis, which included two nestling
birds.

The full data-set was analysed by ANOVA which
revealed significant effects (P < 0.0001) of pre- or post-
exposure status, age, sex and taxon on all of the bio-
chemical measurements in most combinations except for
pre- or post- spray for Hb, and for BChE the effect of sex
was only significant at P < 0.002. Post-exposure levels
were in general very much lower than baseline levels for
AChE, adjusted AChE and BChE, but higher for Hb
(supplementary material). Figure 4 shows the adjusted
AChHE results and BChE data, respectively, for different
ages, sexes and subspecies of Q. quelea.

To test for the effects of bird size, the data were
re-analysed after adjusting values by dividing them by In
(mass of bird). These results revealed the same trends but
with even greater probabilities of significance and, now,
Hb values were significant for the pre-spray: post-spray
comparison (P < 0.0001), with post-spray values higher in
contrast to the lower post-spray values for the cholines-
terases. In summary, there were significant effects of spe-
cies, spraying, age and sex, the interaction between species
and spraying, the interaction between species and age on
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all of Hb, unadjusted AChE, adjusted AChE and BChE
(P < 0.0001, except for sex on Hb, P = 0.009, species and
spray on BChE, P = 0.018, and species and age on Hb,
P = 0.011 and on BChE, P = 0.0015). In addition, there
were significant effects of the interaction between spraying

and age on Hb (P = 0.017), adjusted AChE and BChE
(both P < 0.0001), of the interaction between species and
sex on adjusted AChE (P = 0.024) and on BChE
(P = 0.0005) and of the interaction between spraying and
sex on adjusted AChE (P = 0.004).
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Fig. 2 Relation between AChE activity (U ml~', unadjusted) and
haemoglobin concentration (g d1™") for adult Quelea q. lathamii, for
which the regression equation is: AChE Activity = 0.103 +
0.0132Hb, 17 = 0.149, n = 82

Given the finding that the results were dependent upon
species, the data were further scrutinised according to sub-
species by comparing data for the southern African subspe-
cies of the red-billed quelea Q. g. lathamii with those for the
eastern African subspecies Q. g. aethiopica. The analyses
confirmed that when age and gender are accounted for there
are subspecific differences in pre-exposure levels for unad-
justed AChE, adjusted AChE and BChE (adult male lath-
amii < adult male aethiopica, P < 0.0001; adult female
lathamii < adult female aethiopica, P < 0.0001 in each
case, except for male BChE data, which were not significantly
different, with significances increased when adjusted for In
(mass of bird)) (Table 1). There were no significant differ-
ences in pre- and post-spray levels of Hb for the subspecific
data set with the exception of post-spray female aethiopica
having significantly higher Hb than pre-spray adult females
(P = 0.04) (Table 1). However, multiple comparison of
means using Tukey’s Honest Significant Difference tests
confirmed the significance of pre- and post-spray differences
in the cholinesterases of adult males and adult females for
both Q. q. aethiopica and Q. q. lathamii and for juveniles and
nestlings of Q. g. lathamii. For those pairs of pre- and post-
spray data that were significantly different, the extents to
which pre-spray values were depressed after the sprays were
greater for BChE than for adjusted AChE, except for nestling
Q. q. lathamii which were equivalent (Table 1).

Temporal trends in AChE levels

At Masilajwe a group of nestling Quelea were examined at
different times after exposure and the results showed that
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Fig. 3 Comparisons between pre-spray (black bars) and post-spray
(grey bars) activities of a AChE adjusted for Hb concentrations and
b BChE for all samples from nine taxa, without accounting for age,
sex or mass. Stars indicate significantly lower post-spray results
(P < 0.0001 for A; P <0.05 for B). Error bars show positive
standard error estimates based on ANOVA residuals

activities of AChE and BChE dropped with increasing time
post-exposure. In both graphs the cholinesterase activities
approach zero after about 40 h but, when analysed further,
the rate of decline in the adjusted AChE values is faster
than that for BChE. Figure 5 shows the data plotted with
the x axis transformed by taking logarithms to the base 10.
Regressions for the relationships derived from a mixed
effects model with replicate as a random component, to
allow for the repeated measures, are adjusted AChE activity
(U g1 = 3.4747 (£ 0.2057) — 1.7725 (£0.2065) log (time)
and BChE activity (U ml™") = 0.8506 (& 0.2057) — 0.4210
(£0.2065) log (time), where time is measured in hours. The
interaction between the compounds and time in the mixed
effects ANCOVA was highly significant (F = 31.4;df = 1
and 26; P < 0.0001—residual df conservatively based on
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Fig. 4 Pre- (black bars) and post-spray (grey bars) activities of
a AChE adjusted for Hb (U g™') and b BChE (U ml™") for different
ages and sexes of Q. g.aethiopica (aeth) and Q. g. lathamii (lath).
Stars indicate significantly lower post-spray results (P < 0.05, Tukey
tests). Error bars show positive standard error estimates based on
ANOVA residuals

number of replicates), confirming that these slopes were
significantly different.

Avian and reptilian mortality and morbidity after sprays

The estimated percentage kills of target red-billed quelea in
Botswana were low (e.g. <45 % at Maphoko) and few non-
target mortalities were observed, even after extensive
searches along transects throughout the sprayed areas. At
Maphoko, 1 red-backed shrike Lanius collurio was found
dead. At Pilikwe no dead non-targets were found. At
Masilajwe 1, one red-faced mousebird Urocolius indicus
was found dead and two nestling kurrichane thrushes
Turdus libonyanus perished and at Masilajwe 2, 1 red-
backed shrike L. collurio was found dead. At Masilajwe 1,
a stripe-bellied snake Psammophis subtaeniatus was found
moribund after the spray and some dead insects such as
beetles were also found after the sprays. The snake even-
tually died and a post-mortem examination revealed that it

had consumed 2 nestling quelea and had, presumably, died
of primary and secondary poisoning. The only other known
reptilian fatality as a consequence of spraying quelea was a
lizard Agama agama reported by Mullié et al. (1999). In
Tanzania, 2 chestnut weavers Ploceus rubiginosus were
found dead after the spray at Chidilo, 1 shrike Lanius sp., 1
village weaver Ploceus cucullatus and 1 Cisticola sp. were
found dead after the spray at Ndachi and a female common
whitethroat Sylvia communis was dead after the spray at
Gawaye.

Discussion

Both pre- and post-exposure activities of AChE, BChE and
haemoglobin were dependent on the mass, age, sex, species
and, in some cases, subspecies of the birds involved, as
expected in the light of other studies on variation in avian
cholinesterases (Walker and Thompson 1991; Fossi et al.
1996; Roy et al. 2005; Fildes et al. 2009) and haemoglobin
(see Introduction). AChE and BChE activities were gen-
erally depressed after fenthion sprays, as expected fol-
lowing the study of Bruggers et al. (1989), and so can both
be used in rapid field-based assessments of organophos-
phate exposure. Although the BChE values fell propor-
tionally further than the adjusted AChE values (for
Q. quelea, see Table 1; for other species see Fig. 3), their
rate of decline was less than for AChE in nestlings (Fig. 5)
contrary to the reported more rapid rate of depression of
BChE in mammals (Whitaker 1986; Lawson and Barr
1987; Thompson 1999). In man, depression of cholines-
terase to <50 % of normal indicates possible pesticide
poisoning requiring removal from exposure and/or treat-
ment with anticholinergics such as atropine and pralidox-
ime (Coye et al. 1986). Laboratory studies on birds suggest
that cholinesterase activity of less than two standard
deviations (about 20 %) below the control mean of brain
acetylcholinesterase is indicative of exposure to anti-cho-
linesterases such as organophosphates (Ludke et al. 1975
cited in Grue et al. 1991). Therefore, the high percentage
depressions (53-81 %) found among quelea and similarly
depressed or low ChE values of the non-target species from
the sprayed sites confirm the utility of this assay for
assessing fenthion poisoning, although our data cannot be
compared directly with other studies that examined
depressions of brain cholinesterases. However, there is
evidence that the latter are related to serum cholinesterase
activities in birds (Fossi et al. 1992) and lizards (Sanchez-
Hernandez and Walker 2000) so similar relations are likely
to exist with the species that we studied but this requires
confirmation. The observed interspecific variation and
differences in ChE levels between adults and young
emphasise the importance of obtaining baseline data
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Table 1 Mean values £ SE (n) for haemoglobin (Hb, g dr! (ln(g))”), unadjusted acetylcholinesterase (AChE, U ml™! (ln(g))f'), acetylcholinesterase adjusted for Hb concentrations (U g~

1

(In(2))™") and butyrylcholinesterase (BChE, U ml~' (In(g))™"), all adjusted by division by In (mass of bird, g) for Q. ¢. lathamii and Q. q. aethiopica of different ages and sexes

Taxon, age and sex

Pre-spray
Hb

Post-spray

Pre-spray
Unadjusted AChE

Post-spray

Pre-spray
Adjusted AChE

Post-spray

Pre-spray
BChE

Post-spray

Q. q. lathamii
Adult males

Q. q. aethiopica
Adult males

Q. q. lathamii
Adult females
Q. q. aethiopica
Adult females
Q. q. lathamii
Juveniles

Q. q. lathamii
Nestlings

Q. q. aethiopica
Nestlings

5.80 £ 0.18 (29)

6.16 £+ 0.35 (34)

5.62 £ 0.13 (53)

5.67 £ 0.17 (35)

6.73 £ 0.37 (7)

4.18 £0.33 (9)

4.46 £ 0.33 (8)

6.62 £ 0.20 (24)
114.1 %

7.07 £ 0.17 (8)
114.8 %

6.07 £ 0.17 (34)
108.0 %

6.95 + 0.31 (10)*
122.6 %

5.94 + 0.13 (56)
88.3 %

531 4+ 0.21 (23)
127.0 %

11.44 4 0.31 (10)
256.5 %

0.11 £ 0.006 (29)

0.15 £ 0.005 (34)

0.12 £ 0.004 (53)

0.16 £ 0.005 (35)

0.08 £ 0.012 (7)

0.13 £ 0.011 (9)

0.19 £ 0.011 (8)

0.04 £ 0.006 (24)**
36.4 %

0.03 £ 0.011 (8)**
20.0 %

0.06 £ 0.005 (34)**
50.0 %

0.06 = 0.010 (10)**
375 %

0.03 £ 0.004 (56)
375 %

0.07 £ 0.007 (23)
53.8 %

0.42 £ 0.01 (10)
221.0 %

0.65 + 0.047 (29)

0.84 + 0.043 (34)

0.76 = 0.034 (53)

1.05 £ 0.042 (35)

0.59 £ 0.095 (7)

1.22 £ 0.084 (9)

1.84 £ 0.089 (8)

0.25 £ 0.051 (24)**
38.5 %

0.16 + 0.089 (8)**
19.0 %

0.34 £ 0.043 (34)**
4.7 %

0.18 £ 0.079 (10)**
17.1 %

0.20 £ 0.033 (56)**
339 %

0.57 £ 0.052 (23)*#*
47 %

3.62 £ 0.079 (10)
196.7 %

0.49 + 0.021 (29)

0.48 + 0.019 (34)

0.48 + 0.015 (53)

0.58 £+ 0.019 (35)

0.26 + 0.042 (7)

0.30 £+ 0.037 (9)

0.37 £ 0.040 (10)

0.11 + 0.023 (24)**
224 %

0.09 £ 0.040 (8)**
18.7 %

0.18 £ 0.019 (34)**
375 %

0.09 + 0.035 (10)**
15.5 %

0.07 £ 0.015 (56)***
27 %

0.14 £ 0.015 (23)%*#*
47 %

0.616 £ 0.035 (10)
166.5 %

Percentages refer to post-spray values as percentages of the relevant pre-spray value. No samples of juvenile aethiopica were obtained

Significant differences are denoted in bold with P values derived from multiple comparisons of means using Tukey’s Honest significant difference test as follows *P < 0.05, **P < 0.001, *** P < 0.0001
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Fig. 5 Changes in activities of whole blood acetylcholinesterase
adjusted for Hb concentrations (AChE, U gfl) and butyrylcholinest-
erase (BChE, U ml™") of nestling Q. ¢. lathamii plotted against time
in hours after the spray converted to logarithms to the base 10 + 1.
Diamonds = AChE data; open squares = BChE data. The slope for
the BChE relationship is significantly different from that for AChE
(P < 0.0001). The regression equations are: AChE = 3.475 —
1.773.log(time + 1), * =0.941, n =32, BChE = 0.851 —
0.421.log(time + 1), 7* = 0.473, n = 32

(Roy et al. 2005, Fildes et al. 2006), for which our data
(supplementary material) can be used as a starting point for
southern and east African birds, provided that methods
giving standardised results in U ml™' can be used. The
extent of the depressions of cholinesterases in the few
spray-affected non-target birds found suggests that the
extent of non-target morbidity and mortality was probably
much higher than we were able to detect: many birds could
have been dead or dying within dense thorn bush, taken by
predators during the night before we could search for them
or moved outside our sampled zones.

The finding of raised Hb levels after contact with fen-
thion was unexpected as chronically poisoned birds are
known to have depressed Hb values (Geens et al. 2010),
but presumably it was a physiological reaction by the birds
to acute poisoning when attempting to summon resources
to cope with the toxic shock of OP exposure likely to have
led to dehydration and vomiting, both of which could
contribute to increased Hb levels. The variation of baseline
levels of Hb according to taxon, age and sex and its
increase after sprays calls into question the use in ecolog-
ical studies of unadjusted Hb values as indicators of con-
dition or fitness (Banbura et al. 2007) but is consistent with
other data showing an effect of age on Hb (and on both
AChE and BChE; Norte et al. 2009b).

Of the hypotheses tested all were refuted and so we have
confirmed (1) that organophosphate poisoning by fenthion
can be detected in non-target birds by analysing their BChE
as well as AChE activities in blood; (2) that activities of
AChHE and BChE respond differently to the same exposures
to fenthion; (3) that haemoglobin (Hb) levels are also

affected by contact with sprays by increasing and (4) that
background levels of AChE, BChE and haemoglobin vary
with bird species, subspecies, mass, age and gender.
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Soil contamination and persistence of
pollutants following organophosphate sprays
and explosions to control red-billed quelea
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Abstract

BACKGROUND: Red-billed quelea (Quelea quelea) are controlled at breeding colonies and roosts by organophosphate sprays or
explosions. Contamination with organophosphates after sprays and with petroleum products and phthalates after explosions
was assessed.

RESULTS: Concentrations in soil of the organophosphate fenthion the day after sprays were uneven (0-29.5 ug g~ '), which was
attributable to excess depositions at vehicle turning points, incorrect positioning of nozzles and poor equipment maintenance.
A laboratory study using field-collected samples provided an estimate of 47 days for the half-life of fenthion. After sprays,
fenthion persisted in soil for up to 188 days. High concentrations were detected 5 months after negative results at the same
sites, providing indirect evidence of leaching. Concentrations of total petroleum hydrocarbons (TPHs) and phthalates ranged
from 0.05 to 130.81 (mean 18.69) ngg~' and from 0 to 1.62 (mean 0.55) ug g~ respectively in the craters formed by the
explosions, but declined to means of 0.753 and 0.027 ug g~' at 10 m away. One year after an explosion, mean TPHs of 0.865
and mean phthalates of 0.609 were detected.

CONCLUSION: Localisation of high concentrations of fenthion likely to have effects on soil biota could be mitigated by improved
spray management. Given a half-life in the soil of 47 days for fenthion and the possibility of its leaching months after applications
raises concerns about its acceptability. The pollutants left behind after explosions have been quantified for the first time, and,
given their long-term persistence, their continued use poses a threat to environmental health.

(©) 2012 Society of Chemical Industry
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1 INTRODUCTION

Control of the red-billed quelea (Quelea quelea) is conducted be-
causeitis a major pest of small-grain cereal crops in semi-arid areas
of sub-Saharan Africa."? Three subspecies of the bird are recoq- |
nised: the nominate form occurs in West Africa, Q. g. aethiopica in * Correspondence to: Robert A Cheke, European Centre for Integrated Pest
eastern Africa and Q. g. lathamii in southern Africa. All three sub- Management, Natural Resources Institute, University of Greenwich at Medway,
species are intra-African migrants moving with rain fronts to breed Central Avenue, Chatham Maritime, Kent ME4 4T5, UK.

exposed tosunlightofonly 11 h,8 butotherstudies have suggested
long-term persistence of 14-40 days in soil,” a half-life in soil of

colonially during rainy seasons.? In the dry seasons they congre-
gate at nightto roost communally. Both the colonies and roosts are
targets for lethal control measures using either organophosphate
sprays or explosions. Such actions have deleterious environmental
consequences by killing or debilitating non-target organisms by
direct and indirect poisoning.* Non-lethal effects on non-target
birdsand mammals can be monitored by measuring cholinesterase
levels,® but effects on invertebrates, vegetation and the wider
environment, including soil, are poorly documented.

Early reports suggested that the most commonly used organo-
phosphate, fenthion, broke down quickly, with a half-life on soil
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34 days,® persistence in soil for 4-6 weeks® and up to 42 days
on soil invertebrates.’® Also, because of strong adsorption to soil
particles, it was thought that leaching through soil would be
unlikely.®® Similarly, but concerning explosions, a widely held
but unsubstantiated belief was that control using explosives
was less harmful to the environment, as no persistent organic
pollutants (POPs) were involved: for instance, Meinzingen et al.!’
state that one of the advantages of explosions is that ‘there is
no chemical contamination of the environment'. In the present
work, an examination is made of concentrations of pesticide
residues and post-explosion contaminants before and at various
intervals after colonies or roosts have been either sprayed with
organophosphates, fenthion (Queletox®) or cyanophos, or blown
up by detonating mixtures of diesel and petrol. The studies were
conducted at sites where Q. g. lathamii were controlled by both
pesticides and explosions in Botswana and where sprays only were
used against Q. g. aethiopica in Tanzania.

2 MATERIALS AND METHODS

2.1 Study sites in Botswana and Tanzania: sprays

In Botswana, both pre- and post-control soil samples were col-
lected at various Q. g. lathamii breeding colony or roost sites
that were sprayed using vehicle-mounted Micronair AU8115
sprayers depositing fenthion {Queletox®, 640 UL; thiophos-
phoric acid or O, O-dimethyl-O-[3-methyl-4-(methylthio) phenyl
phosphorothiote]} at 4 L ha—'. These included breeding colonies
at Sebalola (colony size 4 ha; 1-4 March 2004; 21° 1/ 4" S, 27° 2/ 27"
E), Pilikwe (1.4 ha; 23 January 2008; 22° 50’ 2" S, 27° 10" 31" E),
Maphoko (2.35 ha; 19-20 January 2008; 23° 28’ 45" S, 25° 44/ 13"
E), Masilajwe 1 (22 ha; 27 January-1 February 2008; 21° 50’ 2"
S, 26° 29’ 9" E) and Masilajwe 2 (11.24 ha; 2-3 February 2008;
21° 49' 50" S, 26° 29’ 55" E). Soil samples were also collected on
30-31 May 2009, 41 days after sprays from a fixed-wing aircraft
on 18-19 April 2009 at four sites at Pandamatenga. Two of these,
Pandamatenga Q5 (18° 29" 12" S, 25° 34/ 0” E) and Pandamatenga
Q13 (18°32' 19" S, 25° 33’ 32" E), were sprayed with a 640 UL oil-
based formulation of fenthion [Avima (Pty) Ltd], and the other two
sites, Q34 (18° 40 28" S, 25° 33’ E) and Q47 (18° 417 18" S, 25° 30’ 2"
E), were sprayed aerially at 4 L ha~! with a 520 ULV formulation
of cyanophos (Falcolan 520 UL; Symbiosis Technologies PTY Ltd;
520 g cyanophos L™). For the ground sprays, the vehicle travels
along a previously designated route, the planning of which often
requires the cutting down of Acacia sp. and other bushes along a
‘cut line'. In Tanzania, studies were conducted after a fixed-wing
aircraft had sprayed fenthion at 640g Al L~',at 2L ha™', ata Q.
g. aethiopica colony at Gawaye (40 ha; 21 March 2009, 5° 51" S,
35° 50’ E).

2.2 Study sites in Botswana: explosions

Quelea control operations with explosives were monitored in
Botswana: (a) in 2005 at a roost at Kotoloname (3 ha; 10 March;
24° 28 20" S,25° 16’ 33" E; 233 bombs); (b) in 2009 at two adjacent
sites covering 3.04 ha at Good Hope (25° 28’ 27" S, 25° 27" 0" E),
where 216 bombs were deployed on 19 May, plus 95 bombs at
a third separate site nearby, at two adjoining sites near Jwaneng,
Naledi 1(0.219 ha; 25° 38" 40" S, 24° 52’ 3" E) and Naledi 2 (0.15 ha),
where 298 bombs were exploded on 20 May, at Musi (0.903 ha;
25°31/34"S,25° 07’ 37" E; number of bombs unknown) exploded
on 22 May, at Pandamatenga Farm 213 (0.216 ha; 18° 33’ 18" S,
25° 33’ 49" E, number of bombs unknown) on 27 May, at Batabeli

(0.047 ha; 18° 34/ 43" S, 25° 38’ 58" E, 28 bombs) on 2 June and
at Pandamatenga Farm Q13 (0.2 ha, 18° 33’ 19” S, 25° 33’ 48"
E, number of bombs unknown) on 4 June; (c) in 2010, one site
at Nchakateng (1 ha; 21° 56’ 51" S, 28° 23’ 27" E, 200 bombs)
was monitored on 31 January. In addition, three samples were
collected at Gobojango (21° 51" 42" S, 28° 46’ 13" E) on 28 January
2010 from a site where there had been explosions at the end of
February in both 2008 and 2009.

The technique involves the detonation of 5L plastic contain-
ers, filled with 2.5L of a mixture of fuels: one-third diesel to
two-thirds unleaded petrol was used in 2009 and 2010, but a
50:50 mixture of 1 L of diesel and 1 L of petrol was used in 2005;
the addition of diesel keeps the flame alight longer than petrol
alone, but also gives rise to smoke. Each plastic container (white
opaque containers were used in 2005-2008, but green ones in
2009-2010) is placed beneath a bush where quelea birds are
either nesting or expected to roost. Each container has an ex-
plosive charge placed beneath it. In 2005 this consisted of 150 g
of Trojan C150 cast boosters, 38 x 120 mm of pentolite and a
mixture of TNT and RDX, encased in yellow plastic [manufactured
by Ensign-Bickford, (Pty) Ltd, South Africa]. Each booster had a
hole drilled in the middle, through which red detonating cord
(plastic cord, 8 gm~'; Auxim Tech. Ltd, China) was fed. At the
ignition site, about 120 cm of yellow safety fuse of slow-burning
(8-10 mm s~') gunpowder was placed at the beginning of the
cord (total length 1050 m for 233 plastic containers at Kotolon-
ame in 2005), giving approximately 2.5 min between ignition and
detonation. The fuse was connected to an electric detonator cord
containing a white powdered high-explosive core to set off the
detonator. This created a shock wave to the detonating cord,
along which it travelled at 6400 ms~', exploding each booster
in turn. In 2009 and 2010 the explosive used was Powergel™
(see www.oricaminingservices.com/download/file_id_4292/for in-
formation on its toxicology), a commercially available ammo-
nium nitrate product, with a detonation velocity of 17780 m s~
[<6400 m s~! for TNT (see above), and <8400 m s~ for pentaery-
thritol tetranitrate (PETN), which was also used in years before
2006), mixed with aluminium powder to enhance its performance.
These charges were connected by cordex fuse cord, made of pow-
dered PETN, to a central electric detonator that started the reaction
with 1 g of metallic-derived explosives or after being activated by
a slow-burning safety fuse of gunpowder (black powder). When
the explosion takes place, the fuel mixture is first splashed up onto
the trees where it forms a mist and then ignites.

2.3 Soil collections and analyses

A global positioning system (GPS) device was used to record
locations of samples so that follow-up samples could be taken
from close to the original locations. At Sebalola, 20 precontrol
soil samples were taken, with four obtained every 100 m along
the ‘cut line”: one at a randomly chosen central location, with
the three others taken at the circumference of a circle 5 m away
from it at randomly chosen directions, from a choice of due north,
120° and 240°. Twenty post-control samples were taken on 4
March 2004, the day after the spray, using the same procedure.
Using similar protocols along the ‘cut line’, samples were taken
at other sites as follows. At Maphoko, five precontrol samples
were taken, and nine post-control samples on 20 January 2008,
the day after the spray, followed by five samples at intervals
thereafter (28 February, 15 April, 4 July, 27 July). At Pilikwe there
were no precontrol samples, and eight samples were taken on
23 January 2008, the day after the spray, and eight on four
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subsequent dates (26 February, 19 March, 14 April, 13 July). At
Masilajwe 1, five precontrol samples were taken, followed by 14
samples on 31 January 2008, the day after the spray, and 14 on
each of 19 March, 15 April and 3 and 27 July. At Masilajwe 2, five
precontrol samples were taken, followed by nine samples on 19
March, the day after the spray, 15 April and 3 and 27 July. At the
Pandamatenga sites, no precontrol samples were taken, and two
post-control samples were taken on 29 May at each of the four
subsites (41 days after the sprays). At Gawaye, five samples were
taken at randomly chosen places within the sprayed colony on 21
March 2009, the day after the spray, followed by five more on each
of 28 March, 4 April, 21 April, 21 May, 21 June, 21 July, 21 August
and 21 September. For the explosion studies, 2-4 precontrol
samples were taken, and 3-9 post-control samples were taken
from the centres of craters and at 5 and 10 m away (10 m only
at Kotoloname) in randomly chosen directions. Soil samples of
approximately uniform volumes (approximately 200 g, maximum
depth 10 cm) were taken using trowels (washed with distilled
water and wiped dry after each sampling) and stored in cloth bags.
They were then air dried in sheltered shady conditions out of reach
of rain or sunlight to minimise photolysis'? and sieved, when any
extraneous fresh vegetable material present was removed prior to
the samples being double-wrapped in aluminium foil and sealed
within polythene bags. All layers were labelled and kept in a deep
freeze (—18 °C) pending analysis.

After the samples had been defrosted, they were allowed to
warm to room temperature (approximately 20 °C). For fenthion
residue estimates, each sample was then thoroughly mixed, and a
20 g subsample was placed into a 40 mL tube and extracted with
20 mL of acetone. A quantity of 50 ug of fenitrothion was added as
an internal standard. Analysis was by gas chromatography-mass
spectrometry (GCMS) using an Agilent 6890 GC connected to an
Agilent 5973 MSD. Data collection and handling were performed
using Agilent Chemstation. The capillary column used was a
30 m DB5 column of 0.25 mm internal diameter with 250 um film
thickness. The GC oven was programmed from 100 to 300°C
at 15°Cmin~". The carrier gas was helium, at a flow rate of
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1 mL min~'. Example chromatograms are shown in Figs 1-3. The
calculated lower limit of determination (i.e. the residue that could
be identified and measured with confidence) was 0.002 mg kg™’

For samples collected before and after explosions, concentra-
tions of petroleum products and plastic derivatives were assayed in
defrosted soil samples extracted as described for the organophos-
phate analyses (see above). A quantity of 5 g of decyl acetate was
added as an internal standard. Analysis was by gas chromatogra-
phy with a flame ionisation detector (GC-FID). The GC oven was
programmed from 100 to 250 °C at 10°C min~'. Data collection
and handling were performed using Agilent EZChrom Elite. For the
residues from petroleum products, the results for 2009 and 2010
are expressed as total petroleum hydrocarbons (TPHs) (inug g='),
which here refer to the sum of all residues of tetradecane, pen-
tadecane, hexadecane, heptadecane, octadecane, nonadecane,
eicosane, heneicosane, docosane, tricosane and tetracosane. TPH
is formally defined as the measurable amount of petroleum-based
hydrocarbon in environmental media.'* Petroleum products in-
clude both aliphatic compounds (straight-chain, branched-chain
and cyclic alkanes and alkenes) and aromatic compounds (ben-
zene and alkyl benzenes, naphthalenes and PAHs), and some may
contain non-hydrocarbon additives such as alcohols, ethers, met-
als and other potentially toxic chemicals. For the residues from
plastics, the results are expressed as total phthalates (in ugg™'),
which is the sum of residues of diethyl phthalate, dibutyl phthalate
and dioctyl phthalate.

2.4 Laboratory studies on persistence

Soil samples collected before and after the spray on 3 March
2004 at Sebalola were used for tests on persistence. After the
initial analyses by gas chromatography (GC) using a nitrogen
phosphorus detector had revealed a heterogeneous distribution of
fenthion concentrations, with a peak after spraying of 1.52 ug g~'
at one sample site shortly after the spray, three subsamples
from samples that had the highest concentrations (1.52 ug g™’
sample T3-2, 0.34ug g~ sample T2-4 and 0.15ug g~' sample
T5-2) were frozen. Following thawing in early 2007, an experiment
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Figure 1. GCMS chromatogram from soil samples from Maphoko, showing GCMS spectra of fenthion.
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Figure 2. GCMS chromatogram from soil samples from Maphoko, showing GCMS spectra of fenitrothion.
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Figure 3. GCMS total ion chromatogram, showing fenitrothion at 11.681 min and fenthion at 11.937 min.

was conducted to determine decay rates and how long the
pesticide could remain in the soil at potentially harmful levels
under laboratory conditions. The samples were exposed to the
air at room temperature (approximately 20 °C) in a laboratory at
Chatham, and subsamples were analysed by GC at intervals over
64 days.

In March 2005, an experiment was conducted involving a
deliberate application of fenthion (Queletox®, 640 UL) to soil to
standardise the results of the residue analysis and to assess further
its rate of breakdown. A sample of soil from Kotoloname was used,
from which 5-6 g subsamples were packed into glass tubes. On
14 March, 250 pL of fenthion was added to each of 20 tubes, five
of which were immediately closed with lids and deep frozen. The

remainder were left in the shade at ambient temperature with
their lids off. Next, five more were closed with lids and deep frozen
at 24, 39, 101 and 168 h intervals. Each of the whole soil samples
(between 5 and 5.5g) was washed with acetone and Soxhlet
extracted, with acetone, for 4 h. Analysis was then conducted
as for the 2004 soil samples (see above). In addition, a sample
of the solution of fenthion used for the experiment was also
analysed. A quantity of 250 uL of the fenthion formulation used
was transferred, by syringe, to a 25 mL volumetric flask and diluted
to the mark with acetone (std T1); 5.0 mL of this solution was then
diluted to 10 mL with acetone (std T2). Calculation of percentage
recovery was based on comparison with these two standards.
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3 RESULTS

3.1 Contamination after sprays

3.1.1  Botswana and Tanzania: fenthion in the soil and evidence for
leaching

Fenthion was detected only at the <0.002ugg~"' level in
precontrol samples at Sebalola. This was also found for one of the
post-control samples there, but a wide range (0.002-1.52 ugg™")
was detected among the other 19 post-control samples that had a
mean value of 0.125 ug g~ (SD = 0.348). With the exception of the
results from Pilikwe (range 0-2.445ug g~ '), the concentrations
of fenthion in post-control samples was very variable and
heterogeneous (Table 1). Ranges of concentrations found were
0-12.98 for Maphoko, 0-14.32 for Masilawe 1 and 0-14.06 for
Masilawe 2 (Table 1). Table 2 gives the results for Gawaye in
Tanzania, where very high concentrations were detected the day
after the spray (up to 29.48 ug g~'; mean = 15.138; SD = 12.655;
n = 5).

At the sites examined at Pandamatenga 41 days after aerial
sprays with fenthion, 0-0.769ugg~"' of fenthion were still
detectable (mean = 0.214; SD = 0.371; n = 4). That the fenthion
persists in the soil for such periods and longer was also confirmed
at other sites where sampling was continued beyond the morning
after a spray. For instance, high concentrations of fenthion were
still detectable many months after the spraying events (up to
11.69 ug g~' at Maphoko after 188 days; up to 1.44ugg~"' at
Pilikwe after 172 days; up to 0.60ugg~' at Masilajwe 1 after
182 days; up to 9.20 ug g~ at Masilajwe 2 after 175 days; up to
0.01ug g~ at Gawaye after 93 days) (Tables 1 and 2). However,
except for Gawaye, all of these late positive results were recorded
following months during which no fenthion was detectable. Even
at Gawaye, positive results were obtained at two subsites 1 and
2 months after negative results respectively. It is assumed that
these reappearances of fenthion were because, after sequestration
within the soil, the pesticide residues leached back up to near the
surface following rainfall.

1

3.1.2  Botswana: cyanophos in the soil

The concentrations of cyanophos detected in samples collected
on 29 May 2009, 41 days after the spray at the Pandamatenga sites
Q34and Q47,ranged from 0.009t00.169 ug g~ ' (mean0.051;SD=
0.078; n = 4). Also, cyanophos (up to 0.024 ug g~'; mean = 0.014;
SD = 0.008) was detected in the samples where only fenthion
was thought to have been sprayed. This was probably because
the same aircraft was used for both sprays, and, if cyanophos
was sprayed first and the pesticide tanks had not been flushed
out properly, the sprays with fenthion could have included some
cyanophos as well.

3.2 Laboratory experiment: estimation of the half-life of
fenthion residues in soil

A plot of the combined raw data for fenthion against time was
curvilinear, with a steeper slope at the beginning of the decay
process (Fig. 4). The data were linearised by conversion to natural
logarithms of the fenthion concentrations. For each of the three
samples, the slopes of the lines calculated from regression analysis,
representing decay rates for the fenthion residues in the sampled
soils, were: for sample number T3-2, —0.01957; for T2-4, —0.01039;
for T5-2, —0.01402. No significant difference between the slopes
was found (F = 2.45; P = 0.05). Given this result, it was possible
to calculate a common slope for the three relationships, giving a
decay rate of fenthion of —0.01466 ug g~ day~".
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Figure 4. Fenthion concentrations (ug g~') at different times (days) during
the laboratory experiment. Combined raw data from the three samples
involved.

From the decay rates it was possible to estimate the half-life
of fenthion in the soil from the half-life relation: t;/y(tenthion) =
0.693 - A~', where X is the decay constant. The half-life was
determined for each of the three samples as 35.4 days (sample
T3-2),66.7 days (T2-4) and 68.7 days (T5-2), and, using the common
decay rate k = —0.01466 from the combined sample population,
the half-life was estimated as 47.3 days.

3.3 Contamination experiment

The results of the deliberate contamination experiment revealed
almost 90% recovery of the concentration of pesticide deposited
after 24 h, decaying to only 45% after 168 h. After 24 h, percentage
recoveries ranged from 70.5 to 96.4 (mean 88.3%), after 39 h from
38.3 to 110.8 (mean 84.1), after 101 h from 45.6 to 62.5 (mean
54.9) and after 168 h from 37.2 to 54.9 (mean 45). This result,
suggesting fast decay, reflects the situation at the beginning of
the degradation function (see Fig. 4).

3.4 Explosionsin Botswana

3.4.1 Soil samples in 2005

Diesel and plastic residues were detectable in the soil samples.
The characteristic chromatographic pattern of diesel oil, observed
on FID analysis, was confirmed by gas chromatography-mass
spectrometry as C12-C28 hydrocarbons, as expected in diesel
fuel. The relative concentrations of each hydrocarbon differed
from those available in reference texts, but these variations
were probably explicable by variation in the source of the
diesel and its purity and, possibly, by increased volatilisation
of some hydrocarbon fractions. Figure 5 shows the GLC traces
(chromatograms) from pre- and post-explosion samples. The
precontrol samples from Kotoloname contained trace quantities
of diesel (mean = 0.08 g g~'; SD = 0.04), but after the explosion
the concentrations were much higher. The centres of the craters
were contaminated with a mean 4.4ugg~' of diesel (range
1.08-9.31;SD 2.83), significantly greater than the precontrol values
(P < 0.001; two-tailed t-test assuming unequal variances). Soils
from 10 m either side of the craters were less heavily contaminated:
those from the left did not differ from those from the right of the
craters (P = 0.28), and the combined sample (range 0.16-3.12)
had significantly lower concentrations than those from the centres
(P = 0.001; mean = 0.42; SD = 0.66), but still greater than the
precontrol values (P = 0.04). Residues of dibutyl phthalate were
also detected in some post-explosion samples (but not in any
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Table 1. Fenthion concentrations (g g~') found in soil samples collected on various dates after ground-based sprays at four sites in Botswana
during 2008. The first date for each site refers to the day after spraying. No residues were detected in any of the precontrol samples (none conducted
at Pilikwe)
Date
Site Sample 20.01.08 28.02.08 15.04.08 04.07.08 27.07.08
Maphoko 1.1 0.115 0 0 0 0
1.2 0.253 - - - -
2.1 0.809 0 0 1.293 11.694
2.2 2.662 - - - -
3.1 - 0 0 0 10.415
3.2 0 - - - -
4.1 0 0 0 0 3.528
4.2 0 - B - B
5.1 2.126 0 0 0 0
5.2 12.983 - - - -
Mean (SD) 2.105 (4.198) 0 0 0.259 (0.578) 5.127 (5.617)
Date
Site Sample 23.01.08 26.02.08 19.03.08 14.04.08 13.07.08
Pilikwe 1 0 0 0 0 0
2 0.183 0 0 0 0
3 0.357 2.445 0 0 0
4 1.538 0 0 0 0
5 0 0 0 0 0
6 0.069 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 1.440
Mean (SD) 0.268 (0.528) 0.306 (0.864) 0 0 0.18 (0.509)
Date
Site Sample 31.01.08 19.03.08 15.04.08 03.07.08 27.07.08
Masilajwe 1 1 0.280 0 0 0 0
2 1.665 0 0 0 0
3 0.760 0 0 0 0
4 2.361 0 0 0 0
5 0913 0 0 0 0
6 0.096 0 0 0 0
7 1.161 0 0 0 0
8 4.935 0 0 0 0
9 1.849 0 0 0 0
10 0.950 0 0 0 0
1 3.634 0 0 0 0
12 13.912 0 0 0 0
13 14.319 0 0 0 0
14 2.306 0 - 0 0.605
Mean (SD) 3.510 (4.678) 0 0 0 0.043 (0.162)
Date
Site Sample 31.01.08 19.03.08 15.04.08 03.07.08 27.07.08
Masilajwe 2 1 14.058 0 0 0 0
2 3.107 0 0 0 2.632
3 1.489 0 0 0 0
4 9.598 0 0 0 9.204
5 0.529 0 0 0 0
6 0.516 0 0 0 0
7 0.019 0 0 0 0
8 1.520 0 0 0
9 7.158 0 0
Mean (SD) 4.222 (4.941) 0 0 0 1.315(3.084)
wileyonlinelibrary.com/journal/ps (© 2012 Society of Chemical Industry Pest Manag Sci (2012)
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Table 2. Concentrations of fenthion (ug g~") detected in soil samples collected at Gawaye, Tanzania, the day after spraying (21 March 2009) and
at intervals thereafter. Monthly mean temperature and rainfall at nearby Dodoma during 2009 were as follows: January 24.9 °C, 102 mm; February
23.0°C, 129 mm; March 24.2°C, 80 mm; April 23.6 °C, 115 mm; May 22.6 °C, 0 mm; June 21.5 °C, 0 mm; July 20.0 °C, 0 mm; August 20.7 °C, 0 mm;
September 22.5 °C, 4 mm; October 23.7 °C, 0 mm; November 24.2 °C, 35 mm; December 24.6 °C, 312 mm
Date

Sample 21.03.09 28.03.09 04.04.09 21.04.09 21.05.09 21.06.09 21.07.09 21.08.09 21.09.09
1 19.52 0.03 0.02 0 0.024 0 0 0 0

2 22.94 0.01 0.01 0 0 0 0 0 0

3 29.48 0.10 0.03 0.01 0.0014 0.01 0 0 0

4 0.65 0.45 0.05 0.01 0.0133 0 0 0 0

5 3.10 0.04 0 0 0.0009 0 0 0 0
Mean (SD) 15.138(12.655)  0.126 (0.184)  0.022(0.019)  0.004 (0.005)  0.008 (0.010)  0.002 (0.004) 0 0 0

pre-explosion samples), with identity being confirmed by GC-MS,
but quantification of these residues was not attempted.

3.4.2 Soil samples in 2009 and 2010

Samples of the post-explosion craters appearing in the soil at the
sites where each plastic container exploded at Naledi had a mean
area of 0.14 m.? Therefore, as nearly 300 bombs were detonated
within 0.369 ha at Naledi, 42 m? or 113.8 m? ha~' of the exploded
area (1.14% of the affected zone) was damaged.

In every case except one (phthalates at Naledi) (Table 3), the
pre-explosion results were positive for both total petroleum
hydrocarbons (mean 0.152ug g~') and total phthalates (mean
0.035 ug g "), reflecting the level of background pollution in the
soil environment (some post-control samples were also zero for
phthalates) (Table 3). However, after the explosions, TPHs ranged
from 0.051 to 130.814 ug g~ ' (mean 7.514; SD = 22.132; n = 43),
and total phthalates ranged from 0 to 3.233 ug g~' (mean 0.316;
SD = 0.610; n = 43), i.e. 49 and 9 times the background levels
respectively, on average, and, for the maxima, 861 and 92 times
the background levels. For both TPHs and phthalates, the average
concentrations declined markedly at 5 and 10 m distance from the
craters (Tables 3 and 4).

No measurements were taken at the same sites in subsequent
seasons, and, so far as is known, it was only at Gobojango that
control operations had also occurred in the previous year and/or
2 years earlier. The samples taken at Gobojango at least 1 year
after the last explosion there had mean TPHs of 0.865ug g™’
(range 0.372-1.335; SD = 0.482; n = 3) and mean phthalates of
0.609 ug g~' (range 0.72-0.854; SD = 0.315; n = 3), confirming
the long-term persistence of these pollutants, unlike the shorter
duration of fenthion.

4 DISCUSSION

4.1 Fenthion and cyanophos

Both at sites sprayed from the ground and those sprayed aerially,
there was evidence that the pesticide residues persisted for up
to at least 41 days (aerial sprays) and 188 days (ground sprays).
The estimate of the half-life of fenthion from the laboratory study
was, at 47 days, longer than a previous estimate of 34 days,®
and the present results also suggest persistence in the soil
for longer than earlier estimates of 4-6weeks.” The longest
persistence period (188 days) followed months with no fenthion
detected and, at Maphoko, averaged higher concentrations than
those found the day after the spray. These results, with the

reappearance of fenthion reported at several sites, suggest that,
contrary to previous suggestions,®° fenthion is capable of leaching,
perhaps returning to the surface with rainfall, and rain had been
reported at the sites during the study period. For example, at
Gawaye, above-average rain fell in April, possibly accounting for
raised fenthion levels recorded in May 2009 (Table 2). Fenthion
normally undergoes chemical, physical and biological changes,
which result in various forms of degradation products.' Under
temperate climatic conditions, fenthion dissipates from soil
relatively rapidly under aerobic laboratory conditions, with a
half-life of about 10 days. However, some experiments indicate
slower dissipation outdoors (about 30 days) than under controlled
laboratory conditions, and the dissipation appears to occur mainly
via phototransformation, biotransformation and sorption.’>'®
Although the decay process was studied under temperate climatic
conditions, the soil was of tropical origin and its composition is
likely to have influenced the decay process. In soils with high
amounts of organic carbon or clay content, increased photolytic
degradation of organic chemicals may occur when the soil surface
isirradiated by sunlight. It is therefore generally assumed that 50%
or more of applied fenthion in soil or natural water with sediment
is degraded to carbon dioxide within 6 months under temperate
climatic conditions. The degradation is, however, speculated to
take longer in tropical soils.'* Although fenthion dissipates from
water with a half-life of less than 7 days, its biotransformation rate
in water-sediment systems is lower than that in a soil system."
In this study, however, the soils were air dried to remove most
moisture, which minimised the likelihood of the degradation
process being attributable to hydrolysis. There are, however, other
uncontrolled factors that could have affected the present results,
and so the conclusions need to be treated cautiously, especially in
view of the marked heterogeneity in concentrations of the initial
spray depositions. For instance, temperature, soil moisture, pH
and soil type could affect degradation processes. Mean ambient
temperatures were mostly between 20 and 26 °C, based on data
from the sites sprayed in Botswana in 2008 where meteorological
data were recorded every minute using a data logger. At Maphoko,
the mean temperature for the period 16.34-19.54 h on 20 January
was 24.6 °C, and the mean relative humidity was 77.1%. Mean
temperatures and mean relative humidities at Masilajwe 1 (07.20 h
on 28 January to 18.42 h on 1 February) and Masilajwe 2 (17.57 h
on 2 February to 00.38 h on 4 February) were 22.9°C and 69.2%
and 21.8 °Cand 64.9% respectively. Soil moisture and pH were not
measured. At Masilajwe, Pilikwe and Sebalola the soil was black
cotton soil, and at Gawaye and Maphoko it was sandy.
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Figure 5. GC-FID chromatograms from soil samples from Kotoloname, (A) from a pre-explosion sample and (B) from a post-explosion sample, showing

different hydrocarbon peaks, fractions from diesel and petroleum pollution.

Fenthion is a contact and stomach organophosphate and
moderately toxic to the environment. It is effective against insects,
moderately toxic to mammals (LDsy values ranging from 88
to 298 mg kg~") and highly to very highly toxic to birds (LDsg
ranging from less than 4 to 26 mgkg™"), but it is difficult to
evaluate the precise effects of the residues reported on soil
health, as its toxicity will be reduced if it is not bioavailable by
being bound up in organic matter or clay particles. The maximum

residue levels (MRLs) allowed on food by the European Union
give a guide to acceptable levels for different commodities.
For most commodities the MRL is 0.01-0.05pug g~', with the
exception of tea, coffee, herbal infusions and spices (for which
it is 0.1), loquat (1), olives (1), cherries (2) and citrus fruits (3) (see
http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=

substance.selection). There are no comparable data for
cyanophos, but the UK pesticide authorities recommend a
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default level of 0.01ugg~' for this organophosphate (see

https://secure.pesticides.gov.uk/MRLs/). Even 6 weeks after the
spray, levels more than 10 times greater than this default
value were present. Thus, when values unacceptable for human
consumption are present, surely it is likely that soil micro-
and macrofaunas will be affected deleteriously. Furthermore,
the results are in line with unpublished results of analyses
of fenthion residues in quelea carcasses, which were very
high, ranging from 9.0 to 180.0ugg~', 1-2weeks following
fenthion applications (van der Walt E, unpublished). After
70 days and beyond, remains of the fenthion concentrations
in the carcasses were still significant, ranging between 3.0
and 10.0 ug g~'. These residue levels are substantially greater
than the approved MRLs of fenthion in animal products (see
above). It can therefore be deduced that quelea carcasses
are toxic and potentially harmful for consumption by humans
and other organisms, even after 70 days following Queletox®
applications.

Table 3. Results of analyses of soil samples collected before and after explosions in Botswana, 2009-2010. In some cases, post-explosion samples
were taken from inside the craters and 5 and 10 m away in randomly chosen directions. No pre-explosion samples were taken at Musi or Batabeli
Mean total petroleum Mean total
Pre-or Distance from hydrocarbons phthalates (ug g—")
Site Date of sample post-explosion crater (m) (ug g‘1) (range; SD; n) (range; SD; n)
Good Hope 18 May 2009 Pre 0.218 (0.048-0.556; 0.293; 3) 0.048 (0.004-0.134; 0.074; 3)
19 May 2009 Post 0 22.23(1.261-63.996; 36.169; 3) 0.614 (0.074-1.68; 0.923; 3)
19 May 2009 Post 5 0.126 (0.078-0.184; 0.054; 3) 0.040 (0-0.119; 0.069; 3)
19 May 2009 Post 10 0.156 (0.134-0.181; 0.126; 3) 0.003 (0-0.01;0.011; 3)
Naledi 20 May 2009 Pre - 0.104 (0.08-0.165; 0.073; 4) 0.009 (0-0.018; 0.009; 4)
21 May 2009 Post 0 3.358(1.447-4.559; 1.673; 3) 0.186 (0.071-0.246; 0.099; 3)
21 May 2009 Post 5 0.180 (0.081-0.235; 0.086; 3) 0.008 (0.005-0.015; 0.006; 3)
21 May 2009 Post 10 0.147 (0.051-0.208; 0.347; 3) 0
Musi 24 May 2009 Post 0 2.907 (1.92-3.889; 1.388; 2) 0.130(0.117-0.144; 0.019; 2)
24 May 2009 Post 5 0.399 (0.284-0.542;0.131; 3) 0.011 (0-0.028;0.015; 3)
24 May 2009 Post 10 0.579 (0.327-0.908; 0.298; 3) 0.012 (0.007-0.019; 0.006; 3)
Pandamatenga Farm 213 27 May 2009 Pre - 0.271(0.125-0.417; 0.206; 2) 0.025 (0.008-0.043; 0.025; 2)
28 May 2009 Post 0 55.04(11.908-130.814;65.831;3)  0.638 (0.412-0.835;0.213; 3)
28 May 2009 Post 5 10.206 (3.656-13.705; 5.677; 3) 0.640 (0.153-1.389; 0.658; 3)
28 May 2009 Post 10 1.702 (0.946-2.744; 0.932; 3) 0.089 (0.04-1.62; 0.065; 3)
Batabeli 3 June 2009 Post 0 0512(n=1) 3233(n=1)
4 June 2009 Post 5 0778 (n=1) 0.087 (n=1)
4 June 2009 Post 10 2042(n=1) 0.044(n=1)
Pandamatenga site Q13 4 June 2009 Pre - 0.283(n=1) 0.138(n=1)
5 June 2009 Post 0 14.501 (2.869-26.134; 16.451; 2) 0.662 (0.019-1.306; 0.91; 2)
Nchakateng 29 January 2010  Pre - 0.027 (0.016-0.033; 0.009; 3) 0.030 (0.008-0.042; 0.019; 3)
1 February 2010  Post 0 10.734 (2.445-22.922;10.781;3)  0.165 (0.056-0.275; 0.109; 3)
Table4. Mean values of total petroleum hydrocarbons (TPHs) 4.2 Botswana e).(p|05|ons . .
(ugg~") and total phthalates (ugg~') in precontrol samples, from The extent of physical damage to soil, estimated as 113.8 m? ha™!
the centres of craters after explosions and at 5 and 10 m distances at Naledi, will vary from site to site as the density of trees varies.
away from them. Figures in brackets are standard deviations, followed The depth of the craters will also be affected by the soil type at the
emErE ) different sites, it being deeper in loose sandy soils. Similarly, some
Distance from crater (m) TPHs Phthalates of the variations in contamination observed may be attributable
to soil characteristics. For instance, at Good Hope the soil was
Pre-explosion control 0.141(0.017;12) 0.027 (0.037;12) loamy and hard, but at Kotoloname, Musi and Naledi it was sandly,
0 18695 (35.101; 15) 0.554(0.856; 15) while at Batabeli and Pandamatenga Farm 213 it was damp, loamy,
5 2578 (4.931;13) 0.168(0.382;13) black cotton soil. Remains of unburnt plastic from incompletely
10 0.753(0.844;13) 0.027(0.045;13) incinerated containers littered the sites after an explosion, and

these items may take as long as 10 years to decompose. Although
it is now policy to collect as many fragments as possible, many
from 2 years previously were still present at Gobojango in 2010.
There were also residues of the plastic detectable in the soil
at the crater sites, with concentrations up to 3.23ugg~"'. The
contamination with unburnt diesel and petrol was also substantial,
with up to 9.31 mg kg~' of diesel present in one crater in 2005
and a maximum level of 130.814 pig g~ of TPHs in 2009, although
residue levels declined markedly at 5 and 10 m to either side of
the craters. The effects of diesel on the soil environment are poorly
documented, but it is known that its effects on plants vary from
species to species and even between subspecies. Diesel can delay
seed emergence and reduce percentage germination. The volatile
fraction of diesel fuel has been implicated in these functions, with
the remaining fraction of diesel fuel in the soil further inhibiting
germination by physically impeding water and oxygen transfer
between the seed and the surrounding soil environment.!” Seed
germination and growth of soya beans and ryegrass were inhibited
by a diesel fuel spill of 2.3 mL m~2." Further studies are required
to establish the potential effects of the levels of contamination
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detected, but, if explosions are used regularly or at the same site
in successive years, the environmental damage could be severe.

Byproducts of the explosions include carbon monoxide, carbon
dioxide, water, carbon and nitrogen. The positive oxygen balance
(20%) of Powergel™ produces a safer gas mix (carbon dioxide
and water) than the black smoke plumes characteristic of TNT
(oxygen balance —79%) and PETN (—10.1%) explosions. The lower
detonation velocity of Powergel™, in comparison with those of
TNT and PETN, account for there being more unexploded plastic
and larger pieces of plastic remaining at the exploded sites in 2009
and 2010 than was the case in previous years. In South Africa the
procedure differs. A detonation is made that just produces a noise
to scare the birds into the air a few milliseconds before the main
explosion, and this improves the kill. Also, in South Africa, 20 L
plastic drums holding pentalite explosives and 15L of aviation
fuel or diesel are used with cordex fuse wire wrapped around the
containers, and the explosions occur as late as 22.00 h. In reed
beds, the drums are raised on poles.

Assessments of the significance of the results are difficult, as
the poisoning potential of different constituents both of the TPHs,
in which the health effects of aliphatic compounds differ from
those of aromatic compounds, and of the total phthalates will
differ. Although the TPHs will eventually be broken down, both
sets of pollutants persist for long periods, as evidenced by the
data from Gobojango. It is likely that the phthalates will persist for
10 years or more. An indication of the potential for health effects or
environmental damage resulting from the concentrations of TPHs
observed is their magnitudes in relation to minimum risk levels
(MRLs) for acute exposure via inhalation to diesel oil (0.02 ppm),
benzene (0.05), toluene (0.02) and xylenes (1),° citing data from
elsewhere.' Even the pre-explosion background levels for TPHs
were greater than the 0.02 MRL for diesel oil inhalation.

Petroleum  hydrocarbons in soil may reach the
groundwater?°~22 and contaminate it, but will also thereby be
dispersed from the contaminated site. However, some contami-
nant compounds at the site may attach to soil particles and so
remain in the soil for long periods, while others will be broken
down by soil organisms.'3 Whatever the fate of the compounds left
in the soil after the explosions, the levels detected seem to be high
enough to cause concern that they are affecting the environment
adversely.

4.3 General comments on results

Soil and water serve as the ultimate sink for unused residues
of pesticides in the environment,>?* but soil is the principal
reservoir of environmental pesticides. Thus, soil remains a
major source from which most residues are released into the
atmosphere, groundwater and living organisms. The relative
mix of its various components (air, water, mineral and organic
matter) influences how the chemicals are transported and
transformed. Slow degradation of pesticides in soil makes them
potential environmental contaminants. Their persistence in the
environment enhances their tendency towards bioaccumulation
and toxicity to non-target organisms, including humans.?4
Fenthion is a polar pesticide that can be moved from soil by run-off
and leaching, thereby constituting a problem for the supply of
drinking water.'® However, estimates of the adsorption coefficient
(Ks) for fenthion in laboratory experiments vary between 7.7 and 38
dm3 kg~', indicating strong sorption. Fenthion thus binds readily
and strongly to various soils and is therefore considered to be
immobile in soil; until the results reported here, it was considered
to be unlikely to leach below the top first few centimetres of

the soil profile. The mechanism of sorption of fenthion to soil
and sediment is, however, only partially understood, and several
factors may be involved, although it appears to be positively
correlated with the organic matter content.'®

The repeated finding of uneven distribution of fenthion residues
was probably attributable to poor practices during spraying
from the vehicle-mounted devices in Botswana. In some cases,
nozzles were incorrectly positioned, speeds were not uniform
and failure to turn off the device at corners may have led to
excessive contamination, compounded by poor maintenance of
the equipment, all of which could be easily mitigated to at least
minimise the ensuing environmental damage.

While it is not, at this stage, possible to advise whether spraying
with fenthion is or is not safer than using explosive control
measures, the present results have clearly shown that the use of
explosivesis not markedly advantageous with respect to pollution,
and the statement that ‘there is no chemical contamination of the
environment’'" is misleading.
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