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[ntroduction

Damage by the Red-billed Quelea Quelea quelea to ripening cereal crops is !
often more intense in some areas than in others. Localized damage is
predictable because it 1s caused by concentrations of quelea that annually
arrive in an area as crops ripen. Simultaneously, other nomadic groups of
quelea in non-crop areas feed on maturing native grasses. This is their
natural behaviour, and quelea probably prefer native grass seeds to cereal
crops (Ward 1973¢). Because some groups cause crop damage while others
do not, protecting crops can best be accomplished by reducing those groups
of quelea that predictably feed on crops. Therefore, the annual movements '
and nesting locations of groups that cause damage must be identified.

Identifying quelea populations

Various attempts have been made to identity quelea populations by plumage
and morphological features (Ward 1966, 1973b; Chapter 4) and to study their
long-distance movements by ringing birds (Disney 1960) or marking them
with fluorescent particles (Jaecger er al. 1986; Chapter 5). Here we examine
another technique, the amounts of trace clemnents in feathers, that may be
helpful in identifying various quelea populations.

For more than three decades, wildlife biologists have used trace elements
in birds’ feathers to identify discrete populations. The earliest work was with
Ruffed Grouse Bonasa umbellus, where regional differences were found in the
mineral composition of feathers (Grant 1953; McCullough 1953). Consider-
able research followed on waterfowl to define natal areas (Devine and Peterle.
1968; Hanson and . Jones 1968;. Kelsall and. Burton 1977; Kelsall and




Identifying quelea populations by trace element analysis of feathers 67

Calaprice 1972; Neth 1971). Hanson and Jones (1976) examined soils and
plants as well as goose feathers to relate minerals in habitats with those in
feathers. Later work showed that feathers from Kirtland’s Warblers Den-
droica kirtlandii had large differences in mineral composition among indivi-
duals (Means 1981), which made identification of groups in the population
difficult. However, Parrish et al. (1983) readily distinguished subpopulations
of Peregrine Falcons Falco peregrinus by their feather minerals.

The levels of different elements in feathers are believed to be influenced by
the relative availability of those elements in habitats where feathers are
produced. The mineral level in the diet largely determines the kind and
amount of elements in feathers, although this can be modified by differences
in the absorption and excretion of elements by the animal. The levels
ultimately deposited in growing feathers create a mineral profile that can be
similar for all birds of a species that grow feathers in a particular area.

Mineral profiles are most uniform among individuals of species, such as
waterfowl, that moult all of their flight feathers at one time. The new flight
feathers produced in the area where birds are flightless tend to contain the
same kinds and amounts of trace elements. Likewise, young birds raised in
an area should have the same profiles in their juvenile feathers because they
all eat similar foods and ingest comparable minerals while growing their
feathers. In species that move while sequentially moulting feathers, mineral
profiles become more variable among individuals, but birds moving together
and moulting in unison should have similar levels of minerals in their
feathers.

Most workers have found that some differences in mineral profiles arc
related to sex and age of birds, age of feathers, feathers examined, and
methods chosen for washing and analysing feathers. Variations among sex,
age, and individuals can result from differences in food habits, physiology,
and metabolism (Kelsall er «l. 1975). Kelsall and Burton (1979) found that
trace element profiles of individuals from different groups of Snow Geese
Chen caerulescens could show similarities, but large sample sizes (1~40)
were necessary to separate groups. They felt the usefulness of the technique
depended on how finely it was necessary to subdivide a population, but
concluded that with adequate sample sizes some separation of groups within
a population was possible.

A considerable and common problem in using feather mineral profiles to
identify groups within a bird population is that feather composition can
change over time. Kelsall and Burton (1979) noticed significant changes in
feather profiles of captive geese between October and May. Other work with
Canada Geese Branta canadensis suggested that some-ions in the environ-
ment were adsorbed on to feathers with time (Edwards and Smith 1984).
When geese were moved to different environments, ion exchange created new
mineral profiles in feathers. Nevertheless, group affinities and profiles were
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maintained and, with adequate sample sizes, birds that moulted together
could later be identified.

Collecting and analysing quelea featiters

In 1981, primary feathers were collected from Q. ¢. quelea in Senegal, Q. q.
intermedia in Tanzania, and Q. q. aethiopica in Ethiopia to compare mineral
profiles among these three subspecies of quelea. Tn addition, primary feathers
werc obtained from different groups of quelea within Ethiopia and adjacent
western Somalia to examine differences among more local bird concentra-
tions. Details of feather collections are given in Table 7.1. In Somalia, birds
had suspended their moult. This oflered the opportunity to compare l-year-
old feathers with newly developed ones trom the same birds. Samples ot old
and new feathers were selected on the basis of their availability. In 27 cases,
samples of old and new feathers were obtained from the same bird.
Feathers from each bird were analysed as individual samples. The first six
primarics taken from the right wings of birds weighed at least 30 mg and
provided enough feather material for analyses. To remove oils and adhered
particles, feather samples were sonicated twice in water, once in acetone, and
then rinsed twice in acetone. Samples were ashed in a muffle furnace and
submitted for analysis by emission spectroscopy. Analyscs were conducted
by Spec Resources, Denver, Colorado. This technique provided only semi-
quantitative data, but it permitted multi-clement analysis at a reasonable
cost. In this study, we wished to determine the levels of trace elements in
quelea feathers and the ones that varied sufliciently to be of help in
discriminating between populations. More quantitative methods can be used
in future work once the diagnostic clements are identified. The emission
spectrographic analyses were automated so that 24 samples were analysed as
a group. As the method is semi-quantitative, variations were expected
between each run of 24 samples. To reduce the bias of differences between
runs, some samples from each collection were analysed in each run.
Analyses were conducted in three lots. The Ethiopia Colony B collection
was analysed first to determine the results that could be expected. Samples
were analysed in two runs of 21 and 22 samples. Techniques used in
preparing and analysing Colony B samples were exploratory and somewhat
different than those for other samples; therefore, the results are presented
separately. The second lot consisting of collections from Senegal, Tanzania,
and Ethiopia (Colony D) was analysed to see if feather mineral profiles
differed among quelea subspecies. Each of these collections of 40 samples
was divided into five groups of eight samples each. One group of samples
from each country was combined into a run of 24 samples. It took five runs
to analyse all 120 samples from the three countries. An identical approach
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was used to analyse the final lot, which consisted of feathers from Melkassa
in Ethiopia and the old and new feathers from Hargeisa in Somalia.

Levels of trace elements are reported in parts per million (p.p.m.) based on
the dry-weight of feathers. Graphic presentations of results are similar to
those used by Hanson and Jones (1976) and depict a mineral profile for
feathers from each population of quelea. Data obtained on trace element
levels in feathers were not normally distributed; many results were reported
as zeros or traces. A zero meant either that elements were not present or were
present at undetectable levels. In other samples elements were present but
levels were too low to be quantified (trace levels). In the latter case, values
equal to the lowest levels that could be quantified were assigned to elements.
These values differed for each lot of samples (Table 7.2).

Kruskal-Wallis tests were used to analyse data on trace elements in
feathers from Senegal, Tanzania, Ethiopia, and Somalia (old feathers). Non-
parametric multiple comparisons were made to separate means. Assessment
of differences in mineral levels between old and new feathers from Somalia
was made with Wilcoxon’s signed rank test. Finally, non-parametric, nearest
neighbour, discriminant analyses were conducted to evaluate how well
mineral levels permitted identification of quelea groups and which minerals
were the most useful. All minerals except magnesium increased discrimina-
tion. Values were obtained on the percentage of samples from each popula-

Table 7.2. Lowest levels (p.p.m.) of quantitation for difterent lots of
samples and amounts of tracc elements found in feathers from Colony B,
Fthiopia.

Lowest levels (p.p.m.)

Senegal, Levels from

Tanzania, Melkassa and Colony B,
Trace Ethiopia and Ethiopia Hargeisa, Ethiopia
elements (Colony B) (Colony D) old and new (x+SE)
[ron 90 1GO 70 180+ 22
Magnesium 30 40 40 76+ 5.8
Calcium 100 90 80 179+9.4
Titanium 4 4 2 66+7.5
Manganese 2 2 1 26+1.9
Boron - 2 2 2 38+1.5
Zinc - 20 - 40 30 71+4.6
Silicon 2000 1800 1400 2000+0.0

Sodiumi: -+ 90% - 130 - 100 206:+9.6
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tion that could be correctly classified by using the eight elements other than
magnesium.

Quelea trace element profiles

Feathers from Colony B in Ethiopia were analysed first to determine which
trace elements were present, and which elements varied sufficiently to help
possibly in differentiating between groups of quelea. Analyses were made for
thirty-five elements in Colony B feathers. Thirteen of these elements, if
present, occurred at levels below the detection limit for emission spectros-
copy. Analyses for two elements, aluminium and potassium, gave highly
variable results; emission spectroscopy apparently was a poor method for
measuring these elements in feathers. Eleven elements either were present in
trace amounts or varied only slightly among samples, both of which limited
their diagnostic value. For the remaining nine elements (iron, magnesium,
calcium, titanium, manganese, boron, zinc, silicon, and sodium), levels
varied over a large enough range to permit some recognizable differences
among samples. Average levels for these latter elements in Colony B feathers
are listed in Table 7.2, and a mineral profile is shown in Fig. 7.1.

Levels of these nine elements were then determined for the feather samples
from Senegal, Tanzania, and Ethiopia (Colony D). This was done to
compare feather elements in birds from populations known to be discrete
because of geographic separation. Mineral profiles for these three popula-
tions were different (Figs. 7.1 and 7.2). Amounts of titanium and boron were
different (P <0.05) in each of the populations, while at least one population
could be separated from the other two by using levels of iron, manganese,
zine, silicon, and sodium (Table 7.3). All three populations had similar
amounts of magnesium and calcium in feathers.

Discriminant analyses indicated that 75.0, 97.5, and 80.0 per cent of
individual quelea from Senegal, Tanzania, and Ethiopia (Colony D), respec-
tively, could be correctly assigned to their place of origin by using levels of
trace clements found in their feathers. All minerals except magnesium
increased discrimination. Thus, separation of the subspecies of quelea in
Africa was possible by using trace element analyses. Because birds lived in
distinctive habitats and were isolated from each other, this was expected.

Analyses subsequently were conducted to determine if trace elements were
distinctive for groups of quelea within Ethiopia. Collections of feathers from
Melkassa in eastern Ethiopia and from Hargeisa (old feathers) in north-
western Somalia were compared with each other and with those from Colony
D in south-western Ethiopia (Figs. 7.1, 7.2, and 7.3). Levels of iron in
feathers were different in all three areas (P <0.05). For each of the other eight
trace elements, levels from one area always differed (P <0.05) from those in
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Fig. 7.1. Polygons depicting mean levels (p.p.m.) of ninc trace elements in quelea
feathers from Ethiopia (Colony B and D). Profiles of the colonies appear similar
except for differences in boron.

one or both of the other areas (Table 7.3). Discriminant analyses of these
data allowed correct assignment of individual birds to their groups in 85 per
cent of cases for Hargeisa and 80 per cent for Melkassa and Colony D. Thus,
groups of birds from the Awash Valley and adjacent areas seem to be
separate and distinct from one another and can be identified by trace
elements in their feathers.

The trace element composition of old and new feathers from the wings of
the 40 birds collected in Hargeisa, Somalia, were quite different. Mineral
profiles differed more due to age of the feathers (Fig. 7.3) than did other
collections among populations. For all elements, except zinc and sodium,
mineral levels appeared higher in old feathers than in new ones (Table 7.3). In
27 cases, samples of old and new feathers were obtained from the same bird
and statistical comparisons of those samples suggested real differences
existed among all minerals except zinc (P <0.05).
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Fig. 7.2. Polygons depicting mean levels (p.p.m.) of nine trace clements in quelea
feathers from Senegal, Tanzania, and Ethiopia (Melkassa). The profiles appear
different from each area.
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Fig. 7.3. Polygons depicting mecan levels (p.p.m.) of nine trace elements in old and
new qudm feathers from Somalia (Hargeisa). The profiles are distinctly different.

Discussion

In 1981, Jacger er al. (1986) undertook intensive searches for quelea breeding
colonies in the vast flood plain above Lake Chew Bahir, Ethiopia. This area,
inhabited by nomadic herdsmen, contains little agriculture, but the grass-
lands offer ideal breeding habitat for quelea. At three colonies (B, D, and E)
in south-western Ethiopia quelea were sprayed with fluorescent particles of
different colours to mark them for later identification. Three quelea marked
in Colony E were found 100 days later and 600 km away in the breeding
colony near Melkassa, where birds were collected for trace element analysis.

Colonies B and D in Ethiopia were adjacent to each other and birds from
the two colonies had similar mineral profiles in feathers (Fig. 7.1). Only levels
of titanium and boron differed (P < 0.05), and differences were large only for
boron. In contrast, feathers of birds from the Melkassa colony, where the
marked birds from Colony E were found, had trace element levels that
differed (P<0.05) from those found in Colony D for all elements except
titanium and silicon (Table 7.3).

These findings suggest several possibilities. If the Melkassa colony was




Utz 3da0ox9 SJUStIID [ 10J (G0'0 > ) TUDIAYIP d1oym

suedw ‘S[91eredas pasA[EUT 01oM SISUIEBI) MOU PUE PIO JOJ SUBIA,

(o°q) () (@) (®) (®)

OLFLIT 0'8F3L1 L9FS91 SLFOIT vl F69¢ L'8F 19T wmaipog
©) (®) (v) (@) (®)

0'0F00¥1 OITFLpLI 90T F001¢ 611 F6EVT 00+ 000C C0TF08LT uooiIs
(0'q) (q'®) (p*s (v) P)

L'EFIL 6'CTF 69 0EFI8 TEFSO LYFL6 LTFES ourz
(®) (v) (@) ) (®)

PTFLI 6'TFET STFLI 0’10l 0L 0F¢ ST1F0C uoiog
(@ (®) (9) ©) (@)

0L 0FS 9TFIC 0'8FLO1 STFST ¢00FC SSFIP asaueSue
©) (q‘e) (e) (P) (@)

91¥L L'1F6l 0TFPE 9TFSP 'TFL 0CFO0t uniueiy,
(®) (v) (@) (a) (@)

1 FC81 h F €86 8CF 1P 01 F981 SeFEPl ST 181 wnidien
(®) (®) (@) () (@)

6TFLY E1F6¢El L'6FTCI L'SF08 € TFSS PSF8L wnisauge
() (®) (@) ©) (@

IFEL CIFIT £l FSLI 6'6F6t] £'GF 88 9'8F 6Tl uod]

S1018d) RABlphen)| BSSBY[ON d Auvojon (eysnry) (jjo1 pieyony) SyusWdPd

MON PIO BIUBZUR L 1e8oudg el A g

vidorpyg

{EstedIey) vipwuos

(SO'0> ) Yuaaayip aqe sosoyjuaied ul 19139 dwes 2y} aIeys jou
OP Y]] SUBIW “JUDUID]3 [[OB3 JO,] "BOLIJY JO SLaIL DAL Woty BI[anb jo sxoyies) ul (S Fx fwrd d) SJUsWao 9081} JO S[2A9T  °€°L J[qEL

R




76 James O. Keith, Iwao Okuno, and Richard L. Bruggers

composed largely of Colony E birds, then Colony E birds appear quite
distinct from quelea in Colonics B and D, which were only 56 km away.
Thus, the many colonies found in 1981 throughout south-western Ethiopia
and northern Kenya may have been composed of quelea from several
different subpopulations. Their common use of this area for breeding may be
a response to the excellent nesting habitat there, rather than an indication of
any particular affinity with each other. Jacger et «l. (1986) found that quelea
colour-marked in Colonies B, D, and E were scgregated from each other
when recovered 1-3 months later between 500 and 700 km to the north-east.
Differences in trace element profiles among quelea in the Awash Valley
support their findings that discrete groups of birds move and breed through-
out the area whereas, at one time, all birds were thought to be part of a single
homogeneous population.

Levels of specific trace elements sometimes varied considerably among the
feather samples within a collection. The range of values tor some elements
waslarge, but often values were clustered around several ditferent levels. This
suggested that even individual collections may have contained birds from
different sources. Several approaches were used to see if birds in collections
were composed of different groups that could be recognized by trace element
levels in feathers. First, trace element profiles were compared to mask
classifications of males (see description of masks in Chapter 4). At the time
they were collected, the 43 birds from Colony B were classified by mask type.
Most birds (23) were classified as type 1, while others had mask types 2 (10}, 3
(1), 4 (2), 5 (3), and 6 (4). No consistent similarities were found to suggest
that those with the same mask type had similar mineral profiles. Next, groups
of samples from Colony D were examined that had unusually high or low
levels of specific elements. These groupings also did not show any consistent
patterns for levels of other clements, and no distinctive mineral profiles for
these groups were obvious.

Apparently, variations in feather clements within coliections were not
related to any unique history of the birds. They were either normal vartations
in mineral content or an artefact resulting from the semi-quantitative method
used for chemical analyses. We have established which elements are of
greatest diagnostic value, and now a more quantitative anatytical method
can be used to reduce variation within collections and provide more precision
in distinguishing birds from different populaticns.

Kelsall and Burton (1979) also found that identification by mineral
profiles was practical for separating subpopulations of birds, but not for
separating individuals within collections. Because values vary within and can
overlap between subpopulations, there is a need for large samples in order to
establish reliable population means. Kelsall and Burton (1979) concluded
that with adequate sample sizes and sufficiently different populations,
variations due to sex, age, and feather year became unimportant.

Edwards and Smith (1984) showed that trace element profiles could
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change within a year when metal ions from the environment are adsorbed
onto primaries. Thus, feathers exposed to different environments can attain
different mineral profiles. They found, however, that profiles still maintained
group affinities. In our work, for instance, the old and new quelea feathers
obtained from Somalia had different mineral profiles. Still, the profile of the
group was distinctive, even though it differed with the age of the feathers. A
change in the profile over time does not negate its utility as long as the profile
for the group remains unique.

We concluded that the populations we examined could be differentiated by
trace element content of feathers. If profiles for populations of adult birds
remain constant or change predictably during the year, this technique could
be used to distinguish subpopulations at any place or time. Our results from
Somaha show that profiles for a population can change over time. The nature
of this change may differ depending on the specific habitats used each year;
due to ion adsorption, adults can end up with quite different profiles than
those with which they began the year. Further studies will be needed to find
out how these tactors influence the utility of feather mincrals to identify
specific populations.

Levels of trace elemcents were consistently lowest in the feathers of
juveniles from Tanzania and in the new feathers of adults from Somalia. In
addition, the mineral profiles for these two groups were quite similar. This
suggests that new feathers may be somewhat alike in mineral content even
though they are grown in different areas. Also, the total levels of minerals in
or adhered to feathers secem to increase throughout the year. These aspects
also descrve further study.

It may prove possible to identify the breeding areas of birds that cause
crop damage by monitoring trace elements in feathers of juvenile birds. This
would enable population control efforts to be directed at breeding colonies of
birds known to cause damage. Young birds grow their primaries at colonies
and all birds, rcgardless of sex, should acquire similar profiles in feathers.
This 1s the only time that birds of different sexes and ages might be expected
to grow all of their primaries while feeding on the same foods in the same
area. In young, a post-juvenile moult, which is a complete moult and includes
the primaries, begins about 9 weeks after fledging (C. Elliott, pers. comm.).
This moult continues over the next 3-4 months (Morel and Bourliére 1955;
Ward 1973a). 1t is during this period that juveniles often move into grain
crops and cause damage. Trace element analyses might be useful in determin-
ing the origin of young that predictably cause crop damage during the
months following dispersal from colonies. Such an approach might be the
quickest way to utilize trace element analyses in quelea management.
Additional research will be needed to test the feasibility of using mineral
profiles to identify specific populations of quelea at different times and places
throughout the year.
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