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ABSTRACT.—Magpie Geese (Anseranus semipalmata) typically form nesting trios consisting
of two females and one male, an uncommon breeding arrangement for waterfowl. To study
aspects of their reproductive biology, 20 reproductively active adults representing seven
reproductive groupings (broods) were scored for 106 polymorphic primer-specific RAPD
bands. Genetic distances between all possible adult pairs were calculated, and these values
were analyzed using the Mantel test. In the pairwise comparison of genetic distances, those
between males were significantly less than those for other adult combinations (P < 0.05).
Using the same analytical approach, we found that females that shared a nest were more like
one another than were females that did not share a nest (P < 0.05). We suggest that a plausible
hypothesis to account for the relative genetic homogeneity of the male population is that
males seeking to enter the breeding population do so at their natal site. The females they
recruit are more closely related to one another than are females in general. Received 5 April

1995, accepted 29 June 1995.

LARGE NUMBERS of Magpie Geese (Anseranus
semipalmata) congregate at seasonal wetlands in
tropical northern Australia. The bird’s unique
morphology (including partially webbed,
heavily clawed feet with an opposable fourth
toe) led to its taxonomic placement in its own
family. This uniqueness also is evident at the
molecular level, and recent taxonomies derived
from mitochondrial DNA sequences support the
view that this species should be assigned to a
family of its own (Sraml et al. 1996).

Although abundant in parts of northern Aus-
tralia, the current distribution of the Magpie
Goose is only a remnant of its former range,
which has been severely restricted over the past
200 years by the introduction of European-style
agricultural practices. Situations that threaten
this species could arise again as the result of
conflicts between the bird’s habitat require-
ments and changing human activities. Pro-
posed changes associated with tropical agricul-
ture could threaten the conservation status of
these birds (Whitehead 1991).

In attempting to sustain adequate numbers of
a species, it is important to understand the spe-
cies” reproductive biology. Unlike most water-
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fowl, Magpie Geese commonly form breeding
trios consisting of two females and one male
(Frith and Davies 1961). In situations where fe-
males share a nest, all three attendants typically
have a direct reproductive (genetic) interest in
the clutch, and they are involved in many as-
pects of care and defense of the eggs and young.
Chicks remain with their parents for their first
year of life, possibly learning about seasonal
resource distribution (Whitehead and Tschirner
1990). The stability of these polygynous groups
from year to year distinguishes Magpie Geese
from other communal breeders (Brown 1987).
When joined in a reproductive trio, individ-
ual females seem to decrease their potential re-
productive output as measured by numbers of
eggs laid. Egg counts (¥ = 8.6) in nests with
only one female and one male are not much
smaller than those (¥ = 9.4) from nests with two
females and one male (Frith and Davies 1961).
In addition, behavioral observations of trios
suggest that males mate with both females and
that both females contribute eggs approximate-
ly equally to these joint nests. Assignments of
young to specific females have been done using
restriction-fragment-length-polymorphism
(RFLP) analysis of DNA. In making those as-
signments, conspecific nest parasitism was
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identified in only 1 of 36 young (Horn unpubl.
data).

The observation that there are fewer eggs and
young per female, when females are associated
in reproductive trios, raises an interesting ques-
tion about the relationship between the females
attending the nest. If females sharing a nest are
in fact more closely related to one another than
are females in general, then the observed de-
crease in egg output (and lowered numbers of
viable young) might be offset by the fact that
care and defense of the young are being di-
rected toward offspring of a closely related fe-
male (i.e. a female sharing many genes). This
could compensate for what might otherwise
seem to be an arrangement that would decrease
the reproductive output of nest-sharing fe-
males.

In this study, we explored the question of
adult relatedness in reproductively active Mag-
pie Geese using the molecular-genetic tech-
nique called random amplification of polymor-
phic DNA (RAPD). The RAPD technique (see
Hadrys et al. 1992) of examining genotypes
(Williams et al. 1990) has been used to identify
species and to study variation within and among
populations (Huff et al. 1993). This modification
of the polymerase chain reaction (PCR) ampli-
fies segments of genomic DNA that are primer-
specific and reproducible but of varying lengths.
The amplification primers used are random se-
quences that are 10 nucleotides long. The prim-
er binds to homologous bases, and the PCR-like
protocol replicates the intervening base se-
quence. The variable lengths of DNA amplified
in this fashion are inherited as classical Men-
delian traits (Williams et al. 1990) and, thus, can
be used for genetic analysis. Here, primer-spe-
cific amplified DNA bands of reproducible
lengths are considered to be attributes just as
any other genetically determined trait. We have
used the technique to determine the pattern
and extent of RAPD variation within a natural,
freely ranging bird species. Our data show that
males are very similar and that nest-sharing fe-
males are more similar to one another than are
females that do not share a nest.

METHODS

Known Magpie Goose breeding areas on the Mary
River flood plain (12°34’'S, 131°20'E) in the Northern
Territory of Australia were searched a few days after
the peak of hatching in May 1989. Only reproductive
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groups clearly isolated from other Magpie Geese in
open habitats were collected. Unlike many other geese,
Magpie Geese do not undergo molt-induced flight-
lessness, thus retaining the ability to fly throughout
the year. Collecting birds was the only feasible meth-
od of taking entire groups in this extensive wetland
habitat. Collecting isolated groups minimized the po-
tential for mixing goslings between family groups.
Family groups comprising at least three adults and
accompanying goslings were identified by their be-
havior when approached by a motorized airboat. Adult
group members tended to remain with the goslings.
Females led the brood away from the source of dis-
turbance, while males interposed themselves be-
tween the brood and observers, and often performed
threat displays. Seven groups (designated B, C, D, E,
F, G and H) were collected. Adults were shot and 20
g of liver were removed and chilled immediately on
salted ice. The sex of adults was confirmed by gonadal
examination. Other tissues were used in a variety of
studies. Each individual was identified for future ref-
erence by the designated family letter, sex, and its
number within the trio. In one family group (G) there
were four adults (three females and one male), and
another adult trio (family C) consisted of two males
and one female.

DNA extraction and quantification followed stan-
dard protocols of proteinase K and SDS digestion fol-
lowed by phenol and chloroform extraction of liver
pulverized in liquid nitrogen (Maniatis et al. 1982).
Following overnight dialysis against TE buffer, ex-
tracted nucleic acid was precipitated with ethanol,
resuspended in TE, and quantified using absorbance
at 260 and 280 nm.

DNA was diluted and optimal concentrations were
determined for the RAPD amplification of each in-
dividual sample. This involved amplifying four dou-
bling dilutions of each sample in the range of 10 to
40 ng/pL in order to choose the DNA concentration
that gave the clearest and most consistent amplifica-
tion results. Such optimized concentrations were then
considered to be “working” dilutions and were used
in all further RAPD reactions. Carefully optimizing
concentrations of DNA ensures reproducible RAPD
amplification runs. Reproducibility was further
checked by including a duplicate of one individual
(BF-1) in each run and checking these two for iden-
tical amplification patterns. RAPD reactions were set
up as described by Williams et al. (1990) in final vol-
umes of 25 uL containing 10 mM Tris-Cl; pH 8.3; 50
mM KCL; 2 mM MgCl,; 0.02 umoles of 10-mer primers
(Operon, Alameda, California); 100 uM each of dATP,
dCTP, dGTP and dTTP; and 0.5 units of Taq DNA
polymerase (Perkin Elmer Cetus, Foster City, Cali-
fornia). Primer-specific mixes were made and 24 uL
were pipetted into 1.5-ml Eppendorf tubes containing
1 uL of the DNA of a specific individual. A 50-uL
paraffin oil overlay prevented evaporation during the
thermal-cycling reaction.
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Amplification-cycle parameters were: 45 cycles of
1 min at 94°C, 1 min at 36°C, and 2 min at 72°C, which
were performed overnight on a Perkin Elmer Cetus
DNA Thermal Cycler using the fastest available tran-
sition between temperatures. Following amplifica-
tion, samples were analyzed on 1.2% agarose gels.
Ethidium bromide was incorporated into the gels to
stain the amplified products. Stained gels were pho-
tographed while illuminated with an ultraviolet light
box.

Only amplifications that produced clear, crisp bands
were analyzed. For instance, if primer amplifications
resulted in a smeared pattern, neither the gel nor the
specific primer was considered for analysis. About
one-third of the primers tested did not produce in-
terpretable data. Photographs of interpretable gels
were scored as a 1 (band present) or 0 (band absent)
for individual birds, and only polymorphic bands
produced by primers were tabulated. Gel photo-
graphs were scored by two people independently,
and only agreed-on scores were used. Fewer than 2%
of scores were discarded owing to disagreements.

A matrix was-produced showing the presence or
absence of 106 bands for 20 individuals. Two mea-
sures were calculated between individuals: a simple
band-sharing similarity and a genetic distance (Nei
and Li 1979). Band-sharing similarity was calculated
by summing the number of bands shared between
each pair of individuals (Table 1, upper right). Pairs
with high scores are most similar genetically. After
determining that each string of 1 and 0 scores was a
unique array (meaning that each individual had a
unique string of traits), we calculated all possible pair-
wise genetic distance values (Nei and Li 1979):

dy =1 —[2n,/(n, + n)), 1

where 7, and n, are the numbers of bands amplified
in individuals x and y, respectively, and 2n,, is the
number of bands shared by those individuals. In this
analysis, smaller numbers are associated with more
genetically similar individuals, whereas larger num-
bers suggest genetic dissimilarity (Table 1, lower left).

RESULTS

We used 87 primers to amplify the DNA from
a population of 20 reproductively active adult
birds. Of these, 53 produced scorable gels and
37 produced polymorphic patterns, yielding 106
scorable polymorphic bands. An average of 6.2
bands was produced per primer, but only poly-
morphic bands for a given primer were scored.
A typical scorable gel is shown in Figure 1,
where polymorphic as well as monomorphic
bands can be seen. Primers with 3’ endings of
either C or G were, in general, far more likely
to produce interpretable bands than were prim-
ers whose 3’ endings were A or T.

HoORN, RAFALSKI, AND WHITEHEAD

[Auk, Vol. 113

In the summed band analysis, the absence of
a band is not considered as a similarity because
the two individuals being compared may lack
the band for different reasons (e.g. a single base
mutation preventing primer binding vs. a gene
deletion). In Table 1 (upper right), the summed
band-sharing values range from 27 to 69 with
a mean of 50 (106 possible). For females who
were sharing a nest (n = 8), the shared-band
average value was 52.5 (49.5%). Among all other
female comparisons (n = 83), the number of
shared bands averaged 47.6 (44.9%). The male-
male comparisons (n = 15) had an average band-
sharing score of 56 (52.8%), and in the nest (fam-
ily C) consisting of a trio of two males and one
female, the two males shared 55 of 106 (51.8%)
of the bands. The most dissimilar pair involved
two females from different nests; they shared
only 27 of 106 (25%) polymorphic bands. In
general, the other low scores also involved com-
parisons of females that did not share a nest.
The highest score (69 of 106, or 65%) also was
between two non-nest sharing females.

Calculations of genetic distance yielded val-
ues ranging from 0.183 to 0.573 (Table 1). The
extreme values were derived from two females
from different nests. Values for females sharing
a nest (n = 8) averaged 0.313, whereas females
not sharing a nest averaged 0.358 (n = 83). Val-
ues from male-male comparisons (n = 15) av-
eraged 0.279. The genetic distance matrix data
were subjected to a Mantel test (Schnell et al.
1985) to assess genetic similarity among adults
of different breeding status relative to the pop-
ulation at large. Reproductively active males
were more similar genetically than were adults
in general (Mantel t = 2.301, P < 0.05). In ad-
dition, females sharing a nest were more alike
genetically than were females in general (¢t =
2.161, P < 0.05). Females sharing a nest, how-
ever, were no more genetically similar to one
another than were random pairs of adults, with-
out regard to nest association or sex (t = 1.210,
P > 0.05).

An interesting situation was found in family
G, which consisted of three adult females, one
adult male, and nine goslings. From morpho-
metric data, the three females were all of re-
productive age, yet RFLP findings indicated that
seven of nine goslings could be assigned to GF-2
or GF-3. Although some inconsistencies could
not be resolved, it was not possible to unam-
biguously assign any of the goslings to GF-1,
suggesting that G-1 may not have contributed
any eggs to this nest (Horn unpubl. data).
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FIG. 1. Agarose gel (1.2%) stained with ethidium bromide. Twenty reproductive adult Magpie Geese DNA
samples amplified with primer 105. Lanes labeled Std contained DNA of known molecular weights and are

used as a markers.
DiscussION

The RAPD technique proved to be a reliable
method for evaluating polymorphisms within
this population. Once the appropriate DNA di-
lutions were selected, the random primers that
worked (i.e. amplified bands that were readable
on gels) could be used to screen numerous in-
dividuals rapidly. The scored arrays of presence
or absence of primer-specific amplified bands
of particular length could be used to identify
individuals as unique, thus allowing compari-
sons of genetic similarity among individuals.
We are aware of the limitations to interpreting
RAPD-derived bands (e.g. reliance on the dis-
tance of band migration [hence size] to claim
band identity and the fact that bands of DNA
of similar length may not necessarily have the
same base sequence [Hadrys et al. 1992)). Yet,
the technique can readily distinguish among
individuals within a population. This infor-
mation can be used to evaluate genetic variation
within a population and, hence, population
structure. In our case, we used RAPD to explain
how the genetic variation within a breeding
population related to the reproductive behavior
of a species.

The numbers of primer-specific bands am-
plified in our study were not as high as reported
by others (Huff et al. 1993); however, this is

likely to be a reflection of the resolution of aga-
rose gels, rather than any inherent property of
the DNA of Magpie Geese. The average genetic
distance between all possible pairs of adult
Magpie Geese (0.338) was greater than those
reported by Huff et al. (1993) within two natural
populations of a grass species. This suggests that
there is more genetic diversity in our popula-
tion of freely ranging adult birds than there
was in the obligate outcrossing grass popula-
tions studied by Huff et al (1993).
Unfortunately, little is known about dispersal
patterns in Magpie Geese. Therefore, it is dif-
ficult to relate our observation of genetic sim-
ilarity among males (which is suggestive of na-
tal philopatry) to independently derived data
on choice of sites for reproduction. In many
waterfowl species, banding and other move-
ment studies have shown that females are more
likely to return to the natal area than are males
(e.g. Hepp et al. 1989, Gauthier 1990). However,
itis known from one radio-telemetry study that
adult male Magpie Geese tend to nest in the
same breeding colony in consecutive years
(Whitehead unpubl. data). That study also in-
cluded two males that failed to breed but still
returned to the vicinity of the same colony
where they had been captured in association
with a nest the previous year. Although it can
be concluded that adult males tend to display
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strong fidelity to a colony in which they have
nested previously, there are no data indicating
that this fidelity is confined to the natal area.
Comparable dispersal data for female Magpie
Geese are not available.

In the absence of behavioral information, ex-
planations for high relatedness among female
Magpie Geese nesting jointly are inevitably
speculative. For example, if sisters tend to re-
main together after ejection from the family
group, they may also enter a breeding group
together. Alternatively, daughters of “wid-
owed” females may remain with their mothers
when recruited to a breeding group by a new
male. The manner in which females enter
breeding groups, together with many other as-
pects of the breeding system of the Magpie
Goose, will remain enigmatic until a long-term
study of a substantial marked population is con-
ducted, including more comprehensive genetic
research. The primary significance of our study
is the guidance it provides for framing relevant
hypotheses and designing robust tests of those
hypotheses.

ACKNOWLEDGMENTS

We acknowledge generous financial support from
the following: Northern Territory Parks and Wildlife
Commission (NTP&WC), University of Canberra Re-
search grants; University of Canberra Professional
Development Scheme; and Dupont Biotechnology
Research, Agricultural Products Department, E.I. du
Pont de Nemours and Company. Valued technical
support was provided by Kurt Tschiner (NTP&WC)
and Liz Deaves (University of Canberra) and statis-
tical support by Tony diMichiel and Cathy Hales
(University of Canberra).

LITERATURE CITED

BrROWN, J. L. 1987. Helping and communal breeding
in birds. Princeton University Press, Princeton,
New Jersey.

RAPD Analysis of Magpie Geese

557

FriTH, H. ], AND S. J. F. DAVIES. 1961. Ecology of the
Magpie Goose Anseranas semipalmata Latham.
CSIRO Wildlife Research 6:91-105.

GAUTHIER, G. 1990. Philopatry, nest-site fidelity, and
reproductive performance in Buffleheads. Auk
107:126-132.

HADRYs, H., M. BALICK, AND B. SCHIERWATER. 1992,
Applications of random amplified polymorphic
DNA (RAPD) in molecular ecology. Molecular
Ecology 1:55-63.

HEepp, G.R., R.A. KENNAMER, AND W. F. HARVEY. 1989.
Recruitment and natal philopatry of Wood Ducks.
Ecology 70:897-903.

Hurr, D. R., R. PEAKALL, AND P. E. SMOUSE. 1993
RAPD variation within and among natural pop-
ulations of outcrossing buffalograss [Buchloe dac-
tyloides (Nutt.) Engelm.]. Theoretical and Applied
Genetics 86:927-934.

MaNIATIS, T., E. F. FRITSCH, AND J. SAMBROOK. 1982.
Molecular cloning: A laboratory manual. Cold
Spring Harbor Laboratory Press, Cold Spring
Harbor, New York.

NEeL, M., aNpD W.-H. L1. 1979. Mathematical model
for studying genetic variation in terms of restric-
tion endonucleases. Proceedings of the National
Academy of Sciences USA 76: 5269-5273.

SCHNELL, G. D., D.J. WATT, AND M. E. DouGLAS. 1985.
Statistical comparison of proximity matrices: Ap-
plications in animal behavior. Animal Behaviour
33:239-253.

SRAML, M., L. CHRISITIDIS, S. EASTEAL, P. HORN, AND
C.CoLLET. 1996. Molecular relationships within
Australasian waterfowl (Anseriformes). Austra-
lian Journal of Zoology 44:47-58.

WHITEHEAD, P.J. 1991. Magpie Geese, mangos and
sustainable development. Australian Natural
History 23:784-792.

WHITEHEAD, P. J., AND K. TSCHIRNER. 1990. Eggs and
hatchlings of the Magpie Goose, Anseranas semi-
palmata. Emu 90:154-163.

WiLLiaMs, J. G. K., A. R. KuseLIK, K. L. Livak, J. A.
RAFALSKI, AND S. V. TINGEY. 1990. DNA poly-
morphisms amplified by arbitrary primers are
useful as genetic markers. Nucleic Acids Re-
search 18:6531-6535.



