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Levels of plasma testosterone (T) have in numer-
ous studies been shown to predict aggression level
and dominance of interacting birds (Beletsky
et al. 1995, and references therein). In birds, T
levels vary seasonally and peak in the mating
season (Wingfield et al. 1987, Beletsky et al.
1995). Most studies have focussed on male T
levels in monogamous or polygynous species. As
in males, female T levels may play an important
role in the establishments of female dominance
hierarchies within polygynous dyads, and may
also be predictive of females’ abilities to enforce
monogamy through deterrence of prospecting
secondary settlers. (Grgnstgl 2001). We are only
aware of three studies that have addressed T levels
in polygynous females; two on the Red-winged
Blackbird Agelaius phoeniceus (Searcy 1988,
Cristol & Johnsen 1994) and one on Dunnocks
Prunella modularis (Langmore et al. 2002). In
both species T levels vary over the season in a
manner apparently related to intensity of inter-
female competition, and experimental elevation of
female T levels increased female aggression level
in the Red-winged Blackbirds (Searcy 1988).
Northern Lapwings Vanellus vanellus
share some breeding characteristics with the Red-
winged Blackbird, namely resource polygyny
(Berg 1993, Byrkjedal et al. 1997, Parish et al.
1997, Liker & Székely 1999, Hafsmo et al. 2001)
and inter-female aggression (Liker & Székely
1997, Parish et al. 1997, Grgnstgl 2001, Grgnstgl
et al. 2003). Northern Lapwing females attempt
to evict prospecting secondary settlers. Sometimes
they are successful at this, and sometimes they
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are not (Grgnstgl 2001). On several polygynous
territories friction between the females persists
throughout the incubation period (Grgnstgl
2001). If the T level is a true correlate of abilities
to monopolize breeding resources, one should
expect that female T levels correlate with condi-
tion estimates. If T levels show short-term fluc-
tuations in response to varying intensity of social
instability (the Challenge Hypothesis: Wingfield
et al. 1987) one would expect higher T levels in
polygynous females than in monogamous females.
We analysed blood samples of 10 females (six
from monogamous and four from polygynous pair
bonds) for T levels in relation to mating status and
size and condition measurements.

We trapped 10 incubating female Lap-
wings on their nests at two sites in western Norway
(six in 1995 at Haukas, 60°19°N, 5°29°E, and four
in 1998 at Gimramyra, 58°47°N, 5°37°E). Blood
samples were taken within 15 minutes after trap-
ping. Trapping was conducted between 11:00h
and 19:00h, and nest age from first egg laid ranged
from 11 to 28 days. Samples were centrifuged
immediately or stored on ice and centrifuged
within four hours. Upon analysis, plasma samples
were stored at -20°C.

Testosterone was measured in Lapwing
serum by a commercial radioimmunoassay kit
(Spectria - Testosterone ['*I] from Orion Diag-
nostica, Espoo, Finland). 25 pl serum and 500 pl
of '»I-labelled testosterone were added to tubes
coated with polyclonal rabbit anti-testosterone
antibody. After incubation and washing away
unbound antigen, the bound radioactive testoster-



one in the antibody-coated tubes was counted in a
v-counter. The actual concentration was obtained
by means of a standard curve based on known con-
centrations of an unlabelled antigen run in parallel
with the unknowns. The sensitivity of the method
is 0.2 nmol/L. Apart from 4.5% cross-reactivity
with So-dihydrotestosterone there is no relevant
cross-reactivity with other steroid hormones. The
intra and inter-assay coefficient of variation were
6.8 and 7.0 % at the level of 5 nmol/L, respec-
tively.

Female T levels averaged 0.65 nmol/l
(SD = 0.34), equivalent to a concentration of
0.19 ng/ml, which is two to three fold higher than
levels reported for incubating female Red-winged
Blackbirds (0.07ng/ml: Cristol & Johnsen 1994).
In comparison, the T level of one monogamous
Lapwing male was 8.4 nmol/l (2.42 ng/ml). The
coefficient of variation of the measurements was
high (52%) which indicated a high degree of indi-
vidual variation.

Apositive correlation between body mass
and T level is expected if the amount of T-medi-
ated breeding costs is negatively correlated with
body mass, i.e. that a heavy female with a high T
level would experience lower breeding costs than
a small female with the same T level. There was
no significant correlation between T level and
body mass (Fig. 1, Spearman’s Rank test: n = 10,
0 =0.53,P=0.11). The heaviest bird showed a
low testosterone level, making the corresponding
data point appear to deviate from the others. This
female was trapped and sampled at a later stage of
incubation than the rest (three days before hatch-
ing and six days later than the latest of the other
nine females). Hence, her T value might have
been affected more than the other samples by a
general reduction in T levels over the incubation
period, which was found to be the case in Red-
winged Blackbirds (Cristol & Johnsen 1994). If
disregarding this data point, the correlation was
significant (P = 0.01). There was, however, no
reason to suspect that the data point represented
an erroneous observation, and it should therefore
not be omitted. T levels were not related to body
condition, measured as the residual of body mass
regressed on wing length (Spearman’s Rank test:
n=10,0=0.24,P=0.50).

Sample sizes were too low to enable
estimation of between-site and between-season
effects, but a visual inspection of the data indicated
that measurements from the two sites were reason-
ably well interspersed (Fig. 1).

A comparison of four females mated
with polygynous males and six females mated
with monogamous males did not reveal signifi-
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Figure 1. The relationship between body mass and
plasma testosterone level in female Northern Lapwings.
Open circles: females mated with monogamous males;
filled circles: females mated with polygynous males.
Letters H and G denote sampling location (Haukds near
Bergen and Gimramyra at Jeeren).

Forholdet mellom kroppsvekt og nivd av plasmatestos-
teron hos vipehunner. Apne sirkler viser hunner i par
med monogame hanner og fylte sirkler hunner i par med
polygyne hanner. Bokstavene H og G angir lokalitet hvor
provene ble samlet inn (Haukds og Gimramyra).

cant differences, although a tendency was found
for the former to have higher T levels than the
latter (Fig. 1. t-test (two tailed): df = 8,t=1.95,
P = 0.087). This tendency, although admittedly
very tentative, could be explained by aggressive
interactions during incubation being more fre-
quent in females from polygynous matings than
in monogamous females. This would be consist-
ent with the Challenge Hypothesis (Wingfield ef
al. 1987), where T levels are thought to increase
in periods of high social instability when friction
between individuals is frequent. This reasoning
assumes that increased T levels confer a cost. If
not, females would probably benefit from main-
taining constant high T levels. Certain trade-offs
between costs and benefits of high T levels seem to
exist. Experimental elevation of T levels in females
inhibited nest-building and egg-laying in Red-
winged Blackbirds (Searcy 1988), and inhibited
incubation behaviour in males of the sex-reversed
Spotted Sandpiper Actitis macularia (Oring et al.
1989). If high T levels are incompatible with egg
production and incubation behaviour, it should
be prudent for females to keep the T level at a
minimum during this period. Polygynous females
might balance these costs against those of reduced
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access to breeding resources (e.g. feeding areas,
male attention during incubation and chick rearing)
they may have to endure if remaining timid and
avoiding confrontations with other females on the
territory.

We realize that sample sizes in this study
are limited, which yields low testing power. Never-
theless, we think it is important to report T-levels of
female members of polygynous species. This has
traditionally been given little consideration, even
though it is as likely to influence mating dynamics
as male T levels. It would probably be rewarding
to closer examine female T levels both in Northern
Lapwings and other polygynous species, and relate
them to individual behaviour and manifestations of
conflicts of interests within and between sexes.
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SAMMENDRAG

Plasmatestosteron-niva hos vipehunner i
rugetiden

Mange fuglestudier har rapportert plasmatestosteron-
nivder (T) hos polygyne hanner, men bare ganske fa
har rapportert tilsvarende T-nivaer hos hunner i poly-
gyne parforhold. Det er sannsynlig at T-nivéer spiller
en viktig rolle under fastsettelsen av ranghierarkier
hos hunner som risikerer & métte dele hekkeressurser
fordi maken deres er sosialt polygam. Hos vipe, hvor
polygyni er vanlig, forekommer slik deling ofte. I
dette studiet presenterer vi plasmatestosteron-nivaer
(T) for 10 hunnviper under rugeperioden pa Jaren
og ved Bergen, og undersgker i hvilken grad disse
T-nivdene varierer systematisk med stgrrelse, kondis-
jonsestimater, og monogamt eller polygynt parforhold.
Vi sammenligner ogsa hunnenes testosteronniva med
nivaet hos en hannvipe.

Testosteronnivaet ble malt i blodserum fra viper
fanget pa reir 11-28 dager etter legging av fgrste egg.
Blodprgvene ble sentrifugert og frosset ned. Nivaet
i provene ble fastslatt ved hjelp av et kommersielt
tilgjengelig sett for radioimmunoassay (Spectria -
Testosterone ['*°I]).

Vi fant et gjennomsnittlig testosteronniva hos vipehun-
ner pa 0.65 nmol/l, som er mer enn dobbelt s hgyt som
det som er rapportert for hunner av den sterkt polygyne
arten rgdvingetrupial. Hos vipehannen som ble under-
sgkt 1a nivéet pa 8.4 nmol/l, nesten 13 ganger hgyere
enn hunnenes gjennomsnitt. Vi fant ingen sammen-
heng mellom vipehunnenes testosteronniva og deres
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kroppsvekt eller kondisjonsmal (basert pa residualet fra
regresjon av kroppsvekt pa vingelengde), men det var
en svak tendens til hgyere testosteronniva hos hunner
i polygyne parforhold enn hos monogame hunner, noe
som kan henge sammen med at hunnene til polygyne
hanner ofte er aggressive seg imellom. Materialet er
imidlertid for lite til & gi sikre konklusjoner om dette.

REFERENCES

Beletsky, L.D., Gori, D.F., Freeman, S. & Wingfield,J.C.

1995. Testosterone and polygyny in birds. - Cur-

rent Ornithology 12: 1-41.

1993. Habitat selection by monogamous and

polygamous lapwings on farmland - the impor-

tance of foraging habitats and suitable nest sites.

- Ardea 81: 99-105.

Byrkjedal, 1., Grgnstgl, G.B., Lislevand, T., Pedersen,
K.M., Sandvik, H. & Stalheim, S. 1997. Mating
systems and territory in Lapwings Vanellus
vanellus. - Ibis 138: 129-137.

Cristol, D.A. & Johnsen, T.S. 1994. Spring arrival, aggres-
sion and testosterone in female Red-winged
Blackbirds (Agelaius phoeniceus). - Auk 111:
210-214.

Grgnstgl, G.B.2001. Sexual conflicts and mating strategies
in the polygynous Lapwing Vanellus vanel-
lus. - Dr. Scient. thesis. University of Bergen,
Bergen.

Grgnstgl, G B., Byrkjedal, I. & Fiksen, @.2003. Predicting
polygynous settlement while incorporating vary-
ing female competitive strength. - Behavioral
Ecology 14:257-267.

Hafsmo, J.E., Byrkjedal, I., Grgnstgl, G.B., & Lislevand,
T. 2001. Simultaneous tetragyny in Northern
Lapwing Vanellus vanellus. - Bird Study 48:
124-125.

Langmore, N. E., Cockrem, J. F. & Candy, E. J. 2002.
Competition for male reproductive investment
elevates testosterone levels in female Dunnocks,
Prunellamodularis.- Proc.R.Soc. Lond. B 269:
2473-2478.

Liker, A. & Székely, T. 1997. Aggression among female
Lapwings, Vanellus vanellus. - Animal Behav-
iour 54:797-802.

Liker,A. & Székely, T. 1999. Parental behaviour in the Lap-
wing Vanellus vanellus. - Ibis 141: 608-614.

Oring, L.W., Fivizzani, A J. & El Halawani, M.E. 1989.
Testosterone-induced inhibition of incubation
in the Spotted Sandpiper (Actitis macularia).
- Hormones and Behavior 23: 412-423.

Parish, D.M.B., Thompson, P.S. & Coulson, J.C. 1997.
Mating system in the Lapwing Vanellus vanellus.
- Ibis 139: 138-143.

Searcy, W.A. 1988. Do female Red-winged Blackbirds
limit their own breeding densities? - Ecology
69: 85-95.

Wingfield,J.C.,Ball, G .F.,Dufty, Jr.,A.M.,Hegner,R E. &
Ramenofsky, M. 1987. Testosterone and aggres-
sion in birds. - American Scientist 75: 602-608.

Berg, A.



