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Abstract Fluctuating asymmetry (FA) measures an in-
dividual's ability to undergo identical development in
bilaterally symmetrical characters and may indicate
sensitivity to environmental stress. FA in ornamental
characters is often positively related to parasite intensi-
ties, which are important environmental stressors.
Parasites a�ect and are a�ected by several parts of the
immune system, and the ability to resist parasites may be
signalled via FA in ornaments. In this study we exam-
ined reindeer antlers, which show FA, demonstrated to
be caused by parasite infections. We measured antler
FA, immune parameters (i.e. densities of di�erent classes
of leukocytes, IgG levels and abomasal lymph node
numbers) and intensity of abomasal nematodes in free-
ranging 1.5-year-old male reindeer slaughtered in the
early part of their rutting period. We found a relation-
ship between parasite intensity and immune parameters
suggesting that our measures of immune activity re¯ect
density of current parasite infections. More important,
these immune parameters were associated with FA in
both the main beam length and numbers of antler tines.
The immune parameters were, however, only weakly
correlated to antler size. This indicates that FA, but not
size, of antlers grown during exposure to a multitude of
environmental stressors may reveal information about
individual immunity that can be important for
host-parasite interactions. Antler FA may therefore
communicate an individual's quality during the rut in
reindeer.
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Introduction

Models of sexual selection suggest that the phenotypic
expression of ornamental characters may depend on the
quality of the carrier (Zahavi 1975, 1977; Hamilton and
Zuk 1982; Kodric-Brown and Brown 1984; Folstad and
Karter 1992; Folstad and Skarstein 1997). By choosing
mates on the basis of ornamental characters, selectors
may acquire mates in good physical condition capable of
providing high-quality parental care (Hoelzer 1989; Hill
1991) or, given heritable qualities, mates that can sire
young of high genetic quality (Hillgarth 1990; Norris
1993; Petrie 1994; von Schantz et al. 1994; Mùller
1996b).

If both mate preference for large ornaments and or-
nament size are heritable, mate preference may cause
directional selection on ornament size and lead to ge-
netic ®xation of the trait (Lande 1981; Kirkpatrick
1982). However, if ornaments are to reliably re¯ect
heritable qualities, additive genetic variance must be
maintained. Infectious organisms (i.e. parasites) may be
of particular importance for maintaining this genetic
variance as they, in theory, can create genetic co-evo-
lutionary cycles of changing host resistance and parasite
virulence (Hamilton and Zuk 1982; Eshel and Hamilton
1984; Hamilton et al. 1990). Consequently, parasites
may a�ect the ability of individuals to develop orna-
mental characters.

Bilaterally symmetrical ornaments are expected to be
perfect symmetrical because the same genome encodes
development of the character on both sides. These
characters, however, often exhibit ¯uctuating asymme-
try (FA), which is de®ned as small random deviations
from perfect bilateral symmetry where the signed size
di�erences between the two sides of a character are
normally distributed with a mean value of zero (Van
Valen 1962; Palmer and Strobeck 1986; Leary and All-
endorf 1989; Parsons 1990, Mùller and Swaddle 1997).
The degree of FA is often higher in ornamental than in
non-ornamental traits, because directional selection for

Behav Ecol Sociobiol (1998) 44: 135±142 Ó Springer-Verlag 1998

K. Lagesen á I. Folstad (&)
Department of Ecology, Institute of Biology,
University of Tromsù, N-9037 Tromsù, Norway
e-mail: ivarf@ibg.uit.no,
Tel.: +47-77-644384, Fax: +47-77-64560



large ornament size may decrease developmental stabil-
ity in ornamental as compared to non-ornamental traits.
Consequently, ornamental FA may be a particularly
good indicator of an individual's ability to cope with
genetic or environmental stress (Mùller and Swaddle
1997).

Parasites may be one important environmental
stressor (Livshits and Kobyliansky 1991; Mùller 1996a),
and both observational and experimental studies have
repeatedly shown that parasite intensities are positively
related to the degree of ornamental FA (Mùller 1992,
1996b; Folstad et al. 1996; Markusson and Folstad 1997;
Mùller and Swaddle 1997). Parasitic infections may thus
lead to increased FA, which can have important impli-
cations for mate choice as symmetrical individuals are
often preferred over asymmetrical ones (Mùller and
Pomiankowski 1993a; Mùller 1996b).

The environment created by the host's immune system
in¯uences parasitic organisms. Leukocytes, lymphoid
organs and immunoglobulins are important components
of this environment. There are ®ve major classes of leu-
kocytes, which all have di�erent main functions: neu-
trophils carry out phagocytosis; basinophils release
histamines; eosinophils destroy parasitic worms; mono-
cytes execute phagocytosis in the circulatory system, and
lymphocytes (B-cells and T-cells) can kill pathogens and
are involved in antibody-mediated responses with im-
munoglobulins (Vander et al. 1994). Lymphocytes arise,
multiply and are stored in peripheral lymphoid organs
such as lymph nodes. Immunoglobulins are proteins that
function as B-cell receptors and antibodies, and mam-
mals have ®ve major classes: IgA, IgD, IgE, IgG and
IgM, with IgG the most abundant. The ability to gen-
erate an immune response to parasitic infections may be
in¯uenced by host genetics (Gasbarre et al. 1993; Sorci et
al. 1997) and there is now considerable support for her-
itable parasite resistance in vertebrates (Wakelin 1978,
1985; Wakelin and Blackwell 1988;Wakelin and Apanius
1997). Thus, as parasites negatively a�ect ornamental
symmetry, symmetry may re¯ect heritable parasite re-
sistance and individuals selecting mates with symmetrical
ornaments may consequently produce more parasite-re-
sistant o�spring than randomly mating individuals.

Reindeer (Rangifer tarandus tarandus) are hosts of
several species of parasites and have antlers showing FA
(Markusson and Folstad 1997). Under ad libitum feed-
ing conditions, reindeer treated against parasites develop
less FA in antlers than untreated individuals (Folstad
et al. 1996). Additionally, both free-ranging and ad-li-
bitum-fed reindeer show a positive correlation between
parasite intensities and antler FA (Folstad et al. 1996;
Markusson and Folstad 1997). Antler size, on the other
hand, is unrelated to parasite intensities both under ad
libitum feeding regimes (Folstad et al. 1996) and among
free-ranging animals (Markusson and Folstad 1997).
Moreover, parasite removal does not in¯uence the size
of antlers among reindeer under ad libitum feeding
conditions (Folstad et al. 1996). Thus, parasites seem to
a�ect symmetry in antlers, even when they are grown

under exposure to a multitude of environmental stres-
sors, but do not, on the other hand, in¯uence antler size.

In our present study we have, therefore, mainly fo-
cused on the individual qualities re¯ected in antler FA,
rather than those re¯ected by antler size. More precisely,
in an attempt to better understand the relationship
between antler FA and immunity, we conducted a cross-
sectional, observational study on immunological pa-
rameters (e.g. density of lymphocytes in blood samples)
and antler FA in free-ranging male reindeer during the
early part of the rutting period. Since there is a rela-
tionship between parasite intensities and antler FA
among males in this period (Markusson and Folstad
1997), we also expected immunological parameters to be
related to antler FA. However, as the present knowledge
about what characterises an individual with a high-
quality immune system (in terms of, for example, density
of lymphocytes) seems scanty, we had no a priori pre-
dictions about the directions of these relationships. That
is, we did not know whether symmetrical males should
be expected to have high or low lymphocyte densities.
Therefore, to facilitate the interpretation of our immu-
nological variables, we also included a parasitological
examination of the animals. This examination enabled
us to make a rough evaluation of the importance of our
immunological variables and, additionally, helped us
understand what, for example, high lymphocyte densi-
ties would mean in terms of parasite intensities. The
parasitological examination was restricted to counting
the abomasal nematodes, which are prevalent parasites
that may be of particular importance for free-ranging
reindeer hosts (Halvorsen 1986; Bye 1987; Arneberg
et al. 1996).

Methods

The animals

We examined 35 1.5-year-old semi-domestic reindeer stags from a
herd in the district Orda in the West-Finnmark reindeer manage-
ment area, northern Norway. Stags were randomly selected from
the herd and as approximately 90% of the 1.5-year-old males were
slaughtered in this district in 1995, the sampled individuals
were considered representative of their cohort. The animals were
slaughtered within a period of 3 h on 15 September 1995 at
Guovdageaidnu slaughterhouse. The animals had not been treated
with antihelmintics.

Morphometric data

Dressed body weight was measured to the nearest 0.1 kg. After
removing meat and fat from the jaws by boiling, the length of the
right and left side of the lower jaw was measured according to von
den Driesch (1976). Measurements were made with a slide caliper
to the nearest 0.1 mm. Jaw length was used to calculate non-or-
namental FA. We measured total antler length according to Mar-
kusson and Folstad (1997), which includes the length of all parts of
the antler. The main beam was measured on the inside from the
burr to the outer tip. Tines were measured from the split-o� from
the main beam to the tip (Fig. 1). All measurements were made
with a tape measure to the nearest 0.1 cm. The methods used for
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measuring antler and jaw size ensure high repeatability (see Mar-
kusson and Folstad 1997). The number of tines was counted as all
tines branching o� from the main beam, except the outer tip on the
main beam. We investigated FA in the sample by calculating both
relative and absolute asymmetry (Palmer 1994) for the bilateral
traits: total antler length, main beam length, number of tines and
jaw length. Absolute asymmetry is the absolute value of the dif-
ference between the right and the left side of a trait in an individual.
Relative asymmetry is absolute asymmetry divided by the mean
trait size.

Blood sampling

Blood was collected in containers, both with and without EDTA as
anticoagulant, from the common carotid arteries of each reindeer
within 1 min of slaughter and immediately after the throat was cut.

Haematocrit measures

Blood from containers without EDTA was used to ®ll three hep-
arinized capillary tubes of 200 ll from each individual. The tubes
were centrifuged at 1200 rpm for 4 min, and the total length of
liquid in each tube and the length of the erythrocyte layer were
measured with a digital slide caliper. These data were used to de-
termine the haematocrit value. The mean haematocrit value from
the three tubes was used in later analyses. This method ensures high
repeatability (Saino et al. 1995).

Immunological data

Leukocyte counts

Blood from containers without EDTA was used to make blood
smears. These were ®xed in 70% ethanol and stained by the May-
Grunwald-Giemsa staining method. After staining they were
scanned at ´ 100 magni®cation and erythrocytes and leukocytes,
classi®ed according to Hawkey and Dennett (1989) as lymphocytes,

monocytes, eosinophils, neutrophils and basinophils, were counted.
In each smear 100±102 leukocytes were counted, depending on the
number of leukocytes present in the last microscopic ®eld con-
taining leukocytes. The corresponding number of erythrocytes in
the same ®elds were also counted. From this we calculated the
relative frequency of leukocytes of each class with respect to the
total population of leukocytes and the number of leukocytes per
10,000 erythrocytes. These counts made it possible to estimate the
number of leukocytes from each class and this number was mul-
tiplied by the haematocrit values, following Skarstein and Folstad
(1996), to obtain an estimate of the density of circulating leukocytes
of each class in each reindeer.

Gamma-globulin assay

Blood in a container with EDTA was centrifuged at 5000 rpm for
15 min within 2 h of sampling. Plasma was removed and trans-
ferred to a 1.8-ml tube and immediately frozen. This plasma was
later used to estimate the total amount of IgG for each individual.
Gamma-globulin was assayed by densitometry after electrophoretic
separation of plasma proteins on agarose gels (Saino and Mùller
1996).

Lymph nodes

Lymph nodes were dissected from the abomasal mesenteries of the
part lying in the fat between the abomasum and omasum and
counted. These lymph nodes may be of particular importance for
the immunological environment of abomasal nematodes.

Parasitological data

Parasitological data were obtained by estimating intensities of adult
abomasal nematodes. Adult female and male nematodes were
subsampled according to Bye (1987). The parasitological term
``intensity'' is de®ned as the number of abomasal nematodes in each
infected host.

Statistical analyses

Statistical analyses were done using Statsoft Statistica for Windows
5.0B. Distributions of all data, except intensities of abomasal
nematodes, met the assumption of normality (Kolmogorov-Smir-
nov one-sample tests); nematode intensities were log-transformed
to meet the assumption of normality. Pearson product-moment
correlation was used when testing bivariate relationships. We ad-
justed for multiple comparisons according to Rice (1989), and re-
port the e�ect of these adjustments. In accordance with Kleinbaum
et al. (1988), we used multiple stepwise regression analysis, back-
ward elimination procedure, when testing multivariate relation-
ships, where F to remove was set to 6.09 and F to enter to 7.0 in
order to keep only the independent variables with signi®cant partial
correlation coe�cients in the model. When using multivariate
analysis, we ®rst checked for colinearity between the independent
variables to see if it was necessary to conduct ridge regression to
remove the e�ect of colinearity. The largest correlation coe�cient
between independent variables was 0.86, and we consequently did
not conduct ridge regression. The signi®cance level chosen was 5%.

Results

Descriptive statistics

Descriptive statistics of morphometric, immunological
and parasitological data are given in Table 1. None of

Fig. 1 Antler nomenclature. All parts of the antlers were measured
when measuring total antler length (i.e. length of the main beam from
the outer tip to the burr, length of all tines from their split-o� from the
main beam, length of frontal tine and length of brow tine including
tines on frontal and brow tine)
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the right-minus-left values for antlers and jaws, except
number of tines and absolute asymmetry in total antler
length, di�ered signi®cantly from a normal frequency
distribution with a mean of zero (Kolmogorov-Smirnov
one-sample test). Additionally, none of the signed-value
distributions departed from normality for skewness or
kurtosis, except for number of tines which had a sig-
ni®cantly di�erent kurtosis (t� 2.3, df� 34, P� 0.01,
Student t-test) and showed a leptokurtic frequency dis-
tribution (Table 2).

FA in antlers and jaws

As there was no signi®cant relationship between length
and absolute FA of any of the morphological characters
examined (r-values range from )0.12 to 0.23 with P al-
ways >0.18), there was no need to remove the e�ect of
length on asymmetry estimates (Mùller 1990; Palmer
1994) and absolute FA was consequently used instead of
relative FA. Moreover, the variance in relative FA of
total antler length was signi®cantly larger than variance
in relative FA of jaw length (F2,30� 1293.2, P < 0.001,

F-max test, Sokal and Rohlf 1981) and mean relative FA
in total antler length was also signi®cantly larger than
mean relative FA in jaw length (t�)9.39, df� 30,
P < 0.001, Student's t-test). FA in jaw length was only
signi®cantly correlated with FA in number of tines, but
this association, which is negative (Table 3), is no longer
signi®cant after correcting for multiple comparisons.

Confounders

None of the measurements of FA was signi®cantly re-
lated to body mass (r-values range from )0.24 to 0.13
with P always >0.17) or the log-transformed abomasal
nematode intensities (r-values range from )0.11 to 0.28
with P always >0.16). Body mass was, on the other
hand, correlated with both the log-transformed intensi-
ties of abomasal nematodes (r� 0.42, P� 0.02, n� 27)
and the concentration of IgG (r�)0.38, P� 0.04,
n� 30). These associations are however not signi®cant
after sequential Bonferroni adjustment (Rice 1989) and
body mass was consequently not controlled for in later
analyses.

Table 1 Descriptive statistics
of morphometric, immuno-
logical and parasitological data
from 1.5-year-old male rein-
deer, with information on sam-
ple size (n), arithmetic mean
(Mean), standard deviation
(SD), minimum (Min.) and
maximum values (Max.). Data
were sampled from all animals,
but sample size varies as a
consequence of damage to some
of the traits during slaughtering
(e.g. jaws were fractured) or
examination (e.g. blood smears
were too thick to identify the
di�erent classes of leukocytes).
Antler and jaw lengths are given
as mean lengths and ¯uctuating
asymmetry (FA) as absolute
asymmetry

Parameter n Mean SD Min. Max.

Dressed body
weight (kg)

35 23.30 3.29 18.60 34.80

Jaw length
(cm)

31 21.53 0.68 20.21 23.30

Main beam
length (cm)

35 37.60 5.11 26.00 48.00

Total antler
length (cm)

35 67.05 14.08 35.85 97.30

Number of
tines

35 3.23 1.13 1 6

FA in jaw
length

31 0.08 0.05 0.00 0.21

FA in main
beam

35 1.88 1.44 0.00 4.80

FA in total
antler length

35 6.66 4.60 1.30 18.20

FA in number
of tines

35 1.03 0.99 0 4

Number of
lymph nodes

27 8.78 2.99 4 15

Basinophils 18 0.001 0.001 0.000 0.005
Eosinophils 18 0.001 0.001 0.000 0.004
Neutrophils 18 0.017 0.012 0.0028 0.051
Lymphocytes 18 0.009 0.006 0.0019 0.028
Monocytes 18 0.001 0.001 0.0000 0.003
IgG 30 0.230 0.088 0.00007 0.383
Nematode
intensities

27 2825.11 1793.7 930 10,600

Table 2 Descriptive data on
FA in antlers and jaws in 1.5-
year-old male reindeer, with
information on sample size (n),
and mean, skewness and kurto-
sis of the left-minus-right (R±L)
character value

Character n R±L

Mean � SE Skewness � SE Kurtosis � SE

Total antler length (cm) 35 )0.14 � 1.38 0.14 � 0.40 )0.30 � 0.78
Main beam length (cm) 35 0.44 � 0.40 )0.10 � 0.40 )0.34 � 0.78
Number of tines 35 )0.12 � 0.24 )0.02 � 0.40 1.79 � 0.78
Jaw length (mm) 31 0.25 � 0.17 0.12 � 0.42 )1.04 � 0.82
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Parasites and immune parameters

A stepwise regression model, with a backward elimina-
tion procedure, with log-transformed intensities of the
abomasal nematodes as the dependent variable and the
estimated level of immune parameters as independent
variables, signi®cantly explained most of the variation in
parasite intensities among animals. The estimated levels
of neutrophils, monocytes, lymph node number and IgG
were signi®cantly correlated with nematode intensities,
while the estimated level of lymphocytes, eosinophils
and basinophils were not signi®cantly related to nema-
tode intensities (Table 4).

Antlers and immune parameters

The examined immune parameters could not signi®-
cantly explain the variation in main beam length and
number of tines (F1,10� 0.6, P� 0.45, and F1,10� 2.5,
P� 0.14, respectively). Total antler length, on the other
hand, showed a negative association with monocytes in
the stepwise regression model with immune parameters
as independent variables (F1,10� 17.7, R2� 0.64, P�
0.002).

The regression model showed that the estimated lev-
els of immune parameters were not related to FA in total
antler length or FA in jaw length (all F-values for in-
dependent variables <6.09). However, the immune pa-
rameters explained a signi®cant amount of both the
variation in FA in number of tines and in FA of the
main beam. The estimated levels of basinophils and

eosinophils were signi®cantly related to FA in number of
tines (Table 5) whereas the estimated levels of IgG, ba-
sinophils, lymph node number, lymphocytes and neu-
trophils were signi®cantly related to FA in the main
beam (Table 6). Conducting these analyses with relative
instead of absolute FA in antlers produces very similar
results to those presented here.

Discussion

The immune parameters examined in 1.5-year-old male
reindeer were signi®cantly related to abomasal nema-
tode intensities and to the FA of antlers, but not to
antler size. This suggests that immune responses to
parasites may be signalled through antler FA rather
than by antler size.

In general, individuals with large ornaments seem to
experience less developmental instability than individu-
als that develop small ornaments, despite the additional
cost of developing large ornaments (Smith et al. 1982;
Mùller 1990; Manning and Chamberlain 1993). This
suggests that individuals with large ornaments are better
able to cope with genetic and environmental stress than
individuals with small ornaments. The ability to develop
large and symmetrical ornaments may thus re¯ect indi-
vidual qualities (Mùller 1990, 1996b; Mùller and Pom-
iankowski 1993b). This study did not, however, ®nd the
expected negative relationship between antler length and
FA in antler length, which has previously been docu-
mented among 1.5-year-old male reindeer (Markusson
and Folstad 1997). This questions the generality of the
association between size and asymmetry of antlers in

Table 3 Pearson product-moment correlations between antler FA
and jaw FA of 1.5-year-old male reindeer, with correlation coe�-
cients (r) and signi®cance level (P). Sample size is 31 for all tests.
None of the P-values are signi®cant after controlling for multiple
comparisons

Character Jaw FA

r P

FA in number of tines )0.42 0.02
FA in antler length 0.14 0.46
FA in the main beam 0.26 0.15

Table 4 Stepwise regression analysis, with a backward elimination
procedure, of abomasal nematode intensities and levels of im-
munological parameters in 1.5-year-old male reindeer. Dependent
variable: log-transformed abomasal nematode intensities. Regres-
sion model: F4,7 = 15.23, r = 0.95, R2 = 0.90, P = 0.0015,
n = 12

Independent
variable

Partial correlation
coe�cient

R2 P

Neutrophils 0.94 0.75 0.00015
Monocytes )0.93 0.69 0.00030
Lymph node
number

)0.88 0.34 0.00196

IgG 0.71 0.02 0.03107

Table 5 Stepwise regression analysis, with a backward elimination
procedure, of FA in number of tines in the antlers and level of
immunological parameters in 1.5-year-old male reindeer. Depen-
dent variable: FA in number of tines in the antlers. Regression
model: F2,9 = 6.80, r = 0.78, R2 = 0.60, P = 0.016, n = 12

Independent
variable

Partial correlation
coe�cient

R2 P

Basinophils )0.78 0.48 0.005
Eosinophils 0.65 0.48 0.029

Table 6 Stepwise regression analysis, with a backward elimination
procedure, of FA in main beam of antlers and levels of im-
munological parameters in 1.5-year-old male reindeer. Dependent
variable: FA in antler main beam. Regression model: F5,6 = 49.49,
r = 0.99, R2 = 0.98, P = 0.000085, n = 12

Independent
variable

Partial correlation
coe�cient

R2 P

IgG )0.97 0.01 0.00005
Basinophils )0.96 0.74 0.00015
Lymph node
number

)0.96 0.44 0.00016

Lymphocytes 0.86 0.77 0.00667
Neutrophils 0.79 0.90 0.01886
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reindeer, but the lack of association could also be caused
by the relative low range of character values within the
examined cohort of animals (Palmer 1994).

Ornamental traits usually show a higher degree of FA
than non-ornamental traits (Mùller and Pomiankowski
1993a) and, in accordance with previous studies, we
found a signi®cantly larger variance in relative FA in
total antler length than in relative FA in jaw length.
Moreover, mean relative FA was also larger in total
antler length than in jaw length. The higher level of FA
in ornamental compared to non-ornamental characters
suggests that antlers may be more sensitive to develop-
mental stress than jaws. This is in accordance with the
assumption that directional selection for ornament size
may lead to a high degree of FA in these traits (Mùller
1990, 1994). Moreover, antler FA was not positively
related to FA in jaws. Therefore, FA in ornamental
characters does not seem to re¯ect overall body FA, and
this is in agreement with previous studies both on male
reindeer (Markusson and Folstad 1997) and barn swal-
lows (Mùller 1990, 1994). Jaw asymmetry in the exam-
ined animals developed over a period of 1.5 years, while
the asymmetry of antlers may re¯ect developmental in-
stability over a growth period of 3±4 months. This
suggests that antlers and jaws, which re¯ect develop-
mental instability over di�erent time spans, may be in-
¯uenced by di�erent environmental stressors in the
highly seasonal subarctic habitat of reindeer.

Reindeer parasites are seasonal stressors (Halvorsen
1986) that in¯uence development of symmetry in antlers
(Folstad et al. 1996). At the time of the rut, 1.5-year-old
males show a positive relationship between FA in antlers
and the intensity of parasitism, estimated from densities
of abomasal nematodes and parasitic propagules in
faeces (Markusson and Folstad 1997). The present study
was not designed to examine the relationship between
the parasitic infrapopulations (i.e. the parasite commu-
nity of one host) and antler morphology, and abomasal
nematode counts were the only parasite counts included.
The lack of association between this particular group of
parasites and antler FA documented in this study is also
common to the previous studies (Folstad et al. 1996; E.
Markusson, personal communication). These former
studies document, however, that there is an association
between FA in antlers and parasite intensities when a
more conclusive evaluation of the parasite infrapopula-
tions of reindeer is undertaken (Folstad et al. 1996;
Markusson and Folstad 1997).

The importance of parasite counts in the present
study is related to the evaluation of the examined im-
mune parameters. The estimated levels of IgG, neutro-
phils and monocytes, and number of lymph nodes in the
abomasal mesentery, were all signi®cantly related to the
variation in abomasal nematode intensity. This could
have been anticipated. Neutrophils and monocytes are
both involved in immune responses to nematodes
(Venturiello et al. 1993) where they carry out phagocy-
tosis (Vander et al. 1994), and, in lymph nodes, B-lym-
phocytes produce IgG after antigen presentation

(Vander et al. 1994). We cannot, of course, determine
cause and e�ect, but a tentative explanation for the di-
rections of the observed relationships is that low num-
bers of monocytes and lymph nodes results in increased
parasite intensities whereas increased parasite intensity
results in higher neutrophil and IgG levels. We note that
IgG levels have been reported to respond to increased
infections of gastrointestinal nematodes, including
Ostertagia spp. (Gasbarre et al. 1993; Hilderson et al.
1993), which are the most common species of abomasal
nematodes in reindeer (Bye 1987). Even if our estimates
of both individual immunocompetence and parasite in-
tensities are far from conclusive, the associations docu-
mented in this study clearly suggest that our immune
measurements may be of importance for the host-para-
site interactions.

Ornaments have been suggested to have evolved as
signals of immune system function (Folstad and Karter
1992; Folstad and Skarstein 1997) and the immune pa-
rameters examined are signi®cantly related to antler FA.
They are, however, not good predictors of antler size.
This is as expected because parasite intensities and antler
size have been shown to be unrelated in both experi-
mental and observational studies on reindeer (Folstad
et al. 1996; Markusson and Folstad 1997). The associa-
tion between ornamental FA and immune parameters in
reindeer is not in accordance with that reported from
house sparrows (Passer domesticus) where FA in the size
of the badge, a trait subjected to a directional mate
preference, was unrelated to the size of the bursa of
Fabricius (Mùller et al. 1996). The lack of a relationship
between the size of an immunologic organ and orna-
mental FA in house sparrows could have several ex-
planations. For example, the measured immune feature
may not re¯ect the quality of relevant individual im-
mune function in house sparrows. A similar critique may
also apply to this study, but among the seven parameters
investigated, the estimated levels of IgG, basinophils,
neutrophils, lymphocytes and lymph node number sig-
ni®cantly explained 98% of the variation in FA in the
antler main beam. Additionally, basinophil and eosino-
phil levels signi®cantly explained 60% of the variation in
FA in number of tines. The directions of the speci®c
relationships between immune parameters and mea-
surements of antler FA are di�cult to understand, and
an individual with a high level of IgG will, for example,
be characterised by a high intensity of abomasal nema-
todes and a low FA in antler main beam. An individual
with a high number of abomasal lymph nodes, on the
other hand, will have few abomasal nematodes and low
FA in antler main beam. These relationships would have
been more easily understood if physiological trade-o�s
had been expected between immunological activity and
the degree of ornamental FA. However, as signals of
developmental stability may have evolved as ampli®ers
rather than as handicaps (Hasson 1990, 1997), antler FA
may be reliable because of design and not because of
costly trade-o�s between ornamental development and
immune activity. Consequently there need not be dif-
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ferent physiological costs for immune activity on sym-
metrical versus asymmetrical males, only di�erent ben-
e®ts from a given immune activity. The explanations for
the directions of the relationships between the examined
immune parameters and antler FA must consequently
await further studies, but in sum they do suggest that the
variation in FA, but not size, of full-grown antlers may
be explained by immune system functions that could be
important for host-parasite interactions.

The adaptive signi®cance of antlers as weapons is
obvious, but they may also operate as ornamental signals
of individual quality (Clutton-Brock 1982). Antler size
and complexity are correlated with ®ghting success and
dominance (Topinski 1974; Bartos et al. 1988), and FA in
palm length of antlers is a good predictor of dominance
in male fallow deer (Dama dama, Maylon and Healy
1994). In reindeer, FA in total antler length reveals in-
formation about parasite burden (Markusson and Fol-
stad 1997), while FA in main beam of antlers and FA in
number of antler tines may signal information about
individual immune functions important for host-parasite
interactions. Thus, antler morphology may be a complex
signal that reveals detailed information about di�erences
in individual quality that may be of importance in both
inter- and intrasexual communication during rut.
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