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Sperm competition models predict that males typically mating in disfavoured roles should be selected to
compensate for their disadvantage by investing more into sperm. We studied the effect of rapid changes in
social status on ejaculate investments during experimental trials with an externally fertilizing teleost—the
Arctic charr (Salvelinus alpinus). We document that males becoming dominant produce less sperm with
lower velocity, but have higher sex steroid concentrations than subordinate males. These differences in
sperm characteristics seem mainly to result from a decreased investment in sperm among fish that become
dominant compared to pre-trial levels. Moreover, these adjustments of sperm production and sperm
velocity seem not to be traded against sperm longevity. Our results support theoretical models of sperm
competition, as males forced to mate in disfavoured roles seem to invest more into ejaculate quality than
males in favoured roles. Additionally, we are the first to report that males, in a species with status-
dependent shifts in reproductive tactics, have evolved rapid tactic specific adjustments of sperm production
and sperm velocity corresponding to what could be predicted from their reproductive roles.
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1. INTRODUCTION

In species with external fertilization, males’ reproductive
success is less influenced by female manipulation, such as
selective storage, removal or displacement of sperm,
compared to males in species with internal fertilization
(Eberhard 1996; Birkhead & Magller 1998). Thus, in
external fertilizers, sperm from males spawning in
favoured roles (i.e. in synchrony with the female and
close to her eggs) are believed to have precedence over
sperm from males spawning in disfavoured roles (i.e. out
of synchrony with females or further away from the eggs)
in the same spawning event (Birkhead & Meller 1998). In
such species, males occupying disfavoured mating roles
seem, however, to compensate by having larger gonads for
their body size compared to males mating in favoured roles
(Taborsky 1998, see however Liljedal & Folstad 2003).
Males in disfavoured roles may also increase sperm
numbers released in the ejaculate compared to males in
favoured roles (Parker 1990; Parker 1993; Gage er al.
1995). In a recent review, DeWoody & Avise (2001) found
that nest-holding males seem to have a higher probability
of fathering offspring than sneaking males. This indicates
that individuals in species with status-dependent shifts in
reproductive tactics, should shift their reproductive tactic
from sneaking to social dominance, if costs of achieving
dominance are not offset by costs to future reproductive
value (Stearns & Hoekstra 2000). Species with such
status-dependent shifts in reproductive tactics are com-
mon, and outnumber those with fixed reproductive tactics
(Gross 1996).
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Theoretical models suggest that sperm competition
may favour males having high sperm velocity (Ball &
Parker 1996) and empirical studies show that sperm
velocity predicts fertilization success (Birkhead ez al. 1999;
Froman ez al. 1999; Levitan 2000; Al-Qarawi er al. 2002;
Gage er al. 2004). In external fertilizing species were
fertilization occurs just a few seconds after the gametes are
released (Iwamatsu er al. 1991; Hoysak & Liley 2001;
Liley et al. 2002), increased sperm velocity, rather than
longevity, should be an advantage in sperm competition.
This is observed in bluegills (Lepomis macrochirus) where
males in disfavoured mating roles have faster initial sperm
swimming speed, but shorter sperm longevity than
parental males holding nests sites (Neff er al. 2003;
Burness et al. 2004, but see Burness et al. 2005). Yet,
empirical studies on fish report ambiguous results
regarding differences in sperm velocity and sperm long-
evity between males in different spawning roles (Defrai-
pont et al. 1993; Gage er al. 1995; Uglem er al. 2001;
Vladic & Jarvi 2001; Neff ez al. 2003; Burness ez al. 2004;
Kortet er al. 2004), questioning the generality of a trade-
off between sperm velocity and longevity.

Androgens are involved in the development and
maintenance of male reproductive traits, most notable
spermatogenesis, but also in reproductive behaviour and
ornamental development (Brantley er al. 1993; Borg
1994; Schulz & Miura 2002). Among fish, males mating
in favoured roles, generally, have higher levels of
11-ketotestoserone (11-KT) than males mating in
disfavoured roles (Brantley ez al. 1993; Pankhurst
1995). Yet, no obvious difference between the two
mating tactics has been found for testosterone (T)
concentrations (Brantley er al. 1993). 11-KT and T are
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produced by the testis in response to stimulation by
gonadotropins, and T may indirectly stimulate the
production of 17 alpha, 20 beta-dihydroxy-4-pregnen-
3-one (17,20B-P), a sperm maturation and motility-
inducing steroid (Borg 1994; Thomas et al. 1997; Yueh
& Chang 1997; Antonopoulou ez al. 1999). 17,20B-P is
suggested to mediate sperm motility through an increase
in the seminal plasma pH, which in turn increase the
sperm content of cAMP (Miura er al. 1991, 1995).
Moreover, as androgens suppress immune responses
(Grossman 1984; Folstad & Karter 1992; Slater er al.
1995, reviewed in Klein 2000) they may aid the
production of high quality ejaculates, as sperm are
non-self and exposed to immunological targeting in the
male reproductive tract (Folstad & Skarstein 1997;
Hillgarth er al. 1997; Skau & Folstad 2003, 2004;
Turek er al. 1996). High levels of immunosuppressive
androgens may consequently prevent or hinder the
negative effects from immune responses targeted towards
sperm cells, such as binding of specific antibodies which
may reduce sperm velocity (Grossman 1984; Slater ez al.
1995; Skau & Folstad 2003, 2004). In sum, high levels
of plasma androgens should, according to theory,
correlate with increased sperm quality.

The Arctic charr (Salvelinus alpinus), is suitable for
exploring sperm competition theory. It has external
fertilization and a lek-like spawning behaviour where
males offer no shelter where spawning can occur
isolated from sneaking males. Further, both males and
females mate with several mates during the spawning
period (Fabricius & Gustafson 1954). Moreover, males
have reproductive roles, i.e. different social status, that
is easily identified (Sigurjonsdottir & Gunnarsson 1989)
and maintaining dominance is documented to be
energetically costly for males (Cutts er al. 2001).
Dominant males also have lower density of sperm
cells and less numbers of sperm cells for given size than
subordinate males (Liljedal & Folstad 2003). Thus, it
seems as dominant males invest less in sperm quantity
and sperm quality compared to subordinate males. As
males may shift social status depending on the presence
or absence of other interacting males (Sigurjonsdottir &
Gunnarsson 1989), change in status may occur rapidly
and influence ejaculate characteristics (Liljedal &
Folstad 2003).

The primary aim of this study was to examine
whether males that attain low social status, and
therefore are more likely to experience sperm compe-
tition, increase their ejaculate investments compared to
males that attain high social status (Ball & Parker 1996;
Parker 1993). That is, could ejaculate characteristics be
predicted from the attained social status. We examined
differences in sperm velocity, frequency of motile cells,
spermatocrit and ejaculate volume between size-
matched pairs of wild-caught male Arctic charr both
before and after they had settled their social status (i.e.
either dominant or subordinate) in an experimental
enclosure. Additionally, we examined the association
between plasma sex steroid concentrations and ejaculate
characteristics. Theory suggests that high levels of
androgens should have a positive relationship with
ejaculate quality (Folstad & Skarstein 1997; Hillgarth
et al. 1997).
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2. MATERIAL AND METHODS

(a) Sampling and handling

During six nights, in mid September 2003, we gill netted 48
reproductively active male Arctic charr at one spawning
ground in lake Fjellfresvatn, northern Norway (69°4'N,
19°20’E). The fish stayed in the gill nets less than 15 min
and individuals with any signs of injuries were excluded from
the sample. On the following day, we anaesthetized the fish
using benzocain (10-12 ml benzocain solution per 10 1 water)
and measured fork length (nose to caudal cleft, mean 25.5,
range 21.4-31.5) to the nearest millimetre and tagged each
fish on the dorsal fin with a white plastic tag attached with
Floy’s elastic vinyl filament. Thereafter, we dried its abdomen
(to avoid water contamination and activation of the sperm
cells) and collected the milt by gentle bilateral abdominal
pressure. The fishes were then size matched and caged in
pairs, with a maximum length difference within each pair of
6 mm. The cages, made of chicken-wire (40X 60X 90 cm?®)
were placed at about 1.5 m depth, 2—3 m apart. The fish were
then left undisturbed for approximately 24 h before starting
observations (see § 2b). On day four, the fish were brought to
the laboratory, where they were killed in a random order with
a stroke to the head. Thereafter, we obtained a second
samples of sperm (following the procedure described above)
produced during the experimental period.

(b) Social position

Observations of fish interactions were done using water-
glasses. By counting the individual number of aggressive acts
(i.e. a bite or an initiation of a chase) during 5 min periods, we
determined the social rank in each of the 24 pairs. Different
observers observed each cage twice a day (midday and
evening) for three consecutive days (30 min observation
period altogether). The male performing most aggressive acts
within a pair was considered the dominant one. Social
dominance is easily determined and only three of the 24
subordinate individuals performed aggressive acts at all. The
data from the different observers were pooled as repeatability
between observers is shown to be high. See Liljedal & Folstad
(2003) for a detailed evaluation of the methods applied.

(¢) Ejaculate quality

To reduce overall handling time, all ejaculate measurements
were conducted in the sequence the fish were handled. Milt
volume was estimated in 1 ml syringes to the nearest 0.1 ml
and the milt was thereafter stored at 4 °C in closed 1.5 ml
Eppendorf tubes. Spermatocrit measurements and video-
recordings of the sperm movements were done within 2 h
after the milt was collected. Spermatocrit, which is the
percentage of a given volume of milt that is occupied by cells,
was measured by centrifuging about 10 pul homogeneous milt
in a capillary tube for 195s at 11 500 rpm with a Compur
mini-centrifuge (Compur-electronic Gmbh, Munich,
Germany). Video recordings of swimming sperm were
made using a CCD black and white video camera (XC-
ST50CE PAL, Sony, Tokyo, Japan) mounted on a negative
phase-contrast microscope (Olympus CH30, Olympus,
Tokyo, Japan) with a 10X objective. Motility was initiated
by adding 4.5 ul water after placing less than 0.12 pl of sperm
on a cooled (5-7°C) standard counting chamber (Leja
products BV, Nieuw-Vennep, The Netherlands). Sperm
movement was recorded from activation until movement
ceased (between 60 and 90 s). Each male is represented by
one recording, that has evenly distributed sperm cells with
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a total cell-number close to 100 (mean 108 +46 s.d. before
caging, mean 86136 s.d. after caging, both at 15s post-
activation). The recordings were later analysed using
computer assisted sperm analysis (HTM-CEROS sperm
tracker, CEROS v.12, Hamilton Thorne Research, Beverly,
MA, USA), which has been shown to be an objective tool for
studying sperm motility in fish (Kime ez al. 1996, 2001). The
image analyser was set at; frame rate 50 Hz, no of frames 25,
minimum contrast 10 and minimum cell size 5 pixels. For
each male we quantified sperm motility at 15, 20, 30, 40 and
50 s following activation of the sperm cells. Each motility
measurement last for 0.5 s. The parameters assessed were:
mean average path velocity (VAP), mean straight line velocity
(VSL), mean curvilinear velocity (VCL) and percent motile
cells. To remove the possible effect of drift, cells having a
VAP<10 pms~ ! and a VSL<20 ums~ ! were excluded
from the motility analysis.

We analysed sperm velocity both before and after the
experimental period and found no significant three-way
interaction between different sperm velocity measurements
(VAP, VSL and VCL), time since sperm activation (15-50 s)
and whether males were dominant or subordinate (repeated
measurements ANOVA, before, Fg360=0.40, p=0.92 and
after, Fg344=0.27, p=0.98). Thus, change in the sperm
velocity following activation does not differ depending on
which of the three different sperm velocity measurements
used. Since in this study there were neither eggs nor ovarian
fluid gradients that could have attracted or guided the sperm
cells, cell trajectories were not expected to be linear and final
analyses were, therefore, performed on measures of the actual
point-to-point track followed by the cells (VCL).

(d) Plasma sex steroids

Blood samples were taken from the caudal sinus of freshly
killed fish using preheparinised needles and blood collection
tubes from the Vacutainer system. The samples were
centrifuged in 1.5 ml Eppendorf tubes for 10 min at
10 000 rpm. Plasma was removed and stored in 1.5 ml
Eppendorf tubes at —20 °C until analysis. Plasma concen-
trations of 11-KT and T were measured by means of
radioimmunoassay (RIA), according to Schulz (1985).
A validation of the assays for Arctic charr plasma, and
cross-reactivities of the T antiserum, has previously been
examined (Frantzen er al. 2004). Cross-reactivity of the 11-
KT antiserum is given by Schulz (1985). Plasma concen-
tration of 17,20B-P was measured by the same procedure as
the other steroids. The suitability of the RIA protocol for
measuring 17,20B-P in charr has previously been examined
by Mayer ez al. (1992) and cross-reactivity of the 17,20B-P
antiserum is given by Scott ez al. (1982). Briefly, steroids were
extracted from 200 pl plasma with 4 ml diethylether under
vigorously shaking for 4 min. The aqueous phase was frozen
in liquid nitrogen, whereas the organic phase was transferred
to a glass tube, evaporated in a water bath at 45 °C and then
reconstituted by adding 600 ul assay buffer and then assayed
for T, 11-KT and 17,20B-P. Steroid concentrations are given
as nanogram per millilitre.

(e) Data analysis

Data transformations were conducted in order to satisfy the
assumptions of parametric analysis. That is, milt volumes and
spermatocrit values were log-transformed and percent
motility was arcsine-transformed; plasma concentrations of
17,20B-P were log,-transformed while 11-KT and T were
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Figure 1. Spermatocrit (%) of ejaculates in subordinate
(n=24, open circles) and dominant (z=24, filled squares)
males before and after the experimental period. Vertical bars
denote 95% confidence intervals.

logn-transformed. Values in figures and tables are, however,
reported from untransformed frequency distributions. Differ-
ences in sperm velocity and percent motile cells between
dominant and subordinate males were tested by repeated
measurements ANOVA, using measurements of sperm
velocity and percent motile cells from 15 to 50s after
activation as the within subject variables. We used contrast
analysis for post hoc tests following the ANOVA. As plasma
steroid concentrations differ between dominants and sub-
ordinates, the effect of plasma sex steroids on milt volume and
spermatocrit were analysed using a general linear model
(GLM) (type I Sum of Squares) after controlling for status,
with steroids values as covariates. The effect of plasma sex
steroids on sperm velocity and percent motile cells was tested
by repeated measurements ANCOVA, where sperm velocity
and percent motile cells after activation (15-50 s) were the
within subject variable and plasma sex steroid concentrations
the covariate. As the correlation between the three different
plasma sex steroids were highly positive (T versus 11-KT, r=
0.92, T versus 17,20B-P r=0.76, 11-KT versus 17,20B-P r=
0.65, all ps<0.0001), we analysed each steroid separately.
Following Nakagawa (2004), we did not use Bonferroni or
similar adjustments to correct for multiple comparisons, but
report all tests probabilities from two-tailed tests. As not all
parameters were successfully sampled for all individuals,
samples size varies. We used StaTisTiCcA v. 6.1. (StatSoft, Inc.
Tulsa, USA).

3. RESULTS
There was a status dependent change in spermatocrit
during the experimental period. That is, compared to pre-
trial levels, when there was no difference between the two
groups, subordinate males increased while dominant
males decreased their spermatocrit during the experimen-
tal period (figure 1, Repeated measure ANOVA, F| 46=
28.118, p<0.001). There was, on the other hand, no
difference between the dominant (0.47 ml+0.43 s.d.) and
subordinate (0.32 ml4+0.28 s.d.) males in milt volume
produced during the experimental period (ANOVA
F, 46=1.487, p=0.23).

VCL declined significantly from 15 to 50 s after sperm
activation, in samples taken both before and after
the experimental period (repeated measurements



328 G. Rudolfsen and others

Rapid adjustment of sperm characteristics

140

100

mean curvilinear velocity (ums~!)

10 20 30 40 50
time since activation (s)

Figure 2. Mean sperm velocity (VCL) after social status was
established among subordinate (=23, open circles) and
dominant (=22, filled squares) males measured at different
time (s) after activation. Vertical bars denotes 95% confi-
dence intervals and * denotes significance at 0.05 level.
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Figure 3. Mean sperm velocity (VCL) before and after the
experimental period in subordinates (=23, open circles)
and dominants (n=22, filled squares) males measured at 15 s
after activation of sperm cells. Vertical bars denotes 95%
confidence intervals.

ANOVA, F,50=294, p<0.001 and F,;72=359,
$<0.001, respectively). Effect of male status on VCL
was not found before the experimental period, but after
(F1,45=0.14 405, p=0.71, F;43=5.1638, p=0.028,
respectively). A contrast analysis confirmed that there
was no significant difference in sperm swimming speed
between dominant and subordinate before the experiment
at any time (15-50 s after activation, all ns). However, after
the experimental period, contrast analysis revealed that
subordinate males have significantly higher sperm
velocity than dominant males at 15 and 20 s after activation
(Fy.43=4.15, p=0.048 and F; 43=4.16, p=0.048,
respectively). There was, on the other hand, no difference
at 30, 40 and 50 s after sperm cell activation (all ns,
figure 2). Yet, no significant status specific decline in VCL,
either before or after the experimental period, was detected
(repeated measurements (VCL 15-50 s X status) ANOVA,
F4150=0.20, p=0.94 and F,;7;,=1.19, p=0.32,
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Figure 4. Percent motile sperm cells after social status was
established among subordinate (=23, open circles) and
dominant (n=22, filled squares) males measured at different
time (s) after activation. Vertical bars denotes 95% confi-
dence intervals and * denotes significance at 0.05 level.

respectively). Despite a significant difference in initial
VCL between subordinate and dominant males after the
experimental period, there was no significant change in
VCL between dominant and subordinate males, measured
before and after the experimental period (repeated
measurements (VCL before and after X status) ANOVA,
F, 4,=2.0835, p=0.156, Fy 44=1.5531, p=0.219, at
respectively, 15 and 20 s after sperm activation, figure 3).

The percentage of sperm that remained motile in
samples taken before and after the experimental period,
decreased significantly over time (repeated measurements
ANOVA, F4’180:85, p<0001 and F4’172:140,
»<0.001, respectively). Yet, the percentage of motile
sperm did not decline at different rates in dominant and
subordinate males, either before or after social status was
established (Repeated Measurements (percentage of
motile 15-50 s Xstatus) ANOVA, F, 15,=0.60, p=0.66
and F,17,=0.36, p=0.84, respectively). Nor did status
have any effect on percentage of motile sperm, either
before or after the experimental period (F;45=2.9328,
»=0.094 and F,43=0.23 249, p=0.63, respectively,
figure 4). However, contrast analyses revealed that after
the experimental period, subordinate males had signifi-
cantly higher frequency of motile cells than dominant
males, but only at 20s post activation (F;43=5.09,
»=0.03).

Subordinate males had significantly lower concen-
trations of the three examined plasma sex steroids
(table 1), but plasma sex steroid concentrations did not
predict sperm velocity after the experimental period
(table 2). Furthermore, plasma sex steroid concentrations
did not covary with percent motile cells, milt volume and
spermatocrit after controlling for status (table 2).

4. DISCUSSION

Our results show that males are capable of rapidly altering
ejaculate characteristics in response to changes in social
position. Males that become subordinate produce ejacu-
lates with higher sperm cell densities and higher initial
sperm velocity than males attaining dominance. Yet, the
ejaculate quality seems not to be positively associated with
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Table 1. Dominant and subordinate Arctic charr differed in plasma sex steroid concentrations (ng ml ™ ') after the experimental

period.

dominant subordinate
steroid mean (s.d.) mean (s.d.) N d.f. F-value P
testosterone 30.28 (22.1) 6.04 (5.5) 46 1 47.43 <0.001
11-ketotestoserone 60.13 (29.1) 14.90 (13.5) 46 1 38.70 <0.001
17,208-P 44.04 (25.9) 16.15 (33.3) 46 1 33.01 <0.001

Table 2. After controlling for status there was no association between plasma sex steroid concentrations (ngml™!) and
frequency of motile sperm cells, sperm velocity (VCL), milt volume and spermatocrit.

testosterone 11-ketotestoserone 17,20B-P
response variable F-value d.f. p F-value d.f. p F-value d.f. P
percent motile cell 1.33 4, 164 0.26 1.92 4, 164 0.11 0.49 4, 164 0.74
(15-50s)
VCL (15-50 s) 1.64 4, 164 0.17 1.08 4, 164 0.37 1.01 4, 164 0.40
milt volume 1.54 1,43 0.22 0.62 1, 43 0.43 2.74 1,43 0.11
spermatocrit 0.06 1, 43 0.82 0.06 1, 43 0.80 0.10 1, 43 0.75

the levels of plasma androgens. Rather, the highest
concentrations of plasma sex steroids were found in
dominant males, which also had the lowest ejaculate
quality.

Subordinate males have higher spermatocrit of ejacu-
lates than dominant males. This is in accordance with
results from a previous study in Arctic charr (Liljedal &
Folstad 2003) and concur with results from other species
(Leach & Montgomerie 2000; Liley ez al. 2002; Vladic &
Jarvi 2001; delBarco-Trillo & Ferkin 2004, but see
Koyama & Kamimura 2000). The difference in sperma-
tocrit between subordinate and dominant males seem to
be a response to the social position attained as there is no
difference before the experiment started in spermatocrit
between those that later became dominant and subordi-
nate. Moreover, as there was no difference between
dominant and subordinate males in milt volume produced
during the experiment, the tactic specific changes in
spermatocrit indicate differences in ejaculate investments.
That is, subordinate males increase their ejaculate
investment compared to their pre-trial levels, whereas
dominant males decrease their investment. The former
may be an adaptation to the increased risk of sperm
competition, as a subordinate male most likely achieves
mating opportunities by sneaking, whereas the latter may
be an adaptation to a higher frequency of spawning (i.e. a
lower investment in sperm per spawning). Moreover, the
higher initial sperm velocity among subordinates may
additionally compensate for the disadvantages of spawn-
ing in a disfavoured role. As contact with water leads to
closure of the micropyle of the egg (Billard 1988), there is
likely to be strong selection for high initial sperm velocity
(Parker 1993; Parker er al. 1996; Ball & Parker 1996).
Differences in sperm velocity may have important
implications for fitness (Parker 1990; Birkhead & Pape
Moller 1998) and in wvirro fertilizations under sperm
competition between pairs of Arctic charr have shown
that sperm velocity is of major importance for paternity
when everything else is held equal (Liljedal 2005).
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Yet, male Arctic charr occupy different mating roles
(Sigurjonsdottir & Gunnarsson 1989) and dominant
males may fully compensate from their slower sperm by
being in a favoured spawning position, closer to, and in
synchrony with the females.

The increased velocity in subordinates, do however, not
seem to be traded against longevity as there is no difference
between subordinates and dominants in percentage of
motile cells 40 and 50s after activation. In fact,
subordinates, rather than dominants, seem to have the
highest percentage motile cells, but only 20s after
activation. The proximate explanation for the observed
velocity differences may be related to differences in intra-
cellular ATP stores (Jeulin & Soufir 1992). This is
documented in bluegills, where nest-holding males have
lower ATP stores in sperm cells than sneaker males,
showing different energetic investment among individuals
of different reproductive roles (Burness ez al. 2004, but see
Burness ez al. 2005). Surprisingly, the difference in sperm
velocity seems mainly to arise from dominants reducing
their sperm velocity compared to their pre-trial levels
rather than subordinates increasing their sperm velocity
(see figure 3). This may indicate that some of the fish
included in the experiment are too small to attain
dominance in their natural spawning environment,
where individuals approximately 10—15 cm longer nor-
mally dominate (own observations). Thus, many of our
pre-trial milt samples may be from originally subordinate
individuals and adjustments of sperm velocity during the
trial should consequently only be evident in individuals
changing their pre-trial status, i.e. the individuals
becoming dominant.

We found that socially dominant males had higher
levels of plasma androgens. This corresponds to the
general pattern for fish with alternative mating tactics
(Brantley ez al. 1993; Borg 1994; Antonopoulou ez al.
1999; Schulz & Miura 2002). Eleven-ketotestosterone and
Testosterone are androgens known to regulate spermato-
genesis in male teleosts (Billard ez al. 1982) and 17,203-P
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may induce sperm production and are suggested to be
involved in regulation of sperm motility in teleost fish
(Nagahama 1994; Thomas ez al. 1997; Yueh & Chang
1997). However, experimental studies report equivocal
result of the effect of androgens on sperm motility and
ejaculate characteristics in fish (Lahnsteiner et al. 1996;
Clearwater & Crim 1998; Pankhurst & Poortenaar 2000;
King & Young 2001; Lim ez al. 2004). Our measurements
of plasma sex steroid concentrations may not necessarily
reflect the intra-testicular steroid concentrations, which
are those likely to influence sperm production (Borg
1994). This, together with a relatively short experimental
period, may explain why we did not find any relationship
between sperm traits and concentrations of plasma sex
steroids when social status was controlled for. Addition-
ally, we find no support for androgen mediated reduction
of autoimmunity towards individual sperm cells, as
dominant males have the lowest sperm velocity despite
having the highest levels of immunosuppressive steroids.
The formation of sperm cells and their interaction with
immunologically active cells is a complicated process
controlled by numerous hormones and unknown factors
(reviewed in Miura & Miura 2003). For example, as the
pH value of semen has been found to be higher in the
sperm duct than in the testis, where the sperm remain
non-motile, sperm motility may partly be controlled by
compounds in the sperm duct (Morisawa & Morisawa
1988). Consequently, the changes in ejaculate character-
istics and sperm traits documented in the present study,
are unlikely to be controlled by plasma sex steroids alone.
Rather, other costly mechanisms giving appropriate pay-
offs for a given social position may be at work.

Males from many species develop different tactics to
overcome sperm competition (Pilastro er al. 2002; Pizzari
et al. 2003; Smith ez al. 2003; delBarco-Trillo & Ferkin
2004). When males employ different reproductive tactics,
investments in sperm seem to depend on their reproduc-
tive role (Burness er al. 2004). We show that the male
mating role influences the ejaculate quality, and suggest
that this difference is a response to sperm competition risk.
That is, male Arctic charr may, to some extent,
compensate for the disadvantage of an unfair raffle by
rapid adjustments of sperm investments. An increased
fertilization return is likely to have generated the evolution
of mechanisms allowing rapid changes in both sperm
production and velocity. Whether these adjustments are
regulated by immunological interactions or simply by
energetic requirements is not yet established, but our
results hint at the latter.
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