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Incipit

“Sexual selection...depends, not on a struggle for existence, but on a dheiggien males
for possession of the females; the result is not death to the unfutcesgpetitor, but few or
no offspring

Charles Darwin 1859

“Sexual selection results from competition for female gametes, rietrfales
William G. Eberhard 1996

Prologue

This thesis was conceived in the time between Septe2i¥r and May 2007. | was given
the opportunity to examine sperm competition in the Archiarr by Professor Ivar Folstad.
By steady guiding in the field by some of Norway and Spamst dedicated and hard

working Arctic charr researchers, | gathered data throlugle weeks of scientific excellence.
Aiding this inexperienced naturalist with both theoretatl practical superiority was Geir
Rudolfsen, Lars Figenschou, Thomas Haugland and JonatlaB8é&reano. The thesis has in
itself been projecting phenotypic plasticity, it seenaenecessity in order to evolve. As May
approached, my somewhat high flying thoughts and ideas behawedregarious way, and

soon the thesis presented itself.

| believe that science is best described by the worddaafde Bernardilf an idea presents
itself to us, we must not reject it simply because it doeagret with the logical deductions
of a reigning theory”.

Tromsg, May 2007

Bjegrnar Strgm






Abstract

According to theory, a male’s reproductive role should ptedi@stment in ejaculate quality,

i.e. subordinate males should invest in ejaculate quatitycompensate for mating in

unfavourable roles, and vice versa for dominant males Aftigc charr is known to possess
fluctuating characteristics of its sperm triggered by raghdnges in social status. The
relationship between social status and phenotypic pligsiitiArctic charr ejaculates was

examined through a caging experiment. Changes in statsze®fmatched males were
experimentally induced through two successive social enceuriResults show that males
inhabiting subordinate roles throughout the experiment vabie to maintain sperm

swimming speed, as did males going from a dominant to a snbhtedstate. Further, males
attaining and defending dominant roles did not decrease invaésimiheir ejaculates as one
would expect. Surprisingly, subordinate males attaining dameéahowed increased sperm
swimming speed in early post activation. The investmamtshort term fitness benefits

become evident in this experiment, partly, as malesrbgxy subordinate will not increase
initial sperm swimming speed because it is possiblyhaipimum already, but in particular,

as males attaining dominance increase initial sperm swigispeed. As the rapidly altered
competitive ability of Arctic charr ejaculates may rease individual fitness, individual

positioning in a social hierarchy is an important aspespefm competition.

Keywords: Arctic charr; sperm competition; ejaculatarelteristics; phenotypic plasticity;
social status






Introduction

The evolution of anisogamy has led to females becomiagctivosier sex (Stearns and
Hoekstra 2005). In species without parental care, maiesft is limited by the number of
opportunities to mate, whereas female fithess igdithby the number of eggs that she can
produce. In such species we find that males compete fessdo females and their eggs
(Bateman 1948). The component of natural selection aésdaivith mating success is termed
sexual selection (Darwin 1871; Andersson 1994). Sexual sgletiakes way for both pre-
and post-copulatory adaptations to mate choice, wheregmaatory adaptations entail
processes regarding evaluation of potential partnersbandfits associated with choice of
partner (Andersson 1994). Post-copulatory sexual seleabiorthe other hand, leads to
adaptations for sperm selection in females, and adapgtationale ejaculates influencing the
outcome of copulation (Birkhead and Mgller 1998; Snook 20@8aptations in ejaculates
are driven by sperm competition, and occur when sperm tinenor more males compete for
the fertilization of a given set of ova (Parker 1970). Bpeompetition is found amongst both
internal and external fertilizing species in a varigtyaxa (Birkhead and Mgller 1998).

When males compete for the opportunity to mate, a sdi@ghbrchy forms, and
individuals adopt different reproductive tactics accordinghear level of dominance (Gross
1996; Taborsky 1998). Dominance can be settled by aggressive heh@aocentinos 1972;
Sigurjénsdéttir and Gunnarsson 1989; Sneddon et al. 2006), @gasitively correlated
with the frequency of copulations (Farentinos 1972; Johnsah 2001). Moreover, studies
on reproductive behaviour in external fertilizers havewshohat socially dominant males
have a higher probability of fertilization than suboede males (DeWoody and Avise 2001).
Ejaculates from disfavoured males always encounteulajges of other males, thus males
mating in disfavoured roles experience a higher levespErm competition compared to
males mating in favoured roles (Parker 1990a; Parker 1990b)rdwagty, subordinate males
should invest more into the competitive ability of thejaculate, e.g. by having a higher
number of sperm released in ejaculates (Parker 1990a&rP&90b; Parker 1993; Gage et al.
1995; Ball and Parker 1996), or by increasing sperm swimming sBa#éida(d Parker 1996).
Furthermore, the intensity of sperm competition in edkfertilizers is positively correlated
with a number of ejaculate characteristics, such amdmsomatic index (Gage et al. 1995;
Stockely et al. 1997; Uglem et al. 2001), sperm number (Gagé €995; Stockely et al
1997; Alonzo and Warner 2000; Liljedal and Folstad 2003), spermitgefbeach and



Montgomerie 2000; Liliedal and Folstad 2003; Burness et al. R@&olfsen et al. 2006) and
sperm swimming speed (Burness et al. 2004; Rudolfsen et al, 2006 owever Burness et
al. 2005; Stoltz and Neff 2006). Additionally, the positiverretation between sperm
swimming speed and fertilization success has been obsereegtthempirical studies both in
internal (Birkhead et al. 1999; Froman et al. 1999) and medtéertilizing species (Gage et al.
2004; Casselman et al. 2006).

Cryptic female choice, which is the female’s prefesnise of sperm from one male
over sperm from another (Thornhill 1983; Eberhard 1996), mlag @fluence male
reproductive success. Although there are indications of suebhanisms in external
fertilizers (Urbach et al. 2004), the ways in which cryfgimale choice can operate are fewer
in external fertilizing species than in internal fertilig species. That is, in external fertilizers
sperm manipulating mechanisms like sperm storage, spertaadisgent and sperm removal
inside the female reproductive tract are not present (Bb#r1996; Birkhead and Mgller
1998). Accordingly, ejaculate characteristics are preditbedbe an important aspect of
external fertilization dynamics (Ball and Parker 1996).

The Arctic charr $alvelinus alpindsis an external fertilizing teleost where males
aggregate and interact aggressively on spawning grounds, botk batl after females arrive
(Figenschou et al. 2004). In this lek-like context sperm @itipn becomes evident, as
males adopt different reproductive tactics, i.e. matedyugor sneaking, according to their
individual level of social dominance. Furthermore, no ptalecare is exerted, and both males
and females may encounter successive opportunities to donateg the spawning period
(Fabricius and Gustafson 1954; Sigurjonsdottir and Gunnar888). Rapid changes in
ejaculate characteristics such as sperm density dhiljand Folstad 2003; Rudolfsen et al.
2006) and sperm swimming speed (Rudolfsen et al. 2006) has beewedbses well as
differential investment in ejaculates between matdsbiting different social roles (Liljedal
and Folstad 2003; Figenschou 2005; Rudolfsen et al. 2006; Haugland 20@6oS=t al.
2006; Figenschou et al. 2007). In addition, sperm swimming speetsde be an important
factor influencing the ejaculate’s competitive ability & is positively correlated with
fertilization success (Liljedal 2004).

This study aims to examine how the phenotypic plastaftérctic charr ejaculates is
related to changes in individual social status. Thatwisp makes adjustments in their
ejaculate when social status changes: the dominanteosuhordinate male? In a caging
experiment with pairs of size matched male Arctic chelignges in individual status were

experimentally induced through two successive social enceuriach male’s social status
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from the first round of pairing was used to pair malethwhe same status in a second
encounter. This means that two dominant males was paogether, and likewise two
subordinate males, thus provoking one of the two malesach pair to change their status. In
previous empirical work fish has been observed through #esiagnd of pairing, and initial
status has been unknown (Rudolfsen et al. 2006). By obsdrsinthrough two successive
encounters, changes in individual social status caalated to the corresponding adjustments
in primary sexual characters. Previous empirical workdtmasvn that males attaining social
dominance seem to reduce ejaculate investment (Rudolfsgn2906; Serrano et al. 2006).

Thus, lowered ejaculate quality is expected in malesattadominance.
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Methods

a) Fish sampling

During the course of 13 days in mid September 2005, 64 male Afwit were caught in

Lake Fjellfrgsvatn in northern Norway (69°N). The fiskre all reproductively active, and
they were caught with gill nets at one spawning ground. fEBfienever stayed in the net
longer than 15 minutes, and they were carefully cut ouh@fnet with scissors. Fish with
signs of injury was excluded from the experiment. At shbe fish was put into cages over
night, before handling the following day.

b) Fish handling, caging and observation

Before handling, the fish was anaesthetized with beaine (approximately 10 ml per 10 L
water). Then the length of the fish was measured, fiose to caudal cleft, to the nearest 0.1
cm (25.21 cm = 1.22 SD). The fish was tagged with a speaiffober, and one of four
different forms of white tags (square, circle, rectar@yl triangle), for individual recognition.
The tag was sowed into the midst of the dorsal fin usinglastic vinyl filament. By applying
a gentle bilateral abdominal pressure the fish was sttippéts ejaculate, so that ejaculate
samples collected during the experiment would contain nspproduced during the
experimental period. Four fish of equal size (maximum 8é¥ation in length) was used to
complete one quartet, consisting of two pairs. Theuiah paired in chicken wire cages (90 x
60 x 40 cm), and placed at 2 m depth, approximately 2 m aphasgervation began the
following day.

In this first round of observation (R1), each cage waserved for 5 minutes, two
times a day, for three days. The fish’'s relative aomank (dominant or subordinate) was
determined by the number of aggressive acts (a nip, a biecbase) by each individual
(Lilledal and Folstad 2003). The presence of an observentasgnificant effect on fish
aggressiveness, nor does it alter hierarchical positidjedal and Folstad 2003). The fish
with most aggressive acts was considered to be dominant.

On day four the fish was anaesthetized with benzecand an ejaculate sample was
collected. Before collecting the ejaculate, the fishiglomen was gently dried with paper,
from the ventral fins down to the area around the gemitak, to avoid activation or
contamination of the sperm. Examination of Arctic clgaculates in the present study is of
those attained through manually stripped ejaculates wng@rimental conditions. After the
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sample was collected, the fish was paired again, thes with a fish from the corresponding
cage in the quartet. The two dominants were paired ircage, and the two subordinates in
another (figure 1), and observation commenced the fallgpway. The cages, now consisting
of two dominant males in one, and two subordinate malesather, were observed in the
same manner as before. After this second observatmmad (R2), social position was
assigned. Four groups termed DD-males, DS-males, SD-mateS$S-males (capital letters
refer to status in R1 and R2 respectively) was used toibeshe status of each fish through
the experiment, e.g. fish that was dominant in botimds was termed DD-males.

On the eight day the fish was killed in a random owdén a swift blow to the head,

and a new ejaculate sample was collected in the samaanas before.

R1 R2 Final group
Fish Dom —» Dom Dom > DD - males
Fish — Sub Dom —» Sub > DS - males
Fish | Dom Sub | Dom > SD - males
Fish Sub —__ Sub Sup > SS - males

Figure 1: Four male Arctic charr of equal size are piottwo cages, with two fish in each cage. After thiags

of observation (R1), their status is determined (Domirabbm, Subordinate = Sub). An ejaculate sample is
collected, and the male is paired with a male fronctreesponding cage that is occupying the same social role.
This means that the dominant males from the two cage@w together in one cage, and likewise with the
subordinate males. Then there is another three days afvatier (R2), now observing two dominants in one
cage and two subordinates in another. After R2 their n&twssis determined. An ejaculate sample is collected
and the fish is killed. The final groups describe théemaastatus through the experiment. This procedure was
followed for 64 fish, giving 16 initial quartets.

c) Ejaculate characteristics and Computer Assisted SperAnalysis

Ejaculate samples were taken from each fish afteettlays in cage (day 4), and at the end of

the caging period (day 8). Ejaculate volume was estimatsgringes to the nearest 0.01 ml

and the sample was then stored in closed Eppendorf tube®Ca The following

measurements were all done within one hour after tlealaj@ was collected. Within three

hours, sperm storage-time does not influence sperm swimpasgl §Haugland 2006).
Spermatocrit, which is the percentage of a given volufrsperm that is occupied by

sperm cells, was measured by centrifuging a homogenized poopa@f ejaculate in a

-14 -



capillary tube for 195 s at 11500 rpm, using a Compur mini-cagtif This gives us a
reliable measurement of sperm density (Aas et al. 1991).

Different parameters of sperm swimming behaviour was unedsusing Computer
Assisted Sperm Analysis (CASA) (HTM- CEROS sperm trackeEROS version 12,
Hamilton Thorne Research, Beverly, MA, USA) whichais objective tool for measuring
sperm motility in fish (Kime et al. 1996; Kime et al. 2001)ASA quantifies different
measures of sperm characteristics using video recordingsimiming sperm. A Sony CCD
black and white video camera (XC- ST50CE PAL) was mounted megative phase-contrast
microscope (Olympus CH30) with a 10 x objective. 0.12ul of speasactivated by 4.5ul of
water on standard counting chambers (Leja Products B\statle temperature (4 - 9°C).
Sperm cell movement was recorded for approximately 1 mitdgasurements included in
this study were sperm motility (percent motile spermisgednd sperm velocity (sperm
swimming speed). The velocity parameters were: mearageqgrath velocity (VAP), mean
straight line velocity (VSL), and mean curvilinear vatp¢VCL), all measured in um/s. The
analysis was set up with frame rate 50 Hz, minimumresttl6 and minimum cell size 5
pixels. Parameters were quantified from the video recgsdit every 10 seconds from 10 —
50 seconds post activation. The quantification was a -shap of sperm cell movement,
lasting 0.5 seconds and containing 25 frames. To avoid assgsem sperm cells showing
non-flagellar movement due to drift, cells with VAP2® um/s and VSL < 10 pm/s were
excluded. To avoid assessment on cells that moved iownof frame (Burness et al. 2004;
Burness et al. 2005; Haugland 2006), cells that appeared ith&sd5 successive frames
were also excluded from the analyses. Sperm cells inclid€ASA were not expected to
have a straight line trajectory, since there wereggs @r ovarian fluid to guide them. Thus,
VCL was chosen as the parameter of sperm swimming sped@ tassessed in further
analyses, since this record the point-to-point movenadrihe cell. A sperm index was
created; sperm index (ml) = (spermatocrit X (sperm volub@)), a variable describing total
sperm cell volume in the sampled ejaculate.

Sperm swimming speed showed a significant decrease wighpiorst activation, both
in R1 and R2 (repeated measures ANOVA &)= 244.6, p < 0.0001 andafks4) = 210.8, p <
0.0001, respectively), as did the measure for motility in botmds (repeated measures
ANOVA, F@,244)= 204.3, p < 0.0001 andskss)= 115.9, p < 0.0001, respectively). However,
there was no significant status specific effect orheeisperm swimming speed-decline in R1
or R2 (repeated measures ANOVAg&0) = 0.10, p = 0.98 andieo) = 1.11, p = 0.35,
respectively), nor motility-decline in R1 or R2 (repeateshsure ANOVA, B,2400= 0.08, p =
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0.99 and R.160)= 1.71, p = 0.15, respectively). Since there were akustspecific differences

in decline of sperm swimming speed or motility between 10 — 8esneasurements at 10 s
post activation were used when analysing differenceéwdam males of different status
groups. However, when analysing repeated measures frosamme fish, measurements from

10 — 50 s post activation was included.

d) Statistical analysis

Statistical analyses were done using R 2.1.1 (R Develop@Gwet Team 2005) and StatView
for Windows version 5.0.1. Data distributions of spermt tvariables were checked for
normality and heteroscedasticity using model checkiogsph R. Transformations of data
were done where assumptions for parametric testing maremet. In order to test if ejaculate
characteristics such as velocity, motility, densitglume and sperm index differed between
R1 and R2, a students paired t-test was used. A non-pa@mitoxon signed rank test was
used if transformations could not be done. Additionalbytest if there were differences in
sperm characteristics between individuals of differecias status, a one way ANOVA was
used with attained status as predictor variable. Spermraig speed at 10 s post activation
was positively correlated with sampling date, both in R% (.28, p = 0.027) and R2 (r =
0.293, p = 0.046), as was motility at 10 s post activation iffrR20.559, p < 0.0001), thus
sampling date was included as a covariate when analyssg theasures. P-values reported
are from two-tailed tests. No adjustments for mudtipbmparisons are made (Nakagawa
2004). Sample size varies between analyses, as notaduneenents were obtained from all
individuals. Reported means and SD are from original nstoamed frequency distributions.

-16 -



Results

A one way ANOVA with status as predictor variable anthgiing date as a covariate,
showed no significant difference in sperm swimming sp&tedO s post activation in R1
between dominant (120 + 34, n = 32) and subordinate (120 + 38, hmad&s (k58 = 0.38,

p = 0.54). Further, there was no significant differemceperm swimming speed at 10 s in R2
between dominant (128 + 29, n = 22) and subordinate (118 + 30, hma?€s (k.38 = 0.11,

p = 0.74). There was no significant difference in mgtéit 10 s in R1 between dominant (84
+ 19, n = 32) and subordinate (83 + 19, n = 30) malesd= 0.08, p = 0.78). Further, there
was no significant difference in motility at 10 s in R&ween dominant (84 + 16, n = 22) and
subordinate (78 £ 22, n = 20) malesi@s) = 0.162, p = 0.69). However, there was a
significant difference in spermatocrit between statuboth R1 (k.61 = 21.0, p < 0.0001,
figure 2) and R2dpm; 9.3 £ 3.9, n = 24su5 21.6 £ 14.2, n = 19,(F41)= 16.9, p = 0.0002). In
addition, there was a borderline significant differemcejaculate volume between dominant
(0.282 £ 0.145, n = 32) and subordinate (0.206 = 0.161, n = 32) mdds(if.61= 3.9, p =
0.052). Further, there was a significant difference irtwdge volume between dominant
(0.190 £ 0.156, n = 27) and subordinate (0.059 = 0.071, n = 27) m&&s(ku52)= 15.66, p

= 0.0002). The sperm index was borderline significantly diffein R1 between dominant
(0.019 = 0.011, n = 32) and subordinate (0.030 + 0.029, n = 32) nigles € 3.98, p =
0.050), but not in R2 between dominant (0.016 = 0.015, n = 27) anddsdie (0.01 *
0.014, n = 27) males @f52)= 2.76, p = 0.102).
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Figure 2: Mean spermatocrit values (%) in ejaculates tominant (n = 32) and subordinate (n = 31) males in
R1. Vertical bars denote 95 % confidence intervals.
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Males inhabiting a dominant social role throughout the empmri (DD-males)
showed a significant increase in sperm swimming spe&®,a40 and 50 s post activation
from R1 to R2. There was a significant increase inraptwcrit, and ejaculate volume showed
a decrease approaching significance. Means, test stadsiicp-values are given in table 1.

Males that lost their dominant role from R1, and becauoigordinate in R2 (DS-
males) showed no change in sperm swimming speed at 10 agbwation between R1 and
R2. However, at 20 and 30 s post activation there wendisant increases. The spermatocrit
values showed a significant increase (figure 3), and lejecwolume showed significant

decrease. Means, test statistics and p-values anme igivable 2.

percent spermatocrit

[ [ N N w w

o (¢, o (¢, o ol
1 1 1 1 1 1

a1
P

R1 R2
Figure 3: Mean spermatocrit values (%) in ejaculates frmies that were dominant in R1 (n = 16), and then
became subordinate in R2 (n = 13). Vertical bars denote 8&fitlence intervals.

Males that were subordinate throughout the experimentm@&&s) showed a
significant decrease in ejaculate volume, and a signifidacrease in sperm index, from R1
to R2. Means, test statistics and p-values are giviabla 3.

Males that were subordinate after the first bout dmh tattained dominance in the
second bout (SD-males), showed an increase in spernmangnspeed at 10 s post activation
approaching significance (figure 4), from R1 to R2, and thisease was significant at 20 s
post activation. For the motility measurement at 10 & potivation there was an increase
between R1 and R2 approaching significance. Means, testistatind p-values are given in
table 4.
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Figure 4: Mean sperm swimming speed (VCL in um/s) at 10 gequost activation of sperm cells in ejaculates
from males that were subordinate in R1 (n = 10), and theamtedominant in R2 (n = 6). Vertical bars denote
95% confidence intervals.
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Discussion

In addition to differences in ejaculate traits betwesales of different social status, rapid
adjustments in ejaculate characteristics were obderRResults show that males inhabiting
subordinate roles throughout the experiment, as wethass going from a dominant to a
subordinate state, did not increase investment in spetwebn rounds, but rather maintained
initial sperm swimming speed. Further, males attainingdefeinding dominant roles did not
decrease investment in their ejaculates as one wouktexpurprisingly, subordinate males
attaining dominance showed both increased sperm swimming spee@ttegased motility in

early post activation. Additionally, this group was thdyogroup that was able to maintain

production of ejaculate volume.

Differential investment in ejaculates

As previous studies have shown there are phenotypicalrehffes in primary sexual
characters between males of different social statesch and Montgomerie 2000; Rudolfsen
et al. 2006; Liljledal and Folstad 2003; Figenschou et al. 200hcu@ong with these studies
in respect to sperm density, this study shows that dommalets have a lower sperm density
than subordinates both in R1 and R2. As for sperm swnmrspeed, there were no
differences between dominant and subordinate males.igmsaccordance with empirical
work on male fowl Gallus gallus domesticigPizzari et al. 2007), and bluegillsgpomis
macrochiru3 (Burness et al. 2005). However, other studies have shsignificant
differences in sperm swimming speed between individualsdiérent status, with
subordinates having faster sperm than dominants (Fromah 2002; Burness et al. 2004;
Rudolfsen et al. 2006). Moreover, Leach and Montgomerie (206B8¢rved that stripped
ejaculates from sneaker male bluegill contained signifigdewer sperm cells than stripped
ejaculates from dominant males. However, subordinaties in the present study tended to
hold a larger volume of sperm cells in their ejaculéita®m dominant males in R1. In R2, on
the other hand, there was no difference. Furthermamjmant males had a larger ejaculate
volume in both rounds than subordinate males, whichoisin accordance with previous
results from Arctic charr (Lilledal and Folstad 2003; Ruskdf et al. 2006), but in
concurrence with results from bluegill (Leach and Mongaen2000). A meta-analysis of
studies on sperm swimming speed in Arctic charr, with data the present study included,
show that there is an overall difference between damiaad subordinate males (Haugland
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2006). As the present study was not able to detect thisetiffe, it is suggested that sample
sizes used are not large enough to yield unambiguouslyisajtifesults.

DD - males

There was no difference in initial sperm swimming spbbetween R1 and R2, but increases
were observed at 30, 40 and 50 s post activation. Spermdgoetg showed a slight increase,
along with a slight drop in sperm volume. There waslifference in motility or sperm index.
As for sperm swimming speed, the results do not concurthatse of Pizzari and co-workers
(2007). They observed that sperm mobility (a measure ofrspetocity) dropped in male
fowl that remained dominant. The underlying causality fa different sperm allocation
patterns observed in internal and external fertilizingcgsemay be that the male fowl, an
internal fertilizer, can monopolize the female tgraater extent than the male Arctic charr, an
external fertilizer, can. Thus, the selection presgar reduced sperm swimming speed when
mating in a favourable role may be stronger in interfealilizers. Furthermore, males
included in this study will most likely spawn in disfavoureéés on the spawning grounds, as
favoured males are approximately 10 — 15 cm longer (Serranal. €2006; personal
observation). This may explain why DD-males do not demesjaculate investments. How
ejaculate traits differ between pre-trial levels aridi®not known, but there is a possibility
that DD-males have already decreased investments ingjaeulate in R1 (Rudolfsen et al.
2006; Serrano et al. 2006). As time from activation increasternally fertilizing males
mating in favoured roles fertilize more eggs than subotendo (Schulte-Hostedde and
Burness 2005), and this may explain why DD-males show isedesperm swimming speed
in late post activation.In sum, males attaining ane@rm#ihg dominant roles did not decrease
investments in ejaculate quality, as one should expect.

DS - males

There was increased sperm swimming speed at 20 and 30 s p@stoecfrom R1 to R2, and
also increased spermatocrit parallel to decreasing ajacublume. There was no difference
in motility or sperm index between rounds. As opposewiiat should be expected from
sperm competition theory, DS-males did not increasestnwent in sperm swimming speed
10 s post activation, nor did they increase the spernximd&®2. Male fowl! is observed to
reduce sperm mobility when going from a dominant to a suhatelrole (Pizzari et al. 2007),
which is not in accordance with results from the pnéstudy. A proximate reason as to why
increased sperm swimming speed is observed at 20 and 30 s tp@dtoag but not at 10 s,
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can be that the decrease in ejaculate volume from RRtmay influence sperm swimming
speed negatively (Enggvist and Reinhold 2007). Also, bio-chemiizalges in seminal fluid
between rounds, or other mechanisms in relation to tina-ggnadal environment may be in
play (Miura and Miura 2003). Even though DS-males show saamfly higher spermatocrit
values in R2 than in R1, they do not have a higher spetex.inThus maturation of sperm
seems to be constant. In sum, increased investmenjadulae quality was observed,

although this did not entail the measurement of initialreprimming speed.

SS - males

There was a decrease in sperm volume from R1 to R2elssva decrease in sperm index,
i.e. males had fewer sperm cells in their ejaculaté®2. There was no difference in either
spermatocrit, sperm swimming speed or motility betweemds. Results regarding sperm
swimming speed are in concurrence with Pizzari and adevs (2007), who observed that
SS-male fowl was able to maintain sperm mobility afteeeond social encounter. Moreover,
these results concur with a study on the fastest spelilmwithin ejaculates of Arctic charr,
where it is indicative that males becoming subordinktes not show any change in sperm
swimming speed compared to pre-trial levels (Serranol.eR(096). Results are also in
concurrence with a study on Arctic charr ejaculateslinng all sperm cells (Rudolfsen et al.
2006). As opposed to the present study, Rudolfsen and co-wa2kég) Observed that males
becoming subordinate increased their spermatocrit,they did not observe the dramatic
decrease in sperm volume. The comparison of studiestigruly applicable, as Rudolfsen
and co-workers (2006) did not know fish™ pre-trial status, bdicate assumptions of fish
being subordinate before the social encounter. THe dhdncreased investment in sperm
swimming speed by SS-males may be explained by their spalim reserves in R2
(Engqvist and Reinhold 2007). As individual stress response rflagnoe social position
(Gilmour et al. 2005), and further, influence how plasma @geh levels fluctuate
(Castranova et al. 2005), a potential for producing sperimgdif quality may be present, but
energetic demands may supersede the conceptualization pdtérgial. In sum, although the
effects of being under dominance are apparent in this groapfeaver sperm cells are
matured in R2, SS-males are still able to maintain sggrnmming speed.

SD - males
An increase in sperm swimming speed at 20 s post activaisrobserved from R1 to R2. In
addition, increases in both sperm swimming speed andityatil 10 s post activation was
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approaching significance. There were no differencestirerespermatocrit or sperm index
between rounds, and this group was the only group that wadalbhaintain production of
ejaculate volume. Results are conclusive with redudisi male fowl (Pizzari et al. 2007),
who observed increased mobility in sperm from SD-matestly after a social challenge.
However, it has previously been documented that male @ttining dominance reduce
initial sperm swimming speed (Rudolfsen et al. 2006; Serrarb. €006), which is not in
accordance with results from the present study (natankes regarding comparison of studies
above). Considering that the closure of the egg-micropgfgpens when the egg comes in
contact with water (Billard 1988), and that fertilizationcurs within seconds after gamete
release (Liley et al. 2002), there should be selectiohifh initial sperm swimming speed in
external fertilizing fish species. The response in e investments by males attaining
dominance, at least in experimental caging, may be inducaddbgrease in stress level from
R1 to R2. When stress is reduced in R2, because fistodmnger under dominance, males
react with investment in initial sperm swimming speed, thageasing the short term fitness
benefits associated with having competitive sperm améle spawning event. In sum, against
predictions this group was observed to increase rathardécrease ejaculate investment.

Conclusion

The rapid changes in primary sexual characters of Awdtarr suggest highly responsive
phenotypic plasticity. The environmental factor triggerthgse changes seems to be the
individual mating role attained as males interact witieotmales. Status seems regulated by
level of stress, and the individual response to stresg lmea genotypically determined
(Pottinger and Carrick 1999). Thus, the individual responséréss seems to be an important
mechanism influencing the outcome of sperm competitiopivatal underlying assumption
when discussing the observed changes in ejaculate avsacs is that fish included in this
study will most likely spawn in disfavoured roles on #pawning grounds (Serrano et al.
2006; personal observation). Males mating in disfavoureds ralél have a decreased
probability of fertilization if they do not increase e@stment in ejaculate quality, compared to
males mating in favoured roles. However, males matingawoured roles can encounter
successive opportunities to copulate, and may consequentiyt dlogusjaculated sperm
volume in each spawning event, to the possibilitylmaming future copulations. Thus, males
inhabiting different mating roles may differ in shortnteversus long term fitness benefits as a
result of ejaculate allocations. Males attaining an@mt#ihg favourable mating roles did not
decrease ejaculate quality as could be expected. Bothr83S-males was able to maintain
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investments in their ejaculates competitive ability. Agaipredictions, subordinate males
attaining dominance did not decrease ejaculate investmemtstber increased investments.
It seems that both males attaining dominance and malesmbex subordinate will
experience changes in their ejaculate characteristiosy will have ejaculate’s of optimal
competitive ability as a result of their immediateiabstatus. The investments in short term
fitness benefits become evident in this experiment, paslynales becoming subordinate will
not increase initial sperm swimming speed becausepibssibly at an optimum already, but
in particular, as males attaining dominance increase isp@im swimming speed. Assuming
fish inhabit subordinate mating roles on the spawning grotimgl,not adaptive to decrease
ejaculate investment when a shift in social role rgamogram sperm to be more competitive,

in this case increase the short term fithess beradfaa individual male.
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Tables

Tables 1 — 4: Changes in sperm trait variables betw&esn® R2 in relation to a change in social status; VCL
(um/s), motility (%), spermatocrit (%), volume (midasperm index (ml). Significance denoted with *, ** and
*** for alpha- levels < 0.1, < 0.05 and < 0.01, respectiv@lgst statistics are from students paired t-test,ptxce
for sperm volume in SS-males where a wilcoxon signek test was used.

Table 1: DD-males (Dominant in R1 - dominant in R2)

Sperm trait mean (SD) df alve p

R1 R2
VCL 10's ©119(31) 120(29 15 -0.1002 0.92
VCL 20 s 87(21) 93(14) 15 -0.9681 0.35
VCL 30 s 57(12) 65(7) 15 -2.4765 0.0257 **
VCL 40 s 46(6) 50(4) 15 -2.3953 0.0301 **
VCL 50 s 45(4) 50(5) 15 -3.3782 0.0041 **=*
Motility 10 s 86(10) 80(18) 15 0.7254 0.5
Motility 20 s 87(13) 80(16) 15 1.0416 0.3141
Motility 30 s 82(13) 80(16) 15 0.0747 0.9414
Motility 40 s 54(24) 61(15) 15 -1.0661 0.3032
Motility 50 s 32(15) 37(11) 15 -1.4293 0.1734
Spermatocrit 7.1(2.6) 9.7(3.9) 15 -2.4898 | 0.03  **
Volume 0.3213) 0.24.16) 15 1.9365 0.07 *
Sperm index 0.022(011)0.022(017) 15 0.0149 0.9883

Table 2: DS-males (Dominant in R1 - subordinate in R2)

Sperm trait mean (SD) df alve p

R1 R2
VCL 10's 121(37) 126(27 12 -0.6282 0.5416
VCL 20 s 87(23) 100(14 13 -3.2262 0.0066 ***
VCL 30 s 58(16) 69(6) 13 -3.6591 0.0029 ***
VCL 40 s 46(6) 49(5) 13 -1.5574 0.1434
VCL 50 s 44(5) 47(4) 13 1.2772 0.2234
Motility 10 s 82(25) 82(15) 12 0.8566 0.4085
Motility 20 s 81(23) 81(14) 13 0.2256 0.825
Motility 30 s 77(20) 79(16) 13 -0.3099 0.7616
Motility 40 s 56(26) 66(18) 13 -1.1457 0.2726
Motility 50 s 30(16) 35(12) 13 -1.6489 0.1231
Spermatocrit 6.9(3.3) 24.4(135 12 -5.6872 0.0001 ***
Volume 0.2¢15) 0.06.07) 15 6.5703 0.00001 ***
Sperm index 0.017(011) 0.013(014) 15 0.8789 0.3933
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Table 3: SS-males (Subordinate in R1 - subordinate in R2)

Sperm trait mean (SD) df atve
R1 R2
VCL 10's ~120(43) 103(30 6 0.5107 0.6278
VCL 20 s 91(29) 87(17) 6 1.1214 0.305
VCL 30 s 63(17) 66(14) 6 -0.9987 0.3565
VCL 40 s 49(9) 55(12) 6 -1.2732 0.25
VCL 50 s 45(9) 52(7) 6 -0.0077 0.994
Motility 10 s 81(27) 70(30) 6 0.1964 0.8508
Motility 20 s 83(25) 77(21) 6 0.0451 0.9655
Motility 30 s 77(29) 79(17) 6 -0.972 0.3686
Motility 40 s 60(26) 65(25) 6 -1.3222 0.2343
Motility 50 s 38(19) 47(25) 6 -0.9469 0.3802
Spermatocrit 18.8(12.7)15.6(14.7) 5 1.8129 0.1296
Volume 0.1®7)0.05.08) 11 7=-2.667 0.0076 ***
Sperm index 0.036(031) 0.006(007) 10 3.6752 0.00428 ***
Table 4: SD-males (Subordinate in R1 - dominant in R2)
Sperm trait mean (SD) df alve p
R1 R2
VCL 10 s ~ 113(36) 148(19 5 -2.1189 0.0876 *
VCL 20 s 85(23) 109(10 5 -2.9982 0.0302 **
VCL 30 s 59(15) 67(8) 5 -1.1378 0.3068
VCL 40 s 48(6) 46(3) 5 0.5418 0.6112
VCL 50 s 45(5)  48(5) 5 -1.583 0.1743
Motility 10 s 80(14) 93(6) 5 -2.225 0.0767 *
Motility 20 s 80(15) 92(8) 5 -1.9623 0.1070
Motility 30 s 78(16) 91(10) 5 0.5396 0.6126
Motility 40 s 54(27) 61(19) 5 -0.9846 0.37
Motility 50 s 29(18) 31(13) 5 -0.2355 0.8232
Spermatocrit 11($8) 8.43.9) 7 0.7275 0.4905
Volume 0.1(08)0.12.13) 10 -0.3228 0.7535
Sperm index 0.11(.008) 0.09(.009 10 0.6864 0.508
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