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OIKOS 76: 359-367. Copenhagen 1996 

Sexual dichromatism and the immunocompetence handicap: 
an observational approach using Arctic charr 

Frode Skarstein and Ivar Folstad 

Skarstein, F. and Folstad, I. 1996. Sexual dichromatism and the immunocompetence 
handicap: an observational approach using Arctic charr. - Oikos 76: 359-367. 

Secondary sexual characters may signal parasite resistance because the development 
of such traits can have costs to immune functioning. Here we show that expression 
of red coloration in the salmonid Arctic charr is a sexually dimorphic character that 
reveals information of potential importance in sexual selection. Intensity of the 
carotenoid dependent coloration is in both sexes negatively related to lymphocyte 
counts. A causal mechanism for this relationship could be reduced availability of 
carotenoids for immunological application created by increased carotenoid require- 
ments for ornamental development. Alternatively, if more ornamented individuals 
also have lower intensities of infection, the observed relationship might be explained 
by healthy individuals being both bright and having low antigen stimulation of 
lymphocyte transformation and proliferation. Parasite intensities also show relation- 
ships with intensity of coloration, and this is used to evaluate the latter explanation. 

F. Skarstein and I. Folstad, Dept of Ecology/Zoology, Inst. of Biology and Geology, 
Univ. of Troms0, N-9037 Tromso, Norway (frodes@ibg.uit.no). 

Sexual differences in breeding ornamentation are 
known from a large variety of animal species (An- 
dersson 1994), ranging from the extreme example of the 
peacock's tail to the more subtle differences in color 
and morphology within many vertebrate species. Inter- 
preting this gradient of sexual differences as the result 
of variance in the strength of sexual selection presumes 
that mainly one sex is selective in mate choice. In 
general, the sex with the lowest potential reproductive 
rate is expected to be more choosy (Clutton-Brock and 
Vincent 1991, Clutton-Brock and Parker 1992), but 
depending on the costs involved in mate search, any sex 
may gain fitness advantages by assessing the quality of 
potential mates. Consequently, in some species choosi- 
ness may occur in both sexes (Parker 1983), producing 
bisexual ornamentation without clear sexual dimor- 
phism. Under such a scenario, ornaments may reveal 
information about individual qualities in both sexes. 

In "good gene" models of sexual selection it is as- 
sumed that individuals can assess heritable qualities of 

potential mates and thus increase the genetic quality of 
their offspring. This fitness advantage has been hypoth- 
esized to fuel the evolution of quality signalling traits, 
such as costly secondary sexual characters (e.g., Zahavi 
1975, 1977). As an explicit case of "good gene" models, 
Hamilton and Zuk (1982) suggested that parasite resis- 
tance is an important genetic quality revealed in sec- 
ondary sexual ornaments. Heritability of parasite 
resistance and thus variation in expression of sexual 
ornaments will be maintained despite directional selec- 
tion exerted through mate choice because of the partic- 
ular ability of parasites to rapidly co-evolve with their 
hosts (but see Atkinson 1991). Given a positive parent- 
offspring correlation in genetic resistance, mate choice 
based on signals of parasite resistance will give fitness 
benefits in the form of parasite resistant offspring. 

Parasites can specifically influence the development 
and maintenance of secondary sexual characters 
through two different mechanisms. First, in cases where 
the acquisition of important metabolites for ornamental 
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development, like carotenoids, results in increased ex- 
posure to pathogens, ornaments may reveal an individ- 
ual's ability to tolerate parasite exposure (Folstad et al. 
1994). Second, since development and maintenance of 
secondary sexual characters may impose costs to immu- 
nity, they may honestly signal parasite resistance (Fol- 
stad and Karter 1992; see also Wedekind 1994). Genetic 
resistance to parasites will in both cases influence estab- 
lishment rates and pathogenicity of parasites and thus 
modify expression of secondary sexual characteristics. 

The Arctic charr, Salvelinus alpinus (L.) has several 
qualities making it an interesting species for studies on 
signals of potential importance in sexual selection in 
general, and more specifically, for testing hypothesis 
related to signals of parasite resistance. First, both 
sexes develop bright, carotenoid based (Scalia et al. 
1989), red abdominal coloration during the spawning 
period, making it a bisexually ornamented species. Sec- 
ond, neither sex shows parental care after spawning 
(Fabricius 1953), and both sexes receive nothing but 
gametes when they reproduce. This suggests that any 
mate choice in this species may, in addition to potential 
direct benefits from avoiding contact-transmitted dis- 
eases and gamete quality and quantity (Skarstein and 
Folstad 1995, Folstad and Skarstein in press), be for 
"good genes". Third, the species is polygamous, with 
males usually fertilizing eggs from several females (Fab- 
ricius 1953, Fabricius and Gustafson 1954). Females 
are also observed spawning with several different mates, 
although not as frequently as males (Fabricius and 
Gustafson 1954). This variation in number of mates 
within both males and females suggests that sexual 
selection may be at work in both sexes. Fourth, since 
Arctic charr may be reproductively active for over 
fifteen years (Johnson 1980), benefits of current orna- 
mentation should be carefully balanced against costs to 
future reproduction. Subsequently, age-specific varia- 
tion in spawning coloration should be low compared to 

species with shorter life expectancies. Fifth, several 
carotenoid rich crustaceans are intermediate hosts for 

parasites harbored by Arctic charr. This link between 
colorants for ornamentation and parasitic transmission 

propagules might increase the homogeneity in exposure 
(Folstad et al. 1994), reducing the problem of distin- 

guishing between unexposed and resistant individuals 

(Read 1990, McLennan and Brooks 1991). Last, Arctic 
charr are commonly infected with easily identified para- 
sites with similar transmission routes, but with large 
species specific variation in pathogenicity. 

In this study, we investigated three a priori predic- 
tions: First, since individual female Arctic charr have a 
lower potential reproductive rate than individual males, 
males are expected to be the most ornamented sex 

(Clutton-Brock and Vincent 1991, Clutton-Brock and 
Parker 1992). Second, if immunological costs are asso- 
ciated with development of breeding ornamentation, a 

negative relationship between level of immunocompe- 

tence and degree of ornamentation should be expected 
(Folstad and Karter 1992). Third, parasites are ex- 
pected to show a relationship with intensity of col- 
oration. More precisely, the pathogenic parasites 
should have intensities negatively associated with color 
intensities because of their detrimental effects on their 
hosts (Hamilton and Zuk 1982, Folstad et al. 1994). 
The low pathogenic parasites, on the other hand, inflict 
less harm on their host and should therefore not neces- 
sarily have intensities related to coloration. However, 
those weakly pathogenic parasites transmitted through 
foods containing metabolites necessary for developing 
ornaments should have intensities positively related to 
coloration (Folstad et al. 1994). 

Materials and methods 

Sampling 
Sexually mature Arctic charr, 22 males and 38 females, 
were caught on a spawning ground in Lake Fjell- 
frosvatn, northern Norway. This occurred on three 
consecutive nights during the short spawning period in 

mid-September. The spawning ground was identified 
with the help of local knowledge, presence of redds (i.e., 
marks from finished spawnings) and occurrence of large 
numbers of ripe males and females. 

The between-sample variation of the effect stress may 
have on labile characters, such as coloration and im- 

munological parameters, caused by netting was reduced 
by setting and emptying the nets so that fishing time of 
each net, which was the maximum time a fish could 
spend in the net, spanned from between one to three h. 
This variation was due to differences in size of catches, 
producing differences in handling time. 

Photographic equipment and picture analysis 
Immediately after collection, each fish's abdomen was 

photographed under identical light conditions with Ko- 
dak 64 ASA EPR Ectachrome film. The pictures of the 
individual abdomens were later digitized using Kodak's 
Photo-CD system, making them available for evalua- 
tion with the computer application Adobe Photoshop 
(Macintosh version 2.5) to produce numerical estimates 
for the three color properties hue, value and chroma. 
Hue represents the wavelength of a color, while value 
and chroma can respectively be understood as the 
darkness and saturation of a color (Smithe 1975). The 
more commonly used and readily understood terms 
darkness and saturation will be used instead of value 
and chroma. For each fish, the average intensity for 
each of the three color properties was measured, based 
on all pixels enclosed by an area within the pentagon 
obtained by drawing lines between the four paired fins 
and the point where the two gill opercula meet. Mean 

intensity of the three color parameters with standard 
deviation are given in Table 1. 
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The three color parameters hue, darkness and satura- 
tion have usually been fused to produce an index 

appropriate to the investigated coloration (e.g., Burley 
et al. 1991). However, each of these color properties 
might vary with regard to parasite levels independently 
of each other, and thus be of separate importance in the 

complete spawning coloration (Wedekind 1992). There- 
fore hue, darkness and saturation were treated as sepa- 
rate components of the breeding ornamentation. As we 
evaluate ornaments in the context of metabolic costs, a 
dark or saturated coloration was considered more orna- 
mented than a light or unsaturated coloration because 
of the higher density of metabolic colorants, just as 
redder hues were considered more ornamented. 

Immunology 
Blood samples were collected from the caudal vessel of 
each fish using 2-ml heparinized vacutainers. Blood 
smears were fixed and stained for identification of 

lymphocytes and erythrocytes according to Rowley 
(1990). These blood smears were later used to deter- 
mine the lymphocyte/erythrocyte ratio by taking the 

average of lymphocyte and erythrocyte counts from 
two independent areas on the smear. Hematocrit (i.e., 
the percentage of red blood cells in a blood sample) for 
each fish was determined by centrifuging a portion of 
the blood sample in a capillary tube for three min at 
11500 rpm with a Compur Mini Centrifuge. Then, by 
multiplying hematocrit value by the lymphocyte/ery- 
throcyte ratio, an estimate for the level of circulating 
lymphocytes in each fish was obtained. 

Morphometric and parasitological data 

Body length and ungutted weight were measured and 
each fish was aged using the number of growth zones 
on the otoliths (Grainger 1953). Sex was determined by 
investigation of gonads. A condition factor was calcu- 

Table 1. Arithmetric means with standard deviation (SD) for 
length, age, weight, condition factor and the color properties 
hue, darkness and saturation (all given as log-Munsell values), 
grouped by sex. For length, age, weight and condition factor 
the mean and SD of the raw data is used, while for the color 
parameters the mean and SD is calculated from the log-trans- 
formed intensities. For the three color parameters, N=20 
males and 33 females. All other parameters N= 22 males and 
38 females. 

Males Females 

Parameter Mean SD Mean SD 

Length (cm) 20.8 1.35 20.8 1.41 
Age (yr) 5.8 0.96 5.7 0.69 
Weight (g) 125.1 32.43 136.2 31.58 
Condition factor 0.85 0.03 0.97 0.03 
Log hue 0.99 0.06 1.03 0.03 
Log darkness 0.95 0.04 0.97 0.02 
Log saturation 0.90 0.04 0.88 0.02 

lated using the formula: weight (g)/length (cm)b, 
where b is the regression coefficient when regressing log 
weight on log length of males and females separately 
(Bolger and Connolly 1989). Mean length, age, condi- 
tion factor and weight with standard deviation are 

presented in Table 1. Macroparasites were recorded 

during investigation of the eyes, gills, outside and inside 
the gastrointestinal tract, swim bladder and kidney 
tubules. Eight groups of parasites were identified, 
namely the digeneans Phyllidostomum umblae, Diplosto- 
mum spp. and Crepidostomum spp. (Thomas 1958, 
Bortz et al. 1988), the cestodes Diphyllobothrium spp., 
Eubothrium salvelini and Cyathocephalus truncatus 

(Chubb et al. 1987), the nematode Cystidicola farionis 
and finally the crustacean Salmincola sp. Terminology 
describing parasite populations follows Margolis et al. 

(1982). 

Statistical analysis 
Statistical analyses were done using Statsoft Statistica 

(Macintosh version 3.0a). All color, lymphocyte and 

parasite parameters were log-transformed to meet the 

assumption of normality for the parametric statistics 
used. Distributions were tested for normality using the 

Kolmogorov-Smirnov two-sample test. When con- 

trolling for age or condition, correlation of residuals of 

regression were used (Kleinbaum et al. 1988). Transfor- 
mations were unable to conform C. truncatus intensities 
to the assumptions of parametrical analysis and conse- 

quently, Kendal's rank analysis and partial rank order 
coefficients analyses were used (Siegel and Castellan 

1988). 

Results 

Effect of sampling time 
No significant relationship was found between intensity 
of either hue, darkness or saturation and fishing time of 
nets (T = 0.08, P=0.4; T= 0.06, P=0.5; and T=- 

0.05, P = 0.58, respectively, N =53) or between 

lymphocyte levels and fishing time (T =-0.10, P= 
0.29, N= 55). 

Sexual differences 
There was a positive relationship between the three 
color parameters, i.e., individuals with redder hues also 
tended to be darker and more saturated (t ranged 
between 0.56 and 0.66, N=53, P always <0.0001). 
Males differed significantly from females with respect to 
all three color properties (hue: t= -3.52, P< 0.001; 
darkness: t=-2.21, P < 0.02 and saturation: t= 
- 1.82, P = 0.038, one-tailed t-test, see Fig. 1). That is, 
males had redder hues and were darker and more 
saturated. Neither weight, length nor age differed sig- 
nificantly between the sexes. 
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Fig. 1. Box and whiskers plot with mean, standard error and 
standard deviation, of the sex difference in the three color 
parameters hue, darkness and saturation (t - 3.52, P < 
0.001; t = -2.21, P < 0.02; and t = - 1.82, P = 0.038, respec- 
tively, one tailed t-test). Hue and darkness intensities are 
plotted on inverse axes as the Munsell system assigns lower 
numerical values to intensities which in this study are consid- 
ered as more ornamented, that is, darker, more saturated and 
with redder hues. Sample size: 20 males and 33 females. 

Lymphocytes and ornamentation 

Significant negative relationships were found between 
levels of lymphocytes and degree of coloration in 
both sexes (Table 2). In males hue, darkness and satu- 
ration showed significant negative correlations with 

lymphocyte levels (Table 2 and Fig. 2). Among females, 
only darkness and saturation showed a significant nega- 
tive relationship with levels of lymphocytes (Table 2). 
In females, but not males, all the three color properties 
were also positively related to the condition factor. 
However, after controlling for condition factor, both 
darkness and saturation still showed a significant nega- 
tive relationship to lymphocyte counts (Table 2). 

Parasites and ornamentation 
Prevalence (i.e., percentage of infected individuals) and 
arithmetic mean intensity of the log-transformed data 
with standard deviation (SD) of the different parasite 
groups are given in Table 3. 

Males. Intensities of the intestinal digenean Crepidosto- 
mum spp. were positively correlated to both hue and 
darkness, and intensities of the eyefluke Diplostomum 
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Fig. 2. Relationship between 
intensities of the three color 
properties and lymphocyte 
counts in males. Hue and 
darkness intensities are 
plotted on inverse axes as 
the Munsell system assigns 
lower values to intensities 
which in this study are 
considered as more 
ornamented, that is, darker, 
more saturated and with 
redder hues. Sample size: 20 
males. 
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spp. were positively correlated to hue (see Table 2). 
None of the other parasite intensities were related to 
color intensities in males. Diplostomum spp. intensities 
were also positively related to age. Nevertheless, after 
controlling for age, the positive relationship between 
Diplostomum spp. intensities and hue remained signifi- 
cant (Table 2). No significant relationship was found 
between the potential confounder condition factor and 
intensities of Crepidostomum spp. 

Females. Intensities of Crepidostomum spp. were posi- 
tively correlated to hue and saturation, and Diplosto- 
mum spp. intensities were positively correlated to hue 
(see Table 2). We also found negative association be- 
tween C. truncatus intensities and darkness levels (z = 
0.23, P= 0.063, N= 33). Condition factor was 
positively related to coloration, and when partialling 
out the effect of this confounder, the level of significance 
increased to P < 0.05 (xyz = 0.24, N= 33). Moreover, 
intensities of C. truncatus were positively related to age, 

and after controlling for age the relationship between C. 
truncatus intensities and darkness levels became signifi- 
cant (P < 0.025, Tx.z = 0.26, N = 33). In females, inten- 
sity of the three color properties were positively related 
to condition factor, therefore relationships between par- 
asite intensities and color intensities were calculated for 
a given condition (see Table 2). None of the other 
parasite intensities were related to coloration in females. 
Diplostomum spp. intensities were positively related to 
age. However, after controlling for age, the positive 
relationship between Diplostomum spp. intensities and 
hue remained significant (Table 2). No significant rela- 
tionship was found between the potential confounder 
condition and intensities of Crepidostomum spp. 

Interrelationships between parasite intensities 
Among the parasites investigated, only intensities of 
Phyllidostomum umblae and Eubothrium salvelini were 
correlated to each other (r =0.30, P< 0.02, N=60, 
both sexes pooled). 
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Table 3. Prevalence (percentage of infected individuals) and arithmetic mean intensity with standard deviation (SD) calculated 
from the log-transformed data of the different parasite groups. (N = 60.) 

Parasite group Prevalence Mean intensity SD 
(%) (log-transformed) 

Salmincola sp. 30 -0.30 0.01 
Cystidicola farionis 78 1.41 0.52 
Crepidostomum spp. 83 1.37 0.69 
Diplostomum spp. 100 4.69 0.45 
Cyathocephalus truncatus 37 0.32 0.06 
Phyllidostomum umblae 100 4.37 0.59 
Diphyllobothrium spp. 100 3.20 0.82 
Eubothrium salvelini 78 0.43 0.2 

Discussion 
As opposed to age, length and weight, all three color 

properties differed significantly between the sexes. 
Males have redder, darker and more saturated orna- 
mentation than females. This observation is as expected 
from the sexual difference in potential reproductive 
rates (Clutton-Brock and Vincent 1991, Clutton-Brock 
and Parker 1992). In addition, the ornament reveals 
information that could potentially be of use in mate 
choice. Both factors are indicative of sexual selection's 
involvement in the evolution of the trait. However, if 
sexual selection elaborates on a character, the ho- 

mologous character in the opposite sex may show a 
correlated response (Lande and Arnold 1985, Lande 
1987), producing sexual elaboration without bisexual 
selection. Yet, if the trait is costly, uncoupling and 

degeneration of the trait in the choosier sex would be 

expected to occur (Lande and Arnold 1985). The corre- 
lations between coloration and both parasite intensities 
and lymphocyte counts suggest that coloration may 
impose costs on both sexes, disfavoring the explanation 
based on correlated responses. Although only indicative 
evidence exists, it seems likely that sexual selection may 
be involved in the evolution of Arctic charr spawning 
coloration. 

The concept of immunocompetence is elusive, and a 
measure like the number of circulating lymphocytes can 

only assess a limited aspect of host immune function. 
However, lymphocytes do play several important func- 
tions in the immune response, permitting such crucial 

processes as antibody formation, immunological mem- 

ory and interleukin secretion (Post 1987). Accordingly, 
the level of circulating lymphocytes in blood may indi- 
cate a fish's ability to defend itself against pathogens 
(Pickering 1986). In this study we document a negative 
relationship between intensity of ornamentation and 
levels of circulating lymphocytes. Similar relationships 
have been found in birds (Gustafsson et al. 1994, Saino 
and Moller 1994, Zuk et al. 1995). If more ornamented 
individuals also have lower intensities of infection, the 
observed relationship might be explained by healthy 
individuals being both bright and having low antigen 
levels available to stimulate lymphocyte transformation 

and multiplication. In the present study, however, 
highest parasite intensities were, with the exception of 
the parasite C. truncatus in females, found in the more 
ornamented individuals. Thus, an explanation based on 

general health as a determinant of both coloration and 

lymphocyte levels, although parsimonious, seems in- 
sufficient to account for the observed negative correla- 
tion between intensity of coloration and our estimate of 

immunocompetence. 
The above explanation would suffice if lymphocyte 

levels depend mainly on current infection levels. How- 
ever, host decisions might alter lymphocyte levels inde- 

pendent of antigen-stimulated effects on lymphocyte 
populations. Thus, an alternative interpretation of the 

negative correlations between intensity of coloration and 
our measure of immuncompetence may stem from im- 

munosuppressive effects of sex hormones necessary for 
ornament development (Folstad and Karter 1992). Such 
a dual effect may arise if sex hormones allocate limited 
amounts of energy or metabolites between immune 

functioning and ornament development (Wedekind and 
Folstad 1994). In species where carotenoid-dependent 
coloration is commonly used as sexual signals, 
carotenoids may be of limited availability in the environ- 
ment (Hill 1992). The use of carotenoids in secondary 
sexual characters may on the one hand increase the 
bearer's attractiveness towards potential mates, while on 
the other hand such use channels carotenoids away from 

important immunological functions. These immunologi- 
cal functions may be served both directly (Chew 1993) 
or indirectly through provitamin-A activity (Deuel 1957, 
Bauerfeind et al. 1981) and may, among a multitude of 
effects, cause increased size and activity of lymphocyte 
populations (Bendich 1989). Consequently individuals 
may, depending on immune system efficiency, distribute 
their limited amounts of metabolites (i.e., carotenoids) 
between ornamental and immunological uses in a man- 
ner that maximizes their lifetime reproductive success 

(Wedekind and Folstad 1994). The development of 
secondary sexual characters in salmonids is stimulated 

by several androgen hormones (Leatherland et al. 1982), 
which in both male and female Arctic charr also show 
distinct titer peaks during the spawning period (Mayer 
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et al. 1992). Consequently, in the arctic charr, sex 
hormones may mediate both immunological function- 
ing and ornamental development and this may explain 
why more ornamented individuals have lower immuno- 
competence. 

Established parasites affect host immune responses 
and vice versa, a relationship influenced by and influ- 
encing parasite pathogenicity. Additionally, differential 
immune responses among hosts may affect parasite 
establishment and cause variation in number of para- 
sites per host even under equal parasite exposure. These 
interactions may cause a complicated relationship be- 
tween parasite intensities observed in hosts and orna- 
mental development compromising immune responses. 
Observational studies of relationships between expres- 
sion of ornamentation and parasite intensities have 
given equivocal results (Read 1990). Also in our study, 
which only investigates three components of the Arctic 
charr's complex breeding ornamentation, intensity of 
coloration is not related to all parasite intensities (i.e., 
those of Diphyllobothrium spp., Eubothrium salvelini, 
Cystidicola farionis, Phyllidostomum umblae and 
Salmincola sp.). There are however, parasite species 
(i.e., those of Diplostomum spp., Crepidostomum spp. 
and C. truncatus) that show intensities related to sexual 
ornamentation. 

Intensities of Diplostomum spp. show a positive cor- 
relation with fin size, a sexually dimorphic character, in 
male three-spined sticklebacks (Bronseth and Folstad, 
unpubl.). Diplostomum spp. intensities also show a pos- 
itive correlation with red coloration in both male and 
female Arctic charr. Because of the metacercaria's site- 
specificity in the eye of Arctic charr, Diplostomum spp. 
infections are not thought to cause significant harm 
(Bouillon and Curtis 1987) and should consequently 
have little effect on lifetime reproductive sucess of 
Arctic charr. Infections of Diplostomum spp. may possi- 
bly accumulate in the host with age, indicating that age 
could be of importance in causing the relationship 
between parasite intensity and coloration. However, 
after controlling for age, the correlation remains signifi- 
cant, suggesting that age is of minor importance in the 
relationship between parasite intensity and coloration. 
Crepidostomum spp. infections are also not believed to 
be pathogenic (Thomas 1958), and their intensities also 
show a positive relationship with color intensity. The 
positive relationship that both Diplostomum spp. and 
Crepidostomum spp. intensities show with intensity of 
coloration can be explained by reduced immune re- 
sponses in the more ornamented individuals. Alterna- 
tively, intensity of coloration could be expected to 
correlate with Crepidostomum spp. intensities from the 
coupling between metabolites necessary for character 
development and parasite exposure in the more orna- 
mented individuals. That is, individuals that develop 
intense, carotenoid based breeding ornamentation 
could be impelled to increase their carotenoid rich prey 

consumption containing transmission propagules of 
Crepidostomum spp. with a resulting increased exposure 
to this parasite. In the case of Crepidostomum spp. the 
two explanations (i.e., increased exposure or reduced 
immune response) are not mutually exclusive, and may 
be operating simultaneously. 

To appreciate the positive correlations between color 
and parasite intensities in the context of the Hamilton 
and Zuk (1982) hypothesis, where the most elaborately 
ornamented individuals should have heritable resis- 
tance, one must view them in the light of costs to 
immune function. Immunosuppression by hormones 
necessary for ornamental development may produce a 
degree of trait expression which signals the effectiveness 
of the carrier's immune system. Therefore, individuals 
with good parasite resistance will experience less cost 
with immunosuppression and the concomitant increase 
in parasite intensities and/or pathogenicity, and can 
express more elaborate ornamentation. Also, recogniz- 
ing the cost of eliminating infections might help explain 
the adaptiveness of moderate responses to infectious 
organisms (Benhke et al. 1992). Thus, ability to co-exist 
with pathogens might not always result in parasite-free 
individuals, but may be expressed through high toler- 
ance. High-quality individuals may consequently have 
lower costs for a given parasite burden than low-quality 
individuals. Therefore, individuals whose mate choice is 
based on characters positively correlated with intensi- 
ties of low pathogenic parasites may, given the condi- 
tions of the parasite-host system under study, be 
mating with parasite tolerant partners. 

The cestode C. truncatus has attracted attention be- 
cause of its apparent pathogenicity in salmonid hosts 
(Vik 1954, Amin 1977, Reimchen 1982), manifested 
through lesions and mucosa damage at the site of 
attachment (Asia 1971), local swelling, perforations 
(Vik 1954) and damage to ovaries (Senk 1956), result- 
ing in higher mortality (Huitfieldt-Kaas 1927) and host 
growth retardation (Wisniewski 1933). Such patho- 
genicity may constrain the development of ornamenta- 
tion in infected fish, and in this way, cause the observed 
negative correlation between darkness and intensity of 
C. truncatus. Curiously, this relationship was only 
found in females. 

The manner in which intensities of C. truncatus are 
associated with coloration may point to which mecha- 
nisms (i.e., increased exposure or susceptibility) are 
causing the positive correlation between degree of color 
and intensities of Crepidostomum spp. These two para- 
sites share the crustacean Gammarus spp. as one of 
their intermediate hosts. If the positive correlations 
between degree of coloration and intensity of Crepidos- 
tomum spp. infection are the result of increased trans- 
mission because of the increased consumption of 
intermediate hosts, one would also expect the relation- 
ship between color and C. truncatus to be positive. 
Moreover, there should be a positive relationship be- 

OIKOS 76:2 (1996) 365 



tween the intensity of the two parasite species. In the 
current study, however, no support for these predic- 
tions is found. Consequently, the positive correlations 
between parasite intensities and degree of coloration 
seem to be the result of increased susceptibility which is 
also the most parsimonious explanation. 

It has been suggested that by basing mate choice on 
carotenoid-dependent coloration, individuals will mate 
with partners with good foraging efficiency and predator 
avoidance (Endler 1983). Elaborating on this, Lozano 
(1994) suggests that such mate choice for good 
carotenoid foragers would also obtain matings with 
individuals healthy from the immunological benefits of 
carotenoids. As a reasonable prediction from this body 
of theory, one would expect a positive relationship 
between intensity of coloration and lymphocyte levels, 
since individuals better at obtaining carotenoids should 
have carotenoids available for both ornamentation and 
immune defense. However, the observed negative rela- 

tionship between lymphocyte counts and intensity of 
coloration suggests that intensity of coloration could 
reveal inherent qualities of the immune system, rather 
than just reflecting an individual's excess of carotenoids. 

In conlusion, if the immunological implications of 
ornamentation suggested in this study should prove to 
be of a more general nature, increased susceptibility to 

parasites and parasite pathogenicity may be found as the 

proximate cost ensuring honesty in signal systems within 
sexual selection. 
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