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In the Azorean rock-pool blenny male sexual polymor- nest-holders did not differ in androgen levels from float-

t

phism occurs. Larger and older males (M1 males) fully
xpress male secondary sex characters (SSC), particu-
arly an anal gland that produces a sex pheromone,
hereas smaller and younger sexually active males do
ot express SSC (M2 males). Two mating tactic types
an be identified among M1 males: nest-holders that es-
ablish nests and court females and floaters that move
round in the breeding area and try to achieve parasitic
ertilizations and/or to take over nests. Two behavioral
actic types can also be identified within M2 males: sat-
llites that are associated with particular nests and ac-
ively participate in territorial defense (when females go
nside the nest to spawn they try to enter to fertilize some
f the eggs) and sneakers that do not help nest holders
when spawning occurs they also try to enter the nest to
ertilize eggs). It was found that M1 males have signifi-
antly higher levels of 11-ketotestosterone (KT), but not
estosterone (T), than M2 males [M1 male androgen
evels (mean 6 SE): total T 5 11.6 6 3.0 ng ml21, total
T 5 4.5 6 1.1 ng ml21; M2 male androgen levels

mean 6 SE): total T 5 9.6 6 1.0 ng ml21, total KT 5

.5 6 1.1 ng ml21]. There were no differences in plasma
T or KT among individuals using different mating tactics
within the same male morph; that is, among M1 males,

1 To whom correspondence should be addressed. E-mail:
uiol@ispa.pt.
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ers [nest-holder androgen levels (mean 6 SE): total T 5

12.3 6 4.4 ng ml21, total KT 5 4.3 6 1.4 ng ml21; floater
androgen levels (mean 6 SE): total T 5 5.9 6 0.8 ng ml21,
otal KT 5 3.4 6 0.3 ng ml21], and among M2 males,

satellites did not differ in androgen levels from sneakers
[satellite androgen levels (mean 6 SE): total T 5 7.7 6

1.5 ng ml21, total KT 5 1.3 6 0.3 ng ml21; sneaker andro-
gen levels (mean 6 SE): total T 5 8.3 6 1.6 ng ml21, total
KT 5 1.4 6 0.3 ng ml21]. Thus, the observed differences
appear to be correlated with the expression of different
male morphotypes and not with the expression of differ-
ent behavioral tactics within the morphotype. Androgen
levels were not correlated with the behavior activity of
nest-holders, except for a negative correlation between
KT levels and parental behavior. Furthermore, nest-
holder males that succeeded in having females spawn in
their nests during the observation period had signifi-
cantly lower KT levels than unsuccessful males. Since
behavioral observations preceded blood sampling in
time, it is suggested that these results indicate a negative
relationship between KT and parental care, since success-
ful males were parenting when blood samples were col-
lected. Male SSC were better correlated with KT than
with T and the use of total blood levels (i.e., free 1 con-
jugates) yielded higher correlation coefficients than
when only the free fraction of each steroid was consid-
ered. Since conjugates are nonactive metabolites of the
0016-6480/01 $35.00
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free androgen they should reflect active free steroids in a
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Androgens and Male Polymorphism in the Rock-Pool Blenny 279
previous time. Thus, their incorporation into the hor-
monal measurements increases the time frame captured,
and because steroids are released in a pulsatile way, this
time-integrated measure can be more meaningful than
the free steroids, which represent a snapshot of the hor-
mone levels at a given point in time. © 2001 Academic Press

Key Words: sexual polymorphism; alternative repro-
ductive tactics; androgens; 11-ketotestosterone; teleosts;
paternal care.

INTRODUCTION

Male polymorphism associated with different re-
productive tactics is a widespread phenomena in te-
leost fish (e.g., plainfin midshipman, Porycthys notatus;
Bass, 1996). As a rule each male sexual morphotype
uses a specific (alternative) behavioral tactic to mate.
Usually a bourgeois and a parasitic tactic can be
found. Bourgeois males actively compete among
themselves, investing in the acquisition of mates (e.g.,
by defending breeding territories), whereas parasitic
males exploit the investment of bourgeois males to get
access to females and fertilize eggs (Taborsky, 1997).
Alternative mating tactics also occur in male sexually
monomorphic species with a single male morph
present that can adopt different conditional behavior
tactics (e.g., guppies; Evans and Magurran, 1999).

In a population of Parablennius sanguinolentus parvi-
ornis (Blenniidae) from the Azores islands alternative
ale reproductive tactics occur, which translate into
ale polymorphism. Two sexually active male types

an be recognized morphologically. Larger and older
ales develop conspicuous secondary sexual charac-

ers (SSC), namely well-developed anal glands and
ead humps (type M1 males), whereas smaller and

younger males (01–1) do not express them (type M2
males) (Santos, 1985; Santos et al., 1995). Also, M2
males have gonads that are two to three times larger
relative to fish body mass (i.e., gonadosomatic in-
dexes) than those of M1 males (Santos et al., 1996).
During the breeding season, from May to August
(Santos, 1989), some of the M1 males establish breed-
ng territories in which they prepare a nest in a natural
revice or under a boulder. They court females by
ignaling the location of the nest, circling, and leading
he females, and spawning occurs inside the nest (San-
os and Barreiros, 1993). Females leave the nest imme-
iately after spawning and parental care is exclusively
rovided by the males that guard the eggs until hatch-

ng (Santos and Barreiros, 1993). Each nest-holder
ale receives in its nest eggs from more than one

emale and females spawn in different males’ nests;
hus, it is a promiscuous mating system with exclusive

ale parental care (Santos and Barreiros, 1993). A
raction of the M1 males do not establish a nest and
nstead act as floaters, also trying to sneak fertiliza-
ions or to take over a nest from a nest-holder. Thus,
mong the M1 males, two behavioral tactics can be

recognized: nest-holders and floaters (Fig. 1).
In contrast, some M2 males act as satellites of the

nest-holders’ territories, participating in their active
defence (Santos, 1985) and when females go inside the
nest to spawn they also try to enter the nest to fertilize
some of the eggs (satellite males). Alternatively, some
M2 males are not attached to any particular nest and

o not help any of the nest-holder males in territorial
efence. However, during spawning these males may
lso try to sneak into the nest and to achieve fertiliza-
ions (sneaker males). Thus, among M2 males, two
ehavioral tactics can also be recognized: satellites and
neakers (Fig. 1). It is not clear whether the same M2
ndividuals can conditionally switch between acting
s satellites and acting as sneakers (Fig. 1). However,
2 males can become M1 males in subsequent

FIG. 1. Classification of male polymorphism and alternative be-
havioral tactics in male P. s. parvicornis. Arrows indicate potential
transitions in behavioral tactics within the same individual.
Copyright © 2001 by Academic Press
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breeding seasons (Santos et al., 1995), suggesting that

T
w
d
m

S
t
f
n
b
(
p
l
p
w
c
m
t
1

organs of blennies) were measured with an ocular
m
m
m
l
f

280 Oliveira et al.
male polymorphism in P. s. parvicornis is a conditional
strategy for less competitive males to breed in their
first breeding season.

This study investigates the hormonal correlates of
male polymorphism in P. s. parvicornis by comparing
circulating levels of androgens in M1 and M2 males.

he endocrine correlates of alternative mating tactics
ere also assessed, by comparing males following
ifferent behavioral tactics within and between
orphs.

METHODS

Study Area and Sampling Procedures

This study was conducted in rock intertidal pools
(maximum depth 0.75 m) on a flat basaltic intertidal
platform at Feteira on the south coast of Faial Island,
Azores (38°31’ N; 28°27’ W). The behavioral observa-
tions and blood collection was carried out during the
breeding seasons of 1998 and 1999. Following a period
of behavioral observations of each male P. s. parvicor-
nis subject (that lasted from 15 to 30 days), blood was
collected in the field, during low tide, immediately
after capture with a hand net. Subjects were anesthe-
tized in a bucket containing seawater and MS-222
(Argent, 1–10,000 dilution), and blood was collected
from the caudal vein with a 1-ml heparinized syringe
fitted with a 0.6-gauge needle, placed in 1.5-ml Eppen-
dorf tubes on ice, and taken to the laboratory where it
was centrifuged, and the plasma stored at 220°C.

ubjects were also transported to the laboratory where
hey were anesthetized, and for each individual, the
ollowing measurements were taken: weight (to the
earest 0.1 g), standard length, and head height and
ody height taken at the insertion of the pectoral fins
to the nearest 0.1 mm). They were then immediately
erfused transcardially with marine teleost Ringer fol-

owed by a solution of 4% paraformaldehyde in 0.1 M
hosphate buffer to fix the brain tissue. The brains
ere then removed and processed for immunocyto-

hemistry (not reported here). Gonads were also re-
oved, and the length and width of the testis and

esticular glands (TG) (see Patzner and Lanhsteiner,
999, for a description of the male gonadal accessory
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
icrometer of a binocular stereoscope. The following
orphometric indices were calculated: head hump 5
aximum head height/body height measured at the

evel of the insertion of the pectoral fin; condition
actor (K) 5 body weight/standard length3; hepatoso-

matic index (HSI) 5 100 3 liver weight/body weight;
gonadosomatic index (GSI) 5 100 3 gonad weight/
body weight; and testicular gland index (TGI) 5 tes-
ticular gland area/testis area. TG and testis areas were
calculated from dorsal-view measurements of maxi-
mum width and length, assuming testis and TG to be
ellipsoidal. The genital papillae length and width were
also measured with an ocular micrometer of a binoc-
ular stereoscope and the papillae ventral-view area
was calculated, assuming a rectangular shape.

Blood sampling occurred on consecutive days for
similar periods and equivalent tidal regimes so that
any effect of rhythms was minimized and should not
have affected the main results. A total of 17 M1 males,
6 females, and 25 M2 males were sampled. Of these
there were behavioral observations available on 15
M1 males and on 14 M2 males, which gave separa-
tion in terms of their behavioral mating tactics: 11
nest-holders and 4 floaters among M1 males, and 7
satellites and 7 sneakers among M2 males.

Behavioral Observations

Behavioral observations were conducted during
low tide in May–July 1998 and June–July 1999. The
hydrodynamic conditions prevented behavioral ob-
servations during high tide. During the first 3–5 days
of each field season a large number of fish of both
sexes were captured and individually tagged with
plastic beads inserted at the base of the dorsal fin,
following a method described by Patzner (1984), a
system successfully used in this species (Santos, 1986).
Since it was difficult to capture nest-holders without
disturbing the nests, most nest-holder males were in-
dividually recognized using a combination of individ-
ual marks (e.g., scars) and relative size differences.
Nests were mapped and observed daily during both
periods of the field study.

Two types of behavioral sampling methods (sensu
Martin and Bateson, 1993) were used: (a) focal obser-
vations, each lasting 20 min, with an average of three
observations per fish, and totaling 79 h and 40 min on



68 individuals (42 M1 males and 26 M2 males); and
(
o
p
w
f
c
i
s
a
i
r
a
c
f

males following different reproductive tactics was per-

(
m
c
s
h

Androgens and Male Polymorphism in the Rock-Pool Blenny 281
b) scan observations at each minute during the 20 min
f the focal observation to record the identity of fish
resent in the area around each nest. Observations
ere carried out between 0933 and 1936 h. For each

ocal observation the following variables were re-
orded: number of visits by conspecifics, the categor-
cal identity of the visitor (i.e., nest-holder, floater,
neaker male, satellite male, or female), and details of
ll social interactions involving the nest-holding male,
ncluding agonistic and courtship behaviors given and
eceived and the identity of the participants. Feeding
nd egg fanning by the nest-holders were also re-
orded. The available ethogram for this species was
ollowed (Santos and Barreiros, 1993).

Hormone Assays

Plasma samples (5–50 ml) were extracted for free
and conjugated steroids (Canario and Scott, 1989; Scott
and Canario, 1992), and the extracts were redissolved
in phospate buffer 0.1 M, pH 7.6, containing gelatine
(1 g 3 L21). Each steroid fraction (i.e., free, sulfate, and
glucuronide) was assayed separately by specific radio-
immunoassay (RIA). Specificity tables for the assays
used in this study have been published elsewhere:
testosterone (T) (Scott et al., 1984) and 11-ketotestos-
terone (KT) (Kime and Manning, 1982). Depending on
the volume of plasma sampled, the limit of detection
of the RIA’s was 200–1600 pg/ml. Intraassay and
interassay coefficients of variation were, respectively,
7.5 and 12.4% for T and 8.2 and 11.6% for KT.

Total plasma hormone concentrations for each ste-
roid were obtained by adding values obtained for each
fraction. An index of the relative abundance of KT
(RA-KT) was calculated as the concentration of KT
over the total concentration of the measured andro-
gens (i.e., concentration of KT 1 concentration of T).
This index is intended as a tentative measure of T
converted into KT through the biosynthetic pathway
T 3 11-b-hydroxytestosterone 3 KT.

For all statistical procedures, the software package
Statistica for Windows v. 5.0 (Statsoft, Inc., Tulsa, OK)
was used. Androgen blood level data were transformed
(log) to fit the parametric statistic assumptions of homo-
geneity of variances and normality. The comparison of
androgen levels among different sexual morphotypes
(i.e., the two male morphs and females) and among
formed using ANCOVA to control for interannual vari-
ations (1998 vs 1999) in steroid levels.

RESULTS

Androgen Correlates of Male Polymorphism and Sex

M1 males did not differ from M2 males or from
females in T levels except for the proportion of the free
T fraction relative to the conjugated fraction (% free T),
which was significantly higher in M2 males than in
either females or M1 males (HSD post hoc test, P ,
0.05; Table 1). Levels of free KT, KT glucuronides, and
total KT were higher in M1 males than in M2 males
Table 1). There were no significant differences among

ale morphotypes in the proportion of free KT to
onjugates (% free KT) and in the concentration of KT
ulfates (Table 1). The RA-KT was also significantly
igher in M1 males than in M2 males (Table 1).

Androgen Correlates of Male Alternative
Reproductive Tactics

For the subset of males for which blood samples
and behavioral observations were available, poten-
tial differences among males following different be-
havioral mating tactics, namely nest-holding and
floating among M1 males and satellite and sneaker
among M2 males, were investigated (Fig. 1). There
were no significant differences in T levels among
males following different male reproductive tactics
(Table 2). Nest-holder males and floaters had higher
blood levels of free and total KT and a higher RA-KT
than satellite and sneaker males (HSD post hoc test,
P , 0.05: nest-holders 5 floaters . satellites 5
sneakers, Table 2). KT glucuronide plasma concen-
trations were significantly higher in nest-holders
and floaters than in sneakers, and satellites had
intermediate levels not significantly different from
nest-holders or floaters and sneaker levels (HSD
post hoc test, P , 0.05, Table 2).

Morphological Correlates of Male Alternative
Reproductive Tactics

Males adopting different reproductive tactics differ in
some morphological traits (Table 3). Nest-holders are
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
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larger than floaters, which in turn are still significantly
larger than both satellites and sneakers (Table 3). Both
nest-holder and floater males have significantly lower
GSI values than either satellite or sneaker males
(Table 3). Nest-holder males have lower hepatosomatic
indexes than the other males (Table 3). Nest-holders and
floaters have larger testicular glands than satellites, with
sneakers presenting intermediate values (Table 3). There
are no differences among the different male classes in
condition factor (Table 3). The size of the genital papillae
is larger in nest-holders than in floaters and satellites,

Comparison of Androgen Plasma Concentrations (mean 6 SE) amo

M1 Males

Free T 2.24 6 0.61 (17) 3.
T sulfates 7.33 6 2.83 (17) 4.
T glucuronides 2.03 6 0.19 (17) 2.
Total T 11.6 6 3.0 (17) 9.
% Free T 18 6 4 (17)
Free KT 2.42 6 0.89 (17) 0.
KT sulfates 0.85 6 0.23 (17) 1.
KT glucuronides 1.28 6 0.14 (17) 0.
Total KT 4.54 6 1.06 (17) 2.
% Free KT 41 6 5 (17)
RA-KT (free) 0.31 6 0.03 (17) 0.
RA-KT (total) 0.52 6 0.05 (17) 0.

Note. All hormone concentrations are given in ng/ml. Hormone c
to control for interannual variations in steroid levels. Sample sizes f
0.05 (*), P , 0.01 (**), and P , 0.001 (***).

TABLE 2

Comparison of Androgen Plasma Concentrations (mean 6 SE) amo
Nest-Holder Males, Floater Males, Satellite Males, and Sneaker Ma

Nest-holder Floater

Free T 2.18 6 0.83 (11) 0.99 6 0.49 (4)
T sulfates 8.19 6 4.25 (11) 2.23 6 0.34 (4)
T glucuronides 1.88 6 0.18 (11) 2.24 6 0.64 (4)
Total T 12.26 6 4.43 (11) 5.89 6 0.80 (4)
% Free T 17 6 5 (11) 14 6 7 (4)
Free KT 2.1 6 1.14 (11) a 1.43 6 0.31 (4) a
KT sulfates 0.95 6 0.35 (11) 0.49 6 0.21 (4)
KT glucuronides 1.24 6 0.19 (11) a 1.17 6 0.34 (4) a
Total KT 4.29 6 1.40 (11) a 3.35 6 0.31 (4) a
% Free KT 35 6 6 (11) 35 6 7 (4)
RA-KT (free) 0.30 6 0.04 (11) a 0.37 6 0.04 (4) a
RA-KT (total) 0.49 6 0.07 (11) a 0.62 6 0.10 (4) a

Note. All hormone concentrations are given in ng/ml. Hormone c
to control for interannual variations in steroid levels. Sample sizes f
0.01 (**) and P , 0.001 (***). Significant differences among groups
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
with sneakers presenting even smaller values (Table 3).
The anal glands are larger in nest-holder males than in
any other male type, with floaters also having larger
glands than either satellites or sneakers (Table 3).

Relationship between Androgen Levels and Male
Morphological Traits

Table 4 shows correlation coefficients between an-
drogen levels and male morphological traits and illus-
trates the following: (a) Free KT levels were positively

Morphotypes: M1 Males, M2 Males and Females

ales Females ANCOVA F

60 (22) 0.99 6 0.28 (6) 1.61
88 (22) 2.47 6 0.11 (6) 1.66
26 (22) 2.08 6 0.31 (6) 0.10
0 (22) 5.55 6 0.41 (6) 0.76

(22) 17 6 5 (6) 4.1*
06 (25) — 21.1***
03 (25) — 1.16
08 (25) — 32.6***
05 (25) — 19.6***

(25) — 0.09
03 (22) — 12.7**
04 (22) — 22.2***

trations were log-transformed before analysis. ANCOVA was used
morphotype are given in parentheses. Significance levels are P ,

ternative Reproductive Tactics:

Satellite Sneaker ANCOVA F

3.02 6 1.49 (6) 2.71 6 0.85 (5) 1.35
2.52 6 0.09 (6) 3.31 6 0.56 (5) 2.01
2.15 6 0.43 (6) 2.32 6 0.9 (5) 0.51
7.69 6 1.51 (6) 8.34 6 1.56 (5) 1.04

30 6 11 (6) 29 6 6 (5) 2.01
0.42 6 0.11 (7) b 0.48 6 0.11 (5) b 5.05**
0.23 6 0.05 (7) 0.48 6 0.12 (5) 1.41
0.60 6 0.25 (7) ab 0.40 6 0.11 (5) b 7.41***
1.25 6 0.27 (7) b 1.36 6 0.27 (5) b 8.9***

35 6 6 (7) 33 6 7 (5) 0.04
0.14 6 0.03 (6) b 0.13 6 0.01 (5) b 6.67***
0.19 6 0.05 (6) b 0.15 6 0.01 (5) b 9.57***

trations were log-transformed before analysis. ANCOVA was used
morphotype are given in parentheses. Significance levels are P ,

ost hoc test, P , 0.05) are indicated by different letters.
ng Sex

M2 M

47 6 0.
11 6 0.
05 6 0.
63 6 1.
36 6 5
60 6 0.
48 6 1.
45 6 0.
53 6 1.
38 6 5
16 6 0.
21 6 0.

oncen
or each
ng Al
les

oncen
or each

(HSD p
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correlated to body size. (b) When controlling for body
size, KT levels were positively correlated with the size
of the anal glands and the size of the genital papillae.
Larger correlations were obtained with total KT con-
centrations than with free KT. (c) When controlling for
body size, there were no significant correlations be-
tween any of the androgens and head hump size,
which is a sexually dimorphic trait. (d) Free T levels
were positively correlated to gonadosomatic and
hepatosomatic indices and marginally not correlated
to condition factor. (e) Total T concentrations were
significantly correlated only with the size of the gen-
ital papillae. It was also found that GSI and TGI were
negatively correlated (r 5 20.64, n 5 37, P , 0.001),
indicating that individuals with larger gonads have
relatively smaller testicular glands.

Relationship between Androgen Levels and Male
Reproductive Behavior

In nest-holder males, androgen levels were nega-
tively correlated with the frequency of female visits to
the nest and spawning episodes. Whereas only total T
was negatively correlated with the frequency of fe-
male visits, very high negative correlations were
found between free and total KT and the frequency of
female spawnings received in the nest of a nest-holder
subject (Table 5). There was no association between

omparison of Morphological Traits (mean 6 SE) among Alternati
est-Holder Males, Floater Males, Satellite Males, and Sneaker Ma

Nest-holder Flo

Standard length (cm) 12.1 6 3.6 (11) a 10.1 6
Head hump size (head height/

body height) 2.6 6 0.1 (4) a 1.7 6

Anal gland 1 (mm2) 16.4 6 1.8 (11) a 8.2 6
Anal gland 2 (mm2) 13.2 6 1.4 (11) a 6.1 6
Genital papillae (mm2) 11.2 6 1.4 (11) a 5.4 6

HSI (% body weight) 1.0 6 0.6 (11) a 1.5 6

K (weight/SL3) 1.3 6 0.1 (11) 1.4 6
GSI (% body weight) 0.9 6 0.1 (11) a 1.35 6

TGI (% gonad area) 26 6 3.2 (10) a 30.6 6

Note. ANOVA was used to test differences among male types. Sa
re P , 0.05 (*), P , 0.01 (**), and P , 0.001 (***). Significant differen
etters. SL, standard length.
nest-holder androgen levels and courtship acts re-
ceived from the females. Neither were there signifi-
cant correlations between androgen levels of nest-

TABLE 4

Correlation Coefficients between Androgen Levels and
Morphological Variables

Free T Total T Free KT Total KT

Standard length 20.08 0.20 0.41** 0.21
(40) (40) (43) (43)

Head hump 20.36 20.04 0.22 0.24
(20) (20) (20) (20)

Anal gland 1 0.12 0.31* 0.48*** 0.58***
(38) (38) (41) (41)

Anal gland 2 0.13 0.33* 0.51*** 0.60***
(38) (38) (41) (41)

Genital papillae 0.23 0.44** 0.54*** 0.63***
(38) (38) (41) (41)

HSI 0.38* 20.11 20.08 20.14
(37) (37) (40) (40)

K 0.28P50.08 0.22 20.03 0.18
(40) (40) (44) (44)

GSI 0.32* 20.03 20.23 20.32*
(37) (37) (40) (40)

TGI 20.29 20.03 0.11 0.22
(31) (31) (31) (31)

Note. To control for spurious effects of body size, partial correla-
ion coefficients were used for all pairs of variables that involve
ead hump, anal glands 1 and 2, and genital papillae size. Sample
izes are indicated in parentheses. Significance levels are P , 0.05
*), P , 0.01 (**), and P , 0.001 (***).

roductive Tactics:

Satellite Sneaker
Kruskall–Wallis

ANOVA

b 7.9 6 4.4 (7) c 8.4 6 5.6 (7) c 20.9***

b 1.7 6 0.4 (2) b 1.4 6 0.2 (3) b 7.8*

b 0.9 6 0.2 (7) c 1.1 6 0.2 (6) c 20.6***
b 1.0 6 0.4 (7) c 1.1 6 0.2 (6) c 18.7***
b 3.7 6 1.6 (6) bc 2.6 6 0.6 (6) c 17.3***

b 1.6 6 0.2 (7) b 1.6 6 0.2 (6) b 10.7*

1.5 6 0.1 (7) 1.5 6 0.1 (7) 5.5
a 4.7 6 0.2 (7) b 4.2 6 1.1 (6) b 20.4***

a 5.6 6 1.5 (6) b 18.5 6 9.5 (5) ab 13.5**

izes for each ethotype are given in parentheses. Significance levels
ong groups (HSD post hoc test, P , 0.05) are indicated by different
ve Rep
les

ater

4.1 (5)

0 (2)

2.2 (6)
2.1 (6)
0.6 (5)

0.2 (6)

0.1 (6)
0.3 (6)

7.0 (5)

mple s
ces am
Copyright © 2001 by Academic Press
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holders and male agonistic or courtship behavior,
except for a negative correlation between total T levels
and male agonistic behavior (Table 5). There was also
a significant negative correlation between egg fanning
behavior performed by nest-holders and both free and
total KT levels (Table 5). If nest-holder males that were
observed to receive female spawnings in their nests
are compared with nest-holder males that failed to
mate during the observation period, successful males
had significantly lower levels of free and total KT
levels (Table 6). Moreover, successful males also ex-
pressed significantly higher levels of egg fanning be-
havior (Table 6). There were no differences in andro-
gen levels between nest-holder males with and
without associated satellites (Table 7).

Spearman Correlation Coefficients between Androgen Levels and B

Free T Total

Received behaviors
Female visits 20.06P50.06 20.6
Female courtship 0.29 0.3
Female spawning 0.09 0.1

Performed behaviors
Courtship 0.06 20.0
Agonistic behavior 20.50 20.6
Egg fanning 20.09 0.1
Feeding 0.22 0.2

Note. Significance levels are P , 0.05 (*) and P , 0.01 (**).

ABLE 6

ifferences in Androgen Levels and Egg Fanning Behavior in
est-Holder Males That Received (i.e., Successful Males) or Did
ot Receive (i.e., Unsuccessful Males) Spawnings in Their Nests

Successful
males

(N 5 4)

Unsuccessful
males

(N 5 7)

Mann–Whitney
test
(Z)

Free T 1.38 6 0.74 2.80 6 1.20 0
Total T 8.14 6 2.71 14.97 6 6.76 20.19
Free KT 0.58 6 0.11 3.30 6 1.68 22.65**
Total KT 2.14 6 0.15 5.95 6 2.00 22.07*
RA 2 KT 0.24 6 0.04 0.35 6 0.06 20.94
Egg fanning

(acts/h)
28.28 6 15.41 2.71 6 2.10 22.08*

Note. All hormone concentrations are given in ng/ml. Significance
levels are P , 0.05 (*) and P , 0.01 (**).
Copyright © 2001 by Academic Press
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DISCUSSION

This study has established that blood plasma levels
of KT provide a good androgen correlate of male
polymorphism. There is a positive association of
higher KT levels with the male morphotype actively
competing for access to mates (i.e., M1 males), and
this is suggestive of an activational role for KT medi-
ating (plasticity hypothesis of Moore, 1991) the tran-
sition of M2 males to M1 males. The competition for
the monopolization of mates by M1 (i.e., bourgeois
males sensu Taborsky, 1997) males usually involves
investment in SSC, expression of reproductive aggres-
sion (e.g., breeding territoriality), and courtship be-
havior. Of these M1 male displaying traits, only the
sizes of the anal gland (1st and 2nd anal fin ray) and
the genital papillae, but not the mating behaviors,
were highly correlated with KT blood concentrations.

ral Variables in Nest-Holder Males (N 5 11)

Free KT Total KT RA 2 KT

0.13 20.22 0.69*
20.21 20.17 20.02
20.82** 20.83** 20.37

0.006 0.03 20.07
20.17 20.46 0.14
20.65* 20.62P50.06 0.07

0.20 0.38 20.06

TABLE 7

Differences in Androgen Levels in Nest-Holder Males with and
without an Associated Satellite Male

With an
associated

satellite male
(N 5 6)

Without an
associated

satellite male
(N 5 5)

Mann–Whitney
test
(Z)

Free T 3.21 6 1.38 0.96 6 0.45 20.73
Total T 9.99 6 2.44 14.9 6 9.8 0
Free KT 3.16 6 2.06 0.83 6 0.19 20.55
Total KT 5.65 6 2.47 2.66 6 0.63 20.91
RA 2 KT 0.34 6 0.06 0.24 6 0.04 21.09

Note. All hormone concentrations are given in ng/ml.
ehavio

T

7*
9
3

6
7*
2
4
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dimorphic trait (unpublished data), does not show a
significant correlation with either KT or T levels when
body size is taken into account. This result, together
with the fact that nest-holders present higher head
humps than the rest of the male types, suggests that
nest acquisition might induce the development of the
head hump, which could function as a badge of status.
Thus, the fact that no correlation has been found be-
tween androgen levels and head hump size does not
prove that this is not an androgen-dependent charac-
ter. Also, no clear differences were found both in KT
and in T circulating concentrations among different
mating tactics within the same male morph; that is
nest-holder M1 males did not differ in androgen lev-
ls (or in RA-KT) from floaters, and satellites did not
iffer from sneakers. Available evidence from other
pecies from different teleost families (e.g., Salmo-
idae, Labridae, Centrarchidae, Batrachoididae) with
lternative mating tactics (see review by Brantley et al.,

1993) also point, as in the present study, to higher
levels of KT in bourgeois than in parasitic males. Fur-
thermore, all those species have alternative reproduc-
tive tactics that result in the expression of male poly-
morphisms. In contrast to what happens for KT, a
clear pattern for T is not found in the available litera-
ture (Brantley et al., 1993), with bourgeois males hav-
ing higher levels in some species, lower levels in oth-
ers, and not significantly different concentrations than
parasitic males in even other species. Another possi-
bility is that observed differences in KT among male
morphotypes may result from different social stimuli
experienced by the two male morphotypes but not by
males differing in behavioral tactics within the same
morphotype. In fact it has been shown for a number of
vertebrates (see Wingfield et al., 2000) including fish
(e.g., Cardwell and Liley, 1991; Oliveira et al., 1996)
that androgen levels are very sensitive to the social
environment in which the animal lives, especially to
social challenges. However, since nest-holders and
their respective satellite males are exposed to the same
number of territorial intrusions and satellites are more
involved in territorial defence than the nest-holders
themselves (i.e., satellites have a significantly higher
share of territorial defence than their respective nest-
holder; Santos, 1985), this possibility is highly un-
likely. The dependency of male morphotypes on an-
drogen is further supported by observations in the
mating tactics are expressed by the same male mor-
photype. The dominant courting males have higher
urinary concentrations of KT and T than subordinate
males that adopt pseudo-female behavior and try to
achieve sneaker fertilizations (Oliveira et al., 1996; Ol-
iveira and Almada, 1998a). The dominant males of
tilapia also show a higher expression of SSC (although
there is no discontinuous trait distribution that would
suggest the occurrence of male polymorphism) and
territorial behavior and display a color pattern differ-
ent from that of subordinates (Oliveira and Almada,
1998b), which indicates that, although the adoption of
a given mating tactic may be driven by social (condi-
tional) factors, the expression of male sexual morpho-
types is largely androgen dependent. Further experi-
mental studies in P. s. parvicornis will be needed to
clarify the causal relationship between the higher KT
levels and the bourgeois tactic.

KT also appears negatively correlated with relative
gonad mass, which results from the fact that bourgeois
males, which have higher KT blood concentrations,
have smaller GSI values than parasitic males, which
have lower KT levels. The difference in relative go-
nadal investment in bourgeois and parasitic males
may be explained by sperm competition theory (Ta-
borsky, 1998). During spawning bourgeois males
achieve a closer proximity to the females than parasitic
males, and they can also control the timing of the
spawning (Taborsky, 1998). Thus, bourgeois males
need less sperm than parasitic males to successfully
fertilize the eggs. This result does not necessarily
mean that KT is negatively associated with gonadal
investment. In fact, in blenniids seasonal variation of
GSI is positively correlated with the seasonal variation
in KT levels (R. F. Oliveira and A. V. M. Canário,
unpublished data for Lipophrys pholis), which suggests
that KT may in fact play a role in gonadal investment
in this family. On the other hand, the positive associ-
ation of KT with the expression of SSC suggests that
KT may be playing a major role in the expression of
SSC during the breeding season.

T appears positively associated with relative gonad
mass and less associated than KT with the gonadoso-
matic index, suggesting different roles for the two
steroids, with T potentially being less involved in the
expression of SSC and more involved in gonadal in-
vestment. Moreover, T also shows a positive correla-
Copyright © 2001 by Academic Press
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tion with the relative size of the liver, which in blen- that total steroid concentrations are more closely cor-
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niids is an organ in which fat reserves are deposited
before the breeding season (Podroschko et al., 1985)
and which are subsequently consumed during the
breeding period, when nest-holder males reduce feed-
ing and lose weight (Santos et al., 1996). Thus, T may
also be involved in resource allocation for reproduc-
tion at a wider organismal level by promoting the
deposit of fat reserves in the liver. It is interesting to
note that the hepatosomatic index is significantly
lower in nest-holders than in the other male types,
which may reflect a reproductive cost of this tactic,
since nest-holders have fewer opportunities for feed-
ing than other breeding males and thus the depletion
of the liver fat reserves may be more acute. Similar
results have been shown for another blenniid in which
nest-holders also had lower relative liver mass and
condition factor values (Gonçalves and Almada, 1997).
Curiously, in P. s. parvicornis the physical condition
factor does not show significant differences among
male types, which suggests that, although nest-hold-
ers suffer a depletion of their liver fat reserves, they
manage to keep their physical condition during the
breeding season.

Morphometric data show that nest-holders are the
largest males and that floaters are significantly larger
than either satellites or sneakers. Nest-holder males
also show the highest expression of the anal glands,
with floater males having larger glands than the M2
male types (i.e., satellites and sneakers). The genital
papillae are also largest in nest-holders and larger in
floaters than in sneakers, with intermediate values in
satellites. The testicular gland is larger in both M1
male types (i.e., nest-holders and floaters) than in sat-
ellites and has intermediate values in sneakers. In
general, these results conform to the described differ-
ences (Santos et al., 1996) between M1 and M2 males
regarding the above morphological traits.

The concentration of total (free 1 sulfate 1 glucuro-
nide fractions) androgen gives higher correlation co-
efficients with SSC than when any of the steroid frac-
tions are correlated separately. Similarly, when
comparing steroid levels between sex morphotypes
(Table 1) and alternative mating tactics (Table 2),
higher significance probabilities are obtained in AN-
COVA with total androgen levels. Although conju-
gated steroids are considered to be generally physio-
logically inactive (Kime, 1993), these results suggest
Copyright © 2001 by Academic Press
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related with biological activity than the generally used
free steroid concentrations. A possible explanation for
these results could be that the active steroid environ-
ment is controlled not only by the dynamics of secre-
tion in glandular tissue but also by conjugation/de-
conjugation in target tissues (Cuevas et al., 1992).
Differences in clearance rates for the various steroid
fractions could also contribute to lower correlations
when the various fractions are analyzed separately
(Parks and Le Blanc, 1998). However, the role of con-
jugation in steroid function in physiology and behav-
ior in fishes requires further investigation.

In contrast with the positive correlations of andro-
gens to SSC, there were no significant correlations
between androgen levels and behavior in nest-hold-
ers, except for a negative correlation between total
androgen levels and the expression of agonistic behav-
ior. Moreover, there was a negative association be-
tween androgen levels in nest-holders and success in
attracting females to spawn, as indicated by the fre-
quency of female visits to each males’ nest (negatively
correlated with T levels) and by the number of spawn-
ings per nest (negatively correlated with KT levels).
This is a surprising result, considering the known role
of androgens on the expression of sexually selected
traits such as SSC and courtship behavior (Borg, 1994)
and the positive correlations of androgens with SSC
found in the present study. A likely explanation for
these results is that the collection of blood samples did
not coincide with the occurrence of the behaviors that
we were attempting to correlate. Blood samples were
collected only at the end of a 1-month period of be-
havioral observations on focal nest-holder males, to
avoid disturbing them. At this stage successful males
were actively caring for eggs and their lower levels of
KT could be attributed to the well-established nega-
tive relationship between androgens and parental care
(e.g., Knapp et al., 1999).

Although satellite males share the defence of the
breeding territory, nest-holder males with an associ-
ated satellite did not differ in androgen levels from
nest-holders without an associated satellite. This re-
sult may indicate that, although nest-holder males
with an associated satellite are challenged less often
by other male intruders (R. F. Oliveira, unpublished
data), the presence of the satellite male is still stimu-
lating the endocrine system of the nest-holder male.



In conclusion, whereas androgen levels, KT in par-
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ticular, show a clear pattern among male morphotypes
and are correlated with SSC and specific behaviors,
there are no differences in androgen levels among
males performing alternative tactics within a morpho-
type.
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Eds.), pp. 179–228. ISPA, Lisbon.

odroschko, S., Patzner, R. A., and Adam, H. (1985). The reproduc-
tion of Blennius pavo (Teleostei, Blenniidae). IV. Seasonal variation
in HSI, the liver glycogen value and histological aspects of the
liver. Zool. Anz. 215, 265–273.

antos, R. S. (1985). Parentais e satélites: Tácticas alternativas de
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dispersão e organização social em Blennius sanguinolentus Pallas
(Pisces: Blenniidae) durante a época de reprodução. Psicologia 5,
121–131.

antos, R. S. (1989). Observações sobre os intervalos de desenvolvi-
mento de Parablennius sanguinolentus (Pallas) (Pisces: Blenniidae)
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