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In the Azorean rock-pool blenny Parablennius sanguino-
lentus parvicornis two sequential reproductive tactics
occur. Larger and older males establish breeding terri-
tories, while some of the smaller males become at-
tached to nest-holder territories, acting as satellites on
these territories, which they help to defend while trying
parasitic fertilizations when females go in the nests to
spawn. In the present paper we tested the effects of the
androgens 17a-methyltestosterone (MT) and 11-ke-
totestosterone (KT) in the expression of male secondary
sex characters and bourgeois behavior in satellite
males. One week after satellites were implanted with
Silastic tubes containing MT, KT, or castor oil (control),
androgen-treated satellites had developed male sec-
ondary sex traits such as longer and wider male-type
genital papilla and anal glands that secrete a sex pher-
omone, both traits being less expressed or absent, re-
spectively, in satellite males. Androgen treatment had no
effect on the gonadosomatic index or on the develop-
ment of the testicular gland. KT treatment had a positive
effect on relative liver weight. In terms of behavior, an-
drogen-implanted individuals were less aggressive both
in a mirror test and toward females when these were
introduced into their tanks. MT-treated individuals
spend more time inside the provided nests. Only andro-
gen-implanted satellites managed to have the females
entering their nests. When given a chance in a group
tank either to try to attract females to their own nest or
to act as satellites of an already established nest-hold-
er’'s nest, MT-implanted males spent significantly more
time in their own nest than near the nest-holder nest.
These data suggest that androgens, particularly testos-
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terone, may be involved in mating tactic switching in this
Species. © 2001 Academic Press

Within some species more than one behavioral tac-
tic may be adopted by members of the same sex,
usually males, to obtain access to females (Gross,
1996). These alternative reproductive tactics (ART)
translate in many cases into male sexual polymor-
phism, with individuals following different tactics
looking very distinct. For example, in some species a
subset of breeding males may lack male secondary
sexual characters (SSC) and behave like females while
those in another subset develop SSC and male repro-
ductive behavior, such as courting and/or breeding
territoriality (e.g., peacock blenny Salaria pavo, Gon-
calves, Almada, Oliveira, and Santos, 1996). These
different tactics have been classified into bourgeois
and parasitic. In bourgeois reproductive tactics males
compete for the monopolization of mates while in
parasitic tactics males take advantage of the success of
the bourgeois males in attracting females (Taborsky,
1997). The occurrence of ART offers the opportunity to
study the underlying endocrine mechanisms of repro-
ductive behaviors, since in the parasite tactic the ex-
pression of behavioral and morphological male traits
is dissociated from gonadal activity.

Moore (1991) has proposed the “relative plasticity
hypothesis” to explain the role of hormones on within-
sex differentiation of ART based on the classic activa-
tional-organizational model of hormone action (Phoe-
nix, Goy, Gerall, and Young, 1959; Arnold and
Breedlove, 1985). This hypothesis makes the distinc-
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tion between ARTs in which the individuals adopt one
of the alternative morphs for their entire life time
(fixed alternative phenotypes) from those in which
individuals may switch from one tactic to the other
(flexible alternative phenotypes). According to this
hypothesis hormones would have an activational role
in plastic alternative phenotypes and an organiza-
tional role in fixed alternative phenotypes. A first pre-
diction of this hypothesis is that hormone profiles
would differ in plastic adult morphs but not in fixed
ones (Moore, 1991; Moore, Hews, and Knapp, 1998). A
second prediction is that in flexible ART, hormone
manipulations should be effective in adults but not
during early development (i.e., would have an activa-
tional effect), while in fixed ART hormone manipula-
tions should be effective during early development
but not in adults; that is, hormones would have an
organizational effect (Moore, 1991; Moore et al., 1998).
These predictions have been confirmed in several spe-
cies from different phylogenetic groups. As an exam-
ple of fixed alternative phenotypes, tree lizard (Uro-
saurus ornatus) males have a fixed dewlap color
polymorphism and males of different throat color
morphs use different reproductive tactics (Moore and
Thompson, 1990). Orange-blue males aggressively
defend breeding territories while orange males are
nomadic and less aggressive (Hover, 1985). As pre-
dicted, early hormone manipulations influenced the
adopted phenotype but hormone manipulations in
adults failed to induce a change in morph behavior or
morphology (Hews, Knapp, and Moore, 1994). More-
over, there were no differences in the circulating levels
of testosterone or corticosterone between the two male
morphotypes (Thompson and Moore, 1992). As an
example of a species with plastic alternative pheno-
types, the stoplight parrotfish (Sparisoma viride) is a
hermaphroditic protogynic species in which some fe-
males change directly into terminal phase (TP), terri-
torial, and brightly colored males, while others change
into initial phase (IP), sneaker, and female mimic,
males. IP males may later become TP males, concom-
itant with an increase in circulating 11-ketotestoster-
one (KT) levels (Cardwell and Liley, 1991). Although
no hormone manipulations were performed on initial
phase males, females injected with KT become TP
males, developing the typical male bright coloration
and testes. Other examples can be found in the review
by Moore (1991), who concluded that the majority of
available data conform to the relative plasticity hy-
pothesis, although most of the data available consisted
of hormone levels measured in the field and there was
a deficit of hormone manipulation studies.

Oliveira et al.

The objective of the present study was to test the
effect of androgen manipulations in satellite males of
a species with flexible alternative phenotypes, the
Azorean rock-pool blenny (Parablennius sanguinolentus
parvicornis). In this species, larger and older males
(total length (CT) ~14 cm; age =2 years old) defend
breeding territories, while some of the smaller and
younger males (CT ~10 cm; age = 1 year old) become
attached to breeding territories acting as satellites
(Santos, 1985; Santos and Almada, 1988; Santos, Nash,
and Hawkins, 1995). Satellite males help the nest-
holders in the active defense of the breeding territory
and try to achieve sneaking fertilizations when fe-
males go inside the nests to spawn (Santos, 1985;
Santos and Almada, 1988). The gonadosomatic in-
dexes of satellites are higher than those of territorial
males (Santos et al., 1995), and they lack the SSC
displayed by nest-holders, namely, a small head hump
and an anal gland that produces a sex pheromone
(Santos, Hawkins, and Nash, 1996). Satellite males
may become nest-holders in a subsequent breeding
season (Santos et al., 1995) and thus it is a flexible ART.
Satellite males were implanted with KT and 17«a-meth-
yltestosterone (MT) and changes in their morphology
and behavior were investigated 1 week after treat-
ment.

METHODS

A total of 42 satellite males were randomly assigned
to each treatment and implanted with Silastic tubes
(silicone type A, Dow Corning: inner diameter = 1.47
mm, outer diameter = 1.96 mm, length = 0.95 + 0.06
cm) containing one of the three solutions: 5 ug of MT
(Argent Chemicals) per microliter of castor oil as ve-
hicle (n < 26 10), 5 ug of KT (Sigma) per microliter of
castor oil (n = 17), and castor oil only (Sigma) (n =
15). The concentration used in the implants was cal-
culated according to the dosage (amount of adminis-
tered KT per body weight) used by Kobayashi, Aida,
and Stacey (1991). MT was used as a way to adminis-
ter testosterone (T), which is a common practice in fish
studies (Liley and Stacey, 1983). The implants were
placed in the peritoneal cavity by a small anterior
ventro-lateral incision in the abdomen, which was
sutured afterward. There were no significant differ-
ences in body weight (Kruskall-Wallis ANOVA:
H,,, = 0.8, P = 0.61) or in standard length
(Kruskall-Wallis ANOVA: H,,, = 0.7, P = 0.69)
between the subjects allocated to each experimental
group. The overall mean weight and standard length
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of the implanted individuals were 10.6 = 4.2 g and
8.6 = 1.1 cm, respectively. The individuals were anes-
thetized for the surgical procedure with MS222 (Tric-
aine, Argent Chemicals, dilution of 1:10,000 in salt
water) and recovered from anesthesia in a small com-
partment supplied with plentiful aeration. During the
postsurgical period and until the behavioral tests were
carried out, each individual was kept separated in
isolation aquaria, to avoid any risk of infection and
also to standardize previous experience among the
experimental subjects. The isolation aquaria (15 X
20 X 30 cm) had an artificial nest placed in a central
location and were kept at 19 + 1°C with a photoperiod
of 12L.:12D. There was no mortality in the implanted
fish during the postsurgical period.

Eight days after being implanted, the individuals
were exposed to the following sequence of behavioral
tests: a mirror test to assess aggressive behavior, a
female presentation test to assess courtship behavior,
and a mating tactic choice to assess which tactic (nest-
holding vs satellite) would be adopted by the subject
when given a choice. Due to time constraints not all
the individuals were tested. Thus there are smaller
sample sizes in the behavioral tests. The tests were
videotaped using a Sony Hi-8 camera and the tapes
were subsequently analyzed using the PC Software
Observer multievent recorder (Noldus Information
Technology, Wageningen, The Netherlands). The first
two tests were conducted in the aquarium where the
subject was being isolated after surgery. In the mirror
test, a mirror was placed against one of the lateral
walls of the aquarium and the reaction of the subject to
the mirror was recorded (Fig. 1a). The observation
period lasted 10 min and started when the subject
showed the first reaction toward the mirror. The be-
havioral variables registered were the following: num-
ber of attacks toward the mirror, number of agonistic
displays toward the mirror, and time spent inside the
nest. In the female presentation test a gravid female
was introduced into the subject’s aquarium and the
behavior of the subject toward the female was re-
corded (Fig. 1b). The behavioral variables registered
were the following: number of agonistic attacks to-
ward the females, number of courtship displays di-
rected to the female, and time spent inside the nest.
The observation period lasted 10 min and started
when the first interaction between the pair occurred.
To standardize the stimulus females, ovulation was
induced by an intraperitoneal injection of 200 wl saline
containing 5 ug des-Gly” [p-Ala®]-luteinizing hor-
mone releasing hormone ethylamide (Sigma) 48 h be-
fore being presented to the males.
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FIG. 1. Behavioral tests used: (a) mirror elicited aggression test;
(b) female presentation test; (c) mating tactic choice test. For further
details see text.

After these two tests, subjects were transferred to a
larger tank (70 X 30 X 40 cm) in which two artificial
nests were placed and a group composed of one nest-
holder male and two receptive females was estab-
lished. The goal of this test was to investigate which
tactic the implanted male would follow when given
the choice of associating with the nest-holder male
and acting as a satellite or of occupying the empty
artificial nest and trying to attract the females to it
(mating tactic choice test, Fig. 1c¢). The behavioral vari-
ables measured were the following: time spent inside
its own nest; time spent near the nest-holder’s nest, as
defined by a half-cone with its vertex centered on the
nest-holder’s nest and a height of 20 cm; agonistic
behaviors directed to and received from conspecifics
(separating the interactions with the females and the
nest-holder); courtship behavior directed toward the
females.

All individuals were tested in the same order: mir-
ror test, female presentation test, and mating tactic
choice test.

After the behavioral tests, the subjects were sacri-
ficed with an overdose of the anesthetic MS222, mor-
phometric measurements were taken, and gonads and
liver were dissected out. The following morphometric
measurements to the nearest 10 um were taken on a
ventral view using a calibrated micrometer on a ste-
reomicroscope:
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TABLE 1
Differences (Mean = SEM) in Morphological Traits among the Three Treatments

Variable C KT MT Hon P
Genital papillae width (um) —113 = 181 (15) 209 * 411 (17)* 309 + 182 (10)* 15.5 0.0004
Genital papillae length (wm) —163 * 322 (15) 22 =249 (17)* 150 = 194 (10)* 7.8 0.02
First ray anal gland width (um) 0 = 106 (15) 554 + 168 (17)** 1022 *+ 338 (10)** 329 <0.00001
First ray anal gland length (um) 81 + 187 (15) 237 + 283 (17)** 600 = 359 (10)** 15.2 0.0005
Second ray anal gland width (um) —138 = 253 (15) 72 =236 (17)** 394 = 176 (10)** 19.3 0.0001
Second ray anal gland length (um) 63 = 384 (15) 237 = 356 (17)** 497 + 446 (10)** 7.8 0.02
GSI (% body weight) 2.6 £0.9 (15) 23+20 (17) 1.5+13 (9) 121 0.54
TG relative area (% gonad area) 17.4 £ 7.1 (10) 28.2 = 20.2 (15) 24.9 = 13.7 (10) 1.24 0.53
HSI (% body weight) 22 *+04 (15) 2910 (17)* 25*0.7 (9 10.0 0.007

Note. GSI, gonadosomatic index; TG, testicular gland; HSI, hepatosomatic index. Values for genital papillae and anal gland variables refer
to increments between pre- and posttreatment values. Sample sizes are given in parentheses. * codes a difference with the control group and
** codes differences between the treatment groups P < 0.05, Dunn’s multiple comparisons test). Sample sizes for each treatment vary from

variable to variable and are given in parentheses.

Genital papillae width: maximum distance between
the left and the right contours of the genital papillae.

Genital papillae length: distance between the ante-
rior insertion of the papillae and its posterior tip mea-
sured.

First ray anal gland width: maximum distance be-
tween the left and the right contours of the glandular
tissue of the first ray of the anal fin measured.

First ray anal gland length: distance between the
anterior insertion of the glandular tissue of the first
anal fin ray and its posterior tip measured.

Second ray anal gland width: maximum distance
between the left and the right contour of the glandular
tissue of the second ray of the anal fin measured.

Second ray anal gland length: distance between the
anterior insertion of the glandular tissue of the second
anal fin ray and its posterior tip measured.

Testis width: maximum distance between the left
and the right edges of the right testis.

Testis length: maximum distance between the ante-
rior and the posterior edges of the right testis.

Testicular gland width: maximum distance between
the left and the right edges of the right testicular
gland.

Testicular gland length: maximum distance be-
tween the anterior and the posterior edges of the right
testicular gland.

Testicular gland index (TGI) was calculated as tes-
ticular gland area/total testis area. TG and testis areas
were calculated from ventral view measurements of
maximum width and length, assuming testis and TG
to have an ellipsoidal shape.

Body, gonads, and liver were weighed (nearest mil-

ligram) with an electronic balance and used to calcu-
late a gonadosomatic index (GSI = gonad weight/
body weight X 100) and a hepatosomatic index (HIS =
liver weight/body weight X 100). The gonadosomatic
index was used as an indicator of gonadal maturation
and the hepatosomatic index as a bioenergetic indica-
tor, since it has been shown that the liver plays a major
role in energy storage in this species (Santos et al.,
1995).

The choice of 8 days for the duration of the treat-
ment was based on the results of experiments with
similar implants in other species in which measurable
effects were detected after 5-6 days (e.g., color change
from the female to the male pattern in treated female
Thalassoma bifasciatum 6 days posttreatment; Grober,
Jackson, and Bass, 1991; sex-change as assessed by the
differentiation of a male-like genital papilla in treated
female Lythrypnus dalli 5 days after the treatment,
Carlisle, Marxer-Miller, Canario, Oliveira, Carneiro,
and Grober, 2000).

RESULTS

Morphology

Both androgen treatments significantly increased
both the length and the width of the genital papillae
(Table 1). Androgen-implanted males also showed a
larger development of the anal gland, with MT being
more effective than KT (Table 1). Androgen treatment
had no effect on the GSI or on the TGI (Table 1). KT
treatment had a significant positive effect on the HSI
(Table 1). Considering all individuals together there
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FIG. 2. Differences (mean = SEM) among treatments (C, control;
KT, 11-ketotestosterone; MT, 17-a-methyltestosterone) in the mirror
elicited aggression test: (a) attacks directed toward the own image in
the mirror; (b) agonistic displays toward the mirror; (c) time spent
inside the artificial nest. * codes a difference with the control group
and ** codes differences between the treatment groups (P < 0.05,
Dunn’s multiple comparisons test). Sample sizes for each treatment
were as follows: Nc = 14, N« = 16, Nyr = 10.

was a significant negative correlation between GSI
and TGI (r, = —0.85, P < 0.00001, N = 34), suggest-
ing a trade-off between gonadal investment and the
development of the testicular gland.

Behavioral Tests

Mirror test. Androgen-implanted individuals at-
tacked less (Kruskall-Wallis ANOVA: H,, = 15.9,
P = 0.0004) and displayed less (Kruskall-Wallis
ANOVA:H,, = 15.5, P = 0.0004) toward the mirror
than controls (Fig. 2). The frequency of attacks di-

rected toward the mirror was positively correlated
with the frequency of displays, indicating that each
individual was consistently using both behaviors (the
attacks usually followed the displays when the sub-
jects escalated their fighting behavior toward the mir-
ror). MT-implanted individuals spent significantly
more time inside the nest than both KT-implanted and
control individuals (Kruskall-Wallis ANOVA: H, ,, =
11.1, P = 0.004, Fig. 2).

Female presentation test. MT-implanted individ-
uals spent significantly more time inside the nest
(Kruskall-Wallis ANOVA: H,,, = 9.6, P = 0.008)
and attacked the females less (Kruskall-Wallis
ANOVA: H,, = 12.7, P = 0.002) than both KT-
implanted and control individuals (Fig. 3). Although
there were no significant differences in courtship fre-
quency between the three treatments (Kruskall-Wallis
ANOVA: H,,, = 2.5, P = 0.29; see Fig. 3), only
androgen-implanted males were able to attract fe-
males inside their nests (18.8% of the KT-implanted
males and 20% of the MT-implanted males vs 0% of
the sham-implanted males).

Mating tactic choice test. There was a marginal
nonsignificant trend for MT-implanted males to spend
less time near the nest occupied by the nest-holder and
for androgen-implanted (both MT and KT) individu-
als to attack the females less (Table 2). There was a
significant effect of androgen treatment on the court-
ship directed toward the females with MT-implanted
satellites courting less than the other two groups (Ta-
ble 2). However, MT-implanted males spent signifi-
cantly more time in their own nest than near the
nest-holder nest while for the other two groups (con-
trol and KT-implanted, see Fig. 4) there were no sig-
nificant differences in the time spent inside their own
nest and the time spent near the nest-holder nests.
Finally, there were no other significant differences
among treatments for the measured behavioral traits
(Table 2).

DISCUSSION

Androgen’s Effects on Male Reproductive Biology
and SSC

Androgen-treated P.s. parvicornis satellite males de-
veloped male secondary characters within a week af-
ter implantation. Both MT- and KT-treated individuals
had significantly higher increments both in genital
papilla width and length and in anal gland develop-
ment. This is indicative that androgen is mediating the
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FIG. 3. Differences (mean = SEM) among treatments (C, control;
KT, 11-ketotestosterone; MT, 17-a-methyltestosterone) in the female
presentation test: (a) time spent inside the artificial nest; (b) attacks
directed toward the female; (c) courtship displays direct to the
female. * codes a difference with the control group and ** codes
differences between the treatment groups P < 0.05, Dunn’s multi-
ple comparisons test). Sample sizes for each treatment were as
follows: Nc = 14, Ny = 16, Ny = 10.
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FIG. 4. Comparison between the time spent near the nest-holder’s
nest (satellite tactic) and the time spent inside the available nest
(nesting tactic) (mean = SEM) for the three treatment groups: con-
trol (C), 11-ketotestosterone-treated (KT), and 17-a-methyltestoster-
one-treated (MT). * Indicates a significant difference at P < 0.05.
Sample sizes for each treatment were as follows: Nc = 9, Ny, = 10,
Ny = 10.

morphological transition from satellites to bourgeois
males. Since in nature bourgeois males have higher
androgen levels than satellites (Oliveira, Canario,
Grober, and Santos, in press b), satellite males also
have larger GSI but lower TGI than nest-holders and
the two indices are negatively correlated (this study
and Oliveira et al.,, in press, b), it is likely that the
testicular gland is the main producer of androgens in
this species, as it has been found for the accessory
glands of other teleosts (e.g., urohaze-goby, Glossogo-
bius olivaceus; Asahina, Suzuki, Aida, Hibya, and
Tamaoki, 1985). In contrast to the positive effects of
androgen treatment on SSC, no effect was found either
in the relative gonad size (i.e., gonadosomatic index)
or in the development of the testicular accessory
gland.

In the present study KT treatment had a positive
effect on relative liver weight (i.e., hepatosomatic in-
dex) when compared to the control group. Liver mass

Differences (Mean = SEM) in Behavioral Patterns among the Three Treatments in the Mating Choice Test

Variable C(N =09) KT (N = 10) MT (N = 10) H, P
Time inside own nest(s) 59.1 +23.1 413 +21.2 2328 £995 35 0.17
Time near nest-holder nest(s) 18.8 = 8.7 177+ 438 6.5=* 35 5.2 0.07
Agonistic behavior toward female 9.7+ 46 28+ 13 06+ 0.4 5.1 0.08
Courtship behavior toward female 7.6 = 3.5* 6.4+ 1.4* 08+ 04 6.8 0.03
Agonistic behavior received from female 149 = 3.2 195+ 50 59.8 = 16.9 4.4 0.11
Agonistic behavior toward nest-holder 02+ 0.2 06+ 0.3 0 =0 3.7 0.15
Agonistic behavior received from nest-holder 6.2+ 21 6.7+ 2.6 6.3+ 2.0 0.1 0.94

Note. Frequencies of the different behaviors are expressed as acts per 20 min. * codes a difference with the control group and ** codes
differences between the treatment groups (P < 0.05, Dunn’s multiple comparisons test). Sample sizes for each treatment are given in

parentheses.
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variation in wild populations of teleosts has been
linked to storage and utilization of lipids and glyco-
gen. During the breeding season in temperate species,
individuals rely on lipids stored in the liver after the
winter. Energy stored in the liver is then redirected to
the muscles for general breeding activity (e.g., court-
ship) and to the gonads for reproductive effort (Po-
droschko, Patzner, and Adam, 1985). This is particu-
larly the case in species with male parental care where
males rely on fat reserves to survive the breeding
season since feeding during this period is highly re-
duced or even suspended (e.g., S. pavo; Gongalves and
Almada, 1997). Thus, an additional bourgeois trait
may be the storage of energy reserves in the liver and
this too is regulated by KT.

Differential Role of MT and KT on the Activation
of Bourgeois Male Behavior

Of the behaviors typically displayed by P.s. parvi-
cornis nest-holders, MT promoted nesting behavior in
satellites, and only androgen-treated satellite individ-
uals were able to attract females to enter their nests.
This result was somewhat surprising since available
evidence from androgen levels between alternative
reproductive morphotypes (i.e., bourgeois vs parasitic
tactic) showed a marked difference in KT levels be-
tween courting and noncourting morphotypes, but no
clear pattern for T (Brantley, Wingfield, and Bass,
1993). And, while in some species there were no dif-
ferences in T levels among morphotypes, in others T
levels were higher in parasitic males than in bourgeois
males. Furthermore, in P.s. parvicornis nest-holders
have significantly higher levels of KT than satellites
and the two phenotypes do not differ in T levels
(Oliveira et al., in press, b). Thus we would have
predicted KT to be the more, or even the only, effective
treatment on the differentiation of the bourgeois tactic
in satellite males. However, although the outcome of
the test could have been influenced by differences in
behavior of the nest holders used as stimuli toward
the different satellites in the mating tactic choice test,
this possibility is very unlikely since satellites received
similar rates of agonistic behavior (see Table 1).

Other possible explanations for the apparent higher
effectiveness of MT in promoting SSC and nesting
behavior include the following:

(a) Inappropriate hormone dosage, considering
that SSC is dose-dependent (this appears to be the case
in most species), and the dosage used could have been
at the peak of effectiveness for MT but was either

below or above the optimum for KT. Although we
cannot rule out this possibility, without replicating the
present study with different dosages of the two hor-
mones, this is not a very likely reason. The same KT
dosage has been used with positive results in other
studies, including various gobies and blennies (e.g.,
Mcintyre, 1998; Carlisle et al., 2000; R. F. Oliveira,
unpublished data for the peacock blenny, S. pavo).
Another possibility is that differences in effectiveness
could be due to metabolization of MT (a synthetic
steroid) to a more potent androgen. For example, in
rainbow trout several 6-, 7-, and 11-oxo-androsten me-
tabolites of MT have been identified including
17a-methyl-173-hydroxy-4-androsten-3,11-dione
(Cravedi, Delous, Debrauwer, and Prome, 1993). This
would also explain why MT has proved effective even
in the masculinization of adult female fish (e.g.,
Mormyridae; Herfeld and Moller, 1998). However, re-
cent experiments with the protogynous blackeye
goby, Coryphoterus nicholsii, showed that MT (at doses
that were two orders of magnitude higher than the
doses than we used) was completely ineffective in
inducing masculinization of mature females, in con-
trast to KT and adrenosterone, which were very effec-
tive (Kroon and Liley, 2000). Alternatively, the possi-
bility that nesting by parental males may be induced
by brain aromatization of T cannot be answered at this
stage, but which could explain the positive effect of
MT on nesting. In support for this hypothesis some
studies have reported higher levels of T in males with
empty nests or nests with eggs (Knapp, Wingfield,
and Bass, 1999) and MT promoting nesting behavior in
paradise fish (Macropodus opercularis; Machemer,
1971).

(b) Neither T nor KT is the active androgen in P.s.
parvicornis. The most active androgens in fishes are
11-oxo-4-androstens (Borg, 1994) with 11-ketoandro-
stenedione, 11B-hydroxyandrostenedione, and 118-
hydroxytestosterone as alternative candidates to KT in
some teleosts, where they appear to be the most active
androgens stimulating SSC and reproductive behav-
iors (see reviews by Kime, 1993; Borg, 1994). This
possibility will require determining whether these ste-
roids (if any) are present in P.s. parvicornis and to
analyze their effectiveness in promoting SSC.

The Relative Plasticity Hypothesis

The data presented here suggest an activational role
of androgens on the expression of traits typical of the
bourgeois tactic, which supports the relative plasticity
hypothesis proposed by Moore (1991), according to



164

which the transition between alternative phenotypes
in plastic ART is accomplished by activation effects of
sex steroids (see Introduction for more information on
this hypothesis). Interestingly it has been recently
shown that satellite males and nest-holder males have
significantly different androgen plasma profiles (OlI-
iveira et al., in press, b), which together with the
present results support the two predictions generated
by the relative plasticity hypothesis for plastic ART in
P.s. parvicornis: (a) that exogenous administration of
androgens has an activational role on the alternative
tactic expression and (b) that circulating levels of an-
drogens in adult phenotypes differ between individ-
uals following the alternative tactics (Moore, 1991).

More recently, Moore et al. (1998) developed a sec-
ond generation of the relative plasticity hypothesis.
While the original formulation of this hypothesis con-
sidered only one distinction between the ART, fixed vs
plastic, in the upgraded version, further distinctions
are made between reversible and irreversible plastic
ART and between conditional and unconditional fixed
ART. In the case of the plastic ART this further dis-
tinction generates another prediction at the endocrine
level: that in reversible tactics the effects of hormones
should be more activational while in irreversible tac-
tics the effects should be organizational, since the tran-
sition to the “final” morphotype is permanent (like the
original predictions, but now at a second hierarchical
level) (Moore et al., 1998). In other words, the hormone
differences that cause the differentiation of the alter-
native morphotypes are only needed, and thus should
only be present, during the transition phase. After the
differentiation of the final irreversible phenotype there
is no need for further hormone differences to maintain
it. P.s. parvicornis is an example of a species with
plastic irreversible ART. Thus, the effects of the an-
drogen treatment can be viewed as effective in the
transition period but should be proved ineffective af-
terward (e.g., castration or the administration of an
androgen inhibitor should not revert nest-holders to
satellites). Moreover, the above-mentioned differences
in circulating levels of androgens between satellites
and nest-holders (Oliveira et al., in press, b) should be
viewed, according to this new hypothesis, as the result
of different social experiences of the two alternative
phenotypes than as needed to maintain them. Inter-
estingly, in a closely related species, the peacock
blenny S. pavo, it was recently shown that the circu-
lating levels of KT in breeding males were associated
with their social environment (Oliveira, Almada, Gon-
calves, Forsgren, and Canario, in press, a), which sup-
ports this view.

Oliveira et al.

In our experimental situation the tactic switching, or
at least its beginning, could be rapidly induced by
exogenous steroid treatment, suggesting that in nature
satellites may switch tactics within the same breeding
season if the social context allows. In fact, we have
observed some small nest-holder males with body
lengths overlapping with those of satellites. It may be
that these individuals took over the nests in which
they were acting as satellites, after these became va-
cant (e.g., nest-holder death). These small nest-holders
already had functional anal glands and larger genital
papilla than satellites, but smaller than those of the
average nest-holder (R. F. Oliveira, unpublished data).
In the common goby, Pomatochistus microps, a short-
lived species with a single breeding season, larger
males build and defend nests while smaller males act
as sneakers. The decision to breed as a sneaker or as a
nest-holder depends on the relative size of the indi-
vidual compared with the average male size in the
local population and as it may change as the breeding
season progresses, so is the breeding tactic susceptible
to change (Magnhagen, 1992, 1994). Although most
young/small P.s. parvicornis males will function as
satellites (in the presence of larger/older males, R. F.
Oliveira, unpublished data), social regulation allows
males acting as satellites to increment their breeding
success to nest-holding if the opportunity arises. Thus,
mate tactic switching may be a rapid response to
changes in social context, which involves the induc-
tion of a variety of SCC by sex steroids, especially
androgens, since androgens are known to respond to
social challenges and since elevated status is linked
with a rise in androgen levels (Wingfield, Ball, Dufty,
Hegner, and Ramenofsky, 1987).

Androgens and Aggressive Behavior

One puzzling result presented here is the apparent
depressive effect of both androgens on aggressive be-
havior expressed in the mirror test. Androgens have
been shown to be involved in the expression of ag-
gressive behavior in a large number of teleost species
(Liley and Stacey, 1983; Borg, 1994; Oliveira and Ca-
nario, 2000), which raises a strong prediction for en-
hanced aggressiveness in androgen-treated individu-
als. Why did we fail to detect such an effect in our
experiment? One possible explanation is that we have
used the wrong approach. Although mirror image
stimulation (MIS) is a widely used technique in the
study of fish visual communication, including the as-
sessment of aggressive behaviors (Rowland, 1999),
there has been some criticism based on some incon-
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sistencies in the relationship between social status and
the aggressive score of an individual in a MIS test
(Ruzzante, 1992). However, in the present case the
androgen-treated individuals not only achieved lower
aggression scores in the MIS test but also displayed
less aggressive behavior toward conspecifics in the
mating tactic choice test (see Table 2). Thus, the MIS
test seems to honestly reflect the aggressiveness of the
tested males. One potential alternative explanation to
the above-mentioned results is that androgen treat-
ment, mainly MT, promotes nest establishment/de-
fense, which is supported by the large amounts of time
spent in the nest in MT-treated satellites.

Future research is needed to further explore the role
of different androgens in the differentiation of alter-
native reproductive tactics in teleosts.
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