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ABSTRACT:

 Blue-banded gobies (Lythrypnus dalli) are small hermaphroditic fish found in a 
large range in the pacific. L. dalli exhibits intermediate hermaphroditism because it 
displays large sexual dimorphism and usually only changes sex once during a lifetime, as 
well as maintaining both male and female gonadal tissue at the same time. This study 
looked at cues that lead to establishing dominance in females. Dominance is important 
because sex change in L. dalli is based on the social hierarchy. In the wild if a male 
leaves the social group a female ascends to the top of the hierarchy and changes sex. The 
cues that were looked at in this study were visual cue and chemical cues. 34 gobies were 
collected and 32 females and 2 males were used in this study. Morphological traits of 
papillae ratio, length, dorsal fin length, and weight were recorded and used as the starting 
point. Two tanks were set up for each treatment each treatment tank containing 2 females. 
In the visual treatment the two tanks were placed next to each other so the fish could 
respond to visual stimuli. In the chemical treatment the tanks were placed out of visual 
sight but the water flow was connected so the fish can respond to any chemical cues in 
the water. Two controls were used as well. One control without a male and four females 
in the same tank to test sex change without restriction, and one with a male and four 
females to test for changes in morphology without sex change occurring. Each treatment 
was run for 14 days to see if females could establish and maintain dominance using just 
visual or chemical cues. Behaviors of displacement, solicitation, bites, and % time in 
nesting tube were recorded during the 14 day period to see if the fish displayed dominant 
behaviors. At the end of 14 days the morphological traits were found again to determine 
if sex change occurred. Sex change occurred in all the treatments and control without 
males. From the fact that only one female changed sex in each visual treatment it can be 
concluded that females can establish and maintain dominance through only visual cues. 
An increase in papillae ratio, dorsal fin, and weight were found for sex changed fish. The 
increase in papillae ratio and dorsal fin length were found to be statistically significant 
with p-values less than 0.05. The behavioral observations were then looked at for the sex 
changed individuals and compared to the non-sex changed individuals. It was found that 
the sex changed individual showed a greater amount of displacements than a non-sex 
changed individual in the visual treatment. It was also found that sex changed individuals 
in the visual treatment spent a greater amount of time in the nesting tube. So females 
were able to establish and maintain dominance through visual cues only. The results of 
the chemical cue were inconclusive as in one treatment only one female changed sex and 
in the other treatment one female in each tank changed sex. The result that L. dalli can 
establish dominance and change sex through only visual cues  shows that the mechanisms 
the social hierarchy are more complex than originally thought, and has implications in the 
complex sexual selection model in hermaphrodites. 

INTRODUCTION :
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 Blue-banded gobies (Lythrypnus dalli) are small hermaphroditic fish found in 

temperate Pacific waters. They have a stratified social hierarchy. Males are at the top of 

the hierarchy and dominate a harem of females. Beneath the males, dominance is 

obtained primarily by body mass (St. Mary 1997). Dominance has implications on a 

much larger evolutionary scale. Drawin defined sexual selection as Òthe advantage which 

certain individuals have over the same sex and species, in exclusive relation to 

reproductionÓ (Darwin 1871). Since DarwinÕs time, the theory of sexual selection has 

been refined. For example, in fruit flies males compete for mates, but females can be 

more selective. This is because females can only have as many offspring as they can have 

pregnancies in their life time, where males reproductive success is more variable and only 

limited into to the number of females that they can get to mate with them (Bateman 

1948). More recently sexual selection theory has grown to include interspecific 

competition (male-male or female-female), and intraspecific competition (male-female) 

in which females discriminate among males based on genes or resources (Parish 2006). 

However, the theory of sexual selection is complicated when dealing with 

hermaphrodites. Hermaphrodites go through many of the same selection pressures that 

other organisms do such as: bizarre and expensive courtship and copulatory behavior, 

multiple mating and sperm competition, rapid evolution, special structures associated 

with courtship, and sexual polymorphism (Leonard 2005).

 Hermaphroditism in fishes takes on many forms. The most common form is when 

individuals change sex once in their lifetime. This is called sequential hermaphroditism. 

Body size is the primary function of sex change in species that undergo sequential 

hermaphroditism (Warner 1984, Ross 1990). On the opposite side of the spectrum are 

species that maintain both testes and ovary tissue throughout their lifetime. This type of 

hermaphroditism is called simultaneous hermaphroditism (Fischer & Petersen 1987). 

Other species display intermediate patterns of hermaphroditism that resemble both 

sequential and simultaneous hermaphroditism. Gobies in the genus Lythrypnus display 

this intermediate type of hermaphroditism (St. Mary 1996). 



4

 Within the genus Lythrypnus, The blue-banded goby (Lythrypnus dalli) has a 

distinct sex allocation pattern. Lythrypnus dalli populations consist of primarily pure 

females, strongly female-biased hermaphrodites, and pure males (St. Mary 2000). L. dalli 

is the only species examined within genus Lythrypnus to contain pure males (St. Mary 

2000). Population density is believed to be the major contributing factor in the presence 

of pure sexed individuals. Both L. dalli and L. nesiotes occur at high population densities 

in general and, as predicted, have more extreme sex allocation pattern than do other 

congeners (St. Mary 2000). Because of the uniqueness in social structure, the 

mechanisms of sexual selection in L. dalli are unclear. 

  It is theorized that the reason for male sexual dimorphism is because the males 

are nest builders protecting the eggs, and size plays a role in defense of the nest (St. Mary 

1994). Males defend a nest in worm tubes or empty shells (Behrents 1983). Although in 

most cases L. dalli, and all hermaphroditic gobies that change from female to male, it has 

been demonstrated that sex change is possible in both directions (Sunobe & Nakazano 

1993). In male-biased L. dalli the ability to change back into females is retained when 

there are no male mating opportunities (St. Mary 1994). In L. dalli functional sex is 

determined primarily by rank within a dominance hierarchy (Rodgers et al. 2005). In L. 

dalli social groups found in the wild, one male dominates the hierarchy and 1 to 7 

females are lower ranking. If a male exits the group, a female ascends to the top of the 

hierarchy and sex changes into a male within 7 to 10 days (Black et al. 2005, Rodgers et 

al 2005). 

 Behavioral and phenotypic changes go along with ascending the dominance 

hierarchy and sex change. Females quickly form submissive relationships with the new 

dominant female that is changing into a male. The dominant fish demonstrates increases 

in body size and dorsal fin length (Rodgers et al. 2005). Dominant females grow larger 

and faster than subordinates and then change sex (Rodgers et al. 2005). The size, shape, 

and width of genital papilla also morphs with sex change. Pointed papilla, as apposed to 

round blunt papilla, is associated with males (St. Mary 2000). A length-to-width ratio of 

more than 1.6 is also associated with maleness (Rodgers et al. 2005).
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 It is well known that social dominance has a great impact on determining sex 

change, and the physiological pathways have been well researched. It is has been found 

that brain aromatase activity (bAA) increases drastically when a female ascends to the 

top of the dominance hierarchy (Black et al. 2005). Aromatase converts androgen into 

oestradiol and is responsible for increased aggression within sex changing females (Black 

et al. 2005). 

 Although the social and physiological factors leading to sex change is well known 

in Gobies, little research has been performed on cues that lead to sex change. One study 

by Lorenzi et al. (2005) looked at cues with the presence or absence of males. They 

discovered that preventing physical male interactions with females slowed the rate of sex 

change of the female. They did this by putting barriers between the male and females, and 

looked at initiation of sex change. They focused on visual cues, and did not focus on 

chemical cues, and did not look at the cues involved in establishing dominance 

hierarchies between females. Studies in other taxa have looked at cues involved in 

subordination. In honeybees, chemical cues are used in inhibiting worker bees from 

reproducing (Winston & Slessor 1992). In naked mole-rats, tactile cues from the queen 

are used in halting reproduction in subordinate males (Clarke and Faulkes 2001). 

On a larger scale, dominance cues in L. dalli gives insight into the complicated 

mechanisms of sexual selection in intermediate hermaphrodites. Female-Female 

competition is a rarity in the animal kingdom because of the asymmetry of gametes. 

Usually females are forced into investing more resources into offspring and thus males 

are competing for choosy females. It is only in animals that sex roles have been reversed 

that female-female competition is seen, such as Panamanian Jacana, a shorebird in which 

males incubate the eggs (Parish 2006). This female-female competition is a competition 

for sex change in L. dalli for increased reproductive success in obtaining a harem of 

females. Males spawn with multiple females per breeding season (Behrents 1983).

Social interactions are probably important in obtaining dominance in L. dalli, and 

visual cues are a large part in determining which individuals are higher in the dominance 

hierarchy. If L. dalli females are prohibited from social interactions (tactile cues) but 
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remain in line of sight, sex change might not occur; also if there is no line of sight 

between fish and they are only share a chemical connection through a shared water 

habitat sex change may not occur.

 The purpose of this study is to find what cues exist between L. dalli females after 

a male has been removed from the social group to determine how dominance is 

established and individual change sex is determined. This study will look at whether 

tactile, visual, or chemical cues are of greater importance when determining the 

individual that will sex change. There is a relationship between tactile cues such as biting 

and nipping that lead to establishing female dominance in Lythrypnus dalli that leads to 

sex change as seen in Rodgers et al. (2005). This study will determine if there is a 

relationship between visual or chemical cues in establishing dominance that leads to sex 

change.

MATERIALS AND METHODS :

Collection and Housing

 L. dalli was collected during SCUBA diving using an anesthetic solution of 20% 

quinaldine sulfate in ethanol and hand nets. An excess of individuals were collected for 

sexing to get the correct number of females. The fish were anaesthetized with 15 mg/L 

quinaldine in seawater following protocols approved by the University of Southern 

California Institutional Animal Care Use Committee (IACUC). While the fish were 

anaesthetized they were measured for body length, dorsal fin length, weighed, and 

banding patterns recorded for identification purposes.  Length and width of genital 

papilla were measured with dial calipers. A ratio of papilla length to width greater than 

1.4 will be the criteria used for determining maleness (Rodgers et al. 2004). Individuals 

with reduced and morphological indistinct papilla were classified as juveniles (St. Mary 

2000). This allowed the juveniles and males to be separated from the females. Collecting 

was done until a total of 32 females and 2 males were obtained. The remaining males and 

juveniles were returned to a flow through tank. The females were separated into groups of 

4 with females of similar sizes to be put in each treatment. One control group consisted of 

a male and 4 females.
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Fish were housed in water of 19-20¡C and in a 12:12-h light/dark photoperiod. 

The fish were fed once daily with commercial dehydrated crustacean meal. A small PVC 

tube was placed in each of the tanks as a substitute nest site. Two rocks were places on 

both sides of the pipe to better simulate a natural habitat. Each group will be housed in 

15L aquariums and given five days to acclimate. For this experiment, treatment groups 

consisted of visual cues and chemical cues, and there will be 2 control groups (Figure 1). 

In the visual cue treatment two tanks will be placed side by side with 2 females on each 

side. The presence of other females in the tank is important because sex change will not 

happen if the females are isolated. The second treatment will be the chemical cue 

treatment, and it will consist of two tanks that are not in line of sight, but water flows will 

be connected. There will also be 2 control tanks. One control tank will contain 1 male 

with 4 females without any separation; the other will contain 4 females only without 

separation. Each treatment group along with the controls will have a replicate.

                                        Tank Set Up

Figure 1: Diagram of the tank set up. Controls with and without males contain 
individuals in the same tanks. The visual treatment consists of 2 tanks with clear walls 
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placed next to each other so two fish in each side may visually interact. The chemical 
treatment consists of two tanks out of line of sight but with water flows connected.

Behavioral Observations
 Behavioral observations will be made in each tank 20 minutes a day in the 

afternoon. All individuals in each tank were monitored concurrently. Individuals were 

observed for behavioral changes. Behavioral observations will be recorded on a 

spreadsheet (Rodgers et al. 2005) will be: number of displacements, bites, solicitations, 

and percent of time during the 20-minute observation that a fish remains inside the 

nesting tube (Table 1). 

Table 1. Behavioral observations for each of the treatment and control tanks with their 
descriptions (Rodgers et al. 2005).

Behavior Description

Displacement Maneuvering away from an approaching fish.

Bites
An aggressive behavior where one fish bites another after an 
approach

Solicitation
Defined as when a female moves into direct eye line of a male 
within in 12 cm.

% Time in Nesting 
Tube

Percent of time during the 20 minute observation that a fish 
remains inside the nesting tube

Morphological Observations

 Morphological observations were made at the end of 14 days, which is thought to 

be an adequate amount of time for sex change to take place in this species (Reavis and 

Grober 1999). The sex changing female should exhibit disproportional growth of the 

longest rays of the dorsal fin, and their body mass will increase (Rodgers et al. 2005). 

The fish were anaesthetized again with 15 mg/L quinaldine in sea water then measured 

once again to determine genital papilla length to width ratio, body length, dorsal fin 
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length, and weight. Some of the individuals were sacrificed for another study on brain 

aromatase activity (Zieba 2007). 

Data Analysis

 Morphological traits were compared before and after treatment to determine if sex 

change took place. If 1 female of the 4 in each treatment changed sex it can be stated that 

the treatment is successful in establishing and maintaining dominance. If one female from 

each side (2 of 4) changed sex, it can be stated that treatment is not successful for 

establishing and maintaining dominance. For morphological traits that had before and 

after values as well as quantifiable behavioral data, a two-sample equal variance t-test 

was used to see if changes were significantly different between new males and females. 

Significance levels were set at P < 0.05. 

RESULTS:

Behavioral Observations

 Behavioral observations recorded during the 14-day period followed the pattern of 

establishing dominance described by Grober (2007). Displacements increased as the 

female established dominance. Displacements peaked at around 4 days for all treatments. 

Once dominance was established in the social group, the number of displacements fell 

(Figure 2). Behavioral observations are detailed in Table 2.

Table 2. Behavioral observations taken over a 14 day period to detect the establishment 
and maintenance of dominance in each treatment.

Control w/o ♂ 1 
(Dominant Fish)
Control w/o ♂ 1 
(Dominant Fish)
Control w/o ♂ 1 
(Dominant Fish)

Control w/o ♂ 1 (All other Non- 
Dominant Fish)
Control w/o ♂ 1 (All other Non- 
Dominant Fish)
Control w/o ♂ 1 (All other Non- 
Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites %  in Tube Day Displacements Solicitations

1 4 0 2 70 1 2 2
2 6 0 2 70 2 2 2
3 7 0 3 80 3 3 3
4 10 0 5 80 4 1 4
5 6 0 4 90 5 1 4
6 8 0 3 80 6 1 3
7 7 0 3 60 7 1 4
8 7 0 2 70 8 0 3
9 5 0 0 80 9 0 3

10 6 0 1 90 10 0 5
11 3 0 2 80 11 0 5
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12 4 0 3 90 12 1 4
13 4 0 0 80 13 0 4
14 3 0 0 90 14 0 5

Control w/o ♂ 2 
(Dominant Fish)
Control w/o ♂ 2 
(Dominant Fish)
Control w/o ♂ 2 
(Dominant Fish)

Control w/o ♂ 2 (All other Non- 
Dominant Fish)
Control w/o ♂ 2 (All other Non- 
Dominant Fish)
Control w/o ♂ 2 (All other Non- 
Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 1 0 2 0 1 1 1
2 1 0 2 40 2 2 1
3 1 0 3 50 3 1 2
4 5 0 5 80 4 3 3
5 4 0 2 80 5 0 3
6 3 0 3 70 6 0 2
7 2 0 0 80 7 1 3
8 2 0 1 70 8 0 2
9 1 0 2 80 9 2 2

10 1 0 0 80 10 0 4
11 0 0 0 90 11 1 4
12 0 0 1 80 12 0 5
13 1 0 0 80 13 2 4
14 0 0 1 80 14 0 4

Visual Treatment 1A 
(Dominant Fish)
Visual Treatment 1A 
(Dominant Fish)
Visual Treatment 1A 
(Dominant Fish)
Visual Treatment 1A 
(Dominant Fish)

Visual Treatment 1A (All other 
Non- Dominant Fish)
Visual Treatment 1A (All other 
Non- Dominant Fish)
Visual Treatment 1A (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 0 0 0 100 1 0 0
2 1 0 0 90 2 0 0
3 1 0 2 90 3 0 0
4 1 0 1 90 4 0 1
5 3 0 3 90 5 0 1
6 2 0 2 90 6 0 2
7 2 0 2 80 7 0 1
8 1 0 1 90 8 0 0
9 1 0 0 90 9 0 0

10 0 0 0 100 10 0 0
11 0 0 1 90 11 0 1
12 0 0 0 100 12 0 1
13 0 0 0 100 13 0 0
14 0 0 0 100 14 0 0

Visual Treatment 1B 
(Dominant Fish)
Visual Treatment 1B 
(Dominant Fish)
Visual Treatment 1B 
(Dominant Fish)
Visual Treatment 1B 
(Dominant Fish)

Visual Treatment 1B (All other 
Non-Dominate Fish)
Visual Treatment 1B (All other 
Non-Dominate Fish)
Visual Treatment 1B (All other 
Non-Dominate Fish)
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Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 1 0 0 10 1 0 1
2 1 0 0 30 2 1 2
3 2 0 1 20 3 0 1
4 3 0 1 30 4 0 1
5 1 0 0 40 5 0 2
6 1 0 1 40 6 0 2
7 0 0 0 40 7 0 1
8 0 0 0 40 8 0 1
9 0 0 0 50 9 0 0

10 0 0 0 40 10 0 0
11 1 0 0 40 11 0 1
12 2 0 1 40 12 0 1
13 0 0 0 30 13 0 2
14 0 0 0 50 14 0 1

Visual Treatment 1 Between Tanks 
(Dominant Fish)
Visual Treatment 1 Between Tanks 
(Dominant Fish)
Visual Treatment 1 Between Tanks 
(Dominant Fish)
Visual Treatment 1 Between Tanks 
(Dominant Fish)
Visual Treatment 1 Between Tanks 
(Dominant Fish)

Visual Treatment 1 Between Tanks 
(All other Non- Dominant Fish)
Visual Treatment 1 Between Tanks 
(All other Non- Dominant Fish)
Visual Treatment 1 Between Tanks 
(All other Non- Dominant Fish)

Day
Displaceme
nts

Delta % Time in Tube A Vs 
B
Delta % Time in Tube A Vs 
B
Delta % Time in Tube A Vs 
B Day Solicitations

1 1 90 1 1
2 1 60 2 1
3 2 70 3 0
4 1 60 4 1
5 1 50 5 1
6 1 50 6 2
7 1 40 7 1
8 0 50 8 1
9 0 40 9 1

10 0 60 10 2
11 0 50 11 2
12 0 60 12 1
13 0 70 13 2
14 0 50 14 1

Visual Treatment 2A 
(Dominant Fish)
Visual Treatment 2A 
(Dominant Fish)
Visual Treatment 2A 
(Dominant Fish)
Visual Treatment 2A 
(Dominant Fish)

Visual Treatment 2A (All other 
Non-Dominant Fish)
Visual Treatment 2A (All other 
Non-Dominant Fish)
Visual Treatment 2A (All other 
Non-Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 0 0 0 100 1 0 1
2 1 0 1 90 2 0 2
3 1 0 1 90 3 0 1
4 2 0 1 80 4 0 1
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5 1 0 0 80 5 0 2
6 1 0 0 90 6 0 2
7 1 0 1 90 7 0 2
8 0 0 0 100 8 0 2
9 0 0 0 100 9 0 1

10 0 0 0 100 10 0 0
11 0 0 0 100 11 0 0
12 0 0 0 100 12 0 1
13 0 0 0 100 13 0 2
14 0 0 0 100 14 0 2

Visual Treatment 2B 
(Dominant Fish)
Visual Treatment 2B 
(Dominant Fish)
Visual Treatment 2B 
(Dominant Fish)
Visual Treatment 2B 
(Dominant Fish)

Visual Treatment 2B (All other 
Non- Dominant Fish)
Visual Treatment 2B (All other 
Non- Dominant Fish)
Visual Treatment 2B (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 0 0 0 20 1 0 1
2 1 0 1 40 2 0 2
3 1 0 1 50 3 0 1
4 2 0 2 50 4 0 2
5 3 0 2 50 5 0 2
6 1 0 1 60 6 0 2
7 1 0 0 60 7 0 1
8 0 0 0 60 8 0 1
9 0 0 0 60 9 0 2

10 0 0 0 50 10 0 2
11 0 0 0 60 11 0 2
12 0 0 0 60 12 0 2
13 0 0 0 50 13 0 2
14 0 0 0 50 14 0 2

Visual Treatment 2 Between Tanks 
(Dominant Fish)
Visual Treatment 2 Between Tanks 
(Dominant Fish)
Visual Treatment 2 Between Tanks 
(Dominant Fish)
Visual Treatment 2 Between Tanks 
(Dominant Fish)
Visual Treatment 2 Between Tanks 
(Dominant Fish)

Visual Treatment 2 Between Tanks 
(All other Non- Dominant Fish)
Visual Treatment 2 Between Tanks 
(All other Non- Dominant Fish)
Visual Treatment 2 Between Tanks 
(All other Non- Dominant Fish)

Day
Displaceme
nts

Delta % Time in Tube A Vs 
B
Delta % Time in Tube A Vs 
B
Delta % Time in Tube A Vs 
B Day Solicitations

1 0 80 1 0
2 1 50 2 1
3 1 40 3 1
4 1 30 4 1
5 1 30 5 2
6 1 30 6 1
7 0 30 7 1
8 0 40 8 2
9 0 40 9 2

10 0 50 10 2
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11 0 40 11 1
12 0 40 12 2
13 0 50 13 1
14 0 50 14 2

Chemical Treatment 1A (Dominant Fish)Chemical Treatment 1A (Dominant Fish)Chemical Treatment 1A (Dominant Fish)Chemical Treatment 1A (Dominant Fish)Chemical Treatment 1A (Dominant Fish)
Chemical Treatment 1A (All other 
Non- Dominant Fish)
Chemical Treatment 1A (All other 
Non- Dominant Fish)
Chemical Treatment 1A (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 1 0 0 90 1 0 1
2 1 0 1 90 2 0 1
3 0 0 0 100 3 0 2
4 2 0 1 90 4 0 2
5 1 0 1 90 5 0 1
6 1 0 1 90 6 0 1
7 0 0 0 100 7 0 2
8 0 0 0 100 8 0 1
9 0 0 0 100 9 0 1

10 0 0 0 100 10 0 2
11 0 0 0 100 11 0 2
12 0 0 0 100 12 0 1
13 0 0 0 100 13 0 2
14 0 0 0 100 14 0 2

Chemical Treatment 1B (Dominant Fish)Chemical Treatment 1B (Dominant Fish)Chemical Treatment 1B (Dominant Fish)Chemical Treatment 1B (Dominant Fish)Chemical Treatment 1B (Dominant Fish)
Chemical Treatment 1B (All other 
Non- Dominant Fish)
Chemical Treatment 1B (All other 
Non- Dominant Fish)
Chemical Treatment 1B (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 1 0 0 90 1 0 1
2 1 0 1 90 2 0 2
3 1 0 1 80 3 0 2
4 2 0 2 80 4 0 1
5 3 0 1 80 5 0 1
6 1 0 0 100 6 0 1
7 1 0 0 90 7 0 3
8 2 0 0 80 8 0 2
9 1 0 0 90 9 0 2

10 0 0 0 100 10 0 1
11 0 0 0 100 11 0 2
12 0 0 0 100 12 0 2
13 0 0 0 100 13 0 2
14 0 0 0 100 14 0 2
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Chemical Treatment 2A (Dominant Fish)Chemical Treatment 2A (Dominant Fish)Chemical Treatment 2A (Dominant Fish)Chemical Treatment 2A (Dominant Fish)Chemical Treatment 2A (Dominant Fish)
Chemical Treatment 2A (All other 
Non- Dominant Fish)
Chemical Treatment 2A (All other 
Non- Dominant Fish)
Chemical Treatment 2A (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 0 0 0 100 1 0 0
2 1 0 1 90 2 0 0
3 1 0 1 90 3 0 1
4 2 0 2 80 4 0 1
5 2 0 1 90 5 0 1
6 1 0 0 90 6 0 2
7 3 0 2 80 7 0 2
8 2 0 1 80 8 0 1
9 0 0 0 100 9 0 1

10 0 0 0 100 10 0 0
11 0 0 0 100 11 0 1
12 0 0 0 100 12 0 0
13 0 0 0 100 13 0 1
14 0 0 0 100 14 0 1

Chemical Treatment 2B (Dominant Fish)Chemical Treatment 2B (Dominant Fish)Chemical Treatment 2B (Dominant Fish)Chemical Treatment 2B (Dominant Fish)Chemical Treatment 2B (Dominant Fish)
Chemical Treatment 2B (All other 
Non- Dominant Fish)
Chemical Treatment 2B (All other 
Non- Dominant Fish)
Chemical Treatment 2B (All other 
Non- Dominant Fish)

Day
Displaceme
nts

Solicitatio
ns Bites % in Tube Day Displacements Solicitations

1 0 0 0 100 1 0 0
2 1 0 1 90 2 0 0
3 1 0 1 90 3 0 0
4 2 0 2 80 4 0 1
5 2 0 1 90 5 0 1
6 1 0 1 80 6 0 1
7 2 0 2 70 7 0 2
8 0 0 0 80 8 0 1
9 1 0 0 80 9 0 2

10 0 0 0 100 10 0 1
11 0 0 0 100 11 0 1
12 0 0 0 100 12 0 1
13 0 0 0 100 13 0 2
14 0 0 0 100 14 0 1
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Figure 2. The numbers of displacements in each control tank without males over the 14-
day trail period. Displacements increase as females establish dominance and then 
decrease as dominance has been recognized.

 In the visual treatments, females were able to displace each other through visual 

cues only, as females were able to displace another female through the barrier. The 

pattern of these displacements also showed the same basic pattern of establishing 

dominance as described by Grober (2007), although the frequency was much less than 

females in the same tank (Figure 3).  
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Figure 3. The number of displacements performed by the dominant female using visual 
cues only.

Morphological Observations

 Looking at the morphology of each fish after 19 days (5 days acclimation and 14 

day observational period), it was discovered that sex change did occur in each treatment 

except the control in which males were left in the tank. 1 female out of 4 changed sex in 

the control as expected, and 1 female out of 4 changed sex in both visual treatments. The 

chemical treatment had 1 female out of the 4 change sex in one treatment, and 2 out of 4 

change in another (Figure 4). Although the results from the chemical treatment contradict 

each other, it should be noted that the female that underwent the greatest degree of sex 

change while the other 3 females showed no signs of sex change was from the chemical 

treatment. The morphological changes for each treatment are detailed in Table 3. 
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                                    Sex Change in each Tank

Figure 4. Sex change (female to male) that occurred in each treatment tank as determined 
by change in papillae ratio. Up arrow represents change in both replicates, diamond 
represents change in only one.

Table 3. The morphological measurements for control and treatment tanks taken before 
and after 19 days and the difference between them.

Control without male 1 
START
Control without male 1 
START
Control without male 1 
START
Control without male 1 
START
Control without male 1 
START

Fish RatioRatio Length (mm)Length (mm)
Dorsal Fin 
(mm) Weight (g)

1 1.101.10 3131 5.8 0.265
2 1.031.03 2929 2 0.409
3 1.051.05 2828 4 0.281
4 1.161.16 2626 1 0.209

Control without male 1 
FINISH
Control without male 1 
FINISH
Control without male 1 
FINISH
Control without male 1 
FINISH
Control without male 1 
FINISH

Fish RatioRatio Length (mm)Length (mm)
Dorsal Fin 
(mm) Weight (g)

1 1.451.45 3232 7 0.349
2 1.191.19 2929 2 0.306
3 1.311.31 2828 4 0.269
4 1.161.16 2626 1.5 0.233

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight
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11 0.350.35 1 2 0.084
22 0.160.16 0 0 -0.103
33 0.260.26 0 0 -0.012
44 00 0 0.5 0.024

Control without male 2 
START
Control without male 2 
START
Control without male 2 
START
Control without male 2 
START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 0.830.83 31 4 0.345
2 1.001.00 29 3 0.259
3 0.950.95 27 1 0.260
4 1.181.18 27 2 0.270

Control without male 2 
FINISH
Control without male 2 
FINISH
Control without male 2 
FINISH
Control without male 2 
FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.001.00 30 4 0.347
2 1.071.07 29 3 0.288
3 1.131.13 27 1 0.294
4 1.421.42 29 4 0.307

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH
FishFish ∆Papillae Ratio∆Length ∆Dorsal Fin ∆ Weight

11 0.17 -1 0 0.002
22 0.07 0 0 0.029
33 0.18 0 0 0.034
44 0.24 2 2 0.037

Control with male 1 STARTControl with male 1 STARTControl with male 1 STARTControl with male 1 START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 2.272.27 40 14 1.140
2 1.191.19 27 3 0.280
3 1.231.23 22 2 0.140
4 1.001.00 23 2 0.200
5 1.001.00 25 3 0.200

Control with male 1 FINISHControl with male 1 FINISHControl with male 1 FINISHControl with male 1 FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.931.93 40 14 0.832
2 1.071.07 27 5 0.285
3 1.191.19 24 2 0.169
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4 1.141.14 25 3 0.175
5 1.161.16 26 4 0.233

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH
FishFish ∆Papillae Ratio∆Length ∆Dorsal Fin ∆ Weight

11 0.35 1 2 0.084
22 0.16 0 0 -0.103
33 0.26 0 0 -0.012
44 0 0 0.5 0.024

Control with male 2 STARTControl with male 2 STARTControl with male 2 STARTControl with male 2 START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 2.502.50 24.5 9.5 0.270
2 1.201.20 20 1 0.140
3 1.171.17 23 1 0.110
4 1.001.00 25 1 0.210
5 1.131.13 24 1 0.140

Control w/ m 2 FINISHControl w/ m 2 FINISHControl w/ m 2 FINISHControl w/ m 2 FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 2.632.63 25 12 0.258
2 1.091.09 20 1 0.135
3 1.071.07 25 2 0.187
4 1.131.13 26 1 0.200
5 1.171.17 25 1 0.166

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.13 0.5 2.5 -0.012
22 -0.11 0 0 -0.005
33 -0.1 2 1 0.077
44 0.13 1 0 -0.01
55 0.04 1 0 0.026

Visual Treatment 1A STARTVisual Treatment 1A STARTVisual Treatment 1A STARTVisual Treatment 1A START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.111.11 29 3 0.296
2 1.001.00 27 4 0.282

Visual Treatment 1A FINISHVisual Treatment 1A FINISHVisual Treatment 1A FINISHVisual Treatment 1A FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)
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1 0.920.92 31 3 0.342
2 1.551.55 28 4 0.242

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 -0.19 2 0 0.046
22 0.55 1 0 -0.04

Visual Treatment 1B STARTVisual Treatment 1B STARTVisual Treatment 1B STARTVisual Treatment 1B START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.001.00 25 3 0.245
2 1.271.27 24.5 3 0.210

Visual Treatment 1B FINISHVisual Treatment 1B FINISHVisual Treatment 1B FINISHVisual Treatment 1B FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 11 30 3 0.279
2 1.071.07 26 4 0.276

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0 5 0 0.034
22 -0.2 1.5 1 0.066

Visual Treatment 2A STARTVisual Treatment 2A STARTVisual Treatment 2A STARTVisual Treatment 2A START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.151.15 25 3 0.185
2 1.241.24 25 1 0.163

Visual Treatment 2A FINISHVisual Treatment 2A FINISHVisual Treatment 2A FINISHVisual Treatment 2A FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.591.59 25 5 0.200
2 1.091.09 25 3 0.198

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.44 0 2 0.015
22 -0.15 0 2 0.035

Visual Treatment 2B STARTVisual Treatment 2B STARTVisual Treatment 2B STARTVisual Treatment 2B START



21

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.221.22 24 2 0.162
2 1.001.00 25 3 0.192

Visual Treatment 2B FINISHVisual Treatment 2B FINISHVisual Treatment 2B FINISHVisual Treatment 2B FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.231.23 24 2 0.191
2 1.061.06 27 4 0.246

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.01 0 0 0.029
22 0.06 2 1 0.054

Chemical Treatment 1A 
START
Chemical Treatment 1A 
START
Chemical Treatment 1A 
START
Chemical Treatment 1A 
START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.001.00 24 3 0.283
2 1.051.05 24 2 0.381

Chemical Treatment 1A 
FINISH
Chemical Treatment 1A 
FINISH
Chemical Treatment 1A 
FINISH
Chemical Treatment 1A 
FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.371.37 24 3 0.157
2 1.091.09 26 1 0.229

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.37 0 0 -0.126
22 0.04 2 -1 -0.152

Chemical Treatment 1B 
START
Chemical Treatment 1B 
START
Chemical Treatment 1B 
START
Chemical Treatment 1B 
START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm)
Dorsal Fin 
(mm) Weight (g)

1 1.001.00 28 22 0.335
2 1.231.23 25 22 0.289

Chemical Treatment 1B 
FINISH
Chemical Treatment 1B 
FINISH
Chemical Treatment 1B 
FINISH
Chemical Treatment 1B 
FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm)
Dorsal Fin 
(mm) Weight (g)

1 1.411.41 28 22 0.216
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2 1.131.13 25 33 0.198
Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length∆Length ∆Dorsal Fin ∆ Weight

11 0.41 00 0 -0.119
22 -0.1 00 1 -0.091

Chemical Treatment 2A STARTChemical Treatment 2A STARTChemical Treatment 2A STARTChemical Treatment 2A START

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.171.17 28 3 0.213
2 1.131.13 28 3 0.235

Chemical Treatment 2A FINISHChemical Treatment 2A FINISHChemical Treatment 2A FINISHChemical Treatment 2A FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.581.58 31 5 0.442
2 1.011.01 29 3 0.312

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.41 3 2 0.229
22 -0.12 1 0 0.077

Chemical Treatment 2B STARTChemical Treatment 2B STARTChemical Treatment 2B STARTChemical Treatment 2B START

Fish RatioRatio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 0.940.94 24 3 0.151
2 0.910.91 26 3 0.182

Chemical Treatment 2B FINISHChemical Treatment 2B FINISHChemical Treatment 2B FINISHChemical Treatment 2B FINISH

Fish Papillae RatioPapillae Ratio
Length 
(mm)

Dorsal Fin 
(mm) Weight (g)

1 1.301.30 30 3 0.244
2 1.281.28 32 4 0.365

Difference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISHDifference between START and FINISH

FishFish
∆Papillae 
Ratio ∆Length ∆Dorsal Fin ∆ Weight

11 0.36 6 0 0.093
22 0.37 6 1 0.183

 After the ratios were determined to see if females showed signs of male gonadal 

tissue (Figure 5), morphological results were compared between sex changed and non-sex 

changed fish. Dorsal fin length and weight were measured (Figure 6 & 7). This shows if 
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morphological changes were present and could be a signal that the visual treatment 

females could use in establishing dominance. Change in morphology will also confirm 

that sex change did occur.

Figure 5. Average increase in papillae ratio for all fish, non-sex changed fish, and sex 
changed fish.
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Figure 6. Average increase in dorsal fin length for all fish, non-sex changed fish, and sex 
changed fish.
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Figure 7. Average increase in weight for all fish, non-sex changed fish, and sex changed 
fish.

 To test the significance of the morphological changes a two-sample equal variance 

t-test was used. A p-value of 3.146x10-6 was found for the increase in papillae ratio and 

0.038 for the increase in dorsal fin length both showing results of statistical significance. 

A p-value of 0.418 was found for the increase in weight which does not show statistical 

significance, but an increase in weight is what is expected during sex change. 

 When looking at both the behavioral and morphological observations together 

patterns can be seen. The average total number of displacements that the dominant goby 

who underwent sex change was more than the dominant goby on the other side of the 

visual treatment that did not sex change (Figure 8). Again using two-sample equal 

variance t-test a p-value of 0.163 was found. This does not show statistical significance, 

but there does seem to be a positive correlation between displacements and establishing 

dominance.  There was also a difference seen in the amount of time spent in the nesting 

tube for the dominant fish that sex changed versus the dominant fish that did not sex 

change in the visual treatment. The dominant fish that sex changed spent on average 

approximately 2 fold more time in the nesting tube than did the fish that did not sex 

change (Figure 9). Using the two-sample equal variance t-test a p-value of 1.028x10-16 

was found. This shows high statistical significance.
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Figure 8. The average number of displacements performed by the female that changed 
sex versus the female that did not change sex in the visual treatment.

Figure 9. The average % time spent in the nesting tube of the sex changed female versus 
the non-sex changed female in the visual treatment.

Average Total Number of Displacements 
by Sex Changed Fish

Average Total Number of 
Displacements by Non-Sex Changed 

Fish
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 Looking at the relationship between displacements and increase in papillae ratio 

we see there is a positive correlation. The papilla ratio increases as the total number of 

displacements goes up in each social group (Figure 10).

Figure 10. The relationship between the total number of displacements and the increase 
in papillae ratio in the visual treatment.

DISCUSSION:

From the result that only one female changed sex in each of the visual treatments 

it can be concluded that only visual cues without the help of chemical or tactile cues can 

lead to establishing and maintaining dominance in the social group. This study showed 

there was statistical significant evidence that sex change occurred, thus we see that 

dominance was obtained through visual cues. No conclusions can be made about 

chemical cues in establishing dominance in L. dalli as the results in each treatment were 

contradictory. In this study females of similar sizes were used so that body mass could be 

eliminated from the equation for the establishment of dominance. This eliminated any 

visual bias that other females could have when the social hierarchy was created. This 

allowed for a better understanding on how females establish dominance. The pattern of 

displacements though the barrier followed a similar pattern that displacements in the 
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control tanks followed. The number of displacements increased and peaked around 4 

days, and decreased as dominance was established. The fact that the gobies in the visual 

tank could displace each other without any tactile response shows that there is a 

mechanism for creating a social hierarchy visually. There seems to be a strong indication 

that the female that displaces more will change sex without the need for biting or other 

tactile or chemical responses. The dominant goby that changed sex also spent more time 

in the nesting tube located in its tank, and somehow through visual stimuli was able to 

keep the dominant fish that did not change on the other side in the nesting tube far less.

It has already been established that tactile cues lead to dominance and sex change 

in L. dalli (Rodgers et al. 2005). This study shows that other mechanisms are involved in 

creating a dominance hierarchy in L. dalli. Establishment of dominance in females seems 

to be more complicated than originally thought. Although no definitive statement can be 

made about chemical cues in relation to dominance in L. dalli they should not be ruled 

out as another possible mechanism. More studies will have to be done to find a definitive 

answer on chemical cues. In this study the female that displayed the greatest degree of 

sex change was from the chemical treatment, and the other females in the treatment did 

not change sex. More research should be done on a molecular level to determine if 

chemical cues are present. This study was only conducted for 14 days, and in the period 

right before mating season. According to a study by Behrents (1983) seasonal cues are 

important in mediating olfactory information. To fully understand chemical cues a longer 

study during mating season should be conducted. 

Further studies should also be done on visual cues. Molecular evidence should be 

looked at to see of social interactions lead to physiological changes, or if physiological 

changes lead to differing social interactions. Because of time constraints the treatment 

was not allowed to run longer. Perhaps a better understanding of sex change using visual 

and chemical cues would come from longer treatment periods, as well as looking at the 

treatments during mating season when pheromones would most likely be released 

(Behrents 1983). 



29

The idea of visual cues leading to sex change could lead to a far better 

understanding of hermaphroditic mating systems. L. dalli is an interesting subject 

because it exhibits intermediate hermaphroditism. Because of the complexity of 

hermaphroditic mating systems not much is known about them. The results of this study 

show that hermaphroditism and sexual selection are not an incompatible as it seems on 

the surface. When looking at sexual selection in L. dalli female-female competition 

should be looked at with the idea that the female will be turning into a male. The females 

are competing for dominance over the other females; this will give the ability to sex 

change and have the remaining females in the social group in its harem. This will greatly 

increase the dominant female/maleÕs reproductive success and far more of its genes will 

be passed on, continuing the system of hermaphroditism and establishing dominance on 

to future generations.

AKNOWLEDGMENTS :

Special thanks to: Dive Team Goby: Trevor Oudin and Ali Arastu. Lauren Czarnecki, 

Vinny Moriarty, Gerry Smith, Karla Heidelberg, Jamie Brisbin, Chris Murakami, and 

especially Jen Zieba.

WORKS CITED:

Bateman, A.J. 1948. Intra-sexual selection in Drosophila. Heredity 2:349-68.

Black, M.P., Balthazart, J., Baillien, M., Grober, M. 2005. Socially induced and rapid 

increases in aggression are inversely related to brain aromatase activity in a sex-

changing fish, Lythrypnus dalli. Proceedings of the Royal Biology Society. 

272:2435-2440.

Behrents, K.C. 1983. The comparative ecology and interactions between two sympatric 

gobies (Lythrypnus dalli and Lythrypnus zebra). Ph.D. thesis, University of 

Southern California.

Clarke, F.M., and Faulkes, C.G. 2001. Intracolony aggression in the eusocial naked mole-

rat, Hetericephalus glaber. Animal Behavior. 61:311-324.

Cole, K., and Shapiro, D.Y. 1990. Gonad structure and hermaphroditism in gobdiid genus 

Coryphopterus (Teleostei: Gobiidae). Copeia 4:996-1003.



30

Darwin, C. 1871. The decent of man, and selection in relation to sex. Princeton, NJ: 

Princeton University Press.

Fischer, E.A., and Petersen, C.W. 1987. The evolution of sexual partners in the seabasses. 

Bioscience 37:482-489.

Grober, M.S. 2007. Sex change model. Last accessed May 5, 2007. http://www2.gsu.edu/

~biomgx/lab/organisms/dalli/model/model.htm.

Leonard, J.L. 2005. Sexual selection: lessons form hermaphrodite mating systems. 

Integrative and Comparative Biology. 46(4):349-367.

Parish, A. 2006. Personal Communication. Lecture. University of Southern California. 

Reavis, R., and Grober, M.S. 1999. An integrative approach to sex change: social, 

behavioral and neurochemical changes in Lythrypnus dalli (Pisces). Acta 

Ethological. 2:51-60.

Rodgers, E.W., Drane, S., and Grober, M.S. 2005. Sex reversal in pairs of Lythrypnus 

dalli: behavioral and morphological changes. Biological Bulletin. 208:120-126.

Ross, R.M. 1990. The evolution of sex-change mechanisms in fishes. Environmental 

Biological Fishes. 29:81-93.

St. Mary, C.M. 1994. Sex allocation in a simultaneous hermaphrodite, the blue-banded 

goby (Lythrypnus dalli): the effects of body size and behavioral gender and the 

consequences for reproduction. Behavioral Ecology. 5:304-313.

St. Mary, C.M. 1996. Sex allocation in a simultaneous hermaphrodite, the zebra goby 

Lythrypnus zebra: insights gained through a comparison with its sympatric 

congener, Lythrypnus dalli. Environmental Biological Fishes. 45:177-190.

St. Mary, C.M. 1997. Sequential patterns of sex allocation in simultaneous 

hermaphrodites: do we need models that specifically incorporate this complexity? 

The American Naturalist. 150:73-97.

St. Mary, C.M. 2000. Sex allocation in Lythrypnus (Gobiidae): variations on a 

hermaphroditic theme. Environmental Biological Fishes. 58:321-333. 

Sunobe, T., and Nakazano, A. 1993. Sex change in both directions by alternation of social 

domiance in Trimma okinawae (Pisces: Gobiidae). Ethology. 94:339-345.



31

Warner, R.R. 1984. Mating systems and hermaphroditism in coal reef fishes. American 

Science. 72:128-136.

Winston, M.L., and Slessor, K.N. 1992. The essence of royalty: honey bee queen 

pheromone. American Science. 80:374-385.

Zieba, J. 2007. Brian aromotase during sex change in Lythrypnus dalli. Unpublished.


