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ABSTRACT 

The role of ecological factors and phylogenetic constraints in 

determining the mating system were examined for three species of 

chaenopsid blennies from the Gulf of California, Mexico. The mating 

system does not vary from resource defense polygyny, because of two 

phylogenetic constraints. First, the presence of demersal eggs and male 

defense of a spa~ming site preadapts males to parental care. Second, 

the microhabitat of vacant invertebrate tests, which serve as refuges 

and egg deposition sites, prohibits alternative male reproductive 

strategies, and ensures a role for epigamic selection. 

Factors determining the reproductive success of males were 

examined for three species. Females of Coralliozetus angelica, 

Acanthemblemaria crockeri, and Emblemaria hypacanthus exhibited a 

preference for large males in laboratory mate-choice experiments, which 

't'las reflected in the field 'tv-here male body size was positively 

correlated with male reproductive success. The elevated dorsal fin of 

male E. hypacanthus was shown to be positively allometric, and may have 

evolved as a signal of body size. Both sexes of ~. hypacanthus 

exhibited riGk averse behaviors in an area of high predator density. 

Females of t=.. crockeri and Q. angelica avoided spawning 'tvi th males 

defending heavily fouled shelters. Some of the largest males of C. 

angelica may realize no reproductive success, because they are forced to 

defend heavily fouled shelters. The intensities of male courtship 

xi 



xii 

coloration and displays were negatively correlated with male 

reproductive success in A. crockeri and may have resulted from female 

preference for mated males. Female mate choice appears to be based on 

factors that are reliably correlated with the quality of male parental 

care. 

A number of factors impact the intensity of sexual selection on 

males. First, i~trasexual selection is important, since field 

experiments demonstrated that shelter availability limits local 

population densities of male f. angelica, and shelter quality is a 

criterion of female choice. Second, epigamic selection plays an 

important role, because males are typically unable to usurp multiple 

shelters. Third, sex ratios are frequently male-biased, because males 

defending shelters gain an indirect survival benefit. Finally, egg

laying surface area may be limited, restricting female preferences. 



CHAPTER 1 

HABITAT UTILIZATION, SEX RATIO AND THE MATING SYSTEM 

OF THE ANGEL BLENNY, CORALLIOZEl'US ANGELICA. 

Resource defense polygyny is the predominant mating system 

where resources critical to females are economically defensible by 

males (Emlen and Oring 1977). The ability of males to effectively 

usurp critical resources is often correlated directly with the degree 

of polygyny, the intensity of sexual selection, and ultimately with 

selection for increased sexual dimorphism (l~ade 1979, Alexander et al. 

1979). In fishes, defense of a breeding territory preadapts males for 

egg guarding (Perrone and Zaret 1979), thereby providing an additional 

critical resource for females. This may accentuate the degree of 

polygyny as constraints on number of eggs which males can effectively 

guard are often lacking, since egg guarding in fishes represents a 

shareable form of parental care (Wittenberger 1979, Petersen 1985). 

Alterations in density of competing males may change the 

cost/benefit ratio of territoriality resulting in qualitative changes 

in the mating system (Emlen and Oring 1977). In fishes with male 

parental care, qualitative changes in the mating system may be rare 

00larner and Hoffman 1980b), because guarding of demersal eggs from 

predators is necessary for their survival. HOl'lever, ~lhere 

opportunities exist, alternate male spawning strategies may evolve such 

that some males circumvent territory defense and parental care 

1 



(Rubenstein 1981, Wirtz 1978, Gross 1982). The present study examines 

the causal mechanisms of variations in density and sex ratio in a 

highly dimorphic species of blennioid fish, and evaluates the role of 

these variat~ons on the mating system and the intensity of sexual 

selection on males. 

2 

The angel blenny, Coralliozetus angelica (Bohlke and Mead), is 

common in the central Gulf of California where it occurs primarily on 

exposed rocky prominences where wave surge is often strong. Males 

have more robust heads, longer jaws, and are more conspicuously-colored 

than are females (Stephens 1963). Brightly-colored males court females 

with conspicuous displays involving a bob-and~leave motion while 

partially extended from barnacles. Barnacles serve as refuges from 

preda tion and as egg deposition sites. Females deposit eggs 't·11 thin a 

male"s barnacle 't-There they are guarded by the male until they hatch and 

parental care ceases. Females spa'tvu repeatedly throughout the 

approximately 3-month spawning season and males often obtain multiple 

clutches. 

Methods 

This study l-TaS conducted at Punta Doble, near San Carlos, 

Sonora, Mexico in the central Gulf of California. The extreme southern 

tip of Punta Doble is a nearly vertical rock face ext,ending from the 

surface to 25 m depth. The acorn barnacle, MegabalanuB californicus, 

is especially abundant in areas of Punta Doble that are directly 

exposed to "lave surge. This Megabalanus-zone is primarily subtidal and 

the narrow intertidal zone is dominated by a smaller barnacle 
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(Chthama1us sp.). Cora11iozetus angelica occurs primarily in the upper 

1.5 m depth in the subtidal Megaba1anus-zone and in the intertidal 

Chthama1us-zone. 

Patterns of male and female habitat utilization were quantified 

in 1983, 1984, and 1985 at Punta Doble. Focal individuals were 

observed for 3 minute intervals during which the percent of time spent 

in a shelter and in the open (mutually exclusive categories), net 

distance moved (the linear distance in meters from a focal anima1~s 

starting position to its finishing position), real distance moved 

(actually distance covered during focal intervals), and number of 

feeding bites taken were recorded. Number of intraspecific chases 

instigated and received were also recorded during focal intervals. 

Aggressive interaction in C. angelica typically consisted of a short 

chase which frequently terminated lnth the aggressor biting the 

recepient in the caudal region. Chases were directed primarily toward 

conspecifics of both smaller and larger size than the aggressor, and 

virtually all lY'ere asymmetrical in that the recipient fled from the 

aggressor. Resident males were defined as those males occupying a 

barnacle test at the beginning of focal intervals. while non-resident 

males ~lere in the open at the start of focal intervals. 

The role of shelter availability in limiting population 

densities of angel blennies "Tas examined experimentally at Punta Doble. 

She1 ters ~Tere added in tlY'O plots in the Megabalanus-zone at a densi ty 

of approximately 18 per square meter by stabbing and killing living ~. 

californicus. ~10 adjacent plots served as controls to which no 

shelters were added. Plots were censused for all angel blennies 



residing in shelters prior to adding shelters on 9 June 1984. Plots 

were recensused on 23 July and 22 August 1984. 

4 

Sex ratio of f.. angelica l'1'as determined by sexing, counting and 

measuring (standard length-SL) all individuals from large museum lots 

that had been collected with an ichthyocide. Males were identified by 

the presence of a conical genital papilla and elongated orbital cirri. 

Females were identified by the presence of a low fimbrate papilla, 

closely apposed to the anus, and by the presence of short orbital 

cirri. These external characters were confirmed as reliable correlates 

of sex by gonadal inspection of several individuals. The smallest size 

classes in these collections frequently could not be sexed, because 

both gonads and secondary sex characters were undeveloped. The 

following collections 't'lere examined: SIO (Scripp"'s Institute of 

Oceanography) 61-225, Cabo San Lucas, Baja California Sur, Mexico, 12 

June 1961; SIO 59-210, Cabo San Lucas, 22 March 1959; SIO 61-232, Cabo 

San Lucas, 14 June 1961; SIO 65-341, Isla Santa Cruz, B.C.S., Mexico, 

22 July 1965; UA (University of Arizona) 77-20, Isla San Ignacio de 

Farallon, Sinaloa, l1exico, 16 June 1977. 

Variance in reproductive success of males l'las compared in areas 

of extremes in male density at Punta Doble on 19 August 1984. A high 

density area on an exposed south-facing wall and an adjacent (30 m 

distant) law density area on a more protected l'lest-facing wall l-Jere 

sampled. Areas intermediate in exposure (and male densities) l'lere 

evident and these two sites were selected as representative of the 

extremes in this continuum of densities of male angel blennies. At 

each site, a quadrat 0.5 m in depth l'lhich contained approximately 25 
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adult male f. angelica was delineated in the Megaba1anus-zone. At the 

exposed site this quadrat spanned 1.2 horizontal m, \vhi1e in the more 

protected site the quadrat spanned 7.5 m. In both study quadrats all 

dead Megaba1anus tests, including those occupied by male angel 

b1ennies, those occupied by females, and those unoccupied by angel 

b1ennies, were collected. Each barnacle and its occupant was preserved 

separately in 10% formalin. 

Density of females in the open in both areas ",as estimated by 

counting females \·Tithin 5 replicate quadrats of 0.5 m x 1 m placed in 

the Chthama1us-zone adjacent to the sample quadrats. Some females were 

resident l-lithin barnacle tests, thus total female densities within each 

study si te \'lere estimated by summing the density of females \d thin 

barnacles and the density of females in the open. 

Standard length of each angel b1enny collected was measured 

with dial calipers. The degree of internal fouling of each barnacle 

was visually estimated as a measure of shelter quality (Chapter 2). 

Each barnacle was scored in one of three categories of fouling: l' = 

interior white, free of fouling organisms; 2' = interior white or 

green, with a few fouling organisms present « 10% cover); 3' = 

interior moderately or heavily fouled (> 10 % cover). 

Reproductive success of individual males \'TaS assessed by 

counting the number of eggs within their barnacles. Eggs hatch within 

5-6 days after laying, thus number of eggs present within a male's 

barnacle represents that male's reproductive success at that shelter 

over approximately 5 days. Percent internal area of the barnacle 

covered wi th eggs "las visually estimated prior to removing eggs. Eggs 



were then scraped from the barnacle and placed in a petri dish where 

the number of identifiable developmental stages was recorded and the 

total number of eggs was counted. 

Results 

Habitat Utilization 

6 

During the spawning season (June to September) two distinct 

classes of males l'1ere evident. Most males l'1ere resident in Megabalanus 

tests, rarely ventured from them, always returned to same barnacle 

(i.e, net distance moved c 0), fed at low' rates (Table 1), and l'1ere 

involved in few intraspecific chases (Table 2). The second class of 

males, non-residents, spent significantly less time in barnacles (Z = -

7.67, normal approximation to the Mann Whitney two sample test, P < 

0.001), rather they occurred in the open in the Chthamalus-zone (Table 

1). These non-resident males moved significantly greater real 

distances (Z = 8.92, P < 0.001) and net distances (Z = 6.88, P < 

0.001), and took significantly more bites (Z C 5.93, P < 0.001 ) than 

did resident males (Table 1). Non-resident males instigated 

significantly more intraspecific chases (Z = 2.64, P < 0.01) and 

received significantly more chases (Z C 2.59, P < 0.01) than did 

resident males (Table 2). Non-resident males ,,,ere rare at Punta Doble 

and comprised less than 10 percent of the males in the area. 

During the spa'tming season female activity patterns ~1ere 

similar to those of non-resident males and thus differed significantly 

from those of most males. Females spent most of their time in the open 

in the Chthamalus-zone and utilized barnacles significantly less than 
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Table 1. Time budgets of Coralliozetus angelica males and females at 
Punta Doble during the spalvning season (June-September) and the non
spalVUing season (October-April). Mean (standard deviation) for 3 
minute focal intervals. 

Number Percent Time Number Distance Moved (m) 
in Shelter of Bites Real Net 

SpalVUing season 

Males 

Resident 91 99.9(0.3) 0.26(0.55) 0.01(0.03) 0(0) 

Non-resident 44 2.3(10.5) 2.41(2.12) 0.30(0.15) 0.17(0.16) 

Females 72 8.8(24.4) 2.85(2.26) 0.37(0.30) 0.19(0.27) 

Non-spalVUing season 

Males 25 95.2(20.2) 0.04(0.20) 0.01(0.06) 0.01(0.06) 

Females 24 95.3(12.6) 0.17(0.38) 0.01(0.03) 0.01(0.03) 
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Table 2. Mean number (standard deviation) of intraspecific chases per 
3 minute focal intervals for Coralliozetus angelica during the spawning 
season. 

Males 

Resident 

Non-resident 

Females 

Number Instigated 

91 

44 

72 

0.04(0.21) 

O. 59( 1. 06) 

0.29(0.57) 

Received 

0.02(0.15) 

0.50(0.95) 

0.36(0.63) 
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did resident males (Z C -10.45, P < 0.001). Feeding rates of females 

l-Tere similar to those of non-resident males (Table 1) and ~1ere 

significantly higher than those of resident males (Z = 8.53, P < 

0.001). Females moved significantly greater real distances (Z = 10.48, 

P < 0.001) and net distances (Z = 8.21, P < 0.001) than did resident 

males (Table 1). Female movements were restricted to distinct areas 

within the Chthamalus-zone where they defended a personal space around 

themselves. Their home ranges w'ere shared l-Ti th several other females 

and occasional non-resident males. Females instigated more 

intraspecific chases (Z = 2.27, P < 0.05) and received more chases than 

did resident males (Table 2, Z = 2.96, P < 0.01). Non-resident males 

and females did not differ significantly in the number of chases 

instigated (Z = 0.90, P > 0.05) or received (Z = 0.21, P > 0.05). 

During the non-spawning season a single class of males was 

present and no differences in male and female habitat utilization were 

evident. Both males and females remained within Megabalanus tests, fed 

at extremely low rates (Table 1), and rarely instigated or received 

chases. 

Resource Limitation 

Densities in the two control plots increased an average of 7.7 

males per square m over the eleven week study period (Table 3). 

How'ever, the experimental plots exhibited a significantly greater 

increase in average density (22.7 males per square m, Table 3). The 

study period encompassed most of the local spffi~ing season of C. 

angelica and a portion of the period of larval recruitment into the 
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Table 3. Densities of shelter additions and male Coralliozetus 
angelica at Punta Doble. SD c standard deviation. t-statistic for 
mean change in density of controls and experimentals from start (T1) to 
end of experiment (T3) c 3.53, P c 0.036. 

Controls Experimentals 

A B Mean(SD) A B Mean(SD) 

Area in square 
meters: 0.85 0.48 1.15 0.54 

Number barnacles 
added per 
square meter: 0 0 17.4 18.5 

Number males per 
square meter 

T1 (9 June): 21.2 2.1 9.6 1.8 

T2 (23 July): 20.0 4.2 19.1 14.8 

T3 (22 Aug): 28.2 10.4 36.5 20.4 

Change from 
T1 to T3: 7.0 8.3 7.7(0.9) 26.9 18.6 22.7(6.0) 
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local population. Although size frequencies of individuals were not 

recorded, the observed increases in both experimental and control plots 

appeared to result primarily from recruitment of newly settled 

individuals. However, some adults may also have moved into the study 

areas. Few females were present on these study plots (densities less 

than 0.1 per square m) and they did not increase in density in either 

controls or experimental plots over the study period. Densities of 

females in the Chthamalus-zone l.Jere not censused during this 

experiment. 

Sex Ratios and Male Reproductive Success 

Overall sex ratio of ~. angelica from the five museum 

collections was significantly male-biased (Table 4). The smallest size 

class in which sex could be reliably determined (15-16 mm SL) l.JaS male

biased (Table 4). Between 17 and 24 mm SL sex ratios did not differ 

significantly from one. However, above 25 mm SL sex ratios were 

significantly male-biased (Table 4) and above 28 mm SL only males were 

present. Males were significantly larger than females (chi-square from 

median test = 42.1, P < 0.001) and males attained a larger size (31.4) 

than did females (28.0). 

The areas delineated and subsequently sampled were 0.60 square 

m at the exposed site and 3.75 square m at the more protected site. 

Vacant Megabalanus tests were an order of magnitude more abundant at 

the exposed site and male densities were significantly higher at the 

exposed site (Table 5). Densities of females foraging in the open in 

the Chthamalus-zone did not differ bet\'1een the t\'lO study sites (Table 
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Table 4. Numbers of males and females and sex ratios by size classes 
(mm standard length) from museum collections of Coralliozetus angelica. 
Collection number: 1 c SIO 61-225; 2 c SIO 59-210; 3 c SIO 61-232; 
4 c UA 77-20; 5 c SIO 65-341. 

Collection Number 
Size Total Sex Chi- Probe 
Class 1 2 3 4 5 No. Ratio square 

15-16 1.61 4.46 < 0.05 
males 9 4 19 16 2 50 
females 9 5 8 6 3 31 

17-18 0.97 0.03 > 0.05 
males 30 14 2 16 7 69 
females 12 28 11 12 8 71 

19-20 1.04 0.04 > 0.05 
males 22 14 5 10 1 52 
females 22 17 2 7 2 50 

21-22 0.87 0.71 > 0.05 
males 28 8 11 14 4 65 
females 21 14 13 13 14 75 

23-24 1.40 2.86 > 0.05 
males 16 12 6 15 10 59 
females 17 2 1 12 10 42 

25-26 1.82 6.70 < 0.01 
males 8 10 7 18 8 51 
females 11 0 10 6 1 28 

27-28 19.00 32.40 < 0.01 
males 12 8 7 7 4 38 
females 2 0 0 0 0 2 

29-30 
males 9 0 7 2 4 22 
females 0 0 0 0 0 0 

31-32 
males 0 0 4 0 1 5 
females 0 0 0 0 0 0 

Total 1.37 17.7 < 0.001 
males 134 70 68 98 41 411 
females 94 66 45 56 38 299 
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Table 5. Contrasts in densites, male size, and patterns of shelter 
utilization of male and female Coralliozetus angelica for two 
collecting sites at Punta Doble. Mean (standard deviation; sample 
size) • 

Area sampled (sq. m) 

Exposed 
Site 

0.6 

Shelter density (No./ sq. m) 106.7 

Male density (No./sq. m) 

Female density 

Total (No./sq. m) 

In open (No./sq. m) 

In shelters (No./sq. m) 

Male standard length (m~) 

Shelter quality (1~-3~): 

Total available 

Total occupied: 

By males 

By males with eggs 

By females 

Unoccupied 

45.0 

25.4 

10.4(.45;5) 

15.0 

22.4(3.3;27 

1.92(0.70;64) 

1.69(0.67;36) 

1. 52 (0. 64; 27) 

1.50(0.58;4) 

2.22(0.44;9) 

2.21(0.63;28) 

Protected 
Site 

3.7 

9.3 

6.7 

10.7 

10.4(1.1;5) 

0.3 

20.6(2.7;25) 

Test Probe 

t > 0.05 

2.17(0.62;35) Z > 0.05 

2.04(0.60;26) Z > 0.05 

2.00(0.58;25) Z < 0.01 

1.80(0.42;10) Z > 0.05 

3.00(0)1 

2.56(0.53;9) Z > 0.05 
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5) • Since more females w'ere present w,ithin barnacles at the exposed 

site, total female density, like male density, was higher there (Table 

5). The difference in female density between study sites was not as 

marked as the difference in male density. This resulted in a male

biased sex ratio at the exposed site and female-biased sex ratio at the 

protected site (Table 6). 

Several differences were evident in the distribution of males 

and shelters between the exposed and protected sites. First, mean size 

of males was significantly larger at the exposed site (Table 5). 

Second, quality of barnacles occupied by males was higher at the 

exposed site, although no other significant differences occurred in 

other classes of barnacles (Table 5). Third, a greater number (28 

versus 9) and proportion (0.44 versus 0.26) of barnacle tests were 

unoccupied at the exposed site. 

At the exposed site both males and females were distributed in 

a non-random manner with respect to shelter qUality. Males occupied 

barnacles that were significantly less-fouled than those that were 

occupied by females (Z C 2.83, P < 0.01, Table 5) and those that were 

unoccupied (Z c 3.48, P < 0.001). Females occupied barnacles which did 

not differ significantly from those that were unoccupied (Z c 0.11, P > 

0.05) • 

Significantly fewer males guarded eggs at the exposed site (I. 

of 27 c 17.4 %) than at the more protected site (10 of 25 c 40.0 %), 

and the mean number of eggs guarded by males 'was significantly lovTer at 

the exposed site (Table 6). Considering only successful males, those 

that guarded some eggs, the mean number of eggs guarded was similar at 
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Table 6. Contrasts in sex ratio and reproductive success of 
Coralliozetus angelica at tl'10 sites at Punta Doble. Mean (standard 
deviation). P c Fisher~s exact probability test; Z c normal 
approximation to the Mann-lVhitney two sample test; U c Mann-lVhitney two 
sample test. 

Exposed Protected 
Site Site Test Probe 

Area sampled (sq. m) 0.60 3.75 

Sex ratio (M/F) 1.77 0.63 

Number males lnth eggs/ 
Number males collected 4/27 10/25 

Proportion males lvith eggs 0.17 0.40 P 0.036 

Number eggs/male (all) 23.0 69.6 Z < 0.01 

Number eggs/successful male 155.0 174.0 U > 0.05 

Number eggs/female present 40.7 43.5 



the two sites (Table 6). Number of eggs defended by individual males 

was skewed at both study sites (Figure 1). The average number of eggs 

present within each sample quadrat per female present in the area was 

similar at the tHO sites (Table 6). 

Discussion 

Habitat Utilization 

16 

Male and female f. angelica differed in their habitat 

utilization during the sp~wning season, since males primarily resided 

in Megabalanus tests, whereas females foraged in the open in the 

Chthamalus-zone (Table 1). Resident males apparently remained within 

their shelters to avoid being displaced by other males, to court 

females, and to tend eggs. Resident males were involved in few 

intraspecific chases (Table 2) and they were restricted to feeding on 

benthic prey in the immediate vicinity of their shelters and on 

planktonic prey that drifted by. Females gained access to a greater 

abundance of motile prey than resident males as evidenced by their 

higher feeding rates (Table 1). Females appeared to be maximizing 

their energetic intake during the spalming season to maximize their egg 

production. Females spawn repeatedly (in aquaria as often every two to 

three days 't'Then supplied 'tvith abundant food, pers. observ.) throughout 

the spawning season. During the non-spawning season this difference in 

habitat utilization w'as not apparent, since both females and males 

remained ,,11 thin shelters and fed at 1m1 rates (Table 1). 

Non-resident males, though uncommon at Punta Doble, are an 

interesting contrast to these energetic considerations. These males, 
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which foraged at extremely high rates (Table 1) and were involved in 

numerous chases (Table 2), may have temporarily abandoned reproductive 

efforts in order to increase their energetic intake and perhaps recoup 

energy reserves lost during previous courtship and egg-guarding 

periods. Analogous reduction in condition of individuals tending 

clutches has been reported for other fishes (e.g., Unger 1983). 

Alternatively non-resident males may have been unsuccessful in shelter 

defense and/or acquisition of eggs. They may be foregoing shelter 

defense and reproductive efforts in order to feed at high rates and 

grmv more quickly to a larger size at which they may expect greater 

reproductive success (Chapter 2). 

Male angel blennies were not distributed randomly with respect 

to shelter quality, rather they occupied barnacles with relatively 

clean interiors (Table 5). Females appeared to take the shelters that 

remained, since they occupied significantly lower quality barnacles 

that did not differ from those that were unoccupied (Table 5). This 

habitat utilization pattern reflects the different functions served by 

shelters in the two sexes. During the spa\vuing season, barnacles 

only as temporary refuges for females but are necessary resources for 

the reproductive success of males. Females avoid giving eggs to males 

in heavily-fouled shelters (category 3'), rather they prefer males in 

less-fouled barnacles (Chapter 2). High quality barnacles are thus an 

important resource for male reproductive success and provide a currency 

for male-male competition. 
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Resource Limitation 

Addition of shelters to experimental plots at Punta Doble 

resulted in a significant increase in the density of male angel 

blennies relative to control plots (Table 3). These results indicate 

that the local population density of male f. angelica at Punta Doble 

was limited by shelter availability. Density of females in shelters 

was not affected by addition of shelters. Although density of females 

in the open adjacent to the study plots was not quantified, it is 

unlikely that it increased significantly more in the experimentals 

plots than in the control plots, since females rarely utilized shelters 

during the spawning season (Table i). The factors limiting female 

population density in f. angelica are unknown but they appear to differ 

from the primary factor, shelter availability, limiting male density. 

Availability of space in the Chthamalus-zone may be important, since 

females 't'lere more-or-less evenly spaced, as reflected by the low 

variance in counts within sample quadrats (Table 5). 

Sex Ratios and Male Reproductive Success 

Overall Sex Ratios and Body Size Dimorphism. The overa:l sex 

ratio of C. angelica from the five museum collections was significantly 

male-biased (Table 4). Sex ratios in the smaller size classes did not 

differ from one but become increasingly male-biased in the larger size 

classes (Table 4). The smallest size class (15-16 mm) was also male

biased, but this appears to be an artifact of sexual identification in 

ttvO of the five collections examined (Table 4). Males could be 

reliably sexed at a smaller size than could females, primarily because 
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of their elongated orbital cirri. A number of individuals in the 15-16 

mm size class had short orbital cirri but no evident genital papilla or 

gonadal development. If many of these were actually females, this 

could have resulted in the male-biased sex ratio in this smallest size 

class. The strongly male-biased sex ratio and absence of females in 

the upper size classes results in a strong body size dimorphism in C. 

angelica: males are significantly larger than females. 

This pattern of body size dimorphism and male-biased sex ratios 

in the upper size classes could result from either differential growth 

or differential mortality of the sexes, or both (Howard 1980). The 

proximate cause of this sex r3tio 3nd size bias has not been studied in 

the angel blenny, but available evidence supports both hypotheses. 

Studies on gro~~h rates of other blennioids have found no difference in 

the growth rates of males and females for species in which no body size 

dimorphism exists and sex ratios are near unity (Qasim 1957, Jillett 

1968a,b). Ho~rever, growth rate of males is higher than females in at 

least one species in which males are the larger sex (Kotrschal and 

Goldschmid 1981). Males and females of C. angelica mature at 

approximately the same size (14-15 mm SL), thus males do not delay 

reproduction in favor of faster growth rates. However, males seemingly 

expend less energy as they typically reside in shelters and move 

significantly less than do females (Table 1). This shelter fidelity 

does, however, cost males in reduced feeding opportunities and how 

these factors interact to affect growth rates of the sexes is urutnown. 

Several lines of evidence indicate that females foraging in the 

open experience a greater predation risk than do males in shelters. 
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First, several species of potential predators, es?ecially the labrid 

Thalassoma lucasanum, forage in the upper subtidal zone at Punta Doble. 

Second, females as well as non-resident males are cryptically colored. 

Courting males are brightly colored and conspicuous, but when males 

leave their shelters to forage in the open they quickly lose their 

bright coloration. Similar rapid color changes in other blennioid 

fishes apparently function in crypsis in situations of high predation 

risk (Losey 1976). Third, during the non-spawning season both sexes 

inhabit barnacles and rarely venture from them (Table 1). The costs of 

increased risk of predation in the open may outweigh the benefits of 

higher feeding rates and resultant faster growth rates during the non

spawning season. 

Local Sex Ratios. Local sex ratios of f. angelica may vary 

spatially because factors limiting the densities of males and females 

differ and do not vary consonantly between sites. At Punta Doble both 

male and female angel blennies were more abundant at the exposed site 

than at the protected site (Table 5). The density of males at Punta 

Doble was limited by availability of vacant Megabalanus tests (Table 

3), l'1hich 't'1ere extremely abundant on exposed points but declined 

rapidly in abundance in more protected areas (Table 5). Factors 

limiting female density are unknown but shelter availability appears to 

exert no direct influence. Unlike .the Megabalanus-zone at Punta Doble, 

the Chthamalus-zone, "t1here most females resided, toms similar in the 

exposed and protected sites. The density of females did not decrease 

as dramatically between sites as did the density of males (Table 5). 

Consequently sex ratios of angel blennies ",ere male-biased at the 



exposed site, but female-biased at the protected site (Table 6) 

although these sites were only a few meters apart. 
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Male Reproductive Success. Variations in the local sex ratio 

significantly altered the intensity of sexual selection on male angel 

b1ennies. A significantly lower proportion of males received eggs, and 

average number of eggs defended was lower at the exposed site than at 

the protected site (Table 6). These differences appear directly 

attributable to variations in the sex ratio. Successful males defended 

similar mean numbers of eggs in both areas (Table 6), although eggs 

were not uniformly distributed between successful males in either area 

(Figure 1). In both areas the number of eggs guarded by males was 

strongly skewed, indicating that females exercise a high degree of 

selectivity even within the group of "successful" males (Chapter 2). 

The extreme intensity of sexual selection in this species was 

also evident in that, even when local sex ratios were skewed in favor 

of females (protected site, Table 6), fewer than half of the males 

guarded eggs. This may result since operational sex ratios differed 

from actual local sex ratios. Females of f. angelica apparently are 

not highly synchronized in their readiness to spa~m, thus receptive 

females are not constrained in mate choice (Downhower and Brown 1981), 

even when local sex ratios are female-biased. In this respect the 

mating system of ~. angelica is similar to that of anurans in that 

operational sex ratios are strongly male-biased (Arak 1983). 

Female angel b1ennies apparently mated with males near their 

o~m home ranges and did not move between exposed and protected areas in 

search of mates. First, fewer males received eggs at the exposed site, 
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a1 though these males l'1ere larger in body size and defended higher 

quality shelters (both important factors in female mate choice, Chapter 

2) than males at the protected site '(Table 5). If females moved freely 

betl1een sites, then, unlike the observed pattern, males at the exposed 

site should have realized higher reproductive success than males at the 

protected site. Second, the mean number of eggs guarded by all males 

per female present was similar in the two study sites (Table 6). 

Assuming that fecundity of females in the two areas did not differ, 

this similarity implies limited female movement. Third, females moved 

only short distances during foraging periods (Table 1). Females moving 

greater distances through unfamiliar areas in search of mates liould 

encounter the cost of increased numbers of aggressive chases by other 

females and perhaps increased risk of predation. 

Hales of C. angelica are faced "'ith a dilemma in habitat 

selection. They can inhabit exposed points where densities of vacant 

barnacle tests are high, but where their probability of gaining 

reproductive success is extremely low. Or they can attempt to gain 

access to and guard one of the relatively few shelters in adjacent 

protected areas where their prospect for reproductive success is 

significantly higher. The ability of males to assess their 

probabilities of shelter defense and reproductive success and to adjust 

their habitat selection appropriately deserves further investigation. 

Hating System 

Differences in the density of competing males, and consequently 

in the ability of males to control critical resources, are important 
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factors controlling mating systems of fishes (Warner and Hoffman 1980a, 

Kodric-Brolill 1981, Warner 1982), and changes in local density have been 

shown to alter the mating system l'1ithin a species (lvarner and Hoffman 

1980b, Kodric-Brown 1981, Moyer 1984). Increased density of competing 

males may affect the behavioral stategies and success of courting 

males, because costs of territory defense, frequency of courtship 

interference, and opportunities for alternate male reproductive 

strategies may increase (Itzkowitz 1974, Warner and Hoffman 1980b, de 

Boer 1981, Warner 1982, Unger 1983). These factors may render resource 

defense polygyny infeasible at extremely high densities, resulting in a 

promiscuous mating system (Emlen and Oring 1977). 

Such qualitative changes in the mating system were not observed 

in this study on the angel blenny, despite radical differences in 

density between study sites. Male reproductive success in this species 

centers on defense of a shelter as an egg deposition site and 

subsequent guarding of the eggs until hatching. Because fertilization 

occurs within the confines of a shelter, which can be effectively 

defended from interference by competing males (Wirtz 1978), alternate 

male reproductive strategies are absent, even at densities approaching 

50 males per square meter. These factors restrict the mating system of 

C. angelica, and probably other tube-dwelling fishes with male parental 

care, to a resource defense polygyny system (Warner and Hoffman 1980b). 

Local variations in the sex ratio may be expected l'1here male 

and female densities are limited by different factors and "There 

differential mortality of the sexes exists. I am unaware of other 

studies on gonochoristic fishes reporting a decoupling of factors 
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limiting male and female densities. Increased predation rates on 

conspicuous males often result in female-biased sex ratios in fishes 

(e.g., Haas 1976, Endler 1983). Unlike these species, conspicuous 

males of C. angelica apparently are at a lower risk of predation than 

are females. Males gain this benefit as an direct consequence of their 

shelter fidelity. Females incur the cost of increased predation as a 

consequence of the high energetic demands they face in repeated egg 

production during a relatively short reproductive lifetime. Disparate 

mortality rates on the sexes of f. angelica result in sex ratios that 

are typically male-biased in this highly dimorphic chaenopsid, and this 

further accentuates the already intense sexual selection on males. 



CHAPTER 2 

FEMALE CHOICE AND MALE REPRODUCTIVE SUCCESS 

IN THE ANGEL BLENNY, CORALLIOZETUS ANGELICA 

The nature of sexually selected traits and their role in mating 

success has been the focus of much debate in recent years (Bateson 

1983). Opposing views on the nature of sexually selected traits hold 

that they are either positively correlated with overall genetic quality 

(Kodric-Brown and Brown 1984) or independent of other aspects of 

genetic quality (Arnold 1983). Both views assume that such traits 

function in acquisition of mates, yet non-random mating with respect to 

specific traits may result either from intrasexual interactions or 

active mate choice (Searcy 1982). One potentially profitable approach 

to the study of the role of certain traits in mate choice is a set of 

controlled laboratory experiments designed to evaluate the role of 

traits that have been established as important correlates of mating 

success in field populations. 

A second challenge to behavioral ecologists is to establish the 

costs and benefits accruing to mate choice (Searcy 1982, Halliday 

1983). Mate-choice systems may be dichotomized on the qualitative 

basis of potential benefits to the sex exercising the choice. The sex 

under selection may contribute only gametes or it may provide essential 

or non-essential resources in addition to gametes (Searcy 1982; 

Thornhill and Alcock 1983). tflhen only gametes are provided mate choice 
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may be based on the number of gametes provided or on physical traits of 

the selected sex (Searcy 1982), although the basis of assessment of 

these traits remains problematical (see Bradbury and Gibson 1983). 

lVhen mate choice is predicated on provision of resources, choice 

criteria and fitness gains to prudent choosers are more readily 

apparent (Trivers 1972). 

In resource defense polygyny systems, female choice is 

frequently based on the quality of defended or provided resources 

(Emlen and Oring 1977, Searcy 1982). When these resources include egg

laying sites and male parental care, as in a number of teleost fishes 

(Blumer 1979), females can increase their fitness by choosing males and 

sites lnth traits positively associated with parental abilities and egg 

survivorship (Trivers 1972). When either male size or spalvning site 

quality are important in female choice, mating opportunities for small 

males may be limited. Small males may be forced to forego reproductive 

efforts until they grow to a larger size, or be forced to seek 

alternative reproductive strategies where possible (Rubenstein 1981). 

The present study investigates the determinants of male 

reproductive success in a blennioid fish which is characterized by a 

resource defense polygyny mating system and male parental care. The 

interactions of several traits of males and their shelter sites in 

determining reproductive success were examined in field populations. 

Female preference of male body size and the role of male body size in 

shelter defense were examined in the laboratory. 
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Methods 

Study Species: Ecology and Breeding Behavior 

Coralliozetus angelica (Bohlke and l-fead) is a small blennioid 

fish which is common on exposed rocky points in the Gulf of California. 

Males inhabit vacant barnacle tests (Megabalanus californicus) which 

serve as refuges from predation and as egg deposition sites. 

Coralliozetus angelica 1s dimorphic in a number of traits including 

body size (males are the larger sex, Chapter 1), head shape (males have 

more robust heads), jaw length (males have longer jal>1s), and a number 

of traits lv-hlch render males more conspicuous (Stephens 1963; pers. 

observ.). Males have higher dorsal fins, longer orbital cirri, and a 

bright breeding coloration which accentuates these traits. Courting 

males have black heads 'tvi th an orange 'tvash on their face, bright yellow 

orbital cirri, and a bright white anterior dorsal fin. Their courtship 

behavior, a vertical bob-and~ieave motion lihile partially extended from 

their barnacle with a fully erect dorsal fin, serves to accentuate 

these display traits. During the spa~rning season the cryptically

colored females typically forage in the open in the intertidal 

Chthamalus-zone which is above the subtidal Megabalanus-zone inhabited 

by males (Chapter 1). Females move dOlm into the 100ver zone to seek 

temporary r,efuge in vacant barnacles and to select mates. Females 

moving through this zone are simultaneously courted by numerous males 

and pass by many prospective mates before choosing one. A receptive 

female enters a male's barnacle and deposits eggs on its floor and 

walls in a monolayer where they are fertilized. The resident male 
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remains within the shelter during this egg-laying period and typically 

blocks the entrance of the shelter. Neighboring males rarely try to 

interfere with mating, rather they continue vigorous courtship displays 

from their own barnacles. Because the spawning male precludes access 

of competing males to his barnacle and the spawning female, sperm 

competition appears to be absent in this species and no alternative 

male mating strategy is evident (Chapter 1). After spatvning the female 

leaves the barnacle while the male remains and guards the eggs until 

they hatch, five or six days later, and the larvae enter the plankton. 

Guarding males continue courtship activities and often secure multiple 

clutches. 

Field Methods 

Reproductive success of males was determined in the field by 

collecting males 'tdth their barnacle and counting number of eggs 

defended. Eggs of f. angelica require five to six days to hatch, thus 

the number of eggs guarded represents a male's reproductive success for 

about 5 days. The following collections were made in the vicinity of 

San Carlos, Sonora, Mexico in the central Gulf of California: Isla 

Santa Catalina, 14 June 1983 (N = 10 males); Punta Doble, 2 August 1983 

(25); Punta Doble, 25 August 1983 (30); Punta Doble, 19 August 1984 

(52); Punta Doble, 20 August 1984 (17). In each sample, a male was 

collected wtth quinaldine and its barnacle 't'Tas removed 't'lith a chisel. 

Each occupant and its barnacle l'Tere preserved separately in 10% 

formalin. 
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In the laboratory males l1ere measured for standard length (SL), 

head ,ddth (lIW-maximum lddth at the level of the preoperculae), and 

head depth (HD-head depth at the dorsal-fin origin) l~ith calipers and 

"leighed (wet w'eight) to the nearest 0.01 g. Male condition was 

assessed in two ways: Fulton's condition factor, based on the weight

length relationship (Ricker 1975), and the relative head width. Actual 

head lvidths, 'ihich in chaenopsids reflect the mass of the adductor 

mandibularis muscles, were compared with the values predicted from a 

regression of head Hidth and standard length for all males. The value 

of the residual for each male (its distance above or below the 

regression line) was utilized as a measure of male condition. A 

negative residual implies a relative thin fish in poor condition. 

These residuals were positively correlated with Fulton's condition 

factor (r c: 0.3292, P < 0.001, N c: 103). Relative head width 'tvas 

preferred and utilized in all analyses to assess condition because it 

avoids the problem of obtaining accurate wet weights from small fishes. 

Barnacle height and basal diameter, and horizontal and vertical 

diameters of the barnacle opening were measured with calipers. Surface 

area (SA) of barnacles was utilized as a measure of shelter size and 

w'as calculated as SA = L (RO + RB), 'tvhere L = slant height of the 

barnacle, RO c: mean radius of opening, and RB c: basal radius. Relative 

fit of males in their shelter 'ias calculated as the percent fit of 

their head in the shelter entrance by dividing the product of ffi~ and HD 

by the product of entrance 'tvidth and height. Quality of shelters (SQ) 

was assessed by estimating the degree of internal fouling. Typical 

fouling organisms included algae, polychaetes (especially Spirorbis 



sp.), bryozoans, barnacles, boring molluscs, and sponges. Each 

barnacle '-las scored in one of five categories of fouling: 1 c interior 

white, free of fouling organisms; 2 = interior green (from algae), but 

no other fouling organisms evident; 3 = interior green or white with 

less than 10 percent cover of fouling organisms; 4 C interior lnth 10-

40 percent cover of fouling organisms; 5 c interior with> 40 percent 

cover of fouling organisms. These categories were later lumped for 

some analyses in the following manner: l' c 1 (unfouled); 2' = 2 + 3 

(lightly fouled); 3' = 4 + 5 (moderately to heavily fouled). Higher 

fouling scores indicate a greater degree of internal fouling and thus 

lower quality shelters. Percent internal area of barnacles covered by 

eggs was visually estimated prior to removing eggs. Eggs were scraped 

into a petri dish where the number of recognizably different 

development stages lvas determined and the total number of eggs w'as 

counted. 

In one collection (Punta Doble, 2 August 1983) more detailed 

data on males were taken prior to collecting them 'tnth their shelters. 

Color intensity l<laS visually estimated using the follmving criteria: 1 

= head dark green, subocular bars prominent, anterior dorsal fin dark 

or dull white; 2 c head black, subocular bars obscure, anterior dorsal 

fin bright white. Distance to and relative size of nearest neighbors, 

and number and relative size of males within 0.5 meters were recorded 

for focal males. 
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Laboratory Methods 

The importance of relative male size in female mate choice was 

investigated in free-choice experiments in the laboratory. Single 

females (mean SL = 25.2, SD = 1.2, N = 10) were placed in 20 liter 

aquaria with two males of different sizes. Mean SL of males was 29.5 

mm (SD = 1.74, range = 26.4-32.2, N = 20) and mean difference between 

males was 2.9 mm (SD = 1.3, range c 1.0-4.7). ~iO shelters (vacant 

Megabalanus tests with attached internal glass vials to facilitate 

counting of eggs) were provided. Location of males and number of eggs 

guarded by each male were recorded daily. Ten experiments totaled 277 

aquarium days (mean number of days = 27.7, SD = 14.1, range = 16-55). 
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The importance of relative male size in acquisition and defense 

of shelters was also investigated in laboratory aquaria. Unique pairs 

of males of different standard lengths (mean SL = 27.2 mm, SD = 4.2, 

range = 19.7-35.7, N = 14; mean difference between males = 5.1 mm, SD = 

4.0, range = 0.5-16.0, N = 39 trials) were placed in 20 liter aquaria 

containing single shelters (vacant Megabalanus tests). Trials ran for 

24 hours and the winner was the individual that occupied the shelter at 

the end of the trial period. Preliminary trials with this and other 

chaenopsid species established that occupancy of shelters required 

several hours to stabalize, but did not change after 24 hours. 

Results 

The five field collections totaled 133 males with their 

defended shelters. Similar patterns of correlates with male 

reproductive success were observed in each collection, therefore these 



samples \"lere lumped for all follo'tlling analyses in order to increase 

statistical power. Reproductive success was highly skewed in male C. 

angelica, since less than half guarded eggs (65/133 c 48.9 percent). 

Eggs were not evenly distributed among successful males, rather number 

of eggs defended ranged from 1 to 997 (mean c 184.1, SD c 202.2, N = 

65). Mean number of eggs guarded was 89.9 (SD = 168.4, range = 0-997, 

N = 133) for all males. 

Correlates of Male Reproductive Success 

Two traits of males (body size and an estimate of male 

condition), two shelter traits (shelter size and shelter quality), and 

one trait of male size relative to shelter size (percent fit in the 

shelter entrance) were tested for their association with male 

reproductive success. 
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Body size (SL) varied from 14.6-32.7 mm (mean = 21.4, SD = 3.8, 

N c 133 for this and all following anaylses of 'all males'). All males 

included in this study were above the minimum size at maturity for 

males in the central Gulf of California (14 mm SL) as evidenced by 

testicular and secondary sex character development (personal 

observation). Successful males, those l'lho guarded some eggs, ranged in 

size from 15.5-32.7 mm SL (mean = 21.3, SD = 4.1, N = 65 for this all 

following analyses of 'successful males'). Standard length was 

positively correlated lnth number of eggs defended (Figure 2) both for 

all males (r = 0.3480, P < 0.001), as well as for only males that 

guarded eggs (r c 0.5777, P < 0.001). 
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Figure 2. Relationship of male body size (standard length) and 
reproductive success (number of eggs defended) for 
'Coralliozetus angelica. 
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Numbers represent number of observations at a single point 
on the graph. Line 'a' is the regression line for all males 
(r ~ 0.3480, N c 133). Line 'b' is the regression line for 
only successful males (those defending eggs, r c 0.5777, 
N c 65). 
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Head liidth of males '-7as strongly correlated ldth sr. (r c 

0.9631, P < 0.001). The estimate of male condition, deviation from 

this regression line, l'7aS uncorrelated ,dth SL (r c: -0.0002, P > 0.05) 

because of the method utilized for its calcualtion. This measure of 

male condition was, however, positively correlated with number of eggs 

defended for all males (r c: 0.2102, P < 0.05) and for the subset of 

successful males (r c: 0.2684, P < 0.05). Thus males in good condition, 

with relatively robust heads, guarded more eggs than did males in 

poorer condition. 

Shelters varied nearly an order of magnitude in surface area 

from 178 to 1671 square mm (mean = 530.5, SD = 280.5). Large males 

were in larger barnacles than were small males, since shelter area was 

positively correlated ldth size of occupants (r = 0.7584, P < 0.001). 

Number of eggs defended was positively correlated with shelter area (r 

= 0.3258, P < 0.001), thus larger barnacles contained more eggs than 

smaller ones. This result is not surprising since male size was 

positively correlated 'lirlth shelter size and ldth number of eggs 

defended (see above). Thus, the partial correlation between shelter 

size and the number of eggs defended controlling for SL was not 

significant (r c: 0.0990, P c 0.74). Area covered by eggs varied from 1 

to 95 percent (mean c: 46.2, SD c: 28.1) for successful males and 10 of 

these 65 males (15.3 percent) had greater than 80 percent of their 

shel ter area covered ,,71th eggs. 

A surprizingly wide range in percent fit in shelter entrances 

(20-98) was observed for males (mean = 59.9, SD = 15.2). Percent fit 

was neither correlated with standard length (r c -0.0581, P > 0.05) nor 
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with number of eggs defended (r c 0.1089, P > 0.05). Similarly, no 

preferred interval of fit of males lvas detectable in a chi-square 

analysis of four intervals of 20 percent each lnth the presence/absence 

of eggs in shelters (chi-square c 6.20, P > 0.05; Figure 3). 

When these four variables were included in a stepwise 

regression against number of eggs defended by all males, only standard 

length and male condition were significantly correlated with number of 

eggs (Table 7). The total variance in number of eggs defended 

accounted for by these five variables was only 18 percent. A similar 

result was obtained for the stepwise regression of the subset of 

successful males: only standard length and male condition were 

significantly correlated with number of eggs (Table 7). In this case 

the total variance accounted for by these variables was 40 percent. 

Shelter size, which was significantly correlated with reproductive 

success '-Then considered alone, Has not important vlhen included in the 

stepwise regression. This results from the covariance of male size and 

shelter size (see above). 

Internal fouling score of shelters and male size were 

significantly correlated (Spearman's rho for SQ versus SL c 0.3743, P < 

0.001), thus large males l'lere in more heavily fouled shelters than ,('lere 

small males. This resul ted from the association of large males ,vi th 

large shelters (see above) and the fact that large shelters Here more 

heavily fouled than small ones (rho for SQ versus SA c 0.3765, P < 

0.001). Shelter quality v7as not significantly correlated "lith number 

of eggs defended by males (rho c -0.1252, P > 0.05). 
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Table 7. Correlation coefficients from a stepwise multiple regression 
of number of eggs guarded and factors potentially affecting male 
reproductive success in Coralliozetus angelica. Coefficients are 
presented for all males (n = 133) and for only males ldth eggs 
(N c 65). 

Variable Cumulative Change in F Probe 
r-square r-square 

ALL MALES: 

Standard length 0.1211 0.1211 19.2 < 0.001 

Male condition 0.1675 0.0464 7.4 < 0.01 

Percent fit 0.1722 0.0047 0.8 > 0.05 

Shelter area 0.1849 0.0127 2.0 > 0.05 

ONLY SUCCESSFUL MALES: 

Standard length 0.3338 0.3338 33.4 < 0.001 

Male condition 0.3975 0.0637 6.4 < 0.05 

Percent fit 0.3997 0.0022 0.2 > 0.05 

Shelter area 0.4032 0.0035 0.4 > 0.05 
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Despite this lack of correlation "lith number of eggs defended, 

shelter quality was an important factor in male reproductive success. 

Females apparently avoided giving eggs to males in moderately to 

heavily fouled shelters, since males defending category 3' shelters 

were less likely to guard eggs than were males in less-fouled shelters 

(categories l' and 2'). Of the 54 males in l' shelters and the 60 

males in 2' shelters, 29 and 34, respectively, guarded eggs, while only 

2 of the 20 males in 3' shelters guarded eggs (chi-square ~ 13.2, 0.01 

< P < 0.001). Thus a male's probability of guarding eggs was similar 

in category l' and 2' shelters (0.54 and 0.57, respectively) but 

decreased to 0.10 in category 3' shelters (Figure 4). The only tw'o 

successful males in category 3' barnacles defended very few eggs (3 and 

8 respectively) compared to the average number (184, see above) 

defended by all successful males. 

Analysis of male coloration in the 2 August 1983 collection 

revealed no difference in the color intensity of males that guarded 

eggs and those that did not (chi-square::: 0.04, P > 0.05). Analysis of 

the relationship of the immediate neighborhood of focal males and 

number of eggs guarded failed to reveal additional correlates of 

reproductive success. Distance to nearest neighbor varied from 0.01-

0.6 m (mean::: 0.21, SD ::: 0.14), but t'1as uncorrelated t'1ith number of 

eggs guard~d (r ::: 0.0600, P > 0.05). Number of males lrlthin a 0.5 m 

radius of focal males varied from 0-8 (mean c 2.6, SD c 1.8), but was 

also uncorrelated "lith male reproductive success (r I::: 0.0400, P > 

0.05). Similarly, both number of larger and number of smaller males 
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tnthin 0.5 m of focal males Here uncorrelated with reproductive success 

( r c -0.1450, P > 0.05 and r c 0.0270, P > 0.05, respectively). 

Laboratory Experiments 

Female preference of large males was established in the 

laboratory free choice experiments. Similar patterns were observed in 

all ten experimental aquaria, thus results from these experiments liere 

lumped. Of 75 spawning evet'.":".s, 50 were 'nth the larger male only, 23 

were with the smaller male only and tliO ,iere 'tdth both males (chi

square for 3 categories c 44.9, P < 0.001; chi-square for 2 categories, 

omitting the 2 spawns with both males, = 10.0, P < 0.01). Further 

analyses of these data revealed no indication of assortative mating 

relative to size, either with respect to the size differential of males 

(chi-square = 0.17, P > 0.05, for a difference in males of less than or 

greater than 3 mm), or the size of the female relative to the smaller 

male (chi-square = 0.61, P > 0.05, for the female less than or greater 

than 2 mm smaller than the smaller male), or her size relative to the 

larger male (chi-square = 0.05, P > 0.05, for the female less than or 

greater than 5 mm smaller than the larger male). 

The importance of relative male size in competition for 

shelters was demonstrated in laboratory experiments. The larger male 

successfully occupied the single shelter in 37 of 39 trials (chi-square 

= 31.4, P < 0.001). In these experiments the first occupant of the 

shelter was largely a matter of chance discovery of the shelter. 

Frequently the second male aggressively challenged the initial occupant 

til th lateral displays 1:vi th erect fins. These displays l'lere matched by 
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similar lateral displays by the occupant while partially extended from 

the shelter. If the occupant l'18S considerably larger than the 

aggressor, the contest lvas quickly resolved when the aggressor ceased 

attempts to displace the larger male. If the occupant was smaller 

than, or nearly the same size as the aggressor, encounters frequently 

escalated to jaw wrestling (see Lindquist 1975 for a description of 

these behaviors in other chaenopsids). Lengths of contests appeared to 

be directly associated with the similarity in size of contestants. 

Trials in which there lvas a marked difference in size betlveen 

contestants lvere quickly resolved. Hmiever, w'hen the size of 

contestants lias similar, jaw l-lrestling continued for several minutes to 

a few hours. In one trial the contestants were of identical size, jaw 

lrrestling continued for several hours, and one individual was found 

dead in the aquarium the next day while the other occupied the shelter. 

No other instances of mortality occurred during these experiments. 

(This data point was excluded from the present analysis and no other 

trials with identically-sized individuals uere run). 

Discussion 

Coralliozetus angelica is a polygynous species because 

relatively few males gained a disproportionate share of the 

reproductive success. Nearly half of the males of reproductive size 

did not guard eggs at anyone time. Among the subset of successful 

males reproductive success t'18S likewise dramatically sleet-led tmvards a 

few individuals (Figure 2). A number of factors appear to influence 
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this skewed reproductive success and thus affect the degree of polygyny 

in this species. 

Factors Associated with Male Reproductive Success 

Body size is of primary importance in determining reproductive 

success of males of f. angelica. When the four continuous variables 

considered in this study were analysed simultaneously, body size 

accounted for most of the explained variance in number of eggs defended 

(Table 7). The role of male body size in reproductive success appeared 

to result from active mate choice by females, because a distinct 

preference for large males was confirmed in laboratory free choice 

experiments. This preference appears to be independent of relative 

size differences as no evidence of assortative mating was detected. In 

other species body size is frequently positively associated with male 

reproductive success, but the relative roles of intrasexual and 

epigamic selection in producing this pattern may differ. Few other 

studies on fishes (e.g., Brown 1981, Noonan 1983, Thompson 1986, 

Chapters 3, 4) have clearly demonstrated a preference by females for 

large males independent of spawning site quality. 

Condition of males \-18S also a significant factor in their 

reproductive success. Male condition, as reflected by their 

robustness, is probably dependent on their prior feeding rates. 

Defense of a spalvuing site often costs males in missed foraging 

opportunities and reproductive males may decrease significantly in 

condition (e.g., Unger 1983). Males of C. angelica periodically 

abandon shelter defense in order to forage in the open l'There their 



feeding rate increases by an order of magnitude (Chapter 1). l~ile 

males in good condition guarded more eggs than males in poor condition 

the causal mechanism of this relationship was not examined in the 

present study. Females may avoid males in poor condition, preferring 

robust males, or males in poor condition may be less l·;rilling to court 

and initiate egg guarding, or they may cannibalize their eggs more 

readily. 
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One measure of shelter quality, degree of internal fouling, was 

not correlated with number of eggs defended, but did appear to play a 

significant role in reproductive success of males. Shelter quality 

functioned as a threshold trait, since females apparently avoided 

laying eggs in heavily fouled barnacles. A male's probability of 

gaining any reproductive success was similar in category l' and 2' 

shelters, but decreased dramatically in category 3' shelters (Figure 

4). The two "successful" males in category 3' barnacles defended few 

eggs, implying that the females w'hich had chosen to spawn with these 

males terminated egg laying prior to giving them full clutches (clutch 

sizes of females were frequently greater than 50 in the aquarium 

breeding experiments), or that these males had eaten a portion of their 

eggs. Belovl a threshold of approximately 10 percent internal cover of 

fouling organisms, shelter quality appeared to play no further role in 

male reproductive success, since number of eggs was not correlated lvith 

shelter quality. Although no attempt was made to test directly for 

female preference of shelter quality, such preference is strongly 

implied. Females avoided mating 't'7ith males in lmi quality shelters 



despite the fact that these were often defended by the largest (see 

belm'l), and thus most preferred males available. 
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This aspect of shelter quality may be viewed as an entrance fee 

for males into the competition for matings with females. Males must 

defend a high quality shelter in order to expect any significant mating 

success, but defense of a high quality shelter does not assure success. 

The variance in reproductive success of males in high quality shelters 

is attributable to the effects of male size and condition (Table 7), 

and other unidentified factors. Reproductive success of males in low 

quality shelters is effectively zero despite their body size. 

Shelters are the focus of male-male competition in C. angelica 

because they serve two essential functions. First, shelters are a 

necessary resource for male survival. Availability of shelters limits 

local population density of male f. angelica at Punta Doble (Chapter 

1). Second, as discussed above, high quality shelters are necessary 

resources for male reproductive success. Body size was demonstrated in 

the laboratory competition experiments to be of primary importance in 

determining the outcome of competition for shelters in male angel 

blennies. Size-based dominance hierarchies in fishes frequently result 

in the usurption of preferred territories or spawning sites by large 

males (Perrone 1978, Kodric-Brown 1978, Brmm 1981, Thompson 1986). 

However, in some fishes, body size and territory quality are not 

correlated, because high quality sites are unpredictable in 

distribution (Petersen 1985) or in availability (Jones 1981). Large 

males of f. angelica are unable to usurp all high quality spa\ming 

sites because of the peculiar relationship of male size, shelter size, 
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and shelter qUality. Male size and shelter size are positively 

correlated simply as a spatial constraint: large males require larger 

entrances and more internal area and are therefore unable to occupy 

small shelters. Shelter size and shelter quality (degree of internal 

fouling) are negatively associated, perhaps as a function of the 

relative frequency at tihich large versus small barnacles become 

available to angel blennies. If the succession of fouling organisms is 

similar in all size classes of barnacles (see Reimer 1976), then the 

length of time spent as a vacant test should be the primary determinant 

of degree of internal fouling. Small barnacles may be vulnerable to a 

wider variety and abundance of predatory gastropods (or other mortality 

factors which do not dislodge their tests) and therefore may enter the 

population of shelters more frequently than large barnacles. 

Regardless of the causal factors, the association of shelter size and 

quality and the resultant shortage of high-quality large shelters 

forces some large males to defend inferior shelters and effectively 

eliminates them from the competition for females. 

Males of c. angelica must compete for shelters throughout their 

lifetime. Epigamic selection reinforces this male-male competition, 

but the size-related variance in shelter quality results in a conflict 

in female choice criteria. As males grow in size, competitive ability, 

and attractiveness to females, their reproductive success is not 

assured. The degree of polygyny and the intensity of sexual selection 

on males is thereby mitigated. 
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Factors Not Associated tdth Male Reproductive Success 

A wide range in values of percent fit in shelter entrances was 

observed though this distribution centers on a fit of 50-60 percent 

(Figure 3). Despite this variance as a potential factor for females to 

discriminate between males, percent fit was uncorrelated with the 

number of eggs defended (Table 7) and no preferred interval of fit was 

detectable comparing successful with unsuccessful males (Figure 3). 

This is somewhat surprising, since males with an optimal fit would be 

unlikely to be displaced from their shelter 0 Smaller males w'ould be 

physically incapable of displacing occupants, as demonstrated in the 

shelter competition experiments, and larger males, although capable of 

displacing occupants, would win a shelter of smaller than optimal size. 

Shelter size, when considered alone, was positively correlated 

with number of eggs defended. This appears to result from the 

association of large males with large shelters and female preference 

for large males rather than a preference for shelter size (Table 7). 

Shelter size may, however, play an important role in limiting the 

number of eggs t'1hich can be guarded by males as was demonstrated for 

shelter size in Emblemaria hypacanthus (Chapter 4), and for spawning 

site size in Cottus bairdi (Dotmhm'ler and Brown 1980). Males of C. 

angelica occasionally have virtually full shelters and thus are 

incapable of accommodating new clutches until some of the eggs that 

they are guarding hatch and space becomes available. 

Only tv10 categories of color intensity vTere identifiable in 

males guarding shelters during the spawning season. No difference in 

color score w'as evident in successful versus unsuccessful males. Males 



can rapidly increase their color intensity and frequently do so when 

they see and begin courting a female. Thus it is not surprising that 

such a plastic trait was unassociated with male reproductive success. 

The distance to the nearest male and the number and relative 

sizes of surrounding males were also unimportant in male reproductive 

success. When foraging, females have restricted home ranges (Chapter 

1) and the lack of association of relative sizes of neighboring males 

with reproductive success implies that females sample a larger area 

when choosing males than I surveyed. Other evidence indicates that 

females do not, however, move more than a few meters when selecting 

mates. Abundances of eggs guarded by males in adjacent exposed and 

protected sites closely matched the densities of females in each site 

(Chapter 1). 

Potential Fitness Gains to Females 
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This study has demonstrated the importance of three traits, 

male size, male condition and shelter quality, in male reproductive 

success of C. angelica, and has provided experimental evidence that one 

of them, male size, is mediated through female choice. What are the 

potential fitness gains to discriminating females? Although this 

question was not directly addressed in the present study, indirect 

evidence indicates a number of possibilities. In species ~rlth male 

parental care, quality of that care is likely to be a strong selective 

factor in female choice (Trivers 1972). When parental ability can not 

be assessed directly, females must base their choice on traits of 

males, or their defended resources, that are reliably associated with 
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offspring surviVOl'ship (Searcy 1982). The three traits posi ti vely 

associated with male reproductive success in C. angelica may all covary 

with parental ability of males. 

Male size in C. angelica is clearly important in acquisition 

and defense of shelters and by implication also in defense of eggs. 

The laboratory experiments in which a size advantage in male-male 

competition was demonstrated did not, however, involve established 

males or parental males. Increased vigor of territorial defense by 

residents frequently oUUleighs size advantages (Waser and loliley 1979), 

thus these experiments could profitably be expanded to include this 

factor. Male size has been demonstrated to be positively associated 

with parental care abilities in some fishes (e.g., Perrone 1978, Brown 

1981) and may playa similar role in f. angelica. 

Condition of males may also enhance their parental abilities. 

Shelter defense is costly to males in reduced feeding rates and males 

periodically abandon shelter defense and forage at high rates (Chapter 

1). Robust males may be less likely either to eat eggs (Dominey and 

Blumer 1984) or to abandon clutches prior to hatching. 

Quality of the defended shelter may also play a role in egg 

survivorship. Female preference of unfouled shelters may directly 

enhance egg survivorship in three ways. First, clean shelters have 

egg-laying surfaces that are free of other organisms lolhich may 

interfere "dth egg attachment or development. Second, clean shelters 

contain fewer mobile organisms such as isopods which are potential egg 

predators. Third, clean shelters are relatively free of boring 

organisms such as the gastropod Lithophaga sp. and boring sponges. 
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Heavily fouled barnacles are also heavily bored (Reimer 1976, personal 

observation) which diminishes their strength (Wainwright et al. 1976, 

Gordon 1978) and increases the likelihood that they will be broken free 

of their attachment to the substrate. This may be critical to C. 

angelica which occurs on exposed points where wave surge, especially 

during storms, is strong and frequently dislodges both living and dead 

barnacle tests. Eggs within dislodged tests would probably not 

survive, because the tests either fall to the bottom, "lhich is often of 

considerable depth in areas where f. angelica is common (25 m at Punta 

Doble), or '{-lash onto the shore. In the central Gulf of California C. 

angelica Spal-TnS in the late summer when storms are not uncommon and the 

substrate below exposed points and adjacent beaches are frequently 

littered with Megabalanus tests (personal observation). Female 

preference of shelter sites "There offspring survivorship is enhanced 

has been demonstrated in a fely other studies (e.g., Sargent 1982, 

Christy 1983). 

Female preference for high quality shelters may have an 

additional fitness gain mediated through quality of male parental care. 

Since high quality barnacles are in limited supply (Chapter 1), they 

form a currency for male-male competition. Females may enhance 

intrasexual selection by forcing males to compete for high quality 

shelters. Males who successfully defend this limited resource have 

proven themselves in intrasexual competition (Cox and LeBoeuf 1977) and 

l>1ould be unlikely to be displaced '{<lhile guarding eggs. 

Female preference of males based on body size, condition, or 

quality of defended resources may also reflect the indirect choice of 
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mates of high genetic quality (Searcy 1982, Kodric-BrOlYIl and BrOlYIl 

1984). Males of large size have passed the test of long-term survival 

and/or have superior growth rates. If there is a heritable component 

to survival ability or growth rates, their offspring will, on average, 

be large in body size. Increased survivorship or growth rates of sons 

would lead to increased fitness returns as they too will be preferred 

by females (Heatherhead and Robertson 1979). Similarly increased 

survivorship or growth rates of daughters would lead to increased 

fitness in offspring (Seger and Trivers 1986), since fecundity of 

female fishes is positively correleted with body size (Thresher 1984). 

Males in good condition are evidently successful in accruing resources, 

and males defending limited resources have passed the test of 

intrasexual competiton and thus are of proven genetic quality. Female 

choice based solely on male genetic quality may be rare in species in 

which males provide parental care (Searcy 1982). The immediate demands 

of parental abilities should outweigh genetic quality considerations, 

although parental abilities and genetic quality of males may covary 

(Kodric-Brown and Brown 1984). Survival ability, good condition, and 

shelter defense ability probably covary l·1ith superior parental 

abilities in male Q. angelica. 

Coralliozetus angelica exhibits a resource defense polygyny 

mating system with male parental care. Such a mating system is common 

in many benthic fishes 't'lith demersal eggs (Wirtz 1978, Kodric-Brown 

1978, Do~mhower and Brown 1980, Schmale 1981, Cole 1982, Thresher and 

Moyer 1983, Thresher 1984, Petersen 1985, Thompson 1986). As is 

typical of such mating systems (Emlen and Dring 1977) reproductive 
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success of male f. angelica is highly skel'1ed (Figure 3). The degree. of 

polygyny in f. ~ngelica is enhanced by three factors: intrasexual 

selection, epigamic selection, and local sex ratios. Intrasexual 

selection is mediated through male-male competition for a limited 

resource, vacant barnacle tests, which is necessary both for survival 

and for reproductive success. Epigamic selection is mediated through 

female preference for males of large body size and males defending high 

quality shelters. Local sex ratios are typically male-biased in C. 

angelica, since males apparently gain an indirect survivorship or 

growth advantage over females as a consequence of their shelter 

fidelity (Chapter 1). 

A number of factors oppose these and decrease the degree of 

polygyny in f. angelica by preventing large males from usurping all 

reproductive opportunities. First, large males are incapable of 

excluding small males from all high quality shelters due to size 

constraints. Large males may realize no reproductive success if they 

are unable to defend a high quality shelter of suitable size. Second, 

shelter size may occasionally limit the number of eggs which can be 

accommodated by males. This prevents all females in local populations 

from spawning simultaneously 'nth a few' preferred males. Third, 

evidence indicates that parental care is costly to males and that males 

periodically abandon shelter guarding and thereby give up reproductive 

activities in order to forage at high rates (Chapter 1). Fourth, 

differential habitat utilization by males and females can result in 

female-biased sex ratios and decrease the variance in male reproductive 

success (Chapter 1). 
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These factors permit small males of Q. angelica to gain some 

reproductive success. Their reproductive success is, however, obtained 

in the same manner as that of large males: through defense of a 

spawning site, courtship of females, and guarding of eggs. The 

restricted location of spawning sites prohibits male interference or 

stealth as viable reproductive strategies (Chapter 1). Thus all males 

that would reproduce face the rigors of intrasexual and epigamic 

selection, and parental care. 



CHAPTER 3 

CORRELATES OF MALE REPRODUCTIVE SUCCESS IN THE 

BROWNCHEEK BLENNY, ACANTHEMBLEMARIA CROCKERI 

In resource defense polygyny mating systems, reproductive 

success of males is determined by their ability to compete for and 

control resources and by female mate preferences uhere possibilities 

for female options exist (Emlen and Oring 1977). Female mate 

preferences often coincide and thus reinforce male-male competition for 

resources (Searcy 1982) but many displays of males are directed only 

towards potential mates and appear to play no direct role in 

competition with other males. The importance of male traits in female 

mate choice has been the subject of much recent debate (Bateman 1983). 

Elaborate male ornamentation and conspicuous courtship displays which 

accentuate these traits, whether important in either or both epigamic 

and intrasexual selection, should confer an advantage to their bearers 

in reproductive success. This is predicted since these costly traits 

should be selected against were they not beneficial to their bearers 

(Darwin 1871). Thus males with the most elaborate traits and males 

that display those traits most vigorously should realize the highest 

reproductive success. 

In mating systems where males provide resources in addition to 

sperm, female mate choice should be based primarily on resource quality 

(Searcy 1982, Halliday 1983), particularly when those resources include 
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parental care (Trivers 1972). l{:hat then is the role of male secondary 

sex characteristics and courtship displays in such species, and how do 

they affect female mate choice? This study examines correlates of male 

reproductive success in a blennioid fish that exhibits a resource 

defense polygyny mating system and male parental care. The role of 

several traits of males including intensity of courtship coloration and 

courtship displays, as well as the role of several environmental 

factors in determining male reproductive success are examined. 

Methods 

Study Species 

The bro~lncheek blenny, Acanthemblemaria crockeri Beebe and Tee

Van, is a common blennioid fish, endemic to the Gulf of California. In 

the central Gulf it is often found in relatively shallow water on both 

vertical rock surfaces and rocky outcroppings in shallow bays. It 

occupies a variety shelter types including vacant mollusc tubes or 

burrows (Serpulorbis sp. and Lithophaga aristata) and vacant barnacle 

tests (Megabalanus californicus). Males have more heavily sculptured 

cranial bones, different color patterns (Stephens 1963), and are larger 

than females, but the sexes are similar in their patterns of habitat 

utilization (personal observation). Males court from their shelter 

when they see a female. Courtship consists of a jack-in-the-box motion 

of alternately lunging from and withdra~ling into the shelter t-lhile 

holding the median fins erect. Individuals may differ in the frequency 

of courtship lunges and in the relative distance \ihich they lunge from 



the shelter. Courting males frequently exhibit a conspicuous dark 

black coloration on the head, body and median fins~ 

Laboratory Methods 

The role of relative body size of males in female mate choice 

was investigated in 20 liter laboratory aquaria. Single females were 

allowed free access to two different-sized males that defended 

identical shelters (1 dram glass vials). Location and number of eggs 

defended were recorded daily for each male. Fifteen experimental 

aquaria were sampled a total of 652 aquarium days. 

Field Methods 

Correlates of reproductive success of males were studied at 

three localities in the Gulf of California, Mexico. At the first two 

sites, Isla Santa Inez and Isla Coronado off central Baja california, 

A. crockeri occupied vacant Serpulorbis sp. tubes on rock surfaces in 

2-4 m depth. At the third site, Bahia San Carlos, Sonora, it occupied 

vacant Serpulobis sp. tubes and vacant Lithophaga aristata burrows in 

heads of the coral Porites californica in 1.5-3 m depth. 
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At Isla Santa Inez and Isla Coronado reproductive success of 

males \-1as determined by collecting males 't-lith their defended shelters 

and counting number of eggs defended. Males were collected at Isla 

Santa Inez on 30 June 1984 and at Isla Coronado on 9 July 1984 \vi th 

quinaldine. Shelters \'lere removed from rocks "vi th a chisel and each 

shelter tdth its resident male was preserved separately in 10 percent 

formalin. In the laboratory males were measured for standard length 

(SL), head 't-Tidth (HW), and head depth (HD). Male condition 't-1&S assumed 
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to be posi ti vely association "('1ith relative head tvidth "('7hich reflects 

the mass of the adductor mandibularis muscles. A male's condition was 

estimated as the value of its residual from the least squares 

regression line of SL and mv for all males (Chapter 2). The length of 

Serpulorh:~s Spa tubes available for use by blennies was difficult to 

estimate, so the opening diameter t-/'as utilized as an estimate of 

shelter size. Serpulorbis Spa tubes increase more-or-less uniformly in 

diameter with increase in length, thus larger shelters tended to have 

larger opening diameters. Relative size of males and their shelters 

'Has calculated as percent fit of males in the shelter entrance by 

dividing the product of mv and HD by the square of the entr~nce 

diameter. Shelter quality was estimated using the following critieria: 

1 = interior clean, with a pearly hue, unpitted; 2= interior green 

from algae and unpitted; 3 c interior lightly pitted (less than 5 

percent area); 4 = interior heavily pitted (> 5 percent area), little 

or no fouling; 5 = interior heavily pitted and heavily fouled (> 10 

percent cover). These categories were lumped for some analyses as 

f.ollOlvs: l' c " ... 2; 2' t:: 3; 3' c il + 5. The agents resulting in the 

pitting of the internal surface are unknOlVU but the fouling organisms 

were primarily the polychaete Spirorbis SPa The transition from 

categories 1 to 5 appears to represent a successional sequence 

beginning with nev7ly available shelters. The percentage of available 

internal surface area of shel ters covered by eggs 't-Tas visually 

estimated prior to removing eggs. Available surface area was assumed 

to be equivalent to the first two body lengths of the occupant. Eggs 



l~ere then scraped from shelters and placed in a petri dish where they 

l-lere counted. 
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At Bahia San Carlos individual males were followed over several 

weeks in order to assess the role of additional traits of males on 

their reproductive success. Artificial shelters (1 dram glass vials) 

were inserted in holes drilled in heads of P. californica and 

distributed at an approximate density of 2 vials per square m in a 

shallow (1.5-3.0 m depth) area along the eastern shore of Bahia San 

Carlos. l1'1enty vials l'1ere placed on the reef flat and 15 l'1ere placed 

on the tops of large boulders (boulders with surfaces more than 0.5 m 

above the reef flat). This technique allowed removal of occupants for 

identification and measurement, and provided a non-destructive 

technique for counting and replacing eggs. Vials l'1ere installed on 16 

April 1985 and their occupants were sampled at 4 day intervals 

beginning 2 May 1985. Since eggs of !. crockeri require 4 to 5 days to 

hatch and late-stage eggs are discernible from early-stage eggs, this 

sampling scheme allowed determination of the entire number of eggs 

received by each male during the study period. 

On each sample day vials were removed and occupants placed in a 

clear plastic bag "There they "lere measured for SL and unique color 

features l'1ere noted. Individuals were identifiable based on their sex, 

size and coloration. Differences in the size and shape of the spot on 

the anterior dorsal fin l'1ere especially useful in distinguishing 

individuals. The number of eggs in vials was counted and vials, l'1ith 

eggs intact, uere returned to their coral heads and the occupant ~18S 

returned to the vial. This technique rarely resulted in immediate 
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desertion of vials by occupants and some males continued defense of the 

same vial throughout the entire study period. Occupancy of vials was 

checked occasionally between the sample dates in order to obtain a more 

precise estimate the number of days of residency of individual males. 

Duration of occupancy in nl~ber of days was estimated for each male by 

assuming that males which deserted vials '\vere present for one half of 

the days between survey intervals. 

On each sample day, color intensity was scored and willingness 

to court was assessed for each occupant prior to disturbing them for 

counting of eggs. Males were scored in one of the following color 

intensity categories: 1 c pale; 2 c brown markngs on head and body 

somewhat distinct, no yellow on head or pelvic fins; 3 = brotvn markings 

on head and body distinct, yellow on branchiostegal membranes and 

pelvic fin; 4 c head, especially the branchiostegal membranes and lower 

ja\v, gray; 5 = head, especially lO~ler portion, black, body gray to 

black. Intensity of male courtship was quantified by presenting 

females in a clear plastic bag 0.3 m from resident males and recording 

the number of courtship lunges performed during a 30 second interval. 

Courtship intensity was assumed to be positively associated with the 

frequency of lunges. ~vo color morphs of female A. crocker! are 

present in central Gulf of California populations (Lindquist 1980), 

therefore females of both morphs were alternately presented to each 

male. The order of presentation was randomized and the same pair of 

females l'laS presented to all males on anyone sample day. 

Reproductive success of males was averaged over the course of 

the study period and converted to number of eggs received per day 



resident. Similarly mean color scores and mean courtship intensity 

were calculated for each male. The relationship of these behavioral 

traits and male reproductive success was examined by a weighted least 

squares regression utilizing the number of sample days in residence as 

the weighting variable. 

Results 

Female Choice Experiments 
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Female preference of large males was demonstrated in free

choice experiments in the laboratory. Similar results were obtained in 

each experimental aquarium, thus results were combined. Of 157 

spawning events, 91 w'ere 'with the larger male only, 31 't'lere with the 

smaller male only, and 35 were with both males (chi-square = 43.0, P < 

0.01). No evidence of size assortative mating was found considering 

the size differential between the two males (chi-square = 2.00, P > 

0.05 for less than versus greater than a 3 mm difference), the size of 

the female relative to the smaller male (chi-square = 2.58, P > 0.05 

for female larger or smaller than smaller male), or the size of the 

female relative to the larger male (chi-square = 2.58, P > 0.05 for 

female less than versus greater than 3 mm smaller than larger male). 

The frequency of split clutches or spawns with both males in a 

single day was higher (22 percent) than in similar experiments on two 

other species of tube blennies (Chapters 2, 4). These split clutches 

appeared to result from an active choice by females, and not from male

male interactions. One such spa\ming was observed in the aquarium on 

23 March 1983. A female 't'7as first observed spa\ming in the shelter of 
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the larger male in the aquarium. She remained in his shelter for 5 

minutes during 't'1hich time the smaller male, 't-Those shelter lias l·Ti thin 

sight of the larger male's shelter, performed vigorous courtship 

displays from his shelter entrance whenever the female's head protruded 

frow the larger male's shelter entrance. The female abruptly left the 

larger male's shelter and immediately entered the shelter of the 

smaller male where she continued egg laying. She remained in the 

smaller male's shelter for 15 minutes, and then returned to her own 

shelter. At the end of this spaliDing bout, the smaller male's vial 

contained 60 eggs and the larger male's contained 3 eggs. (The larger 

male may have eaten some of his eggs prior to my counting them since 

males frequently ate their eggs during these aquarium experiments). 

Similar courtship behaviors by neighboring males were evident during 

spawning events observed in the field. Neighboring males courted from 

their own shelters and did not attempt to physically interfere with 

matings (personal observation). 

Correlates of Male Reproductive Success: Baja California 

Thirty ttiO males ,.,ere collected from Isla Santa Inez and 24 

were collected from Isla Coronado. Standard length of males averaged 

31.6 mm (SD = 3.6, range = 23.3-41.6) at Isla Santa Inez and 32.5 mID 

(SD = 3.1, range = 23.3-40.1) at Isla Coronado. Similar pat terns t'1ere 

observed in correlates with male reproductive success thus these two 

samples '-Jere combined for all further analyses. Standard length of 

males '-las positively correlated t'lith shelter size (r c 0.4076, P < 

0.01), but uncorrelated loTi th percent fit in shelter entrance 



(r = -0.1100, P > 0.05) and quality of the shelters they occupied 

(Spearman's rho = 0.0382, p > 0.05). Shelter size and shelter quality 

were uncorrelated (rho = 0.1722, P > 0.05). 
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Reproductive success of the 56 males varied greatly, since only 

29 of them (51.8 percent) defended any eggs and eggs were not uniformly 

distributed among these successful males. Mean number of eggs defended 

for all males was 98.3 (SD = 152.3, range = 0-539) and for the 29 

successful males was 189.8 (SD c 166.0, range = 3-539). Mean percent 

internal surface area of shelters covered by eggs was 24.7 for all 

males (SD = 31.8, range = 0-95) and 49.5 for successful males (SD = 

28.1, range = 1-95). Males rarely had their shelters filled l'lith eggs; 

only 4 of the 56 males (7 percent) had greater than 80 percent of the 

internal area of their shelter covered with eggs. 

Number of eggs defended by males lvas positively correlated w'ith 

their standard length (r c 0.3469, P < 0.05), thus large males guarded 

more eggs than smaller males. Number of eggs defended was almost 

significantly negatively correlated ~rlth the measure of male condition 

(r = -0.2576, 0.1 > P > 0.05). Hm'lever, successful and unsuccessful 

males did not differ in their relative condition as assessed by the 

sign of their residual in the regression equation of SL and HW (chi

square c 0.66, P > 0.05). Number of eggs defended was not correlated 

with shelter size (r c 0.2285, P > 0.05) or percent fit of males in 

their shelter entrance (r c -0.1825, P > 0.05). Shelter quality, 

however, l'Tas negatively correlated ~1ith number of eggs defended (rho = 

-0.3253, P < 0.01), thus less-fouled shelters contained more eggs than 

heavily-fouled shelters. tVhen all variables were included in a 



stepwise regression against number of eggs defended, standard length 

was the primary correlate of male reproductive success and male 

condition explained a small, but significant amount of the remaining 

variance (Table 8). Shelter size and quality and percent fit of males 

did not explain a significant amount of the remaining variance and all 

five variables accounted for only 29 percent of the variance in number 

of eggs defended by males (Table 8). 
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Although uncorrelated with number of eggs defended in the 

stepwise regression, shelter quality appears to play an important role 

in male reproductive success. Males in low quality shelters were 

significantly less likely to guard eggs than were males in high quality 

shelters. Of the 10 males in l' shelters and the 34 males in 2' 

shelters, 6 and 21, repectively, defended eggs, while of the 12. males 

in 3' shelters, only 2 defended eggs (chi-square = 7.53, P < 0.05). 

While females apparently avoided giving eggs to males in low quality 

shelters, above this threshold, shelter quality apparently played no 

further role in male reproductive success. Within the subset of males 

in high quality shelters (categories 1 to 3), number of eggs was not 

correlated with shelter quality (rho = -0.0842, P > 0.05) and ldthin 

the subset of successful males number of eggs was not correlated with 

shelter quality (rho = 0.0787, P > 0.05). 

Correlates of Male Reproductive Success: Bahia San Carlos 

~lenty-nine different males occupied the artificial shelters at 

Bahia San Carlos during the study period. These males were 

considerably larger than those sampled in Baja California, averaging 



Table 8. Correlation coefficients from a steplrlse mUltiple regression 
of number of eggs guarded and factors potentially affecting 
reproductive success in male Acanthemblemaria crockeri from Baja 
California (N = 56). 

Cumulative Change in 
r-square r-Gquare Probe 

Standard length 0.1203 0.1203 < 0.01 

Male condition 0.1867 0.0664 < 0.05 

Shelter quality 0.2272 0.0405 > 0.05 

Percent fit 0.2798 0.0526 > 0.05 

Shelter size 0.2907 0.0109 > 0.05 
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44.1 mm SL (SD c 3.0, range c 38 to 49). Duration of occupancy by 

individual males in vials varied from one to six sample periods. 

Estimated number of days in residence varied from 1.5 to 18 and was 

not correlated with male standard length (r I:: 0.1639, P > 0.05), mean 

color score (r c -0.0860, P > 0.05), or mean courtship intensity of red 

(r c 0.0583, P > 0.05) or dark phase females (r c -0.2762, P > 0.05). 

In 3 of the 13 recorded desertion events, vials were occupied by 

another male ~. crockeri on the next sample day, while in the remaining 

10 desertion events vials were unoccupied on the next sample day. 

Frequency of desertions did not differ between vials in the reef flat 

and boulder-top habitats (chi-square = 0.66, P > 0.05). Finally, males 

that guarded eggs were less likely to desert than were unmated males (4 

of 46 versus 9 of 30, chi-squal'e ""' 5.92, P < 0.05). 

Males defending vials varied in their color score from 3 to 5 

(mean c 3.65, SD c 0.72) and large males tended to be darker in color 

than small males (rho for SL and mean color score c 0.3564, P < 0.05). 

Males also differed dramatically in their reaction to females. Some 

males courted females vigorously, performing as many as 27 courtship 

lunges in 30 seconds. Most males courted less vigorously, and some 

declined to court females but performed an aggressive gular display 

similar to displays directed towards intruding males (Lindquist 1975). 

Mean number of lunges performed tot-lard red-phase females lTas 6.08 (SD c 

6.53, range c: 0-27) and tOl-lard dark-phase females was 4.94 (SD c::: 6.81, 

range c 0-24), and mean number of lunges tm'lard red- and dark-phase 

females were correlated for each male (r c 0.4781, P < 0.01). l1ale 

size 't'1as not correlated 't'Ti th mean courtship intensity of red-phase 



females (r c 0.1442, P > 0.05) or dark-phase females (r c 0.0001, P > 

0.05). Although dark males tended to court more vigorously than light 

males, mean color scores of males were not significantly correlated 

with their courtship intensities of red-phase (rho = 0.3260, P > 0.05) 

or dark-phase females (rho = 0.3066 for dark females, P > 0.05). 
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Total number of eggs received by males was significantly 

correlated with number of days resident in vials (r c 0.5774, P < 

0.01), thus reproductive success of males l'las proportional to their 

length of time in residence (Figure 5). Short-term residents (less 

than 4 days in residence) were significantly less likely than long-term 

residents (greater than 4 days in residence) to gain any reproductive 

success. One of 9 short-term residents received eggs, while 18 of 20 

long-term residents received eggs (chi-square c 17.1, P < 0.001). The 

same pattern was seen by examining the residuals of the regression of 

number of eggs received and number of days resident (Figure 5). The 

nine short-term residents had negative residuals while only 12 of 20 

long-term residents had negative residuals (chi-square = 5.03, P < 

0.05) • 

On three of the five sample dates, males that guarded eggs op 

one sample day w'ere significantly more likely to obtain new eggs by the 

next sample day, than \'lere males that did not guard eggs (Table 9). On 

sample day 1, too few data were available to establish statistical 

significance, and on day 5, receipt of new eggs was unrelated to 

presence of eggs (Table 9). 

Male reproductive success (number of eggs received per day 

resident) at Bahia San Carlos ''las not correlated '''ith standard length 
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Figure 5. Total number of eggs received by male Acanthemblemaria 
crockeri at Bahia San Carlos as a function of number of days 
resident in experimental vials. 
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Table 9. Probability of male Acanthemblemaria crockeri at Bahia San 
Carlos receiving new eggs as a function of the presence/absence of eggs 
in shelters. Probability values are from the Fisher exact probability 
test. 

Received new eggs by 
next sample day? 

Sample Day Yes No Probe 

1 : eggs present 4 1 0.159 
no eggs present 1 3 

2: eggs present 8 4 0.038 
no eggs present 0 4 

3: eggs present 7 0 0.035 
no eggs present 0 4 

4: eggs present 8 4 0.040 
no eggs present 1 6 

5: eggs present 5 5 0.581 
no eggs present 3 4 
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of males (Table 10). Male reproductive success was, how'ever, 

negatively correlated with mean color score, courtship intensity of 

red- and dark-phase females (Table 10), and mean courtship intensity of 

both color phases of females (r = -0.5924, P < 0.01). tVhen included 

in a weighted stepwise regression, courtship intensity of red-phase 

females was the primary correlate of male reproductive success (Table 

10). AI though uncorrela ted 't-Then considered alone, standard length of 

males accounted for a significant amount of the variance in 

reproductive success of males when considered with these behavioral 

traits (Table 10). Courtship intensities and color scores tended to 

covary (see above), thus color scores and courtship rate of dark-phase 

females were not significantly correlated with reproductive success of 

males in this stepwise regression. These results indicate that 

reproductively successful males exhibited less intense courtship 

coloration and courted females less vigorously than relatively 

unsuccessful males who were darker and courted more vigorously. 

Discussion 

Reproductive success of male A. crockeri 't-laS not uniformly 

distributed in the laboratory experiments or at any of the three field 

sites. Rather some males gained a disproportionate share of the eggs 

available while some males failed to mate. A number of factors appear 

to impact the distribution of reproductive success among males and thus 

the degree of polygyny and intensity of sexual select:J.on on males of 

this species. 



Table 10. Correlation coefficients from a weighted least squares 
regression (simple r) and a weighted stepvTise regression of number of 
eggs received per day resident and size and behavioral traits of male 
Acanthemblemaria crockeri from Bahia San Carlos (N = 29). Number of 
sample periods in residence was the l'1eighting variable. 
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Simple Prob. Cumulative Change in Prob. 
r r-square r-square 

Mean courtship red female -0.5768 < 0.05 0.3326 0.3326 < 0.001 

Standard length 0.2279 > 0.05 0.4484 0.1158 < 0.05 

Mean color score -0.4279 < 0.05 0.5072 0.0588 > 0.05 

Mean courtship dark female -0.4848 < 0.05 0.5074 0.0002 > 0.05 
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Females demonstrated a preference for the larg.o.r of tHO males 

in the free-choice experiments. Female preference of large males 

appeared to be absolute, since no evidence of size-assortative mating 

was found. Although females clearly preferred large males, 22 percent 

of the spawning events l-Tere with both males. These split clutches 

appeared to result from a choice on the part of the female, since males 

did not attempt to disrupt mating bouts. Disruption of matings by 

competing males can increase risks for spawning females and safety from 

interference may form a criterion of female mate choice (Wrangham 1980, 

Searcy 1982). Interference of matings does not appear to be a viable 

strategy for male chaenopsids because spal'1n1ng sites are restricted and 

easily defended by resident males (Chapter 1). Competing males also 

are unable to sneak fertilizations for the same reason (Wirtz 1978, 

Chapter 1). Neighboring males of mating ~. crockeri must resort to 

continued courtship in hopes of attracting a female al.;ay from her 

chosen mate. Female mate choice strategies were studied directly only 

in the laboratory, thus the prevalance of split cultches in the field 

is unkno~m. Stephens, Hobson, and Johnson (1966) reported a field 

observation of spal'1lling in the congener Acanthemblemaria macrospilus in 

which a female visited five males sequentially during a spawning bout. 

If split clutches are common in ~. crockeri this could reduce variance 

in the reproductive success of males. Splitting of clutches by females 

may result from unreliability of male quality. Such a bet-hedging 

strategy may be advantageous for females l-There the quality of parental 

care is variable between and within males and is not reliably 

correlated with other traits of males (see below). 
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As predicted from these preference experiments, body size of 

males was positively correlated with number of eggs defended in the 

Baja California samples (Table 8). Although body size, when considered 

alone, was not correlated 'nth male reproductive success in the 

repeated samples from Bahia San Carlos, it did account for a 

significant amount of the variance in number of eggs defended when 

considered in a steplrlse regression with the behavioral traits (Table 

10). The weaker association of body size and male reproductive success 

at Bahia San Carlos may have resulted from the smaller variance in male 

size from which females had to choose at this site (9.0 versus 11.7 for 

the Baja sites) or from the lower density of males and females at this 

site (personal observation) that may have restricted the options of 

females. 

Female preference for large males has been demonstrated for 

several other species of fishes (e.g., BrOlin 1981, Noonan 1983, 

Thompson 1986, Chapters 2, 4). Male size has also been demonstrated to 

be a significant correlate of male reproductive success in these and a 

number of other species of fishes (e.g., Kodric-Brolvn 1977, Perrone 

1978, Schmale 1981, Cole 1982). Females may prefer large males because 

they provide superior parental care (Perrone 1978, Bro~in 1981) or 

because large males are evidently fit males. Selection of mates based 

on genetic quality may be relatively unimportant in species such as 

chaenopsids with male parental care where the immediate demands of 

parental care may outweigh genetic quality considerations (Trivers 

1972, Searcy 1982). 
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Condition of males 't'Tas not strongly associated 'tdth their 

reproductive success, although condition tended to be poorer in males 

that guarded many eggs. Male condition was lmcorrelated with male 

reproductive success in Emblemaria hypacanthus (Chapter 4), but 

positively correlated with reproductive success in males of 

Coralliozetus angelica (Chapter 2). Parental males of the latter 

species may decrease in condition, because they forfeit feeding 

opportunities, and males periodically abandon their shelters and thus 

reproductive activities in order to forage at high rates (Chapter 1). 

Males of A. crockeri do not abandon their shelters in order to feed 

(personal observation), thus poor condition males may be less likely to 

abandon their shelter. The dynamics of male condition, quality of 

paternal care, and female mate choice in chaenopsids are as yet unclear 

and require further study. 

Degree of internal fouling of the defended shelter appears to 

function as a threshold trait in choice of mates by female !. crockeri 

and thus is an important variable determining the reproductive success 

of males. Females apparently avoided giving eggs to males in low 

quality shelters, since males in heavily-fouled shelters were less 

likely to guard eggs than males in less-fouled shelters. Female 

preference for spa'~ing-site quality is well-knol~ in other fishes with 

male parental care (e.g., Kodric-Brm·m 1977, Jones 1981, Petersen 1985, 

Thompson 1986, Chapter 2). Female choice of males defending unfouled 

shelters may enhance survivorship of their eggs, since unfouled 

shelters have egg-laying surfaces that are free of other organisms that 

could interfere with egg attachment or development. In addition males 
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defending high quality shelters have proven themselves in intrasexual 

competition for this limited resource and are thus likely to provide 

superior parental care (Chapter 2). 

Availability of surface area for egg deposition can be a 

significant constraint on reproductive success of male tube blennies 

(Chapter 4). However, size of shelters defended by male ~. crockeri 

't-laS uncorrelated ldth their reproductive success (Table 8) and males 

rarely had shelters that l'1ere filled l'lith eggs. Most males ~lere 

capable of accommodating additional clutches, thus shelter size 

limitation did not appear to be a significant constraint on female mate 

choice in these populations of the brown cheek blenny. 

At Bahia San Carlos length of residency in artificial shelters 

was not correlated with male size, color score, or courtship 

intensities. Desertion of shelters could have resulted from predation 

of residents, displacement by competing males, or by active choice of 

residents. Available evidence supports the latter hypothesis. 

Predation was probably not responsible since no difference was observed 

in desertion rates on the reef flat versus the boulder-top habitat, 

despite the significantly greater risk of predation on the reef flat 

(personal observation). Displacement by competing males did not appear 

to be frequent since vials were unoccupied after desertion in 10 of 13 
, 

cases. Also, duration of residency was not related to male size 

although size confers a distinct advantage in competition for shelters 

(Chapters 2, 4). Finally, relative fit of males in their shelter 

entrances, 'which 'twuld seem to be of potential significance in shelter 

defense (Chapter 2), 't'laS uncorrelated ''lith their reproductive success 
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at Bahia San Carlos (Table 8). Desertion events appeared to result 

from the active choice of males to abandon shelters in response to 

their lack of recent reproductive success. Males that guarded eggs 

were less likely to desert by the next sample date than were males that 

did not guard eggs. This did not appear to result merely from parental 

limitation since the eggs that males guarded would have hatched by the 

next sample day. 

Length of residency in vials by males was significantly 

correlated with their reproductive success (Figure 5). This 

relationship would be expected if females mate with males independent 

of their history of residency: the longer a male is present the more 

likely he would be to receive eggs. However, males that had been 

resident less than four days received significantly fewer eggs than 

predicted if females were mating without respect to residency patterns. 

This apparent threshold in residency time could result if females avoid 

mating with new residents, or if males abandon shelters at which they 

are unsuccessful in gaining matings. 

Males at Bahia San Carlos differed dramatically in the darkness 

of their courtship coloration and in the intensity of their courtship 

displays. Color score and vigor of courtship displays tended to covary 

and were generally higher in males that did not guard eggs. The 

intensity bf male courtship coloration and vigor of courtship displays 

were, however, negatively correlated with reproductive success of males 

(Table 10). These negative correlations occurred because mated males 

were lighter in color and did not court as vigorously as unmated males, 

yet mated males received more future matings. The apparently negative 



benefits of conspicuous coloration and courtship displays in ~. 

crockeri are perplexing in light of their seemingly high costs. 

Clearly courtship is energetically costly since males may perform as 

many as 30 lunges from their shelter entrance in 30 seconds. These 

males are conspicuously colored and appear to be exposed to increased 

risks of predation since predators commonly forage in the vicinity of 

their shelters. Yet these costly behavio~s do not appear to enhance a 

male~s reproductive success. 
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Conspicuous courtship coloration and displays 't-lere 

traditionally assumed to function in species recognition insuring 

against hybridization of similar species (Bastock 1967, Thornhill and 

Alcock 1983). Recent authors have emphasized the role of coloration as 

a potential cue for females to discriminate between the quality of 

competing males (e.g., Endler 1983, Kodric-Bro\~ and Brown 1984) and 

several studies on fishes have demonstrated a positive relationship 

between intensity of courtship coloration and male reproductive success 

(Noble 1938, Haas 1976, Endler 1980, Schmale 1981, Kodric-Brown 1983, 

1985). Similarly, the intensity of male courtship displays may serve 

as a cue of relative male quality and is generally positively 

associated l>Tith male reproductive success (reviewed in Searcy 1982, 

Halliday 1983, Thornhill and Alcock 1983). The few studies on fishes 

that have addressed the role of courtship in male reproductive success 

have reported either a positive correlation (Farr 1980, Schmale 1981) 

or no correlation (Thompson 1986) bet"leen courtship intensity and male 

reproductive success. 
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The key to this negative relationship of courtship coloration 

and display rates with reproductive success in male ~. crockeri may lie 

in the essential role of male parental care in this species. Females 

are faced lnth a number of criteria upon which they can assess males 

and thus base their choice of mates (Burley 1981). lflhen multiple 

choice criteria exist, females should base their selection of mates on 

those traits that are most reliably correlated with their expected 

fitness payoffs (Searcy 1982, Thornhill and Alcock 1983). Where male 

parental care is essential, those traits that are reliably associated 

with parental care ability should be utilized by females in assessing 

potential mates (Trivers 1972). Males of A. crockeri perform all 

parental care including guarding and fanning of the eggs until they 

hatch. Females that spavTn with mated males may decrease the likehood 

of abandonment or cannibalism of their eggs by transient males. Mated 

males may provide superior parental care, because they are less likely 

to desert their shelter than are unmated males. If females prefer 

mated males, then males guarding eggs would not have to pay the costs 

of conspicuous coloration and courtship displays. Males guarding eggs 

are readily identifiable because they perform slow rhythmic undulations 

that circulate water over their eggs. Unmated males could not 

effectively deceive females by mimicing parental behaviors since the 

presence of eggs could be confirmed when a female enters a male's 

shelter before she actually begins spa\vning. 

Female preference for mated males has not yet been established 

for A. crockeri, but it has been reported in other fishes (Ridley and 

Rechten 1981. Marconato and Bisazza 1986). Females of A. crockeri at 
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Bahia San Carlos did, however, appear to avoid spawning ~nth short-term 

residents (Figure 5). This could have resulted from female avoidence 

of new residents, because these may be transients and thus unreliable 

egg guardians. Additional evidence of the unreliable nature of 

paternal care in this species is seen in the high proportion of spawns 

with both males in the laboratory experiments. Such a bet-hedging 

strategy is expected where fitness payoffs are variable and 

unpredictable. Alternative hypotheses accounting for the greater 

probability of mated males receiving future matings (Table 9) include 

female fidelity to specific males (Petersen 1985), female preference of 

some other aspect of male motivational level not examined in this study 

such as vigor of territorial defense (Barash 1980, Grant and Colgan 

1983), or some other aspect of spawning site quality such as safety 

from intrusions by other males (Sargent 1982) or proximity to shelters 

of females. These possible causal mechanisms must be examined 

experimentally in order to establish their relevance in bro~mcheek 

blennies. 

None of these hypotheses account for the presence of 

conspicuous and vigorous courtship displays in unmated males. 

Courtship by males in this species may insure that females recognize 

their status as residents. Courtship dislays are always performed from 

the entrance of the male's shelter and clearly signal the presence of a 

male to neighboring females. Females have limited home ranges 

(personal observation) and thus may be courted repeatedly by 

neighboring resident males. Since females avoid mating 't,nth short-term 

residents, continued recognition of an individual male may be required 



before a female will mate ~nth him. Unmated males may court in order 

to advertise their location in the expectation of gaining future 

reproductive success. 
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The reproductive strategies available to males of A. crockeri 

are limited. No alternative male reproductive strategies exist in this 

or other species of chaenopsids, since the restricted location of 

spawning sites prevents sneak fertilizations and courtship interference 

(Chapter 1). Males must defend high quality shelters, attract 

females, and guard eggs in order to gain any reproductive success. 

Unmated males court vigorously in order to advertise their presence to 

females but if they are not successful within a few days they 

apparently abandon their shelter to search for another. When a male 

succeeds in mating he remains with his shelter performing parental care 

duties and is able to reduce his costs of courtship while his 

probability of gaining future matings increases. 



CHAPTER 4 

ENVIRONMENTAL VARIATION, t1ALE BODY SIZE AND DISPLAY TRAITS, AND MALE 

REPRODUCTIVE SUCCESS IN THE SIGNAL BLENNY, EMBLEMARIA HYPACANTHUS 

Environmental factora that increase costs or limit the 

potential for mate monopolization are important elements controlling 

the form of mating systems (Emlen and Oring 1977). Activities of 

predators can be important in limitlng behavioral options (Krebs and 

McCleery 1984) and may have significant effects on mating systems. In 

areas of increased risk of predation resource defense abilities of 

males may be limited and options for female mate choice may be 

restricted. This study examines the consequences of differential risk 

of predation on the sex-related patterns of habitat utilization in the 

signal blenny, Emblemaria hypacanthus. The consequences of these 

differences in habitat utilization, as well as several differences in 

resource quality, on variance in male reproductive success and mate 

choice of females are compared for t\'1O sites that differ in risk of 

predation. 

Discretion in mating decisions is strongly favored \'lhere 

variation exists in potential mates (Halliday 1983). Females are 

usually the more discriminating sex since they typically invest most or 

all parental care and their reproductive success is often resource 

limited. Males are generally less discriminating and their 

reproductive success is typically limited by access to females (Bateman 
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1948, Trivers 1972). In mating systems lnth male parental care, 

complete sex role reversal may occur such that males are the more 

discriminating sex (Trivers 1972, Sargent, Gross and van den Berghe 

1986). Many fishes with demersal eggs exhibit role reversal in 

parental care (Perrone and Zaret 1979, Blumer 1979) but not in degree 

of mating discretion. This occurs when mated males are able to remate 

since guarding of eggs is shareable parental care in the sense that 

additional matings do not detract from the quality of care given to 

present offspring (Wittenberger 1979). Quality of male parental care 

becomes an important, and potentially the primary, criterion of female 

mate choice (Searcy 1982, Halliday 1983). 
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The absense of role reversal in mating discretion is evident in 

parental males of many fishes that bear the unmistakable marks of 

sexual selection in their elaborate display traits and conspicuous 

courtship coloration. The nature of these traits and their role in 

determining male reproductive success is poorly understood, in part 

because these traits often covary lrlth other traits of males that have 

potentially significant consequences for mating decisions of females. 

This study examines the covariance of body size and a number of 

morphological traits of males which are prominent in courtship displays 

of the signal blenny. The role played by these traits and two aspects 

of their defended nest sites in determining reproductive success of 

males was examined in the field and in the laboratory. 
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Methods 

Study Species 

The signal blenny, Emblemaria hypacanthus (Jenkins and 

Evermann), is a highly sexually dimorphic species of tube blenny with 

males and females differing in at least 23 traits (Stephens 1963, 

personal observation). The signal blenny is endemic to the Gulf of 

California, where it is typically found at the reef-sand interface. 

Males are territorial and actively defend a shelter site, frequently a 

vacant gastropod shell, and an area surrounding their shelter from 

other males and non-receptive females. Females have restricted home 

ranges and defend a personal space around themselves and occasionally a 

shelter site. Aggressive displays of males and females are similar and 

initially involve a lateral display with an erect dorsal fin. Both 

sexes occasionally remain stationary tdth their dorsal fin erect when 

no surrounding conspecifics are obvious. Dorsal fin erections 

frequently escalate to a lateral gular display ,\-1i th erect dorsal fin, 

depressed urohyal region and flared branchiostegals (Lindquist 1975). 

Females are cryptically colored, and non-courting males vary from pale 

gray to darker gray tvi th bars and mottling on the body and dorsal fin. 

Signal blennies, like other chaenopsids, exhibit a resource 

defense polygyny mating system in which males defend spavrning sites and 

guard eggs until hatching. Courting males are dark black over the 

entire head, body and fins except for the orbital cirri llhich are red, 

and the dorsal fin "lhich has iridescent blue and red streaks. Color 

change from the gray mottled condition to full courtship coloration, 
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and vice versa, can occur within a few seconds. Males court by 

alternately erecting and depressing (flicking) their sail-like dorsal 

fin in rapid succession. The anterior interspinal membranes of males 

are conspicuously incised and the dorsal spines of an erect fin 

resemble the fingers of an open hand. Males also erect and depress 

their pelvic and anal fins during each courtship flick. Courtship 

rates are variable but may be as high as 36 flicks per minute. The 

rate of flicks typically increases as a female approaches a courting 

male. Courtship flicks are performed at the entrance of the male~s 

shelter but males occasionally court several centimeters from their 

shelter. Males court whenever they see a female or when they see 

neighboring males courting. A receptive female enters the male~s 

shelter where egg deposition and fertilization occur. The male remains 

within or at the entrance of the shelter during egg deposition. 

Females that do not respond to courtship are typically chased away by 

the male. Mated males continue courtship activities and frequently 

obtain multiple clutches. Males guard and fan eggs for 4 to 5 days 

until hatching, when parental care ceases and the larvae enter the 

plankton. 

Sex ratio of E. hypacanthus was determined by sexing, counting 

and measuring (standard length) all individuals from museum lots that 

had been collected with an ichthyocide. All individuals from the 

following collections were measured: SIO (Scripp~s Institute of 

Oceanography) 65-337, Isla Catalina, Baja California Sur, Mexico, 21 

July 1965; SIO 61-279, Lobos Bay, B. C. S., 26 June 1961; SIO 74-124, 

Isla Santa Cruz, B. C. S., 22 March 1974; SIO 62-212, Bahia de Los 
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Angeles, Baja California Norte, Mexico, 19 April 1962; and SIO 65-263, 

Isla San Jose, B. C. S., 7 July 1965. Number of males and females were 

counted but not measured in following collections: SIO 65-295, Bahia 

Aglla Verde, B. C. S., 12 July 1965; SIO 65-342, Isla Santa Cruz, B. C. 

S., 23 July 1965; and SIO 65-351-61, Bahia de La Paz, B. C. S. 

Field Nethods 

Emb1emaria hypacanthus was studied at two sites in the San 

Carlos, Sonora, Mexico region of the central Gulf of California. The 

first study site was a sand spit on the northern side of Isla Raza (IR) 

in Ensenada de San Francisco. Here signal b1ennies occurred on a flat 

area of shell and rock rubble in 1.5-3.0 m depth. The second site was 

on the eastern shore of Bahia San Carlos (BSC) at the interface of a 

shoreward rocky reef and a large expanse of sand in 1.5-3.5 m depth. 

Signal b1ennies primarily occupied vacant Turbo f1uctuosus (Gastropoda) 

shells at both sites. These sites differed primarily in the presence 

of an adjacent rocky reef at Bahia San Carlos which was absent at Isla 

Raza. 

Habitat utilization of males and females was quantified at both 

study sites by using focal animal techniques in May 1983 and May to 

August 1984. Initial microhabitat and color score were recorded for 

each focal individual prior to the start of focal intervals. Color 

scores \'lere subjectively estimated as follows: 1 c: lightly mottled; 2 

c darkly mottled; 3 c: very darkly mottled; 4 c completely black 

(courtship coloration). Individuals were followed for 3 minute 

intervals during which the percent time spent in a shelter and in the 
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open (mutually exclusive categories), percent time visible (non-visible 

individuals were withdrawn in shelters), and percent time with dorsal 

fin erect were recorded. The number of gular displays, dorsal fin 

erections, retreats into a shelter, bites taken while in a shelter, and 

bites taken lV'hile outside of a shelter were recorded. Both net 

distance moved (distance from a focal animal~s starting point to its 

finishing point), real distance moved (total distance moved during 

focal intervals), and number of sprints or short swimming movements 

were recorded. During focal intervals the number of passes made by 

predators within 0.5 m of focal individuals lias recorded. Predators 

were divided into dangerous and less dangerous predators. Dangerous 

predators included lutjanids and serranids, which were known to feed on 

small fishes, while less dangerous predators included species less 

likely to be piscivorous but which elicited a reaction from signal 

blennies. Signal blennies typically reacted to predator passes by 

retreating into their shelter or, when in the open, remaining 

motionless. Signal blennies did not react to other species of fishes 

such as gerreids and pomacentrids, thus passes by these species were 

not recorded. 

The intensity of male courtship displays was quantified at both 

study sites by presenting a female in a clear plastic bag 0.5 m from 

focal males. The number of courtship flicks performed l'Tithin one 

minute were recorded for 20 males at Bahia San Carlos on 18 May 1985 

and 20 males at Isla Raza on 19 May 1985. Color scores (see above) 

ltlere recorded for each male prior to presentation of females. 
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Males wi th their defended shelters l'1ere collected at Isla Raza 

on 7 May 1985 and at Bahia San Carlos on 8 and 9 May 1985 in order to 

assess their reproductive success. At both sites appropriate habitats 

were searched and each male encountered was collected with its shelter. 

The area surveyed at Isla Raza was approximately 7 m by 7 m while that 

at Bahia San Carlos was a narrow band, 2-3 m wide, along 20-30 m of 

reef-sand interface. Numbers of females observed during collection of 

males l~S recorded at both sites. Each male with its defended shelter 

was preserved separately in 10 percent formalin. 

In the laboratory males were weighed to the nearest 0.01 g (wet 

weight) and measured to the nearest 0.01 mm for standard length (SL), 

head length (HL), head lvidth (HW), and head depth (HD) with dial 

calipers. Condition of males was estimated as the value of the 

residual of SL and HW for males from both sites. Deviations from this 

regression line reflect the relative mass of the adductor mandibularis 

muscle and the sign and magnitude of that deviation was assumed to be 

correlated with male condition (Chapter 2). The following additional 

measurements ~lere made on each male l'lith an ocular micrometer and 

converted to mm: nasal cirrus length, from the base of the nostril 

tube to the tip of the cirrus; orbital cirrus length; lengths of 

dorsal-fin spines I, II, III, and the last dorsal spine; protruding 

lengths of/dorsal spines I, II, and III, extending beyond the 

interspinal membrane immediately posterior to each spine; length of the 

flap on the anterior dorsal fin, the distance from the perpendicular of 

the spine to the most anterior extension of the flap; and pelvic fin 

length, from the insertion to the tip of the longest ray. If 



asymmetries w'ere present in any of the paired structures, these w'ere 

noted and the measurement lias taken on the larger of the pair. 
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Mensural traits were classified into display traits and other 

traits based on their visibility in courtship displays and their degree 

of sexual dimorphism. The size of these display traits was assumed to 

correspond to their signal strength and thus to their effectiveness in 

courtship displays. Nasal and orbital cirri were considered to be 

display traits because they are longer in males than females, and are 

brightly-colored and conspicuous in courting males. Pelvic-fin length 

was considered to be a display trait because males have longer and 

broader inter-ray membranes than females, and pelvic fins of males are 

cons~icuous in courtship displays. All dorsal fin traits except the 

length of the last spine were classified as display traits. Females 

lack the anterior dorsal-fin flap of males, and have low dorsal fins 

while males have elevated, sail-like dorsal fins. In the dorsal fins 

of males the first three interspinal membranes are deeply incised; the 

degree of incision was assumed to be positively correlated with the 

signal strength of these traits. This assessement was based on the 

reduced dorsal-fin incision in juvenile males of ~. hypacanthus and the 

absense of similar dorsal fin incisions in related species of 

Emblemaria (Stephens 1963). Females assessing potential mates are 

exposed to' only local males, thus the association of these (and other) 

traits with male reproductive success was analyzed separately for the 

t't>1O study sites. 

A principal components analysis t.Jas conducted on all mensural 

traits in order to quantify allometric changes in these traits with 
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respect to general body size, and to reduce their dimensionality so 

that their association with male reproductive success could be 

ascertained. Measurements were log-transformed and the principal 

components analysis was calculated utilizing the variance-covariance 

matrix so that the first principal component (PC1) reflected size

variation (Bookstein et al. 1985). Eigenvector loadings on the first 

principal component were rescaled to a mean of 1.0 to estimate 

multivariate allometries. Rescaled loadings on PC1 greater than one 

describe positive allometry while those less than one describe negative 

allometry (Strauss 1985). Subsequent principal components reflect 

shape variation that is unrelated to size (Bookstein et al. 1985). In 

order to ascertain the association of variation in these traits and 

male reproductive success, scores for each male on the first three 

principal components were regressed against number of eggs defended 

utilizing BMDP program P4R (Dixon 1985). 

Shelters of each male were measured for shell height and 

opening \ddth and height. A portion of the first whorl of shells was 

frequently broken and shelter-size measurements were made on the 

unbroken portion of the shells so as to reflect the appropriate size 

available for use by blennies. Internal surface area was utilized as 

an estimate of shelter size, since it reflects the amount of available 

area for egg deposition. Turbo shells approximate coiled cones, thus 

area of each shelter was calculated as: Area c 3.14 x R x S, where R C 

the mean radius of the opening and S c the slant height of the cone. 

Slant heights were measured by conforming a wire to the coiled spiral 

of Turbo shells. The degree of internal fouling of shells was 
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estimated using the following criteria: 1 C interior pearly, unpitted 

and unfouled; 2 C interior unpitted, and green from algae; 3 C interior 

lightly pitted (less than 5 percent area), and unfouled; 4 c interior 

heavily pitted () 5 percent area), and lightly fouled « 10 percent 

cover); and 5 C interior heavily pitted, and heavily fouled (> 10 

percent cover). Typical fouling organisms included barnacles and 

polychaetes (Spirorbis sp.) and boring organisms were predominantly the 

bivalve Lithophaga sp. 

Numbers of eggs defended by males was utilized as a measure of 

male reproductive success. Eggs of ~. hypacanthus require 

approximately five days to hatch thus number of eggs defended 

represents a male's reproductive success over the previous 4 to 5 days. 

Shells were broken open and the percent internal area of the first two 

whorls covered with eggs was visually estimated prior to removing eggs. 

Eggs were then scraped from the shelter into a petri dish where the 

total number of eggs were counted. 

Laboratory Methods 

The role of relative male size in female mate choice Has 

determined in aquaria by allowing a single female free access to two 

males of different size (SL) that defended identical shelters (1.5 dram 

glass vials). Males averaged 45.9 mm SL (SD = 5.8, range = 36-58, N c 

24) and mean difference between males l-TaS 4.8 mm (SD c 2.2, range c 1-

8, N c 12). Because males l/lere extremely aggressive tOl-lard neighboring 

males, rocks l-lere placed betl'leen shelters. This permitted free 

movement of females but disrupted line of sight between competing 



males. The location of each male and number of eggs defended were 

recorded daily. 
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The role of male size in acquiring and defending shelters was 

tested by placing unique pairs of males of different sizes in an 

aquarium with a single shelter (a 1.5 dram glass vial). Males averaged 

38.3 mm SL (SD = 5.7, range = 30.5-48.5, N c 13) and mean difference 

between males was 6.6 mm (SD = 4.5, range = 0.5-18.0, N = 59). The 

'winner "TaS the individual occupying the shelter after a 24 hour period. 

Previous experiments with this and other chaenopsids established that 

occupancy of the shelter changed frequently in the first few' hours but 

stabalized by 24 hours. 

Results 

Sex Ratio 

Sex ratios in museum collections 't-Tere near unity in smaller 

size classes but become increasingly male-biased in larger size classes 

(Table 11). The sex ratio in the three additional collections revealed 

a male-biased sex ratio in all (SID 65-295: 250 males and 71 females = 

3.52 males/female; SIO 65-342: 30 males and 3 females = 10.0; SIO 65-

351: 36 males and 10 females = 3.60). Total number of males and 

females from all eight museum collections was 502 and 127, 

respectively. This sex ratio of 3.95 males/female deviates 

significantly from a one to one sex ratio (chi-square = 223.6, P < 

0.001). Males from these collections were significantly larger in body 

size than females (chi-square from median test = 3.77, P < 0.05). 



Table 11. Numbers of males and females and sex ratios by size classes 
(mm SL) from museum collections of Emblemaria hypacanthus. Collection 
numbers: 1 c SIO 65-337; 2 c SIO 61-279; 3 c SIO 74-124; 4 c SIO 
62-212; 5 c SIO 65-263. 

Collection Number 
Size Total Sex Chi- Probe 
Class 1 2 3 4 5 No. Ratio square 

< 22 2.00 1.3 > 0.05 
males 2 5 1 0 0 8 
females 2 1 0 0 1 4 

22-23 1.50 1.0 > 0.05 
males 3 8 4 0 0 15 
females 4 3 1 0 2 10 

24-25 4.43 15.1 < 0.001 
males 3 9 19 0 0 31 
females 1 4 2 0 0 7 

26-27 5.50 31.1 < 0.001 
males 6 9 39 0 1 55 
females 0 0 10 0 0 10 

28-29 5.12 22.2 < 0.001 
males 3 4 34 0 0 41 
females 0 1 7 0 0 8 

30-31 9.50 13.8 < 0.001 
males 1 4 14 1 0 19 
females 0 0 2 0 0 2 

> 31 13.00 20.6 < 0.001 
males 0 0 6 6 14 26 
females 0 0 0 2 0 2 

Total 4.56 97.9 < 0.001 
males 18 39 117 7 15 196 
females 7 9 22 2 3 43 
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Comparisons Between Study Sites 

The abundance of predators differed dramatically at the tl-10 

study sites (Table 12). Although the frequency of passes by less

dangerous predators did not differ at the two sites (Table 12), 

dangerous predators were rare at Isla Raza, but common at Bahia San 

Carlos where they averaged 1.19 passes per 3 minute focal interval 

(Table 12). The most common dangerous predator at Bahia San Carlos was 

the snapper, Lutjanus argentiventris. Juveniles of this species fed 

diurnally by swimming rapidly within a few centimeters of the bottom 

and striking at organisms that they startled. Signal blennies that 

were in a shelter rapidly retreated inside when closely approached by a 

potential predator. Individuals in the open remained motionless when 

predators "lere near. Numerous close passes by predators over blennies 

in the open were observed in l-lhich the predator apparently did not 

recognize the blenny. No instances of successful predation on signal 

blennies were observed during this study, but one unsuccessful attack 

by a snapper on a courting male was observed. Signal blennies appeared 

capable of distinguishing some non-predatory species, because they 

ignored fishes such oS pomacentrids and gerreids. 

At Isla Raza males spent significantly more time in shelters 

than did females (Table 13). Females moved more than males as 

reflected by their slightly greater real distance moved and their 

significantly greater number of sprints (Table 13). Both sexes 

appeared to have restricted home ranges, since net distances moved were 

small and did not differ for males and females (Table 13). Females 

spent considerably more time with their dorsal fin erect and also 



93 

Table 12. Mean number (standard deviation) of predator passes per 3 
minute interval ldthin 0.5 m of focal individuals of Emblemaria 
hypacanthus at Bahia San Carlos (BSC) and Isla Raza (IR). Means are 
for six sample days at each site. Dangerous predators include Lutjanus 
argentiventris, ~. novemfasciatus, Hoplopagrus guentheri (Lutjanidae), 
and Paralabrax maculatofasciatus (Serranidae). Less-dangerous 
predatorG include Haemulon sexfasciatum, H. maculicauda, Anisotremus 
interruptus (Haemulidae), Calamus brachysomus (Sparidae), Halichoeres 
chierchiae, and H. nicholsi (Labridae). t = t-test of means. 

No. Passes per 3 min. 

BSC IR t Probe 

Predator type: 

Dangerous 1.19(0.93) O. Ol( 0.02) 3.12 < 0.01 

Less-dangerous 0.60(0.25) 0.46(0.49) 0.59 > 0.05 

" 
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performed more dorsal fin erections than males (Table 13). These two 

displays are typically directed toward conspecifics and are apparently 

higher in females because they spend more time in the open, move 

greater distances, and thus interact with more conspecifics. Males and 

females had similar overall foraging rates, although males averaged 

more bites while in shelters and females averaged more bites while in 

the open (Table 13). 

Time budget data for ~. hypacanthus at Bahia San Carlos 

revealed no significant differences in the habitat utilization, display 

rates, movement patterns, or feeding rates of males and females (Table 

13). Thus the behavior of ~. hypacanthus at the two sites differed 

significantly (Tables 13, 14). Males at Isla Raza spent less time in 

shelters, more time visible, performed fewer retreats and tended to 

move more than males at Bahia San Carlos (Tables 13, 14). A similar 

pattern '''las seen for females which also spent less time in shelters, 

more time visible, more time with their dorsal fin erect, performed 

more dorsal fin erections, fewer retreats, and moved more at Isla Raza 

than at Bahia San Carlos (Tables 13, 14). Feeding rates of males and 

of females did not, however, differ significantly between the two sites 

although the mean number of bites 't>las some.vhat higher at Isla Raza 

(Tables 13, 14). 

Color scores were significantly higher (i.e., males were 

darker) at Isla Raza than at Bahia San Carlos for focal males (Tables 

13, 14), as 'toTell as for males l'Those courtship intensity t'las measured 

(IR: mean color score c 4.35, SD c 0.67; BSC: mean c 3.65, SD c 0.87, 

Z c 2.43, P < 0.05). These dark males at Isla Raza also courted more 



Table 13. Time budget data for Emblemaria hypacanthus from Bahia San Carlos and Isla Raza. Results 
are presented as the mean (standard deviation) for 3 minute focal intervals. Probabilities are for a 
Mann-\Vhitney two sample test for males and females within each site. 

Bahia San Carlos 

Males Females 

Number of individuals 59 53 
Color score 0.47(0.68) 0.24(0.43) 
Percent time: 

In shelter 95.0(19.5) 82.1(37.4) 
Visible 90.4(18.7) 92.9(14.0) 
With dorsal fin erect 1.4(3.9) 4.2(10.2) 

Distance moved (m) 
Net distance 0.01(0.004) 0.03(0.09) 
Real distance 0.04(0.11 ) 0.06(0.15) 
No. of sprints 0.56(1.72) 1.29(2.73) 

No. gular displays 0 0 
No. dorsal fin erections 0.42(0.70) 0.70(0.97) 
No. retreats 1. 20(2.73) 1.19(1.13) 
Total number of bites 0.28(0.59) 0.40(0.60) 

No. bites in shelter 0.17(0.46) 0.13(0.34) 
No. bites in open 0.12(0.42) 0.26(0.52) 

Isla Raza 

Probe Males Females 

60 27 
0.165 1.00(0.78) 0.11(0.32) 

0.143 70.6(41.5) 23.3(41.2) 
0.697 99.5(1.6) 98.3(5.9) 
0.494 1.7(5.1) 27.4(33.7) 

0.267 0.16(0.34) 0.11(0.13) 
0.254 0.20(0.38) 0.18(0.15) 
0.197 2.62(4.16) 4.85(3.51) 

0.17(0.64) 0.26(0.81) 
0.209 0.77(1.29) 1. 74(1.56) 
0.893 0.20(0.40) 0.15(0.46) 
0.322 0.50(0.8'1) 0.56(0.85) 
0.942 0.23(0.53) 0.04(0.19) 
0.213 0.27(0.63) 0.52(0.85) 

Probe 

<0.001 

<0.001 
0.941 

<0.001 

0.275 
0.060 
0.005 
0.826 
0.004 
0.545 
0.783 
0.271 
0.250 

1.0 
I..n 



Table 14. Probability values for a Mann-Whitney two sample test for 
comparisons of time budget data within sexes of Emblemaria hypacanthus 
from Bahia San Carlos (BSC) and Isla Raza (IR). See Table 3 for data. 

Males Females 

BSC vs. IR BSC vs. IR 

Color 0.002 0.329 
Percent time: 

In shelter 0.008 < 0.001 
Visible < 0.001 < 0.001 
With dorsal fin erect 0.602 < 0.001 

Distance moved (m) 
Net distance 0.138 0.009 
Real distance 0.063 < 0.001 
No. of sprints 0.020 < 0.001 

No. gular displays 0.790 0.419 
No. dorsal fin erections 0.644 0.004 
No. retreats < 0.001 < 0.001 
Total number of bites 0.390 0.651 

No. bites in. shelter 0.819 0.490 
No. bites in open 0.582 0.347 
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vigorously than males at Bahia San Carlos. The mean number of 

courtship flicks performed per minute by males w'hen presented 'nth a 

female in a plastic bag was 16.55 (SD c 11.13, range c 0-36) at Isla 

Raza and 5.05 (SD c 8.49, range = 0-30) at Bahia San Carlos (t c 3.67, 

P < 0.001). 
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Thirty three males with their shelters were collected at Isla 

Raza and 34 were collected at Bahia San Carlos. Sex ratios at the two 

sites were similar and strongly male-biased, because only 6 females 

were encountered during collections at Isla Raza (33 males/6 females = 

5.5) and only 7 during collections at Bahia San Carlos (34/7 = 4.9). 

Males from Isla Raza were Significantly smaller in body size than males 

from Bahia San Carlos (Table 15). Males at Isla Raza appeared to be in 

better condition than males at Bahia San Carlos, because their average 

residual' value from the regression of SL and HW '\V'as significantly 

higher than the average value for males from Bahia San Carlos (Table 

15). At Bahia San Carlos large males were in better condition than 

smaller males, since male condition \i'as significantly correlated with 

male size (r = 0.3953, P < 0.05). This was not the case at Isla Raza 

where male condition was uncorrelated ~dth male size (r = 0.0398, P > 

0.05). Male condition was not significantly correlated ,oTith size of 

the defended shelter at either site (IR: r c 0.2269, P > 0.05; BSC: r 

= -0.1264, P > 0.05). 

Size of Turbo shells was significantly smaller at Isla Raza 

than at Bahia San Carlos (Table 15, Figure 6a). At Isla Raza large 

males defended the largest shelters available, since standard length of 

males w'as positively correlated ~lith shelter area (r = 0.5444, P < 



Table 15. Contrasts between males, shelters, and reproductive success of males of Emblemaria 
hypacanthus at Isla Raza and Bahia San Carlos. t = t-test of means; Z = normal approximation to 
the Mann-Whitney two sample test. 

Isla Raza Bahia San Carlos 

Mean(SD) range Mean(SD)range Test Probe 
Statistic 

Number 33 34 

Standard length 34.6(2.8)28.2-39.9 39.2(4.0)29.3-46.4 t = 5.53 < 0.001 

Male condition 0.12(0.23)-0.27-+0.72 -0.11(0.34)-1.20-+0.65 t = 3.30 < 0.01 

Shelter area 
(sq. mm) 1915(522)1084-2991 3971(977)2111-5737 t = 10.46 < 0.001 

Fouling score 3.19(1.35)1-5 3 .21( 1. 22)1-5 Z :: 0.07 > 0.05 

Number of eggs 548.3(219.3)4-1069 564.8(523.4)0-2454 t "" 0.17 > 0.05 

Percent area 
with eggs 68.5(19.5)1-95 34.6(25.6)0-95 t = 6.08 < 0.001 

\0 
ex> 
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Figure 6. Shelter size (a) and percent internal area of shelters 
covered by eggs (b) for shelters occupied by males of 
Emblemaria hypacanthus at Isla Raza (open bars) and Bahia 
San Carlos (closed bars). 
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0.01). At Bahia San Carlos large males defended shelters that did not 

differ in size from those defended by smaller males, since male size 

and shelter area were uncorrelated (r = 0.1265, P > 0.05). Degree of 

internal fouling of shelters did not differ between the two sites 

(Table 15) and was uncorrelated with shelter size (IR: Spearman~s rho 

= -0.0191, P > 0.05; BSC: rho = -0.0095, P > 0.05), male size (IR: 

rho = 0.2388, P > 0.05; BSC: rho = 0.1446, P > 0.05), and male 

condition (IR: rho c 0.1472, P > 0.05; BSC: rho = 0.1817, P > 0.05) 

at both sites. 

Reproductive Success of Males 

100 

Mean number of eggs guarded by males did not differ between the 

two sites (Table 15). However, variance in number of eggs defended was 

significantly higher at Bahia San Carlos (F = 2.39, P < 0.01). All 33 

males at Isla Raza guarded at least some eggs, while 29 of the 34 males 

(85 percent) from Bahia San Carlos guarded eggs. The mean percent area 

of shelters filled with eggs was significantly higher at Isla Raza than 

at Bahia San Carlos (Table 15). At Isla Raza 33 percent (11 of 33) of 

the males had eggs covering more than 80 percent of the internal 

surface area of their shelter (Figure 6b). In contrast, at Bahia San 

Carlos only 6 percent (2 of 34) of the males had greater than 80 

percent of their shelter area covered with eggs (Figure 6b). 

At Bahia San Carlos standard length of males was positively 

correlated with number of eggs defended (Table 16), thus large males 

gained higher reproductive success than small males. Condition of 

males and size of their defended shelter did not explain a significant 
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Table 16. Correlation coefficients from a stepwise multiple regression 
of number of eggs guarded and factors potentially affecting male 
reproductive success in Emblemaria hypacauthus for two sites. 

Variable Cumulative Change in F Probe 
r-square r-square 

Bahia San Carlos 

Standard length 0.2834 0.2834 11.95 < 0.01 

Male condition 0.2875 0.0041 0.17 > 0.05 

Shelter area 0.2880 0.0005 0.02 > 0.05 

Isla Raza 

Shelter area 0.1312 0.1312 4.41 < 0.05 

Standard length 0.1379 0.0067 0.22 > 0.05 

Male condi Uon 0.1380 0.0001 < 0.01 > 0.05 
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amount of the remaining variance in number of eggs defended by males 

(Table 16). In contrast, at Isla Raza standard length of males ,~as not 

correlated with male reproductive success (Table 16). Shelter size was 

positively correlated with number of eggs defended, while standard 

length and condition of males did not explain a significant amount of 

the remaining variance in number of eggs guarded (Table 16). 

Degree of internal fouling of shelters appeared to play no role 

in determining reproductive success of males at either site. Degree of 

fouling was uncorre1ated with number of eggs defended at Isla Raza (rho 

= 0.2675, P > 0.05) and at Bahia San Carlos (rho = -0.0874, P > 0.05). 

Females did not appear to discriminate between shelters based on degree 

of fouling, since all males at Isla Raza guarded eggs and 

presence/absence of eggs was not related to categories of internal 

fouling at Bahia San Carlos (chi-square = 2.19, P > 0.05). 

Morphological Variation and Male Reproductive Success 

The principal components analysis of mensural traits allowed 

assessment of the allometric and covariance relationships of these 

traits and provided a test of the role of their variation on male 

reproductive success. The first three principal components accounted 

for 80 (BSC) and 84 (IR) percent of the variation in mensura1 traits 

(Tables 17, 18). The first principal component, which for 10g

transformed morphometric data reflects size-related variation 

(Bookstein et al. 1985), accounted for 59 and 50 percent of the 

variation in mensura1 traits at Bahia San Carlos and Isla Raza, 

respectively (Tables 17, 18). Rescaling of eigenvector loadings on PC1 
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Table 17. Eigenvectors for principal components 1, 2, and 3 for 
mensural traits of male Emblemaria hYpacanthus from Bahia San Carlos. 
Principal component 1 eigenvectors are scaled to a mean of 1.0. Scaled 
values of PC1 greater than 1.0 indicate positive allometry while values 
less than 1.0 indicate negative allometry. 

Components 

Variables 1 (scaled PC1) 2 3 

Standard length 0.0944 (0.4237) 0.1062 -0.0911 
Head length 0.0899 (0.4035) 0.1037 -0.1191 
Head depth 0.1084 (0.4866) 0.1262 -0.1393 
Head width 0.1206 (0.5414) 0.1079 -0.1579 
Pelvic fin length 0.1380 (0.6195) 0.1441 0.0463 
Dorsal spine length: 

I 0.2760 (1.2389) 0.1210 0.1817 
II 0.2708 (1.2156) -0.0035 -0.3320 

III 0.2279 (1.0230) 0.0032 -0.2083 
Last 0.1803 (0.8093) 0.2610 -0.2855 

Dorsal spine length 
vdthout membrane: 

I 0.4613 (2.0707) 0.0795 0.7046 
II 0.4331 (1. 9441) -0.2765 -0.3407 

III 0.4631 (2.0788) -0.4865 0.0402 
Dorsal-fin flap length 0.2340 (1. 0504) 0.6881 0.0277 
Orbital cirrus length 0.1287 (0.5777) 0.1642 -0.2035 
Nasal cirrus length 0.1151 (0.5167) -0.1644 0.0805 

Percent of total variance 59.4 12.6 8.4 
Cumulative variance 59.4 72.0 80.4 



Table 18. Eigenvectors for principal components 1, 2, and 3 for 
mensural traits of male Emblemaria hypacanthus from Isla Raza.· 
Principal component 1 eigenvectors are scaled to a mean of 1.0. 

Components 

Variables 1 (scaled pc1) 2 3 

Standard length 0.0569 (0.2903) -0.0769 -0.0721 
Head length 0.0613 (0.3127) -0.0642 -0.0720 
Head depth 0.0648 (0.3306) -0.0752 -0.0860 
Head width 0.0592 (0.3020) -0.1236 -0.0873 
Pelvic fin length 0.0986 (0.5030) -0.0573 0.0126 
Dorsal spine lengths: 

I 0.2405 (1.2270) 0.1412 -0.0094 
II 0.2133 (1.0882) 0.0787 0.0136 

III 0.1715 (0.8749) -0.2034 -0.0306 
Last 0.0999 (0.5097) -0.1892 -0.0501 

Dorsal spine lengths 
,'Ii thout membrane: 

I 0.5036 (2.5692) 0.5052 0.0883 
II 0.5122 (2.6131) 0.3029 0.1327 

III 0.5046 (2.5743) -0.7102 0.2565 
Dorsal fin flap length 0.2171 (1.1076) -0.0456 -0.9295 
Orbital cirrus length 0.1220 (0.6224) -0.0890 -0.1095 
Nasal cirrus length 0.0147 (0.0750) -0.0141 0.0596 

Percent of total variance 50.4 24.0 9.5 
Cumulative variance 50.4 74.4 83.9 
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revealed that, at both sites, all dorsal-fin traits, especially the 

degree of incision of the first three dorsal spines, were positively 

allometric relative to the other mensural traits (Tables 17, 18). Thus 

size of these dorsal-fin traits increases at a faster rate than body 

size, and dorsal fins are relatively larger in large males than in 

small males. At Bahia San Carlos PC2 represented primarily size

independent variation in the size of the dorsal-fin flap, degree of 

incision of dorsal spines II and III, and the length of the last 

dorsal-fin spine, as judged by the high loadings of these traits on 

this component (Table 17)0 Similarly, at Bahia San Carlos PC3 

represented primarily size-independent variation in the degree of 

incision of dorsal-fin spines I and II, and the length of dorsal spine 

II (Table 17). At Isla Raza PC2 represented primarily size-independent 

variation in the degree of incision of dorsal spines I, II, and III, 

while PC3 represented primarily size-independent variation in the 

length of the dorsal-fin flap (Table 18). 

At Bahia San Carlos number of eggs defended by males was 

significantly positively correlated with their component scores on PC1, 

but not lnth their scores on PC2 and PC3 (Table 19). In contrast, 

number of eggs defended by males at Isla Raza was uncorrelated \<1i th 

their scores on PC1, as well as their scores on PC2 and PC3 (Table 19). 

Laboratory Experiments 

Females exhibited a preference for large males l<1hen provided 

with a choice bet\'1een t\'lO males of different size. Females spavmed 

with the larger male in 68 of the 75 recorded spawning events (chi-
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Table 19. Correlation coefficients from a stepwise regression of 
component scores of male Emb1emaria hypacanthus on PC1, PC2, and PC3 
lrlth their reproductive success (number of eggs guarded) at Bahia San 
Carlos and Isla Raza. 

Simple Cumulative Change in F Probe 
r r-square r-square 

Bahia San Carlos: 

PC1 0.3395 0.1153 0.1153 4.17 < 0.05 

PC2 0.1064 0.1266 0.0113 0.40 > 0.05 

PC3 -0.0611 0.1303 0.0037 0.13 > 0.05 

Isla Raza: 

PC1 0.1910 0.0365 0.0365 1.17 > 0.05 

PC2 -0.1754 0.0673 0.0308 0.99 > 0.05 

PC3 0.0272 0.0680 0.0007 0.02 > 0.05 



square c 49.6, P < 0.001). This preference appeared to be independent 

of relative size differences, with respect to the relative size of 

males (less than or greater than 4 mm difference, chi-square c 0.64, P 

> 0.05), the size of females relative to the smaller male (female 

larger or smaller than smaller male, chi-square = 1.52, P > 0.05), or 

the size of females relative to the larger male (less than or greater 

than 7 mm smaller than larger male, chi-square c 3.90, P > 0.05). 

The importance of male size in competition for shelters was 

also demonstrated in the laboratory. The larger of two males occupied 

the single shelter after 24 hours in 54 of 59 trials (chi-square = 

20.4, P < 0.001). 

Discussion 

Males of E. hypacanthus from museum collections were 

significantly larger in body size than females. Males are larger than 

females in other highly dimorphic chaenopsids, including Coralliozetus 

angelica (Chapter 1), but the proximate causal factors of size 

dimorphism have not been examined for any chaenopsid. Possible causal 

factors leading to body size dimorphism in organisms, such as 

chaenopsids, t'11 th indeterminant grOt-1th include differential growth 

rates and/or differential mortality rates of the sexes (HOtvard 1981, 

Chapter 1). 
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Sex ratios of E!0 hypacanthus lvere strongly male-biased in all 

museum collections and at both field sites. Although sample sizes were 

small, it appeared that the sex ratio lvas near unity in small size 

classes but became increasingly male-biased in the upper size classes 
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(Table 11). Differential predation intensity could result in local sex 

ratios that are skewed toward the least vulnerable sex. Females of 

highly dimorphic chaenopsids may be exposed to a greater risk of 

predation, because they spend significantly more time in the open than 

males who remain in shelters (Chapter 1, Table 13). Male-biased sex 

ratios are typical of this and other highly dimorphic chaenopsids and 

may be the consequence of differential mortality rates on the sexes 

(Chapter 1). 

The two study sites differed in a number of physical aspects, 

most notably in the presence of an adjacent rocky reef at Bahia San 

Carlos w'hich vTaS absent at: Isla Raza. The adjacent reef at Bahia San 

Carlos served as shelter for a number of lutjanid and serranid fishes 

which are potentially dangerous predators on signal blennies (Table 

12). This difference in relative predation risk at the two sites has 

several predicted effects on the behavior of signal blennies. In areas 

of high predation risk signal blennies should restrict their habitat 

utilization to relatively safe areas. Limited habitat utilization 

could significantly reduce foraging rates and have adverse effects on 

growth rates and condition. Males should reduce their conspicuousness 

by being more cryptically colored and by courting less vigorously. 

Finally, restricted movements of signal blennies may reduce the 

intensity of sexual selection on males by limiting opportunities for 

females to assess potential mates and by preventing dominant males from 

usurping preferred spa\1ning sites. 
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Habitat Utilization: Comparisons and Consequences 

Males and females of ~. EYpacanthus differed significantly in 

their patterns of habitat use at Isla Raza. Males spent significantly 

more time in shelters, and moved less than females (Table 13). This 

differential habitat utilization reflects the different functions of 

shel ters in the tl'70 sexes. Shelters serve as refuges for both sexes, 

but they also serve as egg deposition sites and are necessary resources 

for male reproductive success. Males spend more time in shelters in 

order to court females and to guard eggs. Females of E. hypacanthus 

interacted with conspecifics more frequently than did males, since they 

performed more dorsal fin erections and spent more time with their 

dorsal fins erect (Table 13). This appears to be a consequence of 

their greater movement rates. Although females spent significantly 

more time in the open and moved more than males, their feeding rates 

did not differ from those of males (Table 13). Feeding rates of male 

signal blennies were comparable to feeding rates of resident males of 

the chaenopsid, Coralliozetus angelica (Chapter 1). However, feeding 

rates of female signal blennies l'Tere considerably 10lver than those of 

female angel blennies who fed at ten times the rate of resident males 

(Chapter 1). This lack of difference in feeding rates of male and 

female signal blennies could be an artifact if the primary feeding time 

of this species is very early or very late in the day, since these data 

were collected primarily during midday (0900-1700 hours). If these 

estimates of feeding rates of signal blennies are real, this factor may 

have a significant effect on the frequency at which females of this 

species are able to spa~vn. In the laboratory ,.nth ample food female 



signal blennies spawned every 3-4 days, while female angel blennies 

spalvoed every 2-3 days. If the food supply is restricted in the field 

for female signal blennies, this could reduce the frequency at which 

they are able to generate new clutches of eggs. 
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In areas of high risk of predation both sexes would be expected 

to limit their habitat utilization to relative safe areas. Such risk 

averse habitat utilization has been documented in field populations of 

several species of animals (Krebs and McCleery 1984, Pyke 1984) 

including some fishes (e.g., Seghers 1970, Hall and Werner 1977, 

Mittelbach 1983). This prediction is supported for ~. hypacanthus, 

since both males and females restricted their movements and spent more 

time in shelters at Bahia San Carlos where the risk of predation was 

higher (Table 13). This differed dramatically from the sex-related 

pattern of habitat utilization observed at Isla Raza (Table 13). 

Differences in behavior at the two sites, although more conspicuous in 

females, were also evident in males (Table 14). Both sexes spent more 

time in shelters, less time visible, performed more retreats, and moved 

less at Bahia San Carlos than at Isla Raza (Tables 13, 14). In fact 

the behaviors of both sexes were so restricted at Bahia San Carlos that 

males and females did not differ in any aspects of their time budgets 

or in their display rates (Table 13). 

Reduced movement and habitat utilization could result in 

reduced feeding rates and have adverse effects on growth rates and 

condition of individuals where the risk of predation is high. 

Decreased foraging rates in areas of increased risk of predation have 

been documented for some fishes (e.g., Milinski and Heller 1978, Werner 



et al. 1983, Dill and Fraser 1984) and in one case have been 

demonstrated to reduce growth rates (Werner et al. 1983). In E. 

hypacanthus mean number of feeding bites for males and for females did 

not differ significantly at the two sites (Tables 13, 14), although 

feeding rates were slightly higher at Isla Raza (Table 13). 

III 

Growth rates of signal blennies were not assessed in this study 

but, contrary to the predicted pattern, males from Bahia San Carlos 

were larger than males from Isla Raza (Table 15). This difference in 

size could result from either enhanced gro~~h or greater survival, or 

both at Bahia San carlos (both contrary to predictions) or from 

differences in the age of males at the two sites. Further study is 

required to identify the cause of these size differences. 

In accordance ~nth the predictions, males at Bahia San Carlos 

were in significantly poorer condition than males at Isla Raza (Table 

15). The cause of this poorer condition is, however, uncertain since 

feeding rates did not differ significantly at the two sites (Table 14). 

At Bahia San Carlos condition of males was positively correlated with 

male size, thus large males were in significantly better condition than 

small males at the same site. This could result if feeding rates of 

large and small males differed at this site; however, no differences in 

foraging rates of males are evident when the data are sorted by size 

classes (personal observation). A possible alternative explanation is 

that males in poor condition cannibalize a portion of the eggs that 

they guard (see Dominey and Blumer 1984). Large males at Bahia San 

Carlos guarded significantly more eggs than small males (see below), 

thus they would have had more eggs to cannibalize. At Isla Raza large 



males did not guard more eggs than small males (see below), and male 

condition was not correlated with male size. 
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In areas of high predation risk males could reduce their 

probability of being taken by predators by reducing the conspicuousness 

of their courtship coloration. Conspicuous coloration is known to 

expose males to increased risk of predation (e.g., Haas 1976, Endler 

1983) and reduction in coloration of courting males in areas of 

increased predator risk has been demonstrated for two species of 

poeciliid fishes (Endler 1980, 1982, 1983). In accordauce with the 

prediction, males of ~. Ezpacanthus were significantly lighter in 

coloration (i.e., less conspicuous) at Bahia San Carlos than at Isla 

Raza (Table 15). Variation in color intensity in signal blennies is, 

however, qualitatively different from that in poeciliids. In 

poeciliids color pattern is genetically fixed and only slight variation 

in certain colors is attributable to facultative behavioral changes 

(Winge and Ditlevsen 1947, Haskins et al. 1961, 1970). Gene flow 

between populations of guppies is limited, and color patterns of males 

are comp~omises between local selective pressures of female choice for 

contrasting males and predator selection of conspicuous males (Endler 

1980). In signal blennies intensity of courtship coloration is under 

behavioral control of individuals and can be rapidly intensified or 

reduced. Rapid facultative changes in courtship coloration is expected 

in species where the selective environment of offspring is 

unpredictable. This is the case for signal blennies which have a 

planktonic larval stage and filial recruitment to local environments is 

uncertain. Variations in the intensity of courtship coloration in male 
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~. hypacanthus appear to represent facultative adjustments by 

individuals to local selective regimes. 

Males can also reduce their conspicuousness to predators by 

being more conservative in their courtship displays. Male guppies have 

been shown to reduce their rates of courtship display in areas of high 

predation risk (Farr 1975). Similarly, in accordance with this 

prediction, male signal blennies at Bahia San Carlos exhibited a 

significantly lower frequency of courtship displays than males at Isla 

Raza. This reduced frequency of displays is consistant with the 

hypothesis that courtship renders males conspicuous to predators as 

l'7ell as to potential mates (Endler 1980). 

Differences in predation risk may have consequences on the 

intensity of sexual selection on males by restricting the opportunities 

for female mate choice. l-lhere movements are restricted, females lvould 

be unable to assess as many potential mates and preferred males would 

be less likely to be encountered compared to areas where movements are 

unrestricted. Less preferred males would therefore be expected to gain 

a greater proportion of the matings, and variance in male reproductive 

success lV'ould be reduced w'here female movements are restricted. This 

predicted result was not observed in the present study. Although mean 

reproductive success of males l'7aS similar at the tl'lO sites, variance in 

number of eggs defended by males was greater (Table 15), and a greater 

proportion of males gained no reproductive success at Bahia San Carlos, 

l'1here female movements vlere restricted. This result appears to be the 
I 

consequence of another factor, size of shelters, that differed between 

the t'tvO sites and may have constrained female mate choice. 
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Size of shelters (vacant Turbo shells) l'1aS smaller (Figure 6a, 

Table 15), and more males had their shelters filled tnth eggs (Figure 

6b, Table 15) at Isla Raza than at Bahia San Carlos. Males tdth full 

shelters are incapable of receiving additional clutches of eggs until 

some of the eggs that they guard hatch and space becomes available. In 

fishes with demersal eggs, male defense of a spal'1ning site preadapts 

them to male parental care (Perrone and Zaret 1979). Mated males are 

not generally prevented from receiving additional matings, since egg 

guarding in fishes is a sharable form of parental care, in that 

additional matings do not detract from the quality of care given to 

present offspring (Wittenberger 1979). Future reproductive success of 

males may, however, be constrained when the area of egg-laying surfaces 

is limited. If preferred males have full shelters, then some females 

would be forced to spawn with less-preferred males. The relative 

importance of this constraint is a complex function of variance in male 

quality, the area of egg-laying surfaces available, the local sex 

ratio, the developmental time of eggs, and the frequency at ~mich 

individual females spalm. Limitation of egg-laying surface area 

appears to be a significant factor reducing variance in reproductive 

success of male signal blennies at Isla Raza. This factor is 

potentially important in constraining female mate choice and reducing 

variance in male reproductive success in other fishes tnth demersal 

eggs and male parental care (e.g. , Do"mhm'ler and Brotm 1980). 

Finally, differences in the risk of predation may have 

consequences on the intensity of sexual selection on males through 

intrasexual selection, if male movements are restricted and 
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spa~ming-site quality varies. lVhere movements are restricted, dominant 

males may be incapable of sampling all spalvning sites and defending 

preferred ones. lVhere spalvning site quality impacts or constrains 

female mate choice, subdominant males may successfully defend preferred 

spawning sites and gain more matings than expected if dominant males 

were able to usurp these sites. Size of male signal blennies was 

demonstrated to be of primary importance in competition for shelters in 

the laboratory. This result predicts that male size and shelter 

quality should be positively correlated in field populations. Two 

aspects of shelter quality, degree of internal fouling and shelter 

size, were considered in the present study. 

Degree of internal fouling of shelters was shown to function as 

a threshold criterion of female mate choice in two other species of 

chaenopsids (Chapters 2, 3). Males of these species must defend 

relatively unfouled shelters in order to expect any matings, but above 

a threshold level of fouling, this factor plays no further role in male 

reproductive success. Degree of internal fouling does not appear to be 

an important aspect of shelter quality for ~. hypacanthus. Degree of 

fouling was not related to the number of eggs defended by males, and 

females did not avoid heavily-fouled shelters. Consistant with this 

lack of association of degree of fouling and male reproductive success, 

male size was uncorrelated ~nth degree of fouling of shelters at both 

study sites. The lack of importance of degree of fouling in male 

reproductive success in ~. hypacanthus may be related to the relative 

shortage of available egg-laying surfaces in these populations. All 

male signal blennies guarded eggs at Isla Raza, while 85 percent of the 
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males at Bahia San Carlos guarded eggs. l'his contrasts sharply tYi th 

both Coralliozetus angelica and Acanthemblemaria crockeri in which only 

49 and 52 percent, respectively, of the males guarded eggs (Chapters 2, 

3). 

An important element of shelter quality from the perspective of 

male signal blennies is shelter size, since it limits the number of 

eggs that a male can guard at one time. To the extent that shelter 

size constrains male reproductive success, large dominant males should 

selectively defend large shelters. This prediction was substantiated 

at Isla Raza 't'lhere male size and shelter size were positively 

correlated. Hm'lever, at Bahia San Carlos, t'There male movement l-laS 

restricted by predators, male size and shelter size were uncorrelated. 

This difference in the distribution of male and shelter sizes between 

sites occurred in spite of the greater variance in shelter size 

available to males at Bahia San Carlos (Figure 6a, Table 15). This 

pattern may have resulted from the inability of large males at Bahia 

San Carlos to survey all available shelters. The inability of large, 

dominant males to usurp large shelter sites at Bahia San Carlos did 

not, however, have the predicted effect of reducing variance in male 

reproductive success relative to Isla Raza (see above). 

The significantly lower variance in reproductive success of 

males at Isla Raza appears to be the result of the overall small size 

of shelters there, l'lhich constrained female choice of preferred males. 

This constraint on mate choice is evident by considering female mate 

preferences and comparing correlates of male reproductive success at 

the t't<1O sites. Female preference for large males 't'las established in 
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the laboratory choice experiments '-There the larger of two males 

received the majority of the matings. As predicted by this preference 

experiment, male size lY'as the primary correlate of number of eggs 

guarded at Bahia San Carlos (Table 16). Shelter size did not explain a 

significant amount of the remaining variance in number of eggs guarded 

at this site. However, male size was not correlated with number of 

eggs guarded at Isla Raza (Table 16). Rather, shelter size was the 

primary correlate and male size did not explain a significant amount of 

the remaining variance in number of eggs guarded by males (Table 16). 

Condition of males as assessed by their relative head lvidth l'laS 

not correlated \'Tith number of eggs guarded at either site (Table 16). 

The role of male condition in reproductive success of male chaenopsids 

is unclear, since number of eggs guarded by males 't'Tas posi ti vely 

correlated with male condition in f. angelica (Chapter 2), negatively 

correlated in A. crockeri (Chapter 3), and uncor~elated in E. 

hypacanthus (Table 16). 

Body Size, Display Traits and Male Reproductive Success 

The principal components analysis of mensural traits 

demonstrated that those dorsal-fin traits that are most conspicuous 

during courtship displays of males, the height and degree of incision 

of the anterior spines, are postively allometric (Tables 17, 18), as 

indicated by Stephens (1963). Thus large males produce an absolutely 

and a relatively larger signal during dorsal-fin flicking displays. 

The length of dorsal spines I, II, and III, although positively 

allometric, did not load as heavily on PC1 as did the degree of 
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incision of these spines (Tables 17, 18). It appears that dorsal-spine 

length continues to increase liith grol-Tth in male signal blennies, but 

that lengths of the anterior interspinal membranes do not increase as 

rapidly. Thus larger fins are more deeply incised. The source of 

size-independent variation in these mens ural traits (PC2 and PC3) 

cannot be accounted for. While a portion of this variation may be 

heritable, a significant environmental component, in the form of 

damage, is present. 

Number of eggs defended by males at Bahia San Carlos was 

significantly correlated with their component scores on PC1 (Table 19). 

lhis is consistent with the earlier observation of a positive 

correlation of male size and reproductive success at this site (Table 

16). Females apparently did not base their choice of males on size

indeI'lendent variation in the mensural traits. Component scores on PC2 

and PC3 were uncorrelated with number of eggs defended by males at 

Bahia San Carlos, and did not explain a significant amount of the 

remaining variance in reproductive success in the steplnse regression 

(Table 19). Number of eggs defended by males at Isla Raza l'laS not 

correlated with component scores on PC1 (Table 19). This is consistant 

tilth the earlier observation that size of males was unrelated to their 

reproductive success at Isla Raza (Table 16) and that female preference 

of large mhles t'las constrained at this site. Size-independent 

variation in these traits (PC2 and PC3) ''las also not con"elated l-Tith 

male reproductive success at Isla Raza (Table 19). 

Female preference for large males has been demonstrated for a 

feH species of fishes (e.g., Brovffi 1981, Noonan 1983, Thompson 1986), 
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including two other species of tube blennies (Chapters 2, 3). 

Preference for large males may have immediate fitness gains to females 

through the quality of male parental care (Perrone 1978, Brown 1981), 

and delayed fitness gains through production of offspring of high 

genetic quality (Searcy 1982, Seger and Trivers 1985), where body size 

and genetic quality covary. To the extent that survivorship and growth 

rates are genetically determined, body size and genetic quality should 

covary in organisms, such as fishes, with indeterminant growth. 

Da~lin (1871) hypothesized that elaborate display traits of 

males evolve through the advantage that they confer in competition for 

mates. The nature of these display traits and their role in mate 

choice is currently under debate (Searcy 1982, Bateson 1983). Few 

empirical studies have demonstrated a role for such traits in female 

mate choice that is independent of other traits of males or resources 

that they defend (see Andersson 1982 for an exception). The display 

traits of male §. hypacanthus examined in the present study, especially 

the dorsal-fin traits, are classic examples of secondary sexual 

characters utilized in the attraction of females and in aggressive 

interactions of males. These traits seem to be costly to produce and 

certainly render males more conspicuous to predators. The actual role 

of these traits in female mate choice is, however, unclear. Their 

expression is positively allometric, large males are dominant in 

intra sexual encounters, and females exhibit a strong preference for 

large males. 

Sexual dimorphism in dorsal-fin height is characteristic of 

most species of Emblemaria, as well as several other highly dimorphic 
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chaenopsids, and has apparently evolved repeatedly t'1ithin the family 

(Stephens 1963). The elevated dorsal fin may have evolved in ~. 

hYpacanthus, or its ancestor, as a signal of body size. Selection 

should favor males that maximally advertise their body size, since size 

is of importance in both intrasexual and epigamic selection. Large 

males are dominant in male-male competition for shelters and are 

preferred as mates by females. Selection should also exist for 

cheaters to produce a larger signal than other members of their size 

class, and deceptively advertize their body size (lVilliams 1978). This 

mimicry of larger-sized individuals could lead to a runaway selection 

process, because honest signallers of body size would be selected to 

diverge from deceptive signallers by producing an ever-larger signal 

(Weldon and Burghardt 1984). This process seems especially plausible 

in species with indeterminant grol'Tth, such as fishes, because "small 

cheaters" tnll perhaps grow to become "large honest" individuals, with 

an especially large signal. This runaway process should lead to the 

evolution of the largest and most costly signal possible in each size 

class. The cost of production and maintenance of an elevated dorsal 

fin in chaenopsids is unknm·rn. This hypothesis predicts that the 

relative costs of dorsal-fin height decrease with body size. This is 

plausible, since body volume, and thus muscle mass for support and 

manipulation of the fin, increase as a power function, ~lhile body 

length increases linearly (Ricker 1975). Other positively allometric 

traits of males may have evoloved in situations where effective 

signalling of body size is advantageous (e.g., Gould 1974). 
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Deceptive signalling of body size in chaenopsids may hOl-lever be 

deterred through male-male combat. Courting males are conspicuous to 

other males as well as to females, and female encouragment of courtship 

displays may serve to incite male-male dominance interactions (Borgia 

1979). In field population8 of ~. hypacanthus males attempt to exclude 

other males from the vicinity of their shelter by aggressively 

displacing them (personal observation). Aggressive inteactions of 

males begin 't'lith a lateral gular display lYith a fully erect dorsal fin 

which maximizes the apparent size of individuals. Interactions may 

escalate to jal~l~estling or "mouth-locking" in which the combatants 

lock jaws, push, pull, twist, and roll their bodies (Lindquist 1975). 

This jaw-wrestling behavior appears to function in assessing actual 

body size (or perhaps condition) of opponents. The outcome of these 

contests is determined by relative differences in body size of 

combatants and the larger male dominates in virtually all encounters 

(this study, Lindquist 1975). 

The evolution of elevated dorsal fins in chaenopsids as a 

signal of body size is a possible example of evolution of a trait via 

social competition, of llhich sexual selection is a special case (West

Eberhard 1983). The social competition hypothesis would predict that 

this trait could evolve in either sex under conditions favoring 

signalling of body size. A possible test of this hypothesis is seen in 

a fe'tq species of othenqise highly dimorphic chaenopsids (e.g., 

Emblemaria hyltoni and Coralliozetus rosenblatti, Greenfield and 

Johnson 1981, Stephens 1963), in which both males and females have 

elevated dorsal fins. The social competition hypothesis predicts that, 



in these species, social interactions of females, as well as males, 

generate selective pressures for the signalling of body size. This 

could occur through female-female competition for shelters if they are 

critical for female survival and limited in availability or through 

male mate choice where constraints exist on the number of matings that 

males can receive. 
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CHAPTER 5 

MATING SYSTEMS AND MATE CHOICE IN CHAENOPSIDS 

Mating systems result from the interaction of sex-specific 

reproductive strategies and the environmental potential for their 

expression (Em1en and Oring 1977, Em1en 1980). In most species the 

reproductive success of females is limited by their access to 

resources, l'lhile the reproductive success of males is limited by their 

access to females (Bateman 1948). Interests of females are generally 

directed toward acquisition of sufficient food resources and areas safe 

from predation and interruptions by conspecifics. Males, on the other 

hand, tend to devote their energies to defense of females or resources 

critical to females, thereby maximizing their access to the eggs of 

females. Ecological factors that determine the dispersion in time and 

space of critical resources and females, as 'trTe11 as patterns of 

paternal care, impose contraints on the potential for mate 

monopolization by males (Emlen and Oring 1977, Emlen 1980). Selection 

may exist for males to seek alternative reproductive stratgies that 

circumvent resource or mate monopolization (Rubenstein 1981). The 

degree of mate monopolization and the manner in 'tr7hich mates are 
I 

obtained determine the form of the mating system (Em1in and Oring 1977, 

Em1en 1980). The form of the mating system can influence the selective 

pressures for divergence in morphology of the sexes and thus the degree 

of sexual dimorphism (Alexander, et a1. 1979). 
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An important question concerning hoW' mates are acquired, is 

what are the relative roles of intrasexual selection and epigamic 

selection in the mating success of males? This question has been the 

focus of much debate, because in many mating systems females appear to 

choose simply resources, without regard for the males defending them. 

In these systems intrasexual selection in the defense of resources is 

solely responsible for the distribution of mating success among males. 

In other systems, where males do not defend resources, direct female 

choice of males is necessarily of greater importance, yet the role of 

intrasexual selection in these systems can not ahlays be eliminated and 

its importance remains problematical (Searcy 1982, Bradbury and Gibson 

1983). The relative roles of these tt-1O aspects of sexual selection is 

of primary interest in discussions of the function and evolution of 

elaborate display traits of males and how these relate to criteria of 

mate choice (Searcy 1982, Arnold 1983). 

Mating Systems of Chaenopsids 

The Chaenopsidae is a monophyletic group derived from more 

generalized blennioid fishes (Stephens 1963). All chaenopsids exhibit 

a similar ecological characteristic of inhabiting vacant tests or tubes 

of various invertebrate species, and they share the associated 

morphological adaptations of reduced scalation and a reduced lateral 

line (Stephens 1963). Chaenopsids exhi bi tat-Tide range of degree of 

sexual dimorphism, from species in which males and females are 

virtually indistinguishable to those in which the sexes differ in as 

many as 28 morphological characters (Stephens 1963, personal 



observation). Based upon results obtained from other groups (e.g., 

Alexander, et al. 1979) this variation implies that chaenopsid species 

exhibit different intensities of sexual selection, different mate 

choice criteria, or perhaps qualitatively different mating systems. 

This study investigated the mating system and mate choice criteria for 

three chaenopsids that differ in their degree of sexual dimorphism. 
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All blennioids, ~rlth the exception of the internally

fertilizing species of the Starksiini, exhibit male parental care 

(Blumer 1979, Thresher 1984). This pattern of parental care is 

apparently the consequence of male defense of a spa~ining site ~~ere 

demersal eggs are deposited by the female. This preadapts males to 

defense of eggs, since males continue defense of the spawning site and 

courtship of additional females (Perrone and Zaret 1979). Parental 

care in externally-fertilizing blennioids is restricted to nest-site 

preparation, and guarding and maintenance of eggs (Blumer 1982). These 

are shareable forms of parental care in that additional offspring do 

not detract from the quality of care given to present offspring 

(Wittenberger 1979, Petersen 1985). This pattern of parental care 

preadapts externally-fertilizing blennioids to a resource defense 

polygyny mating system (Petersen and Hastings in preparation). Thus 

the parental care pattern seen in chaenopsids, male defense of a nest 

site and demersal eggs, appears to be a significant phylogenetic 

constraint limiting the mating system. 



Dispersion of Resources and Mates 

Critical resources fall into two major categories, food and 

space, and, of these, space is more likely to be limiting for reef 

fishes (Sale 1984). Spatial resources for chaenopsids are in the form 

of shelters which serve two functions: refuges from predation and egg 

deposition sites. Availability of shelters can limit local densities 

of some chaenopsids (Chapter 1, Hastings 1984) and shelters are 

necessary resources for male reproductive success in all chaenopsids. 

Quality of the shelter also can play an important role in male mating 

success, since females of two species avoided laying eggs in shelters 

that were heavily fouled with encrusting organisms (Chapters 2, 3). 

The tubiculous habit of chaenopsids ensures that resources critical to 

survival and reproductive success occur as discrete units that 

typically are defendable only as units. In most cases males are 

incapable of monopolizing more th~n one shelter, and excluding other 

males from the competition for females. l{here shelters are clumped in 

distribution (e.g., barnacle tests), densities of competing males can 

be as high as 50 per square meter (Chapter 1). An exception is 

Emblemaria hypacanthus in which males defend an area surrounding their 

shelter that may include other suitable shelters (Chapter 4). The 

habit of tube-dwelling represents a significant phylogentic constraint 

on the degree of resource monopolization and thus mate monopolization 

in chaenopsids. Phylogentic constraints in the form of habitat 

requirements represent a heretofore unacknowledged factor determining 

the form of the mating system (Emlen and Dring 1977, Emlen 1980). 
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Because males are typically unable to monopolize critical 

resources, epigamic selection plays an important role in chaenopsids 

(see below). Paradoxically, the restricted location of spalvoing sites 

permits mate monopolization within the restrictions of female choice. 

Because fertilization of eggs occurs within the confines of a shelter 

which has a small aperture, males are capable of defending the female 

from competing males. Thus alternative male reproductive strategies 

such as sneak spawning and courtship interference appear to be absent 

in chaenopsids (Chapter 1). 
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The operational sex ratio is a significant factor influencing 

the potential for mate monopolization (Emlen and Oring 1977). Sex 

ratios in chaenopsids are frequently male-biased, often strongly so in 

highly dimorphic species (Chapters 1, 4), which increases the intensity 

of sexual selection on males. Although in need of further study, male

biased sex ratios appear to result from differential mortality of males 

and females. For example, males of Coralliozetus angelica appear to 

gain an indirect survivorship advantage over females as a consequence 

of their shelter defense. Differential habitat utilization by males 

and females also can result in variable sex ratios within local 

populations. In f. angelica male densities are limited by the 

availability of shelters while female densities are not. This 

differential resource limitation results in variable local sex ratios 

and, consequently, in variable intensities of sexual selection on males 

(Chapter 1). 

The spaliOing synchrony of females is potentially an important 

factor influencing the potential for mate monopolization by males 



(Emlen and Oring 1977). tfuen highly synchronized, fe'i'1er females will 

be able to Spalqn lYith preferred males. Although in need of further 

study, female chaenopsids do not appear to be highly synchronized in 

their monthly spawning times (Chapter 1) and their daily spawning 

synchrony is unknown. The frequency of spawning by females does, in 

some iDstances, appear to interact ldth shelter size to limit the 

degree of polygyny. Eggs are layed in a monolayer inside the male's 

shelter and eggs require 4 to 5 days to hatch. Shelters of males can 

become filled ldth eggs, preventing males from receiving more eggs 

until some that they guard have hatched. In populations where shelter 

sizes are small, the limited availability of egg-laying surfaces can 

restrict female mate preferences and reduce the variance in 

reproductive success among males (Chapter 4). 

Acquisition of Mates 
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Both intrasexual selection and epigamic selection are important 

in determining the reproductive success of male chaenopsids. 

Intrasexual selection results from competition for shelter sites which 

are necessary resources for male reproductive success. Large body size 

in males is important in acquisition and defense of this critical 

resource in all three species studied (Chapters 2, 3, 4). Since males 

are unable to defend all suitable shelter sites, epigamic selection 

necessarily plays a significant role in determining male reproductive 

success in chaenopsids. vlliat then are the criteria utilized by females 

in the assessment of males? In species '(011 th male parental care, the 

quality of that care is likely to be an important factor influencing 



mate choice by females (Trivers 1972). lihen parental care ability can 

not be assessed directly, females must rely on traits of males or the 

resources that they defend that are reliably correlated ~rlth parental 

abilities (Searcy 1982). 

129 

Several traits of males and their shelters were examined for 

their association w1.th male reproductive success. Of these, male body 

size tolaS significantly correlated l'li th number of eggs defended in all 

three species (Chapters 2, 3, 4). This correlation appeared to result, 

in part at least, from female preference for large males. Such 

preference was demonstrated in laboratory choice experiments for all 

three species (Chapters 2, 3, 4). In Emblemaria hypacanthus the 

elevated dorsal fin of males may have evolved as signal of body size, 

since height of the fin is positively allometric (Chapter 4). The role 

of condition of males in their reproductive success was unclear since 

it was postively correlated with number of eggs defended for one 

species (Chapter 2), negatively correlated for another (Chapter 3), and 

uncorrelated for a third (Chapter 4). The intensity of courtship 

displays and coloration of males to7aS negatively correlated 'tV'ith their 

reproductive success in Acanthemblemaria crockeri (Chapter 3). 

Although in need of further study, this may have resulted from a female 

preference for mated males, and the Imier courtship rates of mated 

males compared to unmated males. 

Degree of internal fouling of shelters 't-1as an important factor 

determining the reproductive success of males of two species (Chapters 

2, 3), since females apparently avoided laying eggs in heavily-fouled 

shelters. This aspect of shelter quality w'as unimportant for the third 
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species (Chapter 4). Shelter size, although a possible contraint on 

reproductive success of males, was uncorrelated with number of eggs 

defended when considered with the other variables. However, in one 

population of Emblemaria hypacanthus, shelters were small and 

apparently limited female preferences for large males (Chapter 4). The 

size of males relative to the size of their shelter entrance was 

unassociated w'ith their reproductive success (Chapters 2, 3). 

The significant mate choice critieria identified in this study 

did not fo110"1 a predictable pattern lvith regard to degree of sexual 

dimorphism, rather they appear to represent a common adaptive strategy 

of females. The predominant mate choice criteria, male size and 

shelter quality, were important both for a highly dimorphic species 

(Chapter 2) and for a relatively monomorphic species (Chapter 3). 

Females of another highly dimorphic species also preferred large males, 

but appeared indifferent to shelter quality, perhaps as a result of the 

shortage of egg-laying surfaces in these populations (Chapter 4). 

Selection of large males and unfouled shelters may have direct benefits 

to females in the quality of parental care afforded by males. Large 

males are unlikely to be displaced by competing males and may thus 

provide superior parental care. Egg survivorship may be enhanced in 

unfou1ed shelters and males defending this limited resource have passed 

the test of intrasexual competition and are therefore unlikely to be 

displaced. 
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Conclusions 

Despite the wide range in degree of sexual dimorphism seen in 

chaenopsids, the form of the mating system does not vary from resource 

defense polygyny among the three species examined in this study, and 

presumably not among other chaenopsids. The conservative nature of the 

mating system appears to result from two phylogenetic constraints which 

may be operative in the family as a whole. Fir~t, the existence of 

demersal eggs and male defense of a spavrning site limits the options of 

males and predisposes them to parental care. Second, the tubiculous 

habit of chaenopsids prohibits usurption of all critical resources by 

dominant males. At the same time the tube-dwelling habit prohibits 

alternative male mating strategies, and ensures an important role for 

epigamic selection. The significant mate choice criteria identified in 

this study appear to be similar adaptative responses of females to 

maximize the quality of parental care afforded to their eggs. 
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