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Synopsis 

In both Malacoctenus hubbsi and Malacoctenus macropus, males defended preferred oviposition sites from 
both other males and potential egg predators. In M. hubbsi, adult females were larger than adult males. 
Larger M. hubbsi males were not associated with territory parameters that were correlated with higher 
mating success, and male size was not correlated with mating success. Male size did affect mating success 
when territory parameters were statistically controlled for, but the failure of large males to associate with 
better territories eliminated any mating advantage for larger males. In M. macropus, males are larger than 
females. Larger males defended preferred oviposition sites, and had higher mating success than did smaller 
males. Male M. macropus also had much higher site fidelity than male M. hubbsi. These results suggest that 
the evolution of the differences in site fidelity and sexual size dimorphism between these two species may be 
due to sexual selection acting differentially in these two species. 

Introduction 

Many of the recent theoretical and comparative 
studies on fish parental care have focused on the 
factors that have led to the predominance of male 
care in species that provide care (Williams 1975, 
Perrone 1975, Blumer 1979, Perrone & Zaret 1979, 
Baylis 1981, Keenleyside 1981, Gross & Sargent 
1985). Paternal care in fishes is typically associated 
with male defense of oviposition sites and sub- 
sequent care and defense of eggs (Ridley 1978, 
Blumer 1979). This mating system is a type of re- 
source defense polygyny, with no direct defense of 
females (Emlen & Oring 1977, Borgia 1979). Be- 
cause males do not defend females, the degree of 
female preferences for specific male or territory 
traits will to a large extent determine the patterns 

of male mating success in a population. The degree 
of female preference for males that provide care 
versus males that do not provide care and for males 
defending larger or smaller clutches are two factors 
that have been hypothesized to exert a large influ- 
ence on the evolutionary stability of paternal care 
(Maynard Smith 1977,1982, Wittenberger 1979). 

Laboratory and field studies of species with pat- 
ernal care have focused on the factors that deter- 
m ine female choice and male mating success. De- 
pending on the species, these studies have found 
either male size (Downhower & Brown 1980, 
Schmale 1981, Cole 1982, Noonan 1983, Unger 
1984, Berglund et al. 1986), territory quality (Sar- 
gent 1982, Gross 1982), both male size and territory 
quality (Noltie & Keenleyside 1986, Thompson 
1986), or the presence of eggs at the oviposition site 
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(Ridley & Retchen 1981, Marconato & Bisazza 
1986) to be important predictors of male mating 
success. 

Male qualities preferred by females, as well as 
any aspects of the male that covary with female 
preference, are under the influence of sexual selec- 
tion if heritable variance exists for those traits. 
Thus, there can be sexual selection for larger male 
size if females prefer to mate with larger males or if 
larger males are associated with preferred oviposi- 
tion sites. Female preferences can also influence 
aspects of male behavioral ecology, such as site 
fidelity, differential habitat use, courtship intensi- 
ty, and frequency of alternative mating tactics, as 
well as basic demographic parameters such as 
growth and age at first reproduction. Few studies 
have examined the potential ramifications of vari- 
ous patterns of mating success on the rest of the 
behavioral ecology and life history of fish species 
with paternal care. Notable exceptions are the 
studies of Downhower et al. (1983), Noonan (1983) 
and Berglund et al. (1986) who interpreted pat- 
terns of sexual size dimorphism based on aspects of 
mate choice in their studies. 

In bony fishes, male defense of preferred ovi- 
position sites and incidental guarding of eggs (em- 
bryos) has been proposed as the ancestral form of 
parental care (Winn 1958, Barlow 1963,1964, Wil- 
liams 1975, Demartini 1976, Gittleman 1981). The 
genus Mafucoctenus (Labrisomidae) offers one 
group of closely related species that resemble this 
hypothesized ancestral paternal care form. This 
study compares two species from this genus, the 
redside blenny, M. hubbsi, and the rosy blenny, M. 
macropus. In both species individuals defend feed- 
ing territories and eggs are laid in one area of the 
male’s territory. Males appear to do little to pre- 
pare the oviposition site and provide little care for 
the eggs once they are laid other than increased 
levels of territorial defense during the reproductive 
season. 

Methods 

The two species were studied in different locations 
using similar methods. Malacoctenus hubbsi was 

studied in the vicinity of Bahia San Carlos, Sonora, 
Mexico, in the central Gulf of California. The study 
area was a shallow (<3 m depth) area in a protect- 
ed cove (Bahia Las Pintas) with a bottom of solid 
rock and cobble. Observations were made while 
snorkeling during June and July in 1981 and 1982 
and in January 1984. Malacoctenus spp. concen- 
trate their spawning near dawn, and in the Gulf of 
California three species studied restricted their 
breeding to the warmer spring and summer months 
(Petersen 1985, unpulished data). The study area in 
1982 encompassed all of that studied in 1981 (ap- 
proximately 50 m”) plus an adjacent area (approxi- 
mately 30 m”). Reproductive data for all males in 
the study site were collected during 43 morning 
censuses over the two years, 21 in 1981 from June 11 
to July 3 and 22 in 1982 from June 9 to July 10. In 
addition, observations of individual males and fe- 
males were made during the dawn spawning period 
(31 h) and the non-spawning period (40 h) in the 
reproductive season during the two years. During 
the non-reproductive season in 1984, territory pa- 
rameters and interaction rate data were collected 
from twenty-six M. hubbsi at Venecia Cove, ap- 
proximately 20 km north of Bahia Las Pintas. Indi- 
viduals were also collected in January 1982 and 
June 1982 in a cove adjacent to Bahia Las Pintas to 
establish habitat use differences between the sexes 
and sexual size dimorphism. 

Malacoctenus macropus was studied in the Ca- 
ribbean in the San Blas Archipelago off the coast of 
Panama. Data were collected on House Reef, ad- 
jacent to the Smithsonian Tropical Research In- 
stitute San Blas Field Station, during May and June 
1985. The study area was a shallow (<2m depth) 
reef edge, the bottom consisting primarily of coral 
rubble with mixtures of sand and some live coral. 
Thirteen days of reproductive data were collected 
over a nineteen day period. 

In M. hubbsi, all males in the study areas (21 in 
1981, 63 in 1982) and many of the females (15 in 
1981, 51 in 1982) were captured with hand nets, 
measured to the nearest millimeter (standard 
length), tagged by clipping unique sequences of 
spines and rays from their dorsal or anal fins, and 
were immediately returned to their territories. 
Tagging had no noticeable detrimental effect as 
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individuals continued to spawn normally on sub- 
sequent days. In M. macropus, 21 of the 25 males 
observed at the study site were captured and mea- 
sured. In addition, five females were captured and 
tagged by injecting alcian blue under their scales. 
Sexual size dimorphism data were calculated from 
a separate sample of 49 individuals (36 males, 13 
females) collected at the opposite side of the reef 
on June 18,1985. 

Outlines of territories of M. hubbsi were 
sketched after observing individual fish for approx- 
imately 30min during the non-spawning period. 
The completeness of this measure was checked by 
noting male locations during the spawning period 
and during the non-spawning period after the maps 
had been drawn. Territory boundaries were deter- 
mined by the location of agonistic displays and 
interactions with neighbors where home ranges 
overlapped. Total substrate area, the angle of in- 
cination of primary rock surfaces, and the relative 
depth of each territory were recorded. The relative 
depth of each territory was recorded as the mean 
elevation relative to the lowest low tide observed in 
1982 (negative numbers are below this mark, posi- 
tive numbers above it). A rank value was also given 
for the type of rocky shelter provided at the ovi- 
position site (1 for no shelter, 2 for a small depres- 
sion or overhanging rock, 3 for a crevice or small 
cave). 

Territory size was not measured for the more 
cryptic and less active M. macropus. As an alterna- 
tive measure of oviposition site parameters of the 
male, the vertical range of substrate and the rela- 
tive depth of the oviposition site were measured. A 
rank was also given for the type of shelter at the 
oviposition site using the same criteria as for M. 
hubbsi. 

The mating success of a male could not be deter- 
mined by counting the eggs in his territory since 
Malacoctenus eggs are cryptic and attached to al- 
gae. Instead, the number of eggs deposited in a 
male’s territory was estimated by multiplying the 
average female oviposition rate by the length of 
time a female spawned in a territory, which was 
estimated by censusing each active oviposition site 
in a study area every 10 min (5 min in 1981) during 
the reproductive period. 

An average oviposition rate for females in a spe- 
cies was estimated by recording the rate of short 
body quivers by females spawning in situ. In aquar- 
ia, one quiver was associated with the release of a 
single egg in the 4 M. hubbsi females observed 
(>50 quivers). Once at an oviposition site, females 
quiver at a rate that is unaffected by the presence of 
other females (M. macropus data, t = 0.78, 
p>O.4, n = 212-min observations) or the duration 
of the female’s stay (M. hubbsi data, correlation 
between duration and spawning rate, r = 0.16, 
p>O.5, n = 10). Although this technique is not as 
accurate as the direct counting of eggs or egg mass- 
es, it provides a non-destructive unbiased estimate 
of mating success in these species. 

To estimate daily male mating success, the num- 
ber of females on a territory per census during the 
morning spawning period was summed. This num- 
ber was divided by the average time a female spent 
spawning, resulting in the approximate number of 
female clutches (clutch equivalents) received per 
day. All males were censused until spawning had 
stopped in all of the territories. 

The correlates of daily male mating success were 
calculated in two ways. First, linear regressions and 
a multiple regression with male size and territory 
measurements versus estimated daily mating suc- 
cess were performed using all males with at least 
five days of mating sucess data (13 M. hubbsi in 
1981,27 in 1982; 20 M. macropus). The 1982 data 
for M. hubbsi were also split into two subsets, the 
first including results from June 9 to June 20 when 
no oviposition sites were above water at low tide 
and the second from June 21 to July 8 when two 
separate series of spring tides exposed several shal- 
low oviposition sites. 

The number of days a male defended an ovi- 
position site during the study was also recorded. 
The effects of removing all of a male’s mates on site 
fidelity in M. hubbsi was tested in 1982. Males were 
paired according to relative mating success, and all 
females observed spawning with one male were 
removed within 10min of their arrival at the ovi- 
position site. Females with a control male received 
a period of harassment similar to the capture time 
for the removal but were allowed to spawn with the 
male. Each replicate was manipulated daily until 
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one male of the pair abandoned its territory. 
A total of 213,394, and 200 male-spawning days 

were observed in 1981, 1982, and 1985, respec- 
tively. Territories were measured for 13 males in 
1981 and 39 males and 12 female M. hubbsi in 1982, 
and oviposition site parameters were measured for 
19 male M. macropus in 1985. Data were either 
analyzed using parametric statistics (Sokal & Rohlf 
1969) or using non-parametric techniques (Siegal 
1956) when data did not fit the assumptions of 
parametric analysis. 

in detail elsewhere (Petersen & Hastings unpub- 
lished) . 

Parental care in M. hubbsi involved occasional 
rostra1 pushes along with occasional bites in the 
area of egg deposition. No spawning site mod- 
ification was observed in M. macropus. Both spe- 
cies defended the site from potential egg predators. 
No fanning of the oviposition site was observed in 
either species. When the young hatch from the egg 
envelopes after 5-7 days at 28” C (M. hubbsi), the 
larvae immediately become planktonic, ending the 
period of parental care. 

Results 
Sexual site dimorphism 

Reproductive behavior 

The reproductive season of M. hubbsi at the study I 
site lasted from early April to August in both 1981 
and 1982. Spawning was observed in M. macropus 
throughout the May-June study period in the San 
Blas, but the length of the reproductive season is 
unknown. In both species spawning began in the 
early morning in the territory of the male. In M. 
hubbsi spawning began from 0513-0525 h, and last- 
ed for an average of 102 min (range 55-175 min). In 
M. macropus, spawning began from 0537-0551 h, 
and lasted an average of 36 min (range 18-60 min). 
In neither species was spawning observed at other 
times despite repeated surveys during daylight 
hours. 

Females ready to spawn entered a male’s territo- 
ry. Oviposition typically occurred on steeply an- 
gled rocks that had turf of fleshy red or green algae. 
During spawning the female rubbed her abdomen 
along the algal mat, gave a single violent quiver, 
then repositioned herself and repeated the se- 
quence. The male occasionally nudged the female 
in the abdomen between quivers, and presumably 
released sperm during a slight quiver while posi- 
tioned alongside the female. Within a male’s terri- 
tory there were as many as 5 females laying eggs at 
one time in M. hubbsi and up to three at one time in 
M. macropus. 

Alternative male mating strategies were never 
observed in M. macropus and rarely observed in 
M. hubbsi (2 of 84 tagged males) and are discussed 

In M. hubbsi,individuals of the two sexes collected 
during the non-reproductive season (January 1982) 
did not differ in size. Females were significantly 
larger during the reproductive season (Table 1). 
There was no size overlap between individuals 
from the non-reproductive (smaller individuals) 
and reproductive season samples, so M. hubbsi 
appears to be an annual species. In the M. macro- 
pus samples collected during the reproductive sea- 
son, males were significantly larger than females 
(Table 1). 
Table 1. Standard lengths of males and females of Malacoctenus 
hubbsi and Mdacoctenus macropus from collections made Janu- 
ary 1982 (non-reproductive M. hubbsi), June 1982 (reproduc- 
tive M. hubbsi, and June 1985 (reproductive M. macropus). For 
each sample the mean, standard error, and sample size is given. 
The M. hubbsi were different individuals from the same loca- 
tion. 

Collection Males 
mm SL 

Females t 
mm SL 

M. hubbsi 
non-reproductive 

reproductive 

50.4 47.8 
f0.93 21.19 
(32) (29) 
65.9 68.5 
kO.96 kO.57 
(64 (40) 

M. macropus 
reproductive 30.2 

kO.35 
(36) 

28.3 
kO.54 
(13) 

1.72 
p>.o5 

2.33 
PC.05 

2.96 
p<.Ol 
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Space use 

Both male and femae M. hubbsi defended territo- 
ries in January as well as in June and July. None of 
the 10 h of non-spawning period behavioral data or 
the spawning census data after territories were 
drawn showed any increases in territory size unless 
the male moved to a completely new site; one-half 
hour appeared more than adequate to calculate 
territory size in this species. Territories were often, 
but not always, contiguous with those of conspecif- 
its. 

During the non-spawning season there were no 
significant differences in any of the territory para- 
meters measured between males and females (Ta- 
ble 2). During the reproductive season, males were 
found in smaller, shallower territories that had a 
higher percentage of steep substrate than the terri- 
tories of females (Table 2). Separate collections of 
individuals in an adjacent bay verified the differ- 
ence in habitat use between seasons. Males were 
more likely to be associated with rocks with steep 
(>45 degree) surfaces than females during the re- 
productive season (chi-square = 4.0, ~~0.05, n = 
76) but not during the non-reproductive season 
(chi-square = .26, p>OS, n = 62). 

During the reproductive season, males defended 
their territories from a variety of small fishes, in- 
cluding Axoclinus carminalis, Gobiosoma chiquita, 
Stegastes rectifraenum, Paraclinus sini, Thalassoma 
lucasanum, Halichoeres chierchiae, and Pseudoju- 
lis notospilus, along with adult and juvenile con- 

specifics. Many of these species were potential egg 
predators. Females defended their territories from 
conspecifics and wrasses (IT: lucasanum, H. chier- 
chiae, P. notospilus). Females rarely interacted 
with small heterospecifc blennioid fishes that were 
vigorously chased by males from oviposition sites. 
Both sexes rarely defended their territories from 
heterospecifics during the non-reproductive season 
(Table 3). 

Male M. macropus defended oviposition sites 
from several species of reef fishes, including Tha- 
lassoma bifasciatum, Halichoeres bivitattus, and 
Halichoeres poeyi. Males were not observed inter- 
acting with each other and spent most of their time 
in close proximity to shelter. Tagged females (n = 
5) roamed over a larger area than males did, but it 
could not be determined if they defended territo- 
ries. Males were observed in areas of high vertical 
relief (~0.1 m) more frequently than females (chi- 
square = 4.34, pCO.05, n = 59). 

Correlates of male mating success 

M. hubbsi. - When laying eggs, females spent an 
average of 4.5 census periods (10min apart) at an 
oviposition site (var = 1.82, n = 71 spawning 
events, 1982 data). Females averaged 3.5 quivers 
min-l (var = 1.2) for an estimated clutch size of 158 
eggs (45min at 3.5 eggs min-‘). The mean daily 
mating success for each male varied from O-2.46 
female clutch equivalents in 1981 (X = 0.75, 

Table 2. M. hubbsi territory comparisons between males and females during the nonreproductive and reproductive (1982) seasons. 
Mean, standard deviation, and significance (Wilcoxon two-sample test) are given. Sample sizes are in parentheses. ns = not significant. 

Nonreproductive season 
males 
females 

Reproductive season 
males 
females 

Territory size (m’) % steep (>45”) incline 
mean +lS.D. mean +lS.D. 

0.31+ .18 (7) 46.0 k 49.2 (7) 
0.35 + .22 (6) 57.6 + 47.0 (6) 

ns ns 

0.54 f .34 (39) 53.8 + 24.5 (39) 
1.97 k .92 (12) 25.6 + 20.5 (12) 

p<.Ol p<.Ol 

Relative tidal height (m) 
mean +lS.D. 

- 

-0.13 + .26 (41) 
-0.26 + .21 (23) 

p<.o5 
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var= 0.45, n = 20 males) and from O-2.51 female 
clutch equivalents in 1982 (ii = 0.77, var = 0.27, 
n = 38 males). 

In both 1981 and 1982, territory parameters were 
significantly correlated with male mating success. 
In 1981 male mating success was correlated with 
both the amount of steep substrate (r = 0.806, 
p<O.Ol) and intertidal height (r = 0.628, p<O.O5). 
Males defending shallower territories with more 
steep sustrate were more successful. However, the 
effect of intertidal height was not significant in 

explaining male mating success after the effect of 
steep substrate had been removed (Table 4). 

In 1982 intertidal height was the only factor that 
was significantly correlated with male mating suc- 
cess (Table 4). There was also a significant differ- 
ence in this factor between the non-exposed and 
exposed periods in 1982 (ANCOVA, F1,@ = 24.7, 
p<O.OOl). In the non-exposed period, shallower 
territories were ‘significantly more successful (for 
depth versus male mating success, r = 0.635, 
pCO.01) but in the exposed period there was a 

Table 3. Number of aggressive interactions initiated by male and female M. hubbsi during the reproductive season and by both sexes 
during the nonreproductive season. All data were taken during the nonspawning period of the day. Data were based on lo-min focal 
animal observations. Expected number of interactions were calculated for equivalent rates for males and females during the reproduc- 
tive season. N = number of lo-min observation periods. Rates of aggressive interactions (# per 10min) are in parentheses. 

Number of interactions 

With heterospecifics With conspecifics Total 

reproductive season 
males 
N = 101 
females 
N =44 
x* = 

non-reproductive season 
both sexes 
N =20 

obs. 
182 
(1.80) 

(a3”68) 

exp. 
147.8 

64.2 

30.27 
p<.OOl 

2 
(0.10) 

obs. 

foR.18) 

exp. 
36.2 

34 16.8 
(0.78) 

26.13 
p<.OOl 

ti.65) ii.75) 

obs. 
200 
(1.98) 

(:h) 

exp. 
184 

80 

4.59 
p<.o5 

Table 4. Factors affecting daily male mating success in M. hubbsi and M. macropus, as indicated by stepwise multiple regression. 

Variable Order 
of inclusion 

Cumulative R2 Variance (3) Significance 
accounted for of 12 

M. hubbsi 
1981 steep substrate 
n =13 standard length 

tidal height 

1982 
n =27 

tidal height 
standard length 
steep substrate 

M. macropus 
1985 standard length 
n =20 tidal height 

height of substrate 
at oviposition site 

1 
2 

3 .36 .Ol n.s. 

.65 .65 p<.Ol 

.77 .12 p<.o5 

.81 .04 n.s. 

.20 .20 p<.o5 

.28 .08 ns. 

.29 .Ol n.s. 

.33 

.35 
.33 
.02 

p<.Ol 
ns. 
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non-significant trend for deeper territories to be 
more successful (r = -0.252, pBO.05). When 
male territories were divided into two classes, 
those whose oviposition sites were partially ex- 
posed at least once (intertidal) versus those that 
were never exposed (subtidal), the males with in- 
tertidal oviposition sites had a higher estimated 
mating success (Mann-Whitney U, p<O.O05). 
There was no significant difference in the size of 
males in these two classes (Mann-Whitney U, 
p>O.l). 

The type of rocky shelter around the oviposition 
site had no effect on mating success in either year 
(Mann-Whitney U, 1981 p = 0.83, n = 7 (rank l), 6 
(ranks 2 & 3 combined); 1982 p = 0.48, n = 19 
(rank l), 11 (ranks 2 & 3 combined). 

Male size (SL) was not significantly correlated 
with mating success in either 1981 (r = 0.338, 
pBO.05) or 1982 (r = 0.252, p>O.O5). However, 
when both area of steep substrate and male size 
were used in a multiple regression analysis of the 
1981 data, male size explained a significant amount 
of the variance after the effects of steep substrate 
area were removed (Table 4). In addition, in ten 
paired comparisons of different males on the same 
territories in 1982, larger males had higher estimat- 
ed daily mating success in all ten comparisons 
(pCO.01, sign test). 

The effect of differences in male parental ability 
on female choice patterns was not examined in this 
study. Males did not appear to differ in their abil- 
ities to chase potential egg predators. The possibil- 
ity that females based their choice of mates on 
differences in male parental care appears slight, 
but cannot be completely ruled out. 

In summary, in both years the best correlates of 
male mating success in M. hubbsi were territory 
parameters, either amount of steep substrate or 
tidal height (Table 4). During the reproductive 
season males were found associated with shallow, 
steep substrates to a greater extent than females 
(Table 1). Males thus appear to select these pre- 
ferred oviposition areas, although there is no evi- 
dence that these sites were limiting or that larger 
males sequestered better sites. 

M. macropus. - Females spent on average 1.9 cen- 

sus periods in the territory of a male when laying 
eggs (var = 0.40, n = 57 spawning events). Fe- 
males averaged 3 quivers min-’ for an estimated 
average clutch size of 57 eggs (19 min at eggs 
min-‘). The mean daily reproductive success for 
each male varied from 0.09-1.09 female clutch 
equivalents (X = 0.44, var = 0.06, n = 20 males). 

In M. macropus, male size was significantly posi- 
tively correlated with mating success (r = 0.571, 
p<O.Ol, Table 4). Neither tidal height (r = 
-0.247, p>O.O5) nor the vertical height of the 
oviposition site (r = 0.094, p>O.O5) were signif- 
icant predictors of male mating success. 

The type of rocky shelter provided at the ovi- 
position site was correlated with male mating suc- 
cess. Males that had more protected oviposition 
sites (rank 2 & 3) had higher mating success than 
those that had unsheltered oviposition sites (Mann- 
Whitney U, p<O.Ol, n = lOJO). There was a slight 
but significant trend for larger males to be associ- 
ated with more sheltered sites (p = 0.05 rank 1 vs. 
rank 3, all other rank comparisons p>O.O5, Mann- 
Whitney U). In addition, when shelter rank was 
held constant, larger males had higher mating suc- 
cess (~~0.05; combined probabilities of independ- 
ent correlation coefficients). 

Site fidelity 

During the reproductive season male M. macropus 
defended a site within a restricted home range for 
much longer on average than male M. hubbsi in 
either year (Fig. 1; Mann-Whitney U, 1981 vs. 
1985, p<O.OOl, n = 20,25; 1982 vs. 1985, p<O.OOl, 
n = 25,39). This occurred despite the fact that M. 
macropus was observed for a smaller number of 
days than M. hubbsi in either year (20 vs. 23 and 
33). There was no difference in site fidelity be- 
tween years for M.hubbsi (p>O.O5, Mann-Whit- 
ney u>. 

Daily male mating success was correlated with 
number of days on a territory for M. hubbsi in 1981 
(r, = 0.49, ~~0.05, n = 20) but not in 1982 (r, = 
0.20, p>O.O5, n = 39). In M. macropus, males that 
stayed on their territories for the duration of the 
study had higher mating success than those that left 
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M. hubbsi 

6 

G 
o 16 
E 
3 
= 12 

!kL!mllmxQmacroQuS 

6 

4 

0 
<4 4 6 6 10 12 14 16 18 520 

Minimum number of days on territory 

Fig. I. Site fidelity of male M. hubbsi and M. macropus. Each 
bar represents fish that stayed on a territory n to n + 1 days. For 
M. hubbsi, hatched bars represent 1981 data, solid bars 1982 
data. The range of days each species was censused was 23 for M. 
hubbsi in 1981,33 for M. hubbsi in 1982, and 20 for M. macro- 

PM. 

(median daily mating success for males that 
stayed = 0.74, for those that left = 0.16, p<O.OOl, 
Mann-Whitney U, n = lOJ5). 

In 1982, when all females entering a territory 
were removed, the resident male M. hubbsi always 
abandoned his territory within three days and al- 
ways before the paired control male who was al- 
lowed to spawn with females (one-tailed sign test, 
p= 0.031, n= 5). 

Temporal variance in mating success 

The mating success of individual M. hubbsi varied 
enormously on a daily basis. There was no correla- 
tion between a male’s mating success on consec- 
utive days (Table 5). Tagged females returned to 
the same male they had spawned with previously in 
7 of 23 repeat female spawning observations. This, 
combined with the observation that females 

spawned on approximately 50% of the days and 
usually spawned on alternate days, may have led to 
the unusual result that a male’s mating success on a 
day was better correlated with his mating succeks 
two and fourdays ago than one or three days ago 
(Table 5). 

In M. macropus, there was also a high degree of 
temporal variability in the mating success of indi- 
vidual males. Because male mating success was 
often zero for a day, a correlation analysis could 
not be performed. As an alternative, the mating 
success of a male was dichotomized into successful 
(any matings) and unsuccessful days. The presence 
or absence of spawning females was then compared 
with their presence or absence l-4 days previous. 
Males that were successful on a day tended to be 
successful 2 and 3 days previous,but not 1 and 4 
days previous (G-tests; day 1, G = 0.09, p>O.O5; 
day 2, G = 5.38, p<O.O5; day 3, G = 7.36, 
~~0.01; day 4, G = 2.12, p>O.O5). Because few 
observations were made on tagged females, it is not 
known if this pattern relates to the pattern of indi- 
vidual female spawning. 

In neither species was an individual’s mating suc- 
cess early in the study a good predictor of his suc- 
cess late in the study.There was no significant cor- 
relation between the mating success of a male M. 
macropus during the first 9 and second 10 days of 
the study (r, = 0.24, p>O.l, n = 20). Over a simi- 
lar time period, a correlation could not be perform- 

Table 5. Predictability of a male M. hubbsi’s daily mating suc- 
cess based on his mating success from previous days. r = corre- 
lation coefficient, sample sizes are in parentheses. *p<.O5, 
* *p<.o1. 

Days previous 
(mating success) 
1 

2 

3 

4 

1981 1982 

r =.16 r = .16* 
(124) W-W 

r = .36* * r = .40* * 
(129) (172) 

r =.09 r =.08 
(116) W) 
r = .47* * r = .33* * 
(93) (115) 
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ed on M. hubbsi since so few individuals stayed 
long enough in the study area. In both species, 
some short-term predictability of mating success 
existed, but mating success of a male during a 9-10 
day period was not related to his mating success 
over the next 10 day interval. 

Discussion 

These two species of Mulacoctenus offer interesting 
contrasts in correlates of male mating success, site 
fidelity, and sexual size dimorphism. In both spe- 
cies males are found in microhabitats that are asso- 
ciated with higher male mating succes. However, in 
M. macropus, males are larger than females, and 
larger males are found in locations preferred as 
oviposition sites by females. These larger males 
obtain higher levels of daily mating success than do 
smaller males. Because manipulations were not 
done, it is difficult to determine to what degree 
male size and oviposition site quality contribute to 
this pattern. Whatever female choice criteria used, 
there appears to be sexual selection for larger male 
size in M. macropus. 

In contrast, in M. hubbsi adult females are larger 
than males. Larger males are not associated with 
preferred oviposition sites, and they do not obtain 
higher levels of daily mating success than smaller 
males do. Although both species exhibit high tem- 
poral variability in spawning success of individual 
males, the less sheltered, shallower oviposition 
sites in M. hubbsi may have made it more difficult 
for larger males to find and maintain preferred 
sites. Whatever the reason, in neither year of M. 
hubbsi observations did larger males obtain higher 
estimated daily mating success. 

The different patterns of male mating success 
with male size in these two species also offers a 
hypothesis to explain their different sexual size 
dimorphism patterns. When high quality oviposi- 
tion sites are predictable and in short supply, males 
should compete for these sites. If larger size confers 
an advantage in competition for oviposition sites, 
sexual selection should favor larger males. 

In many animal groups, sexual size dimorphism 
is positively associated with the degree or presence 

of polygyny (Clutton-Brock & Harvey 1977, Leu- 
tenegger & Kelly 1977, Alexander et al. 1979) or 
male-male competition (Shine 1978, 1979). How- 
ever, in fishes females can increase their fecundity 
by growing larger (Bagenal 1979). The net effects 
of these natural and sexual selective forces would 
be for the sex whose reproductive success increases 
fastest with size to grow to a larger size. 

The hypothesis outlined above predicts that 
when comparing related species which have pater- 
nal care of demersal eggs, species with higher var- 
iance and predictability in oviposition site quality 
should have relatively larger males. Without know- 
ing how individual size affects female mating suc- 
cess and how mating success is related to reproduc- 
tive success in both sexes, this hypothesis can only 
be used to predict the direction of changes in the 
size ratios of adult males to adult females between 
species. It does not predict whether males should 
be larger than females within a species or vice 
versa. To relate size dimorphism patterns to sexual 
selection additional data are needed on the rela- 
tionship between body size and reproductive suc- 
cess, and how body size and the costs of paternal 
care, courtship, and gamete prodution influence 
growth and survival. 

The data on male mating success and sexual size 
dimorphism from the two Mulucoctenus species are 
consistent with the sexual selection hypothesis pre- 
sented above. Although the data presented here 
are consistent with this hypothesis, other hypothes- 
es relying on energetic and other demographic dif- 
ferences between the sexes cannot be ruled out. 

Site fidelity 

In M. hubbsi, males deserted territories after just 
three days without mating. Male M. macropus 
stayed on their territories despite of no mating 
success for up to seven consecutive days. One fac- 
tor that might explain these differences in site fidel- 
ty is the difference in average mating success. 
When a male has a higher probability of obtaining 
no mates on a day, it will take longer for him to 
assess the quality of a new site or changes in site 
quality and he should less readily abandon a site. 
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This hypothesis is consistent with the data; M. mac- 
ropus have lower mating success and a higher prob- 
ability of no mating success on a day and stay longer 
on sites than do M. hubbsi. Other hypotheses that 
might explain the differences in site fidelity, such as 
differences in long-term constancy of territory suc- 
cess or differences in the cost of changing territo- 
ries, were not tested in this study. 

Comparison with other species 

The types of oviposition sites that appear to be 
preferred by females in these two species are simi- 
lar to those preferred by females of other fishes 
with demersal eggs. In M. hubbsi, females tend to 
oviposit on steep, shallowly situated rocks covered 
with algae. In other species of shallow water rocky- 
shore fishes shallower oviposition sites or sites with 
increased current velocity have been shown to have 
higher egg survivorship or shorter egg develop- 
mental time (DeMartini 1978, DeMartini & Patten 
1979, Giorgi & Congleton 1984). 

In M. macropus, protected sites appear to be 
preferred by females over exposed sites. Thomp- 
son (1986) hypothesized that female Forsterygion 
varium prefer male territories with large boulders 
because of the protection they provide from preda- 
tors. Eggs deposited in protected sites might also 
be less likely eaten by predators (Sargent & Gebler 
1980, Sargent 1982). In sculpins, smaller species 
tend to spawn in protected sites, while larger spe- 
cies tend to spawn on exposed rock faces. DeMarti- 
ni & Patten (1978) hypothesized that this difference 
was due to a higher risk of predation in the smaller 
species. The relative predation risk for these two 
species is unknown. 

The role of sexual and natural selection in shap- 
ing sexual size dimorphism patterns has also been 
suggested in two species of pipefish (Berglund et al. 
1986). In one species male size was not correlated 
with mating success, and females were larger. In 
the other species both male and female size were 
correlated with mating success, and the sizes of the 
sexes were similar. These results and the results of 
this study suggest that sexual selection and espe- 
cially female choice may play an important role in 

shaping sexual size dimorphism in a variety of fish 
species. 
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