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Rosylip sculpin Ascelichthys rhodorus spawned in the intertidal during the winter in the north-

eastern Pacific. Large numbers of males typically congregated at spawning sites, where females

deposited clutches. The mating system of this species was external fertilization and group

spawning at specific oviposition sites under boulders in the intertidal, and no alternative male

mating strategies. Males were abundant at sites while oviposition was occurring, and most

abandoned the sites as spawning tapered off seasonally despite the presence of developing

clutches. Experimental removal of males from sites suggested that males provided some short-

term benefits to clutches, with catastrophic loss of clutches significantly lower when males were

present. The large number of males at an oviposition site and histological evidence indicating

high sperm production and storage of sperm prior to release suggest a high level of sperm

competition in this species. This spawning pattern appears to differ in substantial ways from

any other reported fish mating system. # 2004 The Fisheries Society of the British Isles
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competition.

INTRODUCTION

The cottids are one of the most reproductively diverse families of marine fishes,
both in terms of the sex providing parental care and in fertilization mode.
Although freshwater cottids typically exhibit male care of demersal eggs, within
the marine cottids a variety of care patterns has been documented, including
male care, biparental care and no care (DeMartini & Patten, 1979; DeMartini,
1999; DeMartini & Sikkel, 2004).
In addition to several forms of parental care, both external fertilization and

internal gamete association are known to occur in cottids. Internal gamete
association differs from the more typical internal fertilization in fishes in that
sperm enters the ovary, and although it may enter the micropyle does not
penetrate the ooplasmic membrane and initiate fertilization and development
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until eggs are released. True internal fertilization has not been documented in
the cottids, although internal gamete association exists in at least some species
in a variety of genera (Alcicthys, Munehara et al., 1989; Artedius, Ragland &
Fischer, 1987; Blepsias, Munehara et al., 1991), and is possible for most if not all of
the other cottid species known to have some sort of copulation (e.g. Oligocottus
andClinocottus; Morris, 1952, 1956). In addition, the presence of a penis inmales of
many other genera suggests that some form of copulation is common in this family.
Very little is known about the reproductive biology of the rosylip sculpin

Ascelichthys rhodorus Jordan & Gilbert. DeMartini & Patten (1979) reported
male parental care and an unknown mode of fertilization for this species citing
observations from E.E. DeMartini. Egg and larval development are described in
Matarese & Marliave (1982).
The purpose of this paper is to detail the reproductive biology of the rosylip

sculpin. Data from field observations, experiments and histological observations
are combined to develop an understanding of the reproductive biology of this
species.

MATERIALS AND METHODS

STUDY SITE

The field study site (48�340 N; 123�100 W) was a small cobble beach c. 150m long on the
southern shore at the entrance to Mitchell Bay on San Juan Island, Washington, U.S.A.
During 2001, the site was visited 16 times during evening low tides between 7 January and
7 March. The site was also visited on 11 occasions between 24 January and 12 March
1998 while doing preliminary reproductive assessments. Unless otherwise noted, all
methods and results are from 2001.

To find individuals and oviposition sites, rocks in the intertidal were gently turned, and
the presence of rosylip sculpin individuals and egg masses were noted. In most cases,
individuals were collected, sexed and measured for standard length (LS), and quickly
replaced in their original locations, and then the rock was returned as closely as possible
to its original position. There was no sexual dimorphism and individuals were recognized
as males if they released white, milky semen upon gentle abdominal squeezing. When
clutches were present, they were counted. Individual clutches were distinguished by
differences in colour. The site was visited on several dates within a set of spring tides
when oviposition sites were exposed during late evening low tides. During this time of
year daytime low tides are higher than evening low tides in this area and are not useful
for intertidal censusing. Each spring tide series in 2001 was assigned a letter: A (7–12
January), B (21–25 January), C (4–8 February), D (20–22 February) and E (5–7 March).
When multiple observations were made at an oviposition site during a tide series, only the
first observation at the oviposition site within a tidal cycle was used for summary
statistics and statistical comparisons between tide series.

MALE REMOVAL EXPERIMENT

A male removal experiment was performed to test for the role of males in providing
parental care to eggs. On three dates, nests with males and eggs were assigned to one of
two treatments, a control or a male removal. For the control, the number of males and
clutches was recorded and the rock replaced with minimal disturbance to the clutches and
individuals. In the removal experiment, all individuals were collected and measured, the
males removed and any females returned to the nest. The nests were recensused for total
number of clutches up to three additional times, with the majority first censused 2–4 days
later within the same tidal cycle. If males congregate at sites to spawn but do not provide
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parental care, there should be no difference in clutch survivorship between sites.
The measure of clutch survivorship used was the number of clutches at a site, which
can be confounded by additional oviposition. Unfortunately, clumping of egg masses at
sites and the limited time to census at night made it impossible to follow individual
clutches.

EGG PALATIBILITY EXPERIMENT

Several species of intertidal spawners including one species of intertidally spawning
sculpin Scorpaenichthys marmoratus Girard are known to have toxic eggs that deter egg
predation (Hubbs & Wick, 1951; DeMartini, 1999). Aversion to rosylip eggs by potential
egg predators was tested for in a laboratory experiment using both rosylip sculpin eggs
and those of Xiphister spp. that had been observed being eaten by other species. For
trials, a partial clutch of both types of eggs was offered to four potential egg predators:
rosylip sculpin, tidepool sculpin Oligocottus maculosus Girard, purple shore crab Hemi-
grapsus nudus (Dana), or small pandalid shrimp collected from the intertidal. These
species were chosen as the most likely common species at the site to engage in egg eating.
Individuals were left together with eggs for 12 h or until eggs were eaten.

FERTILIZATION MODE

Although the morphology of rosylip sculpin suggests external fertilization because
males lack a large modified genital papilla, several species of cottids without enlarged
genital papillae are known to have internal gamete association [Blepsias cirrhosus
(Pallas), Munehara et al., 1991; Hemitripterus villosus (Pallas), Munehara, 1996; Artedius
lateralis (Girard) and Artedius fenestralis Jordan & Gilbert, C.W. Petersen & C. Mazzoldi
unpubl. data]. Mode of fertilization in rosylip sculpin was investigated in several ways.
First, for eight females, eggs were extruded in the laboratory and the clutch split in half.
Fresh sperm were then added to one half of the clutch and no sperm to the other half,
and the eggs were monitored for development for up to 2 weeks. Development of any
eggs with no sperm added would imply internal gamete association or, less likely, asexual
reproduction. Second, nine additional females were examined histologically for the
presence of sperm in their ovaries. Sperm has been observed in ovaries of other species
with internal gamete association (Munehara et al., 1989, 1991; Koya et al., 1994, 1997;
C.W. Petersen & C. Mazzoldi unpubl. data). Finally, observation of mating in the
laboratory was attempted by isolating males and females in special aquaria equipped
with mirrors underneath potential oviposition sites.

GONAD HISTOLOGY

A total of 31 individuals were sacrificed by over-anaesthetization with MS-222,
weighed (M, g) and their gonads excised and weighed (MG, g). Their gonado-somatic
index (IG) was calculated from: IG¼ 100MGM�1. A sub-set of 10 male gonads and nine
ovaries were sectioned for histological analysis. For females, the stages of eggs for four
ripe (individuals with mature oocytes and a distended abdomen) and five non-ripe
individuals were examined. In males, the structure of the testes, and the presence and
potential function of any accessory organs were examined.

RESULTS

SPATIAL AND TEMPORAL PATTERNS OF REPRODUCTION

Spawning was confined to a few weeks in this species, with no clutches
observed on 7 January, the first clutch observed 11 January and the last ripe
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female observed on 8 February. A similar pattern was observed in 1998, with no
ripe females observed past mid-February. During the course of the 2001 study,
clutches were observed at 70 oviposition sites along the 150m stretch of beach.
All clutches were laid under rocks, with average longest dimensions of the
rounded rocks c. 40� 30 cm and 20 cm high. Rosylip sculpins were typically
found beneath rocks >30 cm across, and most oviposition sites were separated
from the nearest adjacent site by several rocks of similar size. Within the
intertidal, clutches were laid between þ0�3 and þ1�5m of the mean lower low
water (MLLW). Although the number of eggs in each clutch was not system-
atically counted, one typical clutch contained 1100 eggs. A single clutch was
typically 1�5 cm in diameter and multiple-clutch egg masses were regularly
encountered. One extremely large egg mass (60� 4� 3 cm) was estimated to
contain >200 clutches. This egg mass was found under a very large rock, and it
was barely possible to move for censusing. These extremely large egg masses
under large rocks were undoubtedly underestimated in this study, although
these large boulders were rare on this beach.
The vast majority of individuals found in the intertidal were reproductively

mature males. From a total of 802 individuals censused during 2001, 90%
(720) were males, while the females were either very ripe (66 of 82 or 80%)
or exhibited signs of recent oviposition such as deflated abdomens and
expanded genital openings. Within the spawning season, larger females
appeared to reproduce earlier than smaller females. The LS of ripe females
found in the intertidal decreased over the short spawning season (rs¼�0�61,
n¼ 34, P< 0�001). Combining all measurements of male and female LS from the
field in 2001, females were significantly longer than males (P< 0�001;
mean� S.D. female LS¼ 71�6� 10�2mm, n¼ 48; male LS¼ 64�4� 9�4mm,
n¼ 328).
All males exhibited identical external morphology, with no obvious variation

in colouration and papillae structures. There was no trend in male LS either
over the season in the intertidal or at particular types of oviposition sites. Using
either all males or males only at oviposition sites with eggs, there was no trend
of male LS and season (rs¼ 0�025 and �0�01, respectively, n¼ 328 and 278,
P> 0�5 for both). There was no pattern of male LS and the number of males or
the number of clutches at an oviposition site, either within a spring tide series or
for all measured males combined (0�05> rs>�0�15, P> 0�5 for all comparisons,
total n¼ 328).
The group size of males at oviposition sites increased over the beginning of

the season, peaked, and declined while clutches were still developing (Fig. 1).
During the two tidal cycles when oviposition was most intense, there was a
significant correlation between the number of males and the number of clutches
at an oviposition site (data for sites with males> 0 and clutches> 0: cycle B,
rs¼ 0�382, n¼ 38, P< 0�02; cycle C, rs¼ 0�379, n¼ 38, P< 0�02).
Multiple females appeared to come to sites over the reproductive season,

creating a pattern of first increasing and then decreasing numbers of
clutches at an oviposition site during the reproductive season. On 5–7
March, the last days in the field, eggs were rare but still present at nine of
64 censused oviposition sites, implying an egg development time in the field of
c. 1 month.
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MALE REMOVAL EXPERIMENT

Within the same tidal cycle, sites with males removed showed significant
declines in the number of clutches present. First, of the 10 removal nests and
13 control nests that were censused 2–4 days after the manipulation, none of the
13 control nests had catastrophic (total) loss of clutches, while six of 10 removal
nests had catastrophic clutch loss (Fisher exact test, P¼ 0�02). The median
number of clutches at a site also decreased dramatically in the male removal
treatment within days of the manipulation [Fig. 2(a)]. The experiment, however,
was only marginally associated with a change in the number of males at an
oviposition site. There was a significantly lower percentage of males recensused
at the male-removal sites than the control sites (Mann–Whitney U, P¼ 0�04),
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FIG. 1. The mean� S.E. number of (a) clutches, (b) males and (c) ripe females at oviposition sites during

the five tide cycles during the winter of 2001. Dates of specific tide cycles are given in the text.

Sample sizes for the tidal cycles: A, 12; B, 70; C, 63; D, 71; E, 64.
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but both nests showed dramatic declines in the number of males present at the
site [Fig. 2(b)].
The effects of the experiment did not extend to the subsequent tidal cycles.

These oviposition sites exhibited low numbers of males and clutches and there
were no statistical differences between treatments (Fig. 2).

EGG PALATIBILITY EXPERIMENT

There was strong evidence that rosylip sculpin eggs were palatable for a
variety of species at the site, with no pattern of discrimination against rosylip
sculpin eggs in favour of the palatable stichaeid eggs by the egg predators
tested. The shrimp ate both clutches in all five trials.
Two rosylip sculpin males and one female ate both clutches, while five ate

neither. In three of five cases the purple shore crab ate both types of eggs.
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FIG. 2. The results of the male removal experiment. (a) Number of clutches before and after the

manipulation and (b) the number of males before and after the manipulation. Control (&) n¼ 13;

removal (*) n¼ 10.
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Tidepool sculpin ate rosylip sculpin eggs in three of five trials, and stichaeid
eggs in two of the five trials.
In the field no individuals of any species were observed actively eating eggs.

When stomach contents of a group of 18 males collected at oviposition sites (10
males from 10 February 1998 and six males from 7 March 2001) were examined,
however, there were eggs in the stomachs of 16 of the 18 males. The number of
eggs in a gut ranged from four to >300. These eggs matched the size of rosylip
sculpin eggs, and those that were least digested appeared to have been devel-
oping normally when eaten.

FERTILIZATION MODE

All five clutches laid in tanks containing both males and females began
undergoing normal development. In the three cases where females laid eggs in
isolation from males, none of the eggs showed any signs of development. No
females in the aquaria with multiple males and mirrors under the oviposition
site spawned. In four cases where males were kept with eggs, they exhibited no
parental care behaviours toward clutches, although they tended to hide in the
same areas where clutches had been laid.
In the fertilization experiment, the eggs without added sperm showed no signs

of development. In three of eight cases where sperm was added to eggs, devel-
opment proceeded normally. The five cases where no development was noted
despite sperm being added were the last five replicates initiated, and were
conducted on 16 February or later, which was more than a week after the last
ripe female was observed in the field. These females had been in the laboratory
and isolated from males for at least 2 weeks.

MALE PARENTAL BEHAVIOUR

In the field, males were typically found in large numbers at sites with both
eggs and ripe females; a single male was found with ripe females in only one of
51 observations of ripe females under rocks. When individual ripe females were
put in aquaria with males, all of the males (up to 10) quickly packed around the
female as tightly as possible, with no apparent aggression among males. In both
the field and laboratory, males were never observed being aggressive to
conspecifics or the common heterospecifics that were potential egg predators.

GONAD HISTOLOGY

The histological data also suggests a species with highly synchronous spawn-
ing, external fertilization, and a single female clutch per year. Ripe females had
very distended abdomens and large ovaries that were almost a third of their
total body mass, IG¼ 31�8% (range 27�0–33�0%, n¼ 6), while spent females had
an average IG¼ 1�7% (range 1�3–2�0%, n¼ 5). Ovaries were of the group
synchronous type (Nagahama, 1983). The ovaries of ripe females contained
only pre-vitellogenic oocytes, oogonia and large vitellogenic oocytes already
ovulated (in the ovarian cavity), together with some post-ovulatory follicular
sacs [Fig. 3(a)]. For spent females, there were only pre-vitellogenic oocytes and
oogonia, along with some post-ovulatory follicular sacs [Fig. 3(b)]. There was
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no sperm found in any of the ovaries that were examined histologically (n¼ 9,
four spent females and five ripe females).
All males had similar gonadal structure. The testes could be visually part-

itioned into two sections: testes and ducts [Fig. 4(a)]. Lobule lumina of the testes
were completely filled with sperm [Fig. 4(b)]. In the spermatogenic tissue, only
spermatogonia were recognizable, while there were no signs of intermediate
stages of spermatogenesis [Fig. 4(c)]. Thus, it appeared that males have all
sperm ready, with no additional sperm production during the breeding season.
Spermatogonia were distributed along the length of the lobules, consequently
the testes are of the unrestricted type (Grier, 1981). Main testicular ducts and
sperm duct were multichambered and filled with sperm [Fig. 4(d),(e)]. Their
walls consisted of a connective tissue layer and a flat epithelium [Fig. 4(e)].
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FIG. 3. (a) Ovary of a ripe female (72�5mm LT), showing ovulated large vitellogenic oocytes and an

ovigerous tissue presenting pre-vitellogenic oocytes and post-ovulatory sacs. The thick chorion of

the vitellogenic oocytes is recognizable (�15). (b) Ovary of a spent female (83�5mm LT), showing a

reduced ovarian cavity, the ovigerous lamellae present only pre-vitellogenic oocytes and oogonia,

together with post-ovulatory sacs (�37). Haematoxylin and eosin staining. ch, chorion; oc, ovarian

cavity; oo, oogonium; po, pre-vitellogenic oocytes; ps, post-ovulatory sacs; vo, vitellogenic oocytes.

st

sd

go

(a) (b)

(d)

sg

sp

ep

sp

(c)

(e)

mtd

FIG. 4. (a) Schematic drawing of the reproductive apparatus of male Ascelichthys rhodorus showing

spermatogenic tissue and sperm transport system (main testicular duct and sperm duct). (b)

Spermatogenic tissue (117�1mm LT) presenting lobule lumina completely filled with sperm (�16).

(c) Enlargement of spermatogenic tissue, only spermatogonia are found inside the germinal epithe-

lium (�150). (d) Sperm duct (65�6mm LT) showing the multichambered structure (�8).

(e) Enlargement of the sperm duct, sperm in the chambers and the flat epithelium of chamber

wall are recognizable (�180). Haematoxylin and eosin staining. ep, epithelium; go, genital opening;

mtd, main testicular duct; sd, sperm duct; sg, spermatogonium; sp, sperm; st, spermatogenic tissue.
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In a collection of 22 males from 1 and 2 February 2001, the male IG averaged
5�00% (S.D.¼ 0�40, range 1�52–9�64). The ducts averaged 62% of the total gonad
size. There was no correlation between male gonadal allocation and male size
(r¼ 0�26, n¼ 22, P¼ 0�25).

DISCUSSION

The reproductive biology of rosylip sculpin appears to consist of a short and
highly synchronized reproductive season, external fertilization of eggs laid at
communal oviposition sites in the intertidal, male aggregation at these sites with
group spawning and intense sperm competition, and some level of rudimentary
parental care. Some of these conclusions about their reproductive biology are
based on direct observation and experiments, and some are based on indirect
observations, anatomy and morphology. The evidence for each of the repro-
ductive characteristics of this species is reviewed below.

REPRODUCTIVE SYNCHRONY

The reproductive behaviour of rosylip sculpin includes a highly seasonal
spawning peak. Males begin migrating to the intertidal ahead of this spawning
peak, females come in and deposit clutches under rocks with males, and
leave. In both years ripe females were only found in the intertidal for c. 1
month, and eggs laid in the laboratory 2 weeks after this period did not appear
viable.
The histology of both males and females reinforces the field observations of

spawning synchrony. The group synchronous ovary observed in the rosylip
sculpin is typical of species with short breeding season and that spawn only
once a year (Nagahama, 1983). The synchronized development of sperm in this
species is uncommon not only among cottids, but also in general in teleosts.
Typically, the testes of both temperate and tropical species show sperm in
multiple stages of development. In the rosylip sculpin, this peculiar rhythm of
spermatogenesis allows males to have all of their sperm mature at the beginning
of the breeding season. As a consequence males can deal with high spawning
synchrony and high levels of sperm competition. In addition, the sperm duct is
enlarged to store this large amount of sperm. A similar pattern of spermatogen-
esis has been described in salmonids, the plainfin midshipman Porichthys nota-
tus Girard and the pike Esox lucius L., species in which the ducts of the sperm
transport system are packed with sperm, as observed in the rosylip sculpin
(Billard, 1986; Lahnsteiner et al., 1993a, b; Lukšiené et al., 2000; Barni et al.,
2001). In addition, females of those species all have a group synchronous ovary
(Nagahama, 1983; Lukšiené et al., 2000; Barni et al., 2001). This similarity in
the rhythms of gametogenesis appears to reflect a highly synchronized spawning
among individuals.

EXTERNAL FERTILIZATION

There is no evidence for either internal fertilization or internal gamete asso-
ciation in this species. Males do not possess an elongate genital papilla, sperm
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were not found in ovaries, and eggs extruded from females only developed when
sperm was added to eggs. In most fish groups this would be unequivocal
support for external fertilization, although in cottids several of these variables
are not as strongly associated with external fertilization. Neither the laboratory
experiments nor the histological work, however, provided evidence for sperm in
association with the ovary, so external fertilization appears strongly supported
in the rosylip sculpin.

SPERM COMPETITION AND GROUP SPAWNING

Although spawning was not directly observed in the field or the laboratory,
several lines of evidence point to extremely high levels of sperm competition,
with group spawning and no specialized male phenotypes, in this species. The
lack of male aggression in the laboratory, combined with field observations of
multiple males and females under rocks with no single male more closely
associated with a ripe female, suggests that multiple males will release sperm
when the eggs are released by a single female. This pattern would result in
intense sperm competition and should select for high levels of sperm release in
males (Stockley et al., 1997; Petersen & Warner, 1998). The morphology of the
rosylip sculpin male reproductive apparatus, with the enlargement of the main
testicular duct and sperm duct, allows for the storage of large amounts of sperm
required for these high levels of sperm release.
Neither internal nor external morphology suggests multiple male mating

tactics in this species. All males have similar external morphology, differing
only in relative size, and all males have large testes with large sperm-storage
structures, characteristics of a species with high levels of sperm competition.
This mating behaviour of rosylip sculpin resembles group spawning behav-

iour that has been reported for many species of tropical marine fishes that
release pelagic eggs in the water column (Thresher, 1984). Multiple male spawn-
ing is known for some species of fishes that lay demersal eggs, although these
cases appear somewhat different from the current case in that group spawning is
not concentrated at discrete oviposition sites. For example, in herring Clupea
harengus L., males and females form large promiscuous spawning aggregations,
with eggs deposited over large areas, at times in large mats (Stratoudakis et al.,
1998). In grunion Leuresthes tenuis (Ayres), there is also multiple male spawning
centred around individual females as in rosylip sculpins. Eggs, however, are
buried in distinct zones in the sandy intertidal but not at distinct oviposition
sites (Walker, 1952). So, although multiple male spawning in the absence of
alternative male mating tactics occurs in other fishes with benthic eggs, rosylip
sculpin appear to be the first species described to have group spawning with
demersal eggs associated with specific oviposition sites.

PARENTAL CARE

The pattern of male attendance at oviposition sites suggests that males are at
sites primarily to mate and not to provide parental care. The number of males
mirrors the temporal distribution of ripe females in the intertidal much more
strongly than it reflects the pattern of egg development (Fig. 1). The few males
left at the end of the breeding season appear to be engaged in egg cannibalism.
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This said, the male removal experiment suggests that males do provide some
advantage to clutches. The data on catastrophic clutch loss are the most
compelling, suggesting that the presence of males decreases some unknown
forms of clutch loss. There are no behavioural indications, however, that
males perform any particular behaviours that can be considered parental care.
Males in a laboratory setting do not fan, mouth or retrieve clutches that
become dislodged from sites. In the field, sites are often associated with species
that are known egg predators, and males themselves exhibit extensive egg
cannibalism. In addition, there are two details that reduce the strength of
the male-removal experiment in supporting the existence of parental care.
First, the numbers of males decline dramatically in both treatments, suggesting
that males are leaving control sites [Fig. 2(b)] and are not available to provide
parental care. Second, the experiment did not distinguish between clutches
laid at the outset of the experiment and subsequent clutch deposition. The
chorion of these eggs is very thick, and development is very difficult to
determine in the field without destructively sampling clutches. Thus, some of
the difference between treatments could be due to higher clutch deposition at
control sites after the onset of the experiment, possibly because the presence of
even a few males may attract ripe females. Although males appear to be at sites
primarily to spawn with females (Fig. 1), it may be that their presence also
provides a benefit to current clutches at the site but tests of this hypothesis
generated ambiguous results. The mechanism for this benefit is currently
unknown.
Aspects of the mating system itself also suggest a lack of parental care in this

species. The large number of females depositing eggs at a site appears to have led
to an intense concentration of ripe females at sites over a short period of time.
These sites do not appear to be defended by males, perhaps because the density of
males is too high for anymale to successfully sequester the site (Warner &Hoffman,
1980a, b). Males were observed at high density around females without exhibiting
aggression in both the field and in the laboratory. Although females did not release
eggs in the laboratory which would have allowed direct observation of spawning,
males stayed in close proximity to females for several days. The high degree of
male aggregation at oviposition sites in this species, and the lack of a distinct par-
ental male phenotype, makes it theoretically unlikely that males would be selected
to be strongly parental in this species.
The rosylip sculpin, with its seasonally synchronous, group-spawning mating

system, adds to a remarkable diversity of behavioural mating patterns seen within
the cottids and its close relatives, which includes many different combinations of
parental care and mode of fertilization. The reasons for the relatively large
amount of diversity in the reproductive biology of this group of fishes compared
with other groups is not known but deserves further study.
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