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Summary

Spawning of the lugworm Arenicola marina (L.) (Annelida: Polychaeta) occurs in both
sexes following the release of a sex-specific maturation hormone from the prostomium.
In males this has been termed sperm maturation factor (SMF). Chromatographic
purification of SMF, using an in vitro bioassay, has led to it being putatively identified as
the 20-carbon fatty acid 8,11,14-eicosatrienoic acid and this paper describes the induction
of spawning in vivo by injection of 8,11,14-eicosatrienoic acid into sexually mature
individuals.

It is shown that spawning in male A. marina occurs following the injection of
prostomial homogenate or 8,11,14-eicosatrienoic acid into the coelomic cavity of
sexually mature specimens. The injection of 8,11,14-eicosatrienoic acid into the
coelomic cavity of females does not cause spawning although it can be induced by a
hormone present in the prostomium. There are, therefore, clear sex-specific differences in
the chemical signal that causes spawning in this species. Sex-specific differences in the
behaviour of spawning animals are also described.

The study identifies a role for the fatty acid 8,11,14-eicosatrienoic acid in the spawning
of male A. marina. This is the first description of a hormone in the annelids, for which
both the chemical structure and the endocrine role are known.

Introduction

Spawning, in species that are broadcast spawners and which have external fertilisation,

is frequently the most dramatic event in their life cycle. Often, the spawning of

individuals is synchronised so that the chances of gamete interaction are maximised; it is

thought that successful fertilisation may pose a significant problem during the life history

of broadcast spawners (Pennington, 1985; Denny and Shibata, 1989). Synchronous

spawning between neighbouring individuals has been well documented and is known to

occur in species from a number of phyla. Perhaps the most spectacular is that occurring

on the Great Barrier Reef in Australia, when over 100 species spawn together on only a
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few nights each year (Babcock et al. 1986). In such circumstances, possible
environmental and/or physiological cues which could control synchronous spawning
events have often been sought.

In the polychaete Arenicola marina, at some localities, spawning between
neighbouring individuals is highly synchronised. It is easily identified by the appearance,
during periods of low tide, of sperm puddles which have been ejected from the burrows of
spawning males onto the surface of the beach sediment. Such a phenomenon has attracted
the attention of a number of workers andPirlot (1933), Newell (1948), Howie (1959) and
Duncan (1960) have described synchronised (epidemic) spawning at numerous locations
around the coasts of northern Europe. Several other authors have described spawning at a
further twenty sites where it is not well synchronised and the patterns of natural spawning
of A. marina have been discussed more recently by Howie (1984).

In an attempt to investigate the possibility that spawning in Arenicola marina is
regulated, at least in part, by an internal (endocrine) stimulus, Howie investigated the
spawning mechanism experimentally. In a series of papers he noted that spawning can be
induced by an endocrine substance (Howie, 1961a) present in the prostomium (Howie,
1963, 1966) and he suggested that its mode of action is directly on the gametes (Howie,
I96\b,c, 1962). GametogenesisinA. marina is of particular interest because in both sexes
it occurs almost entirely in the coelomic cavity (see Olive, 1983a,ft, for a review); in
females, oogenesis results in the production of oocytes that are arrested in the prophase of
their first meiotic division (Howie, 196lft; Meijer, 1979a) and, in males, spermatogenesis
results in the formation of sperm morulae in which several hundred spermatozoa are
cytoplasmically connected to form a syncitium (Meijer, 1979ft; Bentley and Pacey, 1989;
Pacey and Bentley, 1992). Howie suggested that the mode of action of the endocrine
substance, which stimulates spawning in ripe individuals, is by inducing gamete
maturation. In females the maturation of the oocytes (i.e. the movement from prophase to
metaphase of the first meiotic division and the breakdown of the germinal vesicle) results
in a change in oocyte shape (Howie, 1961ft; Meijer, 1979a) whereas during gamete
maturation in males, the structure of the sperm morula breaks down and individual
spermatozoa become free (Howie, 1961a; Meijer, 1979ft). Howie suggested that it is this
morphological change in the nature of the gametes that is fundamental to the spawning
mechanism of A. marina. He suggested that once this has taken place the gametes are
automatically accepted by the ciliated funnels of the nephromixia and are spawned.
Unripe gametes are rejected by the nephromixia and are, therefore, retained within the
body cavity and are not spawned (Howie, 1961ft,c, 1962). For this reason, the endocrine
factor which induces spawning in male and females has become known as a 'maturation'
hormone rather than a 'spawning' hormone.

Some progress in the chemical identification of the maturation hormones of Arenicola
marina was made by Howie, and he noted that the factor stimulating spawning in males is
heat-stable and can be extracted from whole-body homogenates by benzene and ether
(Howie, 1961a,ft). Further investigation demonstrated that the active substance can be
isolated from the saponifiable lipids (which contain fatty acids) and, of this fraction, the
saturated fatty acids appear not to induce spawning (Howie, 1961a). This suggests that
the maturation factor in males (now termed sperm maturation factor, after Bentley, 1985)
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is a lipid. Fractionation of prostomial homogenates confirms this conclusion, although the
fact that Howie was able to isolate active factors from both the lipid and non-lipid
components during extraction with ether (Howie, 1963; Meijer, 197%) suggests that
there may be more than one active substance present within the prostomium. However, as
Bentley (1985) points out, this result can equally be obtained by the incomplete
separation of the lipid in the solvent system used.

Howie noted that the active substance can be extracted from prostomia taken from both
sexes (Howie, 1966) but that the lipid substance inducing spawning in males cannot
induce spawning in females. From this he concluded that the female maturation hormone
has a different chemical structure to that of males, but no further progress has been made
in identifying its chemical nature. More recently, oocyte maturation by the prostomial
hormone was investigated by Meijer and although this work gave an insight into the mode
of action of the hormone (Meijer and Durchon, 1977; Meijer, \919a,b, 1980) it shed no
new information on its chemical structure.

Progress in the chemical identification of sperm maturation factor (SMF) was made by
Bentley (1985), who developed an in vitro bioassay for SMF. Using this bioassay, he was
able to demonstrate that the presence of SMF in the prostomia of A. marina is not
constant throughout the year, but that it is present only during the breeding season;
following spawning, the levels of SMF quickly become undetectable. Bentley also
reconfirmed the lipid nature of SMF and demonstrated that it has very similar thin layer
chromatographic characteristics to non-steroid pharmacologically active lipids such as
the unsaturated fatty acid arachidonic acid. More recently, and using a variety of
chromatographic and enzymic techniques, work in this laboratory putatively identified
SMF as the 20-carbon free fatty acid 8,11,14-eicosatrienoic acid (Bentley et al. 1990).

It is clear from the preliminary purification of SMF that the chemical and biological
properties of both SMF and 8,11,14-eicosatrienoic acid, so far investigated, are identical
(Bentley et al. 1990). In addition, the results from a number of other in vitro
investigations, which will be reported separately, also support this conclusion. Clearly,
the real test of the hypothesis that 8,11,14-eicosatrienoic acid and SMF are the same
substance is to confirm the chemical nature of SMF by a full structural analysis of a
purified sample. In the absence of such information, however, a major step forward would
be to demonstrate a true role for 8,11,14-eicosatrienoic acid in the natural spawning
process. This paper, therefore, investigates the ability of 8,11,14-eicosatrienoic acid to
induce spawning in sexually mature specimens of Arenicola marina.

Materials and methods

Collection and maintenance of animals

Sexually mature specimens of Arenicola marina, for use in spawning experiments,
were collected from populations at St Andrews (SE Scotland) and at Budle Bay (NE
England) during the few weeks immediately prior to the date of natural spawning. In the
case of individuals obtained from St Andrews, this was during the early part of October
(spawning usually occurs during late October or early November) and for those at Budle
Bay collections were made during early December (spawning at this locality occurs
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during December). Animals were transported back to the laboratory, sexed, and placed
individually in plastic containers filled with sea water. The animals were maintained at a
constant 10 °C under constant illumination and were allowed to empty the gut before
spawning experiments were initiated. Spawning experiments were carried out within 5
days of collection of the animals.

Animals were sexed by the direct observation of gametes present in the coelomic
cavity. This was carried out in one of two ways: either the gametes present in the
coelomic cavity were observed in situ through the thinner areas of the body wall such as
at the position around the ventral nerve cord or, when this was not possible or proved
inconclusive, a small drop of coelomic fluid was removed from the animal using a
disposable syringe and needle, and was observed using light microscopy. Observation of
the gametes through the body wall is usually possible during the period immediately prior
to spawning because the coelomic cavity at this time becomes filled with gametes. A high
density of sperm morulae in the coelomic cavity forms a milky white suspension whereas
oocytes give the coelomic fluid a granular orange appearance in which individual oocytes
(diameter approximately 180 fim) can usually be observed.

Experimental design

Animals were placed into individual pre-cleaned plastic containers containing a
standard volume of 180 ml of sea water. A total volume of 200 /xl of prostomial
homogenate, 8,11,14-eicosatrienoic acid or 11,14,17-eicosatrienoic acid, from an
appropriate stock solution, was then injected into the coelomic cavity of individuals to
give the desired final concentration for each treatment group. In the control group,
individuals were injected with 200 /xl of twice-filtered sea water (TFSW.) Following
injection, the animals were left undisturbed for 24 h, at 10 °C, after which the number of
gametes released by each individual was determined.

The number of spawned oocytes was estimated by counting the total number of oocytes
(using a lOx objective of a compound microscope) present in three replicate subsamples,
each of 1 ml, taken from the standard volume after thorough mixing. Sperm numbers
were determined in a similar way but, in instances where high densities of sperm were
released, the subsamples were usually diluted between 1:1000 to 1:5000 (v/v) before
counting in a Neubauer haemocytometer. Owing to the highly motile nature of the
spermatozoa released during spawning, estimates of sperm numbers were carried out
after sperm motility had ceased (usually within 48 h of spawning).

Spawning experiments

Three spawning experiments were carried out. In the first, 24 male and 24 female
worms were divided into three treatment groups, each of eight animals. In one treatment
group for each sex, individuals were injected with 200/xl of either crude prostomial
homogenate or 8,11,14-eicosatrienoic acid to give a final concentration of
0.1 prostomium g~' body mass, or 13 fig g~' body mass respectively. Animals in the third
treatment group were injected with 200 /xl of TFSW.

In the second experiment, the above procedure was repeated with the addition of a
fourth treatment group, in which 200 ^il of the fatty acid 11,14,17-eicosatrienoic acid was
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injected to give the same concentration as that used in the first experiment (i.e.
13/igg"1 body mass). For analysis, the data from these two experiments were combined
to give a total of 16 replicates for injection with prostomial homogenate and 8,11,14-
eicosatrienoic acid, and eight replicates for the 11,14,17-eicosatrienoic acid treatment
group, for each sex. The doses used in each experiment were chosen on the basis of in
vitro dose-response experiments with these substances and were typical mid-range
concentrations capable of stimulating sperm morula breakdown in vitro (see Bentley et
al 1990).

A third experiment was carried out in which the effect of dose was investigated. For
each dose-response analysis, 48 animals in eight treatment groups were injected with
prostomial SMF, 8,11,14- or 11,14,17-eicosatrienoic acid, or TFSW. The experimental
protocol was unchanged from that described in the previous two experiments; however,
each treatment group consisted of six rather than eight individuals. Injections were
carried out to give a final concentration of 0.25, 0.125, 0.0625 or
0.0125 prostomiag"1 body mass and then tenfold dilutions down to a concentration of
1.25x10~6prostomiag~' body mass for prostomial SMF, or 13, 2.6, 1.3 or
0.26 / igg~' body mass and then tenfold dilutions down to a concentration of
2.6xlO~5/zgg~' body mass for the fatty acids.

Results

The pooled results of both the first and the second experiments demonstrate that
spawning in sexually mature male Arenicola marina can be induced by a coelomic
injection of either prostomial homogenate or 8,11,14-eicosatrienoic acid (Fig. 1). In both
of these treatment groups a similar number of spermatozoa (2.53xl08±0.58xl08 and
1.5 lxl08±0.22xl08 sperm ml"1, respectively) were released during spawning and all
animals that were injected underwent a spawning response (100% response). No
spawning was observed following the injection of either 11,14,17-eicosatrienoic acid or
TFSW (0 % response).

Spawning in female Arenicola marina was stimulated only following an injection of
prostomial homogenate (Fig. 2) and the mean spawning response was
1.17xl05±0.259xl05 oocytes (mean ± S.E.M.) released per individual. All individuals
injected with prostomial homogenate at this concentration underwent a spawning
response (100% response). Microscopic examination of spawned oocytes indicated that
they had undergone germinal vesicle breakdown (GVBD) and consequently maturation
of the oocytes had occurred. Oocyte release was observed in one female injected with
8,11,14-eicosatrienoic acid.

The effect of dose on the spawning response of both male and female individuals was
investigated in the third experiment and these results are shown in Figs 3 and 4.
Spawning in male Arenicola marina was stimulated above concentrations of
1.25xlO~2^gprostomiag~' body mass of prostomial extract (Fig. 3A) and Oyugg" 1

body mass of 8,11,14-eicosatrienoic acid (Fig. 3B). At these concentrations, however,
only two out of six animals spawned in response to the fatty acid (33.33 % response) and
only one out of six animals spawned in response to prostomial SMF (16.67 % response).
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No spawning was observed at any dose of 11,14,17-eicosatrienoic acid (Fig. 3C),
confirming the observations made in the previous experiment that this eicosatrienoic
isomer does not stimulate spawning. Above the threshold concentrations of prostomial
SMF, Fig. 3A shows clearly that spawning is an all or nothing response with a similar
number of sperm released over a range of concentrations. Slightly more variation is
observed, however, at above threshold concentrations of 8,11,14-eicosatrienoic acid
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Fig. 1. Spawning response of sexually mature male Arenicola marina to the injection of
(A) prostomial homogenate, (B) 8,11,14-eicosatrienoic acid, (C) 11,14,17-eicosatrienoic acid
or (D) twice-filtered sea water. The spawning response is indicated as the number of sperm per
millilitre released into 180 ml of sea water. Figures in parentheses indicate the percentage of
individuals in the treatment group which underwent a spawning response. Data shown are the
mean spawning response + S.E.M.; A' is the number of individuals per treatment group.
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Fig. 2. Spawning response of sexually mature female Arenicola marina to the injection of
(A) prostomial homogenate, (B) 8,11,14-eicosatrienoic acid, (C) 11,14,17-eicosatrienoic acid
or (D) twice-filtered sea water as in Fig. 1. The spawning response is indicated as the total
number of oocytes spawned (mean + S.E.M.). Figures in parentheses indicate the percentage of
animals in the treatment group which underwent a spawning response; N is the number of
individuals per treatment group.
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Fig. 3. Spawning response of male Arenicola marina to a variation in dose of (A) prostomial
homogenate, (B) 8,11,14- and (C) 11,14,17-eicosatrienoic acid. Dose is expressed as the
number of prostomia g~' body mass for prostomial homogenate and fig g~' body mass for the
two fatty acids. The spawning response is expressed as the number of sperm per millilitre
released into 180 ml of sea water. The mean spawning response of each individual in the
treatment group is shown and figures in parentheses show the number of individuals that failed
to release spermatozoa after 24 h.

(Fig. 3B), in terms both of the number of animals responding and the number of sperm
released, although this response can be still regarded as all or nothing.

The responses of females to comparable doses also confirms the results obtained in the
first two experiments. Spawning is not stimulated by either of the fatty acid isomers, but
only occurs in response to prostomial homogenate (Fig. 4). Spawning was stimulated
above a concentration of 6.25xlO~2/ag prostomia g"1 body mass (Fig. 4A) although, at
this concentration, only one animal out of six underwent spawning (16.67% response),
and at the maximum concentration tested (0.25 fig prostomia g"1 body mass) only an
83.33 % response was obtained. In comparison to the spawning response observed in
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Fig. 4. Spawning response of female Arenicola marina to a variation in dose of (A) prostomial
homogenate, (B) 8,11,14- and (C) 11,14,17-eicosatrienoic acid. Treatment doses are
expressed as the number of prostomiag"1 body mass for prostomial homogenate and
/xgg"1 body mass for the two fatty acids. The spawning response is expressed as the total
number of eggs released per animal. The mean spawning response of each individual in the
treatment group is shown and figures in parentheses show the number of individuals that had
not released eggs at a given concentration after 24 h.

males, these data suggest that there is a greater variation in the number of gametes
released during the female spawning response. During the dose-response experiment to
8,11,14-eicosatrienoic acid (Fig. 4B) one female released approximately 4000 oocytes,
but these had not undergone GVBD and, since oocytes at this stage cannot be fertilised,
this did not constitute a true spawning response, but was probably the result of leakage
from the body cavity.

The experiments described above demonstrate clearly the specificity of 8,11,14-
eicosatrienoic acid in the induction of spawning in males and indicate that there is a
difference in the chemical nature of the endocrine signal between males and females. In
addition to these observations, however, sex-specific behavioural modification was also
noted in spawning animals.
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Spawning in males was accompanied by intermittent muscular contractions of the body
wall, which caused ejaculation through six pairs of ducts (nephromixia) associated with
the nephridia in the trunk region. Powerful ejaculations usually resulted in simultaneous
sperm release from all these gonopores and ejaculatory bursts were often separated by
periods of quiescence that lasted for up to several minutes (Fig. 5A-F). During spawning,
stimulated both by the injection of prostomial homogenate and of 8,11,14-eicosatrienoic
acid, ejaculations began and spawning commenced about 50-60 min after injection and
ejaculatory bursts often continued for more than 1 h or until the animal was spent.
Animals that had been injected with either the fatty acid isomer 11,14,17-eicosatrienoic
acid or TFSW, neither of which induced spawning, did not exhibit similar rhythmic
muscular contractions.

Spawning in females differs in several respects from that observed in males: the time
scale over which spawning occurred was different, with females not commencing
spawning until 5 h following injection. Individuals in which spawning had been induced
continued to spawn for up to 19 h. Spawning in females was a much less active process
and was not accompanied by any noticeable muscular contractions.

Discussion

The experiments described here suggest that there is a true hormonal role for 8,11,14-
eicosatrienoic acid in the induction of spawning in male Arenicola marina. In addition,
the study also highlights several important aspects of the spawning mechanism in this
species.

First, the observation that 8,11,14-eicosatrienoic acid is able to stimulate spawning in
males, but not in females, indicates that there are sex-specific differences in the chemical
signal that induces spawning in A. marina. This has been demonstrated previously and, in
his studies into the nature of the maturation hormones of A. marina, Howie (1961a) noted
that whilst the saponifiable lipids of whole-body homogenates are capable of inducing
spawning in males, they did not do so in females. The saponifiable lipids contain the fatty
acid fraction and these observations, therefore, concur with the results described here.
Clearly, spawning in females can be induced by a maturation hormone present in the
prostomium, but this is not 8,11,14-eicosatrienoic acid. However, little information exists
on the chemical nature of the maturation hormone in females although the results of
Howie suggest that it is not a lipid.

Second, the observation that the fatty acid 11,14,17-eicosatrienoic acid (an isomer of
the active 8,11,14-eicosatrienoic acid) does not stimulate spawning in males indicates
that the reception of the chemical signal is quite specific. Spawning induced by 8,11,14-
eicosatrienoic acid may result from the fact that the 8,11,14-isomer can be metabolised by
a cascade of enzymes in a similar way to arachidonic acid whereas the 11,14,17-isomer
cannot (this difference being related to the differences in the positioning of the double
bonds in the two isomers).

Finally, the study identifies subtle sex-specific differences with regard to the spawning
behaviour in this species that had earlier been reported by Howie during his investigations
into the nature of the maturation hormones (Howie, 1961a,/?). Spawning in males takes
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Fig. 5
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Fig. 5. Spawning of male Arenicola marina following injection of 8,11,14-eicosatrienoic
acid. The sequence of photographs (A-F) illustrates the progressive release of sperm from the
coelom via the nephridia. (A) The animal following an initial burst of spawning activity
50min after a coelomic injection of fatty acid (final concentration 13^gg~' body mass).
During the spawning process, periods of relative quiescence are followed by bursts of
ejaculatory activity (B,Q during which sperm suspensions are clearly visible as they are
released to the exterior (arrowed in C). (C) A powerful ejaculation and the simultaneous
release of sperm through all six nephridia along one side of the animal. Spawning continues
for a variable period, usually more than 1 h (D), at which point the worm begins to be obscured
by the cloud of spermatozoa in the surrounding sea water (E,F).

place usually within 1 h and is characterised by strong muscular contractions resulting in
the ejection of spermatozoa from the gonopores. In comparison, spawning in females
involves no visible muscular contractions and usually commences several hours after
injection. In addition, it is interesting to note that the spawning response of females is
much more variable than that of males, in terms both of the number of animals that
respond and also in the number of gametes released. The study clearly demonstrates that
spawning in males (whether stimulated by SMF present in prostomial homogenates or by
8,11,14-eicosatrienoic acid) is an all or nothing response. The variability in the extent of
gamete release that has been observed in other polychaetes (Olive et al. \9Sla,b, 1985)
does not seem to occur in this species.

In addition to observations on the maturation hormones, Howie (1961a) also proposed
the existence of a separate muscle stimulant in tissue extracts. He noted that individual
worms reacted violently to an injection of emulsified whole-body homogenates and
suggested that the muscle stimulant and the spawning stimulant (SMF) were not the same
because they were obtained from the aqueous fraction and the organic fraction of
homogenates, respectively (Howie, \96la,b). During the course of the investigations
outlined in this paper, worms did not react violently to the injection of the fatty acid or
crude homogenates of the prostomia (although they did undergo muscular contractions
during the spawning process) and, therefore, this study also supports the conclusion that
the activity of the muscle stimulant is not associated with the activity of SMF. The active
ejection of gametes in Arenicola marina contradicts one of the generally accepted views
of the endocrine control of spawning in this species, which had suggested that it is
different from the mechanism described in some other polychaetes (see Franke and
Pfannenstiel, 1984, for a review). Previously it was seen as a passive process in which
gamete release resulted from the change in nature of the gametes occurring after
maturation instead of relying upon muscular contractions to eject gametes from the body
cavity. Howie (\96\b,c) concluded from his early observations that, although the
emission of gametes involves primarily a change in the state of the gametes, there may
also be some active uptake (and shedding) of gametes (see also Howie, 1984). The results
of the present investigation have led us to propose that SMF in addition to its action on
spermatozoa should also be regarded as a true spawning hormone (see Bentley and Pacey,
1992, for a review).

Spawning hormones, both in polychaetes and in other marine invertebrates, have often
been shown to have a multiplicity of roles during the spawning process (see Schroeder,
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1984; Giese and Kanatani, 1987). As a spawning hormone, SMF may be no exception. It
clearly acts upon the gametes directly and can bring about their maturation (Bentley,
1985; Bentley and Pacey, 1989; Bentley et al. 1990; Pacey and Bentley, 1992) but it also
induces spawning, either as a direct response to SMF or possibly secondarily via factors
released from other endocrine organs or from sperm. It may be significant that a
behaviour pattern similar to that described here in spawning individuals can be induced in
non-gravid individuals by an injection of 8,11,14-eicosatrienoic acid into the coelomic
cavity (M. G. Bentley, unpublished observations). This suggests that the induction of
spawning is not dependent on the presence of gametes. Furthermore, Howie (1961c)
showed that injection of mature spermatozoa into the coelomic cavity resulted in their
shedding from the nephromixia but this shedding was passive and was not accompanied
by the muscular contractions typical of spawning animals. It would seem, therefore, that
the presence of active spermatozoa in the coelom does not induce spawning behaviour.

Complex endocrine systems, in which hormones act at a number of target sites, or
when one hormone stimulates or inhibits the secretion of another, were once thought to be
absent in relatively simple invertebrates. However, their existence is now more widely
realised as the endocrine systems of a number of species become better understood. For
example, it has been shown that, in the induction of spawning in starfish, 1-methyl
adenine has a number of roles in vivo (Shirai etal. 1986). Similarly, the interaction of two
distinct hormonal substances from two endocrine glands has been demonstrated to be
involved in the control of stolonisation in Typosyllis prolifera (see Franke and
Pfannenstiel, 1984). The action of SMF in vivo is a subject that requires more detailed
investigation.

In addition to the complexity of invertebrate endocrine systems, it is becoming clear
that the nature of the endocrine signalling molecules are equally diverse. Fatty acids do
not fit into the conventional categories of hormonal substances; by far the majority of
hormones that have been positively identified are either peptides or steroids. However,
the role of other classes of molecule as hormones is becoming more widely realised and
has now been demonstrated in a number of marine invertebrates. For example, a
trihydroxy metabolite of 5,8,11,14-eicosatetraenoic acid has recently been identified as
the barnacle hatching factor (Holland et al. 1985) and prostaglandins have been
implicated in the spawning of the molluscs Haliotis rufescens and Mytilus californianus
(Morse et al. 1977; Fitt and Trench, 1981). Fatty acids have, in addition, been
demonstrated to have signalling roles in a number of other systems: they are known to
modulate adenylate cyclase (Baba et al. 1984) and protein kinase activity (Speizer et al.
1991), to activate guanylate cyclase (Wallach and Pastan, 1976) and potassium channels
(Ordway et al. 1989) and to inhibit Na+/K+-ATPase activity (Chan et al. 1983); they also
have other non-specific effects upon membranes (Baumgold, 1980). A review of the role
of lipids as hormones or second messengers in biological systems has recently been
published (Merrill and Liotta, 1991).

It has been noted previously (Bentley et al. 1990) that 8,11,14-eicosatrienoic acid is a
particularly interesting molecule because its metabolism gives rise to a number of
pharmacologically active products (including eicosanoids) whereas that of 11,14,17-
eicosatrienoic acid does not (see Stanley-Samuelson, 1987, for a review). There remains,
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therefore, the possibility that eicosanoids may be involved in the spawning mechanism
and this would account for the failure of the 11,14,17-isomer to induce spawning. During
the investigations on SMF-induced breakdown of sperm morulae in vitro, there was no
evidence to suggest that any eicosanoid metabolism occurred (Bentley et al. 1990), but
that does not rule out the possibility that eicosanoids are involved during spawning.
Equally, however, there is no reason to suggest that 8,11,14-eicosatrienoic acid alone is
not responsible.

Sufficient amounts of SMF from A. marina to enable gas chromatographic-mass
spectrometric analysis to confirm the results of partial purification (see Bentley et al.
1990) have not yet been obtained. We have, however, outlined a number of in vitro
investigations (Bentley et al. 1990) that strongly support the hypothesis that SMF is
8,11,14-eicosatrienoic acid. The experiments described in this paper represent a clear step
forward in the understanding of endocrine-controlled spawning in A. marina. They
demonstrate that there is a precise and sex-specific endocrine mechanism that induces
spawning and this is particularly interesting in the light of the chemical nature of 8,11,14-
eicosatrienoic acid and the obvious relevance of this to eicosanoid biochemistry. In
addition, this is the first description of a hormone in the annelids for which both the
chemical structure and the functional role are known.

The authors are grateful to Dr C. D. Todd for his helpful discussion during the course of
this work. The work was carried out during the tenure of an SERC studentship by A.A.P.
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