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ABSTRACT 

1 

Broodin g is a comm on fea ture in the genus Op hryotrocha. Viviparity, the most extreme type of parental care , is 
represented by only one species, 0. vivipara, but tendencies towards viviparity have also been reported from go nochoric as 
weil as hermaphroditic species . Except fo r the viviparous species, ail species studied deposit their eggs in a gelatinous matrix. 
The surface of the egg m ass may remain soft and sticky, but in two distinct species groups the surface hare!ens to a so lie! 
membrane that encloses gel ane! eggs. In both groups newly spawned egg m asses may occas ionally contain a few young larvae. 
Such larvae never occur in a yo un g fem ale's first egg mass. The larvae are interpreted as or iginating From fe rtili zed eggs that 
have been trapped in the coelom of the female durin g a previous spawning. They develop inside the female at a retarded rate. 

In O. socialis not only larvae at an early stage o f development are re leased bu t also larvae/juveniles at more adva nced 
stages. Usually the y are re leased togetber with a normal spaw n, but the y m ay also appear single. Ju veniles with up to 12 
se tigerous segments have been o bserved. During the normal co urse of development, the 12-setiger stage is attained after about 
80 days . At that age they have already developing oocytes in the coelom whereas the vivipar ous progeny with the sa me number 
of segments have not. 

Observatio ns of incipient viviparity in three species gro ups cali for a reeva lu ation of some previo us reports o n self­
fertili za tion and on viable larvae obtained in crosses between species th at are otherw ise reproducti vely isola ted . 

RÉsUMÉ 

É volution de la viviparité dans le genre Ophryotroclw (Polychaeta, Dorvilleidae) 

C'es t un trait fréquent du genre Ophlyotrocha d'incuber ses oeufs. La viviparité, le type le plus extrême du soin parental, est 
représen tée chez une espèce, O. vivipara. mais des tendances vers la vivipar ité ont aussi é té rapportées chez des espèces 
gonochoriques aussi bien que chez des espèces herm aphrodites. Exception fa ite des espèces vivipares, toutes les espèces 
étud iées déposent leurs oeufs dans une matrice gélatineuse. La surface de la masse d'oeufs peut res ter molle et collante, mais 
dans deux groupes d'espèces dis tincts, ce tte surface durcit en une membrane solide qui renferme le gel e t les oeufs . Dans les 
deux gro upes , des masses d 'oe ufs récemment déposées peuvent contenir, de temps en temps, quelques rares larves/j uvéniles. 
De telles larves n'apparaissent jamais dans la première masse d'oeufs d 'une jeune femelle. Les larves proviennent probablement 
d'oeufs féco ndés antérie urement qui sont restés dans le coelome de la femelle où ils se sont développés lentement. 

C hez O. socialis des individu s larve/j uvénile. à un stade avancé sont relâchés en même temps que des larves en début de 
déve loppement. Habituellement elles sont émises en même temps qu 'une ponte normale, mais elles peuvent aussi apparaî tre 
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seules. De te ls juvén iles ayan t jusqu'à 12 segments sétigères ont été observés. Au cours d'un développement normal ce stade 12 
sé ti gères n'est atteint qu'après environ 80 jours. Ces larves/j uvéniles ont alors déj à développé des ovocytes dans le coelome 
tandis qu' il n'y a pas d'ovocytes dans les juvéniles iss us d' un déve loppement vivipaJ'e au même stade de développement. Les 
observa tions faites sur cette tendance à la viviparité dans les 3 groupes d'espèces nous conduisent à une révision des résultats 
antérieurs tra itan t de l'autoféco nda tio n et auss i des larves viables qui en réalité n'ont pas été obtenues dans des cro isements 
entre espèces d ifférentes. 

INTRODUCTION 

Brood pro tection bas evo lved many times among bOÙl in vertebrates and vertebra tes (HOGARTH, 1976; 
CLUlTON-BROCK, 1991) . The same applies also Lü viviparity, the mos t extreme fonn of brood pro tection. 
Evidence from mos t groups indicates Illa t viviparity has evo lved from ov iparous ancestors and tl1 at internaI 
fe rtilization has been a preadaptation for Ille evolution of viviparity. In transition stages fertili zed eggs have been 
reta ined for progressively longer periods of time. They do not receive any nutrients from Ille female and Illis bolds 
tI1Je also for species witl1 ovov iviparity, Ille leasl advanced Conn of viviparity. In more advanced viviparous fonns, 
Ille female continues to pro vide Ille embryos witl1 nutrients. Ofte n a kind of placenta analogue develops or tl1e 
embryo/larva receives nUll' ients fro m sUITounding body flui ds of Ille [emale. 

For the evolu tion of viviparity from ov iparous ancestors to occur, u'ansition stages must also be selected . Tbe 
continuing discussion has been widened to involve otl1er aspects of brood protection and its rela tion to egg size. 
S HINE (1978) suggested the "safe barbor" hypothes is according to which optimal offspring size is determined by 
relative mortal ity rates of egg stages and free-living juveniles. Selective forces tend to maximize Ille lime speut in 
the safest stages of development. In brooders eggs are safer Illan juveniles which should account for Ille positive 
cOlTelation often seen between brood protection and large egg size (S HI lE, 1989; CLUlTON-BROCK, 1991). 

According to HOGARTH (1976), evo lution Lüwards vivipari ty is favoured in species tl1at a lready produce a 
res tr icted Humber of eggs. Retention and viviparity protect Ill e progeny against bo th preda tors and harsh 
environmental conditions su ch as cold climate, desiccation or, for marine animais, suboptimal salinity levels. 

Viviparity has been reported from severa! polychaete families and SCHROEDER & HERMANS (1975) have Iisted 
19 species. However, for 9 of tllese Ille origina l reports on viviparity bave not been verified in later studies. Many 
oider repon s on viviparity were analyzed by SMITH (1950) who provided ev idence Ill a t some of Illem were 
eIToneous . Sorne embryos or Iarvae from inside the body of polychaetes were eilller developmental s tages of 
parasilic polychaetes or turbellarians. 

The purpose of Illis paper is to describe a poss ible line of evolution Lüwards vlvlparity in the genus 
Opl'llyolroelia of the fam il y Dorvilleidae . Dorvi lleid polychaetes are generall y small and man y of Ille smallest, 
nonparasi tic species be long to Ille genu s Ophryot roeha. Onl y Illree species exceed a lengtl1 of 10 nun . Two of 
Illese are commensals in Ille gill chamber of crabs (MARTIN et al., 199 1), Ille Illird one is found near geothermal 
vents (BLAKE, 1985) . The smal lest of ail Opillyot roeha species, 0, vivipara Banse, 1963, is only 0 .8-1 mm long, 
BANSE'S description was ba5ed on two specimens from the vicinity of Friday Harbor, Washington. This was tl1e 
onl y record until 1 collected about 50 specimens in Ille aquarium of Ille Tjarnb marinbio logiska laboratorium 
located about 200 km norlll of Gomenburg. Opluyotroeha vivipara is one of me few species Illa t 1 have failed to 
maintain as a laboratory culture; nonll1eless BANSE'S observation of a trul y viviparous species could be confinned. 
The juvenil es have IwO or Illree seti gerous segments when released from Ille poslerior end of Ille female .In contras t 
to a un iform ad ult morphology in most species, reproduction is remarkably vari able. In addition to tl1e traits listed 
in Table 1, species or specie groups may also vary in olller reproductive adapta tions such as clutch size and lime 
b~tween consecuti ve spaw nings, sex rati o in gonochoric species and amount of energy al located to individual eggs 
(AKESSON, 1973). 

Mating behav iour is equally variable . SELLA (1985, 1988) analyzed pair fonnation and egg trading in Ill e 
s imultaneous hermaphrodite O. diadema. A behav iour has evolved Illat safeguards against non-reciprocating 
partners . In gonochoric species, females often discriminate against males From olller geographic populations and 
Illey certa inl y do so in interspecific crosses (ÀKESSON, 1972a, 1977b , 1978, 1984 ). In the pro tandrous 
hermaphrod ite O. pueri lis, sex reversal may occur several times in Ille sam e individua l. In pair c ul tures willl 
females, Ille resul l of fights over sex will be Ùlal tl1e winner remains female and tl1e loser changes to male. 
BERGLUND (1991) has shown Illat females prefer small mal es. If a female mates witll a large male, she is a t risk of 
being challenged to change sex when she is weakened after spawning. 
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TABLE 1. - Reproducti ve traits in tJle genus Opluyo lrocha. 

KEv REFERENCES 
Germ ce Us are not shed free ly into the water. REMANE, 1952; SWEDMARK, 1964 
Pseudocopulatio n cnsures fe rtilizatio n 
No pelagic larvae (but demersal, lecitot.rophic larvae in O. AKESSON, 1973 
//law/ma) 
Short generatio n length 

Semicontinuo us reproduct io n ÂKESSON, 1982, 1984 

Gonochoric species: (A) with sex ual di (A) AKESSON, 1972b; ZAVARZINA & TzITLlN, 1986. 1991 ; 
morphism, (B ) with 'inducible hermaphrodit ism '. (C) with OUG, 1990. (B ) BACC! el al., 1979, (C) P ARENll, 1960; 
facul tative hc rmaphroditi sm and se lf ferti lization, (0 ) with AKESSON, 1984. (0 ) ROLANDO, 1982, 1984; SELLA & 
envirolUncntal sex de termin atio n RAMELLA, pers. corn. 
Uneven a llocatio n to male and female function in SELLA, 1990: OCKELMANN & ÂKEsSON, 1989 
simultaneous herm aphrodites 

Egg t.rad in g SELLA. 1985 , 1988 

Bo th seq ue nlial and sill1ultaneo us he rmaphrodites; in one AKESSON, 1984; PARENTl, 1964 
species age (s ize)-re lated change From hennapbrodite to 
fema le 

Cross fe rtilizatio n the rule, but se lfing possib le in sorne PARENTI, 1960; ÂKESSON, 1984; OCKELMANN & AKESSON, 
hermaphrodites 1989 

Brood ing o f (A) large gela tinous egg masses with s ticky ÂKESSON, 1984; OUG, 1990 
sur face , (B) egg masses with hard surface, (C) egg masses 
depos ited in tubes made bv the parents 

lnc ipient vivipari ty in two species gro ups , viviparity in one B ANSE, 1963; this paper 
species 

Incipient viviparity has been reported from the simultaneous hermaphrodite O. diadema (ÂKESSON. 1973, 
1976), Occasionall y one or two larvae appear in newly spawned egg masses, but never in a female's first brood. 
The fusiform egg masses of O. diadema are sunounded by a tough wal l and larvae cannot enter an egg mass from 
tJle outside. 

As in ail otller known Oph. ryo lroch.a speci es, fertilization in O. diadema is preceded by a kind of 
pseudocopulalion similar to that described by Westlleide from O. gracilis (W ESTHEIDE, 1984, fig. 3). Selfing has 
not been observed. Eggs and spennatozoa are shed into a gelatinous matrix and mingle there. The egg mass is 
molded ta its final shape and usually attached to a substratum. Then tJle surface of the mucus hardens to fonn the 
tough outer wall. 

The explanation suggested for tJle presence of larvae in newly spawned egg masses is tJ1at a few eggs have 
been trapped in tJle female part of tJle coelom during a previous spawning. They have been fertilized by entering 
spelmatozoa, developed inside tJle body, and tJlen released togetJler willl Ille nex t spawn (ÀKESSON, 1976). 

The sam e t.ype of incipielll viviparity as in O. diadema ha also been observed in several members of tJle 
labronica group, a group of related gonocholic species within tJle genus (ÂKESSON, 1973). Members of tllat group 
produce a different kind of egg mass tJlat is tube-shaped and contains smaller, but more numerous eggs than tJlat of 
O. diadellw . Enclosed larvae inside new ly spawned egg masses bave been observed in O. labronica, 
O. nOlOg landulala, and O. macrovifera, and Illey may occur in all members of tlle labronica group. 

Ophryolrocha socialis, anotller simultaneous hermaphrodite, was recenLly described by OCKELMANN & 
ÂKESSON (1989). The gelalinous matri x around Ille eggs is sparse in Llli s species but Lllere is enough to att.ach the 
eggs ta each other fonning tubular or inegular egg masses. As in O. diadema fertiliza tion lakes place after 
pseudocopulation. I solated indi viduals may se lf-fertilize but such self-fertilization is extemal . 
In a still ongoing life table study Illat began willl fertilized eggs, O-seliger larvae occasionall y appeared in the 
bowls when Llle experiment had continued for about 6 montlls. The larvae were at Llle stage of development Lllat i s 
nonnally obtained in 3 weeks (OCKELMANN & ÂKESSON, 1989, Fig.IO). Since Ille adult worms were transfelTed to 
clean bowls once a week, Lllese larvae could not be Ille result of a previous spawn. Eventuàlly more advanced 
larvae could also be co llected, i .e., larvae witll 1-2 or more seligerous segments. The peak production of such 
larvae was observed when the ad uHs were 10 montlls old and had 19-20 setigerous segments. In one week 40 
adul ts had produced Il O-setiger larvae 
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and 17 j uveniles wiUI 7-1 2 seli gers (mean 9.9 ± OA) . In addition, Ule adults had spawned 919 eggs during ùle 
same week. 

After a normal spawning, Lhe progeny develops into functional males wiLh 6 setigers after about 50 days. The 
first spawning was observed at.an age of 60 days in worms wiLh 10 setigers. Only few worms spawn before tbe 11-
setiger stage (OCKELMANN & AKESSON, 1989). Not even tlle largest viviparous progeny had any visible oocytes in 
ùle coelom. They were more slender ùlan larvae wiùl Ùle same number of seti gers that develop arter normal 
spawning. It has not been possible to detennine ùle age of the viviparous progeny wh en released From the coelom. 

REEVALUATION OF SOME PREVIOUS REPORTS 

The observations of incipient viviparity in two species groups as weil as mixed oviparity and viviparity in O. 
socialis may justify a reevaluation of sorne previous reports on self-fertili zation and on resuIts of crossing 
experim ents. 

H ARTMANN (1943) and BACCI (1978) reported on rare instances of self- fertilization in O. puerilis. In some 
crosses between ùle A ùantic and M editelTanean subspecies of O. puerilis, a very low percentage of spawned eggs 
were repon ed 1O develop into viable larvae (ÀKESSON, 1973). The possibility should be considered that ùlese 
reports concern incipient vi viparity of the same kind as in O. diadell1.a and the labronica group. However, it is 
evident ùlat sorne species may reproduce by both cross-fertili zation and sel f-fertili zation. This i s true of O. 
labronica ( but note ùle discussion about identity of species in ÀKESS9N, 1984), O. socialis, and a not yet 
described species From Florida (LA GRECA & BACCI, 1962; PARENTI, 1960; ZUNARELLI, 1962; ZUNARELLI­
VANDlNI, 1967; ÀKESSON, 1984; OCKELMANN & ÂKESSON, 1989). 

In the light of ùlese findings, ùle previous report on partial success in crosses between ùle Paci fic species O. 
nOLOg landulala and O. labronica paclf ica should be reevaluated. AKESSON (1984) reported Ulat occa5ionall y a few 
« 10) viable hybrids were obtained in crosses between female O. nOLOg landulala and male O. l. pacifica. These 
supposed hybrids were ail female and therefore F2 hybrid breakdown cou Id not be tested. No progeny was 
obtained in backcross wiùl O. l. labronica males except for a few larvae. As in Ule f irst cross, ùle number of larvae 
per egg mass was always be low 10. In backcross wiLh O. nOlog landulara man y egg masses were produced, usually 
wiLh almost 100 % developmenl. 

A return to the ori ginal data sheets revealed ùlat in the interspeci fic cross only 5 "hybrids" developed into 
normal, mature females. They were first used in backcross with male O. nOLOglandulata and ùlen wilh O. l. 
labronica. Previous and subsequent crosses between 0. labronica (both subspecies) and O. nOLOglandulata proved 
to be intersterile. M ore wan 100 egg masses in eacb reciprocal cross have been observed. M Ol·eover, ùle "hybrid" 
progeny reported by ÀKESSON (1984) was all female. The same was true of ail vi viparous progeny observed so far 
in the Ùlree gonochori c species where incipient vi viparity has been recorded. A very Iikely explanation of ùle 
crossing results (ÀKESSON, 1984) is Ùlat ùle few larvae obtained were an expression of incipient vi viparity. 

In recent experiments WiÙI bOÙI inter- and intraspecific crosses, individual egg masses have been anal yzed for 
enclosed larvae. Such larvae are found in less wan 5 % of ÙIe egg masses and only in egg masses produced by 
females ùlat have spawned previously. The fact Ùlé1t such larvae were produced in two subsequent generations in 
Ille crosses reported by ÀKESSON (1984) may indicate a heritability of the trai t, but recent selection experiments 
with viviparous progeny has not yet proved Lhis. 

DISCUSSION 

For Ille evolution of vi viparity in ùle genus Opllryo lrocha, transition stages between oviparity and vi viparity 
should have a selecti ve advantage. One such advantage may be mat ùlose embryos that are retained in the female 's 
body have better chances of survival Lh an ùle siblings which are fertilized and spawned al w e same time. A 
brooding worm presumably has better chance of escaping a predalOr man embryos enclosed in an immobile egg 
mass Lhat ùle female will desert when auacked. 

lnlem al fertilization as a prerequi site for vivipari ty is not ful filled in Opfuyot rocha, but functional l y ùle kind of 
pseudocopulation found in the genus co mes close to internaI fertili zation (WESTHEIDE, 1984). The final stage, 
obligale vi viparity, is found in Ille smallesl known Ophryol rocha species only. This may be an indication tbat Ille 
evolurion of vi viparity is one of many adaptations to 'ùle problem of being small' . As has been repeatedly 
discussed for meiofauna species (SWEDMARK, 1964; W ESTHEIDE, 1984), smaller size is cOlTelated with changes in 
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reproductive traits compared to related larger species. W ESTHEIDE (1987) demonstrated how progenetic (neotenic) 
evolution has been one of the major forces behind adaptation to tlle interstitial habitat. The morphology of an adult 
Opl/lyOlrocha is very similar to the larval morphology of larger eunicid polychaetes , e.g., to ùle larvae of 
D orvillea rudo/phi (RICHARDS, 1967). The evolution of progenesis is also demonstrated in WESTHEIDE'S (1987) 
series of increasingly juvenile characters in dorvilleid genera where ilie endpoint is the dinophilid genus 
Dinophilu.s. It has been shown Ùlat dinophilids are closely related to eunicids (HERMANS, 1969; ÂKESSON, 1977a; 
WESTHElDE, 1985). 

Reproduction in the genus Ophryolrocha is more variable ilian in any oilier polychaete taxon of similar size. 
Energetic constraints related to sm ail size may be one reason; opportunistic life hi stories with often sparse 
populations may be anoùler. The most important of ùlOse reproductive traits are listed in Table l. 

W ESTHEIDE'S (1987) series of successive embryonization in ùle family Dorvilleidae indicates ùlat smal l species 
have evolved [rom larger ones. ---"ùlese small interstitial species must ùlen forrn the end-point of an evolutionary 
line which originates in lru'ger benÙlic species" (WESTHElDE, 1984, P 266). For Ùle genus Opf/l)'otrocha it has al so 
been suggested that Ùle atrochal , demersal larvae found in O. macu.la/a occurred in Ùle large r ancestors 
(ZAYARZINA & TZETLlN, 1991). Obviously ilie progenetic evolution has been very successful and has triggered rul 
adaptive radiation. 

The egg diruneter varies between 240-320 Ilm in O. cosmelandra (OUG, 1990) and 56.5 Ilm in O. paralabidon 
(HILBIG & BLAKE, 199 1). At ùle end of ùle brooding period, ilie progeny of sorne species is released as 
polytrochous lru'vae wiili no seti gerous segments, whereas other species release juveniles WiÙl up to 5 seti gers. In 
O. vivipara Ùle progeny has only 2-3 setigers when released, but Ùle largest recorded viviparous progeny of O. 
socialis had 12 setigers. 

In summru'y, the variability in reproductive u'aits in Ille genus Ophryolrocha makes it rul ex tremely val uable 
study material , a kind of marine Drosophila. "This genus may be very important for sex allocation studies, since it 
contains ail Ùlree of the basic forms of sex uality found in animals" (CHARNOY, 1982, P 201). 
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