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ABSTRACT 

The reproductive biology of the circumtropical am-

phinomid polychaete, Eurythoe complanata (Pallas, 1766), 

from the Gulf of California, Mexico, is described. This 

fireworm exhibits an annual cycle of asexual and sexual 

reproduction, 

Asexual reproduction is accomplished by architomic 

scissiparity; the body breaks into two or more parts, and 

the body parts then regenerate heads or tails or both. An

terior segments are replaced at a rate of 4.51 ± 1.63 

segments/month; posterior segments at 4.15 ± 3.44 segments/ 

month. There is an upper limit of around 16 anterior seg

ments produced from May through August; posterior segments 

are produced throughout the year. Fragmentation occurs 

through the formation of megasepta. The blastema is char

acterized externally by elongation and enlargement. The 

anterior blastema lies on a zone of mesoderm. The latter is 

the growth zone, and is characterized by a high degree of 

vascularization, many coelomocytes and pigment granules. 

The coelom is almost filled with botryoidal tissue. It is 

highly vascularized and may function as a site of food stor

age. The anterior portion of the gut lies just behind the 

growth zone. The nerve cords of anterior segments become 
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greatly enlarged, and appear to be replaced by an ingrowth 

of body wall ectoderm just anterior to the growth zone. 

Posterior regeneration is essentially a mesodermal process. 

The pygidium is formed by an invagination of the posterior 

blastema. Mesodermal bands surround the gut, and the growth 

zone is located midventrally to the gut. 

The sexual cycle of E. complanata is described in 

relation to its population structure. Segment numbers, body 

weights, gamete diameters and densities and sex were recorded 

monthly during the sampling period. Body volumes were taken 

for females. Segment numbers are highest during the winter, 

and lowest in summer. Body and segment weights are highest 

in summer, and lowest in winter. The segment numbers of E. 

complanata are distributed about a single monthly mean for 

much of the year. Two monthly means are observed during the 

reproductive cycle from May through early August. The part 

of the population with high segment numbers and heaviest body 

weights includes reproductive fireworms; that part with low 

segment numbers and lower body weights represent vegetative 

fireworms. Twelve to 13% of this population contains gametes. 

The sex ratio is one male to one female. The densities of 

sperm stages are correlated with segment weights. Females 

exhibit an increase in body weights through the gametogenic 

cycle. Oocyte diameters and densities are correlated with 

increases in body weight and weight per segment. A sensitive 
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index to oogenesis may be the product of oocyte volume times 

oocyte density. A significant correlation exists between 

this product and the weights of segments. The maximum number 

of eggs produced by female E. complanata is between 7 to 

8 x 105. 

The stages of gametogenesis found in E. complanata 

resemble those described for other polychaetes. The gametes 

are produced from the peritoneal linings surrounding blood 

vessels and the gut. 

Gametes are spawned through two pseudopores formed 

by the lateral rim of the pygidium and the intestine. 

Gametes are released into the intestine through lesions in 

the gut wall, and transported in the lumen of the intestine 

to the pygidium by muscular contraction and intestinal cilia. 

Males retain spermatozoa after spawning; females release all 

oocytes at one time. The eggs are spawned as primary oocytes 

that must be fertilized before maturation occurs. 

A total of 88 hours of larval development is de

scribed. 

Estimates of larval recruitment are low. About 0.5% 

of the fireworms examined over the 16 month sampling period 

appeared to be newly settled post-larval fireworms. 

A combination of asexual and sexual reproduction in 

E, complanata may account for its present day circum-

tropical distribution. 



INTRODUCTION 

Sexual reproduction is the general rule in the 

Metazoa, Relatively few metazoans reproduce asexually. 

Asexual reproduction, however, represents a simple exten

sion of growth that results in rapid population increases 

leading to efficient exploitation of localized food supplies 

(Barrington, 1967). This type of reproduction is of high , 

adaptive value. Species that reproduce this way, however, 

have low amounts of variability (Mayr, 1966). The best 

examples of asexual reproduction are to be found in the 

Protozoa. 

The polychaetous annelids are well known for their 

ability to replace lost or damaged parts. Some also repro

duce asexually, but such a reproductive mode is uncommon 

and absent in many polychaete families. Asexual repro

duction has been termed schizogony by Herlant-Meewiss 

(1958), and has been subdivided into two types, scissiparity 

and stolonization. A worm simply fragments into two or more 

parts in scissiparity. Scissiparity is termed architomic 

if the body fragments lack heads and/or tails before frag

mentation occurs; the phenomenon is termed paratomic if 

heads can be seen in the parental stock before the onset 

of fragmentation. Stolonization is the asexual phase in 

1 
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worms that exhibit alternations of asexually and sexually 

reproducing generations; it is typical of certain groups of 

syllid polychaetes. The asexual generation produces lateral 

buds. The buds develope into sexually active worms. This 

process of lateral budding is called gemmiparity. 

Polychaetes in which architomic scissiparity has 

been demonstrated are Autolytus sp. by Hauenschild (1953); 

Odonotosyllis gibba Claparede, 1863, by Gravier and Dantan 

(1928); Procerastea halleziana Malaquin, 1893, by Allen 

(1921); Pygospio elegans Claparede, 1863, by Rasmussen 

(1953); Dodecaceria fimbriata (Verrill, 1880) and D. 

coralii (Leidy, 1855), by Martin (1933) ' D. caulleryi 

Dehorne, 1933, by Dehorne (1933); D. fistulicola Ehlers, 

1901, by Berkeley and Berkeley (1954); D. berkeleyi Knox, 

1971, by Knox (1971); Raphidrilus nemasoma Monticelli, 

1910, by Monticelli (1910) ,* Zeppelina monostyla (Zeppelin, 

1883) by Zeppelin (1883)' Megalomma linaresi (Rioja, 1918) 

by Rioja (1929); Myxicola aesthetica (Claparede, 1870) and 

Potamilla torelli Malmgren, 1866, by Caullery and Mesnil 

(1920); and Spirographis spallanzanii Viviani, 1805, by 

Vaney and Conte (1898). Architomy has also been suggested 

for Syllis gracilis Webster, 1879, by Mesnil and Caullery 

(1919); and Phyllochaetopterus socialis Claparede, 1870, 

and P_, prolifica Potts, 1914, by Potts (1914). 
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Paratomic scissiparity has been demonstrated for 

Polydora tetrabranchia Hartman, 1945, by Campbell (1956) ,* 

Ctenodrilus parvulus Scharff, 1887, by Scharff (1887) ' 

Ctenodrilus serratus (Schmidt, 1857), by Kennel (1882),* 

Filograna implexa Berkeley, 1851, by Faulkner (1930)* 

Salmacina autralis Haswell, 1884, by Haswell (1884),* 

Salmacina dysteri (Huxley, 1855) and £L incrustans 

(Claparede, 1870), by Malaquin (1895) ; and 23. incrustans 

by Cresp (1964). 

Gemmiparity has been described in the Autolytinae 

by Gidholm (1967), and the Syllinae by Malaquin (1893) and 

Durchon (1959). Okada (1929) has studied both of these sub

families. Wissocq (1970a,b,c) has made a detailed investi

gation of stolonization in Syllis arnica Quatrefages, 1865. 

The vast amount of literature dealing with the 

reproductive biology of polychaetes has been summarized by 

Berrill (1952), Dales (1963), Clark (1965) and Schroeder 

(in press). Relatively few quantitative studies exist 

describing changes in polychaete reproductive cycles. Such 

studies include Dorsett (1961) on Polydora ciliata (Johnston, 

1838); Gee (1967) on Spirorbis rupestris Gee and Knight-

Jones, 1962; George (1964, 1966) on Cirriformia tentaculata 

(Montagu, 1804) and Scolecolepides viridis (Verrill, 1873); 

Gibbs (1968, 1971) on Scoloplos armiger (Muller, 1776), 

and Caulleriella caput-esocis (Saint-Joseph, 1894), 

Cirriformia tentaculata, Cirratulus cirratus (Muller, 1776) 
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and Tharyx marioni (Saint-Joseph, 1894); Hill (1967) on 

Mercierella enigmatica Fauvel, 1923, and Hydroides uncinata 

Philippi, 1844; Hutchings (1973a, 1973b) on Melinna cristata 

(Sars, 1856); Joyner (1961) on Nerine cirratulus (delle 

Chiaje, 1828); Olive (1970) on Cirratulus cirratus; Schroeder 

(1967, 1968, 1971) on Nereis grubei (Kinberg, 1866); 

Southward and Southward (1958) on Arenicola ecaudata 

Johnston, 1835, and A. branchialis Audouin and Milne-Edwards, 

1833. 

Studies on the biology of amphinomid polychaetes 

include those of Stannius (1831); Grube (1837); Racovitza 

(1896).; Augener (1910); Storch (1912, 1913, 1915); Gus-

tafson (1930); Allen (1957); Marsden (1960, 1962, 1963a, 

1963b, 1966, 1968a, 1968b); Fitzsimons (1964); Marsden 

and Galloway (1968); Storch and Welsch (1969) and Kudenov 

(in press). The only papers available on the reproductive 

biology of amphinomids are that of Allen (1957) on Hermodice 

carunculata (Pallas, 1788), Eurythoe complanata (Pallas, 

1766) and Notopygos crinita Grube, 1855, from Puerto Rico. 

However, hers was a general survey of reproductive ac

tivities of polychaetes. Oocytes of Hermodice carunculata 

and Eurythoe complanata were superficially described, and 

a brief statement was made about the larval development of 

Notopygos crinita. Marsden (1960) surveyed the reproductive 

states of polychaetes from the Barbados. Included in her 
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study were Hermodice carunculata and Eurythoe complanata. 

As the latter was fertile during her study, she was able 

to obtain spawned gametes and to describe fertilization 

and early stages of larval development. The description 

is rather brief, and only a trochophore larva is shown. 

Augener (1910) and Kudenov (in press) have described 

brooding behavior and protandry in Hipponoe gaudichaudi 

Audouin and Milne-Edwards, 1833. Their studies were 

based on preserved specimens. 

Eurythoe complanata is a circumtropical amphinomid 

polychaete that is abundant in the northern Gulf of Calif

ornia, Mexico. It is capable of regeneration and appears to 

reproduce both asexually and sexually. The purpose of this 

study is to describe quantitatively the reproduction biology 

of E. complanata. The results of this study are compared 

with similar types of asexual reproduction in other poly-

chaetes and other quantitative studies dealing with 

polychaete reproductive cycles. 



METHODS AND MATERIALS 

All research was conducted at The University of 

Arizona, Tucson, Arizona, and the University of Arizona-

University of Sonora Cooperative Marine Biological Labora

tory and the Environmental Research Laboratory at Puerto 

Penasco, Sonora, Mexico. The study area is known as Station 

Beach. Sampling began in November, 1972, and ended in 

February, 1974. Monthly temperatures were recorded along 

a vertical transect that included a runoff channel in the 

upper midtide zone, the water and sand under basalt boulders 

an exposed tidepool in the lowtide zone and the surf. The 

body temperatures of 10 specimens were recorded each month 

by puncturing the midbody wall with a microthermistor. 

Almost all specimens were returned to their original habitat 

within 12 hours of collection. About 10 specimens were 

preserved each month for histological work. Between 100 

and 175 specimens were collected and examined each month. 

An additional sample was taken during the months of July 

and August, 1973. The definition of a specimen for this 

study is a whole worm or a fragment of a worm. The total 

number of body segments, regenerating segments, body weights 

sex, color and body fragments were recorded for each worm. 

Body volumes were recorded for female fireworms. Body 
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weights were measured by blotting the worms, immersing them 

in a tared beaker of sea water, and reweighing the beaker. 

Body volumes were measured by placing the worms in a 

graduated cylinder. All data were treated statistically 

at the 5% level of probability. 

Gamete sizes and densities in sexually active 

fireworms were also measured by obtaining coelomic samples 

from the midbody region of males and females. Gamete 

sizes were measured with an ocular micrometer; gamete 

densities were measured with a haemocytometer. In the 

latter experiments, all oocytes within the grid were 

counted, but only sperm within the central and corner 

squares were enumerated. Density is defined in this study 

3 
as the number of gametes/mm . The oocytes of five females 

and the sperm platelets of three males were sampled along 

the body axis at 20 segment intervals to determine the 

reliability of the technique and the variability of gamete 

distributions in the coelom. The females were examined 

in mid July, 1973; the males in June, 1973. All data were 

statistically treated at the 5% level of probability. 

Fecundity measurements were based upon estimates 

of coelomic volume. The latter was obtained by looking at 

tissue sections from anterior, middle and posterior body 

regions, and calculating coelomic volume as a fraction of 

the total body volume. The product of this value 
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multiplied by oocyte density was taken to be an estimate 

of fecundity. 

Gametogenesis was followed by examining coelomic 

samples and tissue sections. Traverse and sagittal sections 

were made of male and female specimens. All worms were 

sectioned at 8 y, and stained either with Heidenhains 

Haematoxylin-Alcian Blue-Eosin B, or Mallory*s Triple 

Stain (Humason, 1967). 

Serial traverse, sagittal and frontal sections 

were made of body fragments and regenerating heads and 

tails. All specimens were sectioned at 8 y,and stained 

as described above. Illustrations of regenerating tissues 

were made with the aid of a camera lucida and microprojector. 

Spawning and fertilization were observed and de

scribed. The technique used to induce spawning in E, 

complanata is also reported. 

The early larval development of E. complanata was 

followed using the techniques described by Costello, et al. 

(1957). Spawned oocytes were rinsed and placed into a 

beaker of filtered sea water (using an Aqua Pure Filter, 

AMF Cuno Division, Meriden, Conn. Model P 10-1, Cat. No. 

55310-01). A drop of sperm suspension was added to the 

beaker. This egg-sperm suspension was rinsed after one 

hour, and the zygotes returned to another beaker of fil

tered sea water. The water in the containers was changed 
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twice daily. The room temperature was 28.5 ± 1.5°C. The 

developing larvae were fed shredded spinach and the diatom, 

Skeletonema. Photographs and camera lucida drawings were 

made of the larval stages. 

A total of 23 specimens of E. complanata obtained 

from the Grand Caiman Islands in the Caribbean, Cabo San 

Lucas in Baja California, Mexico, and the Hawaiian Islands 

was examined for asexual reproductive activity. 



THE HABITAT OF EURYTHOE COMPLANATA 

The study area is Station Beach, Puerto Penasco. 

It is about 5 km long and lies along a WWN to EES axis. 

The upper half of the beach is steeply sloped and consists 

of coarse shelly sand. The lower half is gently sloped, 

and represents a platform of Pleistocene conglomerate 

(Thomson, Mead and Schrieber, 1969). This conglomerate 

has been carved into sharp outcroppings, sandlined tide-

pools and runoff channels. Basaltic boulders are present 

on this platform, and are most numerous in the low midtide 

zone near the mean low waterline. The tides are semi

diurnal and attain amplitudes of 7 m. Monthly temperature 

data for the upper midtide zone, the sand under basaltic 

boulders and the surf are presented in Fig. 1. The northern 

Gulf of California can be characterized as tropical in 

summer, and warm to cool temperate during winter. For 

example, the surf temperatures ranged from a maximum of 

30.1°C during August, 1973, to a minimum of 13.0°C during 

January, 1974, Exposed intertidal areas were either cooler 

or warmer during winter and summer months: the maximum 

and minimum temperatures for the months of August, 1973, 

and January, 1974, were 31.0°C and 12.1°C. The sand under 

the basalt boulders, however, was cooler than the surf in 

10 
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Figure 1. Seasonal variations in temperature (°Cl 
at Station Beach, Puerto Penasco. 
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summer, and somewhat warmer in winter. These boulders 

appear to dampen seasonal temperature fluctuations. The 

mean monthly temperatures of E. complanata are also pre

sented in Fig. 1. They are similar to the temperatures of 

the habitat under the basaltic rocks. 

The dominant and conspicuous algae in this habitat 

vary seasonally: Padina durvillaei Bory, P. mexicana 

Dawson, Colpomenia tuberculata Dawson, C. sinuosa (Saunders), 

C. deformans Setchell and Gardner, Cutlaria hancocki Dawson, 

Gigartina johnstonii Dawson, are present during the spring 

and summer; Galaxauara fastigata Dec'ne, and Jania tenella 

Kutz, are abundant during late spring and summer; Sargassum 

camouii Dawson, herporhizum Setchell and Gargner, and 

£3, johnstonii Setchell and Gardner, are present throughout 

the year, and are most conspicuous from late winter and 

spring. 

E. complanata is distributed from intertidal zones 

to depths of 60 m (Hartman, 1939). It is one of the most 

abundant amphinomids in the Gulf of California (Kudenov, 

1973). It can be found under boulders at Puerto Penasco 

during all times of the year. This fireworm is an omnivore, 

consuming plant and animal material, shell fragments and 

sediment. 



RESULTS 

The Asexual Cycle 

A frequency histogram of the asexual cycle of E. 

complanata is presented in Fig. 2. It shows what per cent 

of each sample collected consisted of body fragments with

out heads and/or tails (Fig. 2A), and of regenerating worms 

(Fig. 2B), Few body fragments can be found from October 

through March CFig. 2A). Increasing fragmentation begins 

in April and peaks in May. I estimate that 30% of the 

population autotomizes from May through July. The parental 

stock fragments at least once or twice per year to produce 

two or three body fragments (Fig. 2A May-July). The pro

portions of body fragments in May (tailless: headless and 

tailless:headless) do not significantly differ from unity 

Cp >.05, d.f. = 71). The proportions of body fragments do 

differ, however, during the months of June and July (p <.05, 

d.f. = 48). There are more headless fragments than tailless 

fragments. Relatively few body fragments lacking both 

heads and tails were found during these months. The upper 

limit to the number of body fragments that a single worm 

can produce is not known. 

A higher proportion of the population exhibits 

regenerative activity throughout the year (Fig. 2B). 

13 



Figure 2. The asexual cycle of E. complanata from 
Station Beach, Puerto Penasco. 

A. Percentage of body fragments lacking heads and/or 
tails in each monthly sample. The white bars represent 
headless fragments; black bars represent tailless fragments; 
hatched bars represent fragments lacking both heads and 
tails. 

B. Percentage of worms found regenerating heads or tails 
in each monthly sample. The white bars represent worms 
regenerating heads; the black bars represent worms re
generating tails. 
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Figure 2. The asexual cycle of E. complanata from 
Station Beach, Puerto Penasco. 
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Between 50 to 80% of the population can be found re

generating heads and/or tails from June through October. 

Almost all of the anterior regeneration is completed by 

August. Specimens that are regenerating heads in September 

and October probably autotomized during July and August. 

Less than 50% of the population exhibits regenerative 

activity from November through May. The lowest regenerative 

activities occur in winter and early spring. With the 

exception of May, only specimens regenerating tails were 

found during this time. 

Regeneration Rates 

Arithmetic plots of the average number of re

generated segments found at the anterior and posterior 

ends of worms each month for E. complanata are given in 

Fig. 3. Although anterior regeneration occurs from May 

through October, it is essentially finished in August. A 

total of 84 worms regenerated heads from May through 

August; 16 in September; 9 in October. An average of 

15.78 segments were regenerated by August; 14 in September; 

12 in October. The latter two months probably reflect 

specimens that had autotomized during July and August. 

An anterior regeneration rate of 4.51 + 1.63 segments/ 

month was obtained by regression analysis. The months of 

September and October were not included in this analysis. 



Figure 3. Arithmetic plots of anterior and 
posterior regeneration in E. complanata from Station Beach, 
Puerto Penasco. 

A. Average number of regenerated segments found at the 
anterior ends of worms. 

B. Average number of segments found at the posterior 
ends of worms. The horizontal bars represent the means 
and the vertical bars represent one standard deviation 
on either side of the mean. 
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Posterior segments are replaced at a rate of 4.15 + 3.44 

segments/month. 

The number of regenerated segments is independent 

of the original size of the body fragment (Fig. 4). Re

generated segments are distinguishable from original 

segments by the presence of a distinct junction that 

persists after regeneration has ceased. This junction 

can be observed at all times of the year. The data in 

Fig. 4 includes both regenerating and postregenerative 

worms. Although the data is for September, 1973, similar 

results have been found for other months of the year. In 

both cases of anterior and posterior regenerations, 

correlations between these two factors are not significantly 

different from zero (Fig. 4) (Anterior regeneration: 

r = ,03, d.f. = 31; Posterior regeneration: r = .07, 

d.f. = 27). No more than about 16 anterior segments are 

regenerated by E. complanata in one season (Fig. 3A). 

However, this fireworm replaced an average of 37 posterior 

body segments during the nine month period from May, 1973, 

through February, 1974 (Fig. 3B). 

Semi-logarithmic plots of anterior and posterior 

regeneration are presented in Fig. 5. Both graphs reveal 

early rapid growth rates that decrease asymptotically 

during late July. 



Figure 4. Typical scatter diagram of the number of 
regenerated segments vs. the number of segments in the 
original body fragment of E. complanata. 

A, The number of regenerated segments found at the an
terior ends of worms. 

B. The number of regenerated segments found at the 
posterior ends of worms. Data for September, 1973. 
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Figure 5, Semi-logarithmetic curves of regeneration 
in E. complanata, 

A. The average number of segments found at the anterior 
ends of worms. 

B. The average number of segments found at the posterior 
ends of worms. 
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Fragmentation 

E. complanata fragments along transverse fission 

planes called megasepta. The megaseptum involves an entire 

segment. The circular and longitudinal body wall muscles 

are partially lysed, and the gut is highly constricted. 

A megaseptum is dorsally transparent. The ventral pigment 

canals, however, are filled with brown granules on both 

sides of the megaseptum. The pigment canals are good 

reference points for the fission plane. These canals are 

epidermal channels just below the ventral and lateral 

longitudinal nerve cords and podial nerves. 

Fragmentation is accomplished by the constriction 

of longitudinal body wall fibers on both sides of the 

megaseptum. The latter is essentially inflexible. The 

body expands about the megaseptum and splits apart. The 

circular body wall fibers then contract to close the body 

cavity. This situation can be observed in specimens where 

the notopodia are directed anteriorly and nearly touch one 

another (Fig. 6A), 

The formation of a megaseptum requires one to two 

weeks. Fragmentation occurs within 10 to 15 minutes. 

The Morphology of Regeneration 

External features of anterior regeneration are 

portrayed in Fig. 6A-C. The first setiger of an anterior 

fragment CFig. 6A) is reduced in size, and the parapodia 
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1mm 

Figure 6. External aspects of anterior regeneration 
in E, complanata. 

A-C, Anterior regeneration. D. Posterior regeneration. 
All illustration depict dorsal views. 
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are directed forwards. A translucent blastema is formed 

between the parapodia about 1 week after autotomization. 

This blastema enlarges and elongates. The first visible 

structures produced by the blastema are the prostomium, 

antennae, caruncle, eyes and palpi. The mouth and proboscis 

can not be seen. Segments appear to be produced within the 

first segment of the parental fragment. Incomplete inter

segmental grooves are visible just in front of this segment 

(Fig. 6B-C). The parapodia are small and are similar to 

those of larger specimens. Some of the notosetae, however, 

are distally curved and truncate. They are also distally 

capped or hooded. Such notosetae seldom occur in adult 

specimens, and are generally absent from worms completing 

regenerative activities. The typical assortment of E. 

complanata setae are otherwise present. The branchiae 

resemble those of larger specimens, but are smaller. 

Similar events are observed in posterior regenera

tion (Fig. 6D). The posterior setiger becomes reduced, 

and the parapodia are directed posteriorly. The blastema 

appears about one week after fragmentation. The pygidium 

forms first, and segments appear to be produced from a 

region just in front of it. Intersegmental grooves converge 

and later fuse along the middorsum just anterior to the 

pygidium. 
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All regenerated tissues lack pigmentation, and ex

ternal events can be easily followed. Anterior segments 

become pigmented soon after regeneration is completed. 

Pigmentation in posterior segments is a gradual process 

requiring many months. Posterior regenerations of worms 

that had fragmented in May and June can be followed by this 

coloration difference well into February. 

The ventral pigment canals become laden with brown 

particles. The pigment in these canals disappears soon 

after regeneration is completed. How this pigment is 

removed from the canals was not determined. 

A conspicuous junction exists between the newly 

regenerated anterior segments and those of the original 

fragment. It persists after the segments have been replaced. 

These specimens were not included in the analyses of anterior 

regeneration rates. A similar junction is also present 

during the early phases of posterior regeneration, but soon 

disappears. 

An unusual setal type occurs in the notopodia of 

regenerating anterior segments (Fig. 7). It is thick, 

straight shafted, and distally curved. A transparent hood 

encloses the distal hook. Although its function is unknown, 

this seta is not detachable like a harpoon seta. Such 

setae are generally replaced by "typical" E. complanata 

setae after regeneration is completed. Some remain in the 



Figure 7, An anomalous notoseta found in regen
erating anterior segments of E. complanata. 
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notopodia of post-regenerative individuals. The method of 

setal replacement was not followed. 

Internal morphological changes associated with 

anterior regeneration are shown in Figs. 8-9. The frag

mentation plane is sealed by the continued proliferation 

and migration of ectodermal cells from the body wall. 

Continued proliferation of these cells results in the 

formation of a thick blastema (Fig. 8A-C). The blastema 

lacks mesodermal elements, but sits on top of a mesodermal 

zone. The prostomium, including the cerebral ganglion, 

caruncle, antennae, pigment cups and palpi are derived from 

the blastema (Fig. 8A-C). The palpi are separated by a 

midventral groove (Fig. 8A). An invagination from the 

posterior margin of this groove gives rise to the mouth, 

proboscis and buccal capsule (Fig. 8B-C). Mesoderm that 

has been derived from de-differentiated mesoderm is present 

in the proboscis. A stomodaeal plate separates the buccal 

cavity from the alimentary canal (Fig. 8C). The anterior 

gut is therefore closed during blastema formation. The 

pharynx and oesophagus are not formed at this time. The 

anterior margin of the gut grows slightly to meet the 

stomodaeal plate, and follows it as new segments are 

produced. 

The mesodermal elements of the original anterior 

segments become de-differentiated during segment formation 



Figure 8. Internal morphology of anterior regen
eration in E. complanata. 

All sections in dorsal frontal view. A-C, ventral to 
dorsal series of anterior blastema; D, the anterior growth 
zone found above the blastema. E, the ventral nerve 
ganglion in the process of receiving body wall ectoderm, 
ac, alimentary canal; agz, anterior growth zone; b, 
blastema; be, buccal cavity; bt, botryoidal tissue; bv, 
blood vessel; c, coelom; ct, cuticle; ec, ectoderm; 
iec, invaginating ectoderm; m, mesoderm; np, neuropodium; 
nt, notopodium; oc, optic cup; p, proboscis; pc, pigment 
canal; pi, palp; vg, ventral ganglion. 
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Figure 8. Internal morphology of anterior regen
eration in E. complanata. 
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(Fig. 8D). Fusiform to spindle-shaped elements can be 

found throughout the body wall and the coelom, and appear 

to be the products of rearranged muscle fibers. Segments 

are produced from a mesodermal zone that is just posterior 

to the blastema, above the gut (Fig. 8D). The zone is 

heavily vascularized and contains numerous coelomocytes. 

Small brown particles of pigment also occur throughout 

this zone. 

The coelom is almost filled with an amorphous 

tissue called botryoidal tissue. It is highly vascularized 

and coelomocytes appear to be produced from the peritoneal 

lining of the blood vessels of this tissue. 

Segmentation during anterior regeneration is pri

marily a mesodermal event. Mesodermal partitions are 

added to the posterior margins of presumptive segments as 

they are produced (Fig. 9A) . At first these septa are 

nearly complete, but are later confined to the lateral 

body wall. 

The midventral nerve cords, podial nerves and 

lateral cords appear granular as a result of ingrowth by 

body wall ectoderm (Fig. 8E). Some of these cells may 

also have migrated anteriorly between the paired ventral 

cords from more posterior segments because this granular 

appearance is present in the anterior half of the entire 

cord. The lateral cords, podial nerves and ventral cords 
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become enlarged in the first segment of the original frag

ment. The latter region is somewhat diffuse (Fig. 8E). 

The segmental ganglia in newly formed setigers are dis

tinct, but the paired ventral cords, podial nerves and 

lateral cords are heavily granulated along their ventral 

margins. 

The internal changes associated with posterior 

regeneration are shown in Fig. 9B-C. Blastema formation 

is similar to that described for anterior regeneration, 

and is the result of continued proliferation and migration 

of ectodermal cells from pre-existing ectoderm. Posterior 

ectoderm, however, appears to be derived primarily from 

large, basally located ectodermal cells. The blastema 

temporarily closes the gut. A proctodaeal plate is absent. 

The gut grows along its severed margin. A midventral anal 

papilla that is a product of the blastema, is located just 

behind the anus (Fig. 9C). A zone of mesoderm is present 

just in front of this papilla, between the body wall and 

the gut (Fig. 9B-C). This band of tissue surrounds the 

alimentary canal, and is most dense along its midventral 

region. The latter region is the posterior growth zone. 

This entire mesodermal zone is heavily vascularized, and 

contains numerous coelomocytes. Pigment granules were 

also observed. The mesoderm of this growth zone appears 

also to have been derived from pre-existing mesoderm. 



Figure 9. Internal morphology of anterior and 
posterior regeneration in E. complanata. 

A, sagittal view of anterior growth zone; B, transverse 
view of posterior growth zone; C, sagittal view of posterior 
growth zone. ac, alimentary canal; agz, anterior growth 
zone; bt, botryoidal tissue; bv, blood vessel; c, coelom; 
ct, cuticle; m, mesoderm; nr, neuropodium; nt, notopodium; 
pc, pigment canal; pgz, posterior growth zone; pp, pygidial 
papilla; py, pygidium; sp, septum; tnc, podial nerve; 
vng, ventral nerve ganglia. 
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Figure 9. Internal morphology of anterior and 

posterior regeneration in E. complanata. 
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Characteristic spindle shaped cells are present in the 

muscle bands and coelom. Botryoidal tissue is restricted 

to the coelom of the original body segments. It almost 

fills the coelom of these posterior segments as it does 

anteriorly. 

Segmentation during posterior regeneration is a 

mesodermal process. Posterior partitions are added to 

each presumptive segment as they are produced (Fig. 9B). 

These septa converge on the mesodermal covering of the gut, 

and are initially complete sheets of mesoderm. The septa 

become widely separated as the segment enlarges. 

All of the nerve cords and podial nerves are formed 

by an ingrowth and modification of body wall ectoderm 

through the anal papilla (Fig. 9C). The nerve cords and 

connectives are granular in appearance. All resemble those 

of anterior segments because their ventral margins are 

granular. 

The podial nerves of the original posterior seg

ment become greatly enlarged during posterior regeneration 

(Fig. 9B). Because the parapodia of this segment are 

directed posteriorly, these nerves diverge from the ganglion 

along the pattern of a "V". It is at the point of this 

"V" that the segmentation zone is produced. 

Brown pigment granules can be seen throughout the 

growth zones of anterior and posterior tissues. The 
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former is the more conspicuous. These particles may repre

sent by-products produced by the reformation of tissues. 

How these particles are transported from the tissues to 

the pigment canals (Fig. 9A) remains unanswered. 

Changes in Population Structure 

The average number of body segments of E^. com-

planata for each month is given in Fig. 10. The error 

involved in counting segments is less than 5% of the total. 

Segments range from 98.43 to 106.29 from September through 

April. A sudden decrease in segment numbers occurs in 

May when the average number is 76.16. There is a gradual 

increase in the number of body segments from May through 

August. 

Frequency histograms showing the numbers of indi

viduals in each size (segment) class are presented in 

Fig. 11, Individuals included in this count include 

fragments produced during asexual reproduction. These 

histograms are distributed along a normal curv-j, but are 

skewed towards high numbers of segments. They are either 

unimodal or bimodal. Unimodal distributions generally 

occur during late fall and winter months (Fig. 11A-E; K-P). 

Smaller sized classes become noticeable in May (Fig. 11G), 

and are most abundant in June (Fig. 11H). A bimodal 

distribution starts to occur in April and May, and is 

distinct in June and July (Fig. 11F-I). It is still 
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Figure 10. The average number of body segments of 
E. complanata during each month of the year. 

The transverse bars represent the means, and the vertical 
bars one standard deviation on either side of the mean. 
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Figure 11. Frequency histograms of monthly segment 
distributions of E. complanata from Puerto Penasco. 
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Figure 11. (Continued). Histograms of E. complanata. 
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Figure 11. CContinued). Histograms of E. complanata. 
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discernable during August (Fig. 11J). The mean number for 

these bimodal peaks is 68.43 and 138.68 segments in June 

(Fig. 11H); 74.06 and 139.85 during July (Fig. Ill); 

78.97 and 132.74 in August (Fig. 11J). 

The average body weight of individuals of E. 

complanata for each monthly collection is shown in Fig. 12. 

The highest values of 6.5 and 6.3 grams were encountered 

during the summer months of July and August, 1973. There 

is a tendency for average body weights to be less through 

winter and spring. A weight of 3.4 grams was recorded 

during May and June, 1973. 

The average weight per segment of E. complanata 

for each monthly sample is given in Fig. 13. Average 

segment weights are highest in July (0.055 gram), and 

lowest in winter (0.036 and 0.033 grams in February 1973 

and 1974). 

Population Structure of Reproductive 
and Vegetative Fireworms 

The reproductive cycle of E. complanata at Puerto 

Penasco begins in May, and ends in early August. Breeding 

is restricted to a single spawning period in late July. 

About 12.45% of the population is reproductively active. 

Relatively few gametes could be found in early August; they 

were absent by mid August. 
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Figure 12. The average body weight of E. complanata 
from Puerto Penasco. 

The horizontal bar represents the mean, and the vertical 
bars one standard deviation on either side of the mean. 
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The average number of segments for sexually active 

and vegetative specimens of E. complanata is shown in 

Fig. 14. The reproductive fireworms had an average of 

148.53 segments in May, but the number decreased to 132.86 

segments in early August. The mean number of segments for 

this group over the reproductive season was 137.80 seg

ments (Fig. 14A). The vegetative specimens had an average 

of 68.61 segments in May, but they increased until there 

were 91.07 segments in August (Fig. 14B). The mean for 

this group was 79.44 segments. The observed difference 

between the mean numbers of segments for this three month 

period is statistically significant (t = 8.47, d.f. = 769). 

The weights of sexual and vegetative fireworms for 

this period is presented in Fig. 15. Both groups exhibit 

increases in body weights during this period. The weights 

of the reproductive worms, however, decrease abruptly 

during August (Fig. 15A). The maximum average weight of 

this group is 12.29 grams in mid July; the minimum is 

9,34 grams in early August. The mean weight for this 

period is 10.94 grams. The average weight of the vegeta

tive or sexually inactive individual of this population 

ranges from 2.81 to 4.36 grams from May through August 

(Fig. 15B), The mean body weight for these worms is 3.12 

grams. The observed difference between the means of the 

body weights for reproducing and vegetative fireworms for 



Figure 14. The average number of segments of E. 
complanata from May through early August, 1973. 

A. Sexually active specimens of E. complanata; B. vege
tative specimens of E. complanata. The transverse bar is 
the mean, and the vertical bar is a single standard 
deviation on either side of the mean. A total of 771 
specimens were examined during this period. 
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Figure 14. The average number of segments of E. 

complanata from May through early August, 1973. 



Figure 15. The average wet weight in grams of E. 
complanata from May through early August, 1973. 

A. Sexually active specimens of E. complanata; B. Vegeta
tive specimens of E. complanata. The transverse bar repre
sents the mean, and the vertical bar represents one standard 
deviation on either side of the mean. A total of 771 
specimens were examined during this period. 
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this three month period is statistically significant (t = 

5.88, d.f. = 769). 

The average weight per segment of these two groups 

is shown in Fig. 16. Changes in weight per segment parallel 

those described above for total body weight. The weight 

per segment for reproductive worms increases from May through 

mid July (Fig. 16A). A sudden decrease occurs in August. 

The maximum weight per segment is 0.091 grams during mid 

July; a minimum of 0.071 grams in early August. The 

vegetative worms have lower segment weights (Fig. 16B). 

A minimum average value of 0.040 grams/segment was recorded 

in June, and a maximum of 0.048 grams in early August 

(Fig. 16B). The mean for this period is 0.042 grams/ 

segment. The observed difference between the mean segment 

weights of sexually active and vegetative fireworms for this 

three month period is statistically significant (t = 6.71, 

d.f. = 769). 

Somatic Growth During Gametogenesis 
in Reproductive Fireworms 

Nearly all reproductive fireworms examined had 

autotomized posteriorly, and were regenerating segments 

during gametogenesis. These fireworms had regenerated an 

average of 8.1 segments in June, 13.3 in early July, 14.6 

in mid July, and 21.2 by early August. The number of 

posterior segments replaced by vegetative worms is the same 



Figure 16. The average weight in grams per segment 
of E. complanata from May through early August, 1973. 

A. Sexually active specimens of E. complanata; B. Vege
tative specimens of E. complanata. The transverse bar 
represents the mean, and the vertical bar is one standard 
deviation on either side of the mean. A total of 771 
specimens were examined during this period. 
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Figure 16. The average weight in grams per segment 
of E. complanata from May through early August, 1973. 



49 

in all samples except mid July. A mean of 17.8 posterior 

segments was recorded for vegetative E. complanata during 

this time. The observed difference between the mean re

generation rates for sexually active and vegetative fire-

worms for mid July are statistically significant (t = 

2.07, d.f. = 125). 

Sex Ratios 

The sex ratio for this three month period (May 

through early August) is 1.06 males for every female. This 

difference does not significantly differ from a one to one 

ratio (p <.001, d.f. = 94). A total of 8 males and 7 fe

males was found in May; 8 males and 10 females in June; 

14 males and 11 females in early July; 12 males and 14 

females in mid July; 8 males and 6 females in early August. 

The variation in this ratio observed between the samples 

probably reflects sampling variability. 

Sexual Dimorphism 

The only morphological character that can be used 

to distinguish between males and females is color. The 

color patterns are restricted to the dorsolateral, inter-

ramal and ventral surfaces in both sexes. Males are 

whitish because of the spermatozoa in the coelom. Females 

are pinkish red due to the pinkish colored oocytes. Some 

specimens exhibited these color patterns, but lacked gametes. 
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Segment Numbers and Body Weights in 
Male and Female E. complanata 

The average number of segments for male and female 

fireworms for the period from May through early August is 

given in Fig. 17. The average number of segments for males 

ranges from a minimum of 111.27 in mid July, to a maximum 

of 144.5 during early July (Fig. 17A). The mean number of 

segments for this period is 130.60 (Fig. 17A). The average 

number of segments for female specimens of E. complanata 

range from a minimum of 126.62 during mid July to a maximum 

of 161.57 in May. The mean number of segments for female 

fireworms is 138.16 (Fig. 17B). The variability in these 

meristic characters reflects small sample sizes of sexually 

active fireworms. The observed difference between the means 

of these two groups is not statistically significant (t = 

0.854, d.f. = 94). 

The average weight of male and female fireworms is 

presented in Fig. 18. The highest weight of male fireworms 

was 12.54 grams in early July, and the lowest was 9.17 

grams in late July (Fig. 18A) . The mean wet weight for 

this period was 10.68 grams (Fig. 18A). Female body weights 

increased from May through mid July, and decreased abruptly 

in August (Fig. 18B). The highest average weight for 

females was 14.47 grams in mid July; the lowest was 8.82 

grams in early August. The mean wet weight for female 
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Figure 17. The ayerage number of segments for male 
and female E. complanata from May through early August, 1973. 

A, Male E. complanata. B. Female E. complanata. 
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Figure 18. The average weight of male and female 
E. complanata from May through early August, 1973. 

A, Male E. complanata. B. Female E. complanata. 
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fireworms during this period was 11.25 grams. The dif

ference between the means of male and female body weights 

is not statistically significant (t = 1.129, d.f. = 94). 

The average weight per segment for males and females 

are given in Fig. 19. The average weight for segments in 

the male remains fairly constant over this three month 

period CFig. 19A). The mean weight is 0.082 grams. The 

average weight for segments in the female, however, exhibits 

and increase from May through mid July, and a sudden de

crease in August CFig. 19B). The mean weight is 0.083 

grams. The observed difference between the means of these 

two groups is not significantly different (t = 0.055, 

d.f. = 94). 

The Sperm Stages of Male Fireworms 

Three stages of sperm products were recognized in 

this study: sperm platelets, sperm morulae and spermatozoa 

(Clark, 1965). The sperm platelets are flat packettes of 

spherical cells. These cells are spermatocytes, and at a 

later time, spermatids. Sperm morulae are metamorphosed 

spermatids attached to one another in clumps. Spermatozoa 

are free, individual cells. All of these sperm products 

are present in the coelom. 

The density of sperm platelets found at 20 segments 

intervals from the head to the tail of three male E. com-

planata is given in Fig. 20. There is no significant 
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Figure 19. The average wet weight in grams per seg
ment for male and female E. complanata from May through 
early August, 1973. 

A. Male E. complanata. B. Female E. complanata, 
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difference in the density of sperm platelets along the body 

axis of these worms. This is attributed to the fact that 

nearly all segments participate in spermatogenesis and 

complete septa are absent. 

These densities are graphed against the mean wet 

weight per male segment in Fig. 21. In all cases a sig

nificant positive correlation exists between the weight 

per segment and densities of sperm platelets, morulae and 

spermatozoa (Fig. 21A; r = .991, d.f. = 4; Fig. 21B: 

r = .995, d.f. = 4; Fig. 21C: r = .966, d.f. = 4). 

The ratios of male gonadal products are presented 

in Fig. 22. Sperm platelets occur throughout the sperma-

togenic cycle; sperm morulae are first visible in June, but 

are abundant in early July; spermatozoa are observable in 

early July, but are most dominant in mid July. All sperm 

products decrease in early August, and reflect the spawning 

period of late July. 

Oocyte Diameters and Densities 

Oocyte diameters measured from females during the 

reproductive period are presented in Fig. 23. The sizes 

recorded during May ranged from 5 to 32 jj , and averaged 

11 jj in diameter. The largest oocytes were recorded during 

mid July. They ranged from 69 to 94 JJ, and averaged 87.5 JI 

in diameter. Thus, oocyte diameters increased nearly eight 

times in 10 weeks. From May through July, 1973 the oocytes 



Figure 21. Density of male gonadal products vs. 
grams per segment of E. complanata. 

A. Sperm platelets. B. Sperm morulae. C. Spermatozoa. 

\ 
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Figure 22. The ratios of male gonadal products. 
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of E. complanata exhibited growth rates of 1.02 y/day at 

a mean temperature of 25,4°C. 

The density of oocytes along the body axis of five 

female E. complanata is shown in Fig. 24. There is no dif

ference in oocyte densities along the body axis of these 

specimens. 

The changes in oocyte density from May through 

early August are presented in Fig. 25. There is a typical 

logarithmic phase of oocyte proliferation from May to early 

3 
July. A maximum average density of 139.8 oocytes/mm was 

encountered in early July. A slight decrease to a density 

3 
of 115.6 oocytes/mm occurred in mid July. The last 

3 
density measured was 38.4 oocytes/mm m early August. 

The Diameters and Densities of Oocytes 

There are no significant correlations between oocyte 

diameters and segment numbers (r = .625, d.f. = 4), and 

oocyte densities and segment numbers (r = -.132, d.f. = 4). 

These parameters are independent of the original numbers of 

segments. 

Oocyte diameters and densities are plotted against 

the weights of female segments in Fig. 26. Oocyte diameters 

are significantly correlated with the weight of a female 

segment (Fig. 26A: r = .998, d.f. = 4). Oocyte density is 

also correlated with segment weight (Fig. 26B: r = .833, 
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E. complanata from May through early August, 1973. 

The horizontal bars are the means, and the vertical bars 
the 95% confidence intervals of the means. Ranges were 
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Figure 26, Oocyte diameters and densities vs. grams 
wet weight/segment of female E. complanata. 

A. Oocyte diameters vs. grams/segment. B. Oocyte densities 
vs. grams/segment. 
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d.f, = 4), Increases in oocyte diameters and densities 

are reflected in increased segment weights. 

The relationship between oocyte diameters and 

density is depicted in Fig. 27A. These parameters are not 

significantly correlated (Fig. 27A: r = .691, d.f. = 4). 

Although there is a partial relationship between these 

factors, oocyte diameters vary independently of oocyte 

densities. 

Estimates of oocyte volume were multiplied by oocyte 

densities. This value was plotted against the weight per 

female segment in Fig. 27B. There is a significant positive 

relationship between the volume of oocytes in a unit volume 

of coelomic fluid, and female segment weights (Fig. 27B: 

r = .992; d.f. = 4). The weight of a given segment in

creases as more of the coelomic volume becomes occupied 

with oocytes. 

Estimate of Fecundity 

Based upon observations of transverse tissue sec

tions, one may infer that the coelomic cavity represents 

about one-half of the total body volume. An estimate of 

fecundity for E. complanata during early July is 820,000 

oocytes per female; during mid July it is about 703,000. 
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Gametogenesis 

The stages of spermatogenesis are presented in 

Figs, 28-30, Sperm platelets are proliferated from the 

peritoneal linings of blood vessels in the botryoidal 

tissue (Fig. 28A), and also from the peritoneal lining 

surrounding the gut. The botryoidal tissue is distributed 

throughout the coelom, and can be found in every segment. 

Almost all segments participate in spermatogenesis. The 

speirm platelets are produced from May through early August. 

They detach from the blood vessels and continue development 

in the coelom (Fig. 28B). The platelets are generally 

15 to 20 y long, 10 to 15 y wide, and 5 y thick. The early 

stages of the platelets are composed of spermatocytes. 

Later stages are composed of spermatids. The numbers of 

spermatocytes and spermatids in early and late platelets 

were not counted. The spermatids undergo spermiogenesis 

in the coelom to form sperm morulae (Fig. 29). Many of the 

spermatozoa in the morulae are inactive at this stage, 

although swimming activity was observed in later stages. 

Mature spermatozoa have head pieces 2 y long and 1.5 y wide. 

A blunt acrosome is present. The midpiece is 0.5 y long, 

and the flagellum is 50 y long (Fig. 30). Many spermatozoa 

were inactive during early and mid July. Increased ac

tivities were observed before the spawning period, however. 



Figure 28. Stages in spermatogenesis of E. com-
planata, 

A. Cross section through a blood vessel in botryoidal 
tissue showing the proliferating sperm platelets and the 
peritoneal lining. B. A sperm platelet from the coelom. 
bv, blood vessel; psp, proliferating sperm platelet, 
pt, peritoneum; spt, spermatid. 
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Figure 28. Stages in spermatogenesis of E. com-
planata. 
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Figure 29, A sperm morula of E. complanata. 
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Figure 30. Mature spermatozoa of E. complanata. 

ac, acrosome; hp, head piece; mp, mid piece, tp, tail 
(flagellum). 
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The stages of oogenesis are presented in Figs. 31-32. 

Oocytes are also proliferated from the peritoneal linings 

of blood vessels (Fig. 31A) and the gut. The oocytes are 

produced from stem cells that continue to enlarge as the 

oocyte enlarges, The oocytes break out of these sacs when 

they are 20 to 30 y in diameter, and become lodged in the 

botryoidal tissue (Fig. 31B). Here they appear to be 

nourished by eleocytes. The latter cell type was found 

attached to the outer membrane of oocytes. The oocytes 

are released from the botryoidal tissue when they are 40 

to 50 y in diameter. Vitellogenesis continues in the 

coelom, and is apparently mediated by the eleocytes. Some 

oocytes may have been sacrificed as nurse cells for other 

oocytes, but cytolysed oocytes were not found. Coelomic 

oocytes develop to primary oocytes (Fig. 32). The vitelline 

membrane is highly sculptured and around 5 y thick. It 

is pierced by radially oriented fibers, and has a basal 

layer of dense granules adjacent to the cytoplasm. The 

germinal vesicle is rather large, and the nucleolus is 

easily visible. The cytoplasm is brown under transmitted 

light, and pink under reflected light. The oocytes are 

subspherically shaped. 

Spawning and Fertilization 

Gametes are spawned through a pair of pygidial 

folds that I have called "pseudopores" (Fig. 33). E. 
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Figure 31. Early stages of oogenesis of E. com-
planata. 

A. Cross section through a blood vessel in botryoidal 
tissue showing proliferating oocytes and the peritoneal 
lining. B. Oocytes lodged in botryoidal tissue. bt, 
botryoidal tissue; bv, blood vessel; oc, oocyte; os, 
oocyte sac; pt, peritoneum. 
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Figure 32. A primary oocyte of E. complanata. 

gv, germinal vesicle; m, vitelline membrane; n, nucleolus. 



Figure 33. The pygidium of E. complanata, 

A. An external dorsolateral aspect of the pygidium. The 
lateral folds of the pygidium constrict into lateral 
pseudopores through which gametes are expelled from the 
body. B. A sagittal section of the pygidium showing 
the intestinal folds leading to a pseudopore. ac, 
alimentary canal; bv, blood vessel; c, coelom; ct, 
cuticle; pspr, pseudopore; py, pygidium; vng, ventral 
nerve ganglion. 



Figure 33. The pygidiura of E. complanata. 
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complanata lacks complete septa. Gametes are therefore 

forced through gut wall lesions into the intestine by 

constriction of body wall muscles. Intestinal cilia aid 

in the removal of gametes from the intestine. The pseudo-

pore directs the gametes to either side of the body. Part 

of the intestine actually evaginates during this process 

and gives a false impression of entire pores. This species 

appear to spawn during the last two weeks of July at Puerto 

Penasco. The spawning stimulus is unknown. Males and 

females do not die after spawning. This species appears to 

aggregate during the summer (Fig. 34). The aggregation 

of this species may provide a means to ensure successful 

fertilization of gametes. 

Some specimens of E. complanata spawned upon mechan

ical agitation. It was generally necessary, however, to 

place females in separate containers of sea water. The 

containers were then placed in a light tight bucket. The 

worms usually spawned as the temperature in the bucket 

increased. 

Oocytes are spawned as primary oocytes. They must 

be fertilized before further meiotic divisions occur. 

Fertilization can be recognized by the break down of the 

germinal vesicle. A fertilization membrane is not thrown 

off when an egg is penetrated by a spermatozoon. 
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Figure 34, Density measurements of E. complanata. 

The horizontal bar is the mean, and the vertical bar repre
sents a single standard deviation on either side of the 
mean. 
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Larval Development 

The early stages of larval development of E. 

complanata are portrayed in Fig. 35. A total of 88 hours 

of larval development was observed. Cleavage was typically 

spiral and holoblastic. Ciliated larvae were present 12 

hours after fertilization. The posterior surface of the 

larva lacks ciliation at 32 hours (Fig. 35A). A pair of 

stiff hair like bristles is present. Two chaetoblast 

regions are visible at this stage. A trochophore larva 

is present after 48 hours (Fig. 35B). It has a transitory 

apical tuft. The prototroch is well defined. The first 

sign of the flotation setae can be seen at this stage. The 

membrane is deformed probably as a result of its penetra

tion by the setae. The apical tuft is lost by 62 hours 

(Fig. 35C). The prototroch is more pronounced, and the 

floatation setae are three to five times longer than the 

larva. A metatrochophore is present after 72 hours 

(Fig. 35D). A telotroch is now present, as is a complete 

gut and a pair of eyespots. The larvae actively feed at 

this stage. Three setigers can be observed in larvae that 

are 88 hours old (Fig. 35E). The metatroch is located 

along the bottom margin of the anterior lobe. The telotroch 

surrounds the anus, Additional trochal bands were not 

observed. The larvae begin to increase in size at this 

stage. 



figure 35. The early laryal stages of E. complanata« 

A. Thirty-two hours after fertilization. B. Forty-eight 
hours. C. Sixty-two hours. D. Seventy-two hours. 
E. Eight-eight hours. at, apical tuft; cb, chaetoblasts; 
es, eyespot; mt, metatroch; pt, prototroch; tt, telotroch. 
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Figure 35. The early larval stages of E. complanata. 
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Figure 35. (Continued) 



Recruitment 

Recently settled post-larval fireworms were found 

during the months of January through March, 1973, and 

January and February, 1974. These worms generally had 50 

to 60 segments, weighed less than 1 gram, and had trans

lucent bodies. Out of a total of 2350 fireworms examined 

over the sampling period, only 12 post-larval fireworms 

were found. Probably some of these small worms escaped 

capture. The recruitment rate seems low. I estimate 

that 0.515% of the population is replaced by larval re

cruitment over a period of 16 months. 



DISCUSSION 

The Asexual Cycle 

This is the first report of asexual reproduction 

in the Amphinomidae. 

Increased fragmentation and regeneration of E. 

complanata from the northern Gulf of California occurs 

from May through October. These processes may be correlated 

in some way with higher temperatures. Lowered asexual 

activities occur in the other half of the year when tem

peratures are lower. 

About 30% of the population fragments from May 

through July. Individuals autotomize at least twice during 

May. The proportions of tailess, headless and fragments 

lacking both heads and tails during May are statistically 

similar. The proportions of these body parts differed 

for June and July. There were more tailess than headless 

fragments. This descrepancy may be the result of predation. 

Headless fragments may be especially vulnerable to predators 

since the brain and higher sensory structures are absent. 

Another possibility is that headless pieces hide in crevices 

until anterior regeneration is completed. This possibility 

is not supported by these data. The proportion of headless 

fragments decreases throughout the asexual season. If 

82 
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these worms were hiding, this proportion would be expected 

to remain constant. The relatively low proportion of frag

ments lacking both heads and tails for these two months 

probably reflects a few large worms undergoing multiple 

fragmentation. 

Similar trends were observed in the proportions of 

worms regenerating heads and tails. More worms regenerate 

tails than heads throughout the year. Predation probably 

accounts for this discrepancy. 

Relatively few studies are available on seasonal 

variations in polychaete asexual reproductive cycles. Such 

a cycle is probably present in Dodecaceria (Dehorne, 1933; 

Martin, 1933; Berkeley and Berkeley, 1954; Knox, 1971), but 

it has not been quantified. 

Regeneration Rates 

E. complanata replaces anterior segments at a 

higher average rate than posterior segments. The formation 

of a head and anterior segments is probably of greater 

survival importance than posterior segments. There is a 

limit to the number of anterior segments that are replaced. 

The number of regenerated segments are independent of the 

original size of the body fragment. Consequently, one would 

expect anterior regeneration to be completed rapidly. An

terior regeneration is essentially completed in August for 

those individuals fragmenting in May. It is not completed 
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until September and October for those worms autotomizing 

in June and July. 

Posterior regeneration, on the otherhand, continues 

well into February. The number of posterior segments 

replaced is also independent of the original size of the 

body fragment. 

The replacement of anterior and posterior segments 

follows a logarithmic growth decrement. The regenerative 

rates are initially quite high, but decrease asymptotically 

with time. Similar growth decrements have also been found 

for Procerastea halleziana by Allen (1921). The growth 

rate in the mesodermal zones decrease so that new segments 

are added more slowly. These growth rates are controlled 

by hormones secreted by the supra-oesophageal ganglion 

(Clark, 1965). Decreased growth rates reflect decreased 

production of the growth stimulating hormones. 

Few workers have quantified regeneration rates in 

polychaetes. Berrill (1931) tabularized his laboratory 

data for regeneration in Sabella pavonina (Savigny, 1818). 

Extrapolating from his data, this sabellid regenerates 

about 3.56 posterior segments/month at 19.5°C. Faulkner 

(1932) presented regeneration data for Chaetopterus 

variopedatus (Renier, 1804). His data are confusing; if 

interpretated correctly, C. variopedatus replaces posterior 

segments at a rate of 2.7 per month. Temperature data were 
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when compared to those for E. complanata. The laboratory 

rates for Chaetopterus variopedatus and Sabella pavonina 

may differ from those found in the field. 

Fragmentation 

The formation of megasepta in E. complanata does 

not significantly differ from those described for Pro-

ceraster halleziana, Autolytus pictus (Ehlers, 1864), 

-Myrianda spp., Pionosyllis spp. and Trypanosyllis zebra 

(Grube, 1860) by Okada (1929) and Berrill (1952). Mega~ 

septa have also been reported for Pygospio elegans (Ras-

mussen, 1953), and Spirographis spallanzanii (Vaney and 

Conte, 1898). The fragmentation process in Procerastea 

halleziana, for example, is orderly. Megasepta first form 

at segment 8, then 11, 14, 17, 21, 25, 29, 34, and every 

fourth segment thereafter to the end of the body (Okada, 

1929; Berrill, 1952; Dales, 1963). Each fragment will 

become a new worm. The megasepta are white in color in 

all species except E. complanata, in which they are 

translucent. A segmental sequence of megasepta in E. 

complanata has not been observed. 

The Morphology of Regeneration 

Polychaetes in which architomic scissiparity has 

been demonstrated are Eurythoe complanata, Odontosyllis 
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gibba, Procerastea halleziana, Pygospio elegans, Dodecaceria 

caulleryi, D. coralii, D. fiinbriataf D. berkeleyi,, D. 

fistulicola, Raphidrilus nemasoma, Zeppelina monostyla, 

Megalomma linaresi, Myxicola aesthetica and Potamilla 

torelli. The phenomenon has also been suggested for Syllis 

gracilis, Phyllochaetopterus socialis, and P^. prolif ica. 

All tissues are derived either from pre-existing 

tissues or neoblastic cells (Faulkner, 1932; Berrill, 1952; 

1961; Dales, 1963; Cresp, 1964). The anterior blastema is 

derived from body wall ectoderm. The cerebral ganglion, 

sensory elements and stomodaeaum are produced by the 

blastema. The caruncle is also derived from the blastema 

in E. complanata. A stomodaeal plate separates the gut 

from the forming buccal cavity in E. complanata. This plate 

apparently does not form in other polychaetes so far 

studied. The blastema covers a mesodermal growth zone. 

It is characteristically vascularized in all studied cases 

of regeneration. Many coelomocytes are also present. 

E. complanata differs from all other species because 

botryoidal tissue practically fills the coelom during 

regeneration. This tissue may function as a site of food 

storage (Gustafson, 1930). 

Segmentation during anterior regeneration is 

essentially a mesodermal process in all species examined. 

The segmental compartments are proliferated from the first 
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along the posterior border. These septa are incomplete 

in E. complanata. 

A controlling factor in the process of anterior 

regeneration is the nerve cord. Okada (1929) found that no 

regeneration occurs in the absence of the ventral nerve 

cord in Autolytus pictus. If only the ventral nerve cord 

of Myxicola aesthetica is severed, a new head will grow 

from the anterior face of the wound (Okada, 1934) . The 

nervous system of the Amphinomida is unique in the poly-

chaetes. In addition to the paired ventral nerve cords 

and podial nerves, a pair of lateral cords is present 

(Dales, 1963). It is possible that this type of nervous 

system is primitive because lateral cords are also found 

in the Nematoda, Platyhelminthes and Rhynchocoela (Bc.rnes, 

1969). It may be an adaptation that ensures the maintenance 

of an axial gradient during asexual reproduction and re

generation. 

Posterior regenerative processes in these poly-

chaetes are similar in the formation of the blastema and 

intestine. New ectoderm is derived from basal ectodermal 

cells. In most of the polychaetes examined thus far, the 

posterior blastema covers the gut. A terminal and sub-

terminal cavity are formed by the growing ectodermal cap. 

The terminal cap invaginates to form a proctodaeaum. 
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Meanwhile the gut proliferates to meet the terminal in

vagination and a complete gut is formed (Berrill, 1928; 

1952). The terminal blastema in E. complanata is transitory 

and difficult to see. The gut penetrates it shortly after 

fragmentation. The subterminal cavities become the zone 

of growth, and are usually located just in front of the 

pygidium along the ventrolateral margins of the gut. This 

germinal zone in E. complanata, however, is midventrally 

located. A mass of mesodermal tissue encompasses the gut 

and is continuous with the midventral growth zone. Seg

ments originate from a region that is just ventral to a 

dorsal anus. 

The mesoderm for this growth zone is derived from 

de-differentiated mesoderm in E. complanata. Similar 

derivations have been found for Autolytus (Okada, 1929) 

and Owenia (Probst, 1932). Mesoderm can also be derived 

from the neoblast cells in Chaetopterus variopedatus 

(Faulkner, 1932), Aricia (Probst, 1931) and Diopatra 

(Pflugfelder, 1929). 

Segmentation is a mesodermal event in all poly-

chaetes. As presumptive segments are produced, mesodermal 

sheets or septa are added along their posterior margins. 

These may be complete or incomplete. In E. complanata 

the septa are initially complete and converge along the 
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ventrolateral margins of the gut. These partitions become 

diffuse as the segments enlarge. 

The nerve cord arises by the ingrowth of ectoderm 

cells along the midventral posterior margin, just posterior 

to the pygidium in E. complanata, Spirographis (Ivanow, 

1908) and Autolytus (Okada, 1929). 

Regeneration in Polychaetes 

Polychaetes in which a limited number of anterior 

segments are regenerated are reported as follows: Myxicola 

aesthetica (Berrill, 1931) ; Opisthosyllis brunea Langerhans, 

1879, by Langerhans (1879); Exogone gemmifera Pagenstecher, 

1862, by Viguiere (1902); Syllis variegata Grube, 1860, by 

Saint-Joseph (1887); Haplosyllis spongicola (Grube, 1855), 

Trypanosyllis zebra (Grube, 1860) and Autolytus edwardsi 

Saint-Joseph, 1887, by Okada (1929); Autolytus longiferiens 

Saint-Joseph, 1887, by Malaquin (1893) and Eurythoe 

complanata (this study). These species will replace about 

the same limited number of anterior segments from any level 

of the body. The number of regenerated anterior segments 

is probably independent of the size of the original body 

fragment in many of these species, but this has not been 

adequately examined. For example, Myxicola aesthetica will 

always regenerate three anterior segments from any level 

of the body. Two factors that determine the number of 

regenerated anterior segments is the stomodaeal invagination 
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and the growth zone (Berrill, 1952). The former produces 

the anterior gut and the latter forms new segments and 

body wall. The influence exerted by each is difficult to 

assess. For example, Autolytus pictus (Ehlers, 1864), 

exhibits an axial body gradient in which 5 anterior seg

ments are replaced from setiger 5; 3 to 4 from setigers 5 

to 13; only a head lacking a stomodaeaum from setigers 

13 to 45; only a blastema beyond setiger 45 (Okada, 1929). 

The proventriculus may exert an influence upon the ability 

to replace lost anterior segments (Berrill, 1952). 

Some polychaetes such as Syllis gracilis and 

Procerastea halleziana have the ability to replace all 

or almost all lost segments from any part of the body. A 

body fragment of 6 segments in the former species can pro

duce more than 18 anterior segments; a fragment of 3 to 4 

segments in the latter species can regenerate up to 19 

segments. In both species the proventriculus is completely 

reformed (Langhammer, 1928; Allen, 1921; Okada, 1929). 

Chaetopterus variopedatus can regenerate all anterior 

segments if the body is severed between the head and seg

ment 14, A head will not be regenerated if the cut is made 

behind segment 14. If segment 14 is experimentally iso

lated, a completely new C. variopedatus will be regenerated 

(Berrill, 1928). Perhaps the best known examples in which 

a single segment can produce one to several new individuals 
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in Dodecaceria (Dehorne, 193 3; Martin, 1933; Berkeley and 

Berkeley, 1954). Axial gradients may be lacking in these 

species (Berrill, 1952). The internal stimuli and machinery 

required to produce these new worms have not been investi

gated. 

Seasonal Changes in the Population 
Structure of E. complanata 

The population of E. complanata at Puerto Penasco 

is characterized by cyclic changes in segment numbers, body 

weights and segment weights. Highest segment numbers occur 

during the winter, and the lowest during late spring and 

early summer. Body weights are lowest in winter, and highest 

during the summer. The mean weight per segment is also 

highest during the summer, and lowest in winter. The varia

tion in segment numbers is attributable to the phenomenon 

of fragmentation that is most prevalent during May and 

June. Changes in weight correspond to the reproductive 

cycle of the summer months. 

Fragmentation and the reproductive cycle correspond 

to increasing temperatures from spring through summer. 

Similar correlations between temperature and the sexual 

cycle have been reported in studies of such polychaetes 

as Nereis diversicolor (Dales, 1950), Tharyx marioni 

(Dales, 1951), Cirriformia tentaculata (George, 1964) and 

Scoloplos armiger (Gibbs, 1968). Clark (1965) has reviewed 



the effect of a number of additional environmental factors 

on polychaete reproductive cycles. 

The number of segments in the Mexican population 

of E. complanata are distributed about a single mode 

throughout most of the year. Age classes can not be dis

cerned because this species undergoes an annual asexual 

cycle of body fragmentation. The body fragments tend to 

obscure age differences. In fact it is difficult to assess 

the age of these worms because a single worm could 

theoretically reproduce asexually for long periods of time. 

The number of segments in this Mexican population become 

distributed about two modes from April through August. 

Most of the population is characterized by low segment 

numbers and low body and segment weights. This portion 

of the population is strictly vegetative. The other part 

consists of reproductive fireworms that have significantly 

higher segment numbers, body and segment weights. These 

two portions of the population gradually merge into one 

another in August and September. The vegetative worms 

exhibit continual increases in the number of segments and 

body weight. The reproductive fireworms show abrupt de

creases in these factors in early August as a result of 

spawning in late July. 
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Body Segments and Weights of 
Male and Female Fireworms 

Both body and segment weights of female E. com-

planata increase from May through mid July primarily as a 

result of oogenesis and vitellogenesis. Abrupt decreases 

were recorded in early August which reflect the post-

spawning state of these worms. 

The sex ratio for E. complanata in the northern 

Sea of Cortez is 1:1. Similar sex ratios have been observed 

for many polychaetes. For example, Melinna cristata 

(Hutchings, 1973a), Tharyx marioni (Dales, 1951), Polydora 

ciliata (Dorsett, 1961), Cirratulus cirratus (Olive, 1970), 

and Scoloplos armiger (Gibbs, 1968) have similar sex 

ratios. Sex ratios that diverge from unity can be found, 

for example, in the heteronereid of Nereis diversicolor 

(Dales, 1950). The sex ratio of this species is 1:7 males 

to females. Even though a female will swarm, it will not 

spawn in the absence of a male. 

Gonadal Products of Male Fireworms 

The distribution of sperm platelets was found to be 

uniform along the body axis of three male fireworms. Since 

this species lacks complete septa, the distribution of male 

gonadal products might be expected to be fairly uniform. 

Sperm platelets are first present in May, and continue to 

be found in early August. Sperm morulae are present from 
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June through August, Spermatozoa are found in the latter 

part of the gonadal cycle. The sperm are generally in

active during early July, and become active towards mid and 

late July. 

The density of all male gonadal products are cor

related with segment weights. These products contribute, 

in part, to the weight of each segment. Berrill (1952) 

has noted that the girth of polychaetes increases during 

the reproductive period. It is probably the result of 

gametogenesis. 

No other studies have quantified the density of 

sperm products. It is done with difficulty (Clark, 1965) 

because several stages are involved. Hutchings (1973a) 

used a haemocytometer to measure how much of the grid was 

covered by sperm stages of Melinna cristata. Similar 

trends, however, have been found in all studies in which 

sperm stages have been observed: sperm platelets are 

initially present and generally exist for a long time. 

Sperm morulae become rather abundant at a later period, to 

be followed by spermatozoa (Joyner, 1961; George, 1964; 

1966; Gibbs, 1968; 1971; Olive, 1970; 1971). These stages 

are compressed into a three month period in E. complanata, 

but are spread over much longer time periods in Melinna 

cristata (Hutchings, 1973a), Cirriformia tentaculata 
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(George, 1964), Scolecolepides viridis (George, 1966), 

Nerine cirratulus (Joyner, 1961), Caulleriella caput-

esocis, Tharyx marioni, Cirriformia tentaculata and 

Cirratulus cirratus (Gibbs, 1971), Scoloplos armiger 

(Gibbs, 1968) , and Arenicola ecaudata and A. branchialis 

(Southward and Southward, 1958). 

Oocyte Diameters and Densities 
of Female Fireworms 

Every segment contains oogenic tissue, and lacks 

complete septa. It was found that the oocytes are evenly 

distributed throughout the coelom of this fireworm. Oocytes 

are generally restricted to genital segments in the mid body 

region of polychaetes like Scolecolepides viridis (George, 

1966), Scoloplos armiger (Gibbs, 1968), Cirratulus cirratus 

(Olive, 1970, 1971), Caulleriella caput-esocis, Tharyx 

marioni, Cirriformia tentaculata and Cirratulus -irratus 

(Gibbs, 1971) and Arenicola ecaudata and A. branchialis 

(Southward and Southward, 1958). Scoloplos armiger 

exhibits increased numbers of oocytes in midgenital seg

ments (Gibbs, 1968). 

Oocyte diameters and densities are not correlated 

with the numbers of segments in E. complanata. This is at 

first misleading because large-sized worms can produce 

more eggs than smaller females (Gibbs, 1971). Since many 

of these females had autotomized earlier in the season, 
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however, fragmentation undoubtedly accounts for this dis

crepancy. As oocytes increase in diameter and density, 

they contribute directly to increased body weights. Berrill 

(1952) indicates that worm body weights increase along the 

transverse body axis during reproductive seasons. The 

proliferation of these gametes partially aids in this 

phenomenon. 

What may prove to be a sensitive index to poly*-

chaete gonadal cycles is the product of oocyte volume times 

oocyte density. A linear correlation exists between this 

product and the weight per segment of E. complanata. The 

total volume of the coelom is decreased as oocytes increase 

in volume. This change is reflected in heavier segment 

weights over the gonadal cycle. 

Fecundity Measurements 

Estimates of fecundity for E. complanata were 

based upon a fraction of the total body volume which allowed 

for the exclusion of the body wall, parapodia and gut 

5 
cavity. A single female fireworm has from 7 to 8 x 10 

oocytes just before spawning. The fecundity of other 

polychaetes such as Scoloplos armiger (Gibbs, 1968), 

Scolecolepides viridis (George, 1966), Polydora ciliata 

(Dorsett, 1961) , Caulleriella caput-esocis, Cirriformia 

tentaculata, Tharyx marioni and Cirratulus cirratus (Gibbs, 
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1971), and Melinna cristata (Hutchings, 1973a) has been 

measured. These species have gonads during the early stages 

of gametogenesis, although Tharyx marioni maintains dis

crete gonads until the oocytes are almost mature (Gibbs, 

1971). Furthermore, these worms have complete septa so 

that oocytes are confined to coelomic compartments. 

Fecundity measurements in these worms are therefore rela

tively easy. The fecundity estimate of E. complanata is 

the highest value found for a polychaete thus far. Gibbs 

(1968) found from 120 to 3838 oocytes in Scoloplos armiger. 

Dorsett (1961) found from 201 to 1140 eggs per female 

Polydora ciliata in winter and spring. Larger females 

produce more eggs compared to smaller ones. This relation

ship appears to have been noted only in this study and by 

Gibbs (1971). 

Gametogenesis 

The stages of spermatogenesis and oogenesis in 

E. complanata resemble those described for many other poly-

chaetes (Okada, 1968). Sperm platelets, morulae and 

spermatozoa have been described before (Clark, 1965). The 

spermatozoa of E. complanata can be classified as the 

primitive type according to Franzen (1956). 

Gametes are proliferated from the peritoneal linings 

of blood vessels and the gut of E. complanata. They are 

also produced, for example, from blood vessel peritoneum 
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Hipponoe gaudichaudi (Kudenov, in press). The botryoidal 

tissue (Gustafson, 1930) of E. complanata practically 

fills the coelom. It is in this tissue that a large por

tion of the gametes is produced. A similar type of tissue 

called parenchyma, occurs in nereids (Clark, 1965). It is 

not known whether these peritoneal tissues are homologous. 

Oocytes are released into the coelom as primary 

oocytes in E. complanata. Vitellogenesis continues to 

occur in the coelom. The growth rate of oocytes of E. 

complanata is within the range of others reported for 

polychaetes. Schroeder (1967, 1971) found growth rates of 

1.6 to 1.7 y/day for Nereis grubei. E. complanata has a 

rate of 1.02 y/day. Slower rates of 0.5 to 0.0033 y/day 

have been reported for Cirratulus cirratus (Olive, 1970). 

Hutchings (1973a), however, has reported rates of 0.774 

y/day during the slow phase, and 6.66 to 8 y/day during 

the fast growth phase in Melinna cristata. 

The eleocytes found attached to the eggs of E. 

complanata probably were nurse cells. Dales (1961) has 

found that these cells accumulate carotenoids, glycogen 

and lipids. These cells contain the food reserves for 

gamete maturation in sabellid polychaetes. They are not 

generally used for other nutritional needs (Dales, 1961). 
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Some of the oocytes of E. complanata may be used 

as nurse cells because there was a decrease in oocyte 

density in relation to an increase in oocyte diameter in 

raid July. Cytolysed oocytes were not found. Such a 

phenomenon has been reported for other polychaetes (Clark, 

1965) . 

Spawning and Fertilization 

Female E. complanata spawn all of their gametes 

at once. Males usually spawn several times. Both sexes 

survive after spawning. A similar situation has been 

described for Cirratulus cirratus (Olive, 1970}. All 

oocytes are spawned as primary oocytes. They remain this 

way and do not mature until fertilization occurs. This 

type of spawning-fertilization process has been classified 

as Group I fertilization by Rothschild (1956). Polychaetes 

that exhibit Group I fertilization reactions have been 

summarized by Gibbs (1971). The fertilization reaction of 

western Mexican specimens of E. complanata is the same as 

that described for this fireworm from the Barbados 

(Marsden, 1960). 

Gametes are released through a pair of pseudopores 

located on either side of the pygidiura in E. complanata. 

Gut lesions provide an exit for coelomic gametes. Con

tractions of the body wall coupled with intestinal cilia 

push the gametes out of the body. The metanephridia do 
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not function in massive gamete removal in this fireworm. 

Some gametes may be released through the metanephridia, 

but is has not been observed. The massive removal of 

coelomic gametes usually entails dehiscence of the body 

wall, and is found in epitokes of palolo worms and hetero-

nereids (Clark, 1965). Polychaetes in which nephridia 

function in the removal of gametes have been summarized 

by Schroeder (in press). 

Larval Development 

The larval stages of E. complanata from western 

Mexico do not resemble those described by Marsden (1960) 

from the Caribbean. Although she raised them for four 

days, no mention was made of flotation setae or segments. 

She states that the larvae settled after four days and 

began to crawl and feed. This was not observed in my cul

tures. Either she had a contamination (her illustration 

looks like a brachiopod larva), or these larval differences 

indicate some degree of isolation in E. complanata. Allen 

(1957:54) described the larval stage of Notopygos crinata 

as, ". . . larvae with two sets of much elongated glass

like setae." This brief description fits the larval stages 

of E. complanata from western Mexico. 

The Amphinomida have been implicated in possessing 

a larval stage known as a rostraria (Mileikovsky, 1961; 

Sveshnikov and Ch'iu, 1963). This is still a troublesome 
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point because nothing is really known about larval develop

ment in this group. The rostraria larva can not be at

tributed to any family until their larval histories are 

understood. Mileikovsky (1961) and Sveshnikov and Ch'iu 

(1963) based their work on preserved specimens and larval 

setae. The latter character is notoriously transient 

because larval setae do not generally resemble those found 

in adults (Blake, in litt.). There are two ways to answer 

this problem. The first is to raise the larvae through 

fertilization of the gametes. The other is capturing and 

raising rostraria larvae through metamorphosis. 

Recruitment 

The recruitment rate of E. complanata over a 16 

month period is 0.515% of the population. It is 12.5% of 

the reproductive members of the population for the same 

period. It is not known where the larvae of E. complanata 

originated. They may have been transported along the 

western shore of the southern Gulf of California and brought 

to Puerto Penasco by a clockwise winter gyre (Hendrickson, 

1973). It is possible that the low recruitment rate in 

E. complanata also represents a high larval mortality rate. 

Dorsett (1961) estimated that 99.7% of the larvae produced 

by Polydora ciliata died. The population density of P. 

ciliata did not change during his study. Since the 
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population of E. complanata reproduces asexually every year, 

the low recruitment rate may not be crucial to its survival. 

The Reproductive Cycle of 
Eurythoe complanata 

E. complanata is probably not attaining its full 

reproductive potential in the northern Gulf of California. 

Its reproductive cycle is restricted to a three month 

period beginning in May and ending in August. Although 

this fireworm is a circumtropical species, its northernmost 

limit of distribution in the western Hemisphere is located 

in the northern Sea of Cortez (Fauchald, in litt.). The 

sexual cycle of this worm is correlated with increased 

summer temperatures resembling those of tropical regions. 

Only 12.5% of the population participates in reproduction. 

Some individuals can be found with pigmentation patterns 

of males and females, but are devoid of gametes. The low 

recruitment rate may also be indicative of a physiological 

stress on this population. Oocytes were found in specimens 

of E. complanata collected from Cabo San Lucas and Loreto, 

Baja California Sur, during December and October, 1971. 

Perhaps the reproductive cycle in southern populations of 

E. complanata is prolonged compared to northern populations. 

These worms from Cabo San Lucas were not densely packed with 

oocytes, but the eggs were between 200 and 275 y in di

ameter. The eggs of the northern Gulf fireworms are around 
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90 y in diameter. E. complanata in the northern Sea of 

Cortez may not be reaching its full reproductive potential. 

Similar findings have been presented by Schroeder 

(1968) for Nereis grubei and Hutchings (1973b) for Melinna 

cristata. Nereis grubei exhibits a restricted breeding 

season at Monterey, California. Farther south below Point 

Conception, this species breeds throughout the year CReish, 

1954), Melinna cristata also exhibits a restricted breeding 

season in the sublittoral off Plymouth, England. This 

species is typically found in cooler waters of the con

tinental slope (Hutchings, 1973b). The sublittoral popula

tion does not spawn all of its gametes, and in fact resorbs 

them rather quickly. Hutchings hypothesizes that M, cristata 

may not get enough food during the spawning period to sus

tain itself, and has to resorb its gametes to survive. 

The concurrent decrease in oocyte density relative 

to the increase in oocyte diameters in E. complanata during 

mid July may also reflect gamete resorption. The size 

distribution of the oocytes for mid July was more uniform 

than that of early July, but cytolysed oocytes were not 

found. 

Somatic Growth and Gametogenesis 

Somatic growth and gametogenesis are generally con

sidered to be mutually exclusive processes in dioecious 

polychaetes (Berrill, 1952; Clark, 1965). A classic example 
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of this can be found in the Nereidae, Somatic growth in 

Nereis diversicolor and Perinereis cultrifera (Grube, 1840) 

is controlled by a hormone produced in the brain. This 

hormone inhibits gametogenesis. Growth decreases as the 

concentration of this hormone decreases. Gametogenesis is 

gradually initiated, and at sexual maturity, the hormone 

is completely absent. These two processes are clearly 

antagonistic (Durchon and Porchet, 1971). 

Somatic growth and gametogenesis occur simulta

neously, however, in E. complanata. Although only posterior 

regeneration occurs, the rate of segment replacement in 

reproductive individuals matches that of the vegetative 

portion of the population from May through early July, and 

again in August. This rate is significantly decreased in 

mid July when gametogenesis approaches completion. The 

only other known dioecious polychaete in which both of 

these processes occur is Cirratulus cirratus (Olive, 1970). 

Mature members of this Northumberland, England, population 

are fertile at all times of the year. They spawn an average 

of three times in their life span, and some may spawn up 

to five times. Gametogenesis and somatic growth occur 

simultaneously. C. cirratus increases its body length by 

about 1.6 cm between spawning periods. The total number of 

segments produced was not given. The segment replacement 

rates for E. complanata and C. cirratus can not be compared. 
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It is possible that the group of hormones responsible for 

promoting somatic growth are also involved in gametogenesis. 

These two processes also occur together in sequen

tial hermaphrodites in which the segment distributions of 

males and females differ. Such an example has been well 

documented for Platynereis massiliensis (Moquin-Tandon, 

1860) by Abeloos (1950) and Casanova (1954), and reviewed 

by Clark (1965). It also appears to exist in the protandric 

amphinomid hermaphrodite, Hipponoe gaudichaudi (Kudenov, 

in press). Live material must be examined in order to 

substantiate this point. 

Quantification of Polychaete 
Gonadal Cycles 

Quantitative studies of polychaete gonadal cycles 

include those of Dorsett (1961), Gee (1967), George (1964, 

1966), Gibbs (1968, 1971), Hill (1967), Hutchings (1973a, 

1973b), Joyner (1961), Olive (1970), Schroeder (1967, 

1968, 1971) and Southward and Southward (1958). 

The techniques used to describe gonadal cycles 

vary. It would be best if these techniques were standardized 

so that various species could be compared directly. 

There is a general practice of sampling populations 

once a month. Schroeder (1967) sampled populations of 

Nereis grubei every two weeks. In her studies of post 

larval macrobenthic invertebrates, K. Muus (1966) recommended 
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that populations be sampled at least once a month during 

vegetative cycles, and fortnightly during reproductive 

cycles. Large sample sizes will, of course, provide a 

better description of the population. Between 100 and 175 

worms were examined during each sampling period of this 

study. Similar sample sizes have been used in most of the 

above works. Another variable that must be considered is 

the permanent removal of the population by sampling prac

tices. Almost all of my samples were returned to the habitat 

after they were examined. In some instances the population 

may be so dense that the removal of 200 worms may not matter. 

Studies that have examined segment numbers and/or 

body weights are those of Dorsett (1961), Olive (1970) and 

Gibbs (1971). Body lengths have generally been measured in 

other studies. It is necessary to relax the worms in such 

chemicals as MS 222 (Olive, 1970; Hutchings, 1973a), or 

MgCl2. Although the effect of MS 222 is reversible, its 

use adds another variable in the quantification of gonadal 

cycles if the specimens are revived and used for additional 

observations. 

An interesting approach to tubicolous polychaetes, 

particularly serpulids, has been presented by Gee (1967) 

and Hill (1967). Both workers measured the size of the 

tube. For example, the latter worker measured tube lengths 

of Mercierella enigmatica and Hydroides uncihata. 
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Unfortunately, Hill does not clearly distinguish between 

tube lengths and body lengths. Tubes that range from 10 

to 18 mm in length for Mercierella enigmatica contain worms 

that are about one half the tube's length. Tubes that are 

21 to 23 mm long have worms that are one third the length 

of the tube. Thus it appears that M. enigmatica reaches 

a certain body size and essentially stops growing. Hill 

appears to have based his growth rates on tube lengths. 

Had segment numbers been counted and related to tube 

length, a more precise growth rate would have been ob~ 

tained. 

Wet weights and body volumes also appear to be use

ful criteria (Southward and Southward, 1958; Olive, 1970; 

this study). Additional refinements are required, however, 

if these factors are to be used. For example, a standard 

or independent variable would be the initial volume of the 

coelomic cavity. The volume of the coelom will vary with 

the amount of gametogenesis. Better estimates of gameto-

genic rates and fecundity can be obtained if the changes 

in coelomic volume were related to changes in gamete volume. 

The ratio of gamete volume to coelom volume should be a 

useful index to gametogenesis. 

Gamete diameters are, of course, quite useful in 

quantitative descriptions of reproductive cycles. The 

multiple stages of spermatogenesis and the difficulties 
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inyolved in their measurement has already been alluded to. 

Oocyte diameters are easily measured and examined. Un

fortunately, many papers have not related oocyte diameters 

to segment numbers, body weights or even body lengths. 

Many of the papers cited in this section have related 

oocyte diameters to body measurements. 

Gamete densities do not appear to have been examined 

in polychaetes. This technique will probably work for other 

polychaetes. It may not work for worms less than 2 to 3 cm 

in length. The micropipette, for example, would severely 

damage small worms. The measurement of sperm stages has 

been based upon estimates of full, half full and spent 

specimens by Joyner (1961) and George (1966). An addi

tional criterion was the presence of gametes at the base of 

parapodia. Hutchings (1973a) measured sperm stages by how 

much of a haemocytometer grid they covered. This technique 

appears to be reliable. I used a haemocytometer and a 

micropipette in an attempt to quantify spermatogenesis in 

E. complanata. This technique also appears to be reliable, 

but is tedious and rather time consuming. There probably 

is no easy method to quantify spermatogenesis. The use of 

radioisotopes and autoradiography may provide accurate data 

on rates of spermatogenesis (see Hutchings, 1973b). Oocytes, 

on the other hand, are easily followed in terms of density. 

The oocyte changes in E. complanata were easily followed. 
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The product of oocyte volume times the number of oocytes 

per unit volume may provide a sensitive index to oogenesis. 

When this product is plotted against segment weights, a 

linear regression and significant positive correlation are . 

obtained for E. complanata. This is a means of describing 

the portion of coelomic volume the eggs occupy over time. 

We know very little of how setae vary during the 

reproductive cycle and over the life span of polychaetes 

(Schroeder, in litt.). Schroeder (1967) examined the setal 

changes associated with heteronereis formation in Nereis 

grubei. The detachable harpoon notosetae of E. complanata 

were measured for length and diameter. It was hoped that 

the notosetae would aid in the separation of age classes in 

E, complanata, but it was discovered that this fireworm 

undergoes an annual cycle of scissiparity. 

In summary, each polychaete will have to be char

acterized according to its life style and habits. Quanti

tative techniques will be customized to each species so 

that the best quantitative description can be obtained. 

These studies should include determination of segment 

numbers, body weights, body volumes, oocyte diameters and 

perhaps densities if applicable, and densities of sperm 

stages. The weight per segment is helpful in descriptions 

of gametogenic rates and population structure. Body 

lengths would even be helpful if they were related to the 
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number of body segments (i.e., length per segment). Sex 

ratios, fecundity and fertility values will aid in under

standing population dynamics. A measure of oocyte volume 

times the oocyte density may prove to be a sensitive 

gonadal index. Additional characters such as setal 

lengths and diameters and shapes can also aid in quanti

tative descriptions of polychaete life cycles. This in

formation will also open up vast amounts of taxonomic 

literature to reproductive and population biologists. 

The Species Concept of 
Eurythoe complanata 

Descriptions of E. complanata from various regions 

throughout its range vary slightly. Basic differences 

lie in morphological variability of pigmentation, body 

size, length and shape of the caruncle and the shape of 

the anterior margin of the prostomium (Hartman, 1951; 1968; 

Day, 1967; Fauvel, 1923; 1932). The setae are essentially 

the same wherever the specimens have been observed and 

described. The most obvious features of E. complanata 

from the northern Gulf of California are the length of the 

caruncle and large body sizes. The former is attached to 

setiger 2 and overlaps setiger 3. South African repre

sentatives have caruncles attached to setiger 3 and overlap 

setiger 4 (Day, 1967). The importance of such variability 

to the species concept of E. complanata can not be stated 
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until this fireworm is examined throughout its range. A 

few specimens of E. complanata have been obtained from the 

southern Gulf of California at Cabo San Lucas, the Caribbean 

and the Hawaiian Islands. The basic variable is size dif

ference. Otherwise they are morphologically similar. 

Regeneration and fragmentation phenomena were ob

served in the Pacific specimens, but not in the Caribbean 

worms. Asexual reproduction may be present in the latter 

group, but the sample was so small that this point remains 

to be demonstrated. If asexual activity is present through

out the range of E. complanata, the maintenance of the 

present day distribution may be partially explained. 

Asexual reproduction allows rapid population increases and 

efficient exploitation of localized food supplies (Barring-

ton, 1967). Since E. complanata is an omnivore (Ebbs, 1966), 

it probably has a competitive edge over other species with 

food preferences (Thorson, 1966). A circumtropical dis

tribution may be maintained in this manner. 

An asexual mode of reproduction does not explain 

the origin of a circumtropical distribution. Numerous 

physical barriers must be overcome before a species can 

extend its range around the world. The Amphinomida are 

suspected to have a long-lived larval stage known as a 

rostraria (Dales, 1963), through which a circumtropical 

distribution could be established. Mileikovsky (1961) and 
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Sveshnikov and Chliu (1963) have stated that the rostraria 

belongs to the Amphinomida. They based their papers on 

preserved specimens, and the former relied heavily upon 

setal structures. The latter character is known to be 

transient in larval polychaetes. A circumtropical distribu

tion could be established if the Amphinomida do have long-

lived larvae. 

A combination of asexual and sexual reproduction 

have been found in a northern Gulf of California population 

of E. complanata. It is estimated that 30% of the popula

tion is vegetative, while 12 to 13% is reproductively 

active. The low percentage of reproductive fireworms may 

Indicate decreased reproductive potentials. The oocytes 

of these northern fireworms are much smaller than those from 

the southern Gulf of California. The physical factors of 

the northern Gulf are more variable than those of the 

southern Gulf (Parker, 1964). E. complanata may therefore 

be under a physiological stress in the northern Gulf that 

results in decreased reproductive potentials. This species 

may compensate by reproducing asexually. If so, both forms 

of reproduction act synergistically to preserve the genetic 

identity of E. complanata. A similar interaction of asexual 

and sexual reproduction probably accounts for the cir

cumtropical distribution of E. complanata. This species 

needs to be examined throughout its range so that the 
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relative importance of asexual and sexual reproduction may 

be better assessed. 

Asexual reproduction in E. complanata from the Sea 

of Cortez has revealed an "anomalous setal type" described 

by Berkeley and Berkeley (1939, 1960). These notosetae 

can be found in the anterior segments of regenerating 

tissue. Their function is unknown, and they are not de

tachable. They are replaced, however, when regeneration is 

completed. Some can still be found in the post-regenerative 

individual, and it is from such an individual that E. £. 

mexicana Berkeley and Berkeley, 1960, was described. I 

doubt the validity of this subspecific distinction because 

the anomalous setal type is a transient character associated 

with growth. It should be retained until the original type 

material can be examined. It also serves to point out this 

"morphological descrepancy", so that other workers will be 

aware to look for it in the stem species throughout its 

range. 



SUMMARY 

1. Eurythoe complanata exhibits an annual cycle of 

architomic scissiparity in the Gulf of California, Mexico. 

The body fragments into pieces and the broken pieces then 

regenerate heads and/or tails. 

2. About 30% of the population at Puerto Penasco, 

Sonora, Mexico, fragments into headless and/or tailless body 

parts from May through July. Lowest fragmentation fre

quencies occur through winter and early spring. Between 

60 to 80% of the population can be found regenerating a 

head and/or tail from June through October. Less than 

50% exhibit regenerative activity at other times of the 

year. 

3. Anterior regeneration is completed before 

posterior regeneration. About 16 anterior segments are 

replaced in a three month period from May through August, 

1973. An average of 38 posterior segments were replaced 

in a nine month period from May, 1973, through February, 

1974. Anterior segments are replaced at a rate of 4.51 

± 1.63 segments/month; posterior segments at 4.15 ± 3.44 

segments/month. The rate of segment replacement during 

anterior and posterior regeneration are initially quite 

114 
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high. These rates decrease asymptotically during late July 

and August, 1973, 

4. Fragmentation is accomplished by the formation 

of megasepta. 

5. The external features of regeneration were 

described. An "anomalous notoseta" was discovered in 

specimens regenerating new heads and anterior segments. 

This setal type is a temporary character associated with 

growth. E, complanata mexicana Berkeley and Berkeley, 

1960, was based upon this unusual setal type. It is 

recommended that this subspecies be retained until the type 

specimens can be examined. 

6. The internal changes associated with regenera

tion are described. It appears that all regenerated tissues 

are derived from pre-existing tissues. The growth zones are 

highly vascularized. The stomodaeaum and pygidium are 

produced from ectodermal invaginations. Segmentation is 

essentially a mesodermal process in both anterior and 

posterior regeneration. 

7. The number of body segments of Eurythoe com

planata from the northern Gulf of California, Mexico, are 

distributed about a single mean from September through 

March; the body segments are distributed about two means 

from April through August. 
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8. The reproductive season begins in May and ends 

in early August. The part of the population with high 

segment numbers and heavy body weights contains reproduc

tive fireworms. The other part of the population has low 

segment numbers and light body weights. These are the 

vegetative fireworms. 

9. From 12 to 13% of the worms sampled had coelomic 

gametes from May through early August. The sex ratio is 

1:1. 

10. Densities of sperm platelets, morulae and 

spermatozoa vary independently of male segment numbers and 

body weights. They are correlated to segment weights. 

11. Oocyte diameters and densities are not related 

to segment numbers because many females autotomize in May 

and June. These factors are correlated with body and 

segment weights. 

12. A sensitive index to oogenesis may exist in 

the product of oocyte volume times oocyte density (numbers 

of oocytes per unit volume). A linear correlation exists 

between this product and segment weights. 

13. Oogenesis in E. complanata occurs at a rate 

of 1,02 y/day from May through early July. The average 

temperature during this time is 25.4°C. 
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14. Somatic growth (regeneration) and gametogenesis 

occur simultaneously in E. complanata. The regeneration 

rate is significantly depressed just before spawning. 

15. The oocytes of the northern Gulf of California 

fireworms are about 90 y in diameter. Those from southern 

Gulf fireworms are between 200 to 275 p. 

16. A combination of asexual and sexual reproduc

tion in E. complanata probably accounts for its present day 

circumtropical distribution. 
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