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slender, traceable in IX-XIT (S1), 4XIII (S3), but probably continuous with a very
slender vessel in VII (S1), not present behind the anterior region of the first cal-
ciferous glands (XIII and XIV) but presumably confluent with their sinuses; appar-
ently fusing with the dorsal vessel at septum 9/10. Subneural vessel absent. A
pair of transverse parietal vessels present in each oesophageal segment; the vessels
in XIV continuous via a longitudinal lateroparietal with those of posterior segments
at least as far as XIX.
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strated for those of V, 51). First 3 pairs with long club-shaped bladders which the
end tube enters immediately subterminally (segment II) or distinctly subterminally
(segment IV). From the 4th pair posteriorly each bladder has a well developed
lateral caecum, as large as or larger than the bladder. Free testes and iridescent
sperm funnels in X and XI. Seminal vesicles small, smooth surfaced, in IX and
X: large, with some deep incisions, in XI and XII. Weblike ovaries with many
conjoined strings of oocytes, and funnels, in XIII; ovisacs absent. Prostates restric-
ted to XVIII in which the thickly tubular tortuous glandular portion passes laterally
from the duct (81} or is wound on itself in a single plane and greatly depressed
(83). The duct almost straight, widening to join a median mound corresponding
with the porophore. Vas deferens joining the prostate duct at approximately its
midlength. Spermathecae 5, unpaired, discharging anteriorly in V-IX, each with
an ovoid ampulla (on one side or the other of the nerve cord) and a well dem-
arcated, slender, though short, muscular duct which is joined at the body wall
by 2 slender almost tubular, slightly clavate, beaded, inseminated diverticula; size
of spermathecae increasing posteriorly (S1, 3), length of spermatheca of VII
(S1) = 6-7 mm, ratio of total length : length duct = 5-3; ratio length: length
diverticulum = 1-3.

Material Examined

Queensland: (2) 28°17'S., 153°11’E.. Binnaburra, Lamington National Park, in rain forest soil,
G. Grigg, 25.v.1961, specimen 1 (BJ 1978.5.3.); 28°14'S., 153°08'E. (approx.). near O'Reilly’s Guest
House, in a rotting log in rain forest, J. E. Wampler and B. G. M. Jamieson, 11.i.1978, specimen 2 (BJ
1978.5.4), 14.1.1978, specimens 3 and 4 (QM GE8916. 8917).

Other Records

New South Wales: (/) 28°25'-29°04'S., 152°46'-153°21'E. (approx.), Richmond River District (Type
locality}.
Luminescence of F. fasciatus

F. fasciatus was very weakly luminescent (~107 protons s~') requiring full
dark adaptation to be seen. Emission was only moderately stimulated by peroxide
addition (~2X) and somewhat more stimulated by subsequent addition of
Diplocardia luciferase (2-4X). No evidence for particulate luminescence was
obtained.

Genus Pontodrilus Perrier
Definition
See Jamieson (19715h, p. 89).
Distribution

Circummundane in the marine to brackish littoral in the tropics and warmer
temperate regions.

Type-species: Lumbricus litoralis Grube, 1855 (southern France).

Four species, with numerous junior synonyms, and two terrestrial and lacustrine
species doubtfully attributable.

Two species are known from Australia: Pontodrilus litoralis (Grube, 1855) and
P. bermudensis Beddard, 1891. Only the latter is available for bioluminescence
studies.
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Figs 21 and 22. Spenceriella (S.) cormaerz, sp. nov., holotype QM G8918: 2/, right prostate; 22, right
spermatheca of IX,
Figs 23 and 24, Spenceriella (S.) curtisi, sp. nov., holotype QM G8897: 23, right prostate. 24, left sper-
matheca of IX.
Figs 25 and 26. Spenceriefla (5.) minor (Spencer, 1900), spec1men 1, Tamborine: 25, righl prostate;
26, right spermatheca of IX.

_Figs 27 and 28. Spenceriella (S.) noctiluca, sp. nov., holotype QM G8%922: 27, nght prostate; 28, left
spermatheca of IX.
Figs 21-27 are to same scale.
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Pontodrilus bermudensis Beddard

Major synonyms and Australian references:

Pontoscolex arenicola Schmarda, 1861 (part), p. 11.

Pontodrilus bermudensis Beddard, 1891, pp. 88-96: Stephenson, 1931, p. 51; Rao. 1974, pp. 1-173.
Cryptodrifus insularis Rosa, 1891, pp. 387-8.

Pontodrilus arenae Michaelsen, 1892, pp. 209-61.

Pontodrilus hesperidum Beddard, 1894, pp. 37-40.

Pontodrilus michaelseni Eisen, 1895, pp. 73-84,

Pontodrilus ephippiger Rosa, 1898, pp. 227-90.

Pontodrilus ephippiger var. laysanianus Michaglsen, 1899, p. 217.
Pontodrilus bermudensis . ephippiger: Jackson, 1931, pp. 71-136.
Poniodrilus michaelseni var. hortensis Eisen, 1900, p. 241-3.
Poniodrilus laccadivensis Beddard, 1903, pp. 374-5.

Material Examined

Queensland: 27°31°S., 153°21'E., Peel 1., Moreton Bay, in sand under, and between the leaves of,
dead Zostera at approx. mean high tide level, Mr O. Kelly, 1111978, 7 specimens (QM G8931), 7 speci-
mens {BJ 1978.5.35).

Other Australian Records

Great Barrier Reef Expedition, General Survey (Stephenson 1931). south-west Australia (Jackson
1931), Low Isles, Great Barrier Reef (Stephenson er al. 1958).

Wider Distribuiion

Bermuda, Mexico, Bahamas, Dry Tortugas, Haiti, Jamaica. Virgin Is, Mona I. Colombia, Brazil.
Congo, Angola, South Africa, Tanzania, Madagascar. Laccadive Is, India (east and west coasts). Mal-
dive Is, Ceylon. Palmyra Atoll, Fanninl., Laysan. Texas, Mississippi. Louisiana, Florida, Virginia.
Cape Verde Is. Burma, Andamanls. Car Nicobar. Vietnam, Hainan, Java, Christmas 1., Borneo,
Celebes, Aru, New Guinea. Loyalty Is. Tonga.

Remarks

The new specimens have spermathecal and male pores in b lines. The male
pores are flanked by high longitudinal ridges and there is a transverse trough with
raised margins in 19/20. No other accessory genital markings are present. These
external genital features characterize P. bermudensis, with its junior synonyms, and
P. matsushimensis. The Peell. specimens are identified as P. bermudensis by the
muscular prostate ducts, which are absent in P. matsushimensis. The latter species,
occurring in Japan and New Zealand, is possibly conspecific with P. bermudensis.
Similar reduction of the prostate ducts is ascribed to parthenogenetic degradation
in, for instance, Pheretima species.

Luminescence of Pontodrilus bermudensis

P. bermudensis is brightly luminous, being easily visible to the non-dark-adapted
eve. While extensive testing was carried out, no evidence for cell-bound lumi-
nescence was obtained. When experiments analogous to those described for
S.(8)) noctiluca were performed, the separated cells were seen to be smaller and

" their contents less homogeneous than in D. longa or S.(S). noctiluca. They con-
tained little bioluminescence activity.

The soluble extract was slightly stimulated by addition of dilute hydrogen per-
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oxide and strongly stimulated (6-10X) by subsequent addition of D.longa
luciferase. Slight stimulation (3X) by Diplocardia luciferin was also observed.

Summary of General Observations of Luminescence

In all these earthworm species, the bioluminescence originated from exuded fluid
following electrical or tactile stimulation, or both. In no case was the body of
the earthworm bioluminescent. Centrifugation of a suspension of fluid in phosphate
buffer resulted in separation of active particulate material from S. curtisi, S. noc-
iiluca and F unicus. Together with the observation of chloragogen-like
coelomocytes from S. noctiluca, this suggests that the luminescence is packaged
in a similar way in these species. In Pontodrilus bermudensis, however, no par-
ticulate luminescence system could be demonstrated. Lynch (personal commiini-
cation) has previously reported that the bioluminescence of Pontodrilus
matsushimensis is not cell-bound.

Table 7. Summary of comparative physiological and biochemical data
Stimulation indicated by +: no stimulaticn relative to contrel experiments indicated by —: variable
results. +: item not tested or examined, 0. Strong stimulation indicated by addition + sign per order
of magnitude

Species Lumingescent Bioluminescence Peroxide Crude cross-reactions with:
exudate Peak hght Particulate slimu- D longa D. loniga
{photons s—1) source lation luciferase luciferin
S8 cormieri Yes 10! N + + +
S.(S.) curtisi Yes 108— 109 Yes —+ ++ —
S.(S.) minor Yes 108 — 1010 0 + + +
S.(S.) noctifuca Yes 10° Yes +++ + +
F. unicus Yes 108 Yes + e =
F. fusciatus Yes 107 ] I = +
P. bermudensis Yes [o? No + + +
D. fongu Yes 1010 — 1013 Yes S Sahin A A

As pointed out in the individual sections above, all in vitro reactions were
stimulated by addition of dilute hydrogen peroxide. In all cases either Diplocardia
luciferase of Diplocardia luciferin stimulated the in virro reactions following addition
of peroxide. Table 7 summarizes the data on luminescence of these earthworms
compared with those for Diplocardia longa.

Both the levels of luminescence and the stimulating effects of additions to the
in vitro teactions were variable from specimen to specimen within a given species.
Jamieson (19774) had previously found a non-luminous specimen of Digaster keasti
which exhibited bioluminescence when dilute hydrogen peroxide was added to the
exuded coclomic fluid. His data, along with data reported here for S. curtisi and
F. unicus, suggest that the capacity for luminescence is determined by the avail-
ability of peroxide, or of the enzyme luciferase, or of both. Their availability could,
in turn, be controlied by environmental, nutritional or developmental factors.
Surprisingly, there seems to be no lack of the substrate, luciferin, in any of the
specimens. Luciferin activity has also recently been found in several non-luminous
species which are related at the genus level to luminescent ones (Wampler and
Jamieson, unpublished). On the other hand, species of Heteroporodrilus show no
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trace of luciferin or luciferase cross-reactivity with the Diplocardia system, and no
peroxide stimulation.

These observations of variable capacity to luminesce raise questions about the
role of bioluminescence in earthworms, Many of the species reported here and
observed by others create a brilliant display. It seems unlikely, therefore, that light
emission is a trivial by-product of the animal’s chemistry. Generation of light re-
quires a great deal of energy which must be released during concerted chemical
events. An electronic excited state must be formed and, in addition, the excited
emitter must not be quenched by adjacent molecules before light is emitted. Fortu-
itous emission accompanying some metabolic process is certainly possible, but
efficient emission from this cause seems unlikely, as does retention of the efficiency
of luminescence throughout evolution of species. Another argument against this
trivial role of bioluminescence in earthworms is the nature of the luminescence
event. Since worms exude a bioluminescence system which is subsequently acti-
vated, a role for the chemistry itself seems unlikely. Metabolic changes in the
coelomic fluid at this stage should not be necessary, as the worm has already separ-
ated itself from the fluid and its contents.

The best argument for a functional role for the luminescence is that earthworms
do, after all, live in a dark environment. Thus, like deep-sea creatures, they could
utilize low-level emission to advantage. With marine organisms, bioluminescence
serves many varied functions: light lures for predation, defensive displays, light
aids to vision, countershading, and social purposes (Morin ez al. 1975; P. J. Herring
1977). Since earthworms are not predatory and do not have a developed visual
system (they can detect and respond to light, however; see Mill 1978), a defensive
or social role secems most likely. The observation of luminescence in earthworms
has been constantly associated with adverse stimulation {Atkinson 1887; Lloyd-
Bozward 1897; Benham 1899; McDermott and Barber.1914; Gates 1925, 1944;
Skowron 1928; Pickford 1937; Johnson er al. 1965), therefore defence is the most
obvious hypothesis.

There are strong arguments against this hypothesis, however. Many workers
note difficulty in stimulating the luminescence reaction. Several species, for
example Qctochaetus, respond to the initial stimulation by becoming very rigid
and immobile, and only after considerable rough treatment or injury do they exude
the slime. In some species, the variability of luminescence noted above also argues
against a defensive role for bioluminescence, Other explanations must be examined
and, as with marine creatures, the possibility that the role of luminescence may
vary from species to species must be considered.

Luminescence could be a warning to predators of an unpalatable or toxic species,
or in some it could serve a more complex sexual or social function. Support for
these hypotheses can only be obtained by examining the behaviour and life cycles
of different species of bioluminescent earthworms.

Despite the possibility of varying biological functions, the data of Table 7 suggest
strong homology between the biochemical and physiological systems of biolumines-
cence in these Australian species and in D. Jonga from North America. Further

" comparisons between North American and Australian earthworms and studies of
the chemical and biological systems of their biocluminescence will continue under
the Cooperative Science Project between these laboratories.
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