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Abstract Knowledge on the reproductive biology
of New Zealand freshwater eels {Anguilla australis
Richardson and A. dieffenbachii Gray) is limited to
changes associated with gametogenesis in the adults;
details pertaining to embryonic and larval develop-
ment are not available, but are of obvious benefit for
a better understanding of the eel life history and for
artificial propagation programmes, whether for
aquaculture or conservation purposes. Therefore,
eels were artificially matured and eggs fertilised with
sperm from either species to investigate early ontog-
eny. Only eggs from A. australis hatched success-
fully after c. 45 h of incubation at room temperature,
yielding larvae of c. 2.5 mm in length. Larvae sur-
vived for up to 5 days, by which time they had at-
tained a length of 5.3 mm. Scanning electron
microscopy of 1- and 2-day-old larvae revealed the
presence of prominent free neuromasts on the head
and along the flanks. Although hatching of New
Zealand eels was achieved for the first time, it is
strongly recommended that hormone treatment be
initiated immediately following capture, well before
ovarian atresia starts.
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INTRODUCTION

Freshwater eels (Anguilla spp.) have a unique life
history, which is characterised by a marine and a
freshwater phase. The freshwater phase, comprising
the longer part of the life cycle, from the juvenile to
puberal stage, has been intensively studied (e.g.,
Tesch 1977; Degani & Gallagher 1995). In contrast,
much less is known about the marine phase. Thus,
based on the classical studies by Schmidt at the
beginning of this century, the spawning grounds of
several anguillid eel species have been discovered
(Schmidt 1922; Tsukamoto 1992) and aspects of
larval biology studied. However, mature adults have
never been caught and eel eggs never collected
(McCleave & Kleckner 1985; McCleave et al. 1987),
whereas the fragile larvae typically do not survive
capture (K. Tsukamoto, Ocean Research Institute,
Tokyo University, Japan pers. comm.) and hence,
cannot be studied in the live state.

Artificial propagation of eels has long been at-
tempted not only to address fundamental questions
on the reproductive biology of these fish, but also
from a fisheries management and eel aquaculture
perspective. Increasing fishing pressures on eels
have led to reduced recruitment of juveniles of sev-
eral anquillid species, limiting the industry and po-
tentially leading to ecological impacts. Despite these
research efforts, however, captive breeding of eels
has not yet been achieved. Sexual development in
freshwater eels is halted when these fish are held in
captivity (Dufour et al. 1988), but this arrest can be
overridden by hormone treatment. Accordingly,
experimentation has been repeatedly undertaken: (1)
to mimic "natural" sexual development in captive
eels, allowing morphological, biochemical, and
physiological changes occurring during the spawn-
ing migration to be inferred (e.g., Pankhurst 1984);
and (2) to obtain mature gametes for fertilisation and
study of resulting developmental stages (e.g.,
Yamauchi et al. 1976; Yamamoto 1981). The first
successful results using exogenous hormone treat-
ments in eels date from the 1930s, when male Euro-
pean eels (Anguilla anguilla) were injected with
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urine from pregnant women (e.g., Fontaine 1936).
Similar experiments with female eels, treated repeat-
edly with human chorionic gonadotropin (hCG), did
not result in significant ovarian development (Bruun
et al. 1949; Sorensen & Pankhurst 1988). Instead,
repeated injections of teleost pituitary suspensions,
first successfully applied by Fontaine et al. (1964),
are now routinely used for induction of vitellogen-
esis in female eels. However, despite the availabil-
ity of artificially matured male and female eels, the
life cycle of anguillids has still not been completed
in captivity. Indeed, researchers have successfully
fertilised and hatched eggs of Japanese (A. japonica;
e.g., Yamamoto & Yamauchi 1974; Yamamoto et
al. 1975; Tanaka et al. 1995) and European eels
(Prokhorchik 1986), but larvae never survived for
more than a few weeks, possibly as a result of aber-
rant yolking or lack of appropriate food (Yamauchi
& Yamamoto 1982; Kurokawa et al. 1995).

Experiments aimed at artificially inducing
maturation in New Zealand freshwater eels, the
longfinned A. dieffenbachii and the shortfinned A.
australis, were carried out by Todd in the early 1970s
(Todd 1974, 1979). The longfinned eel appears to
be an especially suitable candidate for such
experiments, since males and females of this species
are relatively sexually advanced at the onset of the
spawning migration (Todd 1981; Lokman & Young
1995). Todd's experiments yielded mature male and
female gametes from both species, but offspring
were not obtained (Todd 1974). Recent renewed
interest in New Zealand eels, together with improved
techniques for induction of final maturation and
ovulation (e.g., Ohta et al. 1996, 1997) and the
relatively advanced stage of sexual development in
migratory longfinned eels (Lokman et al. 1998),
prompted us to once again apply hormone treatments
for the acquisition of mature gametes, fertilised eggs,
and offspring to further elucidate aspects of the
reproductive biology of these fish.

MATERIALS AND METHODS

Animals
Migratory ("silver") eels were obtained from Gould
Aquafarms (Leeston, New Zealand), a commercial
eel processing company, in May 1995. Six males and
six females from both species (for identification
criteria, see Jellyman & Todd 1982; Lokman et al.
1998) were used. The males were chosen randomly,
provided they were in good external condition,
whereas small females (see next section for body

weights) were selected for practical purposes (easier
handling and lower hormone requirements). Eels
were transported to laboratory holding facilities at
the Department of Zoology, University of Otago,
Dunedin (May 1995), and housed in 200-litre glass
aquaria, containing recirculating fresh water. Fish
were acclimated to natural sea water (salinity c. 30
ppt) in September 1995. The water temperature was
maintained at 12-17°C in winter and increased to
18-22°C during experimentation, which was started
in November (early summer) 1995. All animals were
starved throughout the acclimation and experimental
periods.

Induction of gonadal development,
final maturation, and spawning
Females

Every third day from the start of experimentation,
body weights were recorded and intramuscular (i.m.)
injections of 5 mg kg"1 acetone-dried chinook
salmon pituitary homogenate (SPH) in saline (0.9%
NaCl) given to both shortfinned {A. australis; body
weight 544 ± 47 g; mean ± SE, n = 6) and longfinned
{A. dieffenbachii; body weight 1603 ± 58 g; n = 6)
female eels to re-initiate vitellogenesis. Ovarian sam-
ples were first collected by cannulation
(polyethylene tubing, 1.2 mm in diameter) without
anaesthesia after the body weight had increased by
c. 5% over initial values. Once cytoplasmic clearing
and germinal vesicle migration were evident under
the dissecting microscope, final oocyte maturation
and ovulation were induced using a method similar
to that described by Ohta et al. (1996, 1997): an
intraperitoneal (i.p.) injection of SPH (10 mg kg"')
was given, followed the next day (22-26 h later) by
an i.p. injection of 2 mg kg~' 17-hydroxypro-
gesterone (dissolved in DMSO; stock solution of 10
mg ml"' DMSO), administered at 3—4 sites of the
abdomen. After treatment with 17-hydroxypro-
gesterone, ovulation was assessed by gently squeez-
ing the abdomen of anaesthetised (0.3% benzocaine
in sea water) females every 3^1 h, until eggs could
be expelled from the vent. Eggs were collected with
a spatula or directly stripped into a plastic bowl.

Between 28 November 1995 (Day 0) and 18
January 1996 (Day 51), two female longfins and one
female shortfin matured. These animals were
sacrificed within 1 day post-spawning (spawning is
defined here as the time of egg release, whether
spontaneously or by manual stripping). Treatment of
the remaining eels was interrupted for several weeks
because of unavoidable circumstances, but it
resumed on 28 February (Day 91), after one of the


