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Fecundity and Hatching Rates of Limnodrilus

hoffmeisteri Claparede (Clitellata: Tubificidae)

under Cultured Laboratory Conditions

Abstract

The purpose of the present paper was to obtain information on the deposition and
hatching rates of L. hoffmeisteri cocoons under laboratory condition. Immature specimens
from natural site were.placed in beakers containing moistened silica sand as the substrates
filled with distilled waters and kept at room temperature. By every two days observation, it was
shown that 132 cocoons contained of 264 eggs. The number of eggs per cocoon ranged from
1.55 to 2.46 with the average number of 1.93+0.39, with the mean number of cocoons per
individual per day equal to 0.09+0.02 (0.07-0.13). The results indicated that the time between
cocoons laying and newborn hatching was detected around 10 days with the mean hatching
rate of 39%. The overall of 102 young worms hatched between 30 and 36 days from the
beginning of the culture and the mean number of young worms per adult was 2.04+0.74.
Laboratory studies suggested that individuals reared in moistened silica sand supplemented

with dry fish food produced low fecundity compared to those reared in natural sediment.
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Introduction

Aquatic oligochaetes are recognized
as an important food sources for various fish.
Yan and Liang (2004) reported that 90% of
oligochaetes dry weight consists of protein
and fat. Some species, such as Limnodrilus
hoffmeisteri, gathered from the natural
source of Thai water, is one of the major
living diets for many of juvenile fish.
Nutritional value of this worm species
reported showed that the average values
of protein and fat were 6.49+0.24 and
7.21£0.92%, respectively by Kanchana-
Aksorn (2012).

L. hoffmeisteri Claparede, 1862 is
one of the most widespread and abundant
aquatic oligochaete in the world (Kennedy,
1965). It is widely recognized as an effective
indicator of organically polluted aquatic
environment. (Alves et al., 2006; Dorfeld et
al., 2006, Martins et al., 2008). Additionally,
this species has been used in ecotoxicological
studies (Flores-Tena and Martinez-Tabche,
2001; Kanchana-Aksorn and Petpiroon,
2009; Prajongsak, et al., 2012.).

The biology of L. hoffmeisteri has
received appreciable attention in many
countries. From field studies, the life history
of this species varied according to local
conditions and worms could breed throughout
the year (Kennedy, 1966; Ladle, 1971;
Poddubnaya, 1980; Raburu et al., 2002; Yan
and Liang, 2002; Zbikowski, 2007). In
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addition, the life cycle of L. hoffmeisteri had
been facilitated by culturing the worms in
laboratory conditions. Three groups of stage
could be established in the life cycle of this
worm, divided into cocoon, juvenile
(immature) and adult (with mature eggs in
the coelom) (Pasteris et al., 1999; Nascimento
and Alves, 2009; Lobo and Alves, 2011b).

In Thailand, despite the previous data
available on the population growth of L.
hoffmeisteri in laboratory conditions
(Kanchana-Aksorn and Petpiroon, 2008),
there is a considerable lack of studies on its
biology.

The aim of this study was to report on
both fecundity and hatching rates of L.
hoffmeisteri under laboratory conditions. The
results from this observation could be
available forapplying in both ecotoxicological

studies and further cultivation.

Materials and Methods

Preparation of worm specimens

L.hoffmeisteri were collected from
the sediment of Chao Phraya river, Tok road
waterside, Bangkok, between April and May
2012 by scrapping sediments with small
shovel. The sediments were washed through
0.5 mm sieve with regional spring water. The
specimens were transported to the laboratory
and carefully sorted under stereoscopic
microscope. Classification was followed by

the original description (Brinkhurst and



Jamieson, 1971). The identification also was
confirmed by Christer Erseus, Gothenburg
University, Sweden, using the technique of
mitochondrial 16s ribosomal DNA markers
(Beauchamp et al., 2001).

Non-sexually mature individuals of
approximately similar size (length == 2.0-
2.5 cm) were used in the culture. Firstly,
worms were placed in a Petri dish filled with
distilled water to evacuate their gut contents
for 6 h (Lyes, 1979) prior to the culture
started.

Preparation of substrate and culturing
conditions

The substrate used in this study was
silica sand (particle between 125 and 250
[Jm, total organic carbon (TOC) = 0%).
Before the culture started, the sand was
moistened with distilled water and 0.5 g of
grinded fish food was added (Ducrot et al.,
2007). It was kept to aerate for two weeks
under static conditions in order to allow
bacteria growth (Moore, 1979).

For the preparation of culturing
conditions, dry fish food was added as a
source of organic matter in the substrates. All
beakers were exposed to the air. The culture
was conducted at room temperature in a daily
photoperiod of 12 h. Light was provided
from cool-white fluorescent lamps. Every
two days, the water was changes, the sands
were washed, and the residual foods were

removed and fresh foods were added.
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Fecundity investigation

Five beakers were used for rearing to
allow the specimen to reach sexual maturation.
Each beaker (250 ml) contained 2-3 cm depth
of substrate, 100 ml of distilled water, and ten
immature individuals. All beakers were
observed every two days for screening
mature worms and cocoons deposition. The
substrate of each beaker was washed in a
0.125 mm sieve and analyzed under a
stereoscopic microscope. Specimens no
contained cocoons were returned to the old
beakers. The number of cocoons per
individual per day and eggs per cocoon were

determined.

Analysis of hatching time and rate
Both hatching time and rate were
analyzed after the cocoons were observed.
The cocoons were placed separately in
another beaker containing 2-3 cm depth of
substrate and 100 ml of distilled water. All
cocoons collected on the same day were put
in the same beaker by using a 3-ml Pateur
pipette. These beakers were examined every
two days for new hatchings. Young worms
per adult were recorded by multiplying the
number of newborn worms by the number of

maturing specimens.
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Results Hatching rates
Fecundity A total of 102 newborns hatched between

One hundred thirty two cocoons
contained 264 eggs were collected in the period
of the culture. The overall number of eggs in
cocoons ranged from 31 to 86.

The values of eggs per cocoon varied
between 1.55 and 2.46 with the mean number of
1.93+0.39. Changes in the number of cocoons
per individual per day were similar to the values

of eggs per cocoon, with the mean number of
0.09+0.02 (Table 1).

30 and 36 days from the start of the culture
with mostly found in 34 days (Figure 1). The
greatest number of young worms per adult
was 3.00 and the average value was 2.04+0.74
(Table 1). The time between laying the cocoons
and hatching was around 10 days. The mean
hatching rate was 39%.

Table 1. Values of eggs per cocoon, cocoons per adult per day, young worms per adult and

hatching rate of L. hoffmeisteri in the laboratory culture.

Young

Beaker Eggs per Cocoons per \
worms Hatching

cocoon adult per day per adult rate

1 1.68 0.09 1.9 0.45

2 2.23 0.11 2.6 0.39

3 2.46 0.13 3 0.35

4 1.55 0.07 1.3 0.42

5 1.73 0.08 1.4 0.37

Mean 1.93 0.09 2.04 0.39

SD 0.39 0.02 0.74 0.04
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Figure 1. Period between egg laying and
hatching of L. hoffmeisteri in the laboratory
culture.

Since the wall of L. hoffmeisteri
cocoons had been stuck to fine particles
after laying, therefore cocoons individual
were observed inside the mature specimens
(Figure 2).

Figure 2. L. hoffmeisteri cocoons before

hatching. White bar = 1 mm.

Discussion
The cocoons of L. hoffmeisteri from
this study were covered with fine particles,

which was the same evidence as shown in

1989). This phenomenon decreases their
detection in the substrate to provide more
protection against organisms that can harm
embryo development (Lobo and Alves,
2011b).

Fecundity

The number of cocoons obtained in
this study was higher than the reports of Lobo
and Alves (2011b), which was 115 cocoons
reared at 25°C for 20 days in fine sand, and
the observation by Nascimento and Alves
(2009), which was 112 cocoons reared at
25°C for 21 days in fine sand. Also, the
number of cocoons was higher than the report
by Nascimento and Alves (2008) for another
tubificid, Branchiura sowerbyi, which was 57
cocoons collected in 15 days at 25°C.

In accordance with the finding
of Reynoldson et al. (1996), different
populations of one given species may present
difference in some biological features, such
as number of cocoons per individual, as well
as hatching rates. All organisms in the same
population are in the reproductive stage at the
same time. The first reproductive cycle is
synchronized, while in the second cycle some
organisms are differently reproduced (Ducrot
et al., 2007). These evidences confirm the
results from the present study that the
specimens used in the culture might be in

different generations. Consequently, different

o
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intervals of the number of eggs in cocoons
were detected.

An increase in temperature
might lead to an increase in the number
of cocoons of tubificid oligochaetes such as
L. hoffmeisteri. Higher temperature
accelerates the metabolism of organisms and
causes to increase in the number of
reproductive events (Howe, 1967). This
reason supports the existence of condition
appearing in this study which was conducted
in tropical region and the room temperature
was higher than 25°C.

The number of cocoon per individual
per day was below the previous one
investigated by Lobo and Alves (2011b)
which was 0.37 £0.22, for this species at
25°C. Likewise, it was lower than the
averages observed by Marchese and
Brinkhurst (1996), Nascimento and Alves
(2008), and Lobo and Alves (2011a) which
was 0.17, 0.13 and 0.12, respectively, for B.
sowerbyi at 25°C.

The results from the present study
have shown that the number of eggs per
cocoon of L. hoffmeisteri found to be below
those reports by Aston (1973), Nascimento
and Alves (2009), and Lobo and Alves
(2011b), which were 5, 3.25, and 3.12 eggs
per cocoon, respectively.

The number of egg per cocoon was
lower than-that observed by Aston et al.
(1982), which was 2.82, similar to the 1.94
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+0.13 found by Marchese and Brinkhurst
(1996), and greater than the 1.21+ 0.08
reported by Nascimento and Alves (2008) for
B. sowerbyi. For another tubificid species,
Tubifex. tubifex, Kaster (1980) found that the
mean number of eggs per cocoon was 8.5
when rearing in 25°C and 3% adding organic
content, which was the same trend as well as

B. sowerbyi.

Hatching rates

The youngs had been observed
between 30 and 36 days from this study. It
showed quite similarly results to Pasteris et
al. (1999) that has previously observed under
laboratory condition, which was found that
no worms hatched from cocoons older than
35 days

The presence of young individuals of
L. hoffmeisteri from this study suggests that
the species need about 10 days to develop the
full embryonic period. This result was agreed
with the period of time observed by Lobo and
Alves (2011b), which was found between 8
and 12 day for this species. Further, T. tubifex
required the same hatching period occurring
around 15-18 days at room temperature and
10-12 days, as reported by Timm (1973) and
Kosiorek (1974), respectively. For another
one, B. sowerbyi, the hatching time was in
the period, which was varied between 10 and
20 days (Nascimento and Alves, 2008).

L.hoffmeisteri cultivated under

(48]
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laboratory conditions from the present study
had low hatching rates (39%). Differently,
the specimens reared in fine sand had the
hatching rate of 84.83% (Lobo and Alves,
2011b). In addition, 97.3% of the hatching
was observed in T. tubifex at 25°C with 3%
adding organic content (Kaster, 1980).
However, the low hatching rates were found
in B. sowerbyi, as reported by Marchese and
Brinkhurst (1996), which was between
30.2% and 39.4% at 20-30°C, together with
Nascimento and Alves, (2008), which was
44.93% at 25°C. There by further studies are
necessary to verify.

The results of many studies with
respect to the number of cocoons per adult
per day and the number of eggs per cocoon as
mentioned above (Nascimento and Alves,
2009; Lobo and Alves, 2011b) were differ.
These discrepancies come from the several
external factors, including various pattern of
methodology, for instance, differenced in
population density, food quality or types of
substrate, which makes it difficult to interpret
and compare their results,

Silica sand with fine particle was
adopted as the substrate in this study due to
the lack of contamination of any organisms.
However, when compared to the worms
reared in natural sediments (Nascimento and
Alves, 2009; Lobo and Alves, 2011b), it was
mostly found that the specimens exhibited

less nutritive matter than natural sediments
(Ducrot et al., 2007). Although fish food was
added at the substrate surface, the worms
could not forage due to their feeding habit
(Ewald et al., 1997; Othman et al., 2002).
Therefore, natural sterilized sediment with
fine fraction and enough for organic matter

might be recommended for further culture.

Conclusion

~ In this study, it could be determined
some substantial reproductive characteristics
of L. hoffmeiteri, including the number of
cocoons per individual per day, number of
eggs per cocoon, the time between eggs
laying and hatching, as well as hatching rate,
which are assuredly essential aspects for the
investigation on the reproduction. Although
low fecundity was occutred when rearing in
moistened silica and dry fish food was added
on, eggs and cocoons could be produced in

mature individual.
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