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Abstract
Background: The development of dactylogyrids is water temperature dependent, and their eggs fail to
hatch below 5°C. The dactylogyrids are supposed to overwinter with adults on hosts or eggs in the water.
In the field investigation, however, mean abundance of some Dactylogyrus species increases and reaches
to a high level in winter, which suggests that the eggs may hatch into infective oncomiracidia in winter.
Therefore, effects of low water temperature on egg hatching of D. vastator were determined on gills of
goldfish (Carassius auratus) in laboratory.

Results: The eggs of D. vastator hatched and the hatching success was 65.3%, 62.7%, 42.6% and 22.3%
when eggs were firstly incubated for 0, 7, 14 and 21 days at 5 °C and then maintained for 15 days at 20
°C. Hatching success in 14 and 21-day group was significantly lower than in 0 and 7-day group. When
eggs were directly incubated at 5 °C, eggs failed to hatch within one month. However, the hatching
success was 69.8% and 66.7%, respectively, when maintained at 5 °C after12 and 24 h incubation at 20
°C.

Conclusions: Egg incubation for more than two weeks at low temperature had significant impacts on
hatching success of D. vastator at room temperature. But low temperature had little effects on hatching
success when eggs are firstly exposed to suitable temperature range for a short time. Once the embryonic
development of eggs is activated, egg hatching will continue regardless of the low temperature. D.
vastator eggs laid in late autumn are able to hatch in winter.

Background
Monogeneans, belonging to the parasitic Platyhelminth, are usually found on gills, fins and scales of fish,
and transmit rapidly because of the direct life cycle and short-generation time [1]. Hooks and hamuli of
the opisthaptor penetrate deep into the gill lamellae and produce erosion and inflammation of the
epithelium of the primary and secondary lamellae [2]. Some blood-feeding monogeneans on gills of fish
cause the anemia [3]. Infection of the ectoparasites often cause great losses of farming fish [4, 5] and
wild fish [6].

In the field investigation, different monogeneans species display different patterns of seasonal
occurrence [7]. Mean abundance of Pseudodactylogyrus anguillae in eel Anguilla anguilla [8] and
Dactylogyrus ctenopharyngodonis on grass carp (Ctenopharyngodon idellus) [9] is high in summer and
autumn, which are warmth-loving species [7]. Whereas, the number of D. lamellatus peaks in late winter
and spring [9], which is cold-loving type. Under laboratory condition, development of monogeneans is
water temperature dependent [10, 11, 12].

The monogenean Dactylogyrus vastator Nybelin, 1924 (Dactylogyridae) is common on gills of common
carp (Cyprinus carpio) and goldfish (Carassius auratus) [13, 14, 15]. Heavy infection with D. vastator
results in host death[16, 17]. The egg hatching and the development of D. vastator are also shown to be
temperature-dependent [1, 18]. Bychowsky (1957) supposes that the adult individuals survive the winter
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on host and no egg laying and hatching occurs in winter [1]. Actually, mean abundance of D. lamellatus
on grass carp [9] and D. vastator on goldfish (unpublished data) increases and reaches to a high level in
winter. This phenomenon suggests that egg hatching maybe occur in winter. Although many researches
focus on effects of temperature on development of monogeneans [10, 11, 12, 18, 19, 20, 21, 22], few
involve the effect of temperature change on development of monogeneans to simulate the scenario of
seasonal variation. Therefore, effects of different strategies of low water temperature on egg hatching of
D. vastator were investigated on gills of goldfish in laboratory.

Methods
Collection of Dactylogyrus vastator

Goldfish infected with Dactylogyrus vastator were obtained from our lab [23] and reared in a 40 L glass
tank indoor. The water temperature was maintained at around 20 °C and the goldfish were fed daily on
commercial pellet feed.

Subsequently, the gills of the goldfish were removed and examined for D. vastator under a
stereomicroscope. D. vastator was collected from the gills using fine needles. Based on body size and
color, the matured individuals were selected and placed in 24-well culture plates for egg hatching
experiments.

The effect of low water temperature on egg hatching

Eggs laid in the 24-well plate were collected immediately and randomly distributed to 7 groups with 3
replicates per group. At least 60 eggs were included in each group.

To determine whether the duration of egg hatching at low temperature affected hatching success, eggs
were incubated for 0 (control), 7, 14 and 21 days at 5 °C, and then transferred to maintain for 15 days at
20 °C. To determine whether the eggs deposited in late autumn can hatch during winter, eggs were
exposed to 20 °C for 0 (control), 12 and 24 h, and then maintained for one month at 5 °C.

Eggs were observed under an inverted microscope every 12 h. The empty eggs with open opercula were
recorded as the number of hatching success. Hatching success was expressed as the proportion of the
number of empty eggs out of the total number of eggs incubated.

Statistical analysis

A Chi-square test was used to evaluate whether there were significant differences in egg hatching
success among the different temperature groups. Analyses were performed using the program SPSS
13.0.

Results
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The eggs hatched when eggs initially incubated for 0, 7, 14 and 21 days at 5 °C and then maintained for
15 days at 20 °C. The hatching success of eggs declined with the increasing days at 5 °C (Table 1).
Hatching success in the groups of 14 and 21 days (42.6% and 22.3%) was significantly lower than the
groups of 0 and 7 days (65.3% and 62.7%) (P < 0.05). The hatching success incubated for 21 days was
significantly lower than that of incubation of 14 days (P < 0.05).

No egg hatched after one month of incubation at 5 °C. However, the hatching success of eggs was 69.8%
and 66.7%, respectively when eggs were firstly incubated for 12 and 24 h at 20 °C and then maintained
for one month at 5 °C (Table 1). The hatching success show no significant differences with tthat of direct
incubation at 20 °C (65.3%) (P < 0.05).

Discussion
Development of monogeneans is usually water temperature dependent [1, 12, 19]. Hatching times are
inversely related to water temperature [10, 21]. Hatching success increases with the rise of water
temperature [18, 24]. Eggs fail to hatch at extremely low water temperature [10, 24]. In the present study,
eggs of D. vastator also failed to hatch when directly incubated at the water temperature of 5 °C. However,
the eggs exposed to low temperature hatched when subsequently maintained at 20 °C, and the hatching
success decreased with the duration of cold exposure (7-21 days at 5 °C).

These results suggested that a short period of cold shock (within one week) had limited impact on egg
viability, whereas long-term exposure to low temperature had serious impacts on embryonic development.
Eggs may be arrested at low temperature but retained high viability; their development resumed and
hatching occurred after the period normally required at this higher temperature [25]. Eggs of
Pseudodactylogyrus bini did not hatched when incubated for 10 days at 5 °C, but hatched with 75.5%
hatching success after being transferred to room temperature [26]. The eggs of Heterobothrium okamotoi
did not hatch after 23 days of incubation at 10 °C, but high hatching rates were detected when transferred
to 15 °C [22]. The eggs of Protopolystoma orientalis and P. xenopodis apparently retained a relatively high
viability when exposed to 5 °C for a short period (18 h) and then incubated at 25 °C [24]. But all eggs of P.
xenopodis were found to have died after incubation for 3 months at 10 and 12 °C [27]. More than three
weeks of incubation at 5 °C had significant impacts on hatching success of Diplectanum aequans eggs
before incubation at room temperature [19]. Our results revealed that 2 weeks of exposure to 5 °C
appeared to have significant impacts on the hatching success of. D. vastator, and the effects of low
temperature on egg viability were dependent on exposure time.

Although viability of eggs of D. vastator was related to exposure time to low temperature, hatching
success was hardly affected at low temperature after short-term incubation at room temperature. This
result suggested that eggs of D. vastator laid in late autumn could hatch in winter. Generally,
monogeneans survived winter mainly as adults on host or eggs in the water (Bychowsky 1957). As a rule,
reproduction does not take place during winter for freshwater monogeneans [1]. When directly incubated
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at low temperature, eggs did not hatch for Diplectanum aequans [10], Pseudodactylogyrus bini [26],
Heterobothrium okamoto [22], Protopolystoma orientalis and P. xenopodis [24, 27].

In the present study, however, a high hatching success was detected when eggs incubated at 5 °C after
12-24 h incubation at 20 °C. This result indicated that short exposure to moderate temperatures activated
embryonic development of the eggs of D. vastator, and the developing eggs eliminated the effects of low
temperature and continued hatching. The eggs of Entobdellu soleue are originally colourless inside the
reproductive adults, but become darker in the uterus or after laying [28]. The change in colour of the E.
soleue eggs corresponds with the hardening of the egg shell [29]. Hatching success was significantly
higher at day 35 than at day 6 when treated with freshwater and formalin since the harder egg shell was
less flexible and more impermeable [30]. Therefore, the eggshell of monogeneans had the capability to
protect the developing embryo and unhatched larva from detrimental osmotic effects [31]. Based on this
result, some eggs of D. vastator laid in late autumn were supposed to hatch during winter.

Seasonal occurrence of D. vastator also provided some evidences for eggs hatching in winter. In the field
investigation, mean abundance of D. vastator in C. auratus increased in winter and reached a high level in
early spring (unpublished data). In addition, the host goldfish tends to shoal at the bottom of water
bodies, where the water temperature is higher than 5 °C. So it is possible that the hatched oncomiracidia
have the infective ability to find hosts and locomote to the gills of goldfish in winter.

Conclusions
Long-term egg incubation (more than two weeks) at low temperature had negative impacts on hatching
success of D. vastator at room temperature. But low temperature had little effects on hatching success
when eggs are firstly exposed to suitable temperature range for a short time. Since the eggshell of D.
vastator had the capability to protect the developing embryo and unhatched larva from detrimental
osmotic effects, once the embryonic development of eggs is activated, the developing eggs of D. vastator
can eliminate the effects of low temperature and continue hatching. That is why some eggs laid in late
autumn can hatch in winter. Besides the adults on hosts or eggs in the water, hatched oncomiracidia is
also a potential pathway to overwinter.
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Tables
Table 1. Effect of low water temperature on the hatching success of Dactylogyrus vastator. Treatment 1,
the eggs were incubated at 5 °C for different days and then maintained for 15 days at 20 °C; Control 1, the
eggs were maintained at 20 °C; Treatment 2, the eggs were incubated at 20 °C for 12 and 24 h and then
transferred to maintain for 30 days at 5 °C; Control 2, the eggs were maintained at 5 °C.

Groups Incubation time No. of eggs Hatching success (%)

20 °C 5 °C 20 °C

Control 1 0 0 15 d 72 65.3

Treatment 1 0 7 d 15 d 61 62.7

0 14 d 15 d 115 42.6

0 21 d 15 d 112 22.3

Control 2 0 h 30 d 0 72 0

Treatment 2 12 h 30 d 0 86 69.8

24 h 30 d 0 93 66.7
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