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In the present study, developing medaka eggs were exposed to cadmium (Cd) or a 
fenitrothion emulsion (MEP), and the transition of incidence of centrum-damaged 
fish was examined. 

Exposure of fish eggs to chemical substances results in inhibition of development 
(Hisaoka 1958) and the occurrence of various anomalies (Anderson and Battle 1967, 
Hisaoka 1958) can sometimes be observed depending on the kind and concentration 
of chemicals involved. Delayed anomalies sometimes occur in fish after hatching 
normally from eggs exposed to chemicals. Hiraoka (1980a, b, c, d) reported that the 
exposure of medaka eggs to cadmium, zinc, oxadiazon emulsion (herbicide), or 
fenitrothion emulsion (organophosphorous pesticide) during development of the 
eggs caused frequent vertebral abnormalities during adulthood. 

Recently Bengtsson (1975) and Kanazawa (1976) presented a summary of the 
skeletal abnormalities of fish, in which a few cases of skeletal abnormalities in 
medaka are cited. But there is no mention of the time at which skeletal abnor- 
malities become apparent as a result of exposure to chemical substances during egg 
development, and the frequency of such occurrence with medaka growth. 

MATERIALS AND METHODS 

Adult medaka (the red variety of Oryzias latipes) were purchased from the Ito 
Fish Farm and reared in our tank. Later, eggs were spawned by these fish. The 
harvested fertilized eggs were divided into 3 groups. The first group was maintained 
in dechlorinated water containing 0.01 ppm Cd (Cd group), the second in 
dechlorinated water containing 0.4 ppm MEP (MEP group), and the third, in 
dechlorinated water (control group) for one week up to the retinal pigment stage. 
Following this, each group was reared in dechlorinated water for 4 months to 
adulthood. The temperature of the water was 25 + 2~ 

The medaka were collected from each group once a week, starting from the 
commencement of hatching for a period of six weeks. Following this, they were 
collected in control and MEP groups during the 8th, 10th, 12th, and 16th weeks. 
The number of collected medaka is shown in Tab. 1. To study the bone and 
cartilage, freshly hatched fry and larvae were stained, using a modification of the 
method of Dingerkus and Uhler (1977), and young and adult fish, by a modification 
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of the method of Inouye (1976). These specimen~ were observed under a phase 
contrast or stereoscopic microscope. 

RESULTS AND DISCUSSION 

None of the newly hatched fry stained with alizarin red S (for bone staining), 
but most of maxillary, suspensorium, and gill arches of the medaka fry, immediately 
after hatching stained light blue with alcian blue (for cartilage staining). Possibly 
these regions changed to cartilage initially in order to take food and respire to stay 
alive. From the 2nd through the 4th week, the hypural bone and pterygiophore 
stained with alcian blue and apparently changed to cartilage. It may be inferred that 
the capacity of medaka for locomotion and balance develops gradually. At  about the 
5th week, most of the anterior portion of vertebral column of the medaka stained 
deep red with alizarin red S. Etoh (1981) reported that the vertebrae stained with 
alizarin red S approximately a month after hatching, which is in close agreement 
with our results. The cartilage in the skull stained blue initially and then red. 
Ossification gradually took place and was completed by the 10th -- 12th week. 
During the 10th -- 12th week, the skeleton size nearly approximated that of the 
adult. The ossification process in all three experimental groups was essentially the  
same. 

In the control group, centrum-damaged fish were observed in the 3rd week and 
continued to increase in number (Tab. 1 and Fig. 1). The cumulative frequency 
of centrum-damaged fish was 8% in the 10th week but remained constant after 
this. The incidence of centrum-damaged fish in the control group in the present 
study was neither 0% nor near 0%. The reason for this may be that since vertebral 
abnormalities in fish arise from many factors (Bengtsson 1975, Kanazawa 1976), it 
was not always possible in our particular rearing system to account for the 
occurrence of several percent of vertebral abnormalities arising in medaka. 

In the Cd group, centrum damage was not observed in newly hatched fry; however, 
centrum-damaged fish were found in the 1st week, and increased rapidly up to the 
4th week. The cumulative frequency of centrum-damaged fish was 13% and 14% in 
the 5th and 6th weeks respectively and seemed to remain constant after this. There 
was a significant difference in the incidence of centrum-damaged fish in the control 

2 and the Cd groups during the 4th, 5th, and 6th week (p < 0.01, X -test). 

In the MEP group, there was no centrum damage in newly hatched fry but centrum- 
damaged fish were observed in the 1st week, and increased rapidly up to the 6th 
during which the cumulative frequency of centrum-damaged fish was 21% and 
remained as such. There was a significant difference in the incidence of centrum- 
damaged fish in the control and MEP groups, which persisted throughout the 
experimented period following the 2nd week (p < 0.01, • -test). 

From these results, it is apparent that the cumulative frequency of centrum-damaged 
fish increased rapidly before the period of 1 - 2 weeks during which the vertebrar 
stained with alizarin red S. Following this, the frequency value remained constar 
Thus, it may be inferred that the centrum damage observed in the medaka expose 
to Cd or MEP took place in most cases before ossification of the centrum hao 
been completed. 
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Fig. 1 Increase in cumulative frequency of 
centrum-damaged fish with the passage of time. 

Though agricultural control chemicals differ qualitatively from heavy metals, the 
occurrence of centrum-damaged fish in the MEP group was similar to that in the Cd 
group. Thus, it may be concluded that even if medaka eggs are exposed to various 
other chemical substances, the occurrence of centrum-damaged fish would be 
basically similar to that found in the present study. 
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