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Abstract

The comparative studies or the reproductive organs of Nautilus belauensis in Palau

were carried out between individuals collected in the summer season (紅em August to

September･ 1988) and in the winter season (January･ 1989)･ The average.Weight of the

testes and the ovaries collected in summer was found to be slightly heavler than those

collected in winter. The maximum weight was recorded on the oocyte collected in sum-

mer. Although direct evidence of the natural reproductive period or Nautilus belauensis

in Palau is still lacking, it appears likely that natural spawning Of this species occurs

befbre, during, and a偶er the summer season.

Introduction

The habitat of the chambered Nautilus is still obscure because they usually live

at considerable depths. Haven (1977) reported the records or Nautilus pompilius

trapped in the Tanon Strait, Philippines, Which were kept for a one year period

紅Om August 1971 through August 1972. With respect to the reproductive season

of the N. pompilius, the author suggested that it may be in summer (July or

August) because of the variation of the maximum weight of the oocyte.

For an investigation into the natural reproductive season of the Nautilus

bel鋤enSis in Palau, living specimens were collected in the summer season (五〇m

August to September, 1988) and in the winter season (January, 1989) and com-

parative anatomical studies of their reproductive organs were carried out.

Materials and Methods

Specimens or Nautilus belauensis were trapped at depths of 140 to 450m in

Mutremdiu Ray, Palau. Among 49 individuals captured in the summer season

from August 22 to September 17, 1988, 26 specimens (14 males and 12 females)

Were dissected to obtain the gonads and other reproductive organs. These organs

were immediately weighed and龍Xedめr histological studies. In the winter season

鯖om January 6-13, 1989, 45 individuals were captured and 20 specimens (10 males

and 10 females) of them were dissected ror anatomical studies.

The gonad index (GI), denned as follows, was used in the present study.

gonad index (%) - gonad weight (g) × 100 / son part weight (g)

To weigh the growing oocytes, ovaries containing clusters of oocytes were nXed

with 3% glutaraldehyde in a phosphate buffer (pH 7.4) and 0.5M NaCl for two
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to four days and dissected into individual oocytes. The weigh of each oocyte

greater than 0.010g was carried out.

Results

The weight data of the whole son part and the reproductive organs such as

testes, accessory organs, spermatophore sacs and penises of males are shown in Ta-

ble 1. The average GI of the individuals captured in summer is 5.30%, and that

of winter is 4.28%.

The weight data of the soft part, the ovary and the nidamental gland which

is the secondary female sexual organ, or the female Nautilus captured in summer

Table 1. Weights of reproductive organs and gonad indexes of male N. belauensis in summer

and in winter.

Naut. No: Number of Specimen, W: Weight (g), Ace.: Accessory organ, Sp. Sac.:

Spermatophore Sac, GI: Gonad Index

Summer

Naut.No �6�G��'Er�TestisW ��6R蚌�Sp.Sac.W ��V跏�5r�GI 

T2-1 涛�R���66.9 ������1.7 �����7.31% 

T2-14 �3�B纈�4.6 辻�- 辻�1.51% 

T3-1 塔ビ�"�58.3 湯綯�1.6 ���2�6.57% 

T3-2 塔sr���52.6 湯���1.6 ��纈�6.00% 

T5-1 塔CR�2�47.6 唐縒�1.5 ��縒�5.63% 

T5-2 涛S2���55.6 唐繧�1.6 ��縒�5.83% 

T8-2 涛Cb纈�51.2 唐���2.1 ��苒�5.41% 

T9-1 涛#R�"�51.5 唐纈�1.3 ��纈�5.57% 

T9-2 塔S偵r�50.7 唐纈�2.1 ��繧�5.90% 

T9-4 都��紕�39.7 唐紕�1.1 ��紕�5.67% 

T9-6 ���S偵r�64.9 免ﾂ���2.0 ���2�6.12% 

T9-7 都#偵��48.3 途絣�1.4 ��綯�6.62% 

T12-2 涛コ絣�58.9 唐纈�1.8 ��縒�5.98% 

T12-3 塔�r綯�43.7 澱纈�1.3 ��縒�5.34% 

Average 都ビ���46.3 唐�"�1.5 ��繧�5.30% 

Std.Dev. ����綯�15.0 �����0.3 ���2�1.31% 

Winter

T20-1 都Sb�"�32.4 澱���1.1 ��絣�4.28% 

T20-4 塔sR纈�32.3 澱繧�1.2 ��縒�3.69% 

T20-6 涛3R紕�44.0 途繧�2.2 ���"�4.70% 

T21-1 涛���"�39.8 �2���I.7 ��縒�4.42% 

T21-3 涛SR纈�54.8 湯苒�1.7 ��絣�5.73% 

T21-4 涛��纈�52.2 途紕�1.2 ��絣�5.26% 

T23-1 涛c"綯�48.1 唐�2�1.4 ��繧�5.00% 

T23-2 涛��絣�46.5 湯�2�1.7 ��縒�4.74% 

T23-3 塔#ゅ��40.7 澱縒�1.4 ��纈�4.92% 

T25-6 ���Sr���46.1 ����"�2.2 �����4.36% 

Average 塔C�紕�39.7 途���1.4 ��繧�4.28% 

Std.Dev. 塔r�2�7.5 ��綯�0.4 ���2�0.57% 
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Table 2. Weights of reproductive organs and gonad indexes of fTemale N. belauensis in summer

and in winter.

Naut. No: Number of Specimen, W: Weight (g), Ov.: Ovary, Nュd.: Nidamental

Gland, GI: Gonad Index

Summer

Naut.No �6�����'Er�0V.W 疲烹蚌�GI 

T2-4 鉄c2紕�21.6 ��"�2�3.83% 

T2-10 田S"���28.7 ��B���4.40% 

T5-3 鉄唐絣�33.3 免ﾂ繧�5.56% 

T5-4 田Sb���35.6 免ﾂ纈�5.43% 

T8-1 鉄S�纈�31.3 免ﾂ纈�5.68% 

T9-3 田コ紕�42.7 ��R綯�6.23% 

T9-5 鉄���2�37.3 ��B���6.42% 

Tl1-1 鉄sゅ��26.3 ��R���4.54% 

T12-1 都S"���38.4 ��2�"�5.11% 

T12-4 都�"纈�36.4 ��2纈�4.65% 

T13-3 田32紕�28.8 ���繧�4.55% 

T13-4 田唐�"�32.9 ��2纈�4.71% 

Average 田CB紕�32.8 ��2�"�5.09% 

Std.Dev. 都�經��5.58 ��紊��0.75% 

Winter

T20-2 都�r���30.6 ��"���4.33% 

T20-3 都�2�2�34.5 ��2絣�4.84% 

T20-5 田c�綯�35 免ﾂ繧�5.29% 

T20-7 都�B縒�33.82 ��2綯�4.73% 

T20-8 田S偵��29.2 ��B纈�4.43% 

T21-5 鼎�ゅR�0.9 ��纈�0.22% 

T25-1 鉄�"�2�1.3 ��纈�0.26% 

T25-2 田cゅ��31.2 ��"絣�4.67% 

T25-4 鉄cゅb�4 釘絣�0.70% 

T26-5 田cr�"�32.7 ��B�2�4.90% 

Average 田#r���23.3 ������3.44% 

Std.DeV. 涛b繝R�14.04 釘纉2�2.01% 

and in winter are shown in Table 2. The average GI is 5.09% in summer and

3.44% in winter. According to these data slightly smaller GIs are shown in the

winter season both in males and females.

The scatter plots of the so允 part weight and GIs of the males are shown in

Fig. I and Fig. 3, and those of the females are shown in Fig. 2 and Fig. 4. Ac-

cording to these results there is scarcely a difference in the soft part weight be-

tween those taken in summer and in winter. However, there is a clear seasonal

difference in the GIs or males and females. T-test values or the male and the

female GIs between two seasons are P<0.027 and P<0.004, respectively, indicating

that the seasonal difference is fairly slgnificant.

Fig. 5 and Fig. 6 show the plots of the oocyte weight or Nautilus captured in

summer (Fig. 5) and in winter (Fig. 6). Although the number of oocytes in the
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Seasona一 Change of Soft Pan Weight of Male

10 20

Ranking of Soft Pan Weight

Fig. 1. Plots of weights of whole so請pahs taken紅om males collected in summer

and in winter.

Seasona一 Change of Soft Pan Weight of Fema一e

0　　　　　　2　　　　　　4　　　　　　6　　　　　　8　　　　　10　　　　12　　　　14

Ranking of Soft part Weight

Fig. 2. Plots of weights of whole soft parts taken from Semales collected in summer

and in winter.
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Gonad Index of Ma一e
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Scft Part Weight (g)

Fig. 3. Scatter plots of gonad indexes of male individuals.

Gonad index of Fema一e
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So備 Part WeI9ht (9)

Fig. 4. scatter plots of gonad indexes of Female individuals.
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OocyleWeight oI Nau肌IS in Paiau (Summer)

0　　　　　　　　1 0　　　　　　　　20　　　　　　　　　30　　　　　　　　40
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Fig. 5. Plots of the weight of oocytes greater than 0.010g taken in summer.

Oocyte Weight of Nau湖us in palau (Winter)
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Fig･ 6. Plots of the weight of oocytes greater than 0.010g taken in winter.
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ngure comprlScS only those heavier than 0.010g, amber yolk nuid can beめund in

oocytes heavier than 0.07g. When the oocyte weight reaches 0.3　- 0.4g, rapid

deposition of yolks may have occurred (Fig. 5 皮 6). The heaviest oocyte among

Nautilus caught is 2.717g and 2.635g for summer and winter, respectively. A simi-

lar decrease occurred in the average weight of all larger (>1g) oocytes in each

ovary (oocytes in summer: 1.746g; oocytes in winter: 1.577g). These results sug一

Best that there may be a few seasonal differences in weight plotted between the

summer and winter season.

Discussion

Haven ( 1977) suggested that the reproductive period of Nautilus pompilius in

the Philippines may be some time in the summer months, because the largest ovary

of monthly collections wereめund in August, and the largest oocyte measured was

in an ovary collected in late July. Willey (1898) obtained infertile eggs of N.

Pompilius in New Britain laid from July through September. In this study the

average weight of testes or ovaries tend to slightly decrease in the winter season.

It also shows that the dif鮭rent values of the largest oocyte weights between collec-

tions taken in summer and in winter is clear. Furthermore, the average of oocyte

weights more than lg in summer is larger than that in winter. These results sug一

gest that the natural reproduction of N. belauensis in Palau probably occurs before,

during, and a偶er the summer season. It is necessary to compare large numbers of

Nautilus in several seasons throughout the year.

Kakinuma et al. (1995) reported that N. belauensis captured in Palau spawned

many fertile and infertile eggs in the aquarium installed in Kagoshima Marine

Park. Several females were observed while held during the spawnlng Period from

January to October, 1989. For example, specimen number T13-1 captured on Sep-

tember 16-17, 1988, kept on spawning 14 00cytes in the period紅om January to

May. From these data N. belauensis in aquariums may be able to spawn mature

oocytes not only in summer but also in other seasons. It seems reasonable to sup-

pose that the kecplng COnditions in aquariums change the reproductive behavior of

Nautilus.

The GIs of male N. belauensis in Palau show higher values than those or N.

pompilius collected in Papua New Guinea and Fiji (Tsukahara et al., 1991). The

dif鰐rence of GIs between two species may be a renection of peculiarities in spe-

cinc species.
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