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Maturity Stages and Relative Growth of Oikopleura 

labradoriensis LoI-IMANN (Tunicata, Appendicularia)n 

Naonobu SHIGA2) 

Fawlty of Fisheries, Hokkaido University, Hakodate 

Abstract 

The state of maturity of Oikopleura labradoriensis LOI-IMANN, which is abundant in the boreal 
waters, was divided into five stages from juvenile to adult, on the basis of the external characters 
of the gonad. From the allometric equation used for the interpretation of the changes of body 
shape, it was shown that the various body parts of the animal did not always increase at the same 
growth rate during the course of growth. The gonad developed exclusively in the stage subsequent 
to stage IV. 

The body parts were consistently large in size from the Bering Sea, Funka Bay and off Oshoro 
Bay respectively, over all stages of maturity. The individuals collected from the Bering Sea were 
remarkably larger than those from the other two areas. In addition, it was demonstrated that the 
body proportion and number of subchordal cells of 0. labradoriensis off Oshoro Bay differed from 
those of the other two areas. At the same time, it was implied that the gonad length/trunk height 
ratio would be a useful index for determining the maturity stages of this species. 

The relationships between the wet weight and dry weight, the dry weight and trunk length, 
and the dry weight and tail length were calculated. The contraction of body parts of 0. labradoriensis 
during preservation was also estimated. 

Introduction 

The Appendicularia grow from juvenile to adult without metamorphosis, and stages of matu

rity are difficult to distinguish. Despite this difficulty, it is important to know its maturity stages 

for studying the population dynamics of this animal in the sea. 

FENAUX (1963) was first to try to distinguish seriously the maturity stages and to examine 

the relative growth of some appendicularians captured at Villefranche-sur-Mer on the coast of 

the Mediterranean Sea. After him, BtiCKMANN (1967, 1970, 1972, 1973, 1974) extensively 

examined several species of Oikopleura and Fritillaria sampled from various sea areas, near 

Neapel in the Mediterranean, in the North Atlantic Ocean, in the Arabian Sea and the Pata

gonian shelf, and determined three maturity stages for them on the bases of the size and 

shape of their gonad. The population dynamics of Oikopleura dioica and Fritillaria borealis 

f. typi,ca were intensively studied by WYATT (1971, 1973) in the North Sea, especially by 

tracing features of their patchiness. The criterion, however, for the identification of the 

maturity stages of appendicularians is not yet established well. 

In the present study, the author will determine the maturity stages of Oikopleura labrador

iensis occurring abundantly in the boreal waters on the basis of degree of their gonad devel

opment and estimate their relative growth. In addition, the comparisons in the body size and 
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shape of animals collected from three different areas will be carried out with another index 

for maturity. 

Materials and Methods 

Materials that had been collected with vertical hauls of a Norpac net (North Pacific 

standard plankton net; 45 cm mouth diameter and 180 cm side length (MOTODA, 1957)) with a 

0.35 mm mesh aperture, during the cruise 41 of the T. S. "Oshoro Maru III", Hokkaido 

University, to the northern North Pacific, the Bering Sea and Bristol Bay in June-August 

1971, were used for biometrical studies. For comparison with materials taken from other 

areas, plankton samples were obtained from off Oshoro Bay on the west coast and near the 

entrance of Funka Bay on the southwestern coast of Hokkaido, in February and March 1972 

and from March to May 1973 respectively. These materials were also taken with vertical 

hauls of the Norpac nets with 0.35 mm mesh aperture in the former and with 0.10 mm mesh 

in the latter. Completely preserved individuals of OikojJleura labradoriensis were sorted from 

the samples and stained with borax carmine to examine their body parts. All the plankton 

samples used for the present study were preserved in about 4 % formaldehyde-sea water 

(STEEDMAN, 1972-equivalent to 10 % formalin-sea water commonly used up to date- for a 

half or a year after sampling. 

First, the animal was examined in detail under a microscope and then divided into five 

maturity stages on the basis of external characters of its gonad. These stages are as follows. 

The character of each stage is illustrated in Figures 1 and 2. 

Stage I (Figure 1): Gonad is absent. The posterior part of the trunk is taken up by 

the stomach and the intestine. Early in this stage, the margin of the trunk is covered with 

thick epithelial tissues, which disappear gradually with the progress of growth. 

Stage II (Figure 1): A small and thin gonad appears as a testis at the posterior margin 

of the intestine. The testis is not yet differentiated on the left and right side in the trunk. 

Stage III (Figure 1): The gonad increases in height along the posterior margin of the 

alimentary canal. It is possible to distinguish gonad as two separate testes. The width of 

the gonad is always less than the width of the alimentary canal-equal to the maximum width 

of the trunk. 

Stage IV (Figure 2): The gonad mainly increases in thickness so that it shows a roundish 

shape. At the same time it bends and expands to the posterior. The ovary is distinguished 

from testes and is found between both testes in the posto-dorsal view. The width and height 

of the gonad are nearly equal to those of the trunk. 

Stage V (Figure 2): The well developed, massive gonad occupies the posterior part of 

the trunk· and occasionally covers a part of stomach. Its width and height are always greater 

than those of the trunk. 

Secondly, the body parts of the animal in a certain stage were measured with a micro

meter under a microscope. Sometimes, individuals with bent tails or folded fins were present 

in the samples. Such individuals were straightened carefully with a weak pincette on a 

-·32 ·-



BULL. PLANKTON SOC. JAPAN VOL. 23, NO. 2 (1976) 

Early stage I Stage I 

Stage II Stage III 

Fig. 1. Maturity stages I, II and III of Oikopleura labrador£ensis. 

a: left lateral view, b: vental view, c: dorsal view of trunk. 

- it3 -
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slideglass. As shown in Figure 3, the biometrical characters are (a) length without lower 

lip, (b) height and (c) width of trunk, (d) length, (e) thickness and (f) width of gonad, (g) 

length and (h) width with :fin of tail, (i) musculature width, and (j) number and shape of 

subchordal cells. Here, (c) trunk width, and (£) gonad width were measured only for the 

samples obtained from Funka Bay. Individual numbers measured were 335 for the Bering 

Sea, 115 for the Oshoro, and 185 for the Funka Bay samples. 

0 1000 J.I 

Stage IV Stage V 

Fig. 2. Maturity stages IV and V of Oikopleura labradoriensis. 

a: left lateral view, b: vental view, c: dorsal view of trunk. 

For the measurement of wet and dry body weight, some individuals collected from the 

Bering Sea, which had already been measured for body characters as mentioned above, were 

used. Each specimen was rinsed with distilled water for 6 to 8 hours, and after removing the 

excess water from its body surfa~e on filter papers, the wet body was weighed with a Mettler 

H 20 (the minimum weighing 10 µg). Then, the specimen was dried in an oven at 60± 1°C 

overnight, and kept in a desiccator until a constant weight was given. The dry specimen was 

measured with a Mettler's ultramicro balance (UM 7; the minimum weighing 0.1 pg). This 

drying procedure is a standard technique recommended by LOVEGROVE (1966). One hundred 

and thirty nine specimens were used for the wet and dry body weight measurement. 

Finally, the trunk length and/or tail length were chosen as a standard measurement of 
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body size, and the relationships between the standard measurements and those of various body 

parts were calculated to study relative growth of various parts of 0. labradoricnsis. The 

.concept of relative growth was proposed by HUXLEY and TEISSIER (1936). The allometric 

.equation is expressed as 

Y=bXk, 

·or in logarithmic form, 
log Y =log b+k log X 

·where X is the standard length and Y is the length of another body part. These two measured 

variables were plotted on a double logarithmic coordinate, which is a useful procedure to find 

whether inflection points exist or not, in the relative growth. The equilibrium constant k, and 

the initial growth index b, in the equation were calculated by the method of least squares. 

In the above equation, if k>l, the allometry is tachyauxesis; if k<l, it is bradyauxesis; and 

in the case where k = 1, it is isauxesis. The test of significant difference for the allometry of 

·O. labradoriensis was carried out by the analysis of covariance. The range of k was estimated 

..at the 5 % level. 

c 

h 

Fig. 3. l\Ieasured body parts of Oilwpleura labradoriens£s. (a) length, (b) height 
and (c) width of trunk; (d) length, (e) thickness and (£) width of gonad; (g) 
length and (h) width of tail; (i) musculature width; (j) number of subchordal 
cells. 

All the statistical methods were refered to SNEDECOR and COCHRAN (1967). Statistical 

procedures were carried out mostly by means of the SPSS program of Hokkaido Univer

:sity Computing Center. 
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Results \, 

Relative growth of Oikopleura labradoriensis 

Though the relative growth of 0. labradoriensis may be geographically· different, the

samples from the Bering Sea were used for examination of the relative growth of this. 

animal, because of the greater abundance of individuals than off Oshoro Bay and Funka Bay~ 

TABLE 1. STATISTfCAL RESULTS JN THE ALLOMETRIC EQUATION, log Y=log b+k log X, OF 

Oikopleura labradoriensis TAKEN FROM THE BERING SEA IN JUNE-JULY, 1971. TEST OF 

SIGNIFICANT DIFFERENCE WAS DONE BY THE ANALYSIS OF COVARIANCE. ALL CORRELA

TION COEFFICIENTS WERE SIGNIFICANT AT THE 0. l % LEVEL. FIGURES IN PARENTHESES 

INDICATE THE 95 % CONFIDENCE INTERVAL OF k. 

Relation 
y x 

Trunk 
height 

Gonad 
length 

Tail 
length 

Trunk 
length 

Trunk 
length 

Trunk 
length 

Phase n 

I 192 

II 140 

28 

II 53 

m 45 

87 

II 224 

Muscula- Tail 155 
ture width length 

Tail 
width 

Dry 
weight 

Dry 
weight 

Tail 
length 

Trunk 
length 

Tail 
length 

II 124 

25 

II 63 

66 

II 61 

68 

II 61 

k 

0.9947 
(0.9669-1.0221) 

0.7480 
(0.6808-0.8151) 

2.3076 
(1. 6753-2. 9400) 

1.1947 
(1.0227-1.3667) 

1.7577 
(1.3632-2.1521) 

1. 0401 
(0. 9741-1.1060) 

0.6897 
(0.6607-0. 7187) 

1.1540 
(1. 1129-1. 1950) 

1.4877 
(1. 3565-1. 6189) 

0.9436 
(0. 7731-1. 1142) 

1.4594 
(1. 2127-1. 7061) 

1. 7812 
(1. 5796--1. 9828) 

2. 4011 
(1.9260-2.8766) 

1. 6714 
(1. 4948-1. 8481) 

3.1508 
(2.2883-4.0133) 

logb 

-0. 2813 

0.5486 

-4. 7550 

-1.0672 

-2. 9574 

0.5380 

0.6897 

-1.6744 

-2. 9938 

-0. 7312 

-2. 7161 

-3. 6034 

-5. 6427 

-4. 3879 

-10. 2240 

r 

0.9813 

0.8806 

0.8271 

0.8903 

0.8076 

0.9595 

0.9526 

0.9757 

0.8973 

0.9223 

0.8345 

0. 9109 

0.7962 

0.9188 

0.6894 

F -test for slope 

F=261. 34 (d. £. =1, 328) 
P<0.001 

F=20. 03 (d. f. =1, 77) 
P<O. 001 

F=7. 88 (d. f. =l, 94) 
0. 005< P<O. 01 

F=134. 76 (d, f.=l, 307) 
P<0.001 

F=20. 26 (d. f. =1, 275) 
P<O. 001 

F=ll. 99 (cl. f. =1, 84) 
P<o.ocn 

F=5. 78 (d. f. =l, 123) 
0. Ol<P<O. 025 

F= 13. 50 (d. f. = 1, 125} 
P<O. 001 

The statistical results in the allometric equation of 0. labradoriensis are given in Table 

1. As shown in Figures 4, 5, and 6, they have one inflection point, except that the gonad 

length-trunk length has two. All correlation coefficients are significant at the 0 .1 % level. 

Each linear regression was calculated on both sides of the inflection point in the allometric 

equation. The test of significant difference for the slope between the phases proves to be 

highly significant in all the relations. In general, all correlation coefficients tend to decrease-
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.as growth advances, which may suggest that the body parts vary widely with increasing 

growth. 

In the relationship of trunk height to trunk length, there is an inflection point at about 

2,340 pm in trunk length. The point exists between maturity stages III and IV. The trunk 

height indicates isauxesis at phase I and also bradyauxesis at phase II. There are two inflec

tion points, i.e. at 2,000 pm and near 3,200 pm in trunk length, in the relation of gonad 

10000 

5000 

E 
:::i.. 1000 

~ 
a. 500 
>-
"8 
.D 

.i::. 
cri 
c 
Cl.I 

Tail length 

_J 1000 
100 

500 

l00'----'~~5~00_._ ............ ~1~0-00~~--'-~-'---'-5-0~0~0 ....... 

Trunk length ( µm ) 

Fig. /I. Relative growth of the body parts versus trunk length of Oilwj,lcura labradoriensis. 

]ength versus trunk length. Phase I, phase II, and phase III are mainly composed of maturity 

stages II, III and IV, and V respectively. The gonad length shows tachyauxesis over all 

maturity stages. In the relationship of tail length versus trunk length, an inflection point 

·exists at about 1,600 µm in trunk length, corresponding closely to maturity stage II. The tail 

]ength indicates isauxesis and bradyauxesis at phase I and phase II respectively. The 
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musculature width-tail length shows tachyauxesis at phases I and II. There is an inflection 

point at 10, 000 µm in tail length, which corresponds to the range of the tail length of maturity

stage III. Meanwhile, the tail width versus tail length has also -an inflection point at 10,00Q. 

µm and shows isauxesis at phase I and tachyauxesis at phase II. 

In the length-weight relationships (Figure 6), maturity stages 1-111 and IV-V correspond 

to phases I and II respectively. That is, an inflection point, though less pronounced, exists. 

between stage III and stage IV. The dry weight against the trunk length shows k = 1. 7812; 

and 2.4011 at phases I and II respectively. The dry weight against the tail length gives k= 

1. 6714 at phase I and k = 3. 1508 at phase II with a highly significant difference between each 

other (P<0.001). 

5000 

E 1000 :i. 

·Tail width i ( . 

. 

. 

(I) 

ra 500 
a. 
>.. 

-0 1000 0 
.D 

0 
.c. 
Oi 500 
c 
(I) 

__J 
(I) ! ,,.'" 

Musculature wicth 

100
1000 5000 10000 

Tail length ( µm ) 

Fig. 5. Relative growth of the body parts versus tail length of Oilwpleura labradoriensis. 

The body parts of 0. labradoriensis do not always change with the same growth rate 

during the course of growth. This tendency is remarkable in the relationships between body 

parts and trunk length, because the inflection point is different from each other. The body 

parts against the tail length have the same inflection point, 10, 000 µm in tail length. 

The gonad develops exclusively in length at phase I (k=2.3076), whereas the length 

shows weak tachyauxesis (k = 1.1947) at phase II. This fact may indicate that the gonad 

increases relatively in thickness than length at phase II. At phase III, it again rapidly grows 

both in length and thickness, and become massive. The development of tail length is just 
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opposite to that of the gonad. The growth rates of musculature width and tail width as 

compared to tail length tend to increase with the growth. 

There is a good correlation between the dry and wet weight of 0. labradoricnsis over 

all maturity stages as follows: 

log Y= -0.0282+1.3822logX (r=0.9320; n=l04; P<0.01), 

where X is the dry weight and Y is the wet one in rig. The relationships such as wet-dry 

weight, dry weight-trunk length and dry weight-tail length help in estimate the biomass of 

this species occurring in the sea, though these relationships may vary between different sea 

areas. The ratio of dry to wet weight of the species is 15.34 % on the average, widely 

ranging from 57 .11 to 4. 26 % with decrease of larger individuals. 

.r. 
CJl 
Q.i 

1000r 

500 

3: 100 
.._ 
0 

50 

Trunk length 

(II) 

(I) 

I 
Tail length 

1 500 1000 5000 10000 

Standard length ( J..I m ) 

Fig. 6, Relationships between the dry weight and trunk length, and the dry 
weight and tail length of Oi!wpleura lahradoriensis. 

It is generally known that the body weight decreases during preservation m a formaldehyde 

sea water solution. Therefore, these values obtained are slightly lower than those of fres~1 

materials (AHLSTROM and THRAILKILL, 1963; HOPKINS, 1969; 0MORI, 1969, 1970). 

Body size of Oikoplcura labradoriensis taken from three different areas 

The results of body part measurements of the animals collected at three different areas, 
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the Bering Sea, off Oshoro Bay and near the entrance of Funka Bay, are presented in Table 

2. The minimum body size of 0. labradoriensis is recorded as 212 µm in trunk length and 

950 µm in tail length for the same individual caught from Funka Bay. The maximum in 

trunk length is 4,545 µm with 15,950 µm in tail length. On the other hand, the maximum 

tail length shows 16,035 µm with 4,000 µm in trunk length. These maximum values in the 

specimens collected from the Bering Sea are larger than those previously reported (LOHMANN, 

1896, 1901, 1905, 1914; TOKIOKA, 1940; BtiCKMANN, 1970). 

The sizes of body parts of 0. labradoriensis are clearly arrenged in order of largeness 

from the Bering Sea, Funka Bay, and off Oshoro Bay at all maturity stag~s, though data are 

lacking for stages earlier than stage IV in the samples from Oshoro. In particular, the body 

size of the Bering Sea's population is approximately twice as large as that of the Oshoro Bay. 

From the Funka Bay's sample, it is shown that the width of the gonad is smaller than that 

of the trunk at stages II and III, nearly equal or a little larger at stage IV, and much larger 

at stage V, respectively. 

The ratio of gonad length/trunk height (GoL/TrH) regularly increases in each maturity 

stage ranging from 0. 55 to 1. 28 over the three populations, as is shown in Table 2. There

fore, this ratio seems to be a useful index for estimating the maturity of 0. labradoriensis, 

regardless of sea area. 

The subchordal cells, which are laid in a row at the right of the tail musculature, tend 

to change shape from flat, triangular, and semicircular to elliptic as the tail length increases. 

The size of these cells themselves naturally increases with the growth. The number, however, 

does not clearly increase with the growth, showing a wide range from 9 to 37 cells throughout 

the whole samples as given in Table 2. The Oshoro Bay's population has obviously a number 

of the cells lower than the other two populations. TOKIOKA (1940) found 17-25 subchordal cells 

m the same species sampled from off Shionomisaki in middle Honshu, Japan. 

The comparison of the tail length/trunk length (TaL/TrL) ratio of 0. labradoriensis was 

carried out to know whether there are significant differences among the three areas or not. 

The calculation was on the same maturity stage V for each sample. The results and the 

significant test for the difference of the ratio are given Table 3. The population from Oshoro, 

having a lower TaL/TrL ratio, is significantly different from the other two populations, as 

shown by the number of subchordal cells. On the other hand, there is no significant difference 

m the ratio between the Bering Sea's and Funka Bay's populations. 

Fortunately, a small portion of the samples obtained from off Oshoro was measured 

immediately after sampling. To determine the change of body shape from leaching in the 

preservative, 32 raw and 66 fixed individuals of the same stage V were used. The test of 

significant difference was done by the analysis of covariance. In the trunk length-tail length, 

there was a highly significant difference both in slope (F=9.40; d. f.=1.94; P<0.005) and 

adjusted mean (F=8.47; d. f.=1.95; P<0.005). This seems to indicate that contraction of 

the body takes place during preservation. The mean percentage decreases in the length and 

height of the trunk, in the thickness and length of the gonad, and the length of the tail are 
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1'ABLE 2. RESULTS ON BODY PART MEASUREMENTS OF Oikopleura lahradoriensis TAK.EN FROM THREE DIFFERENT 
AREAS, THE BERING SEA, OFF 0SHORO BAY AND FUNKA BAY. VALUES ARE SHOWN AS THE MEAN WITH THE 
STANDARD DEVIATION OR THE MODE WITH THE RANGE IN PARENTHESES. 

Trunk Gonad Tail Musculature No. of 
Stage n length height width length thickness width length width width subchordal GoL/TrH 

(TrL) (TrH) (TrW) (GoL) (GoT) (GoW) (TaL) (TaW) (MuW) cells td 
c::: 
I:""' 

Bering Sea in June-July, 1971 ~ 

66 918.9 459.8 - 4122.7 462.5 339.6 17 "'ti 
I:""' 

(±255.0) (±121. 3) (±1165.2) (±62. 9) (±96. 7) ( 9-25) >-
II 88 1706.2 861.9 - 501.3 83.0 - 8308.6 889.7 713.3 22 0.574 z 

(±207. 6) (±124. 7) (±136.5) (±29.0) (±1142.5) (±132. 3) (±110.5) (10-32) (±0.115) ~ ....., 

III 63 2190.3 1098.1 - 856.2 189.0 - 10336.3 1406.8 933.4 24 0.755 0 
(±259.6) (±126. 7) (±122.5) (±58.2) (±876.9) (±191.1) (±132. 3) (13-33) (±0.079) z 

IV 58 2914.9 1389.3 - 1245.0 396.4 - 12544.7 1811.7 1246.6 23 0.965 
U') 

0 
(±290. 7) (±132. 7) (±161.6) (±93.1) (±970.6) (±254.2) (±180.0) (14-30) (±0.105) 0 

v 60 3613.5 1619.6 - 2059.3 1005.6 - 14409.0 2293.0 1585.6 26 1.278 ....... 
~ (±327.1) (±154.5) (±361. 3) (±246.1) (±774.0) (±337.6) (±226.5) (17-37) (±0.193) >-I-' 

"'ti 
>-

Off Oshoro Bay in February-March, 1972 z 
IV 43 1554.3 770.3 - 796.2 417.6 - 6429.1 1126.7 678.1 17 1.035 < 

0 
(±180. 6) (±115. 9) (±152.1) (±131. 4) (±801. 3) (±33. 3) (±103. 8) (11-20) (±0.138) ~ 

v 66 1929.9 1007.6 - 1236.6 775.5 - 7217.0 1175.8 778.7 16 1.226 t,j 

(±200.5) (±123. 0) (±163. 6) (±149.1) (±600.2) (±98.4) (±107.8) (13-23) (±0.132) WW 

z 
Funka Bay in March-May, 1973 9 
13 390.6 219.4 231.4 2025.5 238.0 140.1 19 

l,j 

(±40.4) (±36. 7) (±41.9) (±250.2) (±15. 2) (±24.9) (12-29) r-. 
I-' 
l.O 

II 37 844.4 440.8 442.8 254.3 70.3 242.3 4143.5 466.4 333.4 21 0.554 .....;i 
O'l 

(±240. 8) (±125. 3) (±98.9) (±121.5) (±30.3) (±95.0) (±913. 7) (±122.1) (±100.1) (17-35) (±0.143) '-' 

III 40 1538.3 773.5 721.8 651.9 203.0 575.9 6698.6 1012.1 600.4 21 0.842 
(±19'i". 8) (±103.8) (±95. 6) (±120. 8) (±81. 9) (±122. 4) (±758.5) (±142.8) (±106.8) (14-26) (±0.102) 

IV 33 1994.1 993.8 929.8 1059.1 492.4 958.2 8187.9 1387.5 765.8 22 1.067 
(±180.5) (±98. 2) (±110.1) (±146.8) (±153.1) (±125. 9) (±901. 0) (±202.1) (±127. 9) (13-30) (±0.119) 

v 62 2382.5 1198. 9 1138. 8 1491. 2 858.0 1370.8 9292.7 1414.1 884. 7 22 1. 243 
(±259. 5) (±122. 3) (±135.1) (±242.0) (±188. 7) (±213. 8) (±1057. 3) (±110.1) (±138.2) (10-25) (±0.140) 

c..c ..... 
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(B) 

(0) 
(F) 

TABLE 3. COMPARISON OF THE TAIL LENGTH/TRUNK LENGTH (TaL/TrL) IN STAGE V OF 

Oikopleura lahradoriensis TAKEN FROM THREE DIFFERENT AREAS. TEST OF SIGNIFICANT 

DIFFERENCE WAS DONE BY THE T-TEST. VALUES ARE SHOWN AS THE MEAN WITH THE 

STANDARD DEVIATION IN PARENTHESES. 

Area 1l TaL/TrL t-test 

Bering Sea 51 3. 960 (±0. 247) (B)-(0): t=4. 78, P<O. 001 

off Oshoro Bay 66 3. 745 (±0. 272) (0)-(F): t=2. 86, 0.005<P<0.01 

Funka Bay 59 3. 902 c ±0. 288) (F)-(B): t=l. 06, 0. 2<P<O. 3 

roughly estimated as 18.2 and 10.6, 15.5, and 6.3, and 9.2 % respectively. It is reported 

that volume shrinkage of planktonic animals takes within the first day of preservation 

(AHLSTROM and THRAILKILL, 1963). 

Discussions 

Recently, PAFFENHOFER (1973) succeeded in continuously cultivating Oikopleura dioica 

for as long as 7 mon.ths over 19 generatjons in the laboratory. The generation time of 0. 

dioica was as short as 9.5 days in his study. The neritic species of Oikopleura, such as 0. 

dioica, have a short life span so that it is not of much importance to identify the maturity 

stages in studies of population dynamics. On the contrary, since 0. labradoriensis is regarded 

as annual (USSING, 1938 quoted by GRAINGER, 1959), the studies on the differentiation of 

maturity stage is significant for the study of its life history. 

It is expected from the results that the gonad development can be used as a parameter 

of the appendicularian growth. In appendicularians, FENAUX (1963), BtiCKMANN (1967, 1970, 

1972, 1973, 1974) and WYATT (1973) also observed maturity stages on the bases of the shape 

and size of the gonad. According to BtiCKMANN (1970), who determined three stages of 

maturity for 0. labradoriensis, the regression of the "standard trunk length"-equivalent to 

the trunk length (excluding lower lip) in the present paper-to the length of left stomach 

lobe was distinctly different at each stage. 

In the present study on 0. labradoriensis, five maturity stages from juvenile to adult 

were determined by examining the external characters of the gonad in detail. Here, stages 

III and IV nearly correspond to the early and late stages of the "Reife B" of the Blickmann's 

maturity criterion, respectively. The gonad length/trunk height ratio may support the present 

criterion for dividing the maturity stages, because there is no variability at the same stage for 

different populations .. 

The population of the Bering Sea is distinctly larger in body size than those from off 

Oshoro and Funka Bay, and the population of Funka Bay tends to be larger than that from 

off Oshoro Bay. BtlCKMANN (1972) also suggested that there was a geographical variation in 

body size of several appendicularians. Although such variation may come from the difference 

in the sampling period- to some extent, 0. labradoriensis has obviously regional variations in 

adult body size and proportion. The difference in their habitat through the process of ontogeny 

probably affects the growth rate, and leads to geographical variation. The areas where 0. 

- 42 -



BULL. PLANKTON SOC. JAPAN VOL. 23, NO. 2 (1976) 93 

labradoriensis occurred in the Bering Sea are oceanic regions, while the water off Oshoro 

and Funka Bay has a neritic character. DEEVEY (1960, 1964, 1966) described the effects of 

temperature and food on the body length of several marine copepods. MCLAREN (1963, 1965) 

found that the adult size and the generation length of Sagitta elegans and Pseudocalnus are 

a negative function of temperature, and he (1966) also pointed out that this response to 

temperature was advantageous to Sagitta elegans in the arctic wher.e food supply is limited 

seasonal1y as it is shown from the fecundity and natural mortality. 

In addition to the difference in body size of 0. labradoriensis, it is expected that the body 

proportion and number of subchordal cells would change with different localities, because these 

characters have significant differences between Oshoro Bay and the other two areas. On the 

other hand, the gonad length/trunk height ratio is constant at each stage for three populations. 

Thus, the ratio is a useful index for determining the maturity stages of Oikoj>leura. 

Summary 

1. The five stages of the maturity of Oikopleura labradoriensis from juvenile to adult~ 

can be distinguished on the basis of external characters of their gonad. 

2. The allometric equation showed that the growth rates of various body parts in this 

species are not always the same throughout the growth. The gonad develops rapidly after 

stage IV. 

3. The size of the body parts is constantly large in the Bering Sea, Funka Bay, and off 

Osborn Bay, in order, through the whole maturity stages. The individuals taken from the 

Bering Sea are remarkably larger than those of the other two areas, and the adult size in 

the Bering Sea is larger than those previously reported. 

4. The ratio of the gonad length/trunk height is a useful index for estimating the 

maturity of 0. labradoriensis. 

5. The relationships of wet weight-dry weight, dry weight-trunk length, and dry weight

tail length were presented from specimens in the Bering Sea. 

6. The contractions of the body parts of 0. labradoriensis during the preservation ranged 

from 6. 3 to 18. 2 % in lost length. 

Acknowledgements 

The author wishes to express his sincere thanks to Prof. Teruyoshi KAWAMURA, Hokkaido 

University, for his encouragement given during this study and his critical reading of the 

manuscript. I am indebted to Prof. Sigeru MOTODA, Tokai University, for drawing his 

attention to study on the ecology of Appendicularia. Thanks are also due to Dr. Takashi 

MINODA who gave me his valuable suggestions during the work, and to Mr. Megumu 

KANBA who kindly provided me with samples collected from Funka Bay. 

References 

AHLSTROM, E. I-I. and J. R. THRAILKILL, 1963: Plankton volume loss with time of preservation. 

- 43 -



94 B * 7° 7 :,.; .~ r :..;'¥~¥tl~ 23 ~51'! 2 -5 (1976) 

Rep. Calif, coop. oceanic. Fish. Invest., 9, 57-73. 
BOCKMANN, A., 1967: Untersuchungen Uber das Makroplankton bei Ischia und Capri und im Golf 

von Neapel im Mai 1962. III. Die Appendicularien. Pubbl. Sta.z. zool. NajJoli, 35, 215-238. 
BOCKMANN, A., 1970: Die Verbreitung der Kaltwasser- und der Warmwasserfauna der Appen

dicularien im nordlichen Nordatlantischen Ozean im Spatwinter und Spatsomme.r 1958. /I.far. 
Biol., 5, 35-56. 

BDCKMANN, A., 1972: Die Appendicularien von den Fahrten der "Meteor", der "Anton Bruun" 
un<l der "Discovery" in <las Arabische Meer im Rahmen der IIOE. "!vfeteor" Forsch.
Ergebn. D, 10, 1-45. 

BUCKMANN, A., 1973: Erganzende Bemerkungen Uber Appendicularien aus dem Arabischen Meer. 
"11frteor" Forsch.-Ergebn. D, 16, 69-72. 

BUCKMANN, A., 1974: Ergebnisse der Forschungsreisen des FFS "Walther Herwig" nach 
Sudamerka. XXXII. Die Appendicularienfange der "Walther Herwig" auf dem Patagonischen 
Schelf im September 1971. Arch. Fisch. lViss., 25, 21-32. 

DEEVEY, G. B., 1960: Relative effects of temperature and food on seasonal variations in length of 
marine copepods in some eastern American and western European waters. Bull. Bingham 
oceanog. Coll., 17, 54-85. 

DEEVEY, G. B., 1964: Annual variations in length of copep;)ds in the Sargasso Sea off Bermuda. 
J. mar. biol. Ass. U. K., 44, 589-600. 

DEEVEY, G. B., 1966: Seasonal variations in length of copepods in South Pacific New Zealand 
waters. Aust. J. mar. Freshwat. Res., 17, 155-168. 

FENAUX, R., 1963: Ecologie et biologie des Appendiculaires Mediterraneens (Villefranche-sur
Mer). Vie Milieu (Suppl.), 16, 1-142. 

GRAINGER, E. H., 1959: The annual oceanographic cycle at lgloolik in the Canadian arctic. I. 
The zooplankton and chemical observations. J. Fish. Res. Bd. Can., 16, 453-501. 

HOPKINS, T. L., 1968: Carbon and nitrogen content of fresh and preserved Nematoscelis difficilis, 
a euphausiid crustacean. J. Cons. perm,. int. Explor. Mer., 31, 300-304. 

HUXLEY, J. S. and G. TEISSIER, 1936: Terminology of relative growth. Nature, 137, 780-781. 
LOHMANN, H., 1896: Die Appendicularien der Plankton-Expedition. Ergeb. Plankton-Exped. 

Humboldt-Stift., 2, E. c., 1-148. 
LOIIMANN, H., 1901: Die Appendicularien. Nord. Plankt., 2, 11-21. 
LOl™ANN, H., 1905: Die Appendicularien des arktischen und antarktischen Gebiets, ihre Benzie

hungen zueinander und zu den Arten des Gebiets der warmen Strome. Zool. Jahrb. (Suppl.), 
8, 353-382. 

LOl™ANN, H., 1914: Die Appendicularien der Valdivia-Expedition. Verh. dt. zool. Ges., 24, 
157-192. 

LOVEGROVE, T., 1966: The determination of the dry weight of plankton and the effect of various 
factors on the values obtained. In BARNES (ed.), Some Conteniporary Studies in Afarine 
Science. George Allen and Unwin Ltd., p. 429-467. 

McLAREN, I. A., 1963: Effects of temperature on growth of zooplankton, and the adaptive value 
of vertical migration. J. Fish. Res. Bd. Can., 20, 685-727. 

l\IcLAREN, I. A., 1965: Some relationships between temperature and egg size, body size, devel
opment rate, and fecundity, of the copepod Pseudocalanus. Limnol. Oceanog., 10, 528-538. 

McLAREN, I. A., 1966: Adaptive significance of large size and long life of the chaetognath Sagitta 
elegans in the arctic. Ecology, 47, 852-855. 

MOTODA, S., 1957: North Pacific standard net. Inform. Bull. Planktol. JajJan, 4, 13-15. (in 
Japanese) 

OMORI, M., 1969: Weight and chemical composition of some important oceanic zooplankton in the 
North Pacific Ocean. Mar. Biol., 3, 4-10. 

OMORI, M., 1970: Variations of length, respiratory rate, and chemical composition of Ca/anus 
cristatus in relation to its food and feeding. In ]. H. STEELE (ed.), l\Iarine Food Chains. 
Oliver & Boyd, p. 113-126. 

l~AFFENHOFER, G. A., 1973: The cultivation of an appendicularian through numerous generations. 

-44 -



BULL. PLANKTON SOC. JAPAN VOL. 23, NO. 2 (1976) 

Mar. Biol., 22, 183-185. 
STEEDMAN, H.F., 1972: Zooplankton laboratory methods, Chapter 5. Aldehydes. SCOR/ 

UNESCO/WG23, 1-110. (Mimeog.). 
TOKIOKA, T., 1940: Some additional notes on the Japanese appendicularian fauna. Rec. Occanog. 

lVorks Japan, 11, 1-26. 
WYATT, T., 1971: Production dynamics of Oikopleura dioica in the southern Norlh Sea, and 

the role of fish larvae which prey on them. Thalassia jugosl., 7, 435-444. 
WYATT, T., 1973: The biology of Oikopleura dioica and Fritillaria borealis in the Southern 

Bight. Afar. Biol., 22, 137-158. 

- 45 -

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

