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Summary

The purpose tof the present study was to find a characteristic indicating the
past life history of adult pond smelt, which have inhabited different habitats such
as lake and sea, by investigating the relative growth, melanophores distribution,
size weight and the number of oocyte in an ovary and phase of otolith of the large
and small spawners in Lake Ogawara.

In this study it became clear that eye diameter/standard length and upper jaw
length/standard length decrease with standard length, but there are no characteris-
tics that distinguished between large and small fish. The number of oocyte in an
ovary and opaque core length in otolith increase exponentially with body length.
The fecundity and opaque core length depends on the nutritional condition and
growth in early life history, respectively. Accordingly, the large fish are consid-
ered to inhabit and grow in much different environment from the small fish.

Of the pond smelt ( Hypomesus transpacificus nippoensis McAllister) popula-
tion in Lake Ogawara, the spawners can be divided into two groups classified by
the body length distribution (1). The fish live in thelake and coastal seas all year
and spawn in the fresh water area e.g. the lake and its inflowing rivers (2, 3). But
the cause of the occurrence of the two size groups of the spawners in the popula-
tion and the relationship between their habitat and theit growth has previously
unknown.

In order to examine the opportunity of occurrence of these two groups, we
endeavored with this study to find a characteristic indicating the past life history
of adult pond smelt, which have lived in different habitats such as lake and sea,
by investigating the body shape, body bolor, reproductive characteristics and
otolith phase of the pond smelt spawners. In this study, we observed the relative
growth for the body shape, melanophores distribution for body color, size, weight
and the number of oocytes in an ovary for reproductive characteristics and phase
of otolith for the past growth record of the pond smelt. We examined the
relationships between these characteristics and body length, of the pond smelt in
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the spawning season in the lake.

Materials and Methods

In order to observe the morphometric and reproductive characteristics of the
pond smelt and examine the relationships between these characteristics and body
length, we sampled the pond smlet in Lake Ogawara.
Danish seine fishery about once a month in the lake from July 1993 to January
1994. In the spawning period of the fish, from March to April 1994, we set the set
The location of the net was near the spawning

net and caught the fish (Fig. 1).
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Fic. 1. Map showing sampling location.
Closed asterisks indicate sampling site of pond smelt.
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Growth process

For the estimation of the growth of pond smelt in Lake Ogawara, seasonal
change in body length distributions of the fish of 1993 year class were examined.
About 100 individuals selected randomly from a catch were fixed in with 109,
neutral formalin solution. Standard body length (SL) and body weight were
measured and weighed. Age was determined by using a otolith, sagittae, because
of its preciseness and handiness (3). Immersing the otoliths in water, we observed
their phase and distinguished the opaque and translucent parts using a stereo-
scopic microscope. In this observation, the fish, that had formed a second trans-
lucent zone of their otoliths, were estimated to be 1 year old.

Relative growth

We observed 9 morphometric characteristics to examine the relative growth
for each individual. Standard length (SL), total length (TL), fork length (FL),
head length (HL), predorsal length (DL), preventral length (VL), preanal length
(AL), eye diameter (ED) and upper Jaw length (JL) were measured with vernier
calipers within a 0.1 mm range (Fig. 2). The relationships between each charac-
teristics and SL were drawn and the existence of an inflection point was observed.
If 1t were not for the point, the allometry formula would have regressed for each
relationship.

SL:Standard length
TL:Total length
FL:Fork length
HL:Head length
DL:Predorsal length
VL:Preventral length
AL:Preanal length
ED:Eye diameter
JL:Upper Jaw length

Fic. 2. Morphometric characteristics for measurement.

Body color

Firstly, we observed the melanophores distribution in the whole body of pond
smelt fixed with formalin using a stereoscopic microscope. Some fish have many
melanophores on the surface of adipose and/or anal fins (Fig. 3), some fish do not
have any at all. The rates of the number of fish with melanophores on each fin
in all specimens were calculated and compared among body length classes.
Furthermore, the rates of fish with melanophores were compared between sexes
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Fic. 3. Melanophores on the adipose fin and anal fin of pond smelt.
Scale bars=1 mm

and between before and after spawning by the method of t-test analysis.

Egg size and fecundity

The diameter of oocyte at maturation stage in the ovary was used as a index
of egg size laid. The maturational stage of oocyte was judged from their appear-
ance. The maturation oocyte looks orange and translucent because of water
absorption (4). To determine the part for measurement we observed the distribu-
tion of oocyte diameter in an ovary. The right leaf of pond smelt is much larger
than the left one as shown in Fig. 4(a). Firstly, the right leaf of an ovary was
divided into 5 sections at even intervals from head to tail, and left leaf (Fig. 4(a)).
Then, these sections were re-divided to inner and outer parts (Fig. 4(b)). We
selected more than 50 oocytes from left leaf and the same parts of right one and
measured their diameters using a stereoscopic microscope with micrometer. This
measurement was carried out for two ovaries at the vitellogenic and maturation
stages. All distributions of oocyte diameters were almost normal and unimodal,
therefore, the mean and standard deviation of oocyte diameter of each part sample
were compared among these parts. Table1 shows the means and standard
deviations of oocyte diameters of these parts. One-way analysis of variance
(ANOVA) was made among left leaf and 5 sections of right leaf and among inner
and outer parts, respectively. As a result, the oocyte diameter of inner and outer
parts at vitellogenic stage ovary have no significant differences (P <0.05), how-
ever, that of left leaf and 5 sections of right leaf at both stages and of inner and
outer parts at maturation stage have significant differences (P>0.05). According-
ly, for measurement, we selected about 100 oocytes from the inner part of the
second part from head, which the variance of its diameter is the least. Measuring
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Fic. 4. Left side view (a) and sectional view (b) of pond smelt ovary.
0, O’: Outer part I,I": Inner part

the diameter of oocyte, we exclude oocytes that were remarkably deformed by
fixation.

Egg weight and fecundity

In general, an oocyte absorbs water at final maturational stage, however, dry
weight of an oocyte dose not change by absorption (5). Accordingly we weighed
not only wet weight but also dry weight of maturation oocyte as indices of egg
characterlstic. After weighing ovary weight, wet weight and number of oocytes
of the inner part of the second section from the head were weighed and counted,
respectively. Then, the ovary except the part removed was dried at 130°C for 24-
36 hs and its stable weight was weighed. In this way, wet and dry weight and
fecundity were calculated.

Opagque core length of otolith

Concerning the formation process of the otolith of pond smelt, it is known
that firstly the opaque core i1s formed and then translucent zone and opaque zone
are formed sequentially. Opaque core (OC) i1s formed for a few months after
hatching until July-August in Lake Ogawara and off Hachinohe (3). Further
more, the length of OC, after complete formation, is proportional to the body
length from August to October and is considered to correspond to the early stage
growth (3). Accordingly, in order to estimate the early growth of large and small
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pond smelt spawners in the lake, we measured the OC length of otolith, sagitta,
taken out from each specimen. The observation and transcription of the otolith
phase which was immersed in water were carried out using a stereoscopic micro-
scope with equipment for transcription. The maximum length of OC, defined as
its length, of the transcribed figure was measured with ruler.

Results

Seasonal change in body length of pond smelt

Seasonal changes in standard length (SL) distributions were examined to
estimate the growth process of pond smelt inhabiting in Lake Ogawara. The
distributions are almost normal and unimodal and skewed to the large a little from
July 1993 to January 1994 (Fig.5). Their modes are 30-35 mm in August and
45-50 mm in December. But in April, the feature of SL distribution is wide and
multimodal. Every sample in this period has a mode at 45-60 mm, however,
some samples have modes at 80-85 mm (Apr. 19, 21), and 75-80 mm (Apr. 28)
shown in Fig. 6.

We will analyze the relative growth, body color, egg size and weight, fecun-
dity and otolith phase, as following, about the sample on Apr. 21 that its SL
distribution of 0* year old has two modes; 45-50 mm and 80-85 mm (Fig. 7).

Relative growth

In order to find the feature of relative growth of two size group of pond smelt
spawners, the allometry analysis was applied to the relationship between mor-
phometric characteristics and SL. The results are shown in Fig. 8. There is no
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Fic.5. Frequency distributions of standard length (SL) of pond smelt (0*) in
Lake Ogawara, from July 1993 to January 1994.



132 S. Katayama et al.

Standard length (mm)

0 40% Mar.
100 T |
b
>
Apr.
100+ -
50 1 E | b
May
100+
50 +
10 r 20 30
Day

Fi16. 6. Frequency distributions of standard length (SL) of pond smelt (0*) in
Lake Ogawara, in the spawning period from March to May 1994.
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F16.7. Frequency distribution of standard length (SL), on April 21, 1994.
Open bars indicate 0* fish and shaded bars 1* one.
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O:TL(Total length) (J:FL(Fork length)
O:HL(Head length) O:AL(Preanal length)
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Fic.8. The relationships with log-transformation between morphometric charac-
teristics and standard length.

TaBLE 2. Relationships between standard length and length of each
morphometric characteristics of of pond smelt.
Regression formula is allometry one; Y=axX"

X : standard length (mm) Y : each character (mm)

Characters ?:(c))l(;rfglca{gr?tn Regression coeiﬁcienti
r? 2

Total length (TL) 0.977 1.23 0.992
Fork length (FL) 0.998 1.02 1.01
Head length (HL) 0.963 0.478 0.894
Predorsal length (DL) 0.992 0.676 0.955
Preventral length (VL) 0.954 ' 0.535 0.862
Preanal length (AL) 0.993 0.790 0.955
Eye diameter (ED) 0.841 3.58 0.433
Upper Jaw length  (JD) 0.895 1.34 0.628

inflection point in each relationship. Table 2 shows coefficients of each regression
formulae. Every rate of contribution r? is so high, that its least value is 0.841
(ED), therefore each morphometric characteristic is fully regressed by a allometry
formula. Therefore the body shape is revealed not to change discontinuously
with body length. But some b-values, allometric coefficients, that indicate rela-
tive growth rate are 0.894 (HL), 0.862 (VL), 0.433 (ED) and 0.628 (JL) and are
obviously under 1. This means that the rate of length of head part, especially eye
and mouth, to the body length is lower as the body length lengthens.
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F1c.9. Frequency distributions of standard length with melanophores (shaded
bars) and without them (open bars) on the anal fin (top) and adipose fin
(bottom).

100

TaBLe 3.  Comparison of existence rate of melanophores on anal fin (AF) and adipose
fin (ADF) between female and male, and between before and between spawning.

AF ADF

(Observed,/total) trtest (Observed,/total) trtest
Male 58/62 (935%)  2.23<P (0.01)  37/62 (59.7%)  0.0612<P (0.05)
Female 41/53 (17.4%,) 31/53 (58.5%,)
Before 23/30 (76.7%)  1.43<P (0.05) - 15/30 (50.0%) 1.40<P (0.05)
After 76,/85 (89.4%) 53/85 (62.4%)

Individual difference of melanophores distribution

The frequencies of fish with melanophores and without melanophores on the
surface of adipose and anal fins by SL class are shown in Fig. 9, respectively.
Fish with melanophores are more than fish without them and covers all SL classes
in both fins. There is no difference of existence of melanophores among SL
classes.

To examine the factor effecting an existence of melanophores, the percentage
of fish with melanophores in all individuals were compared between sexes and
between before and after spawning by the method of t-test analysis (Table 3).
The rate of female fish with melanophores on anal fin is a little higher than that
of male fish with them (P>0.05, P<0.01). There are, however, no significant
difference on adipose fin between sexes and between before and after spawning on
both fins (P <0.05).



Morphometric characteristics of the pond smelt 135

Y = 5.00X10°X+ 0.738

0.9- R2 = 4.00x10™
E [ |
£ 0.8- n
= .- ~ n
[] = B
‘65 L] ]
£ 0.7 =
S » .
© [ ]
92
0.6
o)
=
0.5 LI T T T —
30 50 70 90 110

X:SL(mm)

F1c.10. The relationship between means of oocyte diameter at maturation stage
and standard length (SL) with regressive line.

Diameter of maturation oocyte

In order to examine the relationships between the egg size and body length,
the relationship between the mean of oocyte diameters at maturation stage of each
specimen and SL is shown with regression line in Fig. 10. The means of the
diameters cover so wide a range of 0.67 mm-0.84 mm that the contribution rate r?
of regression is very small (r?=4.00x 10*). But the slope of the line is 5.00 x 10
~° almost equal to 0. Kgg size of pond smelt in Lake Ogawara can be judged not
to vary with body length.

Weight of an oocyte and number of oocytes in an ovary

The relationship between wet weight and dry weight of an oocyte at matura-
tion stage and SL are shown with regression lines in Fig. 11, respectively. Wet
weight ranges from 291 ug to 452 xg and dry weight from 75 ug to 105 ug.
Individual weight does not vary clearly with body length. Fecundities, the
number of oocytes in an ovary, varies widely from 525 to 11438 on Apr. 21 (Fig.
12). It increases with SL and really regresses to about the third power of SL.
Fecundities on Dec. 21 are plotted on the figure for comparison. They are in a
range of 1315-2883 and correspond to the fecundities of standard length 50 mm-
80 mm on Apr. 21.

Opagque core length of the otolith
Firstly seasonal change in the distributions of opaque core (OC) length were



136 S. Katayama et al.

Y =-0.00715X+ 357

Y =0.0949X+ 83.4

500- R%=9.72x10°® 1204 R? = 4.64x107
]
400+ - 1007 @ " .
a = [ ] L ’a /".‘_’_“r’
2 - n " 3 80+ n a
+ 300 - - b1 .
-g) -g" 60__
g g
2 200 2
© 2 40
2 Q
T >
> 1004 20
0 T T T T 1 0 T T T T 1
30 50 70 90 110 130 30 50 70 90 110 130
X:SL(mm) X:SL(mm)

Fic. 11. The relationships between wet weight (left) and dry weight (right) of
oocyte diameter at maturation stage and standard length (SL) with each

regressive line.
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F1c.12. The relationships between fecundity and standard length (SL) with

regressive curve.

Closed circles indicate fecundity of the fish on April 21,

open circle on December 21. Regressive curve is fitted on only data on April

21.

examined (Fig. 13).
from September to November.

They cover a range from 0.5 mm to 2.0 mm and are unimodel

Their modes are 1.0 mm-1.5mm. In April the

range of OC length is 0.5-3.0 mm resulting from addition of fish with OC over 2.0
mm. It has two modes, 1.0-1.25 mm and 2.0-2.25 mm. For comparison of OC
length between large and small fish about this sample on April 21, the regressive
relationship with log-transformation between OC length and SL is shown in Fig.
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F1g. 14. The relationship with log-transformation between opaque core (OC)
length and standard length.
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14. There is no clear inflection point. OC length tends to increase as SL
increases. Two modes, 1.0-1.25 mm and 2.0-2.25 mm, in the OC length distribu-
tion corresponding to SL 40-75 mm and 70-90 mm, respectively, which are well
fitted to modes of SL distribution.

Discussion

There are many reports that the biological characteristics are different among
fish of differing habitats and growth. The relative growth (6, 7, 8), meristic
charasteristics (8, 9) body color (7, 10), egg size and fecundity (11-14) are different
between anadromous large fish and resident small fish.

In this study it becomes clear that eye diameter/SL and upper jaw length/SL
decrease as SL increases, about large and small pond smelt spawners in Lake
Ogawara. But there are not any characteristics that distinguish large and small
fish, in body shape, body bolor, egg size and weight.

The fecundity increases exponentially with body length. The fecundity of
the fish of SL 100 mm is about 8000 and that of 50 mm is about 1000, which is 8
times greater. Fecundity is greatly influenced by amoant of food taken by fish
during the ovarian development period, reported for rainbow trout, Salmo gasrd-
ners (15), kokanee salmon, Oncorhynchus nerka (16) and masu salmon, Oncorhyn-
chus masou wshtkawae (17), which spawn once a year as do pond smelt. Therefore,
fecundity of pond smelt, which varies with body length of spawners, is considered
to depend on nutritional condition of fish during the ovarian development period.
The relationship between growth and habitat can be clarified by investigating the
physiological mechanism regulating the number of oocytes to be spawned, such as
nutritional condition, amount of food, body length, salinity and water tempera-
ture.

The length of OC, after complete formation, is considered to correspond to the
early stage growth (3). In the spawning season, April, the fish with OC length
over 2.0 mm, which have not been in the lake until that time, appear in Lake
Ogawara. SL of them are over 70 mm. Namely the large fish with larger OC
than that of small fish which is resident in the lake appear in the lake in the
spawning period. Therefore the large fish is considered to inhabit and grow in a
much different environment in the period from hatching to when OC development
is completed, from April-May to July-August. But it is unknown if this environ-
mental difference for pond smelt is a geographical difference between coastal area
and lake or a periodical one of the hatching period. In other words, it 1s
unknown whether the large fish grow rapidly in coastal area or the large fish have
grown in the lake and then migrate to the sea. We should consider another factor
that the difference in growth rate between migratory fish to the sea and non
migratory ones could have a different genetic component. From the results of



rearing experiment on stickleback, Gasterosteus aculeatus, difference in growth
rates between nonmigratory small fish and migratory large ones is based on genetic

variation (18, 19). Variation of growth, fecundity and anadromous or not of

Morphometric characteristics of the pond smelt

pond smelt would be genetically-based should also be examined.

The authors wish to express our gratitude to Lake Ogawara Fisheries Coopera-
tive Association for helping us in sampling of the pond smelt.
partly conducted with allowance to catch pond smelt given by Aomori Prefecture

Office.
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