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Assessment of nutritional conditions using Kidney
melano-macrophage density in hatchery-reared juvenile masu
salmon Oncorhynchus masou released into a stream
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Abstract: Underyearling hatchery-reared masu salmon Oncorhynchus masou are released into streams in spring to

increase the coastal masu salmon catch in Hokkaido. It is important to study the nutritional conditions of the juveniles

after release in order to evaluate the hatchery program. Our study examined whether kidney melano-macrophage density

(MMD) can monitor nutritional conditions of the juveniles after release. Significant negative correlations were found

between MMD and liver triglyceride content, which reflects lipid storage as energy source, in recaptured juveniles and

between the MMD and fish density in a stream from spring to summer. In conclusion, this study suggested that

MMD was a negative indicator of nutritional conditions in the released juveniles. Meanwhile, the nutritional conditions

of released juveniles worsened depending on fish density from spring to summer.
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Anadromous masu salmon Oncorhynchus masou is
one of the most important coastal fishery resources in
Hokkaido of northern Japan. However, the coastal
masu salmon catch has been in decline for the last 10
years (Nagata and Kaeriyama 2003). Therefore, a pro-
gram to release underyearling hatchery-reared juvenile
into streams in spring has been implemented in Hokkai-
do. It is significant to examine the nutritional condi-
tions of the released juveniles in order to evaluate the
program, since the success of the program depends on
there being sufficient feed to sustain the growth of the
juveniles in the stream. In general, growth and survival
in stream salmonid juvenile are apparently density-
dependent (Hume and Parkinson 1987). Misaka et al.
(2007) revealed that there was a significant negative
correlation between the mean triglyceride (TG) levels

in the liver of juveniles and juvenile density. The lev-

els of the liver TG, which is lipid storage as an energy
source in fish, are appropriate as an index to evaluate
nutritional conditions in wild and hatchery-reared juve-
nile masu salmon, since the decreased levels were in-
duced by artificial starvation (Misaka et al. 2004).
However, it is not sufficient to assess the nutritional
conditions of the released juveniles using only the TG
levels in the liver.

Melano-macrophage (MM), which contains the pig-
ments hemosiderin, lipofuscin ceroid, and melanin and
resembles macrophages ultrastructurally, is often ob-
served in the kidney and spleen of teleosts. The aggre-
gation of MMs in the kidney during starvation is
considered to relate to humoral and inflammatory re-
sponses, the storage, destruction and detoxification of
exogenous and endogenous substances, or iron recycling

in the kidney (Agius and Roberts 1981). Increase in
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aggregation of MM during hypo-nutritional conditions
originating from artificial starvation has been observed
in juvenile rainbow trout Oncorhynchus mykiss (Agius
and Roberts 1981) and juvenile masu salmon (Mizuno
et al. 2002). Mizuno et al. (2002) reported that the
MM density (MMD), the percentage of the area of
melanin granules per cross-section area of kidney, which
was calculated by image analysis using paraffin section
of the kidney, reflected the nutritional conditions in wild
and hatchery-reared juvenile masu salmon. In the pre-
sent study, the relationship between liver TG content
and kidney MMD and between the values of these two
parameters and fish density were examined from spring
to summer in hatchery-reared juvenile masu salmon re-
leased into a stream in spring in order to -clarify
whether MMD can be used as a marker to monitor the
nutritional conditions of the released juveniles.

Utabetsu River is located in southern Hokkaido and

flows into the Pacific Ocean (Fig. 1). The river is a

year-round no-fishing area. In Kami-Utabetsu River, 8.2
km upstream from the mouth of Utabetsu River, there
is a 550-m section between two dams that prevents wild
masu salmon from migrating upstream (Fig. 1). In this
section, six stations to examine the fish density and nu-
tritional conditions of released juvenile were established
at about 100- to 150-m spaces (Fig. 1). All stations
that contain both pool and rapids were given a number
in order from upstream to downstream. The average
surface area and maximum depth of stations during the
experiment were 34.91 to 100.97 m® and 0.45 to 1.27
m, respectively. Previous to this study, no juvenile
masu salmon were found in this section, although a few
yearling residual males, which originated from juvenile
released in 2001, were observed. On May 1, 2002, ten
thousand juveniles (fork length 5.31 * 0.48 cm; mean
+ standard deviation, »=50), which hatched and were
reared in Erimo Research Branch of the Hokkaido Fish

Hatchery (Present Institution: Utabetsu Hatchery of
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Fig. 1 Map showing Utabetsu River in southern Hokkaido and sampling stations in Kami-Utabetsu River.
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Table 1 Total number and mean fork length of masu salmon captured in May and July, 2002

Sampling time Underyearling fish Yearling residual male
Number  Fork length (cm) Number  Fork length (cm)
May, 30 404 6.88 £ 0.71 4 16.10 = 1.24
July, 30 155 10.07 = 1.23 2 18.5, 20.5

Data are expressed as mean * standard deviation in all fish except for yearling residual
male in July. The two numerals in yearling resident fish in July indicate surveyed values.

Hidaka Salmon Propagation Association), were released eosin double staining was performed on 5 u m-thick
at the Station 1 (Fig. 1). On May 30 and July 30, 2002, paraffin sections. The image analysis method for ana-
fish were caught twice over using both an electrofisher lyzing MMD is described in Mizuno et al. (2002).
(Model 12-B Backpack Electrofisher, Smith-Root Inc., The MMD was shown as a percentage of the area of
Vancouver, BC, Canada) and a cast net at all stations. melanin granules per cross-section area of kidney. The
After anesthesia of the fish using 2-phenoxyethanol, the 7 to 10 juveniles were frozen on dry ice and stored at
fork length was measured. The fish numbers at each -80°C until TG analysis. TG levels in the liver were
station were estimated by the double-pass removal analyzed according to the method described in Misaka et
method (Seber and LeCren 1967). The fish density at al. (2004). TG level in the liver was expressed as a
each station was calculated by dividing estimated num- percentage of TG weight to total liver weight.
ber of juvenile and yearling residual males by surface Correlation analysis between mean MMD and mean TG
area of the station. Ten to twenty juveniles per station levels and between these parameters and fish density
were randomly sampled for analysis of MMD and TG was performed by Spearman’s rank correlation. Statis-
levels and the rest were released again. The region above tical significance was accepted when P<0.05.
the right ventral fin of the kidney from 3 to 10 juve- Underyearling juveniles were recaptured at all stations
niles was dissected and placed in 4 % paraformaldehyde in all sampling times except for Station 5 in July, while
in 0.1 mol/l phosphate buffer for 24 h. After dehydra- yearling residual males were found at Station 1 and 2
tion and paraffin-embedding of the sample, hematoxylin- in May and Station 1 in July. Mean fork lengths of
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Fig. 2 Relationship between fish density and liver triglyceride (TG) level in juvenile masu salmon (left side) and be-
tween fish density and kidney melano-macrophage density (MMD) in juvenile masu salmon (right side). Values of TG
levels and MMD are shown as mean standard deviation (TG level: #=7-10; MMD: #=3-10). Data at Station 5 in July
are not indicated in this figure, since there were no fish at Station 5 in July.
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underyearling juveniles were 6.88 £ 0.71 cm in May
and 10.07 * 123 cm in July (Table 1). Estimated
fish density ranged from 0.33 to 2.18 fish/m’ in May
and 0.04 to 1.96 fish/m’ in July (Fig. 2). Growth in-
crements in wild and released underyearling masu
salmon juveniles are reported to decrease as population
density increases (Nagata, 1989). Moreover, Hume and
Parkinson (1987) reported that density at >0.7 fish/m’
in the British Columbia stream in Canada resulted in in-
creased mortality in rainbow trout, which may indicate
that there are some juveniles with hypo-nutritional con-
ditions in the present study. Mean MMD in the kidney
was observed between 0.19 and 0.52% in May and be-
tween 0.30 and 0.50% in July (Fig. 2). On the other
hand, mean TG levels in the liver showed between 0.49
and 1.02% in May and between 0.41 and 0.79% in July
(Fig. 2). Significantly negative correlation was found
between mean TG levels in the liver and mean MMD
in the kidney (=0.60, P=0.045) (Fig. 3). It was im-
possible to indicate an individual as a plot in Fig. 3,
since an individual analyzed TG levels was different
from one analyzed MMD. These results indicate that
mean MMD in the kidney is a negative indicator to re-
flect nutritional conditions from spring to summer in ju-
venile masu salmon released into a stream and there are
differences among location in nutritional conditions of
juveniles in the same sampling time. In juvenile masu
salmon, the borderline where dead fish is observed in
the juvenile population in an artificial rearing environ-
ment is not only >0.5% in mean MMD in the kidney
(Mizuno et al. 2002) but also <0.2% in mean TG level
in the liver (Misaka et al. 2004). In the present study,
some juvenile populations are on the verge of death in
May and July according to the MMD borderline, al-
though there are no dying populations according to the
TG borderline. This discrepancy may originate from
different effects between wild and artificial experimental
environments on MMD and TG values. Consequently,
dead juvenile might appear in the population in a wild
environment when MMD would be >0.5%, even though
mean TG level in the liver is >0.2%. The correlation
between fish density and MMD was significant in May
(r=0.50, P=0.0017) and July (+=0.59, P=0.0008).

Also, the correlations between fish density and TG
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Fig. 3 Relationship between mean triglyceride (TG)
levels in the liver and mean melano-macrophage den-
sity (MMD) in the kidney in juvenile masu salmon.
The plots in this figure express the means of TG and
MMD in the juvenile population at individual stations
at individual times. This figure lacks of the data at
Station 5 in July, because no juveniles were caught at
Station 5 in July.

levels were significant both in May and July (May: r=
0.57, P=0.0005; July: 7=0.34, P=0.042). These results
strongly suggest that the nutritional conditions of re-
leased juvenile masu salmon depend on fish density
from spring to summer.
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