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The ecology and genetic of Pale pavucidens populations with

alternative life histories in Lake Biwa, Japan
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During different d'evetopmenral stages of lifc history, organisms exhibit different behaviors, many of
which are closely related to survival and reproduction. However, as has been observed in various taxa
of animals, not all individual members of 2 group exhibit the same life history or identical behaviors.
The study of polymorphic behaviors not only contributes to a more profound understanding of the:
species’ current ecology and characteristics but also helps discern the meaning of behavior in the
evolutionary process. [n addition, such studies help understand species across various aspects and

. contribute to the protection of the species.

Palaemon paucidens inhabiting Lake Biwa is an ically important species. This sp

cxhibits an interesting phenomenon that most individuals move from the shallow shores to the bottom

of the lake to spend the winter season. Previous studies have suggested that the presence of non-
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migratory individuals overwinter in the shallow shares of Lake Biwa, However, knowlcdge regarding

non-migratory individuals is limited. While the speci hibits such a distinctive way of life, little

T h has been Jucted on its ecology in the lake. The aims of this study were as follows: first, to
confirm the cause of the migration of P. paucidens to deep water, chemical experiments were
conducted to analyze changes in lipid and nucleic acid content, as well as stable isotope ratios both

before and after migration to deep water. Then, to d ate the p of igratory

individuals of P. paucidens, environmental DNA (eDNA) analysis was applicd to cxamine the
distribution of overwintering individuals in the shallow waters of Lake Biwa. Following this, the
genetic structure and ecological characteristics of migratory and non-migratory individuals were
analyzed, and their differences were discussed. Finally, the cDNA distribution of P. paucidens

(migratory and igratory individuals) in Lake Biwa was tracked over a onc-year period and the

relationship of habitat preferences of P. paucidens to shoreline [andscape types was investigated.

In Chapter 2, chemical experiments conducted to analyze ch in nutritional conditions before
Pl P B

and afler migration to deep water are presented. Previous studies hypothesized that the migration to

deep waters was for hibernation. However, the findings of this study contradict this hypothesis. The

experimental results in this chap ggested P. paucidens was physiologically active in the deep
waters during winter; lipid content was the highest in January and gene expression activity (as

measured by the RNA/DNA ratio) remained constant throughout the year, the species foraged in
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winter, and different food sources between summer and winter were identified through observation of
the carbon stable isotope. Thus, P. paucidens individuals that migrate to the bottom in winter are very
likely to forage instead of hibernating. Nutrients gained in winter were not reflected in individual
growth but might f:e ;llocated to gonadal growth and the production of gametes. In addition, bqth small
individuals with no reproductive experience and some posf-spawning females overwintered at the
bottom, which indicated most females had a life span of one year; however, there were a small num§er
of females with a life span of more lhap one year.

Chapter 3 presents a species—spéciﬁc eDNA marker developed to detect 7. paucia"ens in water
samples and used to examine the distrib;:tion and relative abundance of overwintering individuals in
the ;hallow waters of Lake Bi\;:a. The P. paucidens eDNA was detected from shallow shores ar;d
freshwater lagoons.of Lake Biwa in November and February. During this period, migratory individuals
have moved to the bottom of the lake, suggesting the detected eDNA is derived from non-migratory

individuals. The relative abundance of eDNA copies was estimated by quantitative real-time

polymerase chain reaction. Simul yus sampling of P. paucidens and its eDNA, conducted at the

inlet and outlet of freshwater lag inD ber, validated the eDNA method as a quantitative

measure of the relative abundance of P. paucidens local populations. The eDNA approach used here

confirmed that some P. paucidens individuals overwinter in the shallow waters, suggesting diversity in

the life-history of P. paucidens in Lake Biwa.
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In Chapter 4, analyses of the genetic structure and morphological characteristics including sex,
body size, and conditional factor of migratory and non-migra!o& individuals are presented. In addition,
carbon and nitrogen stable isotope ratios are used to estimate the food sources and trophic level
underpinning P. paucidens polymerphic migratory behaviors. Although this species exhibits two
different migratory behaviors, both groups are genetically indistinguishable; the non-migratory female
individuals are larger than their migratory counterparts in terms of body size and conditional factor.

The stable isotope ratios of the migratory individuals had no significant differences between sampling

“sites, thereby suggesting the presence of identical food sources in the deep water. In contrast, stable

isotope ratios of the non-migratory individuals had significant differences between sampling sites,
which.suggesled the food sources of non-migratory individuals would vary according to the location in
the shallow shores.

In Chapter 5, the tracking of the eDNA distribution of P. paucidens, using 2 quantitative real-time
polymerasc chain reaction method, in Lake Biwa over a one-year period is presented. Water samples
were collected from offshore (both ‘from ?he surface and the benthic areas), shallow shores, and

freshwater lag Offshore sampling took place in summer and winter, and shailow shore and

freshwater lagoon ling in all four During ¢DNA concentrations were

1

significantly higher in the shallow and lagoon areas than in the offshore bottom sites, Contrastingly, '

during winter, sSDNA concentration were higher in offshore bottom sites, with relatively high and low
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eDNA concentrations detected in the Jagoons and shal}ow shores, respectively. These results most
likely reflect the spatial and temporal distribution of this species in Lake Biwa. At shallow shores,
eDNA concentrations peaked in early August, followed by a significant decline in mid-October,
whereas Jow eDNA concentrations were recorded at the offshore bottom sites in late August. These

results suggested P. paucid i from the shallow waters to the offshore bottom sites between

early August and mid-October.

Thus, in this study, several methods were used to clarify the life history and the distribution of P.
pauc‘idens in Lake Biwa, These results provide vital evidence for the future management and
conservation of this species. The methods of this study would be effective in studying the life history

and distribution of other organisms.
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