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Seasonal changes in larval and juvenile fish assemblage in the limnetic zone of an
inland-sea lake, Kitaura, eastern Japan

Mao SHBATAY, Seiya Kaneko" 2, Seiji Usur”, Wataru HYAKUNART,

Kazunori ArAYAMA® and Kouki Kanou? *

Abstract: Seasonal patterns of larval and juvenile fish assemblage in a limnetic zone of Lake Ki-
taura, a shallow large inland-sea lake (7 m maximum depth, 36 km?) in Ibaraki Prefecture, east-
ern Japan, were examined by monthly larval net sampling at surface and middle layers from
April 2010 to March 2012. A total of 5,272 individuals representing 8 families and 11 species were
collected during the study period. Mean numbers of fish species and individuals were more
abundant from spring to summer, with non-occurrence in most months during late autumn and
winter. The most abundant species were Japanese icefish Salangichthys microdon, pond smelt
Hypomesus nipponensis and three gobiids Tridentiger brevispinis, Rhinogobius sp. and Acantho-
gobius lactipes. Of these, icefish and pond smelt occurred abundantly at both layers in early
spring (March and April), whereas three gobiids at middle layer in most months during late
spring and summer (May to September). Species composition also differed between early
spring and late spring to summer. Occurrence patterns and developmental stages of the five
abundant species suggested that they would disperse from spawning grounds in littoral habitats
and/or inflowing rivers and have more or less different pelagic larval duration and swimming
layer in the limnetic zone.
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Fig. 1 Map showing study area (broken line) in
the limnetic zone in Lake Kitaura, Ibaraki Prefec-
ture, eastern Japan. Open and solid triangles,
sampling stations by a larval net at the surface
and middle layers (1 and 4 m depths) from April
2010 to March 2012, respectively.
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Fig. 2 Monthly changes of mean water tempera-
ture and dissolved oxygen at each layer in the
limnetic zone in Lake Kitaura during the study
period. Vertical lines indicate standard errors.
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Table 1. Number of individuals, body length (BL) range and developmental stage (DS) of each fish species
collected using a larval net at the surface and middle layers in the limnetic zone in Lake Kitaura from

April 2010to March 2012

No.of individuals

Family Species - % Month ~ BL (mm) DS*
Surface Middle Total

Osmeridae Hypomesus nipponensis (Hn) 508 355 863 16.4 3-5 4.4-242 Yo-J

Plecoglossidae Plecoglossus altivelis altivelis 0 1 + 11 11.2 Pr

Salangidae Salangichthys microdon (Sm) 693 1325 2018 38.3 3-7,9  3.4-27.1 Yo-Po

Cyprinidae Pseudorasbora parva 3 4 0.1 5,6 4.3-5.5 Yo, Pr

Hemiramphidae  Hyporhamphus intermedius 1 0 1 + 7 4.7 Po

Atherinidae Odonthestes bonariensis 1 0 1 + 5 7.5 Pr

Centrarchidae Lepomis macrochirus (Lm) 7 2 9 0.2 6,7 4.3-6.8 Yo, Pr

Gobiidae Rhinogobius sp. (Rs) 217 386 603 11.4 5-8 2.5-17.8 Pr-J
Tridentiger brevispinis (Tb) 305 1024 1329 252 5-9 2.7-24.8 Pr-J
Gymnogobius urotaenia (Gu) 6 9 15 0.3 3-5 4.1-12.9 Pr-Po
Acanthogobius lactipes (Al) 83 345 428 8.1 6-9 3.2-12.5 Pr-J

Total 1824 3448 5272

*J, juvenile; Po, postflexion larva; Pr, preflexion larva; Yo, yolksac larva.
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Fig. 3 Monthly changes in mean numbers of fish
species per haul (7 = 3) and individuals per 100
m® (z = 3) at each layer in the limnetic zone in
Lake Kitaura during the study period. Vertical
lines indicate standard errors.
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Fig. 4 Size-frequency distribution with developmental stage composition of larvae and juveniles of the five

most abundant fish species collected at each layer in the limnetic zone in Lake Kitaura from April 2010 to

March 2012.
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Fig. 5 Monthly changes in mean number of individ-
uals per 100 m® (% = 3) for each of the five most
abundant fish species collected at each layer in
the limnetic zone in Lake Kitaura during the
study period. Vertical lines indicate standard er-
rors.
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Table 2. Spearman’s rank correlation coefficients between densities (individual numbers / 100 m®) of the five

most abundant species and environmental variables (water temperature, dissolved oxygen and wa-

ter depth) at the sampling sites in the limnetic zone in Lake Kitaura from April to September 2010

and from May to September 2011

Species Water temperature Dissolved oxygen Water depth
Hypomesus nipponensis -0.630%** 0.581*** -0.015 NS
Salangichthys microdon -0.650%*** 0.522%** 0.070 NS
Tridentiger brevispinis 0.463*** -0.225% 0.236*
Rhinogobius sp. 0.158 NS -0.089 NS 0.051 NS
Acanthogobius lactipes 0.352%** -0.387%** 0.312%*
NS, not significant; *, P <0.05; **P <0.01; ***P <0.001.
Month
Layer year
: A Sept 2010 Tb 7
1 : A Aug 2010 Tb i I
: A Aug 2011 Tb [ A1 Rs T
! A Sept 2011 Tb | Al
: A Sept 2010 Tb A [om
] : A Aug 2010 [ Tb [Rs T Al
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: — A July 2011 Tb A
[ A July 2010 Tb | Al IRs I
1 Sm
. —IE A July 2010 Tb | Al Rs IV
: A June 2011 Tb Rs | Al
, A June 2011 Tb [ Rs 1]
| —_ A June 2010 [ Tb R 1T
: L A June 2010 | Tb Rs__ [ Lm |
! A May 2011 Sm | _TIb ] Rs
: —_ A May 2011 Sm | Tb T Rs I
| L[ 4 May 2010 Sm [To [Rs [y,
! A May 2010 Sm [ Tb [Rs[1 _|
i A Apr 2011 Sm Hn ] 7
: r[E A Apr 2010 Sm Hn
1 A Apr 2011 Sm | Gul
! I‘|_T: A Apr 2010 Sm [_Hn
1 A  Mar 2011 Sm Hn
: A Mar 2011 | Sm Hn ] |
L I - 1 1 1 L 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100

(a) Similarity (%)

Fig. 6

(b) Abundance (%)

(a) Dendrogram obtained from cluster analysis based on the number of individuals of each species

collected at each layer (2, surface; &, middle) in the limnetic zone in Lake Kitaura from April to Septem-
ber 2010 and from March to September 2011. The assemblage was divided into three groups (I, II and III)
at a similarity index level of 30%. (b) Percentage abundance of each fish species at each layer in each month.

Species abbreviations were given in Table 1.
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Table 3. Results of similarity percentage analysis showing key spe-

cies that contributed greatly to within group similarity in
each group (I, II and III, see Fig. 6)

Species . I.\/Iffan number of Contribution
individuals per 100 m? (%)

Group I

Salangichthys microdon 33.0 52.4

Hypomesus nipponensis 222 44.9
Group II

Tridentiger brevispinis 13.4 64.9

Acanthogobius lactipes 6.1 18.8

Rhinogobius sp. 4.0 11.8
Group III

Tridentiger brevispinis 0.5 100.0
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