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Comparison of reproductive traits among local populations of the freshwater crayfish

Cambaroides japonicus near Hakodate
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Abstract

Cambaroides japonicusis a freshwater crayfish endemic to Japan that occurs in northern Tohoku and Hokkaido.  Its popu-
lations are known to be decreasing in site, but there have been few studies describing its lifehistory, especially in southern Hok-
kaido. In the present study, life history characters of C. japonicus in southern Hokkaido are described and compared among
local populations. Contrasting differences were found in body size of males, females and youngsat sites named A, B, and
Ca-Cd. Males were larger at sites Ca, Cb, and Cd than at sites A and B, and females were larger at sites Ca and Cb than at sites
A, but juveniles were smaller at sites Ca, Cb, Cd than at sites A and B.Clutch size was smaller at site B than at site C, and egg size
was larger at site B than at sites A and C. The spawning season and length of breeding period both appeared to differ among
research sites. This study demonstrates that the life history of C. japonicus differs among populations. The local populationsare
known to vary genetically, so the phenotypic variations in life history characters may be caused by genetic differences.
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Fig. 1. Water temperature of during April-July 2011 at each site
measured by 1 hour interval.

Table 2. Results of ANOVA to examine the effects of sam-
pling date and sampling site on body size (carapace
length, mm) of males, females and juveniles in
the crayfish Cambaroides japonicus.

Variables df SS F P
Male
Site 5 1,246.2 12.735 <0.001
Date 5 175.1 1.789 0.113
Residuals 865 16,925.3
Female
Site 5 319 3.958 <0.01
Date 5 78.3 0.971 0.434
Residuals 858 13,828.1
Young
Site 5 389.5 22.793 <0.001
Date 5 526.9 30.832 <0.001

Residuals 1,519 5,192.1

Fagi X ADERI S Nz 51300 % 5 > & 202 1 IEERIL
U CERZICRLRY, B T CIOZREERK 2 AT —
1 (NEOHDIE TRz SN TWAIE), A7—2 2 (08
HIPEDO AR > THAT 2I0), A7 —2 3 (RADHERR
NN D 3 BRI L7z F SR T TN R R
L7121, WO 7 1) — 7 7 =7 Image T % FW
TINDOER L EE% 0001 mm HALCTHEL T, 20
HEIELE L7z JUF A ADPRINES NG EET v & A
W25 A 1 AR & SR L CEBREICFEH IR Y, Scholtz and
Kawai (2002) |23 U CHEOHIIZ I L7z F72, 4
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Fig. 2.
sified as young and not sexed.
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Size-frequency distribution of Cambaroides japonicus at site A.  Individuals smaller than 10 mm carapace length were clas-
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sified as young and not sexed.
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Individuals lager than 10 mm were sexed as classified as male or female.
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Fig. 4. Size-frequency distribution of Cambaroides japonicus at site Ca.
Individuals lager than 10 mm were sexed as classified as male or female.

classified as young and not sexed.
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Fig. 5. Size-frequency distribution of Cambaroides japonicus at site Cb. Individuals smaller than 10 mm carapace length were
classified as young and not sexed.  Individuals lager than 10 mm were sexed as classified as male or female.
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Fig. 6. Size-frequency distribution of Cambaroides japonicus at site Cc. Individuals smaller than 10 mm carapace length were
classified as young and not sexed. Individuals lager than 10 mm were sexed as classified as male or female.
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Fig.7. Size-frequency distribution of Cambaroides japonicus at site Cd.
Individuals lager than 10 mm were sexed as classified as male or female.

classified as young and not sexed.
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Table 3. Number of reproductive females of Cambaroides japonicus at each site. Number within parentheses indicates % to total number.
Females larger than the following sizes in carapace length were classified as reproductive : 19.9 mm at site A, 17.0 mm at site B,
20.5 mm at site Ca, 20.0 mm at site Cb, 21.05 mm at site Cc, 13.9 mm at site Cd.  These sizes indicate smallest size of pleopodal
females at each site.

b Mol Romh g Vifitoe it
7 Jul. 2010 5 5 (100) 0(0) 0(0) 5(100)
3 Aug. 2010 6 0(0) 0(0) 0(0) 0(0)
6 May 10 2 2(100) 2(100) 0(0) 0(0)
A 26 May 10 1 1(100) 1(100) 0(0) 0(0)
18 Jun. 2011 5 1(20) 1(20) 0(0) 0(0)
11 Jul. 2011 3 2(66.7) 0 (0) 0(0) 2(66.7)
27 Jul. 2011 1 0(0) 0(0) 0(0) 0(0)
15 Jul. 2010 16 7(43.8) 4(25.0) 3(18.8) 0(0)
5 Aug. 2010 18 7(38.9) 1(5.6) 0(0) 6(33.3)
7May 11 6 2(33.3) 2(33.3) 0(0) 0(0)
B 26 May 11 2 1(50.0) 1(50.0) 0(0) 0(0)
18 Jun. 2011 5 2 (40.0) 2(40.0) 0(0) 0(0)
7 Jul. 2011 13 8 (61.5) 8(61.5) 0(0) 0(0)
28 Jul. 2011 16 8 (50.0) 2(12.5) 4(25.0) 2(12.5)
21 Jul. 2010 12 6 (50.0) 0(0) 0(0) 6 (50.0)
7 Aug. 2010 6 0(0) 0(0) 0(0) 0(0)
15 May 11 0 0(0) 0(0) 0(0) 0(0)
Ca 2 Jun. 2011 3 1(100) 1(100) 0(0) 0(0)
21 Jun. 2011 2 1(50.0) 1(50.0) 0(0) 0(0)
12 Jul. 2011 2 0(0) 0(0) 0(0) 0(0)
3 Aug. 2011 5 0(0) 0(0) 0(0) 0(0)
21 Jul. 2010 15 0(0) 0(0) 0(0) 0(0)
7 Aug. 2010 2 0(0) 0(0) 0(0) 0(0)
15 May 11 3 0(0) 0(0) 0(0) 0(0)
Cb 2 Jun. 2011 5 4(80.0) 4(80.0) 0 (0) 0(0)
21 Jun. 2011 3 2(66.6) 2 (66.6) 0(0) 0(0)
12, Jul. 2011 6 4(66.6) 1(16.7) 3 (50.0) 0(0)
3 Aug. 2011 1 2(18.2) 0(0) 0(0) 2(18.2)
21 Jul. 2010 - - - - -
7 Aug. 2010 3 0(0) 0 (0) 0 (0) 0(0)
15 May 11 3 0(0) 0(0) 0(0) 0(0)
Ce 2 Jun. 2011 2 2(100) 2(100) 0(0) 0(0)
21 Jun. 2011 2 2(100) 2 (100) 0(0) 0(0)
12 Jul. 2011 0 0(0) 0(0) 0(0) 0(0)
3 Aug. 2011 2 0(0) 0(0) 0(0) 0(0)
21 Jul. 2010 10 0(0) 0(0) 0(0) 0(0)
7 Aug. 2010 7 0(0) 0(0) 0(0) 0(0)
15 May 11 3 0(0) 0(0) 0(0) 0(0)
cd 2 Jun. 2011 11 3(27.3) 3(27.3) 0(0) 0(0)
21 Jun. 2011 18 2(1L1) 2(1L.1) 0(0) 0(0)
12 Jul. 2011 7 0(0) 0(0) 0(0) 0(0)
3 Aug. 2011 2 1(4.6) 0(0) 0(0) 1(4.6)
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Fig. 8. Relationship between number of pleopodal eggs and cara-
pace length of Cambaroides japonicus. Dash and dotted
lines indicate those of east Hokkaido population (Nakata
and Goshima, 2004) and Odate population (Kawai et al.,
1990), respectively.

Table 4. Results of ANCOVA showing effects of sampling
site and carapace length (CL) on number of pleopo-

dal eggs per female.
df SS F P
Site 1 623.13 8.136 <0.05
CL 1 2,405.31 31.4047 <0.001
Residuals 12 919.09
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Fig. 9. Relationship between egg diameter and carapace length of
Cambaroides japonicus for stage 1 and 2 at sites A, B and
C.

Table 5. Result of ANCOVA showing effects of sampling
site, developmental stage of eggs and carapace
length (CL) on diameter of pleopodal eggs.

df SS F P

Site 2 0.042 4416 <0.05
Developmental stage 1 0.155 32560 <0.001

CL 1 0.008 1724 0.200

Residuals 27 0.133
3.6
o o Site A a
g O Site B
é 3.5 |2 SiteC u] A
8 o
S 3.4
> N
2, o
S 3.3
s
2 _
8 3.2
3]
o
8 3.1
s
<
© 3.0
T I T
15 20 25

Carapace length of females (mm)

Fig. 10. Relationship between carapace length of incubated juve-
niles and carapace length of females of Cambaroides
Japonicus at sites A, B and C.
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Fig. 11.  (A) Map of northern Japan showing research sites listed in (B). (B) Breeding periods of Cambaroides japonicus.  Solid
bars indicate periods whenovigerous females were collected. Shaded bars indicate periods when females with juveniles
were collected.  Gray bar indicates when ovigerous females or females with juveniles were present.
Table 6. Summary of life history characteristics of C. japonicus compared with those of other crayfish species.
: Carapace length of
Species Nélml;e(;oefa;;l iog]o)(;al (m%gnil:zglitzD) bearing female Habitat References
g8 N ’ N (mm, mean * SD)
Cambaroides
C. japonicus 22-75 2.13-25 15.2-24 cast Hokkaido ~ Nakata and Goshima, 2004
C. japonicus 33-69 - 18- Odate Kawai et al., 1990
C. japonicus 33-53 (2.35%0.09) 19.9-26.2 (22.7+2.3) A, Hakodate this study
C. japonicus 33-71 (247%0.10) 17.0-259(202+2.0) B, Hakodate this study
C. japonicus 54-94 (2.41£0.08) 13.9-27.6(23.1£2.8)  C, Hakodate this study
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