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Abstract

Population structure of chum salmon (Oscorhyhchis keta) in the Yurappu River was estimated by mitochondrial
DNA (miDNA) analysis. The Yurappu River chum salmon displayed 8 haplotypes (Htl HtB) of the 431bp 5 variuble
--portion.of the mtDNA control region.. Pairwise population Fgp estimates showed that the December-run pepulation
(YPD) significantly differed from Octoberrun populations (YPO) in the Yurappu River. The YPO population was
closely related to the otherriver populations such as Chitdse, Tokachi, and Nishibetsu river-populations on the
neighbor-joining tree. These results suggest that the Yurappu River chum salmon was genetically different by
run-peried, in which the native stocks remain in the late-run but the early-run is intermingled with exogenous

populations introduced from other rivers.

(accepted March 3, 2009)

Introduction
Pacific salmon (Oncorhymchus spp.y are well
lnown to return their natal river for spawning”, This
behavioral character leads to reproductive isolation
among populations due to temporal?, spatial®, geo-
glaphmal‘n, and ecologtcal barriers?, Reproducﬁve
isolation~ often promotes genetic differentiation
among populations®. Recently, the genetic popula-
tion structure of Pacific salmon has been clarified in
. various scales, using the sensitive DNA marker such
" as mitochondrial DNA (mtDNA} and microsatellite
DNA™®, DNA marker is one of the most useful
methods to survey population structure even in the
same river populations.
' In Japan, the hatchery program has perfotmed
to enhance fisheries ‘stacks of chum salmon (0.

keta) ™ Many local populations were transplanted

. throughout Japan includicg the Hokkaide Island.
‘Recently, introduction of non-native populations has

been concerned about the negative effects of hybrid-
ization between introduced and native ﬁsh,_ such as
loss of interpopulational genetic differentiation or
outbreeding depression due to the mixing of differ
ent gene pools®.

The Yurappu River, located in southern Holdkaido,
is knowsl a8 2 natal river of wild chum salinon®. In
this river, the hatchery _enhancement program has
been conducted for over a century, and a huge nunt-

‘ber of juvenile chum salmon have been introduced

from other rivers in Hokkaido during 1952-18995.
Therefore, the native populations might be genet-
cally disturbed by these hatchery populations in the

Yurappu River. Hatcheries, focated at the upper site

in the. Yurappu River (Fig. 1) release huge flies of
chum salmon from hatchery every spring. Imai et
al.. (2007) reported that the chum salmon had maor-
phological diffgrentiation batween upper- and lower-
reach populations in the Yurappu River'™. In this
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case, reproductive isolation would occur between the
two populations owing to. spatiotemporal barriers.
For example, bimodal runs of Pacific salmon com-

posed .of early and late spawners are oftEHKgEneti-‘

cally differentiated in the same river'®, In Japan, the

run-timing of chum salmon generally diversify from
September to December by a region'”. Southern

populations including Yurappu River salmon return
later than other populations in Hokkaido!”. .in gen-
eral, rurktiming of Pacific salmon is thought to be
heritable traits'®. Therefore, a transplanted popula-
tion may return earlier than native population in the
Yurappu River. If this is the case, genetic difference

between early- and laterun populations could be -
present in the river due io repeated transplantation. .

The present study aims to clarify genetic population
structure of chum salmon In the Yurappu River using
mtDNA markers.

Materials and Methods -
Sample collections )

‘We sampled-dorsal fins of adult chum sé.}m_on after
épawrﬁng from October 2005 to January 2006 every
ten days at sites 1—4 in the Yurappu River (Fig. 1,
Table 1}. The site 4 is located near the hatchery and
about 15 km upper from the other sites located in'the
lower reach in the river. In this study, samples col-
lected at the site 4 and otier sites in the river were
defined as upper-reach and lower-reach populations,
respectively, The samples were stored at — 30T until
DNA extraction. To clarify the spatiotemporal genetic

. Yurappu River -

Pacific Ocean -

Hatchery

N t Ri o
2n amari River Saranhe River

Fig. 1. Sampling Iocations of chum salmon homing to the
Yurappu River.

variation, the sample were further divided into three
groups; the October (YPO; upper-reach: YUO, lower
reach: YLO), the November (YPN; upperreach:

© YUN, lowerreach: YLN), and the December (YPD:

upper-reach: YUD, lowerteach: YLD) run popula-
tions by spawning sites. Many eyed eggs of chum
salmon introditced into Yurappu River were mainly

‘from the hatchery-reared populations of Chitose )

{CHD), Tokachi (TOK), and Nishibetsu (NIS) Rivers.
‘We referred to the- genetic information of these three
rver populations from Sato et al, (20007 and com-
pared to the data froim Yurappu River populations. |

DNA analysis

DNA was extracted from the stored samples
following the PUREGENE kit (Gentra) protocol.
Extracted DNA was dissolved into TE buffer (10mM

- Tris-HCI, 1mM EDTA, pH B.0). Firstly, full-sized

mtDNA control region was amplified by PCR as
previously reported”. The primer pair used was

- as follows: forward primer (tRNAthr-2), 5-TCTT

GTAATCCGGAAGTCGGA3 and reverse primer
(tRNAphe-2), ~5-AACAGCTTCAGTGTTATGCT-Y.
The PCR products were used for sequencing reac-
tion with a2 BigDye Terminator Cycle Sequencing
Kit vér. 3.1 (Applied Biosystems). Direct nucleotide
sequence analysis of about 500bp of the mtDNA

Table 1. Sample information of chim salmon collected
from Yurappu River. Genetic information of the
Chitose, Tokachi asid Nishibetsu river- populahons
were referred to Sato etal, {2001),

Population Date N
Yurappu River
October run (YPO) .
YUo .- 16, 17, 24 Oct, 2005 36
YLO 16, 24, 27 Oct. 2005 16
November run (YPN)
YUN 1,11, 23 Now. 2005 32 .
YLN 1,11,18, 23, 28 Nov. 2005 38
December run (YFD)
2,16 Dec, 2005 21
v1D 7,16, 28 Dec. 2005 42
Other rivers
CHI 14 Oct. 1996 510
TOK 17 Oct, 1996 46
NIS 25 Sep. 1997 431

Chum salmon populations were defined as YUO: October,

YUN: November, and YUD: December at the upper-reach, YLO:
October, YLN: November, and YLD: December at the lowet
reach in the Yurappu River, CHI in the Chitose River, TOK in the
Tokachi River, and NIS in the Nishibetsu River. -
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contrel region in chum salmon was performed with
following primers: forward primer (LRNAthr—B),
5-GGTTAAAACCCTCCCTAGTGS:  and reverse
primer (OkdiH-2), 5*TGGGTAACGAGCAATAAGAT-3
PCR for sequencing reaction was performed with the
follawing condition: preheating at 36T for 5 min, fol-
lowed by 25 eycles of denaturation at 96T for 30 sec,
annealing at 50T for 20 sec, and extension at 60T
for 4 min. :

Statistic analysis ) :

The part of mtDNA centrol region located about
500bp from the 5" end was variable. The sequence
data were aligned by GLUSTALX 1.83 software pack-
age to detect nucleotide variation among individu:

" als, and define haplotypes. Haplotype diversity (&),
nucleotide diversity () and genetic differentiation
index Fgp for pairwise populations were calculated
with Arlequin version 2,000, Statistical significance
of haplotype frequencies was tested based on the
exact, test after Bonferroni corfection®®, The neigh-
borjoining (NJ).tree based on the genetic distznce
between haplofypes . estimated by Kimura's two-
parameter method®” and haplotype frequencies was
constructed by the NEIGHBOR program and con-
sensus tree was drawn using CONSENSUS program
in PHYLIP 3.6%2. The stability of topology was tested
by a bootstrap analysis of resampling haplotypes
from each populafion, -

Resulis
miDNA control region hapiaty;bes in the Yurappu
River chum salmon

Yurappu River chum salmon displayed § haple-
types (Ht1-HtS) in the 481bp 5 variable po_rtipn of

the mtDNA conirol region (Table 2). All of these
haplotypes were identical with those in chum salmon

previously reported®™. Ht1, 2, 3, 4, 5, 6, 7, and 8 in

this study coincide with A-1, A-8, B-3, B4, C-Bd, C-1,
C:3, and C-5 in the previous paper®™, respeciively {the
sequence data of these haplotypes are available in the
DDB__T[EMB'L/GenBank). The nucleotide sequence
variations observed in this study included 1wo base
nucleotide insertions or deletions, three buse {ransi-
tions and three base transversions (Table 2).

Spa'tiatempbrai genetic variation within the Yurapbu
River chum salmon .

The Yurappii River chum salmoa had five hagplo-
types in October, sevén haplotypes in November,
and four haplotypes in December, respectively. Most-
common haplotypes were Ht}, Ht3, and Ht6, while
the frequency of Htl and Ht3 showed increasing and
decreasing trends, respectively, with dme (lable 3
Fig, 2). The haplotype diversity was highest (071
+0.02) in the Octoberrun (YPO) and the lowest
(0.43 0,06} in the December-run (YPD) {Table 4}.
In pairwise Fyp estimates, the YPD population sig-
nificantly differed from YPO populations {Fgy = 0,168,
P < 0.01; Table 5). There were no significant genetic
differences between upper- and lower-reach popula-
tions in the Yurappu River at. the same period (Fg; =
0.000— 0.034: P > 0.05; Table 5). :

Genetic differentiation befween the Yurappu and other
river populations :

The Yurappu River chum salmon had the high-
est haplotype-and nucleotide diversities in Cciober

- (YPO), followed by November (YPN) and December

(YPD). On the other hand, apher-river (CHY, TOK,

Table 2. Variable nucleotide sites in the ;181bp 5 portion of the miDNA control region of chﬁm salmen collected in the

Yurappu River. . .

Haplotype/Position 30° 70 9% 154 . 281 306 386 395

Hil : T T oo C T T G T C

th' . 0 . . ' . .

Hed s - - G ’ - A

Ht4 - . - C : - A

HtS ’ - . - G . G - A

BL6 . C , - .

Ht7 c C - -

Ht8 C . - C

* Dots indicate identity wilh haplotype Et1, and dashes denote insertion-deletion events,

|
1
%
i
i
§
i
g
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" Table 3. Haplotype distribution of each population in Yurappu and other rivers. The CHI, TOI( and NIS data are modified

" from Satﬂ et al. (2001). Abbreviations are referred to Table 1.

. ' Dther
Pop!_[]atlpn/Hap]o‘Ey'pe Htl Ht2 He3 ‘ Ht4 _Ht 5  Hté Ht? Hi8 haplotype .
Yurappu River
Upper-reach population
YUO 12 4 12 0 0 [ 1 (U - 36
YUN 12 0 5. 1 0 12 1 1 - 32-
YUD 16 - 0 ] 0 0 5 ] ¢ - 21
Lower-reach population '
YL.O 8 0 2 0 0 8 0 0 - 16
YLN 20 0 4 0 1 11 0 2 - 38
YLD 30 0 1 0 i} 10 1 0 - 42
Other river : .
CHI 22 0 14 - 2 0 10 0 2 1 51
TOK 18 4 12 -0 0 2 0 0 4 46
NIS : 12 o 18 ¢ 0 11 0 0 0 41

Yurapﬁu River
YPO

I Haplotypel D Haplotypes
Hapiotjf]:e” m] H'!plutypeﬁ-

Haplotypeld Haplotype?
Haplotyped g HaplotypeS

% Other haplotypes

Fig. 2. Haplotype distribution of chum salmon populations in Hokkaido. The haplotype
distribution data of chum salmen in the Chitose, Tokachi, and Nishibetsu Rivers was
obtained from Sato et al, (2001). Abbreviations are referred to Table 1.

Table 4. Haplotype diversity (h=5D} and nucleotide di-

versity {x} of each population of chum saimon in
Hokkaide Island. The CHI, TOK, and NIS data are
modified from Sato et al. {(2001). Abbreviations are

referred to Table 1.
Population h T

-CHI 0.71£0.04 00038
TOK 075004 0.0039-
NIS 0.67 0,03 0.0040
YPO 0.71x0,02 0.0024
YPN 0.67 £0.04 0.0020
YFD 0.43=0.06 0.0010

and NIS} populations had higher haplotype and nu-
cleotide diversities than YPN and YPD populations
(Table 4). The Fgp valué indicated that YPO popula-
tions were not significantly. different from the other-
river populations (Fgr = 0,000 —0.030, P >> 0.05; Table
5), while the YPN and YPD significantly _dif:fer_ed

' from the other-river populations {Fsr = 0.027 —0.486,

P < 0.05; Table 5) except for between the YPN-CHI

{Fgp = 0.039, P > 0.05; Table 5}. The NJ tree showed
that the YPQ population distinctively differed. from




13

the YPN and YPD populations, and closely rélated to
other-river populations (Fig. 3).

Discussion

We couldn’t indicate the genetlc differentiation

hétween upper- and lowerreach populations at the
same period in the Yurappu River chum salmon, de-
spite morphological difference between upper- and
lower-reach populations. This result suggests that
hybridization may occur between two populations

Table 5. Pairwise population Fgp estimates of chum salmon

in Yurappu and other tivers {A}, and between up- -

per- and lower-reach populations at the same period
within Yurappu River (B). Statistical significance of
Fgr value was tested based on the exact test after

sequential Bonferroni adjustinents (**P<0.01).-

Abbreviations are referred to Table 1.

A

CHI TOK . NIS YPO YFN VYPD
CHI
TOK 0.000

NIS 0013 0.034 .

YPO 0000 0000, ©.030

YPN 0.039 0027 0.145% 0013

YPD 0.211%* 0.150%* 0.486™ 0.168%* 0.058

(B)

YUO-YLO YUN-YLN YUD-YLD
Pairwise Fgr 0.034 0.000 0.000

PN

YPD

TOK

CHi

Fig. 3. Unrooted neighbordeining (NI) tree based on
the haplotype frequencies and genetic distance be-
tween haplotypes of chum salmon in the Yurappu,
the' Chitose, the Tokachi, and the Nishibetsu Rivers.
Nodal values are more than 50% bootstrap support of
1800 replicated trees. A‘nbrewanons are referred to
Table 1.

in the river. Sockeye salmon (0. nevka) showed the
fine scale genetic differentiation among subpopula-
tions due to the strict homing-migration®, However,
chum and pink salmon have relatively high straying
corpared with other Pacific salmon®®. Furthermare,

hatchery-derived Atlantic salmon had higher straying

rate than wild counterpart®®. Taking together, no ge-
netic differentiation between upper- and lower-reach
populations in this study signifies the occurrence of
substantal infrogression within the river’ However,
number of samples collected from six populelions in
the Yurappu River were not enough (e.g., YLO: 1 = 30,
YUD: n=21), and we used only one DNA marker in
this study. It may be possible that ahalysis of more
sariiples or DNA marker such as msDRA could in-
dicate genetic differentiation berween upper- and
lower-feach populations in the Yurappu River.

In the secondary sexual characters of Pacific salman,
morphological differentiation between upper- and
lower-reach popu]ations is generally thought as a
result of trade-off between escapement risk and
breeding competitionm. For instance, body length
of Pacific salmon is inversely relared to escapement
distance®®?®, Populations homing to the upper river
did not show significant secondary sexual-characters
such as marked hump and kype compared with pop-
wations homing to the lower site®®, Pacific salmon

. shows the morphological differences at the spawi-

ing in slight distinction of physical condition or other
cues that might allow biased site selection or com-
petifon. For examgle, the largest or [irst arriving
saimon might tend to select the site that has better

" condition for spawning®™. That is, the morphological
difference between upper- and lower-reach popula-

tions in the Yurappu River chum salmon despite no
genetic-differentiation on the mtDNA might resuit
from trade-off between breeding competition and

escapement ik %253

inciuding the polygene mod-
o] 3438 .

In- Yurappu - River chum salmon, the early-run
population was genetically differed from Jate-run
population. In addition, the early-run population

.showed similar haplotype distribtition to other-river

populations. Pacific salmon have genetic differen-
tiation within a river system related to the timing of
spawning. In wild sockeye salmon, genetic differen-

tiation ameong populations was related to the timing of

14

return and spawning®™. On the other hand, the inten-
sive hatchery program forced frequent intermingled
transplantation of local chum salmon among rivers
throughout Holckaido Island, including the Yurappu
River® . ‘This will introduce negative effects of hyhrid-
ization between introduced and native salmon, such
as loss of interpopulational genetic differentiation or
outbreeding depression due to the mixing of different
gene pools. In fact, it 'was claﬁﬁed by the microsatel-

_ lite DNA analysis that wild Aflantic salmon (Sainio so-

lg7) in southern Eurcpean rivers Iost regional popula-
tion structure due to introduction of single population
from a northern European rver™.

Inthe present study, the observed haplotype di-
versity, pairwise Fgp estimates, and NJ tree of the
Yurdppu River chum salmon support the: occurrence
of substantial gene flow between the native early-
run population and the introduced populations from
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other rivers. Similar situation also was observed“
in the Tsugaruishi River of the Twate Prefecture in
northern Honshu Island, where the genetic differen-
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In conclusion, the Yurappu River chum salmon has
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in Decernber and the early mixed-population intro-
duced from other river populations in October a.nd
Novembel
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