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摘要

美國漁業學會每年在九月初舉辦一次年會，是太平洋及大西洋沿岸國家的漁業領域相關研究人員進行交流的盛會，今年大會的主題是〝漁業管理和生態學的新領域:引導我們在多變的世界中走出正確的路〞，其中，共進行94個不同主題的研討議程，包括海洋和河口魚類、族群動態學、鮭魚復育、淡水魚和生態學、遺傳學、鰻魚、漁業經營管理、入侵種、年齡與生長等共700篇的口頭報告及1700篇的壁報展示主題包括八目鰻、板鰓類、鱘魚、淡水魚和漁業、海水魚和漁業、海洋魚類生態和棲地、入侵種、微化學等。本人這次發表的論文是”以分子標誌推論台灣及紐西蘭水域之太平洋北方黑鮪應為同一族群”，得到不錯的回響，回國後已有國外出版社與本人聯繫出版論文事宜。此會議除了與專家學者交流外，也拓展自己的視野並提昇研究潛力。而大會安排的參訪行程，包括世界知名的貝類繁養殖場、野生動物的避難區等也讓我受益良多。

目的

美國漁業學會年會每年集結上千位各國的漁業專家進行學術交流，今年參與此年會，主要是要發表一篇重要的論文 ”以分子標誌推論台灣及紐西蘭水域之太平洋北方黑鮪應為同一族群”，這個研究為國際合作的研究，主要與澳洲、紐西蘭的研究專家合作完成，現今已被著名國際期刊Marine and Freshwater Research接受，印行中。(全文如附錄所示)

過程

9月2日 自桃園機場出發至美國西雅圖。

9月3日 大會註冊，參加大會安排的 Scientific Tour，參訪Nisqually R. Estuary Restoration. 為了要回復Nisqually河口域的生態，管理處進行很多工作：自2008年7月開始進行修建，須耗時3-4年完成。為了回復河口域的生態，許多設施被暫時關閉。在2008年，修造了新的外部隄堰，而擴增了季節性的淡水濕地。同時該地也安裝了一些水控制閥，在改變後，濕地生態也在慢慢回復當中。

9月4日 架上壁報，參加大會安排的 Scientific Tour，參訪Taylor Shellfish Farms Hatchery. 歡迎晚宴。Taylor Shellfish Farms主要進行牡蠣、淡菜和蛤蜊的生產。孵育場內包括了各種單胞藻餌料的培育區，主要利用連續培養，排出的藻水可供給幼貝充足的食物來源，幼貝的飼育過程亦使用完善的水質監控系統。場內有滅菌區，主要用於藻類的保種。目前面臨的威脅包括受弧菌感染造成死亡和海洋酸化等問題。
9月5日 參加研討會-

主題:氣候變遷對魚類的衝擊，內容包括在1972-2009年氣候改變了南加利福尼亞沿海魚類相分布；模擬和評估威斯康辛河川溫度對氣候變遷反應的方法；在評估和預期全球性氣候變化對魚的影響應考慮的生物能量因素等。一些研究探討全球性氣候變化對魚類的衝擊，使用critical thermal maxima (CTM)或生物能量 (bioenergetics)的方法。因為溫度的上升使得很多生長在低水溫的魚種失去其棲地，講者以brook trout Salvelinus fontinalis 為例，發現CTM和生物能量的方法所評估之結果不同，作者認為全球性氣候變化的衝擊比CTM預期還大。 
9月6日 參加研討會 晚上參加HTI Fish Fest! Social

主題:海水魚仔魚的擴散，族群的連通性和經營管理。包括以遺傳分析探索仔魚的連通性過程；直接和間接的遺傳方法呈現在空間和時間上仔魚連通的型式；仔魚的運輸機制等。海水魚族群的連通性有不同的生態上和演化上的意義，在演化的觀點上是指在地理上分開的亞族群間有個體間的互換，包括從生殖到定居的過程，其受生活史特性所影響。在生態觀點則指世代內或世代間所發生事件包括分佈、入添等，以遺傳方法可以評估在不同時間序列下世代間個體交換的平均速率及族群遺傳分化的情形。

9月7日 早上6:00~9:00參加大會Spawning Run, 參加研討會

主題：魚類生活史的適應性，包括魚類生活史的演化生態學、可塑性及適應性；在野生魚類族群天擇的型式和強度；分子表型的可塑性等。表型變異如何受環境改變所影響，過去很少被了解，而表型的可塑性可能發生在不同的層級，外部形態、生理、轉錄過程，所以研究個體如何反應出環境的變化需進行基因組的研究。在異質性的環境比穩定的環境會出現較大的表型可塑性，而其不同層級的變化仍未知，這將是未來非常值得研究的方向。

主題:八目鰻的生物學與生態學的研究，包括歐亞八目鰻的種化；阿拉司斯加八目鰻的生活史和遺傳學；分子鑑種；產卵前的行為；洄游行為和棲地的使用等。河川中非寄生性八目鰻的種化過程被推論源自於溯河洄游的寄生型祖先，然而研究北極八目鰻族群，其具有多樣性的生活史，包括陸封型和溯河型，發現溯河型八目鰻無明顯的族群結構，在常期監測下陸封型和溯河型八目鰻有基因交流，而兩型分歧時間和水霸的建造有關。

9月8日 參加研討會

主題：漁業上的保育遺傳學和基因組學，包括單核酸多型性SNPs區別養殖場和野生的大西洋鮭魚；湖鳟形態表型差異的遺傳學基礎；鮭魚的性別基因；基因表現當做太平洋牡蠣遭受環境緊迫時的指標；湖鳟的基因體學等。鮭魚是北美中要的漁穫物，每年養殖場的個體可能逃脫至河川中，之後和野生族群交配繁衍，這樣可能使野生鮭魚族群變異性和生殖弱化，而兩者基因交流的速率很少被探討，所以利用SNPs來鑑別養殖場和野生的大西洋鮭魚，並量化其遺傳改變用以估算河系中有多少個體源自於養殖場。

9月9日 參觀市區
9月10日 參觀華盛頓大學

9月11日 搭乘凌晨的班機返台

9月12日 抵台灣桃園機場
心得及建議

此次會議我認為有很大的收穫，研討會的主題很多元，有些研究我也很有興趣，其中一個主題是八目鰻的生物學與生態學包括飼育、產卵洄游、生殖生態及保育，但其主要分布於溫帶和寒帶，台灣沒有此物種紀錄。在遺傳學的研究進展，主要在族群遺傳學、分子選育、生態遺傳學、雜交圖譜分析和有效族群量的估算等，這些研究的深度和國內的進展相當，但在漁業上的保育遺傳學和基因體學的部份，國內的進展似乎稍慢了些，對於重要的經濟魚種，國內應開始並持續重視這兩個領域的發展以達永續經營的目的。

參訪照片
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Lack of genetic differentiation observed in Pacific bluefin
tuna (Thunnus orientalis) from Taiwanese and New Zealand
waters using mitochondrial and nuclear DNA markers
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Abstract. The Pacific bluefin tuna, Thunnus orientalis, is distributed mainly in the north Pacific Ocean, but a few
individuals are also found in the south Pacific Ocean. We tested the ‘one-stock” hypothesis that genetic differentiation is
absent between populations from the north and south Pacific Oceans. Three molecular markers, cytochrome (Cyt) b,
control region (CR) and microsatellites, were applied to identify species, investigate the population genetic structure and
infer the population demographics of . orientalis in Taiwanese and New Zealand waters. Tissue samples of 7. orientalis
were collected from Taiwanese (2 = 53) and New Zealand (n = 70) waters. A neighbour-joining (NJ) tree of the Cvz b gene
revealed a monophyletic topology. An NI tree of the CR showed insignificant geographical grouping. Nei’s genetic
identity (0.971), Fir (0.003, P =0.243) and Rgr (0.019, P=0.099) between the two sets of samples were estimated from
seven microsatellite loci. A factorial correspondence analysis and assignment test showed that these two sample sets
lacked genetic differentiation. All these results support the one-stock hypothesis in these two samples from Taiwanese and

New Zealand waters implying that they should compose the single management unit.

Additional keywords: control region, cytochrome b, microsatellite, one-stock hypothesis.
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Introduction

The Pacific bluefin tuna, Thunnus orientalis, is a migratory
pelagic fish with high commercial value in world fisheries
(Ward er al. 1995). The species is distributed primarily in the
north Pacific Ocean, from the Gulf of Alaska to southern
California and Baja California and from Sakhalin Island in the
southern Sea of Okhotsk to the northern Philippines. The species
is also found in the south Pacific Ocean around Australia, the
Galapagos Islands, the Gulf of Papua and New Zealand (Bayliff
1994; Ward et al. 1995; Smith ef al. 2001). Pacific bluefin tuna
spawn between Japan and the Philippines, in the Sea of Japan
south of Honshu (Chert et al. 2006; Tanaka et al. 2007; Itoh
2009); larvae are transported northwards towards Japan by the
Kuroshio Current and juveniles are found in waters near Japan.
Some young fish migrate east as far as the west coast of North
America and are presumed to return to the western Pacific to
breed (Bayliff 1991, 2001). Pacific bluefin tuna are believed to
become sexually mature at ~5 years of age and to have a
maximum lifespan of 25 years (Ueyanagi 1975; Bayliff 1994).

Tuna resources are one of the most important pelagic fisher-
ies in the Pacific Ocean and a wide range of fishing methods
(purse seine, pole and line and long-line) supply most of the tuna
fisheries (FAO 1994). Fish are caught during every month of the
year, but most of the catch in the eastern Pacific Ocean is taken
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during May-October and in the western Pacific Ocean during
May-September (Bayliff 1994). The main fisheries for
T. orientalis are in the North Pacific where catches fluctuated
between 10000 and 40 000 megagrams year ' between 1950
and 2010, with incidental catches taken in the south-western
Pacific Ocean in the Australian Fishing Zone and the New
Zealand Exclusive Economic Zone (EEZ) (T. Skousen, pers.
comm.; Ward ef al. 2005).

Surprisingly little is known about the stock structure and
population biology of 7. orientalis. However, the population
structure of some Thunnus species has been investigated with
molecular markers. For example, no significant genetic differ-
entiation was found among populations of albacore tuna
T. alalunga in the north-western Pacific Ocean (Wu er al.
2009), but high divergence was reported among Atlantic and
Indo-Pacific populations of albacore tuna (Vifias et al. 2004).
Chiang et al. (2006) did not observe genetic differentiation in
bigeye tuna 7. obesus in the western Pacific Ocean, using
sequence analysis of mtDNA HVR-1, but high divergence was
reported among Atlantic and Indo-Pacific populations (Chiang
et al. 2008). In addition, differences in mitochondrial (mt)DNA
ATCO (a flanking region between ATPase and cytochrome
oxidase 111 genes) haplotypes among samples of 7. obesus from
the Atlantic and Indo-Pacific led to the initial conclusion that
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there was no gene flow or migration from the Atlantic into the
Indian Ocean (Chow e al. 2000). Subsequent mtDNA sequence
data revealed that Atlantic and Indo-Pacific clades were esti-
mated to have arisen during the Pleistocene glacial maxima
(Martinez et al. 2006; Chiang et al. 2008). For Atlantic bluefin
tuna, T. thynnus, no spatial or temporal genetic heterogeneity
was detected among samples in the eastern Atlantic Ocean
(Pujolar e al. 2003), but populations from the Gulf of Mexico
and Mediterranean were genetically distinct (Carlsson et al.
2007). Currently, there are no data on the population genetics
and historical demography of 7. orientalis stocks exploited in
the northern and southern Pacific Oceans, hampering effective
management of this important industry.

The mitochondrial control region and nuclear DNA micro-
satellites are appropriate for studying population genetics,
owing to their high nucleotide polymorphisms and rapid evolu-
tionary rates (Alvarado-Bremer e al. 1998; Takagi et al. 2001).
The mitochondrial cytochrome (Cyt) b gene it is highly con-
served and is, thus, a useful marker for species identification
(Tseng et al. 2009, 2011), including the bluefin tunas, especially
T. orientalis and T. maccoyii, which have been confused in the
southern hemisphere fisheries (Ward et al. 1995; Smith er al.
2001).

The objective of this study was to apply molecular markers to
investigate the population-genetic structure and infer the popu-
lation demographics of 7. orientalis in the North and South
Pacific Oceans. We assessed whether genetic differentiation
occurred between two samples from North Pacific Taiwanese
and the South Pacific New Zealand waters. The one-stock
hypothesis was tested using mtDNA and microsatellite markers.
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Materials and methods
Sample collection

Sample information and collection sites

Two sets of muscle tissue samples of Thunnus orientalis were
collected from the north (N) and south (S) Pacific Oceans. Fifty-
three specimens (N1-N53) were sampled from south-castern
Taiwanese waters during 2006 and 2007 and 70 specimens
(S1-870) were from New Zealand waters in 2001 and 2005,
taken by scientific observers on commercial fishing vessels
(Table I; Fig. 1). Muscle tissue samples were preserved in 95%
ethanol for DNA extraction. Preliminary identification of
T. orientalis was based on a dark caudal keel and the shape of the
dorsal wall in the body cavity. Species identifications were
confirmed by analyses of the mitochondrial Cyt b gene.

Table 1.
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Cloning and sequencing of mtDNA

DNA extraction was performed as previously described (Kocher
et al. 1989). Two sets of primers and amplification conditions
were used to amplify the complete Cyr b gene and control region
of mDNA (Tseng et al. 2009, 2011). Subsamples of amplified
products (at 10puL) were checked on 0.8% agarose gels to
confirm the product sizes. The remaining successful polymerase
chain reaction (PCR) products were purified using a DNA clean/ o
extraction kit (GeneMark, Taichung, Taiwan). Purified DNA
was ligated to the pGEM-T easy vector (Promega, Madison, W1,
USA) and transformed into the Escherichia coli IM109 strain.
Plasmid DNA was isolated using a mini plasmid kit (Geneaid,
Taichung, Taiwan). Forty individuals from each of the N and S
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Fig. 1.

samples of 7. orientalis were randomly chosen for cloning fol-
lowed by sequencing in an Applied Biosystems (ABI, Foster
City, CA, USA) automated DNA sequencer 377 (ver. 3.3) with a
Bigdye sequencing kit (Perkin-Elmer, Wellesley, MA, USA).
The T7 and SP6 primers were used in the sequencing reaction
and PCR cycle parameters for sequencing were 35 cycles of
95°C for 305, 50°C for 30's and 72°C for | min.

Genotyping of microsatellites

Genetic variations in 7. orientalis samples were estimated with
seven microsatellite loci: Tth14. —31, —185, —204, -217.
~226 and Ttho-4. The primers for these loci were developed by
Clark et al. (2004) and Takagi er al. (1999). PCR cocktails
consisted of ~ 1 ng genomic DNA, 10 pmol reverse primer, 10
pmol labelled forward primer, 25mM dNTP, 0.05 to 0.1 mM
MgCl, 10% buffer and 0.5 U Taq polymerase (Takara Shuzo,
Tokyo. Japan) made up to a 25-pL volume with Milli-Q water.
Forward primers were labelled with FAM, TAMRA, or HEX
fluorescence markers. PCR amplifications were carried out in a
Px2 Thermal Cycler (Thermo Fisher Scientific, Waltham, MA,
USA) with the following temperature profile: 1 cycle of 95°C for
4min, followed by 38 cycles of 94°C for 30s and annealing at
52 to 60°C for 30s and 72°C for 30s. Each 5puL of PCR

production from three loci labelled with different tluorescence
tags was mixed and precipitated with 95% alcohol. Semi-
automated genotyping was performed using a capillary
MegaBACE-500 DNA analysis system (Amersham Bio-
sciences. Piscataway. NJ. USA). Genotypes were scored with
Genetic Profiler 1.5 (Amersham Biosciences). The overall ge-
notype success Tate was 100%. The size of cach allele was
checked by eye and the Micro-checker software package (Van’
Qosterhout et al. 2004) was used to correct genotyping errors.

Cyt b gene analyses

Eighty sequences of the entire Cvr h gene were deposited in
EMBL GenBank (accession numbers: AM989952-AM989973
and JN631251-JN631308). Two homalogical sequences of
T. alalunga and T. thynnus in NCBI GenBank (AF390307 and
NC_004901) were selected as outgroups. Scquences were
aligned using Clustal W (Thompson er al. 1994) and then
checked by eye. Ratios of different nucleotides within the
sequences and the haplotype diversity (hy) were estimated for
the 80 specimens. Genetic diversities of pairwise nucleotides
between haplotypes were calculated using the DnaSP software
(Librado and Rozas 2009). The best-fitting models of substitu-
tion were determined with MODELTEST 3.7 (Posada and
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Crandall 1998) using the Akaike information criterion (AIC).
The general time reversible plus gamma (GTR+G) model with
gamma =0.483 and AIC =5663.58 was chosen as the best-
fitting model. Phylogenetic trees of nucleotide sequences were
constructed using the neighbour-joining (NJ, Nei and Kumar
2000) method. The confidence of the clusters was assessed using
a bootstrap analysis with 1000 replications. An exact test of
genetic differentiation between samples was also estimated with
Fgr (Raymond and Rousset 1995) with 10° steps of a Markov
chain. A minimum spanning tree (MST) was computed from the
matrix of pairwise distances between all pairs of haplotypes
using a modification of the algorithm described by Rohlf (1973).

mtDNA control region analyses

Nucleotide sequences of the mtDNA control region from the two
sets of samples (N and S) were aligned with the program,
CLUSTAL W (Thompson et al. 1994) and verified by eye. All
sequences were deposited in NCBI GenBank (accession num-
bers: IN631171-JN631250). The number of polymorphic sites
including substitutions and indels was estimated using Arlequin
ver. 3.5 (Excoffier and Lischer 2010). Levels of inter- and intra-
sample genetic diversity were quantified by indices of 4,4 and
pairwise estimates of nucleotide divergence (djj), both among
and within samples. The average number of nucleotide sub-
stitutions per site (w) and the pairwise differences between
samples were determined using the DnaSP program (Librado
and Rozas 2009). Intraspecific genetic distances were analysed
by the Kimura’s 2-parameter model (Kimura 1980). The best-
fitting model of substitution was determined using
MODELTEST 3.7 (Posada and Crandall 1998) with the AIC.
The HKY+I+G model with gamma=0.608 and AIC=
7112.24 was chosen as the best-fitting model. A phylogenetic
tree was constructed using the NJ method (Nei and Kumar
2000). An MST was computed from the matrix of pairwise
distances. An exact test of genetic differentiation between
samples was also estimated with Fgr (Raymond and Rousset
1995) with 10° steps of a Markov chain.

The possible oceurrence of a historical demographic expan-
sion was examined using the mismatch distribution as imple-
mented in Arlequin ver. 3.5 (Excoffier and Lischer 2010). The
distribution is multimodal in samples drawn from populations at
demographic equilibrium, but it is unimodal in populations
following a population demographic expansion (Rogers and
Harpending 1992). Tajima’s D (Tajima 1989) and Fu’s Fs (Fu
1997) tests were also calculated using Arlequin 3.5. The
parameter of the demographic expansion, 7, an index of time
since expansion expressed in units of mutational time (Slatkin
and Hudson 1991), was estimated by a generalised nonlinear
least-squares approach and confidence intervals of the para-
meters were computed using a parametric bootstrap approach
(Schneider and Excoffier 1999). The value of 7 was transformed
to an estimate of time since expansion with the equation 7 = 2ut,
where yt is the mutation rate for the entire sequence under study
and t is the time in generations since expansion. It was assumed
that a stationary haploid population at equilibrium suddenly
passed 7 generations ago from a population size of Ny to N} and
0= 2uN, and 0, = 2uN,. The sum of squared deviations (SSD)
between the observed and expected mismatch was used as a test
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statistic. We also computed the raggedness index of the
observed distribution defined by Harpending (1994). A large
value of Harpending’s » suggests that the model does not provide
a good fit to these data.

Microsatellite genotypic analyses

The total number of alleles (n,), allelic frequencies and
Shannon’s information index were estimated for each locus
using the program, Popgene (Yang and Yeh 1993). Allelic
richness was estimated for each locus by the program, Fstat2.9.3
(Goudet 2001). Observed (Ho) and expected (Hg) hetero-
zygosities were calculated for cach locus (Raymond and
Rousset 1995). Deviations from Hardy—Weinberg equilibrium
(HWE) were examined by an exact test using Genepop
(Raymond and Rousset 1995). Genetic differentiation between
samples was characterised using Fsr and Rgy values as imple-
mented in Arlequin ver. 3.5 (Excoffier and Lischer 2010).
A factorial correspondence analysis was performed with
Genetix (Belkhir ef al. 2004) to plot multilocus genotypes of the
two samples in two dimensions. To assess the population
structure and admixture, we used a Bayesian model-based
clustering analysis with Structure ver. 2.3 (Pritchard er al. 2000).
We employed a mixed approach to determine the maximum-
likelihood (ML) estimate of the number of genetic clusters (K).
Ten runs were conducted for each possible K, ranging from
K =1, implying no population differentiation, through to K = 5,
which implies that each of the populations was genetically
distinct. The true number of populations present is most often
identified using the maximal value of Ln P(D) that estimates the
posterior probability of the data. Using the general admixture
model, parameter settings were as follows: 5 x 10° burn-in and
10° Markov Chain Monte Carlo repetitions.

To determine whether the populations of 7. orientalis had
experienced a recent reduction in its effective population size,
a one-tailed Wilcoxon sign-rank test (Luikart e al. 1998) was
used to test the mutation-drift equilibrium in the Bottleneck
program (Cornuet and Luikart 1996). We tested for population
bottlenecks using different models of microsatellite evolution,
including stepwise-mutation (SMM), infinite-allele (]AM) and
two-phased models (TPM).

Results

Species identification by Cyt b analysis

Cyt b sequence data were collected for 80 individuals of
T. orientalis. The full length of the Cyt b gene is 1141bp (sce
Fig. SI available as Supplementary Material to this paper).
In total, 73 different haplotypes were discovered in 80 indivi-
duals with a high /g value (0.913). Three haplotypes were
shared by 11 individuals from both sets of Taiwanese (N) and
New Zealand (S) samples. Specimen N2 shared an identical
nucleotide sequence with specimens S1, S2, $24 and $30,
whereas specimens N25, S5, $29 and S33 shared an identical
sequence and a third haplotype was shared between specimens
N29 and N30. Genetic distances ranged from 0.001 to 0.012
among the 73 haplotypes with an average of 0.006 + 0.001. The
topology of the NJ tree was shallow, showing the monophyletic
genealogy of T. orientalis (Fig. 2). The pairwise Fyr value
between these two samples was 0.0007 (P = 0.402). Specimens




[image: image7.jpg]Population genetics of Pacific bluefin tuna Marine and Freshwater Research — E

7
S31
N42 S21 S35 S50
N7
N1
s68

50

832

T. alalunga
T. thynnus

0.005

Fig. 2. Neighbour-joining phylogenetic tree of the Cytochrome b gene constructed from 80 specimens of
Thunnus orientalis using the genetic distance method. Bootstrap values of >50% (with 1000 replicates) are
shown at the nodes.
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Fig.3. Minimum spanning network of Thunnus orientalis reconstructed by nucleotide sequences of the Cytochrome b gene. The size of the circles indicates
the number of repetitive units belonging to the same haplotype. The thick and thin bars of the cross branches indicate five and single variable sites
respectively.

from both samples, N and S, were scattered throughout the
monophyletic tree. These results indicated that all specimens
from Taiwan and New Zealand belonged to 7. orientalis and
they could be distinguished from the outgroups 7. alalunga and
T. thynnus (Fig. 2). Specimens from both sets of samples were
strewn in the MST. The most common haplotype was located in
the centre of the MST (Fig. 3). The most common amino acid
sequence was shared by 23 specimens from both samples.

Genetic variation of the control region

Long fragments of 863 to 876 base pairs (bp) containing the
entire mtDNA control region were successfully amplified.
Following alignment, the consensus nucleotide sequence for all
specimens of T. orientalis was 881 bp long. Seventy-nine dif-
ferent sequences were found in the 80 individuals from the N and
S samples with a high haplotype diversity (98.75%). One
identical haplotype was shared by two specimens: N40 and N42.
The number of different nucleotides ranged 1 to 35. In total,
175 mutant sites were observed among the 79 haplotypes
(see Fig. S2 available as Supplementary Material to this paper).
The intraspecific mean nucleotide diversity (d;;) among
sequences was 0.032 +0.004. Intraspecific genetic distances
among different haplotypes ranged from 0.001 to 0.043 with an

overall average of 0.025. The dj; of the control region was
0.021 +0.003 in sample N and 0.020 = 0.002 in sample S. The
d;; value between these two samples was 0.023 + 0.003. Genetic
distances ranged from 0.001 (N43 vs N51) to 0.038 (N1 vs N3),
with an average of 0.023 in sample N and ranged from 0.001
(S19 vs S44) t0 0.036 (S40 vs S64) with an average of 0.023 in
sample S. Interspecific genetic distances ranged from 0.02
(T. alalunga vs T. thynnus) to 0.062 (S40 vs T. thynnus). The
topology of the NJ tree was estimated using the entire dataset
with a non-significant geographical group (Fig. 4). The pairwise
Fsr value between these two samples was 0.007 (P=0.162).
These results indicated that all specimens of 7. orientalis lacked
genetic differentiation. Several central haplotypes were found in
the MST (N11, N16, $38 and N33) and most of the haplotypes
were located at the tips (Fig. 5). All results implied the one-stock
hypothesis (i.c. that specimens from Taiwanese and New
Zealand waters taken from a single population could not be
rejected).

Historical population dynamics

Parameters of population demographics were estimated under
the sudden expansion model. The estimate of 7 for sample N
(16.082) was lower than that for sample S (18.188), with an
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Fig.5. Minimum spanning network of 79 haplotypes from Thunnus orientalis reconstructed by D-loop nucleotide sequences. The thick and thin bars of the
cross branches respectively indicate five and single variations respectively. The size of the circles indicates the number of identical haplotypes.

overall 7=17.154. The estimated overall effective female
population size after expansion (6; = 1260.2) was higher than
that before expansion (8= 6.506) for T. orientalis. The SSD
was 0.003 (P=0.273). Harpending’s raggedness index was
0.002 (P=0.405) which suggested that the model provides a
particularly good fit to these data. The mismatch distribution
analysis showed a unimodal distribution, which indicates that
the population had experienced a historical expansion event.
Tajima’s and Fu’s tests also indicated historical population
expansion shown by significant negative values of Tajima’s D
(-1.253, P=0.081) and Fu’s F, (-22.28, P=0).

Genetic diversity of microsatellite loci

All seven microsatellite loci were scored in these two sets of
samples of 7. orientalis, which had high levels of polymor-
phism. The numbers of alleles per locus ranged from 4 (Tth 185)
to 19 (Tth 217) with an average of 11.286 +4.889 (n=123).
Shannon’s information index (/) estimated for the different loci
ranged from 0.857 to 2.217 (mean, 1.618 & 0.446) in sample N
(n=53) and from 0.811 to 2.503 (mean, 1.673+0.527) in
sample S (n=70). The mean numbers of alleles (na) per locus

were 9.429+£3.409 for sample N and 10.429 +4.721 for
sample S. Allelic richness estimated for each locus ranged from
3.754 to 17.630 (mean, 9.933 £ 4.350) in sample N and from
3.807 to 15.544 (mean, 9.977 4 3.892) in sample S (Table 2).
Six private alleles were found in sample N and 13 private alleles
in sample S (Table 3). At the Tth 217 locus, there was a greater
number of private alleles in sample S than at other loci. The
value of Ho over seven loci ranged from 0.389 (Tth 185) to
0.815 (Tth 226), with an average of 0.622 + 0.136 in sample N
and ranged from 0.329 (Tth 185) to 0.743 (Tth 217), with an
average of 0.602 +0.146 in sample S. The value of Hy. over
seven loci ranged from 0.513 (Tth 185) to 0.879 (Tth 217), with
anaverage 0f 0.727 +0.113 in sample N and ranged from 0.510
(Tth 185)to 0.906 (Tth 217), with an average 0f 0.737 £ 0.123 in
sample S. The overall mean Hp and H: values for the seven loci
were 0.611+0.133 and 0.733 +0.117 respectively (Table 3).
Nei’s genetic identity between the two samples was 0.971.
Permutation tests for linkage disequilibrium among the seven
loci for the two samples revealed only very slight disequilibrium
for the entire dataset (Dfr = 0.005). The genetic differentiation
index, Fgr, ranged from 0.001 (locus Tth 185) to 0.013 (locus
Tth 31) within loci and averaged 0.006. Fsr and Rsr values
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Table 2. Observed allelic numbers (na), effective allelic numbers (ne),
allelic richness (ar), observed (H,) and expected (Hy) heterozyge
and test Hardy-Weinberg (H-W) equilibrium of seven microsatellite
loci in North and South Pacific samples of Thunnus orientalis
*, Significant deviate from H-W equilibrium. n.s., not significant

—
North Pacific South Pacific Total
sample sample
(n=53) (n=10) (n=123)
Tihl4
H-Wtest  ns ns ns.
nainelar  1/3.593/6.970 713.275/6.920 7/3.43017
Ho 0704 0671 0.686
He 0728 0.700 0711
Tth31
HWtest  ns . *
nanelar 9319211625 12/5.490/10.776  12/4.360/9
Ho 0.574 06 0589
He 0,693 0824 0774
Tth1ss
HWtest  ns * *
nainclar 420343754 4/2.026/3.807 41203214
Ho 0389 0329 0355
Hy 0.513 0.510 0510
Tth204
HWiest  * * *
nanelar  13/5.058/9.642  10/4.080/11.865  13/4.524/13
Ho 0574 0500 0532
Hy 0810 0.760 0.782
Tih217
HWtest  ns ns. ns
nanelar  13/1.766/17.630  19/9.969/15.544  19/9.370/13
Ho 0.704 0743 0726
He 0879 0.906 0897
Tth226
HWtest  ns. ns. ns
nanelar  123.645/11.436  12/3.914/12438  14/3.817/12
Ho 0.815 0.643 0.718
Hy 0.732 0.750 0741
Trho-4 y
H-Wtest  ns ns ns.
nanelar  8/3.613/8.474 9/3.362/8.489 103.515/8
Ho 0593 0.729 0.669
Hy 0.730 0.708 0718
Totalno. 66 7 79
of alleles
Meanna  9.429+3.409 1042964721 11.286=4.889
Meanne 412941832 4.588.+2.591 44352323
Meanar  9.933+£4350 9.977=3.892 9.429.+3.409
Ho 06220.136 0,602 +0.146 0.611£0.133
Hy 07270113 073740123 0.733£0.117

between these two samples were 0.003 (P=0.243) and 0.019
(P=0.099) respectively. When all specimens were distin-
guished into four temporal groups N-I, N-II, S-I and S-II by
sampling date (Table 1), insignificant genetic differentiation
indices (P>0.03) between these four samples ranged from
0.006 to 0.013 for Fsr and from —0.014 to 0.031 for Rsr.

A factorial correspondence analysis showed that these two
samples had distributions that overlapped to a great extent.

frequencies at seven microsatellite loci estimated from north Pacific samples (N), south Pacific samples (S) and overall samples (T) of Thunnus orientalis
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We next used the program, Structure, to identify genetic groups
without a priori knowledge of the sample origin. The clustering
analysis identified K = 1 as the most likely number based on the
highest average value of posterior probabilities, Ln P(D)=
—2959.14 4 0.19. The one-tailed Wilcoxon sign-rank test was
used to test different evolutionary models of migrosatellites fora
population bottleneck. The result showed an L-shaped allelic
frequency distribution and demonstrated that 7. orientalis is
presently a stable population under mutation-drift equilibrium.

Discussion
Species identification and historical review

Cyt bis asuitable tool for identifying Pacific bluefin tuna. From
previous reports, tuna species can be identified by several
genetic markers (Alvarado-Bremer et al. 1997; Chow et al.
2006), but species misidentifications may occur if an inappro-
priate marker is used. However, Vifias and Tudela (2009) pre-
sented a validated methodology for genetic identification of
Thunnus species. They indicated the combination of two genetic
markers, one mitochondrial CR and another nuclear /7S /, dis-
criminates between all eight tuna species: nevertheless, the Cyr b
gene is also a well established marker which has been widely
used in taxonomic studies of marine fishes in general (Johns and
Avise 1998). Block er al. (1993) constructed a phylogeny of
tunas, bonitos, mackerels and billfish based on 515bp of the
Cyt b gene. Tseng et al. (2011) successfully distinguished the
three bluefin tunas 7. orientalis, T. maccoyii and T. thynnus
using the full-length Cyt b gene. Consequently, for this study we
used the entire Cyr b gene sequence to confirm the species
identity in the two sets of tissue samples of 7. orientalis from
Taiwanese and New Zealand waters.

Selection of two close species (7. alalunga and T. thynnus) as
outgroups produced a NJ topology with a monophyletic group
for all 73 Cyr b haplotypes of T. orientalis (Fig. 2) and two
identical haplotypes were shared by nine individuals from both
samples. These results confirm that tissue samples from eastern
Taiwanese and New Zealand waters were all 7. orientalis.
Although T. orientalis is uncommon in New Zealand waters
and accounts for <1% of the bluefin tuna fishery, our study
further proved that both samples shared some identical haplo-
types of the Cyt b gene (Fig. 2) and suggested that Pacific bluefin
tuna individuals from the North and South Pacific Oceans shared
the same recent ancestor.

Cyt b can be used to date back population histories. Many
marine fishes exhibit very low levels of genetic differentiation
among geographic regions due to high dispersal potential during
planktonic egg and larval stages and/or migratory adult stages.
Grant and Bowen (1998) defined four groups of marine fishes
based on population histories inferred from the relationship
between haplotype diversity (/4) and nucleotide diversity () of
the mtDNA coding region. The most common group possesses a
high number of haplotypes (h4> 0.5) and a moderate to low
level of sequence divergence (0.4% < d; < 0.8%). T. orientalis
had high haplotype diversity (hy=0.91) and low nucleotide
diversity (d;; = 0.6%) and fit the most common pattern observed
in marine fishes: high haplotypic diversity within regional
populations can be maintained through large effective popula-
tion sizes and environmental heterogeneity. Life-cycle traits

M.-C. Tseng and P. J. Smith

expressing a rapid population increase may result in the accu-
mulation of mutations in the rapidly growing population
(Rogers and Harpending 1992). A strong tendency for repro-
ductive homing in some marine fishes may lead to low nucleo-
tide diversity among haplotypes. Similarly, 7. orientalis always
spawns in the north-western region of the Philippine Sea,
between eastern Taiwan and the Ryukyu Islands, from late April
to June (Chen et al. 2006; Tanaka et al. 2006) and in the southern
Japan Sea in late July to August (Tanaka ef al. 2007; Itoh 2009).
The genetic pattern confirmed that T. orientalis has experienced
historical rapid population growth and has a philopatric
tendency.

Population genetics and dynamics

There is plenty of evidence showing a lack of differentiation in
T. orientalis from Taiwanese and New Zealand waters. First, the
genetic distance of the CR between the N and S samples was
equal to mean genetic distances within samples. Further, the CR
had a low and non-significant Fsy between the two samples, the
NJ topology for the CR did not show a clear geographical
grouping and all haplotypes from the N and S samples were
scattered within the NJ tree and MST. In addition, mean H, and
H: values were very similar between the N and S samples. Low
and non-significant genetic differentiation indices of Fgr and
Rt between these two samples indicate that individuals of
T. orientalis belong to the same population and no individuals
could be assigned to a specific group in the factorial corre-
spondence analysis. Finally, 10 runs of clustering test by the
Structure program conducted for each possible number of
groups found no population differentiation in these specimens.
According to both mtDNA and microsatellite results, it could be
concluded that a lack of genetic differentiation exists between
samples of T. orientalis from Taiwanese and New Zealand
waters and the one-stock hypothesis cannot be rejected.

Thunnus orientalis experienced a historical population
expansion, indicated by Tajima D and Fu's F, statistics. In
addition, the mismatch distribution was unimodal in 7. orienta-
lis populations, indicating that they had passed through a
demographic expansion after genetic isolation (Fu 1997). The
= value in sample N (16.082) was slightly lower than that of
sample S (18.188); this difference between 7 values may haye
resulted from a sampling error. Genealogical relationships
among mtDNA CR haplotypes in the MST were also consistent
with a sudden population expansion.

In recent decades, many wild organisms have experienced
various environmental and harvesting effects that led to popula-
tion declines. For example, the abundance of juveniles of the
freshwater eel Anguilla japonica has decreased since 1970 due
to climate change and overfishing (Dekker 2003). In May 2011,
the Committee on the Status of endangered wildlife in Canada
(COSEWIC) determined that Atlantic bluefin tuna in the west-
e Atlantic was endangered. The abundance of spawning fish
has declined by 69% over the past 2.7 generations. This fish has
been heavily exploited for over 40 years and the current
abundance of spawning individuals is the lowest observed
(COSEWIC 2010). Southern bluefin tuna 7. maccoyii is now
in a depleted status. Historically, the stock of 7. maccoyii has
been exploited for more than 50 years, with total catches peaking
at 81 750 megagrams in 1961. However, catches are estimated
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to be around 10 000-20 000 megagrams in the previous 10-20
years with a historically and critically low level (CCSBT 2011).
In the Pacific, the catch in 2000-2004 was reported to be
16 000-29 000 tons year™ ‘(Maj ikowski 2007).

In the past 5-10 years, catches of Pacific bluefin tuna have
been relatively stable and the stock was considered fully
exploited. In April 2011, the South-west Fisheries Science
Center of the US National Marine Fisheries Service found that
overfishing is occurring on Pacific bluefin tuna, but the stock is
not in an overexploited condition (Menashes 2011). In this
study, we found that Pacific bluefin tuna also currently exhibit
a high level of genetic polymorphism and a population state
under mutation-drift equilibrium. Hence, we argue that the
decreasing catch for the Eastern Pacific during the period from
1994 to 2004 from ~9000 to 3000 megagrams based on FAQ
data may be natural fluctuations due to population migration and
recruitment (IATTC 2010). Nevertheless, monitoring the
genetic diversity of the Pacific bluefin tuna population over a
long period of time is still necessary in the future to assess if the
fluctuations in population size can maintain a stable structure.

In conclusion, an understanding of the population structure
T. orientalis is essential for the development of appropriate
management strategies for this species. Our analysis of 123
specimens from waters around Taiwan and New Zealand with
genetic markers supports the single-population hypothesis.
However, sampling was limited to one area of the North Pacific
and additional sampling and analysis are needed to further test
for population subdivision in 7. orientalis.
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利用粒線體和核DNA標記
研究台灣及紐西蘭水域太平洋黑鮪的遺傳分化

摘要

太平洋黑鮪 (Thunnus orientalis)主要分布在北太平洋海域，但在南太平洋海域也有少許個體被發現。我們以”單一族群”的假說來對北太平洋海域及南太平洋海域的太平洋黑鮪族群缺乏遺傳分化進行驗證。本研究利用三種分子標記，細胞色素b (cytochrome b)、控制區域 (control region)及微衛星 (microsatellite)，來推測在台灣及紐西蘭水域太平洋黑鮪的族群遺傳結構及族群動態。太平洋黑鮪的肌肉組織由台灣 (n=53)及紐西蘭 (n=70)水域收集而來。細胞色素b分析結果以鄰近連接法 (neighbour-joining tree)的親源關係樹顯示為單系群。而控制區域的親緣關係樹顯示太平洋黑鮪在地理上並無分群。由七組微衛星基因座分析遺傳相似性、FST、RST分別為0.971、0.003(P=0.234)、0.019(P=0.099)。結果發現這兩個地理的樣品並無遺傳分化的現象。所有的結果都支持台灣及紐西蘭的太平洋黑鮪為”單一族群”的假說。









PAGE  
18

