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ABSTRACT Twenty—three morphological parameters were analyzed using ANOVA，cluster a— 

nalysis and discriminant analysis to study the morphological variations between Clupea pallasii and 

Clupea harengus．ANOVA results showed that there were extremely significant differences(P< 

0．001) in the means of 1 4 morpho1ogica1 parameters，greater variance between populations than 

within populations．Cluster analysis suggested that all of the 82 samples were divided into two clus— 

ters．Discriminant analysis based on 23 parameters showed that there were extremely significant 

differences between the two species(P< 0．001)；discriminant analysis with 11 selected parameters 

gave a discriminant formula with accuracy of 100 ． However，the coefficients of difference of 23 

parameters suggested that the differentiations between the tv~o species were still under the level of 

different geographic populations within species according to M ayr’S 7 5 Rule．W e postulated that 

the small scale divergence in morphology between the two species might be caused by a recent sepa— 

ration and similar ecology environment． 
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摘 要 为阐明太平洋鲱和大西洋鲱种间形态上的差异 ，应用单 因子方差分析 、聚类分析和判别分析方法对 

两种鱼的 23个形态学参数进行了研究。单因子方差分析结果表明：14个形态参数平均值存在极显著差异 (P 

< 0．001)，且种群间差异 大于种 内差异。聚类分析结果显示所有 82个个体 明显聚成两支。所有 23个形态参 
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数的判别分析结果表明，两种间的形态差异极显著 (P< 0．001)；利用挑选后的 11项参数判别分析 ，得 出判别 

等式，两种鱼间的形态差异仍然极显著 (P< 0．001)，判别准确率 100 。所有 23个形态参数的差异系数全 

部小于 Mayr的 75％ 法则临界值 ，表明两个种间形态学上 虽然存在一定分化，但分化程度 尚未达到亚种水平。 

作者推测两个种间形态上低 水平的分化可能由于分化的时间较短 以及相似的生活环境造成的。 

关键词 太平洋鲱 Clupea pallasii 大西洋鲱 Clupea harengus 形态差异 单因子方差分析 

聚类分析 判别分析 差异系数 

Introduction 

Pacific herring(Clupea pallasii Valenciennes，1847)and Atlantic herring(Clupea harengus Linnaeus， 

1758)are two members of Clupea，Clupeiformes．Both of them are important economic fish species in the 

North Pacific and North Atlantic．Pacific herring is distributed north of 35。N from the Yellow Sea to Califor— 

nia in the Pacific．and Atlantic herring is distributed both sides of the Atlantic from 33。N to 80。N (Zhang 

1997)．Both of them are pelagic，schooling and coastal species．They usually live in cold waters at a range of 

temperatures between 6～ l0 ℃ ． Every year mature adults migrate inshore and spawn in sheltered inlets， 

sounds，bays，and estuaries rather than along open coastlines． There is a latitudinal cline in spawn timing 

within the range of the two species。which was thought to coincide with“local spring”，a period of increasing 

plankton productivity (Lassuy 1989；Kobayashi 1993)． 

Pacific herring was first described as a subspecies of Atlantic herring，because of morphological similari— 

ty between the two species．The acknowledged morphological difference is that Atlantic herring generally has 

a greater number of vertebrae(Domanico et a1． 1996；Tang 1991)．However，the numbers have an over— 

lapped range(54~ 5 7)in many populations of the two species．Pacific herring and Atlantic herring began to 

be recognized as distinct species based on genetic variation(Grant 1986：Robins et a1． 1991)．An average 

genetic distance of 0．2 7 was found between the two species using allozyme analysis(Grant 1 986)．In recent 

years，more studies were focused on the divergence between the two species in genetics． An estimate of 

2．6 9／6 sequence divergence was obtained from the analysis of mtDNA restriction site data(Kornfield et a1． 

1985)，and a 1．3 divergence was also got by ribosomal DNA sequence variation(Domanico et a1． 1996)． 

However，the morpho1ogica1 variation between the two species is not yet clear． 

In the present study，we are interested in finding more differentiations both in meristic and morphomet— 

ric characters of these two species，which would be expected to illuminate the divergence degree in morpholo— 

gy． Furthermore，we hope to test the conformity between m0rphologica1 variations and genetic variations， 

and try to learn the impact factors associated with divergence degree in morphology．ANOVA，cluster and 

stepwise discriminant analysis were used to study the morphological variations between two populations of 

the two species，then coefficients of difference(CD)were calculated and their morphological differences were 

defined according to M ayr’s 75 Rule(Mayr et a1． 1953)． 

M aterials and M ethods 

Samples collection 

Thirty four individuals of C．pallasii and forty—eight individuals of C．harengus were analyzed in this 

study．C．pallasii samples were collected from the Yellow Sea of China in December，2007；and C．harengus 

samples were from Gulf of Maine in Canada eastern coast in June，2003．All the individuals were mature． 
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M easurement 

Twenty—four morphological characters， including six meristic characters and eighteen m0rphometric 

characters，were analyzed．The meristic characters inc1uded vertebrae numbers
， dorsa1 fin rays，pectoral fin 

rays，anal fin rays，upper gill rakers and lower gill rakers
．
The morphometric characters are shown in Fig

． 1_ 

Fig．1 The parameter measurements of all 18 morphometric characters 

1·Standard length 2．Predosa1 length 3
． Head length 4．Snout length 5．Orbit diameter 6

． Post。rbita1 length 

7·Upp jaw length 8·Prepe1Vic length 9．Prepeetoral length 10
． Length of pectoral fin 11． Prepect0ra1 length 

12．Prepelvic length 13． Body depth 14
． Length of anal fin—base 15．Length of caudal peduncle 

16．Depth of caudal peduncle 17．Length of dorsal fin base 18
． Intarorbital width 

To avoid the influence of body size difference on analysis，1 1 morphometric characters were converted to 

ratios by dividing by their standard length，body depth and head length
． A total of 23 parameters were used 

in statistical analyses，which are shown in Table 1
．  

Table 1 ．fhe description of means，ANOVA and coefficients of difference for C pallasii and C harengus based 0n 23 parameters
．  

Param eter Pacific herring Atlantic herring 
1 

(Mean± SD) (M ear± SD) lu P CD 

Vertebrae numbers 

Dosal fin rays 

Pectora1 fin rays 

Anal fin ravs 

Upper gill rakers 

Lovwer gill rakers 

Orbit diameter 

Interorbita1 width 

53．59± 1．18 55．92± 1．05 88
． 172 0．000 1

． 045 

17．38± 0．85 17．29± 0．94 0
． 199 0．657 0

． 050 

16．38± 1．28 16．90± 0．72 

15．91± 1．38 

17．24± 1．21 

42．88± 1．43 

1．075±0．097 

0．922± 0．106 

1 5．50± 0．92 

18．94± 1．6O 

5．347 

2．628 

27．309 

0．023 0．26O 

0．109 0．178 

0．000 0．605 

42．O6土 2．1 4 3．790 0
． 055 0．230 

1．099±0．074 1．541 0
．
218 0．140 

0．893± 0．083 1．864 0
． 176 0．153 

Length of dorsal—fin base 2
． 968~ 0．276 2．5041 0．171 87

． 907 0．000 1
． 038 

Length of pectoral fin 3
． 312+ 0

． 218 3．053±0．194 31．894 0
． 000 0．629 
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Data analysis 

All the parameters of each individual were treated firstly with Microsoft Excel，then analyzed with SPSS 

l3．0．Three kinds of statistical analysis including ANOVA，cluster analysis and discriminant analysis were 

conducted．Coefficient of difference(CD)was calculated according to M ayr et a1． (1953)．If CD of one pa— 

rameter< 1．28，then we can classify the differences between them into different geography population with— 

in species(Mayr et a1． 1953)．Between—groups linage method and city—block distance were used for the hi— 

erarchical cluster analysis．Stepwise discriminant analysis was used to establish a simple discriminate formula 

to distinguish the tWO species in this study． 

Results 

One-way ANOVA 

One way ANOVA analysis was conducted for all twenty—three parameters of the two species．Both the F 

value，which reflected variance between populations to that within populations，and significance test P were 

given in Table 1． The standard length ranged between 19．45～ 29．10 cm in Pacific herring．and 17．52～ 

23．28 cm in Atlantic herring．The body depth ranged between 3．66～ 6．22 cm in Pacific herring．and 4．OO～ 

5．82 cm in Atlantic herring．Both of them were divided to eliminate body size difference．In the table，the F 

values of fourteen parameters were big and extremely significant(P < 0．00 1)，and one parameter was sig— 

nificant(P < 0．05)．Most of these parameters were for morphometric characters． 

The coefficients of difference between the two species were also shown in Table 1．All the coefficients of 

difference were smaller than 1．28，which iS the threshold value of subspecies． 

Cluster analysis 

Although the coefficients of difference between the two species were small，the cluster analysis showed 
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that all the individua1s were separated and clustered int。tw。 groups based 

on the twenty—three parameters(Fig．2)· 

Discrim inant analysis 

w hen the twenty—three parameters were used in the discriminant analy 

sis,the accuracy。f discriminant was lOO％，and the effect。f discrimin n 

was extremely significant(P < O．001)．To enhance the conVenience of the 

diseriminant formula，eleven parameters，which contributed more t。 the 

m。rph。1。gica1 variati。n，were selected from th。se twenty hree param
．

。 ’ 

t。pr。duce a new discriminant formula．The eleven pa m t w。 。g n m 

Table 2 according to the F va[Lle． 

Table 2 variables(rangedby F test valaes)with high contribution In disc
—

riminant

—

analysis 

The accuracy 。f discriminant based on the e1eVen parameters was the 

same(1OO )as that based。n the 23 parameters，and the effect。f discrimi— 

nant was also highly significant(尸< O·001)· 

Disc“minant formulae of the two species based on the 1 1 p 猢  t 

were as follows： 
Clupea pallasii： Y1 — 67．995X1 + 119．537X2 + 51．432X3 

1405．776X4 + 417．629X5 + 28· 

l647．264X9 

802X6 + 32．889X7 + 28．261X8 + 

+ 1118．048X10 + 2284．794Xll 3705·299 

Clupea harengus：Y2 — 73．1O5X1 + 108．406X2 + 37．932X3 

1840．442X4 + 344．189X5 79．886X6 十 36· 421X7 + 30．584X8 + 

1760．289X9+ 936．I39X10 + 2416．447Xll 4OO7·773 

Calculated by the ab。ve formula，the individual of herring n b d nt 

fied t。species；the capita1 Y den。tes which species it be【。ng t。· 

0
． 一 ! ： 

2 68 —，．．-——————’ 
2 80 J h  

2 61 ——— l I 

2 63 ——一 卜J 卜—_1 
2 66 ————-J I I 

2 64 ．—--r--1 l I 
2 76 —一 卜——一 l 

2 54 ——————J I 
2 73 — ——，—————1 I 
2 79 ——_-J I I 

2 4l——fl-’ I 卜1 

2 70 —__J I _-1 I I 
2 65 -n h I l I I 
2 71 Jh  Il I l I l 

2 72 卜一h l I l I 

2 57 ——一  I I l I 
2 81————一_J I I I I 

2 69 ————————J 卜0 l 
2 40 ．．．．—— ——， I I 

2 78 —————J —1 I I 

2 74 ——————rJ lI I 
2 77 ———_J Il I 
2 43 ． —．—r——1 Il I 

2 53 ——一  -_1 }J h 

2 46 —．—，1 I I I Il 
2 82 --J 卜J l I II 

2 52 —_-J I I II 
2 45 —1——1 I-a II 

2 60 J 卜1  l II 
2 3g I I I II 

2 44 J I--a I I ll 
2 35 —_-J J  Il 

2 47 1．1 I Ih  
2 58 J 卜1  I II I 

2 5l_．J 卜J II I 

2 56 —— lI I 
2 62 ——————————一一 I I 

2 37 I I 
2 39 h I I 

2 36 ．．_J — l I h 
2 50 —_一 h  l II 
2 55 —————————J ———— I I 

2 59 ————r—__’ I II 

2 75 ．．——----· I-a lI 
2 67 ．．．．．．—---—---·_一 I I 

2 48 ．．． ． —————1 l I 
2 49 — I ————————_一I 

—  }三三 三三一⋯一 L__ 
l 16 ———_一 1  
l 7 ——1—1  I I 

1 30 —_一 卜一 i 
1 2 ——_r—1 I h 

l 3 —．-J p ii 
l 1．．—． ——J I卜’ 

l 3l —_一 i1 I 
1 28 ————————_一 l l 

l 32 —————————．一 i 
1 6 ————． h  

l l7 —_ 一 卜 1  I { 

l 25 — l 卜1  I { 
l 24 ——————__J i i 

l 15 ———1———1  i i 
l 27 —_一 h  

l g ．——r————1 I I i 
l l4 l I 

1 11 ——r——1 I 卜一 

l l2 一J p I 
l l0 ———_-J I 

l 9 ．．．． -t——-—1 I 
l 13 —_ 一  卜J 

1 22 —．1———— l 
l 26 

l 29 ———_一J 
l 19 ．—-—-—1——-_1 
1 33 ———__J 卜— 

l 23 

l 4 
1 34 

l l8 

l 2l 
1 20 

． ． ． ． ． ． ． ． ． ． ． ． ． ． ．__J 

． ． ．  ． — - — — · — - —
J ·-．J 

_ J 

l l 

I 

I 

l 

l 

L．J 

I 

Fig．2 Ciustering dendrogram of 

C．pallasii and C．harengus 

based on 23 parameters 

1．C．pallasii 2．C．harengus 

Discussion 

In the present study，the samples。f Pacific herring and Atlantic herring haVe sh。wn s。me significant 
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morphological differentiations according to ANOVA，and they were clustered into two groups by cluster a— 

nalvsis．However，all the coefficients of difference were lower than 1．28，the value that defines subspecies， 

indicating that the variation was only at the level of different geographical races．Our study failed to find the 

significant morphological characters which can distinguish the two species．Contrast to morphometric charac— 

ters，meristic characters were more precise in taxonomic studies．Further studies in comparative anatomy 

should be carried out to find the proofs in meristic characters．Nevertheless，the discriminant analysis offered 

criteria to discriminate the two species based on eleven morphological characters in our study． 

According to our results，the divergence in morphology between Pacific herring and Atlantic herring 

were obviously lower than in genetics from allozyme analysis (Grant 1 986)．Such situations can also be 

se

。

en in several other marine fish species．Lateolabrax maculates and L．japonicus were treated as a species 

before 2001 because of their similarity in externa1 features，but a 22．6 of net genetic distance in mtDNA se— 

quence variation was detected between the two species(Liu et a1． 2006)．M oreover，no differentiation in 

morphology was found yet forthe China and Japan populations of Pennahia argentata，but a 67．46 of vari— 

ation between the two groups implied the divergence has reached subspecies level at least(Han et a1． 

2008)．The impact factors may be various，but here we F stulated our results might be caused by two rea— 

sons：(1)a recent separation (tempora1)；(2)similar ecology environment(spatia1)． 

(1)Recent separation 

According to M ayr，a new species develops if a population which has become geographically isolated 

from its parental species acquires characters which promote or guarantee reproductive isolation when the ex 

ternal barriers break down during the period of isolation (M ayr 1942)．The accumulation of morphological 

variations was usuallv slower than that of genetic variations，because the mutation occurred in genetics first， 

then passed on to the morphological characters．Thus large scale divergence in morphology usually happens 

later，which need a long period especially when the environments were similar，than in genetics． 

In previous studies，Pacific herring and Atlantic herring were thought to have a common ancestor which 

1ived in Arctic Ocean (Svetovidov 1952；Grant 1986；Kobayashi 1993)．Studies of phylogenetics also 

showed the two species had the closest genetic relationship (Cheng et a1． 2006；I avoue et a1． 2007)． 

Grant(1 986)estimated the divergence time between the two species was 3．6～ 6．6 million years ago using al— 

lozyme variation，and Domanico et a1．(1996)also concluded a divergence of 3．1 million years ago based on 

sequence variation of ribosomal DNA．However，a more 1ate divergence about 1 million years ago was de— 

dueed bv mtDNA sequence variation (Kornfield et a1． 1985；Domanico et a1． 1996)．Those results might 

indicate that the divergence time was insufficient to cause interspecies’divergence in morphology． 

(2)Similar ecology environment 

It has been documented that some oceanographic factors such as salinity，depth and water temperature 

could influence the morphological characters of fish species(M cHugh 1954)．Distinct geographic environ— 

ments accelm·ate the accumulation of morphological variations，while similar environments put it off． Both 

Pacific herring and Atlantic herring are cold water species and distribute along the coasts of middle and high 

latitude．Their optimum temperatures range between 6～ 1 O℃ ，and their distributions are in the isohaline of 

31～33．Although small differentiations in morphology were detected among some different geographic popu— 

lations(Liu Ft口Z． 2007)，the difference degree was even far less than the differentiations between Pacific 

herring and Atlantic herring in the present study．The similar ecological mechanism and habitat might have 

played an important role in keeping the divergence in morphology at a limited leve1． 
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