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We investigated the population structure of northern anchovy found between 
southern Baja California and Newport, Oregon, We u d  electrophontic, morpho- 
metric, and meristic methods in our studies, and the results indicate the presence 
of three drtinct mchovy subpopulations. 

INTRODUCTION 
Hubbs (19251 and McHugh( 1951 1 found subpopulations of the northern 

anchovy along the west coast of the United States and Mexico. For more 
effective management of the growing United States and Mexican anchovy fish- 
eries, knowledge of the number of subpopulations and how they are distributed 
geographically is necessary, as is a feasible method of readily distinguishing the 
subpopulations. In this study we used electrophoretic methods to distinguish 
subpopulations and delineate their geographical range; morphometric and mer- 
istic comparisons were made between these subpopulations. 

Transferrin Ektrophoresis 
Transferrin is the vertebrate blood serum protein responsible for binding iron. 

Transferrin polymorphism has been reported in a variety of teleost fishes by 
several authors including Creyssel et al. (19641, Moller (19661, Moller and 
Naevdal (19661, Barrettand Tsuyuki (19671, Fujinoand Kang (19681, and Utter 
( 1969). 

Morphornetrics 
Hubbs ( 1925 1 found small morphometric differences in samples of fngrau/is 

mordax collected from San Francisco to southern California. He also described 
a distinct subspecies, fngraulis mordax nanus, which he found inhabiting the 
brackish waters of San Francisco Bay. We were unable to collect the bay 
anchovy. 

Meristics 
McHugh (1951 1 found three subpopulations of northern anchovy: one off 

British Columbia to northern California, one off southern California and northern 
Baja California, and one off central and southern Baja California. He based his 
conclusion on the mean values he found in five different meristic characters. 
Hubbs (19251 found a distinct difference in vertebral numbers when he com- - 

Accepted for publication, September, 1980 ' Retired. Current address: P.O. Box 22461. La lolla, CA 92122 
'Current address: National Martne Fisheries Service, 75 Virginta Beach Drive, Miami, FC 33149 



40 CALIFORNIA FISH AND GAME 

pared open Ocean anchovies with bay anchovies from San Francisco Bay. He 
also found small differences in vertebral numbers between samples of open 
Ocean anchovies from San Francisco to southern California. 

MATERIALS AND METHODS 
Transferrin Electrophoresis 

Anchovies were collected from Newport, Oregon, to the southern end of Baja 
California (Table 1 1. Availability of samples was limited since the anchovies had 
to be kept alive until the blood samples were taken; dead or preserved fish could 
not be used. The samples came primarily from commercial live bait vendors and 
from shortduration surface hauls made with a midwater trawl. We tried to 
obtain 50 to 100 fish per sample, but this was frequently impossible. In a few 
cases, two smaller samples taken very closely together in time and space were 
combined into one; other samples which contained less than 35 readable trans- 
ferrin types and could not be combined were not used in the population analysis. 

TABLE 1. Sampling Data for Northcm Anchovy SubpopulatiOn Genetic Testing a d  
PMmt Occurence of Transferrin Alleles in the slmpks 

pnmrrbandrnfl 
ands 

Nwnbcr 
LOUtiWl ate dtM ?rA 7P nc rP 

S i  Nortkmsdpophm 
1 ............ Ncwport Oregon .......__. July 1969 84 81.6 8.3 5.4 4.8 
2 ............ Ncwport O m p ~  .............. July 1970' 66 780 13.6 5.3 3.0 
3 ............ Etmk& Caldcnnia .............. July 1970 38 77.6 145 53 2.6 
4 ............ Wt Point, W i  ..-... July 1970 54 80.6 13.0 3.7 3.4 
5 ............ M o n t m y , c d i i a  .._.... N o m k r 1 9 6 9  106 76.9 123  5.7 5 2  

6 ..-.-.... 
7 ............ 
8 ........_.. 
9 .........-. 

10 ............ 
11 ............ 
12 ............ 
13 ..._....... 
14 ............ 
15 .... " ...... 
16 ............ 
17 ............ 
18 ............ 
19 ............ 
20 ............ 

San Fnncisco, California. 
San Francisco, wiformr. 
Monterey, WiomL ........ 
Monterey, W i i i  ......_ 
Newpoct Wiiomia .......... 
SUI Diego, Wi fomia-.... 
SM Diego, WiOmiL.." ... 
Ensendz Mexico ....._- 
Ensenad& Mexico ............ 
Todos SMtos Is, Mexico.. 
UT 50.5" .......................... 
M 1 7 "  ............................. 
UT 12" .............................. 
UT 09" .............................. 
29' 33" ....................._...... 

cartnlsubpoprlation 
&nil1968 48 
May 1968 64 
May 1968 87 
octokr 1967 54 

94 
47 

Mw 1968 
July 1968 
Juh, 1968 100 
M a y  1968 37 
July1968 94 

43 
43 

Mw 
A m  1969 
Janwy 1969 67 
Januw 1969 70 
March 1968 43 
Novrmkr 1967 36 

85.4 7.3 7.3 0 
72.7 16.4 10.9 0 
76.4 13.8 9.8 0 
82.4 7.4 10.2 0 

81.9 9.6 7.4 1.1 
11o5 12.0 7.5 0 
82.4 9.5 8.1 0 
80.8 112 8.0 0 
83.3 115 5 2  0 
82.6 11.6 4.7 1.2 
84.3 11.9 3.7 0 
84.3 10.0 5.7 0 
84.9 7.0 7.0 1.2 
80.6 11.1 8.3 0 

80.8 10.1 ao 1.1 

soudmn subpopulation 
............ .......................... 21 2 g  33.2" Novemkr 1967 83 91.1 4.8 4.2 0 

22 ............ 2T55.5" .......................... Novemkr1967 64 90.6 5.5 3.9 
23 87 87.9 6.3 5.8 0 2 r 5 2 . 5 ' ~  ......................... ~ovemkr1w 
24 2 r  M.QN ~ m b e r  i%7 75 88.7 6.7 4.7 0 
25 2r M.QN ~ o m k  1967 72 87.5 6.9 5.6 0 
26 2 1  30.0" November 1967 72 88.2 6.2 5.6 0 

0 
............ 
............ .......................... 
............ .......................... 
............ .......................... 
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We collected blood samples from live fish by inserting a heparinized capillary 
tube through the gill opening into the dorsal aorta. The tube was allowed to flow 
full of blood and then was sealed on the bottom with a bit of clay. Filled capillary 
tubes were then centrifuged at about 2000 gfor 5 min. When samples were not 
electrophoresed immediately, they were frozen with dry ice and stored at 0' C. 

When a sample was ready to be electrophoresed, the thawed capillary tube 
was broken off at the interface of the serum and red cells; the cells were 
discarded. A piece of absorbent paper was touched to the end of the capillary 
tube to absorb the serum until a colum of liquid 33 mm long remained; this was 
equivalent to 25 yl. The 25 pl of serum were mixed with 10 p1 of radioactive 
Fes and allowed to incubate for at least 10 min. A slot cut in the starch gel was 
filled with the mixture and electrophoresed for 1 h 40 min at 150 v in a horizon- 
tal, thin layer, starch gel apparatus. After electrophoresis was complete, we 
prepared autoradiographs of the gels using a modification of the method of 
Ciblett, Hickman, and Smithies (1959). 

We examined the hypothesis that each band represented a specific transferrin, 
controlled by a different autosomal allele at a single locus. First, we verified that 
"artificial heterozygotes" produced by mixing equal parts of sera from the 
appropriate homozygous types produced electrophoretic patterns indistinguish- 
able from the natural heterozygous types. Secondly, we examined the statistical 
distributions of phenotypes in populations thought to be in equilibrium with 
respect to the alleles found. 

The frequency of Occurrence of the transferrin alleles in anchovy samples was 
calculated as 1 /N (4+ '/,ZO+$, where i = A, B, C, 0 (representing alleles) and 
j # i. For examle, 0, is the number of phenotypes AA observed and N is the 
total number of fish in the sample. Aliocation of samples to the subpopulations 
was determined by cluster analysis (Sneath and Sokal 1973) of the percentage 
distributions of alleles for each sampling site. The clustering sequence was ob- 
tained by identifying the two sites most alike, combine the two and clustering 
with the next most similar site, etc. The computer program used was BMDP2M 
written at the Health Sciences Computer Facility, University of California, Los 
Angel-. Clustering was by Euclidean distance (the square root of the sums of 
squares of differences between percent alleles 1. 

Morphornetrics 
Morphometric measurements were made with a vernier caliper on formalin 

preserved anchovies which had been classified to subpopulation by transferrin 
gene frequencies. Head length, eye diameter, snout to post-orbital margin, head 
depth, and body depth were measured. Allometric regressions (In y = a + b 
In x) were calculated for each of the five morphometric measurements, where 
x is the standard length (SL) . 

Meristics 
We took all meristic counts from formalin preserved samples which we had 

classified as northern, central, or southern subpopulation anchovies on the basis 
of transferrin gene frequencies. Counts were made from x-ray plates with the aid 
of a binocular dissecting microscope. Vertebrae, anal fin rays, and dorsal fin rays 
were counted. The vertebral counts did not include the basioccipital nor the 
hypural. 
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combinations of the Tf' allele were grouped for the chi-square tests. The results 
of the chi-square tests for independence [ 2 ( 0 - E ) ' / E ]  are as follows: 

Northcentral Xz = 61.99, d.f. = 6; P < .005 



42 CALIFORNIA FISH A N D  GAME 

RESULTS AND DISCUSSION 
Transferrin Electrophoresis 

We found that transferrin polymorphism in the northern anchovy orginates in 
a genetic system of four co-dominant autosomal alleles, each controlling the 
formation of a single protein with a specific anodal migration rate when electro- 
phoresed in starch gel. The four iron-binding protein bands were designated A, 
B, C, and D. The migration distance in a standard run was 23.4 mm for band 
A, 21.1 mm for band B, 19.0 mm for band C, and 16.2 mm for band D (Figure 
1 ) .  

Northern (sites 1-5) and southern (sites 21-16) groups were clearly distin- 
guished by cluster analysis (Figure 2) of the transferrin alleles’ percentage of 
occurrence (Table 1 ) . A central group (site 6 and sites 9-20) was also evident. 
However, samples taken at sites 7 (San Francisco) and 8 (Monterey) during 
May of 1968 were distinct from all groups. These samples were anomalous in 
that they were not intermediate between the major groupings but rather repre- 
sented extreme levels for all alleles; thus a mixture of populations or interbreed- 
ing does not suffice as a rational explanation. These anomalies are believed to 
be due to occasional indistinct separation of the first three bands within the gel. 
The absence of the D allele separates these samples from the northern group and 
the relative frequencies of the B and C alleles separates them from the southern 
group; thus we included them within the central subpopulation. There is  an 
overlap in the geographical range of samples attributed to the northern and 
central subpopulations; the southernmost sample from the northern subpopula- 
tion was taken in Monterey in November 1969, and the northernmost samples 
from the central subpopulation were taken from San Francisco Bay in April and 
May 1968, an overlap of about 70 nautical miles. This does not mean that the 
two subpopulations were necessarily present in these areas at the same time; 
instead, both subpopulations may tend to move north in the spring and summer 
and return toward the south in the fall and winter. Anchovy tagging studies 
conducted by California Department of Fish and Game support the north and 
south movements ( Haugen, Messersmith, and Wickwire 1969). 

The northern subpopulation was distinguished from the other two by the 
TP allele which was not found in the southern subpopulation, was rare in the 
central subpopulation (0.20/0), but occurred at a rate of 4.02% in the northern 
subpopulation (Table 2 1. The central subpopulation was distinguished from the 
southern one by the frequency of Occurrence of TP and TP alleles. TP occurred 
at a rate of 88.96% in the southern subpopulation compared to 81 .17% in the 
central one; TP occurred at 11 .OO/o in the central subpopulation and only 6.07% 
in the southern one. Chi-square goodness of fit tests on observed numbers of 
phenotypes for the three subpopulations versus the expected numbers calculat- 
ed from the Hardy-Weinberg equilibrium formula (Table 2 )  support the four- 
allele hypothesis. 

Similarity or dissimilarity of the subpopulations was judged on the basis of the 
observed phenotypic distributions with northern-central and central-southern 
differences treated separately. We found the rare allele to be important in 
discriminating the northern subpopulation, whereas the predominant alleles 
provided the discriminatory power for the central and southern subpopulations 
(Table 3 ) .  TQ avoid difficulties with expectations in the statistical tests, all 
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FIGURE 3. Distribution of three northern anchovy subpopulations based 
on transfer-in allele frequencies. 
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TABLE 3. 
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Obrmcd and Expected Numbers of Phenotypes Assuming No Differences 
Between SubpopU&tiom 

phmorvpc 

Notthem ...................... E 
0 

ccntnl .......................... E 
TOTAL ........................ 

M AB AC BB BC 
0 215 67 M 4 4 

0 
Cmtd ............-............ E 

U 
buthcm ......-.........-.... E 
TOTAL ......-........._....... 

226.7 62.0 38.3 4.6 5.7 
619 161 111 13 17 
6072 16.0 102.7 12.4 15.3 

834 228 141 17 21 
- - - - -  

M AB AC BB K 
619 161 111 13 17 
658.8 140 100.9 10.1 14.1 
360 47 39 2 4 
3202 68 49.1 4.9 6.9 

979 MB 150 15 21 
- - - - -  

AD+BD+ 
CC CD+DD Tml 
0 28 348 
1.6 9.0 
6 5 932 
4.4 24.0 
6 33 1280 
- - -  

AD+BD+ 
CC W+LW Tml 
6 5 932 
4.73 3.4 
1 0 453 
2.3 1.6 __ 
7 5 1385 
- -  

Morphornetrics 
Morphometric measurements were taken on 61 3 fish (Table 4). Except for 

eye diameter, there was no evidence that the slope coefficients b differed among 
the subpopulations (Table 5 )  test for parallel lines. The slope for eye diameter 
in the northern group differed from those of the southern and central, but the 
latter two showed no statistical difference. Only body depth indicated direct 
proportionality, i.e., b was not significantly different from unity. 

TABLE 4. Sampling Data for Northem Anchovy Morphometric and Mcrirtic Testing 

Mcvnstadvd srmc6fd 
N k&(tmn) R a w  &vWm 

Nordmn ..... I................ ...... ..--.....-..-......----...l.ll 2(# 97.20 77-135 10.01 
Ccntnl , ................................ . ....--...--.-......... 225 104.47 10-136 15.39 
southem ..... ....................................... ..--...... 182 30.11 50-116 13.65 

Because the slope coefficients for eye diameter differed among subpopula- 
tions, no test for a common regression line was performed for eye diameter. All 
other tests for a common regression line, i.e., the same slope and intercept, were 
highly significant ( P  < 0.01 1. In each instance, the more similar of the two 
subpopulations were also tested for a common relationship. Body depth indicat- 
ed no difference between the southern and central subpopulations. Otherwise 
all differences between subpopulations were significant at P < 0.05. The analysis 
of covariance is not entirely appropriate for morphometric data since both 
variates are subject to error, especially for field sampling where the size range 
of the samples is rarely the same and cannot be controlled. It is well to insist 
on a conservative level of statistical significance; therefore, we calculated the 
estimated morphometric measurements for a 70-, 100-, and 130-mm anchovy 
from each subpopulation (Table 6). Southern subpopulation anchovies showed 
a distinctly longer head, larger eye, and longer snout to post-orbit than did either 
central or northern ones. Northern subpopulation anchovies exhibited a deeper 
body, and northern and southern subpopulation anchovies showed a slightly 
deeper head than did those of the central stock. Average morphometric meas- 

. ..... 
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urements calculated for 1 O-mm intervals from 70 to 120 mm show the consistent 
pattern of differences between the subpopulations at all sizes (Table 7). 

TABLE 5. Covariance Analysis for the Three N o r t h  Anchovy Subpopuhtionr 
SL = standard L e n g t h  

rest hu c w n m  
-& Egmsshl linc 

W&fh (MI 
southem In Lu = -1.637 + .W In 4r 

b t h m  In Lu = -1.570 + .955 In C, 
wckpdr (M) 

Sothem In Lw = -1.982 + 1.052 In 

Northem In = -1.770 + 1.012 In L,, 
Eye CkimeM I d  

Sothem In LI = -1,551 + Z 3  In La 
Tennl In L = -1.366 + .692 In 4r 
Northern I n L I = - 2 . 2 3 5 + . 8 8 2 I n 4 ,  - I n L = - 1 . 2 7 3 + . s u b L ~  
C d  In L,. = -1.313 + .816In Lr 
Nonhem In L = -1.012 + . ~ 5  In C, 

wh#h (NI 
Soutkm In b = -0.850 + .932 In C, 
central In b = -1.027 + .955 In Lp 
Nocthem In LM = -0.78) + .900 In 

Cmtd In Lu = -1.661 + .%8 In La F, = 12.79. 

Centnl In = -1.928 + 1,039 In 4r F- = 16.00. 

SUM to pm& (po) 

TABLE L. EstimatedMMphomttnc ' Mewrrmcntl of irg,~m, urd 139 mm Standard Length 
NorthcmAKtnmcr * Expressed u Percent of Standard Length 

Head Eye  snoutto 
Lerqgd, - w diWmrpm& 

70 ...... -. ".-.... -... - ...__.. " ..__._._..._-.- 29.6 6.9 12.3 
6.5 1 2.4 Nocthcm ..-. "......_I .......................... .....-.....- 29.8 

sarhan ............................... ,,,,~....-..-~.. 31.9 7.4 13.2 

bkmhern ........... 11.4 -.- ............................................. 28.8 6.2 

budrm ..................... -.-- - ............................ "--.. 31.1. 6.8. 12.4. 
100 central.... ..... -.---.. ......... " .................-................ 29.1 6.2 11.5 

................... .... --- 6.0 10.7 
5.7 11.0 

- .._- - ...._.. - ....-.......... 2111 
130 central ................................ " ............................. 28.8 . ....................................................... 30.6 6.4 11.8 
' Ssn i i iw  dilfwem (P s 0.01) krmcn . within kngh group. 

Hcvd 
dsDlh 

17.2 
16.6 
16.9 

16.9 
16.4 
16.7 

16.7 
16.2 
16.6 

Bodv 
&fh 

17.9 
17.2 
17.2 

180. 
17.4 
17.5 

iao. 
17.6 
17.7 

Hubbs (1925) also reported longer head length (31.9% SL) for a San Fran- 
cisco Bay subspecies Engraulis mordax nanus which also had a greater body 
depth (19.7% SL) than did the open Ocean anchovies (18.1% SL). 

Mais ( 1974) reported that southern subpopulation anchovies are much small- 
er than central stock anchovies. Of the 2,332 fish he measured from % samples 
collected in more than 5'/, yr south of lat 2e30' N, less than 10% exceeded 106 
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mm total length (the minimum legal limit of, the California anchovy reduction 
fishery), while 79% of the central stock anchovies were 106 mm or greater. 
Southern anchovies were significantly smaller than central ones at all ages and 
nearly attained their maximum length by age 3, while central subpopulation 
anchovies continued to grow for at least 3 more years. 

TABLE 7. Averam - * (mm) i n k  Northcm Anchovy Sub- 
population in H mm lntmJI of S h d d  N = Northcm; 
c=centr&s=sou&mSubpopul.tiocrr. 

uurdud 
M kn# 

N .............. 
70-79 c, ........ 755 

S.....-- 7Sb 

N-......... 862 
#)- 89 C.-.-.... 04.0 

5""."..-. a33 

N....-..... 92.9 
9& 99 c."."..."." 95.4 

s __I 95.0 

100-109 N _......... 105.1 
C-......... 103.6 
s."..."".... 1035 

llM19 N......-... 112.1 
C.....-..- 114.2 
5 .__ 111.6 

w 
M 

12.6 
13.0 

15.9 
14.9 
14.4 

16.4 
16.7 
165 

18.9 
10.2 
183 

205 
20.1 
19.8 

Had 
M 

1 2.4 
13.0 

15.0 
14.6 
14.0 

155 
15.8 
15.8 

17.7 
16.8 
173 

19.1 
lag 
la6 

Meristics 

Had 
kgb, 

22.4 
24.9 

T5.2 
24.9 
26.7 

27.0 
27.7 
29.4 

30.0 
29.7 
31.7 

31.9 
33.1 
33.9 

w- - 
9.2 
103 

103 
10.1 
10.9 

10.8 
11.1 
11.8 

11.8 
11.6 
12.6 

125 
1 2.9 
13.4 

Eyc Nunbad 
db7mwabKMbinr 

0 
52 24 
5.9 34 

55 42 
5 5  3 
6.1 36 

5.8 91 
5.9 62 
6.4 51 

6.4 33 
6.3 51 
6.8 42 

6.9 37 
6.8 37 
73 10 

Vertebrae 
Northem subpopulation anchovies had the greatest mean number of vertebral 

centra (Table 8). The mean for the central subpopulation was significantly less 
than that of the northern subpopulation (d = 0.46; Flcor = 41.83; p < 0.001 1. 
This was also the case for the southern subpopulation with regard to the northern 
one (d = 0.43; F,, = 49.44; p < 0.001 ). There was no significant difference 
betweem central and southem subpopulation mean number of vertebrae (d = 

Hubbs ( 1925 1 reported a mean number of 44.73 vertebrae for offshore north- 
ern anchovies off San Francisco, which is very close to the 44.75 we found for 
the northern subpopulation. When we partitioned McHugh's (1951, Tables 2 
and 3 1 vertebral data into probable subpopulations (northern, central, or south- 
em) merely on the basis of location of capture, we calculated his northern 
subpopulation samples to have a mean of 44.74 vertebrae, again in good agree- 
ment with ours. His southern subpopulation samples had a mean of 44.32 
vertebrae, identical to OUTS. 

0.03; Fl= = 0.16; p < 0.25). 
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M e r i d k A r u l y r h o f t h e T h r r c ~ ~ o f N o r t h c m A n c h o m r  x = MM, 
S = Stadad Lkviation,md S - S t u d u d  Ermrof Mean 

. -  TABLE R 

ccntnls&Qopbh 
w."",--"..." ......-..........- 
female .......__̂ """.I.......-- 

TOTAL."-."."- ...... ".--- 

k 

206 
200 
182 

136 

206 
m - 

94 
106 
200 
- 

109 
64 
173 
- 

136 
m 

206 
- 

94 
106 
200 
- 

110 
61i 
180 
- 

mw 
43-46 
42-46 
4245 

20-24 
20-25 
20-25 
- 

19-25 
19-25 
19-25 
- 

20-25 
20-25 
20-2s 
- 

15-16 
15-17 
15-18 
- 

1Sl8 
15-18 
15-18 
- 

15-18 
15-17 
15-18 
- 

- 
X 

44.75 
4429 
44.32 

22.18 
22.20 
22.19 
- 

22.43 
22.36 
22.39 
- 

22u 
22.64 
2256 
- 

16.26 
16.43 
16.32 
- 

16.46 
16.37 
16.41 
- 

16.35 
1 h43 
16.37 
- 

5 

0.6325 
0.7994 
a m  

0.9043 
0.9869 
0.9m 
- 

1.1499 
0.9481 
1.04% 
- 

1 .m 
1.0445 
1 .m 
- 

0.5962 

0.61(# 
a m  - 

0.63% 

0.6512 
a m  - 

0.6146 
0.61 16 
0.6075 
- 

5 .  

0.0441 
0 . W  
0.0425 

0.0775 
0.1180 
0.0649 
- 

0.1186 
0.0921 
0.0739 
- 

0.1039 

0.0lYM 
ais - 

0.051 1 
0.0750 
0.0426 
- 

0 . W  
0.0647 - 
a w  

0.0586 
0.0759 
0.0453 
- 

When we compared the central subpopulations, however, we calculated a 
mean of 44.88 vertebrae for his samples, which is 0.59 greater than ours. His data 
indicated a high degree of variability from month to month and year to year. For 
instance, his data for the mean number of vertebral centra in anchovy post- 
larvae off southern California ( McHugh 1951, Table 4) was 44.21 in 1945,44.69 
in 1947, 44.84 in 1948, and 44.65 in 1949. 

Anal Fin Rays 
McHugh ( 1951 reported strong evidence for sexual dimorphism in the num- 

ber of anal fin rays, with those of males exceeding those of females by 0.1 3 rays. 
Our data did not indicate such dimorphism. When all of our samples were 
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combined according to sex, fin rays of females exceeded those of males by only 
0.02 rays. When each subpopulation was tested separately for sexual dimor- 
phism, the greatest difference found (Table 8) was in the southern subpopula- 
tion where females exceeded males by 0.11 anal fin rays, which was not 
significant (F,,,,, = 0.43; p > 0.25). 

When we compared both males and females combined for each of the three 
subpopulations, we found that the northern subpopulation had a mean anal fin 
ray count 0.20 less than that of the central subpopulation; the difference was 
significant (Flm = 4.18; p < 0.05). The mean number of anal rays for the 
northern subpopulation was 0.39 fewer than that for the southern subpopulation, 
which was highly significant (Flm = 14.33; p < 0.001 ). Central and southern 
subpopulations differed by 0.19 rays, which was not significant (Flm = 2.93; 
p < 0.10). 

When we partitioned McHugh’s (1951 ) anal fin ray data into their probable 
subpopulations on the basis of locality, we found his mean anal fin ray count 
for the combined northern subpopulation samples to be only 0.03 fewer than 
OUN. His southern subpopulation mean ray count was only 0.16 fewer than ours, 
but, as with vertebrae, there was a large difference in the central subpopulation, 
with his mean count being 0.36 greater than ours (Table 9) .  

TABLE 9. Mean Numbers of Anal fin Rays From McHugh (1951, Table 11,12 and 13) 
Compared with ThoK of TI& St* N = Number, E = Mean 

This 

N o r t h a n u r b p o p l ~  

CmeJwbpopJUlon 

N ................................. 
x ........................... 
N ............................._... 

- 

x ............................. ”... 
southun subpopllation 

N ................................. - 
x ..” .............................. 

A& 
nuk 

105 
22.21 

284 
22.81 

41 
22.83 

87 1 05 297 206 
21.94 22.28 22.16 22.19 

418 404 1,106 200 
22.66 22.79 22.75 22.39 

49 100 190 175 
22.55 22.18 22.42 22.58 

Dorsal Fin Rays 
McHugh ( 1951 1 noted a probable sexual dimorphism in mean dorsal fin ray 

counts; males had a grand mean difference of 0.12 count greater than that of 
females. Males in our samples averaged fewer dorsal rays that did females in 
both northern and southern subpopulations but more rays than did females in 
the central subpopulation (Table 8 ) .  Since the differences between the sexes 
were not significant and were not consistent in direction, we concluded that the 
variations were random and we might combine the data for males and females 
when comparing the three subpopulations. 

Central subpopulation anchovies had the largest mean number of dorsal fin 
rays, 0.09 greater than that of the northern stock and 0.04 greater than that of 
the southern stock, but these differences are not significant (northern vs. central: 
Fi,m = 2.27, p > 0.10 northern vs. southern: Flm = 0.83, p > 0.25; central 
vs. southern: Flm = 0.33, p > 0.25). 
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SUMMARY AND CONCLUSION 
We found three distinct subpopulations of northern anchovies inhabiting the 

coastal waters between Newport, Oregon and the southern end of Baja Califor- 
nia, Mexico: northern,, between Newport and Monterey; central, between San 
Francisco and lat 2Y N and southern, south of; lat 2 9  N. There was an overlap 
of about 70 nautical miles for the northern and central subpopulations (Figure 
3) .  Our conclusion was based on our transferrin electrophoresis study, and 
supports McHugh’s ( 1951 1 conclusion of three subpopulations. Our morphom- 
etric and meristic work also supports our genetic findings. 

Given a sample of anchovies from the southern subpopulation range, our 
studies showed that it could be identified as such if the mean head length, snout 
length, and eye diameter were greater than those of the northern and central 
subpopulations, and if the mean standard length of the sample (at all ages) were 
signficantly less than that of the other two subpopulations. A sample of ancho- 
vies from the northern subpopulation range could be identified as such if it had 
i ) a greater mean number of vertebrae and fewer anal fin rays than either central 
or southern subpopulation anchovies, and ii) if the mean head depth were 
greater than that of central subpopulation anchovies. However, any conclusion 
on subpopulations involving meristic counts should take into consideration 
McHugh’s ( 1951 1 work showing a high degree of variability in these parameters 
from year to year and even from month to month. 
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