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INTRODUCTION-

For more than a century there has been a great deal of confusion in the syst-
ematics of Agkistrodon in Korea, mainly due to the morphological close similar-
ity of the species within the genus, limited materials, wide range of individual
variability and improper choice of taxonomic characters. Several species names
(Halys-intermedius-blomhoffii complex) of Korean Agkistrodon appear in the
literature (Strauch, 1868: Stejneger, 1907, 1925: Thompson, 1916: Slevin, 1925:
Emelianov, 1929, 1937: Sowerby, 1930, Maki, 1931: Rendahl, 1933: Tanner, 1953:
Stewart, 1954: Dixon, 1956: Shannon, 1956: Hahn, 1960: Webb ez al., 1962: Kle-
mmer, 1963: and Terentév and Chernov 1965).

Recently Gloyd (1972) gathered over one hundred forty specimens of this genus
in Korea and carried out an intensive morphological analysis and described
three species including a new species: Agkistrodon blomhoffii brevicaudus, A. saxa-
tilis and A. caliginosus. Kang and Yoon (1975) lumped these species into one
single species, A. halys, followed by Pope (1935).

The purposes of this report were to classify them based on Gloyd’'s criteria of
morphological characters and to compare the genetic relationship among them
by means of electrophoresis.

MATERIALS AND METHODS

Morphometric analysis

The specimens for the morphometric analysis were collected during 1954—1977
period and preserved in 10% Formalin. A total of 352 specimens from 17 locali-
ties was classified into three species categories by external morpholegy according
to Gloyd’s criteria (Fig. 1. A, B, and C). Among them 233 adult specimens were
used for morphometric analysis. The. number of ventrals and subcaudals in each
specimen was counted and tail to body length ratio (in percentage) calculated.
Because ontogenetic and sexual variation can observe interspecific differences,
we used only adult specimens and males and females were treated separately.
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Electrophoresis

Live specimens of A. b. brevicaudus (n=6), A. caliginosus (n=5) and A. saza-
tilis (n=6) were collected at Mt. Seolag, Kang Won Do in 1977 and shipped to
the lab. Blood samples were obtained by nicking the aorta and collecting blood
in a heparinized pipette. The sample was centrifuged at 2,500 g fo_r 10 minutes
to separate plasma from the red blood cells and the plasma fraction was stored
at —40° C until use. The red blood cells were suspended and washed twice in 10
volumes of 0.85% saline and lysed by freezing in a volume of deionized water.
Stroma and lipids were removed by centrifuging the hemolysate at 49,500 g for
30 minutes at 4° C, and the extracted hemolysates were stored at —40° C. Liver
and kidney were individually homogenized using the methods of Selander et al.
(1971). The supernatant was pipetted and stored in a glass vial. Plasma, hemo-
lysate and tissue extracts were subjected to horizontal starch-gel electrophoresis
as described by Selander ez al. (1971) and Kim ez ol. (1976). The following gel
buffer systems were used: (1) lithium hydroxide: general proteins (GP-1,2, 3
and 4) in plasma, general proteins (GP-5 and 6), esterases (Es-1 and 2), glutamic
oxaloacetate transaminases (GOT-1 and 2), phosphoglucose isomerase (PGI), and
peptitase (Pept) in liver: (2) discontinuous triscitrate (Poulik): hemoglobin (Hb)
in hemolysate and mannose-6-phosphate isomerase (MPI) in kidney: (3) continu-
ous triscitrate (pH 8.0): isocitrate dehydrogenases (IDH-1 and 2), lactate dehyd-
rogenases (LDH-1 and 2), malate dehydrogenases (MDH-1 and 2), and a-glycero-
phosphate dehydrogenase (¢ GPD) in kidney: (4) tris-versene-borate (pH 8.5):
alcohol dehydrogenase (ADH) and indophenol oxidases (IPO-1 and 2) in liver:
and (5) tris malate-EDTA: 6-phosphogluconate dehydrogenase (6PGD) and xanthine
dehydrogenase (XDH) in liver.

Proteins, as represented by bands on starch gels, were designated by their mo-
bility from the origin. One allele, farthest away from the origin, was designated
as a and b, ¢ etc. in descending order. If an enzyme was encoded by two or more
loci, the one with the highest mobility towards the anode was designated as 1.
Genetic interpretations of allozymic variation are based on criteria elaborated by

Selander et al. (1971).

Genetic relationships among species were assessed by calculating Rogers’ coef-
ficient of genic similarity (Rogers, 1972) and Nei’'s genetic distance, D (Nei, 1971):
the formula used for D was that presented by King and Wilson (1975). Using
the Rogers’ similarity values, clustering technique was utilized to analyze relat-
jonships among them. The unweighted pair group and the complete linkage
methods (Sneath and Sokal, 1973) were performed on a CDC6400 computer using
the NT2 program of the Numerical Taxonomy Program, University of Califor-
nia, Berkeley (developed by W.W. Moss).
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Specimens examined

Sample localities and collection date are listed by species. Sample sizes for each
analysis are indicated (N=total number of specimens collected: G=genetic: M=
morphological). Species designations used here are from Gloyd (1972).
Agkistrodon blomhoffii brevicaudus Stejneger.

Gyeonggi-do: Gwangneung, June 1955-July 1960 (N=25, M=23). Mt. Yongmun,
July 1957 (N=2). Deogjeog Isl.,, Aug. 1959 (N=6). Anmin IsL, July 1960 (N=2).

Gangwon-do: Mt. Seolag, June 1967 and July 1977 (N=9, G=6). Gwangpan.ri,
Chunseong-gun (from local store), Aug. 1970 (N=26, M=26). Hwangchon-gun
(from local store), Aug. 1971 (N=16).

Gyeongsang-bugdo: Andong, June 1965 (N=7).

Jeonra-bugdo: Mt. Deogyu, Aug. 1954-Aug. 1962 (N=47, M=43).

Jeonra-namdo: Geoje Isl., July 1953 (N=3). Jindo Isl., Aug. 1960 (N=5).

A. caliginosus Gloyd.

Gyeonggi-do: Gwangneung, June 1955-May 1960 (N=23, M=23).
Mt. Yongmun, July 1957 (N=1).

Gangwon-do: Mt. Seolag, June 1967 and July 1977 (N=9, G=5).

Jeonra-bugdo: Mt. Deogyu, Aug. 1954-June 1977 (N=92, M=286).
A. sazxatilis Emelianov.

Gangwon-do: Mt. Seolag, June 1967 and July 1977 (N=9, G=6). Mt. Odae, Aug.
1973 (N=2). Mt. Palbong, Hongcheon-gun, July 1977 (N=1), Chunchon (from local
store), Aug. 1970-June 1977 (N=25). Gohan, Chunseong-gun, Sept. 1977 (N=1).
Deogyuwon, Chunseong-gun, Sept. 1977 (N=1). Jeongseon, June 1964 (N=4).

Jeonra-bugdo: Mt. Deogyu, July 1954-Aug. 1959 (N=36, M=32).

RESULTS AND DISCUSSION

Morphometric analysis

All specimens examined were well fit to the Gloyd's criteria to classify them
into either one of three species categories and no specimen was doubtful to clas-
sify correctly. For this reason we conclude that Gloyd’s morphological characters
are good criteria to distinguish each species.

Three species are sympatric at two localities (Mt. Seolag, Gangwon-do and Mt.
Deogyu, Jeonra-bugdo) and A. caliginosus and A. b. brevicaudus are sympatric at
Gwangneung and Mt. Yongumn, Gyonggi-do. No intermediate form or “Hybrid
like” was found at these sympatric localities. Therefore, it seems likely that they
are ecologically well isolated species.

The results of morphometric analysis based on 233 adult specimens from three
large sample sizes are presented in Table 1, 2 and 3.



October 1979 Paik ef al.—The genus Agkistrodon in Korea 157

Table 1. Variation in number of ventrals.

. Males Females

Species Locality*

Range Mean SE N Range Mean SE

A.b. brevicaudus 1 9 142—150 146.4 0.86 14  144—159 148.4 0.91

2 10 143—149 145.8 0.65 16 144—150 147.6 0.46

3 20 142—151 145.9 0.60 23 140—152 146.8 0.57

A. caliginosus 1 10 146—150 148.1 0.48 13 144—150 146.7 Q.62

3 42 142—150 146.7 0.36 44 142—151 147.3 0.58

A. sazxatilis 3 13 152—160 156.1 0.60 19  153—167 158.8 0.87

* 1, Gwangneung, Gyeonggi-do
2. Gwangpan-ri, Chunseong-gun, Gangwon-do
3. Mt. Deogyu, Jeonra-bugdo

Table 2. Variation in number of subcaudals.

Males Females

Species Locality*
Range Mean SE N Range Mean SE

A.b. brevicaudus 1 9 3951 45.0 1.26 14 32—45 40.3 0.84
2 10 47—52 48.4 0.51 16 39—47 42.4 0.56
3 20 32—52 43.7 1.24 23 34—46 39.7 0.68
1 10 40—48 46.1 0.76 13 35—47 41.2 1.12
3 42 40—51 45.6 0.40 44 31—46 40.8 0.67
3 13 4147 44.3 0.54 19 37—48 40.9 0.62

A. caliginosus

A. sazxatilis

* Localities are same as in Table 1.

Table 3. Relative length of tail-in percentage.

Males Females
Species Locality*
Range Mean N Range Mean
A.b. brevicaudus 1 9 11—16 14.2 14 10—14 12.4
2 10 14—17 15.4 16 12—14 12.6
3 20 10—16 14.1 23 11—16 13.0
A. caliginosus 1 10 8—16 14.0 13 11—16 13.2
3 42 8—16 13.7 44 11—16 13.2
A. sazatilis 3 13 11—14 12.8 19 6—14 11.8

* Localities are same as in Table 1.

Notable sexual dimorphism was found. Males of all species have on the average
fewer number of ventrals than females except Gwangneung population of
A. caliginosus (Table 1) but the number of subcaudals (Table 2) and relative tail
to body length (Table 3) of males tend to exceed those of females.
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A. sazatilis has significantly more number of ventrals and relatively shorter
tail to body length than A. caliginosus and A. b. brevicaudus. There were no
marked difference in the number of subcaudals among all species. No distinct
meristic character difference in the number of venfrals, the number of subcaud-
als and relative tail to body length was found between A. caliginosus. and A. b.
brevicaudus. This is not concor&ant with the data presented by Gloyd (1972).

Genetic variation and genetic relatedness

Since breeding tests have not been conducted with these species, it is not abso-
lutely certain that the observed bands on the gels represent allelic variation at
a given locus. However, heterozygote band patterns were generally the same as
those described in organisms for which breeding tests have been made. Therefore,
it was assumed that electrophoretic variation represented allelic variation.

A total of 16 structural proteins encoded by 27 presumptive genetic loci were
examined in all individuals. Allele frequencies in polymorphic loci, type of alleles
in each species, and proportion of polymorphism are given in Table 4. Twelve
loci out of 26 (46.1%) were identical in all three species. These were GP-2, GP-
4, GP-5, GP-6, GOT-2, PGI, IDH-2, LDH-1, LDH-2, MDH-1, MDH-2, and AD
H. Four loci (15.4%) were nearly identical with minor frequency differences

Table 4. Allele frequencies at 14 polymorphic loci in three species of the genus Agkis-

trodon.
A. A.b. brev- A. A. caligi-lA. b. bre- A.
caliginosus | icaudus | saxatilis 705US vicaudus| sazxatilis
a .16 a 1.00 .75 1.00
GP-1 |b| 100 .50 Pept |y .25
c .33 1.00 a 20 1.00
a 1.00 .17 MPI b .80 1.00
GP-3 l; —l o .83 ’ a 08
. : @GPD | | 1,00 1.00 .92
b Z 1.00 1..00 zz a 1.00 ‘
L IPO-1 .00 | 1.00
a 1.00 |
Est-1 : : | (@ 1.00
b| 100 | L% P IR0 dp oo 1.00
a 1.00
Est-2 i a 1.00
b| 100 1O 1 6PGD |y | 100 1.00
T 2 -10 a | 1.00
GOT-1 .
.90 . 1. .
S b 90 .o | .1.00 XDH b 1.00
i a 1.00 - ) ; : c | 1.00
IDH-1 | b 1.00
: : % Poly- :
c ) ) ) 1'00 o _mo?‘ph‘ism, . 7.8 ) 7.8 115
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{Hb, GOT-1, Pept, and aGPD). Rest ten loci (38.5%; GP-1, GP-3, Est-2, MPI,
IDH-1, IFO-1, IPO-2, 6PGD, and XDH) were either monomorphic or polymorphic
yet with notable interspecific mobility difference.

The average proportion of polymorphic loci is 9.03%. This is considerably
less than the average polymorphism found in other vertebrates (see Selander and
Johnson, 1973). Probably this is partially due to the small sample size. Electrop-
horetic data can be used to measure the genetic relatedness among different
organisms (Avise, 1974, Yang et al., 1974). Two methods are commonly used,
Rogers’ coefficient of genic similarity (S) and Nei’s genetic distance (D). Table 5
presents a matrix of both genic similarities and genetic distances among three
Table 5. Genetic relationships among three species of Agkistrodon. Rogers’ coefficient of

genic similarity (S) is given above the diagonal and Nei’s genetic distance (D) is
given below.

A. celiginosus A.b. brevicaudus A, sazxatilis

Agkistrodon caliginosus — .708 .720
A. b. brevicaudus .319 — . 656
A. saxatilis . 308 . 399 —

species examined. Genetic similarity phenogram based on Rogers’ S value for
three species of the genus is given in Fig. 2. Their average S and D vzlues are
-695 and . 342 respectively. These values fall within good species level (Avise,
1974). Mean S value of .695 among Agkistrodon species is lower than the value
between two congeneric species of Sceloporus lizards (S=.790) reported by Hall
and Selander (1973). The S value between two Korean snakes, Elaphe schrenchii
and E. dione, is .690 and this value is about same as that of Agkistrodon species
(Yang et al., 1980). These data provide us to believe that three taxa of Agkistrodon

i ] N L L J
I:_‘! Agkisirodon saxatilis
‘ A. caliginosus
A. b. brevicaudus
r T 3 T T L
5 6 7 .8 .9 1O

Fig. 2. Genetic similarity phenogram for three species of Agkistrodon based  on allele
frequencies at 26 loci. Clustering by the complete linkage method.
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in Korea are distinct species. As shown in Fig. 2 and Table 5, A. caliginosus is
genetically more related to A. sazatilis than to A. b. brevicaudus. A. sazxatilis
and A. b. brevicaudus show least genetic similarity (S=.656). Far from being
mere morphological variants, as suggested by Kang and Yoon (1975), Agkistrodon
caliginosus, A. b. brevicaudus, and A. saxatilis are highly distinctive evolutionary

units.
SUMMARY

A total of 352 specimens of congeneric species of Agkistrodon was collected
and morphometric analysis and starch-gel electrophoresis were carried out in
order to investigate the taxonomic status of this genus.

The results obtained in this study are as follows:

Morphometric analysis
1. Three species are recognized based on Gloyd's criteria. There was no speci-

men that was doubtful to classify correctly. Therefore, it seems that Gloyd's
morphological characters are good criteria to identify each species.

2. All three species are sympatric at two localities (Mt. Seolag, Gangwon-do,
and Mt. Deogyu, Jeonra-bugdo) and A. caliginosus and A. b. brevicaudus are
sympatric at Gwangneung and Mt. Yongmun, Gyonggi-do. No hybrids were found
in these sympatric localities. :

3. Notable sexual dimorphism was found in meristic characters.

4. A. sazatilis has significantly more number of ventrals and shorter tail
ratio than other two species.

5. There were no significant meristic character differences between A. caligino-
sus and A. b. brevicaudus.

Genetic analysis
1. Among 26 loci investigated, 12 loci (46.1%) were identical in their mobility,

4 loci (15.4%) were nearly identical with minor frequency differences, and 10
loci (38.5%) showed interspecific mobility difference.

2. The average proportion of polymorphic loci was 9.03%. This is considerably
less than that of other vertebrates.

3. The average S and D values between species are .695 and . 342 respectively.
These values indicate that three taxa are distinct species.

4. A. caliginosus is genetically more related to A. sazatilis than to A. b. brevi-
caudus.

The above results led us to conclude that there are three species of Agkistro-
don, namely A. b. brevicaudus, A. caliginosus and A. saxatilis, as proposed by
Gloyd. Far from being mere morphological variants, as suggested by Kang and
Yoon (1975), they are highly distinctive evolutionary units.
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Fig 1. Photographs of Korean Agkistrodon.
A. Agkisirodon bromhoffii brevicaudus Stejneger, SYY 3218.
B. Agkistrodon saxatilis Emelianov, SYY 3219.
C. Agkistrodon caliginosus Gloyd, SYY 3220.



