CYTOGENETIC AND MORPHOLOGICAL COMPARISONS BETWEEN EASTERN AND WESTERN
PACIFIC SALVELINUS

Ted M. Cavender and Seiro Kimura

Department of Zoology, The Ohio State University, Columbus, OH, U.S.A.
43210 and Department of Fisheries, Faculty of Agriculture, Kyushu Uni-
versity 46-04, Fukuoka, 812 JAPAN

Character sets for use in a phylogenetic analysis of Pacific Basin
Salvelinus were obtained from two sources: gross chromosome morphology

with six species analyzed (S. alpinus, S. confluentus, S. fontinalis, S.

leucomaenis, S. malma and S. namaycush) and cranial morphology of spawn-

ing males with eight species analyzed (the six listed above plus S. albus
and S. kronocius). In addition NOR chromosomes were examined in Japanese

Salvelinus (S. malma, S. m. miyabei, S. leucomaenis, S. 1. pluvius and

S. 1. imbrius) in order to help resolve taxonomic problems within this.
group. Published photographs of metaphase chromosomes were used for S.

albus and S. kronocius.

S. leucomaenis from Hokkaido and S. 1. pluvius and S. 1. imbrius
from Honshu had plesiomorphic karyotypes (2n = 84, NF = 100) also seen in
the North American S. fontinalis and S. namaycush. However, the two
groups differ considerably in their NOR chromosomes. S. malma from Hokkaido
and S. malma from the eastern Pacific margin (Washington) had nearly identi-
cal karyotypes (2n = 82, NF = 98) with possible small differences in one

acrocentric pair. S. maima miyabei (2n = 82, NF = 100) show: trikiz

difference from S. malma in the NOR chromosome pair. S. confluentus (2n
78, NF = 102) resembled S. alpinus (2n = 78, NF = 98) in diploid number,
but differed substantially in arm number. All the we.tern Pacific Salve-

linus taxa examined as well as the Oncorhynchus masou used for comparison

had one pair of NOR chromosomes. Small differences were found in the NOR

chromosomes between S. leucomaenis andEs e Eluvius.

With respect to cranial morphology, S. confluentus, S. albus, S.

leucomaenis and S. namaycush share a decreased level of sexual dimorphism
and head modification in large breeding males. Extreme modification, which

may be plesiomorphic, was found in S. fontinalis, S. malma and S. 1. pluvius.
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ACADEMY OF SCIENCES OF USSR FAR-EASTERN SCIENTIFIC CENTER

INSTITUTE OF BIOLOGICAL
PROBLEMS OF THE NORTH

685010 Magadan K. Marx str. 24. USSR tel: 2-01-66

Dr.E.J.Crossman

Curator

Department of Ichthyology and Herpetology
Royal Ontario Museum

100 Queen's Park

Toronto,Ontario

Canada M58 2C6

June 24,1988

Dear Dr.Crossman:

Thank you very much for your very useful literature on the pike,
Esox lucius and for the information on tagging methods employed
in USA and Canada.l am very interested in the problem as my
colleagues and I study population biology of stone loach,salmon,
and whitefish living in North-East Asia.

I received your letters dated May 3 and May 27.As for Dallia,I
think,Dr.Andreev told inexactly my information for you.As I wrote
before,Dr.A.V.Balushkin has 10 specimens of the two species,D.
pectoralis and D.admirabilis,in Zoological Institute,leningrad.It
is quite possible,Dr.Balushkin will also pass you the information.
As far as I know,some workers of Zoological Institute (Dr.Dorofeeva,
Dr.Neelov) are going to Budapest in August,1988.I shall ask Dr.
Balushkin to make the information more exact wheather you can get
Dallia in alive form in Budapest.

This year my coworkers will bring D.pectoralis from the other
region of Chukotka (Achchen Lake) near Providenia Bay (Providence).
This material I could bring to you myself if I have opportunity to
come to Canada on an invitation.Dr.Andreev told me that you could
invite me.For that I must send necessary information.My work in
Canada may be as follows:

1.Reaearch work:study of systematics and relationships of fresh
water fishes in off-beringian territories (North-East Asia,Alaska,




Northern Canada);objects of study:stone loach,whitefish,grayling,
Esocidae,and some Cyprinidae.Study of morphological and ecological
regsearch methods of freshwater fishj;using of computers in ichthyo-
logical museums,

2.8upposed work:study of collectional material of some groups
and species,study of fresh material,if possible,and osteological
collections of grayling,stone loach,whitefish,and pike.

3.Places of vigitation:in Canada - Royal Ontario Museum,National
Museum of Natural Sciences ;any establishment where freshwater fish

tagging is caccied out.

4 .Meetings with colleagues:Dr.Don E.McAllister,Dr.R.J.Behnke,
Dr.C.C.Lindsey,Dr.Ted M.Cavender. ,

5.Arrive:any time convenient for you.As for me,I would like to

come in August-September, 1989,
6.5tay period:1,5-2 months.

If T succeded in coming I should be able to bring collection material
you and your colleagues are interested in.

I leave Magadan for field work on June 26 and in the late September
I shall be back.

I send you a holotype picture of the new genus and species of salmons
from the ancient El'gigitgin Lake (Central Chukotka).Il described it
in the article which will be published in "Voprosi Ichtiologii™"
(Ichthyology),I think,in 1989.Type material is housed in Zoological
Museum, Leningrad.

’4 Sincerely yours,

L///I A.Chereshnev







The morphological, ecological and evolution peculiarities
of charrs from the El'gigitgin lake (Central Chukotka)

Igor Chereshnev and Mikhail Skopets

Institute of Biological Problems of the North, Far East Branch
of the USSR Academy of Sciences, Magadan, USSR

The El'gigitgin lake is an ancient body of water (approx.
3,5 millon years) situated in a crater of meteorite origin in
the centre of the Chukot upland at the height of 495 m above
sea-level. The climate is severe, winds of meridional direction
are frequent, water temperature on the surface at the depth of
50 and more meters does not exceed +2-3°C,transparency reaches
40 m, mineralization is extremely low. That region has never
undergone influence of cover glaciation and sea transgressions,
so the lake meets the requirements of endemism and refugium.
Findings of ancient endemic diatomic algae in the lake as well
as new (probably also endemic) species and some water forms of
fishes and invertebrates are indicatibe of the fact.

Charr ichthyocenosis of the lake includes the large
charr-predator Salvelinus boganidae Berg, endemic benthopelagic
plankton-eating charr, lake smallmouth charr S. elgytious
Victorovsky et Glubokovsky (Victorovsky et al., 1981) as well
as the specialized benthic charr plankton-eating longfin charr
Svetovidovi which was found in 1985 and described as a new
genus and species of Salvethymus svetovidovi Chereshnev et
Skopets gen. et sp.nova.

The lake Boganid charr feeding the lake smallmouth and
longfin charrs inhabits benthic layers from the coast up to
the depth of 15-20 m but may do feed migration up to 100 m
depth. The species lives as long as 23 ! years, length is
1l m, mass - 10 kg (the model sample reaches 14 kg). The lake
Boganid charr grows more quickly then the other charrs in the
lake. 1Its fecundity is very high ( 12,000 eggs), the reprod-
uction takes place in autumn on shallows with gravel grounds.

The lake smallmouth charr inhabits in the day-time at the
depth of 80 m; in a fine weather night it goes up to the
surface and the coast following vertical 2ooplankton migration.
Age limit is 27 years, length 24 cm, mass — 114 g. .Fecundity
(550 eggs on the average) and fatness are the least among
charrs in the lake; spawning takes place in autumn in a brief
space of time (7-10 days) on shallows.

The Mlongfincharrfanhabitsiatibheldepthiicf 150=11058m: ¥atad
lifting up to the surface its seim bladder swells. Age limit
1SS0l vears foriisoptilengthif =@ 33 endimasst = 400Eg i ilecundity,
is low (650 eggs on the average) but fatness is the most
among the charrs. Evidently, spawning is all-the year-round.
Zooplankton is its only feeding.




Nature of morphological features in the lake Boganid and
lake smallmouth charrs does not exceed the limits of the
Salvelinus genus. On the contrary, the longfin charr possesses
obvious specialized and unique features that singles out it
of Salvelinus s.1l. In particular, it has maximum gill raker
number (44-63, 53 on the average) and minimum number of
predorsalia (9-11); strongly reduded orbitosphenoideum (more
frequently lacks) and basisphenoideum; there are no
supraorbitalia, some tabularia; pelvic axillary process is
reduced up to disappearing; usually there are no teeth on
vomer (seldom there are 1-2).; commissura coronalia is torn
anathe centre liat the same 'time, dn spite of zooplankton
nature of feeding the longfin charr has a small mouth,
protruded low mandible and strong fang-like teeth on jawbone,
lingual and palatine bones. That species has no breeding
colour. Supposed that the longfin charr is the most ancient
form close to charr ancestors remained in the lake since the
EemEia vt met

It is assumed to single out the charrs into a separate
tribe Salvelini with genera: Salvelinus Richardson 1836,
Bione Dekay 1842, Cristivomer Gill et Jordan 1878, Salvethymus
Chereshnev et Skopets 1989. Museum material is housed in
Zoological Institute, Leningrad.




SYNTHESIS OF INFORMATION

FOR A PHYLOGENETIC INTERPRETATION OF SALVELINUS
Robert J. Behnke

Colorado State University
BorxtEolihnsSiEColorade

Since my 1980 and 1984 papers on charr systematics, con-
siderable new information has been compiled, particularly from
the areas of karyology and biochemical genetics. In view of
the latest information, I have modified my former concepts of
relationships in the subgenus Salvelinus.

It is now apparent that organismal (morphological) and
molecular evolution may proceed at very different rates, parti-
cularly among sympatric populations selected for different
niches. Problems associated with a best interpretation of
available information concern decisions on primitive vs. de-
rived character states and convergent evolution. Ongoing
studies of mitochondrial and ribosomal DNA and chromosomal
banding, particularly of nuclear organizing regions, imply
that much greater resolution and refinement for phylogenetic
analysis will be possible.

Some controversial aspects of Salvelinus systematics,
such as species criteria, are not amenable to resolution by
quantification. A realm for qualitative speculation will
always remain for future symposia.




Some Notes on the Taxonomical Status of Salvelinus leucomaenis Complex

Found in Japan,

Seiro Kimura

Department of Fisheries, Faculty of Agriculture, Kyushu University 46-
04, Fukuoka, 812, Japan

For a phylogenetic analysis between Salvelinus leucomaenis

complex and S. malma complex, living samples of Salvelinus malma, S.

m. miyabei, S. leucomaenis, 5. 1. pluvius, S. 1. japonicus and ol

imbrius were collected from Hokkaido and Honshu Isls.. in their
spawning season. Meristic counts and sexual dimorphism including
nuptial color were compared with each other. Using fully mature
adults, inseminations were done artificially. Additionally, the charr
eggs were dug out from their spawning redds in the streams. These
eggs of each were hatched out in the tray and the specimens of alevin
and fry were preserved in 70 % ethanol.

It was very difficult to distinguish each species or subspecies

only by meristic characters, however, S. m. miyabei was characterized

by having more gi]l—ra%;;s than others. Also, S. 1. imbrius and et 0

2

japonicus, occurred %ﬁ’§outhwesrern Honshu, indicated tendencies to

have fewer vertebrae, gill-rakers, Jongitudinal scales and pyloric
caeca than other members of the same complex and S. malma complex.
Arrangement of the vomerine and pafg}iﬁe teeth in the roof of mouth
were visible like '"M"-shape in Japanese Salvelinus. In S. leucomaenis
complex, there were narrow spaces between head of vomer and pafﬁ?;;;?—_-
whereas such spaces scarcely found in S. malma complex. The latter
had basibranchial teeth.

Sexual dimorphism were observed mainly in shapes and length of
the head, jaws and snout. Males of S. malma complex showed significant
sexual characters comparing with those of the other, especially S, m.
miyabei had well developed kype. j

With respect to alevin and fry of the charrs, parr marks appeared
just after the yolk substances of them were completely consumed in S.
Jeucomaenis complex, but at earlier stage in S. malma complex as were

seen in Hucho, Salmo and most of Oncorhynchus in Japan.

s




CYTOGENETIC AND MORPHOLOGICAL COMPARISONS BETWEEN EASTERN AND WESTERN
PACIFIC SALVELINUS

Ted M. Cavender and Seir@ Kimura

Department of Zoology, The Ohio State University, Columbus, OH, U.S.A.
43210 and Department of Fisheries, Faculty of Agriculture, Kyushu Uni-

versity 46-04, Fukuoka, Sl%AgAPAN
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Character sets for use in a phylogenetic analysis of Pacific Basin
Salvelinus were obtained from two sources: gross chromosome morphology

with six species analyzed (S. alpinus, S. confluentus, S. fontimalis, S.

leucomaenis, S. malma and S. namaycush) and cranial morphology of spawn-
ing males with eight species analyzed (the six listed above plus S. albus
and S. kronocius). In addition NOR chromosomes were examined in Japanese

Salvelinus (S. malma, S. m. miyabei, S. leucomaenis, S. 1. pluvius and

S. 1. imbrius) in order to help resolve taxonomic problems within this
group. Published photographs of metaphase chromosomes were used for S.

albus and S. kronocius.

S. leucomaenis from Hokkaido and S. 1. pluvius and S. 1. imbrius
from Honshu had plesiomorphic %aryotypes (2n = 84, NF % 100) also seen in
the North American S. fontinalis and S. namaycush. However, the two
groups differ considerably'in their NOR chromosomes. S. malma from Hokkaido
and S. malma from the eastern Pacific margin (Washington) had nearly.identi-
calrkaryotypes (2n = 82, NF = 98) with possible small differences in one

acrocentric pair. §. malma miyabei (2n = 82, NF = 100) showed a striking

difference from S. malma in the NOR chromosome pair. §S. confluentus (2n =

78, NF = 102) resembled S. alpinus (2n = 78, NF = 98) in diploid number,

but differed substantially in arm number. All the we(ggin Pacific Salve-

linus taxa examined as well as the Oncorhynchus masou used for comparison

had one pair of NOR chromosomes. Small differences were found in the NOR

chromosomes between S. leucomaenis and S. 1. pluvius.

With respect to cranial morphology, S. confluentus, S. albus, S.

leucomaenis and S. namaycush share a decreased level of sexual dimorphism
and head modification in large breeding males. Extreme modification, which

may be plesiomorphic, was found in S. fontinalis, S. malma and S. 1. pluvius.




COLOR VARIATION OF SPOTS IN SALVELINUS LEUCOMAENIS

IN NORTHERN HONSHU, JAPAN
Kazuya Nagasawa

Hokkaido Fisheries Experimental Station,
Yoichi, Hokkaido 046, Japan

The variation in color of spots was examined using a
standard color system for white-spotted charr, Salvelinus
leucomaenis, from several streams of Aomori Prefecture,
northern Honshu, where this species is generally believed to
have no colored spots on sides. Spots were mostly white,
but were often colored orange, light orange, dull orange,
pale orange, pale yellow orange, pink, yellowish white,
dull yellow, or light reddish yellow. Colored spots occurred
between parr marks when they existed in small numbers, but
were scattered on sides, chiefly below the lateral line,
with an increase in number. Although there was no apparent
seasonal variation in color, males during the spawning
season had more densely colored spots than those in other
seasons dis. No colored spots were found in O-group charr.
A marked difference in percent occurrence of charrs with
colored spots was also noted between streams.







. 100 Queen’s Park
Royal Ontario Toronto, Ontario

Museum Canada M5S 2C6
Cables: ROMA Toronto

586-5759

02 September 1988

Dr. R. Behnke

Dept. of Fish & Wildlife
Colorado State University
Ft. Collins, Colorado
80523

Dear Dr. Behnke:

Please see the attached correspondence from and to Dr. Chereshnev in
Magadan.

I have been corresponding with him in regard to a joint activity - to
test the validity of, or genetic difference between, Dallia pectoralis, D.
admirabilis Chereshnev, and D. delicatissima Smitt.

The Dr. Andreev mentioned is an ornithologist from Magadan who visited
ROM and conveyed, in a cryptic way, Dr. Chereshnev's wish to visit. My
instructions to Dr. Andreev included the requirement that Chereshnev inform
me at the outset regarding his ability to pay some portion of the costs.
This was either not conveyed to Chereshnev, or was ignored by him.

My comments concerning Cas Lindsey's response were editorialized.
There is bad blood between Cas & Chereshnev and Cas wants nothing to do
with him. Chereshnev apparently offered things at a meeting of the Pacific
Science Congress in Kabarovsk several years ago. Cas supplied his side of
the exchange but Chereshnev apparently never followed through. Cas does
not want to host Chereshnev in Vancouver, and, I think will be aggravated
with me if Wilimovsky does as a result of my statement to Chereshnev. I
have not written Wilimovsky as he was not one of those named by Chereshnev.

I'm not sure how much money, if any, I might be able to find. ROM is
tightly strapped and my research grants are small. As you see from my
letter I hope not to be here at his most favoured time. In fact, I hope to
be in northeast China in the Heilung Jiang (= Amur) River system studying
Esox reicherti. I have tried for years through Chereshnev and others in
Che “HSEY.R. to ‘get there 'via ‘the U 5.5.R. It 1s as. if I had neyver
mentioned the idea. Private anglers get there from the D.D.R. in order to
angle for the same species.




Dr. Behnke 02 September 1988

I spoke to East Block scientists about Chereshnev's new char (see fig.
attached). No critical comments were made but the elevation of eyebrows
spoke volumes. Chereshnev did not send me a prepublication copy of the ms.
It would have been in Russian anyway.

Sincerely,

-.,/
Dt BESE I R CrosSman

Curator
Department of Ichthyology & Herpetology

EdC/cr




: 100 Queen’s Park
Royal Ontario Toronto, Ontario

Museum Canada M5S 2C6
Cables: ROMA Toronto

01 September 1988

Dr. I. A. Chereshnev

Institute of Biological
Problems of North Far
East Science Centre

Academy of Sciences of
the U.S.S.R.

24 Karl Marx Street

685000 Magadan

LIS S TR

Dear Dr. Chereshnev:

I have returned from Budapest after receiving from Dr. Dorofeyeva the
sad news that the Dallia had died in Leningrad. It was tragic since I had
received a letter from Dr. Balushkin immediately before leaving for
Budapest and that letter indicated that several of each species were still
alive then. I wrote immediately to Balushkin saying I hoped all those that
had died had been fixed in formalin since they would serve morphological
and reference purposes here.

Obviously the better way for the next Tlot will be for them to be
transferred by air to Canada immediately after their arrival in Leningrad.
The Leningrad stop need be only long enough to recharge the bags with clean
water and new oxygen.

We are suffering from the problem of language in our communications
through a third person. What I said to Dr. Andreev concerning your visit
to North America was that I would investigate possibilities after I had
received details of what you intended to accomplish, and the degree to
which you would be able to pay your expenses. I took the opportunity to
speak to Dr. Lindsey on your behalf in Budapest. He is now retired from
the University of British Columbia and did not seem to feel he was able to
promote your visit to the University of B.C. You could write to Dr. Norman
Wilimovsky, Department of Zoology, University of British Columbia, 2075
Wesbrook Mall, Vancouver, British Columbia, Canada, V6T 1W5. Dr.
Wilimovsky, I believe, is more intimately connected with the reference
collection of fishes than is Dr. Lindsey. Dr. Alex Peden of the Royal
British Columbia Museum, Parliament Buildings, Victoria, British Columbia,
Canada V8V 1X4 is the appropriate curator for the other large systematic
collection, and centre of activity, in B.C.




Dr. Chereshnev 01 Septenber 3C8R

Br. Behnke's eccress iniCularsdt enc Dr. Cevender' s itc Ohic you fitis.
Rpcy T e W R i T T e 1 Send At L S Ineee yiBh e divay s fren
Magadan I will write and tell Drs. Cavender, Behnke, and McAllister of your

interest in coming.

When I write them I shall have to suggest that I know nothing of your
financial situation for this trip. Am I to assume from your use of the
word "invitation" that you are expecting your expenses to be paid by your
hosts? If that is true your major host will have to be one of the U.S.
agencies with Canadian agencies possibly paying for your travel from a U.S.
city to a Canadian city. This museum is for the next three years in the
most rigorous financial constraints of my experience.

With the five institutions in the U.S. and Canada you mention you will
not be long in any one, so accommodation costs might be reduced by some
means.

You will hear more from me later, or independently from the other
scientists, in regard to your opportunity to come.

In regard to your chosen timing, I hope not to be here in August 1989.
If everything works out I shall be in China collecting and studying Chinese
fishes.

Thank you for the information on the new char named for Dr.
Svetovidov.

Do you, by any chance, have an English language version of the
Balushkin - Chereshnev paper in the 1982 (Vol. 114) issue of Proc. Zool.
Inst. Acad. Sci. U.S.S.R.? Since that paper was not in Voprosy Iktiologica
I have never seen an English language version. I had always considered the
1980 joint paper as the original description of D. admirabilis. I have an
English copy of that’ (0.  Ichth <20({6}225=-30% 1980) with its unfortunate
spelling error in the name. I always wondered why you refer to the new
species with a single authority when the new species appeared in a co-
authored paper.

Sincerely,

pr'. Ei 9. Crossman
Curator
Department of Ichthyology & Herpetology

EJC/cr

cc: 0r. Balushkin
loological Institute, Leningrad
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100 Queen’s Park

Toronto, Ontario
Canada M5S 2C6

Dr. R. Behnke

Dept. of Fish & Wildlife
Colorado State University
Ft. Collins, Colorado
80523
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Notice to Participants

Enclosed is a tentative program of the International
Symposium on charr and Masu Salmon to be held at Sapporo,
October 3-10, 1988 We are making the final program of the
Symposium. Because so many papers will' be presented at ‘the
Symposium, it is difficult to arrange the program with 30
minute presentations including 10-minute discussion, as was
originally planned. Instead, each speaker will be scheduled for
a 20 minute presentation, including a dicussion period. After
each section 20-30 minutes will be devoted to general discussion.

In reviewing this tentative program each participant may
confirm the title of the presentation, correct any mistake, and
send us any comments on the program. The deadline for this
confirmation is August 25, 1988% ' The! FAX number of the
Organizing Committee at the Faculty of Fisheries, Hokkaido
University, ‘"Hakodate ds' 81-138-43-5015;

Manuseript

As all participants know we intend to publish the proceedings
as a sigle hard covered volume as soon as possible after the
completion of the Syposium. Itis hoped that a copy of ‘the
manuscript of the paper presented at the Symposium be forwarded
to the following member of Editorial Committee.

Dr. Koji Maekawa

Dept. of Anatomy

School of Dentistry
Hokkaido University

N 43, Wil7, Sapporo. 060
Japan

All accepted papers will be refereed prior to acceptance for
the published proceedings. We ask yon toinot fail te bring a
copy of your manuscript with you at your presentation.
Manuscripts must be type written in clearly legible type on one
side of each page, double spaced on typewritten papers (A 4).
Ms should not exceed 30 typewritten pages fincludingi ¥ Tabileland
Figures. Papers should be written in English.

The manuscript should be presented in the following order:
title, Author's name(s), institution with adress,abstract,
text ending acknowledgement(s) in a separate paragraph, and
literature cited. Citations of literature should have author (s) ,
year, title, name of Journal, volume,and inclusive pages,
arranged alphabetically and chyonologicallv. In 'the téxt,; the
references should be cited by name and year,

Hotel Accomodation

Twin-bed rooms have been reserved for all participants and
accompanying persons from abroad at Hotel KKR Sapporo.




Faculty of Fisheries
Hokkaido University
Hakodate 041, JAPAN

April 18, 1988

Dr. R. Behnke

Dept. Fish and Wildlife
Colorado State University,
FortiCollins, Co ‘80525,
UiS.A.

Dear Dr. Behnke:

It is our pleasure to invite you to the International
Symposium on Charr and Masu Salmon to be held at Sapporo,
Japan. About a hundred scientists and specialists on charr
and masu salmon have shown their interest in attending the
Symposium.

It is also our pleasure to be able to offer you free
accomodation and 400 US dollars as a part of your expenses
during the Symposium for your services as a chairman.
Enclosed is a tentative program which will be rearranged
when all participants are decided.

We greatly hope that you will honor us by accepting this
invitation and share the knowledge of your speciality. Your
presence at the Symposium will add greatly to its success.
Please let us know your plan and send us booking forms and
abstract of your presentation.




Dr. R. Behnke

Thank you very much for your consideration, and looking

forward to seeing you at Sapporo.

Sincerely yours,

Qé?[//VZL(? éyézifung*/%fC/
Fumio Yamazaki
Professor,

Secretary General
Organizing Committee
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SYNTHESIS OF INFORMATION

FOR A PHYLOGENETIC INTERPRETATION OF SALVELINUS

Robert J. Behnke
€olorado State University
Fort Collins, Colorado

Since my 1980 and 1984 papers on charr systematics, considerable new
information has been compiled, particularly from the areas of karyology
and biochemical genetics. In view of the latest information, I have
modified my former concepts of relationships in the subgenus Salvelinus.

It is now apparent that organismal (morphological) and molecular
evolution may proceed at very different rates, particularly among
sympatric populations selected for different niches. Problems associated
with a best interpretation of available information concern decisions on

primitive vs. derived character states and convergent evolution. Ongoing
studies of mitochondrial and ribosomal DNA and chromosomal banding,
particularly of nuclear organizing regions, imply that much greater
resolution and refinement for phylogenetic analysis will be possible.

Some controversial aspects of Salvelinus systematics, such as species
criteria, are not amenable to resolution by quantification. A realm for
gualitative speculation will always remain for future symposia.
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meters.
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Promenade Sapporo

A. Pioneer Route (2.8 km, 40 min.)
Gingyo Ave. Old Hokkaido
Government Bldg. Botanical Gardens
——Acasia Ave.——Clock Tower
Ekimae-dori Ave.

B. Culture Route (4.1 km, Lhr. 20 min.)
Odori Park (TV Tower) City Documents
Hall Education & Cultural Hall . : 2 i
Hokkaido Museum of Modern Art o | : Garland Hote
Hokkaido Migishi Kotaro Museum of Art !

Mini Odori Park—— Odori Park

Emergency

Dial 110 for police; 119 for fire and ambu-
lance.

Offices

City Hall (N1 W2, Tel. 211-2032)
Immigration Office (Odori W12,
Tel. 261-9211)

Hokkaido Government (N2 W5,
Tel. 231-4111)

Lost Property

Train (General Information Office at Sapporo
Station Tel. 222-7111)

Municipal bus, streetcar, subway (Transporta-
tion Bureau at Odori, W5 Tel. 241-2938)
Taxi (Sapporo Taxi Association at S8 W15,

Tel. 561-1171)




The time required between the stations(min)

Welcom to Sapporo Regend 9 0tar

wem National Railways 35)? ‘g)” CITY
I(\llgjéig;;))ku Line Subway = TRANSPORTATION

AL b ! v Shin-Kotoni There are 3 public transportation modes in

TQ}Z@L Line Subway 1 (D), Sapporo - subway, buses, and streetcars, in
; L ’ o : .

CRPaHER) ’ QAsabu ad'dmon to Japanese National Railway lines and

SEesten e RZE private buses. Th? combin}ed use is an efficient
(I’JA?E) i way to see the main places in Sapporo.

Discount Fares

Tourist Information City Sightseeing Bus Tours

City Hall 2F (N1 W2): 9:00 - 17:00, (As of September, 1985) FLIRER S 2% — 340 i / OK}i(ta-ianjuyo-jo - HinenRone Doy ithe:
Sat. 9:00 - 13:00 Closed Sun & N.H. Chuo Bus Terminal | d£345%
Tourism Department, City of Sapporo, Municipal Bus (Bus leaves and returns to SAP- LSRR —IF _ There is one-day open ticket for your quick
Tel 211-2376 PORO BUS TERMINAL near JNR Sapporo M . city ﬂﬁhtseemg. With the ticket at 700 yen you
: e . ] S Ot 3 ! can take any subway, municipal bus, and street-

Sapporo Tourist Association, Tel 211-3341 Station.) ,Hmmpdl Bus Center Koto 2 2
4pp ¢ Tel. 221-8875 e SR X — \ 52 Ll O Kita-nijuyo-jo car. Tickets are available from the following

5 . S : ffi
Hokkaido Tourist Association (N1 W2, Keizai : . db245% ¥ chjil Sapporo Station Under dC
groun: ommut-

Center Bldg. Tel 271-0941) A. 4/28 - 11/3 3.5 hrs. 9:00 13:10 *14:30 K()t(?ﬂi er’s Ticket Office

9:00 - 17:00, Sat. 9:00 - 12:30, (7/25 - 8/20) 2,680 yen () 1 | : 9:00-18:00

Closed Sun & N.H. Okurayama Ski Jump - Mt. Moiwa - Hitsuji- ‘ O Kita-juhachi-jo Ticf::’gff_ Station  Underground - Commuter’s

. % 73 ice

J.N.R. Sapporo Station gaoka Observation Hill U Je18% 9:00 - 18:00 (Closed Sun. & N.H.)

(1F) Tourism Center (Ryoko Center), . 4/28 - 10/20 3 hrs. 15 min. 8:40 13:55 7 Bus Information Center : Bus-Center, Maru-
Tel 222-6133, 10:00 - 18:00 *10:00 (7/25 - 8/20) 3,000 yen Nijuyonken yama-koen etc. 10:00 - 18:00

(1F) Nikkanren Information Center Hitsujigaoka Observation Hill - Mt. Moiwa - 2451 Hint 2  Transfer Discount Fares

Tel 241-1009 T.V.Tower Miyanomori s Q Kita-juni-jo

(Jul. - Sep. 8:30 - 22:00, Others 9:00 - 21:00) . 6/1 - 10/20 3 hrs. 50 min. 8:50 13:45 ’Sam";J“tCh"me (3-10) [ Kita heohifo: from subway to municipal bus or streetcar,

(closed on Sat., Sun. & National Holidays) [ : A iealn v et bl b
(B1F) Tourist Information Center, 1,960 yen ) Higashi-NaNa-chome S J opporo

Tel 251-0828, Jul. Aug. 8:30 - 18:00, Others Sapporo Beer Breweries - Yuki-jirushi Dairy Okurayama- Mysetim of Rt o LI . (N8E7)  Kita-Rokujo

9:00 - 17:00 Co. - Okurayama Ski Jump Ski Jump / I\J}AS 1-nyju atchome 010 ‘Beét -Higashi-Jukyu 1. Subway tickets are available at the green

i 928 T H Y ‘ / -chome (N6E19) vending machines. When transferring from

Jozankei Tourist Association .6/1-10/15 7.5 hrs. 9:30 (closed on Mon. and \ k . i i subway to bus or streetcar, use the yellow

Tel 598-2012  9:00- 17:00 2nd & 3rd Wed.) J Nishi P11 | 1 now Brand Factry | vending machines. The ticket can be continuous-
Okurayama Ski Jump - Mt. Moiwa - Hitsuji- o . -juitchome £/ . Naebo ; ly used for bus or streetcar.

Japan Travel Bureau (N3 W4, Tel 241-6201), gaoka Observation Hill - Sun Piazza Aquarium {

Special fares are applied for transit passéngers

2. When transferring from bus or streetcar, please

9:30- 17:30, Closed Sun. & N.H. -Historical Village of Hokkaido \ - Pk - y Odori @ [ . remember to reclaim your ticket before.gening

off.

. 7/15- 8/20 3 hrs. 18:00 2,710 yen (includ- Mi”v ; iy : AT e Bus-centeramae
i A v_{yanomorl g ’ AR e
Airlines Mt. Moiwa ’ Nijo Juroku-chome / s qu’?u\mu
Japan Air Lines (JAL) (Domestic) Tel. 231-0231 k : (2-16) > f 275

N2W4  (International) 231-4411 . 11/4 - 12/19, 4/1 - 4/27 45 hrs. 10:30 2,710
yen (including meal) :
All Nippon Airways (ANA) N4 W4 231-5131 Maruyama Zoo - Miyanomori Garden - Okura- « . Q a \dnmd koem
yama Ski Jump - Salmon Museum R : A i '; =%
| b . opeway-iriguchi
. 20 - 45 hy 00 *11: 215 i 3 o ;
Toa Domestic Airlines (TDA) N2 W4 251-4231 : 12,‘20 h333\ 4.5 hrs. |OF,{)() ’ ]\l U\O (27520 MA Miyanomori p—— ’71'—/\‘1;]( HUI ')hlld bashi
Nippon Kinkyori Airlines (NKA) 781-3611 3‘”—13115 iapruﬂi(:w:::i)a\zi)bm i Ski Jump AR “f m \ . Asabujfecs
ippon Ki ri Airli - 54 B C ; me S ] ; ot - ‘
Mt. Moiwa - Salmon Museum - Hitsujigaoka Mt. Moiwa ,' o (ll;clm()l\‘hlllh L{»lfﬁﬁéﬂ Sapporo . ,
Rent-a-car (main downtown offices) Observation Hill - Nakajima Park (Winter A < 5)”) - i - min-
Sports Museum o) opeway ragis I
: Chairlift { Tz VShum\hl
quuto Bu§ (Bus leaves drﬂd returns to ZENNI- | ) 'zrl i Kotoni Odori  Shin-Sapporo
KKU HOTEL.) Tel. 737-4661 Shiroishi , 2 Kil)  HEolEs
HA L 16

19
Nissan W4, Tel. 747-2341

Nippon W3, Tel. 746-7645
Sapporo Station W4, Tel. 241-0931
Toyota E2, Tel, 281-0100 All year (closed Dec. 30 through Jan. 5) 3 hrs. .

Toyota W10, Tel. 521-0100  18:00 4,800 yen (including meal) OReien-mae | ‘ : e I
Ryowa S10 W10, Tel. 521-1311 Sapporo Beer Garden - Cabaret ‘Mikado’ 5 [ il ‘i’w | Makomanai FL5] %)

Nango-nana-chome
I 9EE7 ]

Ol | SIDE SAPPORO Sh in Koe "H‘”f
2 AW 44\* AlE
/ - ) 4 My O Sumikawa X /f\ d B to Asahi cawa

Chuo Bus (Bus | d Cliohus  ndvmemel) el - s
o Bus (Bu Ieaves and feturns o Shakotan Seashore - Nikka Whisky Co. - S A Nango-j8san-chome ~ ;
SAPPORO TERMINAL, etc.) Tel. 251-8141 Ty Roven SR ' 1 G %1 S *\l‘ﬂfbetw Soded T
*Time varies. Please check in advance. Makomanai Park  SnowgFestival Makomanai Site. e % Merir;t:;;
A , _ Niseko Shakotan (6/9 - 10/27) 3 hes 8:00 : Living Museum of _the g 1 v d & Tower
A. Lake Shikotsu (4/28 - 10/10) 6 hrs. 45 min. 4,900 yen (including meal) p Toyohiral Salmon = O JI%‘lIZi'l'.Ivﬂzl(‘ iy \ 5 Shinrin-koen :
8:50 3,800 yen (inclufjing meal) Nakayama Pass - Niseko - Shakotan Seashore - to J"{Zﬂ!lkf‘l Spa A kK i > ~\,f‘v}}g(’,‘ﬂ_ﬂ}a“h"nw Sun Piaz/% Aquarium o Histrical
Hitsujigaoka Observation Hill - Lake Okotan- Nikka Whisky Co. - Tensuyama Ropeway R R %m y & I(J'%Mb ' y 1T Shm Sapporo S Musenm
pe - Lake Shikotsu - Chitose Airport Kyogijd-mae b Hiiujizacka Science @enter 2 ) -
— 5 Z K &
J.T.B. (Bus leaves and returns to GRAND HO- ( WR95-98 MO Makomanai . ; Kaitaku-no-mura
1- 7 hrs, 10:00 3,150 yen #9598 1O Makomanai Observation Hill ' ¢ < I
. 8§i§3d§1é2mea?>/29) . e L FUBHA T, RRYA Oyachi  Hibarigaoka % il
Kitaichi Glass Shop - Tenguyama Ropeway - | ghikotsu, L. Toya, Noboribetsu Spa (6/10 - ot e o thtf)se.Allport
Otaru Aquarium - Hokkaido Railway Museum 10/10) 8:00 7,800 yen (including meal)
. Nakayama Pass - Lake Toya - Mt. Showa Shinzan
C. Otaru (7/7- 9/29) 4 hrs. 10 min. 17:15 - Orofure Pass - Noboribetsu Spa - Shiraoi - Lake
2,950 yen (including meal) Shikotsu - Chitose Airport
Glass Studio - Tenguyama Ropeway * Please check for other bus tours.




1998, Bcecow3lnee gty
TOALRITT W

s

|
£
i
£
i

A SV i SR

A

N oCoCeBUARbM CRIFAM 1T

MOP®OIOTUA TOJHIOB JPEBHETO O3EPA JETH: JTTHH
(LIEHTPATEHAS IYKOTKA)

H.A.YepemHen, M.B.Cxomer

NHCTHTYT mmmqecmx npod:xem CeBepa IIB0 AH CCCP.
Mara,nan

036p0 JIBTHTHITHH DACNOJOREHO B LEHTP® UYKOTCKOTO HATODEA
Ha BHCOTe 495 M Han Y.M. B JpeBHeM (OKOJO 3,5 MIH.ZeT) KpaTeps
METEOPUTHOTO UPOMCXOXNEHUA. 036P0 NOYTH KPYTJIOe, IHAMETDOM
I2 kM, ero HawOOJBmAA IIyCwmHa I79 M, CpemHad - Gozee T00 M,
MeJIROBOIHAA YaCTh HeCOoJsmad. PaitoH 03epa He Oux 3aTPOHYT
BReitcTOEHOBHMA OJNIGNEHeHNAMA . KJWMAT O4YeH® CYpOBHH, 9acTH
CUNBHHE BETPH MEDWTHOHANBHOTO HANDABNGHUA. [[@PHON OTKDHTOR Bo-~
o 2-3 Mecmxa. TemnepaTypa BOIH H& NOBEPXHOCTH JETOM He npeau-
gaer 6-7° Ha TIyGuHe 1(5 M B ¥HE Temueparypa. OHiae paBHa 29 '
®a 50 M B aBrycre 2,5°; IpO3pavHOCTh 35 M; MUHEDaIM3AalmA OYBHp
HEe3HauUTeNBHAaNA .

Paree Gwi0 OGHapyXeHO OCMTaHMe B 03epe GOTaHmACKOMR mamm
8alvelinus boganidae Berg H ONMMC8H HOBHY IUIA HAyKM PHIEMAY~
Ml TONen - MaIopoTan mamA S.elgyticus Viktorovsky et Glubo-
kovsky (BukTOpOBCKMHt ¥ Mp., I98I). Havm B 1985 I'. B O3epe
HOOHT emé OZMH Bechva CBOeOGpasHwit TIyCOKOBOJHHY ToOJem, He-
COMHEHHO SHIEMAYHH! ¥ 3aciyRwBanuMit BHIEJEHAS B 0COGHHA TAKCOH.
MopdosIorniecKkue OCOGEHHOCTH TOJNBLOB J36pa CJELVOIME:

I. Loramtrexs:. nema.p ITT-Y 8-12, A III- ¥7-9, P T
I2-14,V II 8(9); r.br. (cxesa) 10-12(I3); “sp.br. 25-31 (Cpen-
Hee 27,5), W3 HMX He HwmHel uacTH xaepHolt myrm I15-I9(I6,4),

Ha Bepxueft 10-I3(I1I,2), Kpaitne Oyroprommmie; Pc 42-69(5I,2);
vert.  62-67(64,6), M3 HAX TYMOBMNHHX 33-37(35,5), XBOCTORHX
27-31(29,2); 1.1 II7-134(125.9); maven mmme L.l I6-49(31,0)
PHJIO O46HD JUMHHOE, TOJOBA KDYNHAA, TEJO BarbKoBaTOe +XBOCTOBAR
cTedens HR3KMA. KpOK ¥ BNEMhA Ha KOHIEX 4YeswcTelt 3aMeTHH Jmmb
¥ SpeJX CaMmUOB; WeJINCTH PaBHO! IJMHH RIY BEDXHAR UyTh IIIH-
Hee; aepma—ﬁeggg'max KOCTH CUJIBHO K3OTHYTA BHIOYKIOCTHD KBEp-
Xy. XBOCTOBO# NuaBHMK BweMmuaTult, y HeSommmx PHO ero JonacTi
380CTPEHH, ¥ KDYNHHX — OKDYTJINE. CepedpncTas OKpacka Teja OT-
CYTCTByeT; CImiHa M COKa Tesa cepwe, Opmxo 6enoe. Ha Tene KXpyn-
HHNE (BCe Oomue 3pauka, HeKOTOpHe-Ira3a), HempaBwibHol $Hopmu

¥ OKDYTMIHe GeJNe Wni PO0BHE HATHA. POTOBAS MONOCTH OGO de-

. diad, MHOTTA C CEPHM KANGTOM. 10 KPEN Jyue# XBOCTOBOLO IUIaBHERA

IMPORAA KOpHUHeBaA (¥ HO3pesx) Win rpackas (y Hepactywux)

. kalima, Bpaumuit Hepan OCOCeHHO ADXMA y KPYNEK:X cammion.

2. Mamoporas mexws. p ITI-Y7-10, ATII-Y 69, r YT 1I-14
v I 79 r.br, cresa 9-13(I1,5), cupasa 1,-14(I1,4); Ap.br.
44-53(47,1), w8 mEx H@GOX 26-33(29,I), Bervimy 16-20(i7,9),
THIAHKE TOHKHS, WIMHHNO, OYTODROEAWIHX HOT; PO 25-46(33,1)3
vert. . 59-64(62,0), Tymommmmx 3I-35(37 7), XBOSTOZUX 27-3T
(29,2)% L.1' I05-125(116,5); maTen ruke 1.3 8-33(17.1).
Puio 380CTDEHHOY, TVE3a OYeHD CONBUME, I'GJI0BA MANSHBLEAA, Taun
nporoxmc'roe. BaJIBXOBATO8. YeswCTH panHoll JmmHN miys 3epxuan
WTEH BW BTCA, KDOKE ¥ JHOMKH HA HAX HeT; BepXHeYIMOTHAS
/ROCTH NDAMAA, HE SaXOIWT 88 CePeIUHY IXA%a. XBocTo. )it naanmur
CHNEHG BueMyaTHE o OCTPUMI KOHLEMA. [MI&BATENBHHI Iy3uph ﬂpKC

» paaoauit.  UeuUyR Jerxo cusyeeT. OOH TeNa W NIABHUKOB cepuit,.
‘- BpeaHX pHO NOYTE YepHHH ¢ MeTALIMYSCHKUM OTJMBOM, [[ATHA Ha waa

ORPYIVIH® ¥ HEIDSBAMEHOR §opMH, Besmwunoll Goxsue gpauxa, MeJITHe
WIR OPEHEEBH@ - TAakOr0 X9 IB6T& KOKIH HADHNX N AHENBHOIV IUian-
HUKOB; HEDYAHHO Jy9M CODOUENX M AHANBHOIO ONABHNKOB Geuue. Fo-
TOBaA NOKOCTH CeJIaf C MAIXAMM YOPHHMN KPANUHEN.i. BPAUHLG HZMe-
nam B NPONOPIEAX TeN& B OKPACKe OTCYTOTBYWT.

3. TuyGokopomuuit rosen. » ITI-V 7-9, A TII-T% 7-9, ¢ T
12-14, v II 7-9, r.br. cnesa 9-12(10,2), cnpasa 8-I1(9, 4).

. 8P.br. 44-63(54,I), wwxx 27-36(32,3), aepxmx I7-27(21,8).
. PHYAHKR TOHRW®, 0Y8HD WIMAHNE. GYTODKOBHNMUX HET; PO 50-70

(57,8); vert. 55-58(56,3), TymoPummux 28-3[ (28, 9). XBOOTORIX
26-29(27,4)iL.1  I05-II9(III,I); mwrrer Huxe L.l 53-90(73,04%
Pun0 Oueus uopome. CMNENO Iopdaroe, ru3a GONBUNO; Telv M-

o COR08, ' YIIOmEHHO® ¢ BOKOB. KpoKa ®m BueMKE HA YeamoTaX Har,

ma:m YQMDCTE BHISATCH BUEDYN, OCOCUHNO CIHHO Y 3peNEX Cam-
« [IPONYEINCTHHG KOCTH JIEXAT BNEpeId puria; BEPXHOYETINC TH a5
mcn IpAMAST, WMPOKAS, OOHTHO NOCTEIOET OOPONEHH IV2dn (Y
XPYMEEX -~ SBIHErC Rpad rrasa). Ha Se0CTMX, ASHUEON ¥ HeOaoil
KOCTAX MOMNH®. KINKOBHIHUE Syud; H& COMHERe 3YyGOB OOUTHC KoY,

PALKO OuBBeT -2 MereMsxmx 3yda. Mg HNS I HONApHEE MIABHTKH

OYeHD IMHENG (y CaMuOB ODMICING %BXOIAT 38 I~5 AveI SHEnEHOro);
XBOCTOBO) mupora#t, ¢ Oxpyr.mMA Jonactsum. Inmpa 1 TyaonaTe
CBEPXY M C COKOB TEMRO-CODHO WX epHNe (3pomue DEON) ¢ Cpon-
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N-banding karyotypes of 3 species in the genus Salvelinus (Japanese char; S. leucomae-
nis, dolly varden; S. malma malma, Miyabe’s char; S. m. miyabei, brook trout; S. fontina-
lis) were described in comparison with routine Giemsa karyotypes. Both of S. leucomacnis
and S. malma had two chromosomes with intense N-bands. The long arms of the chromo-
somes with intense N-bands in S. leucomaenis from the Tone River were longer than those
from the Miya River. In S. m. miyabei, the short arms of the chromosomes with intense
N-bands had two forms (long and small), and the difference in the appearance of intense N-
bands of them was enormous. In S. fontinalis, the intense N-bands were observed in four

pairs of the chromosomes, but each cell had the different number of chromosomes with in-

tense N-bands.

oAk, EAERERS XU RETORRBICX > T, TOFMBYLAICINL
5L LTWD. CHRIBALICET 251581 N-vv FEic X DEERINICHDT 2L THER
LT3, Refaikic 1) 2 EHEREEAIZ, Goodpasture and Bloom (1975)" iz X 5 fiifi TH
B ORI EEORT IR, MAEEPLCEZ OB THESN S LD ICL >, WL
SREENLART 2 ETOTE v~ —& LTEE &, Yosida (1979)? (3 Rattus 1D
BAMLICE R DML TE S BT 3 C & &BIVTV Do STV TH ML L OBIE
ZhDcEEENARMSES TS (Kligerman and Bloom 19779, Howell and Black
1979%, Kornifield et al., 19799, Ojima and Yamano 1980%, Foresti ¢t al., 19817, Uwa
and Ojima 1981®, Uwa and Iwata 1981%, Uwa et al., 1981', 1982V, 19832, Gold 1984'®,
Kitayama and Ojima 1984'%, Takai and Ojima 1984'®, Ueda et al. 1985'%), + 4 Fi i
Tl 7 <R Oncorhynchus masou Q&M H 510F X130, BHKHON-/xv F DL R
s Ttsd (Ueda et al. 1985)'%,

KAETRYIRA v FIB 3T, 47 F Salvelinus leucomacmis, # ¥ awa= S malma
malma, %Y ~<47+ S. m. miyabei BZXVOH T <R S fontinalis OWHF » Y5 K
O N-svv Fiffaic X 282 HERE L, MEEFNITEE LTS

* The Nucleolus Organizer Regions in the Chromosomes of Three Species in the Genus
Salvelinus (Salmonidae).
**  Takayoshi Ueda
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