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STUDIES ON THE VARIABILITY OF THE LAND-LOCKED MIYABE CHAR,
SALVELINUS MALM  A MIYABOshima

I. DEVELOPMENT AND EARLY LIFE HISTORY

Koji Maekawa, Department o f Oral Anatomy, Faculty o f Dental Medicine, Hokkaido University, 
Sapporo 060

Synopsis
Maekawa, Koji (Dep. Oral Anat., Fac. Dent. Med., Hokkaido Univ., Sapporo). 1977. Studies 

on the variability of the Land-locked miyabe char, Salvelinus malma miyabei Oshima. I. Develop­
ment and early life history. Jap. J. Ecol., 27: 91-102.

The early life history of the land-locked miyabe char, Salvelinus malma miyabei Oshima, 
was investigated in an inlet stream of Lake Shikaribetsu in central Hokkaido from 1971 to 1974. 
The ontogenetic process of this species was divided into seven developmental stages according to 
the ETAP theory of Vasnetzov. A relatively high proportion of drifting terrestrial insects was 
found in the food of all developmental stages except the alevin in every season of the year. Two 
developmental stages were found among juvenile fish which migrated into the lake. One stage 
consisted of smolt and/or presmolt-like fish which were 2 years or more old and varied from 105 to 
155 mm in fork length. Migration occurred in June and July. Another stage consisted of relatively 
younger fish of different age and size classes. They migrated into the lake from July to Novemeber 
with a peak in October. It was suggested that these fishes were using the lake as a wintering area, 
since, of all the available water sources, it maintains the highest water temperature during the 
winter season.
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Fig. 2. Location and map of Shikaribetsu Lake and the 
Yambetsu creek. Shikaribetsu Lake (elevation 800 
m) is deep (maximum 101 m). Number shows the 
stations at which the water temperature was 
measured.
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Fig. 3. Developmental aspects from post-hatching to 
phase D2 of the Miyabe char. A i: a larva just after 
hatching. B i: a larva just after the appearance of 
parr marks. B2: a larva just after the absorption of 
yolk. C2: a juvenile after the separation of adipose 
fin from fin membrane. D2: a juvenile just after the 
branching of rays of all fins.
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Fig. 6. Monthly distribution of phase E2s fish in Yam- 
betsu Creek and their fork length frequency.
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Fig. 7. Seasonal variation of the number of down-migrating chars as determined by a trap set 
up across the river. Trapping duration for each month is indicated by horizontal lines.
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Fig. 8. Size compositions of the total number and the 
monthly compositions of down-migrating chars 
captured by the trap, 1973 and 1974.
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Fig. 9. Age and size composition of the fish captured by 
the trap.

9§~ 8 îoJi T îi iè
b iô T ^ <  Ü £ . Ü iî, lOjfC E2e

3 3J0& H 3I è f l t z .
i^K1973ip »'1974ip 7 j |  ~103f Ê tlfc

Fig. 9 6 /J ¡C f i ! tê t l fc $ t ,t tK
¿:X/¿f*i 2+ © i3© t?*-53t. 7 J!~1093

0+~ 3 + 'iT?T?, 0+
t  1+ ffl& © ^& ofc . ë& i;
F i i i â i î # ^  © ^ ^ © " o © ^ ^ ^  « K —0c
L T © 5 . f-J! 6  K ff b  < f e g ¿  7
J t f r & lO Æ tU * -  K t i a è A ^ i h 'b 'C ^ j t t P v  7 J  
fr b  8 J f  ~  9 ^  1 1? iifÿSfflÆ SAs è  f rfeT & t ■>© K*f 
b (SUS),
-,tz0U, ¿"fflJ K%— M<d±è  ■&<DfaizW
c i ^ f b t b s .

1973^© 8 93, 9 jf ,  lO ^ K -e tl-e ia P fii^ l/ff lB J i 
tfM M fe S  * © 7 5 9  Fig. 10 i
t iK J c t i i f 0 if. ( 2 ¥îH©Sg2Ê4n973
¥ 6  J ®  igffl.?>-) ficÇ -tîfrofc. b*>b, 
ü-5l81ttc.'5 ( 9 J  ) &jjjg& < Ü-S20^Ft '7?.®fi§K'&© 
B i t l ^ T - r ê t l f c .  * f f l » T & Î M i i i i  
K'tà'Jï b , a  ®ttj® 4 Bf J ^ i i f t l i S c t t  0 ¡c& ofc. fe 
©J; i  £ ¿¿sig&fc-?*
5 .

1972^9 ÆjSf-flftKÎT<T ■ »*&*> Ë  K 7  'y 7°fcJ:
5ias®^, &T&m®mii<Dmn:&wi%tz>c£tf-e

97



Voi. 27, No. 2 a i n f  è  ! June, 1977

Fig. 10. Diurnal fluctuation in the number of down- 
migrating fish.

Fig. 11. Seasonal changes of water temperature in the 
Yambetsu creek. The upper graph shows the highest 
and the lowest temperature at station 2 in Fig. 2. 
The lower one shows the temperature at each sta­
tion. A: st. 1, 6: st. 2, • :  st. 3, □: st. 4, x : st. 5.
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Fig. 13. Seasonal change of composition in drifting 
organisms based on the percentage of the number 
of individuals captured by the surber-net trap dur­
ing 2 hours of daytime.
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Fig. 14. Composition of food organisms in each phase 

of the juvenile Chars based on the percentage of the 
occurrence and the number of individuals. The 
aspect of each phase is shown in Fig. 3.

tU6.  U#4)7 y X j j0 Juneau 0 Eagle 'fflXC0 

0+ 1+
| t  Fig. 15 \C7T<t. 3 —

4 ^ 0  i+ pj±(Dmfofc&v6ikm<D®m£M<D9o%pj
# ict0 tpx

x  y ^ o  tz.. 1 5 — 6 J! ic/j: ^  ^ . i+
p  ^ o m i s a

tz tz L  0+ iC ^ ^ T  
7-8 jt Itte&tm

x u m  @ < m  ̂  i m r m A  t> ¡ m
ll^ il

99



Voi. 27, No. 2 a  * June, 1977

Food~0rgànìsrns MAR
50%

APR
50%

MAY
50%

JUN
50%

JUL
50%

AUG
50%

SEP
50%------- 1-------

N0V&DEC
50%----- 1-----

Diptera .......-,u m m m
w m

M

Trichoptera i

Plecoptera 0 3
|
3

3

Ephemeroptera | I
1

l WjW /M
1

Terrestrial
Insects 3 m

a
3 1

W/SAT/jA

Others

Total No. of Food 
Organisms^"
^ no. of Fish 

Examined

Age
0+ — — ,04/7 87/, 202/,, 714/l2 86/8 1S/7

1+s 843/io 255/, ,74/8 160/,, 1770/e 203/, 299/e 487/6
E23Age 0+ E23 Age 1+5

Fig. 15. Monthly composition of food organisms by young fish based on the percentage of the 
number of individuals.
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£ 5T 11~ 12JJ ©f-KHii 1+
©AaòSSU-é-̂ Aè <Ä2 ii, #K o+ .Titt^TSi# 
I  rt its |  < is: 5 è ÄidfeB iĉ m-r P 3IÉ6 « »
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Table 1. Stomach contents of chars captured in Lake Shikaribetsu shown by 
percent occurrence in feeding fish.

July (19 exam.) October (7 exam.)
Incidence Incidence

of percent of Percent
Feeding Occurrence Feeding Occurrence

Fish 3 15.7 1 14.2
Bosmina 6 31.5 4 57.1
Daphnia 8 42.1 0 0
Insects 12 63.1 4 57.1
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Abstract Three forms of the Dolly Varden, Salvelinus malma, land-locked form (Miyabe 
char), fiver-resident form and sea-run form, were examined with special reference to their 
growth and development. The growth rate of the Miyabe char was closely similar in 
early stages of growth to that of the fiver-resident form, buf a remarkable difference of 
body size appeared from two years of age, when the former descended into the lake and 
grew rapidly thereafter. The Miyabe char attained maturity at a later and more advanced 
growth stage than the river-resident form. The most striking difference was that a remark­
able inflection corresponding to the fork length of the smolt was recognized in the relative, 
growth line of the sea-run form, but the Miyabe char and river-resident form did not show 
this inflection in the growth line. The Miyabe char, therefore, might have more neotenous 
body form and size in relation to its precocity than the anadromous one. The process of 
land-locking and the subsequent evolution of the Miyabe char might be similar to that of
kokanee, Oncorhynchus nerka, land-locked in

In a previous paper (Maekawa, 1977a), 
some divisions in the developmental stages, 
especially those in the juvenile stage of the 
Miyabe char, Salvelinus malma miyabei Oshi- 
ma, a land-locked form in Lake Shikaribetsu 
in Hokkaido, Japan, were made with special 
reference to the early life history. A com­
parison of development and growth between 
the Miyabe char and other forms of the 
Dolly Varden, S. malma (Walbaum), such as * 
the residual and anadromous forms is im­
portant. It is necessary to acount for the 
relationship between them, since land-locked 
processes or differentiation of the Salmonidae 
and closely related species have been discussed 
in relation to their precocity by many previous 
authors (Ohno, 1938; Ricker, 1938, 1940; 
Azuma, 1973; Kubo, 1974; Utoh, 1976, 1977).
No such reports, however, have been made 
on the Miyabe char, except for preliminary 
reports by Kubo (1967) and Kimura (1976).

This paper describes the development and 
growth of the Miyabe char in comparison 
with some other prominent forms of the 
Dolly Varden.

Material and methods

The materials examined in the present in­
vestigation were collected from the following

lakes.

districts from 1970 to 1974. The Miyabe 
char were collected from Lake Shikaribetsu 
of the Tokachi River system and the Yam- 
betsu and Kohan Rivers, flowing into the 
lake. The river-resident forms were collected 
from the upper reaches of the Nuppun- 
Tomuraushi River of the Tokachi River 
system, the Tokoro River, and the Nishitappu 
River of the Ishikari R iver| system. The 
anadromous forms were collected in Alaska 
from the Eagle and Switzer Rivers, a lake 
(name unknown), the sea surrounding Juneau, 
and the Sea of Okhotsk. The name of each 
form is abbreviated as follows.

Lake-run form of the Miyabe char: L-form 
River-resident form of the Miyabe char: 
LR-form
River-resident form of the Dolly Varden 
in the Nuppun-Tomuraushi River: RNu- 
form
River-resident form of the Dolly Varden 
in the Nishitappu River: RN-form 
River-resident form of the Dolly Varden 
in the Tokoro River: RT-form 
Sea-run form of the Dolly Varden: S-form 

All of the Miyabe char from the Kohan 
River were resident-form, land-locked by a 
concrete dam. Data on the body length of 
the Miyabe char from Lake Shikaribetsu was
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obtained from a report by the Hokkaido Fish 
Hatchery, to compute the relation between 
body and fork lengths. It was y=0.93x+0.03 
(y: body length, x: fork length). The follow­
ing dimensions of the body were measured: 
fork length, head length, body depth, pectoral 
fin length, maxillary length, and eye diameter.

In order to compute the relative size of 
the body parts of the sea-run form, river-

resident forms, and the Miyabe char, speci­
mens collected during summer (June, July, 
and August) were used, to exclude seasonal 
variation, except for the LR-form which was 
collected throughout the seasons. A log-log 
was made of the fork length on the x axis and 
body part length on the y  axis. When inflec­
tions were thought to occur, an equation, 
logy=A: log x-flog b, of each straight-line was

Number of fish
5 5 5 5 5 5 5 5 5 5 5 5 5  5

Fig. if Monthly length-composition of Miyabe char collected by hand and cast nets at the Yambetsu 
River in 1971-^1972.

—  10 —
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computed at the estimated point of the inflec­
tion. The statistical significance of the lines 
was examined (Kondo, 1964) and a possible 
intersecting point was calculated from the 
equations.

Otoliths were used for age determination 
(Grainger, 1953; Heiser|gl966). However, it 
could not be used for the S-form because 
they were strongly decalcified from storage in 
10$pformalin for 1 year or less.

Results

Comparison of growth and body forms of 
three forms of the Dolly Varden. Compar­
isons of growth and body forms should be made 
at the same developmental stage, but there 
were not sufficient specimens from each locality, 
except for those from Lake Shikaribetsu, Hok­
kaido. In considering the developmental stage, 
the growth aspect of the fork length will be 
described first in order to compare the S-form, 
RNu-form, L-form and LR-form.

A) Growth aspect to fork length: The 
fork length distribution of the Miyabe char 
collected from the mouth to the middle 
reaches of the Yambetsu River in 1971 ~  1972 
is shown in Fig. 1. The growth trend of 
individuals of the first year, presumed by 
the mode and mean of the fork length, 
showed rapid growth from June (32 mm in 
fork length in average) to August or Septem­
ber (65 mm in average), and almost no growth 
occurred after October and during the winter. 
The larger groups of the fork length distribu­
tion in June (Fig. 1) were assemblages of one- 
and two-year-old individuals, and were as­
sumed to grow to 80^100 mm in fork length 
in late summer (Maekawa, 1977a).

Histograms (Fig. 2) show the size and age 
frequency of samples from Lake Shikaribetsu 
in June, July, August and October. Monthly 
variation in the age-determined groups of July 
and October and the mode of the smallest 
group of fork length indicate that the smal­
lest fish grew rapidly from July to August. 
Two groups were recognized in the fork 
length distributions for the two-year-old 
individuals in October, the smaller one with 
an average length of 130 mm, which could be 
fall migrants (Maekawa, 1977a). The histo­
grams of October also indicate that the fork

Fig. 2. Monthly length- and age-frequencies of 
Miyabe char collected by gill nets in Lake 
Shikaribetsu. Six- and seven-year-old 
individuals, two samples in July and four 
in October, 1974, are excluded from the 
figures shown by age frequency. Symbols 
indicate as follows: 2 years old,
• —• :  3 years old, x — 4 years old,

5 years old-
lengths overlapped extensively among indi­
viduals older than three years of age.

Fig. 3 shows the growth curve of the fork 
length of the L-form, LR-form and RNu- 
form. The LR-form in a group of fish is 
differentiated from the Phase E2 of the deve­
lopmental stages of the Miyabe char (Maeka­
wa, 1977a). The growth curve of the LR- 
form was very slack and the size of five-year- 
old individuals of this type was smaller than 
that of other forms. The growth curve of 
the RNu-form could closely resemble that of 
the L-form in the early stage of growth, 
since there was no significant difference in

—  11
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Fig. 3. Estimated growth curves of Miyabe char 
and river-resident form of Dolly Varden. 
The bars represent the range of standard 
deviation.

Fig. 4. Relation of body parts to fork length 
in lake-run form (L-form) of Miyabe 
char.

the size of one-year-old individuals between 
the RNu- and L-forms, though the author 
did not have samples for the first year of life 
of the RNu-form. The curve of the RNu- 
form, however, became retarded at the later 
stages, two years after hatching.

B) Relative growth of body form: The 
relative growth patterns of the head, body 
depth, maxillary, pectoral fin an# eye to fork 
length were compared among all forms ex­
amined in this study.

The L-form showed two inflections in the 
relative-growth curves of the head length, 
body depth, maxillary length, and pectoral 
fin length but not in the eye diameter (Fig. 4). 
The first inflection clearly appeared at 29.4~  
37.0 mm in fork length, and the second at 
about 130 i f  180 mm. The body, head and 
maxillary growth ratios showed a remarkable 
tachyauxesis up to the points of the first 
inflection, and bradyauxesis between the first 
and the second, and tachyauxesis again there­
after (Table 1). There is no significant dif­
ference in the relative growth coefficient be­
tween K2 and Kz of the pectoral fin. However, 
a possible intersecting point of the second 
inflection of the pectoral fin was estimated 
from visual observation, not from the equa­
tions, since it could be clearly recognized 
from the line. The inflection of the LR-form 
was not clear in the growth curve of all the 
body parts, but individual variation was larger 
than that of the other forms. This might be 
due to seasonal or sexual variations.

In the case of the S-form (Fig. 5), however, 
the relative-growth curves of the dimensions 
showed more complex patterns, which had 
clearly two inflections. The possible inflection 
could have appeared at about 30 mm in fork 
length as in the L-form, but since only a 
few samples less than 35 mm in fork length 
were used, these infiuections could not be 
estimated. The growth ratios which showed 
remarkable bradyauxesis after the first inflec­
tions were found in the maxillary, eye and 
pectoral fin growth. This inflection, however, 
was somewhat unclear in the body depth and 
head. Possible intersecting points were ob­
served from about 145.0 to 160.0 mm in 
fork length. In the eye, the relative growth 
coefficient of K2 could be near zero, indicating

12 —
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Table 1. Fork lengtMat which growth inflection points occur and equations, log Y=k log X+log b, 
of the relative growth curve in body parts to the forks length of the Miyabe char and each 
form of the Dolly Varden. * denotes log X. There are not statistically significant differences 

^ym^the coefficients between *1. The intersecting points Mown by stars (|) were estimated 
from visual observations.

Body depth Head Maxillary Pectoral fin Eye

Ki 2.0255^1.2695 1.5581*—0.8736 1.4709*^1.2309 1.7422a-—1.1906 0.7223x-1.0362
(«0.94, — («0.96, iffll2) (r=0*.88, N= 8) (^=0.96, JV=14) (r=0.98, Ar—151)

1st inflect. 32.1 29.4 29.6 37.0
6Ih k 2 0.9869a—0.7426 0.8917*—0.5615 0.9831*®1.0009 0.8607a*- 0.6887<2 («0.98, ##132) (r=0.99, iyfjl56) («0.99, #H134) («0.98, #=123)
H-l 2nd inflect. 184.0 182.5 132.7 170.0*

Ks 1.4010JWL2666 1.1323a:—0.8651 1.3083*^1.3661 0.92900.7434
(r—0.90, #¡§19) > (r=0.S6, 48) (£«|.81, #=65) (r=0.83, #=61)

LR-form 1.4548a: -  1.2202 0.8358*—0.4906 1.1491*-1.1245 0.9702*—0.7^40 0.7908*-1.0840
(r=0.86, A1M3) (r=0.90, #=43) («0.86, #=43) («0.94, #=39) («0.88, #*41)

RT-form 1.0964*—0.8273 0.8808*—0.5477 1.0428*Bl .0446 0.9379*^0.7646 0.7461*-1.0574
cj («0.99, A—85) (r=0.99, N§S5) («0.98, #g79) ( E o.98, #=83) («0.97, # -78 )
cu RN-form 0.9925*—0.7164 0.9561*^0.5964 1.1261*—1.0822 - 1.00374lo.8183 0.8199*—1.1252<21 ( / i f  0.97, #=82) ' W & 99, # =  81) («0.97, #1|83) (t̂ O.98, #W80) («0.97, #¿84)

RNu-form 1.1442*—0.8823 0.8816*—0.5526 1.1010*—1.0865 0.8224*^0.6565 0.7203*-1.0548
0pl0.98, # =  83) (rp=0.98, A#83) (r=0.96, #itt83) » 0 .9 6 , N m 3) («0.92, #4=82)

1.0369*—0.7893 0.8892*—0.5540*1 0.9994*Bo.9886 0.8904*—0.7399 0.7420*-1.0396
(«0.98, lV=91) («0.99, # =  87) (M .98 , #=85) » 0 .9 8 , ¿«84) («0.98, #=89)

1st inflect. ... _ « :‘ — 149.3 145.3 158.5
CVh m k ■ - ■ ..... -  ■ 0.8726*—0.5445*1 0.7960*—0.7498 0.5586*^0.3542 —0.0639*—0.0725
2 («0.90, #=21) » 0 .8 1 , #& |22) («0.83, # | f 21) (rf^—0.15, #=13)

2nd inflect. 225.0* 357.1 291.5 268.0 210.7
KB 1.0946*—0.8106 

(«0.95, #=26)
1.3860*».3417 
(«0.97, #=10)

1.6219*—1.9594 
(r^ft.97, 10)

1.3477*P1.4811 
(r^0.96, # =  10)

0.5098*—0.8319 
(rfe0.89, #=14)

no growth between the first and next inflec­
tions. The second inflection occurred in all 
of the body parts examined, when the fish 
attained 200^350 mm in fork length, and their 
growth ratios showed tachyauxesis thereafter, 
though the intersecting points of the body depth 
were estimated from visual observation, not 
from the equations. In contrast with these 
two forms, all of the river-resident forms did 
not show remarkable inflections in the relative- 
growth curve of all the body parts examined.

Between kz in the L-form and kx in the 
S-form, the relative growth coefficient showed 
no significant differences in all the body 
parts examined. No significant differences 
were recognized in k  between the RT-form 
and RNu-form, but there were significant 
differences in k  of the body parts examined 
between the RT-form and RN-form (P <0.05). 
Significant differences also existed between the

RN-form and RNu-form in all the body parts 
examined except the maxillary. Comparing 
k2 of the L-form and k  of the RNu-form, 
there was no significant difference in each 
body part, except for the body depth. How­
ever, no difference was recognized in the body 
depth between L-form and RT- or RN-forms. 
The most striking difference between the S- 
form and the other forms was that the S- 
form has a lower growth ratio in the maxil­
lary, pectoral fin, and eye after the first in­
flection, and a greater ratio in the maxillary, 
pectoral fin, and eye after the second inflec­
tion.

Fork length, sex ratio, and age at maturity 
of the Miyabe char. The fork length and 
age and sex ratios at maturity of both the 
L- and LR-forms are shown in Fig, 7. All of 
the L-form were over 180 mm in fork length, 
but there was no such great length in the
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Fig. 5. Relation of body parts to fork length 
in sea-run form (S-form) of Dolly Varden.

Fig.J6. Relation of body parts to fork length 
in river-resident form of Miyabe char 
(LR-form) and river-resident form of 
Dolly Varden (RNu-form).

Fig. 7. Size and age compositions of mature Miyabe char collected in the Yambetsu River and the 
Kohan River.
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LR-form. The minimum size of the latter was 
95.0 mm in fork length. Therefore, a distinct 
difference in the fork length at maturity was 
recognized between the two forms.

The male to female ratio was about 1:2 in 
the L-form and about 3:1 in the LR-form.

The population sample of the L-form con­
sisted of individuals of age groups of three 
to five, and those of three (40%) and four 
(37|fj) years were predominant. A few samples 
were seven years old or more with a fork 
length of 30^35 cm. On the other hand, 
individuals belonging to the LR-form were 
younger than those of the L-form, and con­
sisted at age groups of one to four years old, 
with a mode at two years for male and three 
years for females.

Discussion

The shape of a fish is modified by different 
rates of growth, acceleration or retardation 
and development in various body parts (Hubbs, 
1926). In the present study, the growth rate 
of the Miyabe char (L-form) was similar in 
the early stage of growth to that of the river- 
resident form, but the remarkable difference 
appeared from two years of age, when the 
former migrated into the lake and grew 
rapidly thereafter. Heiser (1966), who in­
vestigated the age and growth of anadromous 
Dolly Varden, showed that this char ex­
hibited a slow growth rate before the stage 
of two or three years of age and a very 
rapid growth rate after the stage of migra­
tion into the sea. Blackett (1968, 1973) and 
Armstrong and Winslow (1968) studied the 
fecundity of the resident and anadromous Dolly 
Varden in southeastern Alaska and reported 
that the resident char matured sexually a 
year or more earlier and at a smaller size 
than did the migratory char (from 5 or 6 
years of age). Ishigaki (1969) found that the 
river-resident form of the Dolly Varden in 
Hokkaido reached maturity at one year of 
age, 12 cm in fork length, based on the read­
ing of circuli of scales, but Komiyama (1978), 
on the basis of the examination of otolith, 
reported recently that the river-resident form 
matured from two years of age. The lake- 
run form of the Miyabe char matured from 
three years of age at about 180 mm in fork

length, while the river-resident form of the 
Miyabe char matured in one year at 95 mm 
in fork length. Of the forms of S. malma 
examined, therefore, the greatest retardation 
of growth and acceleration of maturity were 
in the river-resident form of the Miyabe char, 
while in the lake-run form of the Miyabe 
char muturity was attained at a later and 
more advanced stage of growth than in the 
river-resident form of the Dolly Varden, and 
in the anadromous char in Alaska at the 
most advanced stage. Therefore, the stage 
of divergence in the relative body size might 
be connected with the age of sexual maturity, 
although the Alaskan forms cannot be com­
pared with Asian races since there is no 
report on their accurate age of maturity 
determined by means of otoliths.

Martin (1949) studied the growth rates of 
many fishes and showed that inflections oc­
curred at the hatching stage, some stages of 
metamorphosis, ossification, and sexual ma­
turity. He also pointed out that differences 
in the relative sizes of body parts between 
fish of the same species were the results of 
changes in the time of inflections, not in the 
gradient of the relative growth curves. Many 
other authors have also investigated growth 
inflections of fish and have discussed the 
mechanism of the inflection (cf. Amaoka, 1964). 
In this study, the relative-growth pattern of 
each form of the Dolly Varden seemed to be 
closely similar to that of the brook trout, 
S. fontinalis, from small brooks, from larger 
bodies of water and of sea-run stocks, which 
were compared by Wilder (1952). The first 
inflection observed in the head, body depth, 
and maxillary occurred at about 30 mm in 
fork length and corresponded well with the 
distinguishing point between the phases Cx 
and C2 of development (Maekawa, 1977a). 
This inflection may probably occur in the 
growth line in each body part of sea-run form 
and also river-resident form.

One of the characteristic inflections appeared 
in the sea-run form between 140 and 160 mm 
in fork length, though it was not clear in 
the other forms. The growth ratios showed 
a remarkable bradyauxesis from this inflection 
to the next. This may be due to a more 
rapid growth rate of fork length after the
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migration into the sea (Heiser, 1966). There­
fore, differences in the relative size of body 
parts between these three forms become clear 
after this inflection,

SecondBnflections of some dimensions in 
the lake-run form of the Miyabe char and 
the sea-run form of the Dolly Varden oc­
curred in the area of sexual maturity, though 
they were somewhat unclear in the river- 
resident form in Hokkaido. From these con­
siderations as mentioned above, it can be 
concluded that differences in the relative sizes 
of body parts among the three forms are 
results of changes in the timing or the num­
ber of times of the inflections, as was pointed 
out by Martin (1949).

Here, it is interesting to note that the 
inflection of fork length, which appeared at 
about 150 mm in fork length in the sea-run 
form, almost coincided with that of smolts 
(Armstrong, 1970). The author suggested in 
an earlier paper (1977a) that the Miyabe char 
might grow to sexual maturity without trans­
formation to a complete smolt, or if they 
were transformed, such individuals might be 
very few. The work of Kubo (1967) is very 
interesting in that smolt transformation did 
not occur in the Miyabe char when cultured 
in a pond under usual conditions, but some 
juveniles transformed into silvery smolts in 
the third spring of their life when reared 
under blue light. This occurrence of smolts 
suggests that the silvery colour of the Miyabe 
char could be due to a change in the quality 
of ambient light or by other unknown factors 
after the fish migrates into the lake during 
their young stage (Maekawa, 1977a). This 
change to smolt did not appear or appeared 
very seldom in the resident form of the Dolly 
Varden in Hokkaido (Ishigaki, 1969; Maeka­
wa, 1973). Individuals of the Dolly Varden 
living in lakes dammed artificially change to 
a silvery body colour, but they retain juvenile 
characteristics, such as a reduced lower jaw, 
even in an adult (Maekawa, in preparation). 
Therefore, it is supposed that most o f the 
Miyabe char, as in the. river-resident form of 
the Dolly Varden, conmuies to grow without 
changing to a complete smolt, in contrast 
with the anadromous form, since the inflec­
tion corresponding to the fork length of smolt

in the sea-run form does not occur in the 
relative growth line for the lake-run form of 
the Miyabe char. As a result, most of the 
Miyabe char might retain a juvenile body 
form even as an adult.

The most striking characteristics of the lake- 
run form of the Miyabe char are, as in the 
river-resident form, those remarkable parr 
marks which appear at maturity. A large 
number of the lake-run and river-resident 
Miyabe char live to spawn more than twice 
(Maekawa, in preperation), in contrast with 
the sea-run form of the Dolly Varden (Arm­
strong, personal communication). On the other 
hand, the Miyabe char resembles the anadro­
mous form of the Dolly Varden in some char­
acteristics, i.e. both forms produce river- 
resident form and have such morphological 
characteristics as a prolonged lower jaw and 
relatively large red spots on the body in contrast 
to the reduced jaw and small red spots of the 
river-resident form. In other words, the Miya­
be char has intermediate characteristics be­
tween the anadromous and resident forms of 
the Dolly Varden and is more precocious and 
has more neotenous characteristics than the 
anadromous Dolly Varden. Therefore, the 
relation between the Miyabe char and the ana­
dromous Dolly Varden might correspond well 
with that between the land-locked kokanee and 
the anadromous sockeye, Oncorhychus nerka 
(Ricker, 1938).

Kubo (1967) presumed from ecological and 
physiological studies that the Miyabe char 
might be a stock of typical anadromous 
Salvelinus malma. As mentioned above, how­
ever, the Miyabe char slightly differs from 
the anadromous form and/or river-resident 
form, and differs also in the hemoglobin pat­
tern (Yoshiyasu, 1973) and in the number of 
gill rakers (Maekawa, 1977b).

It is interesting to note that Ricker (1940) 
thought that the process of the evolution of 
the kokanee consisted of two stages of growth: 
(a) the occurrence of residual or lake-type 
offspring among the progeny of the anadromous 
stock; (b) the modification of the progeny of 
such residuals into the typical kokanee. He 
postulated that the relation between growth 
and development in the first stage and natural 
selection in the second stage played an im-
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portant role. The process of evolution of 
the Miyabe char in relation to land-locking 
mechanism might be similar to that of the 
kokanee, as described by Ricker.
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i .  introduction

There .re  numerous opportunities for fish  t g g

user^aniTconsequently in it ia l  s itin g  and

of the primary user and " f  g S l  Solutions to the problems of coupling 
1976; Ten"®S^® V*o ^  “nd H I operational vagaries with the exacting require-

i r s T f , : \ r 9: ; . y X i i n t  | a i *  I  \m m  w have to be
addressed before commercial operations can succeed.

Solar energy is an underutilised source of 
of the present «p o rt is  to describe a IS

& m bos s  m  ? * 4 m  mur
reuse in the fish  tanks and manipulation of the culture procedures.

and coldest period of the year. •

2. DESCRIPTION OF SYSTEM 

o i A rea
• *t the Experimental Fish Hatchery of the Freshwater 

The p ilo t operation «  i  > ^  ^  located approximately 65
in stitu te  (Department o f Fis ^  prair(es. The „.tchery ,s  ,n
km north o f Winnipeg ( 50 N, topograph-
an area of mixed grain farms and woode Par a supplied with ground-
leal r e l ie f  of any kind in the region. The s ite  is
water* which averages 6 C year around. S '

A truly continental short but warm
Thomas 1974). Winnipeg “ ’"ters “ i  w 1nn1peg are |  966 compared to  

T n s  Precipitation is  lig h t with moderately
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heavy spring and sunnier rains and very lig h t fa lls  in w inter. Prevailing winds 
in winter are from the northwest averaging 5 .4 -6 .4  m s"1 and in summer and fa l l  

from the south averaging 4 .6 -6 .0  ms .

Although the climate is extreme, the area receives much bright sunshine,
2 230 hours annually, making i t  ideal for solar collectors (F ig . 1 ). Winnipeg 

receives about 4 .5  GJ m"2 of radiant energy annually, one of the highest in 
the country. This compares with 2.9 GJ m"2 y r" 1 on the Canadian Arctic coast, 
7.5 GJ m**2 yr~* in southern Arizona and 8.4 GJ m yr on the Sahara. The 
w inter skies are p articu la rly  bright; 40-45% of the daylight hours in the 
coldest months of January and February are bright sunshine compared to 20-30% 

at Vancouver on the Pacific  coast.

2.2 Components

The p ilo t system consists of a commercial liqu id  f la t -p la te  solar co llecto r 

system coupled to a series of 12 modular fish  rearing un its . The fish rearing 
units , water blending tank, water storage tank and other mechanical aspects of 
the solar co llecto r system are housed in a 15.2 x 15.2 m insulated steel building  
serviced from the main hatchery with e le c tr ic ity  and water a t a constant 6 ±0.5 C 
year around. The collector panels are mounted in a steel supporting structure  

immediately to the south o f the building (F ig . 2, Table I ) .

The building and fish rearing units have been in operation since 1976 and 

the solar co llecto r system was added in the fa l l  of 1978. A fter operating 
through the winter of 1978/79 the co llector panels2 were repaired and modified 
in the summer of 1979 and the system was put back into operation in September 

1979.

2.3 Operation

The solar co llecto r system (Fig . 3) was designed to supply 70 percent of 
the water heating needs of the rearing building with e le c tric a l water heaters as 
back-up. The water is raised from 6 C to 12 C, a temperature much closer to the 

optimum for rainbow trout growth. In practice the expectations have been 

exceeded.

The system operates automatically with manual overrides. The solar loop 
and process water loop into the heat exchanger begin operating when incoming

2 Prototypes when f i r s t  insta lled  but now in commercial production by Amherst 
Renewable Energies L td ., Perth, Ontario.
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so u r  loop temperatures are at lea st 16 C and also exceed storage tank 
temperatures by at least 3.5 C. When temperatures reach 40 C In the storage 
tank, water 1s dumped to maintain safe temperatures. The blending ta 
batch loaded at rearing system operating levels (12 C for th is te st)  y 
automatic mixing of 6 C and heated &  12 0  process water. The water 
delivered to individual rearing units where i t  can be manua y mixe w 
(6 C) water to provide temperature control for individual tanks. Under norma, 
operating conditions (Table 1) the rearing units are supplied with make-up 

water at a rate of 8.4% continuously.

3. TEST OPERATION

3.1 Methods

3.1.1 Energy Use
The solar array (Fig. 4) is  comprised of 48 individual panels connected in 

a series-parallel arrangement to reduce pressure drop. Each panel (Fig. 5) 
consists of a number of flattened brass tubes connected in parallel and painted 
f la t  black. The panels are double glazed, the inner cover being clear teflon  
to r e s is t  the high temperatures and the outer layer tedlar, a tough abra&ion 
resistant p la stic . The entire solar collector is mounted at a 45 angle to theresisiam, ih* - ----------
horizontal. For Winnipeg at a 50° la titu de, this is  a compromise betwee 
winter and sumier optimum. The entire array is  oriented 10 west of south for 
maximum heat pickup. In operation,the sun heats the 55S propylene glycol 
solution which is  pumped through the panels from bottom to top. The heated 
glycol is  passed through the tubes 0  ̂ a sta in less steel shell and tube heat 
exchanger and thus transfers heat to the water which passes through the shell 
of the heat exchanger and hence into the hot water storage tank. 
glycol was chosen as the solar loop fluid since i t  would be less toxic fish  
in the event of a leak occurring in the. heat exchanger between the solar and 
hot water streams. Temperatures of the water and glycol entering and leaving 
the heat exchanger were monitored with copper-constant.n thermocouples mounted 
in thermowells. Outside temperature was measured by a thermocouple moun i n 
.  w ell-ventilated enclosure. Flows were measured with calibrated pitot tubes 
,„d a d ifferentia l manometer. Total solar radiation was measured by an Eppley 
thermopile pyr.nometer mounted in the plane of the collectors at the top center 
of the array. AH sensors were scanned every 15 minutes and recorded on

multipoint datalogger.



6

Energy usage of the e lectr ic  pumps was measured by means of elapsed time 

meters and clamp-on amprobes.
All data were fed to a prewritten computer program which did calculations 

and produced tables and graphs of energy use,efficiency and coeffic ien t of 
performance on a daily and weekly basis.

r

3.1.2 Water Quality

Under normal operating conditions the rearing units receive a continuous 
supply of make-up water (Table 1). In order to ensure that there were adequate 
supplies of heated water during th is midwinter test the make-up water was only 

j|, provided 12.2 hours per day. For the rest of the day the rearing units operated
on 100% recirculation. A rearing tank temperature of 12 C was maintained by 
adding 1.2 L min’ 1 of heated 12 C water and 2.6 L min’ of cold 6 C water. The 
extra heat is provided from the air in the building during recirculation. The 
normal daily heated water use for the 12 rearing units was 10 520 L (12 units x
1.2 L min’ 1 x 730 min) or 1 fu ll blending tank.

Regular water quality monitoring was carried out to ensure an adequate 
growing environment for the f ish . The rearing units were sampled daily at 
approximately 9 a.m. for temperature and dissolved oxygen (DO) using a Y.S.I- 
Model 54 temperature-oxygen meter. The meter was regularly checked using the 
Winkler method. If DO levels dropped below 5 mg L’ 1, the measurements were 
made in 1-2 hour intervals. A 24-hour (or over) continuous measurement of DO 
was also performed periodically using a Y .S.I. chart recorder. Other chemical 
parameters were measured twice a week; they included total anmonia nitrogen 
(NH.-N), n itr ite  nitrogen (N02-N), nitrate nitrogen (N03-N), and pH (Orion meter 
Model 901). The tanks were also analyzed monthly for soluble reactive 
phosphorus (SRP) and bicarbonate-carbonate ions (for methods see Stainton et al_.

1974).

3.1 .3  Fish Production
Four of the 12 tanks were being used for experimental growth studies and 

only the remaining 8 were used for fish  production. The fish  production system 
was designed to produce 1280 commercial-sized (200 g-250 g) rainbow trout a 
month. At maximum growth rates 9-10 g rainbow trout should reach market size  
in 4 months. In b rief, the system operates as follows: 1280 large fish  are
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removed for market and 1280 9-10 g fish  are added to the system, at the end of 
each month. When the maximum carrying capacity of the tank has Men reache 
the fish  are subdivided Into additional tanks. At the beginning of the penod 
,11 1280 fish  are 1n one tank; after 4 months they occupy 4 tanks. Product™ . .... 
1s continuous so that at any point |  time there are 4 size groups of f i s  .

’ Growth during the te s t  run was monitored on a weekly basis The mean 
weight of the fish  in each group was detemined by hand counting 4 lo ts of
fish  each and weighing each lo t  separately. During the
fish  were fed approximately 150% of rations recommended in published tabl
(Bardach et al- 1974), an amount well | |  excess of maintenance reguiremen s.

3.2 Results

3.2.1 Energy Use and System Performance
* „ *rv4-ai A-f 5 691 kWh of heat was addedOver the s ix  weeks o f the experiment a total of S kWh ot

to the system. Of th is to ta l, only 522 kWh was required to be added by
supplementary e le c tr ic  heaters, the balance of 5169 Hh being supp led by e
solar panels. Thus 91% of the required heat was supplied by the solar pane .

If all of the other non-heating uses of energy are added and the energy for 

the
energy usage for a conventional system would be 6 155 kWh.
84% of the total energy requirement was supplied by the solar pane s . 
extra energy to run the solar pumps 1s taken Into account the total 
energy used by the pres'ent system was 1 750 kWh or a net reduction o 

compared to a conventional system.

A comparison of total solar insolation and available *0 l“r ’ " ^ ’“"-l th ltia g ,\  shws that at a solar insolation of less than about 300 kWh day the 
(Fig. 6A) snows Q These periods can la st
system does not operate and heat recovery is  thus zero. These pe

as long as four days.
The total solar Insolation over the six-week period was 20 7 2 2 kWt. anc1 the

amount available during pump operation was 9 874 kWh. Thus 9 8
47 61 of the total solar Insolation occurred while the system was ope

, .  , ^ „ „ , ture (F1q 6B) ranged from 7.0 C at the beginningStorage tank water temperature vng- OD'
of the t e s t ,  gradually Increasing to  34.7 C at the end.
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Ambient outside daylight temperature (Fig. 6B) ranged from -5.6  C to 
-25.8 C, the lowest values occurring in the la st week o f January. Most of the 
time the value stayed between -10 C and -16 C.

Rearing tank water temperature (Fig. 6B) ranged from 9.2 C at the 
beginning to 13.7 C at the end of the te s t . Supplementary e lectr ic  heat had 
to be added 7 out of the f ir s t  15 days o f the test due to insufficien t solar 
input. The total number of hours of supplemental heat during this period was

26.1 h.
Figures 7A and B show respectively solar collector operating efficiency and 

coeffic ien t of performance as a function of solar insolation. Both efficiency  
and coeffic ien t of performance increase with increasing solar insolation and 
drop to 0 at about 300 kWh day"1 as expected since the pumps cease operating 
at this lev e l. Solar collector efficiency or the percent of heat transferred 
to the water compared to the solar input varied from 0 to 80%. Over the s ix -  
week period the total collected was 5 169 kWh compared to a total input of 
9 874 kWh. Thus overall efficiency was 5 169/9 874 = 52.3%. Combining this 
figure with the 47.6% operating/total ratio gives an overall solar u tilization
factor of 52.3% x 47.5% or 24.9%.

Coefficient of performance or the ratio of the total heat transferred to 
the water compared to the amount of e lectr ica l energy used to run the system, 
i . e . ,  pumps, supplementary e lectr ic  heat and lig h ts , varied from 0 to 11.8 
with a total overall value of 4.1 over the six-week period.

3.2.2 Water Quality
There was a notable conditioning of the f i lte r s  during the f ir s t  1-2 weeks 

after beginning of the production experiment (before that, the tanks had been 
in operation with substantially lower fish  d en sities). This period was 
characterized by a steady drop of DO values by about 3-4 mg L (Fig. 6D).
After this in it ia l conditioning period, the overall DO levels remained in a 
6-7 mg L'1 range. The only exceptions were two tanks with the highest fish  
densities (up to 58 kg m"3) ,  where DO values would occasionally drop to levels  
as low as 2.9 - 3.7 mg L_1. This happened only when there was no make-up water 
added for several hours, or when f i lte r s  had not been backwashed for a fu ll 
week. Differences between the individual tanks at sampling times can be seen 
from standard deviation values in Table II.



9

NH -N showed a trend closely tied to the Increasing fish  densities and DO 
as the experiment progressed. An overall buildup to concentrations of 500-  

JS00 ug L"1 in low-density tanks and up to 2600-3080 *9 I  in the Mgh-density 
tanks was an obvious resu lt of increasing fish metabolism as the fish  grew.
At operating pH values (7.55-8.25) these ammonia concentrations were safe or 
fish  from the tox ic ity  viewpoint (EIFAC 1970). N02-N levels remained also |
the safe 180-200 pg L'1 range (Russo f t  i l -  »76 ) for most of the experiment 
NO -N showed a steady buildup during the f ir s t  2-3 weeks of conditioning After 
th is period, values leveled o ff  at the maximum levels of 9-10 mg L whic 
suggested a properly functioning nitrifying system, balanced by duration o 
make-up water addition. SRP values (not shown here) increased from 00 to 800 

l' 1 during the experiment as a result of excretion and excess feed.

The production tanks were lik e ly  close to their maximum carrying capacity.. 
The high feeding rates, high excretion and heavy loading of the 
E u l i  in levels of N about twice as high and levels of 00 about 1/3 lower
than other similar tanks in the hatchery (unpublished data).

After the f ir s t  month of the test when the fish  were divided into new tanks 
, t  lower densities (Peb. 21). there_w,s a substantial drop of a ll N forms and 

rise in DO levels to in it ia l 9 mg L (Fig. 6D). ,

Figure 8 presents examples of typical diurnal DO distribution in selected  
tanks. The diurnal DO regime was governed by the duration of make-up wa er
addition which generally improved i t .  When make-up was discontinued, there
C 9 B 9 Q  of DO. presumably due to fish  respiration and biochemrcal 
oxygen demand. Each feeding was also accompanied by a subsequent DO drop 
within 10-20 minutes, lik e ly  due to increased activ ity  and defecation and them

oxygen demand.

3.2.3 Fish Production
The fish  grew sign ifican tly  during the 6 weeks of the test run (Fig. 6C, 

Table &  th o u g h  not quite as rapidly as anticipated
growth was during the f ir s t  two weeks of the test and then again after wee . 
M ortalities during the tests  were insignificant (.0 .3*  per month) and could 

usually be attributed to handling stress.
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4. DISCUSSION
Although use of a cheap or free source of heated water offers many 

advantages to a fish  fanner, the location of waste heat sources is not always 
Idea l. Coupling o f a water reuse system fo r the fish tanks wUh the waste heat 

source can help solve many d if f ic u lt ie s .

' coupling a solar collecting system to fish  rearing units decreased energy 
consumption for ra is in , a projected 432 kg of fish 3 (based on producing 1 80,
225 g fish  every 4 weeks) from 6 155 kWh to 1 750 kWh in a 6-week period (not 
including energy cost for food, labor or equipment). At 44 per kWh the net 
saving was approximately $176. The energy cost of running the solar 
system (3 extra e lectr ic  pumps) was $31 or 17$ of the net saving.

In th is te s t  run, both the technical and fish  production aspects of th e^  
system operated e ff ic ie n tly . The maximum densities of fish  reached (58 kg m 
and 1.9 kg l ' 1 min) are close to the maximum used for comnercial rainbow trout

production (Bardach et aj_» 1972).
Water quantity and quality become problems particularly i f  treatment of 

water is required before use. In this p ilo t system, which was designed to  
produce approximately 3,744 kg yr_1, water reuse has resulted in_a 12-fo 
increase in production from 6.9 kg L'1 min annually to 82.1 kg L min annual y.

Non-scheduled shutdowns of sources of waste heat can have a traumatic 
effect on fish  production. The non-scheduled shutdowns of the solar collectors  
are buffered by the water reuse system and the water storage system. i ou 
water reuse there would be a complete exchange of cold water in the tanks in 
le s s  than 35 minutes, which could cause a severe thermal shock, while with 
water reuse the exchange would take over 11 hours. The blending tank prov'
12.2 hours of hot-water. If all water was cut o ff from the outside,the system

would operate normally for 3.8 hours.
Cyclical interruptions in heated water such as occurs at night or 

scheduled interruptions such as for major repairs to the solar collectors or 
th is  system, are also ameliorated by reusing water and water storage When the 
water in the storage tank is 40 C, the system can operate nom ally for 84 days 

based on using one blending tank of 12 C water per day.
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» m 1 descHbed i i  si9nif,cantly “ the fish
culture potential of such sources.
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Table I  Characteristics of solar c o lle c t !^  system and fish  
rearing units at Rockwood Experiment Fish Hatchery,

Number of solar panels 

Net collecting area 

Collector type

Supporting structure

Piping

Solar loop flow

Hot water storage tank

Blending tank

Fish tanks

F ilter units

Water use per tank

48

125 m2

Double glazed liquid f la t  plate 
collector. (Figure 5).

Galvanized steel open type structure 
mounted on concrete p iles .

Solar loop is  of copper and stainless  
s te e l .  Process loop is of stainless  

^ steel and p lastic .

3.2 L s_1 of 55% propylene glycol 
solution.

Fiberglass insulated, 19 130 L operating 
temperature variable 16 C - 40 C.

Fiberglass insulated 10 520 L operating 
temperature variable 6 C - 1 6 C ,  12C 
for test  run.

12 fiberglass tanks each 1.8 m x 1.8 m x 
0.9 m - capacity 1500 l  mounted over 
f i l t e r  units.

12 fiberglass units 1.8 m diameter x 1 m 
(0.75 m diameter settling chamber in3 

,  center), granite f i l t e r  media 0.75 m , 
approximate volume of water 1100 L, 
mounted beneath fish tanks, backwashed 
weekly.

Water flow * 45 L min *' make up 8.4%, 
make up flow 3.8 L min*1, water use 
65 580 l  day-1, (with recirculation 
5 509Lday*1) water exchanges 25.2 day*' 
(with recirculation 2.12 day"1)*



Tibie U  Standard deviations for water g f e ^ f P  1n 
individual tanks at various sampling dates.

Water
temperature

Or

Dissolved
oxygen

, -1 mg

NH -N 4 .-1mg L

no2- n no3- n

mg L-1 mg L-1

He an 0.3 0.8

Minimum 0.1 0.4

Maximum 1.7 1.5

305 28 1.4

36 3 0.3

925 56 3.2
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Table III.  Fish weight and loading density during 6-week test run.

Test
group Jan. 24 Feb. 21 Feb. 224 Mar. 6

A Wt (g) \ _3x 
Density (kg m )

9
8

19
16

13
11

20
16

B Wt i ' l l  i  -3xDensity (kg m )
42
35

69 \  
58 \

19
16

25
21

C Wt (g) , 
Density (kg m )

78
33

112 \  
46 \

69
29

38
37

D Wt (?! , ,  -3* Density (kg m )
179
31

203 \  
47 \

112
24

141
30

Harvested

4 After one month the large fish were 
small fish added to the system.

harvested and a new group of
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Schematic of solar panel array showing glycol flow and cutaway of 
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Figure 8.
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Relationship between daily solar insolation and coefficient 
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Diurnal DO measurements in selected rearing units. A was low 
density, B and C high density fish  tanks.
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ORGANIZING THE DIVERSITY OF THE ARCTIC CHARR COMPLEX

Robert J . Behnke
Department of Fi shery and WildTife Bi ology 

Colorado State University 
Fort C o llin s, Colorado

ABSTRACT
The subgenus Salvelinus is  divided into the Dolly Varden complex 

and the Arctic charr complex. S. leucomaenis, S. confluentis, and 

albus are assigned to the Dolly Varden complex. The Arctic charr, S. 
alpinus, is  viewed to be composed of three major groups with origins 

associated with Europe, Siberia , and the Arctic Ocean in the Chukoskt 

Sea-Bering Sea region. Except for sympatry between S. malma and S. alpinus 

examples of sympatric charr populations almost always involve populations 

derived from within the geographical area of occurrence and they are very 

closely related to each other. The origins of most sympatric charr are 

attributed to divergences during and since the la st  g lacier epoch. 

Recommendations are given on the preservation and u tilizatio n  of the 

diversity present in charrs.
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INTRODUCTION
Questions might be asked concerning the rationale of why I should 

write another paper on Salvelinus s.ystematics in view of the fact that 

I so recently gave opinions in a systematic review of the genus (Behnke 

1980) published in a large volume of works devoted to charr (Balon 1980).
An examination of the works of the various authors in this volume on charrs 

reveals a range of opinions quite divergent from my position on the 

evolutionary relationships and c lassification  of the genus. Immediately 

following my paper, Savvaitova (1980a) discusses how her opinions on 

charr systematics d iffer from mine.

Paging through the charr volume, a paper by Leggett (1980) discusses 

the reproductive behavior of the Dolly Varden charr, :S. malma of Kootenay 

Lake, B ritish  Columbia; but, according to the work of Cavender (1980) 

in the same volume, the Kootenay Lake charr is  the "bull trout," 

confluentus. Cavender (op. c it .)  recognized S_. imbrius and S_. pluvius 

of Japan as valid species whereas in my paper I considered imbrius as a 

synonym or subspecies of S. leucomaenis and pluvius as a subspecies of 

•S. malma. Savvaitova (1980b) repeated her stout belief that the Dolly 

Varden charr, S_. malma, should be treated as a synonym of Arctic charr,
S. alpinus, but she discussed "alpinoid," "high a rc tic ,"  and "malmoid" 

types of charr. Most authors in the charr volume followed the c lassificatio n  

given in McPhail and Lindsey (1970) which regarded the common charr in 

North American waters westward from the Mackenzie River (tributaries to 

the Beaufort Sea), as S_. alpinus, whereas Morrow (1980) and I (Behnke 

1980) pointed out that this group of charr is  identical to S. malma of

the type lo ca lity  (Kamchatka). Johnson (1980) presented an excellent
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and comprehensive review on S. alpinus but had to admit that he could 

only a rb itra rily  draw taxonomic boundaries for the species because of the 

problems in separating S. alpinus from S. malma. There is  also considerable 

controversy regarding the spelling; char vs. charr. There is  something 

about the beautiful fish  known as char or charr that excites the 

imagination and emotions.

Thus, on the basis of the divergent opinions found in the most recent 

and comprehensive compendium on the genus, i t  is  now appropriate that I 

again try to organize the diversity into a taxonomic scheme and attempt to 

better define the lim its of the subgenus Salvelinus, the Arctic charr 

species complex, and the Arctic charr, Ŝ . alpinus. Recent lite ra tu re , 
color s lid es, and specimens of the Kamchatkan "stone charr," a ll kindly 

sent to me by I .  A. Chereshnev, have contributed to my latest "revision."
I also borrow heavily from my studies on a group of salmonid fishes, 
the Pacific basin trouts of the subgenus Parasalmo, which are sitailar 

in respect to the degree of evolutionary divergence within a comparable 

era of geological time^relatedness between species, evolution of 

diverse behavioral and ecological forms, great morphological d iversity , 
and taxonomic problems.

THE SUBGENUS Salvelinus
The f i r s t  step toward a more precise definition of "Arctic charr" 

is  to divide the genus into smaller phylogenetic units. In my la st two 

papers on charr, I recognizee three subgenera; one for the North American 

lake charr, 55V namaycush, one for the North American brook charr, S. 
fo n tin a lis , and one for a ll other members of the genus, but pointed out
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that the correct position of the Far Eastern "kundscha" charr, S/ 

leucomaenis, is  in doubt (Behnke 1972, 1980). S. leucomaenis has some 

s im ila ritie s  to 8. namaycush, but these may be the result of convergent 
evolution as a predaceous species. Until convincing evidence is  

forthcoming regarding the phylogenetic branching sequence in the genus 
leading to S. leucomaenis, I w ill provisionally include the kundscha 

charr in the subgenus Salvelinus.
Thus, based on zoogeographic evidence correlated with degrees of 

divergence, i t  appears that an early (Pliocene?) branch of the genus 
becaue established in North America, eventually giving rise  to the two, 
widely distributed living species, S. namaycush, and Ŝ . fo n tin a lis . The 

former species specialized as a large lacustrine predator whereas the 

la tte r species, in the general absence of other salmonine fishes, evolved 

a more generalized way of l i f e ,  u tiliz in g  a wide range of environments, 

more typical of the trouts in the genus Salmo. Conveniently ignoring 

S. leucomaenis, the evolutionary divergence in the rest of the genus 

resulted in two major groups or species complexes—the Arctic charr group 

and the Dolly Varden group. This sp lit  may have occurred during an early 

Pleistocene glacier period when the common ancestral charr was divided 

into northern (precursor of the Arctic charr) and southern (precursor 

of the Dolly Varden group) groups in the Pacific and Arctic ocean drainages.

In view of the contentious nature of my recognition of Arctic charr 

and Dolly Varden charr not only as separate species but as separate 

species groups or complexes, the evidence supporting my position must be 

presented.
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Reality of Arctic Charr and Dolly Varden Species Groups
DeLacy and Morton (1943) presented the f ir s t  conclusive evidence that 

Dolly Varden charr and Arctic charr are valid species by finding 

representative populations of the two species occurring sympatrically 

in Karluk Lake, Alaska where they exhibited sharp differences in l if e  

history and taxonomic characters. McPhail (1961) found other Alaskan 

lakes where the two species were sympatric with no evidence of hybridization 

and he further strengthened the case for fu ll species recognition 

between Dolly Varden and Arctic charr. The problem was that a ll of these 

examples involved the southern form of North American Dolly Varden which 

formerly was generally assumed to characterize the taxon S_. malma.
Consideration of the taxonomic data on Dolly Varden throughout its  

range reveals a major divergence occurs between northern and southern 

Dolly Varden that lik e ly  was in itiated  by isolation during a glacier period 

subsequent to the separation of Dolly Varden and Arctic charr. A relative  

homogeneous northern Dolly Varden occurs in both Asia and North America 
In the Far East, in the northern Okhotsk Sea drainages, Kamchatka, and 

northward around the Chukotsk Peninsula, the Dolly Varden is  typ ically  

characterized by 21 to 23 g ill  rakers, 66 to 68 vertebrae, and 25 to 30 

pyloric caeca. This same form of Dolly Varden (which should be recognized 

as Ŝ . malma malma, because Kamchatka is the type lo ca lity  for the name 

malma) occurs in North America, from the Alaska Peninsula (north side) 

to the Mackenzie River. McPhail (1961) and McPhail and Lindsey (1970) 

were not aware of the sim ila rit ie s  between the Alaskan and Far Eastern 

northern forms of Dolly Varden and they considered the northern North 

American form of Dolly Varden as the western Arctic form of alpinus.
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South of the Alaska Peninsula to Oregon, the southern form of North 

American Dolly Varden occurs and i t  is  differentiated from the northern 

form by fewer g i l l  rakers and vertebrae (typ ically  17-18 and 62-64, 
respectively). In the Far East, the most differentiated southern form of 

Dolly Varden is  found in Honshu Island, Japan and in the Kuril Islands. 

This extreme form has only 58 to 60 vertebrae, 20 to 25 pyloric caeca, 
and 16 to 18 g il l  rakers. This form is  commonly recognized as S. pluvius 

in Japan, but I have pointed out that i f  the K u ril Islands Dolly Varden 

is  the same taxon then the name should be S. malma cu rilu s . The taxonomic 

characters of Dolly Varden in Hokkaido and Sakhalin (19-23 g ill  rakers 

and 61-63 vertebrae) indicates introgression has occurred between the 

northern and southern forms in the Far East. There is  no evidence of 
intermediacy between the northern and southern forms of Dolly Varden in 

North America. All of the above forms that I have identified as Dolly 

Varden are differentiated from a ll North Pacific forms of Arctic charr 

by their general phenotypic appearance (smaller size spots on the body, 

a more blunt snout) and fewer g ill  rakers and fewer pyloric caeca. There 

is  no evidence of sympatric occurrence between northern and southern forms 
of Dolly Varden. The diversity within the species can be arranged into 

three broadly distributed subspecies—S. malma malma, the northern form 

in both Asia and North America, i|, m. cu rilu s , the southern Asiatic form 

of Honshu and the Kuril Islands, with probable intergradation between 

the two subspecies in Hokkaido, Sakhalin and Korea, and the southern North 

American form, which I have tentatively recognized as jL  malma lordi 

(Behnke 1980),
The va lid ity  of fu ll species recognition of S_. malma depends on its



6

degree of reproductive isolation where i t  has come into contact with members 
of the Arctic charr complex. I f  Dolly Varden occur sympatrically with 

Arctic charr over a broad area in Asia and North America, with sympatric 

populations maintaining their integrity with reproductive iso lation , 
then biologists with a reasonable understanding of evolution and systematises 

should agree with me that malma is  indeed a "real" species of re lative ly  

long (perhaps early Pleistocene) separation from any member of the Arctic 

charr complex. That i s ,  they are not, as Savvaitova (1980) believed, 

simply local populations of Arctic charr that happen to be so sim ilar 

because of convergent evolution since the la st g lacier period.

In my recent paper (Behnke 1980) I reviewed the records of 

sympatric occurrence of both the southern and northern forms of North 

American Dolly Varden with Arctic charr in several lakes in Alaska. 

Typically , in Alaska, the Dolly Varden is  anadromous, overwintering in 

the lakes and spawning in tributaries (or resident in tributaries) to the 

lake whereas the Arctic charr is  s t r ic t ly  lacustrine (and the more 

piscivorous species). The most common coexistence is  with the form of 

Arctic charr called the Bristol Bay-Gulf of Alaska form of S. alpinus 

by McPhail (1961), but sympatry also occurs between the northern Dolly 

Varden and the "eastern Arctic" form of ■&» alpinus in some lakes east 

of the Mackenzie River mouth1. Thus, in North America, there is  sympatric 

occurrence over a broad geographical area between populations of Dolly 

Varden and Arctic charr and two subspecies of Dolly Varden (northern and 

southern) and two subspecies of Arctic charr (Bristol Bay-Gulf of Alaska 

and eastern Arctic) are involved. There is  no real evidence of intermediacy 

or hybridization between Dolly Varden and Arctic charr.
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In Asia, there is  widespread sympatry between the northern Dolly 

Varden and Arctic charr. The A siatic Arctic charr of the Chukotsk Peninsula 

and Kamchatka is  identical to the Gulf of Alaska-Bristol Bay form of Arctic 

charr of Alaska. It  is  characterized by large spots, typ ically  23-26 

g ill  rakers, 40-55 pyloric caeca, and 66-68 vertebrae. Two names have 

been given for th is charr from the Chukotsk area--S. andraishevi and 

taranetzi.
In Kamchatka, the Arctic charr occurs as lacustrine re lic t  populations 

in Lake Dalnye and Lake Nachinskoye where i t  is  sympatric with populations 

of Dolly Varden. In lakes and rivers draining the Chukotsk Peninsula,

Arctic charr and Dolly Varden are sympatric, often with both species being 

anadromous (Chereshnev 1978a, 1978b, 1979). A paper by Volobuyev, et a l . 

(1979) attempted to cast doubt on Chereshnev's conclusions that the Arctic  

charr and Dolly Varden are two d istinct species. The authors examined 

a series of charr specimens from the Kukekkuyum River, in southern Chukoskt 

(previously studied by Chereshnev), and attempted to emphasize that 

intermediate (hybrid) specimens between the large-spotted Arctic charr 

and small-spotted Dolly Varden occurred in their sample. They did this 

by emphasizing the overlap in the ranges of numbers of g ill  rakers and 

pyloric ceaca that occur between the two species and attributing the 

overlap to hybridization. I f  given proper editorial review such a paper 

should not have been published. Overlap in taxonomic characters between 

two closely related species is  certainly not evidence for hybridization.
The appropriate method for the treatment of data from the Kukekkuyum River 

charr specimens to test the assumption for or against reproductive isolation  

would be to use a form of multivariate analysis such as a principal
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components analysis of taxonomic characters from specimens identified as 

large-spotted specimens and small-spotted specimens. I f  this were done,
I believe 100% separation (or very close to it )  would have been obtained 

between the Arctic charr and Dolly Varden specimens—and complete (or 

v irtu a lly  complete) reproductive isolation between them would be the 

only logical conclusion. Thus, the conclusions drawn by the authors 

that the two types of Chukoskt charr may be only seasonal races of a single 

species and should not be recognized as different species (Volobuyev, 

et a l . 1979).borders on the ridiculous, especially in view of the evidence 

of such widespread sympatric occurrence of Dolly Varden and Arctic 
charr in Asia and North America.

A problem I must point out, however, concerns the relationships of 
the north Pacific form of Arctic charr Is. anadraishevi or S_. taranetzi).
Is i t  a subspecies of $■: alpinus? Where would its  branching point be 

positioned in the phylogeny of Salve!inus? Its  large spots are somewhat 

sim ilar to S. leucomaenis. Is this type of spotting an example of convergent 
evolution? This form of charr needs much more information on its  genetic 

relationships. Until demonstrated otherwise, however, the large-spotted 

charr, "Ŝ . andriashevi," of the north Pacific drainages of Asia and North 

America can be considered as part of the S. alpinus "complex."

In relation to phylogenetic a ff in it ie s  to the Dolly Varden or to 

the Arctic charr complexes, two other Pacific drainage species must be 

considered—the stone charr, Ŝ . albus, of Kamchatka, and the bull trout,

S. confluentus, of North America. I discussed the stone charr in my 1980 

paper but I did not realize that the description of Salve!inus albus by

Glubokovsky (1977) for a charr from the Kamchatkan River basin actually
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was a description of the stone charr. There is  some confusion surrounding 

the stone charr as I discussed in my 1980 paper. Viktorovsky (1975) 

discussed various forms of charr from Lake Kronotskoye, Kamachatka, using 

common names--the white (bely) charr, the longheaded (#1 innogolovy) charr, 
and the nose or snout (nosaty) charr. Glubokovsky (1977) in naming the 

"white" charr, 5. albus, from the Kamchatka River, mentioned i t  is  identical 

to the white charr of Lake Kronotskoye. Viktorovsky (1978) revised the 

Lake Kronotskoye charr. He decided the white charr is  actually the typical 

&  malma, the nose charr was described as a new subspecies of malma,

S/m. schmidti, and the longheaded charr was. described as a new species,
Salve!inus kronocius. From the descriptions given by Glubokovsky and 

Viktorovsky and from previous data on the stone charr supplemented by 

two specimens of S_. albus sent to me by I .  A. Chereshnev, there is  no 

doubt that S_. albus and kronocius both represent the stone charr of 

Kamchatka. Thus S. kronocius is  a synonym of Ŝ . albus. Unfortunately, 
the confusion with the "white"charr of L. Kronotskoye led to the inappropriate 

name S. albus; the stone charr could be called the black charr; the 

coloration in freshwater specimens is  decidedly dark.
As mentioned in my previous paper, I believe the closest relationship 

of the stone charr is  with the North American bull trout, M  confluentus.

There are some real differences in m eristic characters (about what would 

be expected from two branches of a monophyletic origin that has been 

separated for more than 100,000 years), but there are basic s im ila ritie s  

in the shape of the head and jaws and overall appearance. I believe the 

bull trout and stone charr represent an early divergence in the Dolly 

Varden complex.
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Associated with the Pacific basin origin of the Dolly Varden complex,
I suggest that the relationships of |S. leucomaenis are also with the Dolly 

Varden complex. The low values of meristic characters and the karyotype 

of leucomaenis (2N = 84-86, identical to S. malma curilus) (Viktorovsky 

1978) also indicate the closest a ff in it ie s  of leucomaenis are to the 
Dolly Varden complex.

The Arctic Charr Complex

By the process of elimination at the subgeneric and 'complex' levels 

of discrimination, a ll the rest of the diversity in the genus can be 

attributed to the Arctic charr complex. That i s ,  the phylogenetic branching 

points leading to a ll of the liv ing  forms in the Arctic charr complex 

should connect to a common ancestor after the separation between the Dolly 

Varden and Arctic charr complexes.

The key to defining the lim its of the species :S. alpinus concerns 

the charr of the type lo ca lity  area ("Swedish Lappland" as given by 

Linnaeus). Thus, a ll forms included as S. alpinus or in the Arctic 

charr complex should be more closely related (more recent phylogenetic 

separation) to Scandinavian S. alpinus than they would be to malma 

of Kamchatka.

The typical Scandinavian form of Ŝ . alpinus has about 63-64 vertebrae, 

30-50 pyloric caeca and 21-28 g ill  rakers. This form is  distributed in 

the Kola and Karelian region of the USSR, Finland, northern Sweden,

Norway, Great Britain and Ireland. A closely related group, S_. â . 

Salvelinus, occurs in the Alpine lakes of central Europe. Typically , the 

central European "normalsaibling" or "wildfangsaibling" has slig h tly  
more g ill  rakers (typ ica lly  25-30).
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There is  an interesting group of Arctic charr that is  lik e ly  

monophyletic in origin but now has a broad and disjunct distribution.

These charr have the highest numbers of g illrakers in the genus, from 

25 to 35; they are also characterized by about 65 to 70 vertebrae and 

about 40 to 50 pyloric caeca. They may obtain a weight of 12 kg 

or more and are typ ica lly  piscivorous. This type of charr is  concentrated 

in the Taimyr Peninsula region of Siberia and in the Arctic Ocean drainages 

of North America east of the Mackenzie River (eastern Arctic form of i f f ,  
alpinus) . In these regions they occur as anadromous and resident lacustrine  

populations (resident lacustrine stocks are much more common in Siberia 

where al namaycush is  absent). They occur as disjunct re lic t  populations 

far inland in Siberia in lakes of the Yenesei, Lena, and Kolyma river  

basins and in the Baical region (S_. erythrinus) . Headwater transfer from 

the Kolyma drainage has established this form of charr in lakes of the 

Okhota River basin, tributary to the Okhotsk Sea (S_. neiva) . They also 

occur as resident lacustrine populations in lakes west of the Mackenzie 

basin where they are sympatric with anadromous Su malma. I also believe 

this same form of charr occurs in Lake Coomarsahrn, Ireland (S. firobriatus) . 
The distribution of the Arctic cisco , Coregonus autumnalis, exhibits 

many s im ila ritie s  with this particular group of charr. The Arctic cisco 

also occurs as re lic t  lacustrine populations in Ireland where i t  is  known 

as the pollan (Ferguson et a l . 1978).

The Taimyr Peninsula is  of special interest in regards to sympatry 

between populations of Arctic charr. I have previously discussed a 

charr from L. Taimyr (Behnke 1972, 1980) named .S. taimyricus that has a 

distinctive morphology. Savvaitova et a l . (1980) recorded S. taimyricus

from Lake Keta and described four sympatric Salve!inus populations from
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Lake Lama. A llhave m eristic characters sim ilar to the generalized anadromous 

Taimyr charr and most probably a ll represent minor divergences within 

this particular "major" divergence in the Arctic charr complex. The l if e  

history and ecological differences between the various Taimyr charrs 

are pronounced. There are anadromous and lacustrine forms and the various 

lacustrine forms d iffer in feeding specialization, depth distribution, 
growth rate and maximum l if e  span.

For a c lassificatio n  of . S_. alpinus best denoting evolutionary relation­
ships among the major divergences making up the species, I could suggest 

that a ll of these charr (Taiiryr region, eastern Arctic North America; interior 

Siberia Takes, and Lake Coomarsaharn) be considered as one subspecies
alpings erythrinus). The great ecological d iversity encompassed in such 

c lassificatio n  (or any taxonomic arrangement of S_. alpinus conforming 

to the international rules of zoological nomenclature), readily reveals 

the severe lim itations of our binomial or trinomial system of nomenclature 

to accurately describe and c lassify  the enormous diversity manifested 

in the Arctic charr complex. For proper management of this d iversity , 
the various ecological forms, particu larly in sympatry, should be regarded 

as i f  they were different species.
One other form of S_. alpinus that probably deserves, subspecific 

recognition is  the group of disjunct lacustrine re lic ts  of northern 

New England and southern Quebec known as Sunapee, blueback, and red "trout," 

if; alpinus oguassa. This group of charr appear to be an early derivative 

of the evolutionary line leading to the northern European <$»■ ju alpinus.

They d iffer mainly in having fewer g ill  rakers (18 to 24 vs. 21 to 28).

Their distribution appears to be largely the result of exclusion or
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extermination by Ŝ . namaycush. Native populations occurred only where 

namaycush was absent and they soon disappeared in those lakes where 

namaycush was introduced.

From a preliminary synthesis of a ll information, I provisionally 

recognize three major centers of evolution in the Arctic charr complex (or 

| |  alpinus in the broad sense). A European origin of the north European 

alpinus alpinus. The central European Ŝ . salve!inus and the eastern North 

American a. oquassa, are probably most closely associated with this group. 

A Siberian origin for the vast and diverse group that, for purely practical 
taxonomic purposes, can be recognized as Ŝ . erythrinus with a multitude 

of derivative forms such as taimyricus, neiva, d rjag in i, etc.

The peculiar form of charr with very large spots occurring in A siatic  

and North American drainages to the Chukotsk and Bering seas where i t  is  

widely synpatric with ']S; malma, probably evolved in that area. The 

extremely large spots of th is form of Arctic charr may be an example 

of character displacement that reinforces reproductive isolation with 

’$§ malma. This form can provisionally be recognized as '$'* andriashevi, 
but this taxon should be redescribed because both Dolly Varden charr and 

Arctic charr occur in Lake Estikhet, the type lo ca lity  of the taxon.

Berg's (1948) description of andriashevi is  probably based on a specimen 

of Dolly Varden.

From what I have been able to determine, examples of sympatry in the 

Arctic charr complex, are always between members of the same evolutionary 

group, and are the result of recent divergences in itiated  during or since 

the last glacier period. That is ,  the three major divergences that, 
for practical purposes of communication, I have c lass ified  as S. a. alpinus,
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a.  erythinus, and â . andriashevi, do not occur in sympatry with each

other. The sympatric populations in Lake Windemere, England, and in 

many Scandinavian and Karelian lakes are more closely related to other 

members of the broad and inclusive S_. a. alpinus than they are to any 

member of the Ŝ . a. er.ythrinus or a_. andriashevi evolutionary lin es.

This also appears to be true for the numerous sympatric populations in 

lakes of Taimyr--they are all probably derived from within the l |  a_. 
er.ythrinus evolutionary lineage after divergence from the S_. a. alpinus 

branch. From a practical point of view and in relation to principles 

of animal taxonomy, i t  seems absurd to c lass ify  a ll four of the sympatric 

populations in Lake Lama as a single subspecies. The most useful taxonomic 

arrangement of the subgenus Salvelinus (for other than evolutionary or 

systematic purposes) most lik e ly  w ill considerably stray from a s tr ic t ly  

c lad istic  interpretation.
The tiefseesaib ling, S;. profundus, is  a :strik ing  exception to the 

rule that sympatric populations (except for malma and alpinus) have their 

origins in re lative ly  recent geological time. The degree of 
differentiation of the tiefseesaibling is  extreme in the genus. The 

uniform, dull coloration, the broad and overhanging snout, the peculiar 

structure of the g ill  rakers, the low numbers of g ill rakers, vertebrae 

and pyloric caeca (20-25, 61-63, and about 25-35, respectively) sets off 

§.• profundus from any other known form in the genus. I have examined 

specimens of tiefseesaibling only from the Bodensee but i t  has been 

reported from the following Alpine lakes of Central Europe: Neuchatel, 
Walchensee, Amrjiersee, Tegernsee, Achensee, Plansee, Attersee, and Traunsee 

(Berg 1932, Nerseheimer 1937). Brenner (1980) described the tiefssesaib ling
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from the Attersee. Brenner concluded that tiefseesaibling are not a 

distinct taxon but are only "local forms created in response to different 

environmental and feeding conditions." Such a statement is  pure nonsense 

to anyone fam iliar with the range of va riab ility  in charr specimens 

throughout the distribution of the genus. I f  i t  were true that sympatrtc 

populations of tiefseesaibling evolved independently in each lake 

inhabited by Salve!inus where suitable conditions were present, then there 

would be tiefseesaibling throughout the Hoi arctic  region and not only 

in central European lakes. The rich whitefish (subgenus Coregonus) 
fauna of the European Alpine lakes, has probably severely restricted the 

distribution and abundance of tiefseesaibling by competitive exclusion. 
This would suggest to me that the evolution of the tiefseesaibling  

occurred before Coregonus invaded the Alpine lakes or i t  occurred in a 

contiguous area where Coregonus was absent. In any event, the

tiefseesaibling is  morphologically very different from any other form of 
charr. I include i t  in the Arctic charr complex only on zoogeographical 
grounds.

DISCUSSION
I believe the charrs in the subgenus Salve!inus like the trouts of 

the subgenus Parasalmo have undergone rapid morphological and ecological 
divergence. That i s ,  the morphological or regulatory part of the genome 

has speciated much more rapidly than the structural or metabolic part of 
the genome. I f  this is  true then i t  can be expected that information 

obtained from the structural genes, typ ically  from electrophoretic studies 

of proteins, w ill not be in fu ll accord with the evidence of morphological
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divergence. As far as is  known, a ll forms in the genus are in te rfe rtile  

when hybridized. This would indicate rather recent origins of a ll living  

forms from a common ancestor in re lative ly  recent geological times 

(perhaps upper Pliocene). To date, comprehensive comparative electrophoretic 

studies have not been made on diverse forms of charr. A comprehensive 

study should include data from 25 to 35 gene loci to arrive at comparable 

genetic relatedness indices such as genetic identity scores. When such 

research has been done, I suspect that genetic identity scores between 

the most divergent forms in the genus w ill be high—on the order of 90 

or higher. Unless electrophoretic studies can establish substantial 
evidence for a discussion of primitive (j&lesiomorphic) and derived 

(apmorphic) protein-^ and not merely a l le l ic  frequency differences, 
then their contributions to Salvelinus systematics w ill be more-or-less 

limited to some generalizations on degrees of relatedness but lacking in 

authoritative c lad istic  information.

Comprehensive electrophoretic studies should be useful, however, 
to test my hypothesis concerning the evolutionary rea lity  of the Dolly 

Varden and Arctic charr complexes and their respective components and to 

examine the relative a ff in it ie s  of leucomaenis and profundus.

In the western North American trouts of the subgenus Parasalmo, 

electrophoretic taxonomic studies on the cutthroat trout (Salmo c la rk i) 
and rainbow trout (Salmo gairdneri) have probably been more intensive 

than that of any other fish species. However, there is  a lack of evidence 

on primitive and derived genes in these species and no real c la d ist ic  

interpretation is  possible. An overall summation of the electrophoretic 

data indicates four equally related groups—rainbow trout and three
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subspecies of cutthroat trout, but the genetic identities are "lightly 

clustered, suggesting a ll could be considered as subspecies of a single 

species. The genetic basis governing the striking morphologidal distinctions 

of the California golden trout (S. aguabonita), can not be detected by 

electrophoresis. Two subspecies of cutthroat trout that have pronounced 

differences in spotting pattern and ecologies, and are in part sympatric 

in the upper Snake River drainage, Wyoming, exhibit no electrophoretic 

differences in the products of 26 gene loci (Loudenslager and Kitchin 

1979). Electrophoretic studies of western North American trouts 

demonstrate close genetic id en titie s, and a d istinct lack of concordance 

in the evolutionary rates of change between the regulatory genome governing 

morphology and ecological specialization and the structural genome 

sampled by electrophoresis. I expect the same situation w ill be found in 

Salve!inus.

The data on Salve!inus karyotypes indicate the general trend of 

Robertsonian fusion—going from higher chromosome numbers in primitive 

form to lower numbers in derived forms. The karyotype of S_. 1 eucomaenis 

is  given as 2N=84-86 with 100 arms.* This same karyotype is  found in 

S.. malma cu rilu s . S_. trialma malma is  listed  as 78-80 with 96 arms, 

and the Far Eastern form intermediate in morphological characters (S_. m. 
krascheninnikovi) also has an intermediate karyotype with a diploid 

number of 82-84 and 98 arms according to Viktorovsky (1978). S. fontinalis  

and 5| namaycush have diploid numbers of 84 with 100 arms. :S. alp in us 

(Sweden) has 80 chromosomes with 100 arms. The stone charr of Kamchatka 

and the bull trout of North American evidently posses a common karyotype of 

2N=78 with 100 arms (Viktorovsky op. c it .  and T. Cavender personal 
conmuni cation).



18

I would not necessarily interpret a smooth profession in karyotype 
spéciation from this data. That i s ,  I don't believe the l i s t  of karyotypes 

can be used as strong evidence that S_. leucomaenis and a ll subspecies of 

||* malma were already evolved before S. mal ma malma gave rise  to the Arctic  
charr complex.

In the closely related species and subspecies of western North American 

trouts, diploid chromosome numbers range from 56 (106 arms) in Ŝ . gilae  

and S. apache to 68-70 (104 arms) in S. c la rk i1 c la r k i i , but there has 

been considerable rearrangement of karyotypes in several evolutionary lin es. 

The three major subspecies groups of cutthroat trout follow a Robertsonian 

fusion pattern of decreasing numbers: 2N=68-70 in Ŝ . c. c la rk i, 2N=66 

in S.. c_. le w is i, and 2N=6# in $_. c. bouvieri. In the rainbow trout 

evolutionary lin e , the diploid number associâted.lwith the most primitive 

morphological characters and the most primitive distribution pattern is  

58. In various populations of the more advanced coastal rainbow trout, 
modal diploid numbers are 58, 60, 62, and 64. Evidently the evolutionary 

trend has been that of converting metacentric chromosomes into acrocentric 

chromosomes with an increase in the diploid number. The most divergent 

species of Parasalmo is  the Mexican golden trout, 5>. chrysogaster which 

has a diploid number of 60. Thus, within a closely related group of trouts 

of probable re lative ly  recent (perhaps late Pleflcene - early Pleistocene) 

origin from a common ancestor, there is  great variation in the karyotypes 

and the chromosome numbers of 60 and 64 must have been arrived at 

independently in different evolutionary lin es.

Extrapolating the karyotype information from Parasalmo to Salvelinus 

suggests that after a ll of the diverse geographical forms of charr have
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been karyotyped, the comparative data may not be a decisive factor for 

determining the position of phylogenetic branching points in Salvelinus.

Mednikov, et a l. (1980) published an interesting attempt to resolve 

taxonomic problems in Salvelinus by the use of DNA hybridization. I 
pointed out (Behnke 1980) that DNA hybridization data cannot be trusted 

because of the noise of experimental error when dealing with groups 

such as the Arctic charr complex and the Dolly Varden complex. Their 

evolutionary separation has not had suffic ient time to accumulate the 

amount of genetic differentiation needed to overcome the noise of 

experimental error.

Thus, despite modern methodology, I doubt that a taxonomic arrangement 
of charrs w ill ever be constructed that w ill be universally accepted and 

endorsed. This is  particularly true because of the conflict between the 

goals of a phylogenetic (in the s t r ic t  c lad istic  sense) c lassificatio n  

and the goals of a practical c lassificatio n  useful for fisheries management 

in relation to degrees of morphological and ecological divergence and 

sympatric occurrence.

A final point of emphasis concerns the management, preservation, 

and utilizatio n  of the great range of d iversity found in diverse groups of 
charrs. In comparison to other salmonid fishes, most of the distribution  

of charrs occurs in areas of the world with low human population density 

and, as yet, re lative ly  lig h tly  impacted by man. In contrast, I estimate 

that the cutthroat trout species in western North America has lost about 

98% of its  original distribution (with concommitant loss of genetic 

diversity) in interior waters during the past 100 years. There can be 

great ecological and l if e  history differences between local populations 

of the same subspecies that may be of major significance for management
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purposes (Hickman and Behnke 1979, Behnke 1981). A long range goal 

should be to maintain the geographical and ecological d iversity s t i l l  

present in Salvelinus, in order that the base of the natural resource 

( its  genetic diversity) be available for u tilizatio n .
The natural distribution of the Arctic charr complex, with the 

exceptions of the European Alpine lakes and some lakes in the interior  

of Siberia , is  largely restricted to within about 100 km of the Arctic  

coast and associated islands. The Arctic charr is an effective agent to 

channel the food resources in waters of very low primary productivity into 

a highly desirable product. There is  a great potential to introduce 

various forms of Arctic charr into suitable new waters and greatly 

increase the fishery values of these waters. In 1978, I examined specimens 

of an unknown charr, sent to me from a lake in the Rocky Mountains of 

Idaho. I identified the specimens as jf< alpinus oquassa. Later, i t  was 

discovered that charr from Sunapee Lake, New Hampshire, were stocked 

into a few Idaho lakes in 1925 (the native charr in Sunapee Lake later  

becaue extinct after S_. namavcush was introduced). The Sunapee charr is  

now known to persist in two lakes in Idaho. These lakes are ultra  

oligotrophic but the Sunapee charr attain weights of 2 and 3 kg whereas 

fontinalis in these same lakes seldom exceed 100 g. In numerous such 

lakes in the Rocky Mountains of North America, without suitable 

spawning in lets to maintain trouts of the genus Salmo, S. fontinalis is  

often the only fish species but they typ ica lly  are represented by stunted 

populations of l i t t le  fishery value. There must be thousands of 

sim ilar lacustrine situations in the world where the introduction of 

members of the Arctic charr complex would greatly improve the fisheries by
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maximizing Jalmonid biomass production with their specializations to make
c ■effic ien t use of the pelagic and benthic zones, and produce large size  

specimens because of their range of food utilizatio n  and long l i f e  span. 

Innovative ways to maximize growth and production could be tried such as 

hybrid combinations and attempts to create sympatric stocks with 

introductions from diverse parental sources. Consideration of the 

diversity of the potential niches of the diverse forms of Arctic charr and 

how the potential niches would be contracted into realized niches in 

interaction with other species (or other sympatric populations of Arctic 

charr) offers a wealth of opportunities for theoretical and practical 

application of fisheries management concepts. I believe the Arctic charr 

is  a fish  that w ill become more widely appreciated, despite its  confused 

taxonomy.
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Department of Fishery and W ildlife Biology 
Colorado State University 
Fort C o llin s, CO 80523
Dear Bob:

Thanks very much for your recent le tter and your ea rlie r one to 
B ill Valleau regarding tenure. I greatly value your perspective on 
systematises and evolution.

The Lanao trip  is  on; I ' l l  leave Maine around December 15. I w ill 
also be collecting material from Thailand and Northern Malaysia for 
suitable outgroup comparisons. A c r it ic a l morphological evaluation of 
the specimens I co llect is  absolutely essential for meaningful 
interpretation of any inferential genetic data. From my very limited 
exposure, I fu lly  appreciate the expertise and insights of c lassica l 
systematists. Time and again, what a good ichthyologist in tu itive ly  
perceives very rapidly in terms of phylogeny is  the conclusion that is  
arrived at by so-called "crit ica l"  electrophoretic analysis. The 
morphological systematist appreciates the gestalt of a taxon and from 
experience knows which types of characters are c r it ic a l and which are of 
lesser value. I do not pretend to possess such experience. However, I 
s t i l l  believe that certain types of characters are more environmentally 
plastic than others. I find your comments about meristics of sunapee 
char from Sawtooth Lake particularly enlightening; exactly such 
demonstrations should be prominently displayed in the literature to 
counterbalance experimental studies on unrelated taxa which purport 
opposite findings. It  is  clear that few systematically general 
statements can be made regarding relative h eritab ility  or environmental 
p lastic ity  for specific morphological characters.

I agree completely with your (re-) interpretation of Ŝ . alpinus 
genetic s im ila r it ie s . When faced with values of 0.9 or greater, 
clad istica l accuracy is  lacking. However, with lower s im ila r it ie s , 
information content is  much higher, and accuracy increases. I 
completely agree that biochemical systematises is  loci dependent.
It  is  clear that some certain classes of enzymes are more informative 
than others. A recent paper in Genetical Research convincingly 
demonstrates a significant positive correlation between individual locus 
heterozygosity and genetic distance. Thus, demonstrable differences at

T H E  L A N D  G R A N T  U N I  V E R S I T Y  a n d  S E A  G R A N T  C O L L E G E  O F  M A I N E



Dr. Robert Behnke 
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loci with generally low levels of intraspecific va riab ility  are more 
informative c la d is t ic a lly . Esterases are of limited value when used in 
iso lation , particu larly i f  the formal genetics has not been examined. I 
would hope that Nyman would expand his enzyme arsenal to include 
additional lo c i.

Again, thanks for your continued correspondence. I ' l l  keep you 
posted on the Philippine problem.

Irv Kornfield
Assistant Professor of Zoology

IK/ea
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Obituary of Vadim Dimitrovitch Vladykov, 1898-1986

Don E. McAllister
Ichthyology Section,  National Museum of Natural Sciences,  Ottawa,  Ontario K1A OM8y Canada

Vadim Dimitrovitch Vladykov died in his retirement apartment 
on the night of 14 January 1986, after a full and productive life. 
He was 82 years old. Surviving are his two talented daughters, 
Nadya Clowes and Kyra“ Fisher, and four grandchildren. His 
beloved wife, Nina Formagie, who he married in 1938, pre­
deceased him on the 19th of December 1976.

Dr. Vladykov was born near Kharkov, Ukraine, March 18, 
1898 (Gregorian), son of Dimitriy Iv. Vladykov (1863-1955), an 
archpriest, theologian and missionary of the Russian Orthodox 
Church. Vadim graduated from the Lycée of Akhtyrka in 1917. 
He was a student at the University of Kharkov from 1917 to 1918 
under Prof. P. Sushkin. He fought in the White Army under 
generals Vrangel and Deniken, became ill and while con­
valescing in Crimea, studied the fishes of Kertch Channel (be­
tween the Azovsk and Black seas). Following the evacuation of 
the White Army he surveyed the fishes and herptiles of the 
Bosporus in Turkey. The collections he made were deposited in 
the French College of Saint-Georges of Constantinople and in 
the Natural History Museum of Prague.

In 1921 he became a biology student at the Charles University 
in Prague, Czechoslovakia and graduated with a RNDr degree 
(Rerum Naturalium Doctor) in 1925, with a major in zoology 
and a minor in anthropology. It was there that he began his 
studies on the fishes of Subcarpathian Russia (then in Czecho­
slovakia, now part of Ukrainian SSR). This led to his appoint­
ment as director of the Ethnographic Museum of Subcarpathian 
Russia in Uzghorod. These studies were published in Ukrainian 
in 1926 and in French in 1931 and included several new taxa.

In 1928 he moved to Paris and read agricultural bacteriology 
and serology at the Institut Pasteur and from 1929 to 1930 
studied ichthyology at the Muséum national d'Histoire naturelle 
under professors L. Roule and J. Pellegrin. He was elected a 
‘Correspondant of the Museum' and received the gold medal of 
the Société Centrale d’Agriculture et du Pêche for his work on 
Subcarpathian fishes.

In September 1930 he arrived in Canada and began to work as 
an assistant scientist in biology under Dr. A.G. Huntsman for 
the Biological Board of Canada (which later became the Fish-

Photograph of Vadim D. Vladykov taken in December 1985 by the 
author.
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cries Research Board of Canada). He worked at the biological 
stations at St. Andrews, N.B., Halifax, N.S. and Toronto, 
Ontario (where he was reported to cut a dashing figure with his 
long, opera cloak and intriguing accent) up to 1936. Amongst 
other studies during this period he published a major work on 
the marine fishes of Hudson Bay and a booklet on the marine 
fishes of Nova Scotia. In 1936 he became a Canadian citizen.

In 1936 after joining the Maryland Conservation Department 
he undertook studies of shad and striped bass. He was also a 
professor of Ichthyology at the University of Maryland at Col­
lege Park and the Biological Station at Solomons. In 1938 he 
returned to Canada and joined the Laboratoire de Zoologie at 
the Université de Montréal as professor of ichthyology. During 
this period he founded and directed biological stations in the 
Parc des Laurentides and on Lac St-Louis. Amongst more pro­
fessional duties he took the Governor General and Her Royal 
Highness Princess Alice fishing at Grand Lac Jacques Cartier in 
September 1941. Those knowing Vadim will wonder if he invei­
gled the Princess into preserving some of her catch for him.

In 1943 Dr' Vladykov organized the ‘Service de Biologie’ in 
the Départment de Pêcheries du Québec and was its director 
from 1943 to 1958. During this period he gave courses in ich­
thyology every two or three years to students in the Ecole 
Supérieure des Pêcheries at Ste-Anne-de-la-Pocatière. He un­
dertook studies of the fauna of the estuary of the St. Lawrence 
River and published an important baseline study on the beluga 
that is of considerable value today.

In 1958 he left the Département de Pêcheries du Québec and 
joined the staff of the University of Ottawa as a professor. He 
remained in this post until his retirement in 1973. He took one 
year and three month’s absence in Iran starting in August 1961, 
and went on cruises to the Caribbean Sea in 1965,1966 and 1968 
to locate the spawning grounds and study the larvae of the 
American eel. In Iran he served as a fisheries expert in the 
Caspian Sea region for FAO. Vadim worked on the sturgeon 
fisheries important for caviar, but also made significant collect 
tions of fishes, many now at the National Museum of Natural 
Sciences, Ottawa. In Ottawa he taught ichthyology, herpetol­
ogy, zoogeography, etc. and supervised a number of graduate 
students.

Prof. Vladykov felt that high quality illustrations were very 
important in science. He spent considerable time and effort 
ensuring that the illustrations showed fine detail. George Ben- 
Tchavtchavadze, a fellow Ukrainian emigrée, worked with 
Vadim to produce superb photos of larval lampreys, cod tuber­
cles and cod goriads, and P.I. Voevodine made exquisite sepia 
drawings of skull bones of Pacific salmon (Oncorhynchus).

In later years Prof. Vladykov received a number of honours. 
In 1963 he was elected a Fellow of the Royal Society of Canada. 
In 1968 a special issue of the ‘Vëstnik teskoslovenské spolec- 
nosti zoologické’ was published in honor of his 70th birthday. 
Following his retirement in 1973 he was appointed professor 
emeritus at the University of Ottawa and Research Associate at 
the National Museum of Natural Sciences, National Museums 
of Canada. In 1975 he was elected an honorary member of the

Canadian Society of Zoologists, in November 1976 he received a 
Doctor of Law, honoris causa degree at Sir Wilfrid Laurier 
University, Waterloo and in 1978 he received a D.Sc. honoris 
causa degree from the University of Ottawa.

As a man Vladykov was stocky (about 165 cm) and vigorous. 
He talked with enthusiasm about his current research or he 
would look at you piercingly with light blue eyes through his 
thick glasses (for which he was noted) and strongly criticize your 
work or that of some noted colleague and then crack a joke. He 
searched for truth and would not excuse the least error. He 
marshalled those around him, students, colleagues and family, 
to help him indiis projects, sometimes with scant regard to their 
priorities and sometimes with diplomacy. His students became 
fearful of extra work when he approached saying ‘You, hand­
some, strong young m an. . . ! ’ But many learned how to carry 
out research under his tutelage. His views were strongly held 
and he would disagree with noted figures of his day such as Carl 
L. Hubbs on lamprey classification and Johannes Schmidt on 
the location of the spawning grounds for the American eel. His 
presentations at scientific meetings were salted with humorous 
comments. He spoke several languages fluently (but all with the 
famous Vladykov accent). While a dedicated student of taxon­
omy, he doubted evolution and was a devout member of the 
Russian Orthodox Church -  he was a founding member of the 
Church of St. Nicholas, a generous contributor to its memorial 
fund and to the Russian Orthodox seminary in New York.

Despite disputes with colleagues it is accepted that he made 
major contributions to taxonomy. He was the first one to dis­
cover characters enabling identification of larval lampreys, a 
discovery of great practical importance when sea lampreys in­
vaded the upper Great Lakes and decimated sport and commer­
cial fisheries. Despite imperfect eyesight, he was a keen ob­
server. He was the first to report tubercles on spawning lake 
charr, a species which had been very well studied. He found 
differences in velar tentacles which were useful in lamprey 
taxonomy and was investigating the value of length of the geni­
tal papilla in spawning male lampreys up until a short time 
before his death. As author or co-author (with Prof. E. Kott or 
students) he described more than one quarter of the world’s 
species of lampreys (10 out of 38), more than any other scientist. 
While his generic assignments have not been accepted by some 
of his colleagues, neither have they published refuting evidence. 
During a career spanning about 63 years he published more than 
200 scientific papers.

By the force of his personality, his capacity to question 
dogma, the keenness of his observation, and his numerous 
publications Professor Vladykov considerably influenced the 
development of fish biology in Canada and made his mark in 
ichthyology worldwide. A dedicated isspe of this journal and an 
anthology in honor of his memory will be published later.

The author is grateful to E.K. Balón, E.W. Burridge, B.W. 
Coad, C.G. Gruchy, E. Kott, J. McNeill and C. Renaud for 
information or comments on this; obituary.
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Studies on the Variability o f the Land-locked Miyabe Char, 
Salvelinus malma m iyabei

III. Geographical Variations o f the Dolly Varden, 
Salvelinus malma, and Morphological 

Characters of the Miyabe Char

Koji Maekawa
(Received December 22, 1976)

Geographical variations of some meristic characters of the Dolly Varden, Salvelinus 
malma, which were collected in some districts (Nome, Anchorage, Juneau and Seattle) of 
North America, Bering Sea, Okhotsk Sea and in some rivers of Hokkaido, were investi­
gated with special reference to the systematics of the Miyabe char, S. malma miyabei, in 
Lake Shikaribetsu in Hokkaido. An obvious “geocline” associated with an increase in the 
number of vertebrae, gill-rakers, dorsal rays and pored scales of the north American popu­
lations was found. Toward the east and toward the uplands, slight increases in the num­
ber of vertebrae and pored scale wdre observed in the land-locked populations of Hokkaido. 
No significant differences were recognized in the number of anal rays among populations 
of the Dolly Varden, however, pyloric caeca were slightly fewer in Hokkaido populations 
than in the others. Meristic characters of the Miyabe char, excepting gill-rakers, were 
similar to those of Dolly Varden living in Hokkaido. A striking characteristic of the Miyabe 
char was found in the number of gill-rakers, as well as accessory gill-rakers in the medial 
surface of the gill arch. Gill-rakers of the Miyabe char were the most numerous among 
all Dolly Varden investigated. It was discussed that, in relationship to food habitats 
of the anadromous Dolly Varden, the changes in morphology might be an adaptation to 
plankton feeding.
(Department of Oral Anatomy, Faculty of Dental Medicine, Hokkaido University, North 
13, West 7, Kita-ku, Sapporo 060, Japan)

,atb (1938) % i  * x
(Salvelinus miyabei) WbAfa

A m m  *£31^«
XASf, 1938, 1961; AfO • fe. 

H, 1943; 1962; A® > 1967; Yoshiyasu,
1973). tL. < , » i f

K  - f  ^  t  3 p* n Ig) Salvelinus malma 
(Walbaum) t  €> % fa

1 1 w m m

A ir (1938, U961) pirn
(iw^pJth'gMb

(1976) % ¿@ T 9 ' ¿  B I t l '
&. bfa bfaK~r
a  ̂̂  u
fcO tfifa b^T 9 i~ f i  A ' h ^3 .

< ¿m h -* *  *1 *

McPhail (1961) Taranets (1937),

— 49 —



:pjü> Japan. J. IchthyoL 24(1). 1977&§î^ît
Schmidt (1950), Andriyashev (1954) ©ISrfi"ftiSW I) 
5 0 « ! , ! ) ,  (1969)

% <D&-é$> S>.

M, d- 4-- igfc .£ (Sfffl V'ÊÎJriàl&M1®-
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Fig. 1. Areas of capture of the Dolly Varden 
in Sea of Okhotsk, Bering, and North 
America (upper), and distribution of the 
land-locked Dolly Varden and Miyabe 
char in Hokkaido (lower).

Table 1. Name of rivers and number of specimens of the Dolly Varden and Miyabe char 
examined in the present study. Figures and tables used in this paper are abbrevi­
ated by the number and initial of localities shown in this table.

Name of rivers Number of specimens Name of rivers Number of 
specimens Name of rivers Number of 

specimens
1. Obukaruishi 11 14. Satsunai 53 A. Anchorage
2. Notto 6 (by Mr. Komiyama) Cambell 50
3. A river of Rishiri I. 22 15. Tottabetsu 62 J. Juneau
4. Tokoro 155 (by Mr. Komiyama) J(l) Eagle 55
5. Nishitappu 84 16. Shikaribetsu 54 J(2) Switzer 104
6. Lake Bankei 89 17. Shoji 12 J(3) Sheep 13
7. Lake Shikaribetsu 18. Kennebetsu 8 J(4) Gold 13

Yambetsu river 1437 19. Rusa 10 J(5) Sea run form 33
Lake 204 O. Sea of Okhotsk 23 S. Seattle
Kohan river 27 B. Sea of Bering 18 Skagit 29

8. Nuppun-T omuraushi 141 N. Nome
9. Shii-Tokachi 26 N(l) Sun set 58

10. T onokarishubetsu 178 N(2) Dry 36
11. Pon-T omuraushi 3 N(3) Solomon 17
12. Nukabira 59 N(4) Penny 12 Total 3121
13, Otofuke 13 N(5) Anvil 6
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î£'̂  — yy  i!''iSy,ft©7fe'5Fff K.&fti-f' ¡¡> d- '̂ 4 p

McPhail (1961) Js 2: ©t-McPhail and Lindsey (1970) 
fci*Uf, 7- * 7 ¥/Pffi-te(m * 
a ^-.+ y A n a d y r  j l l t ^ ^ 1?,. $  S’fc. 
db r ^-y * y 7 *;v:= 7yfci> McCloud ;t&fc

b i t  i t  Mackenzie xK^-C£>&. (H.L, Nome fftgrc; % 
fr fti}M 1£>bii'i\'Zi (McPhail, 1961). !fW

(1957) L 7 c t k i r i g l « ¿ V 'S
L, Mori (1935) 4®|$:fc®©SS!Efc#--7 a p p

#US.-tS t f c # * - c * m © i$ i lR l i
i 8® M b g p f t j&Xfc b  5 1  #  £  e&H %.

© -i'!o r  ¿ f c f c & d b ig ^ r t© ^ « ^  
(1969) y t i  , t i l  <paES#vti'-5i]8i;:.r^©f®^4-|Hl

f!IK ^© —Mill O&ig), $n£ft¥S>© -7 3 7 -PJlfr 7  V*  
ŝ̂ f|p7u-y-J||, +PI)|7K̂ © h

A 5 7 -7 ^ © M M » * L 0 « il¥ ;i lv  WjSJN.
K3W\X&b. :̂©ffi, 0iSlU?R©it 

WH ('J'^lB , ^ = 1 6 ) t? i  -7 3 p n i  ix T
<-'5. LfcdŜ -C,
^ l® iirP^)lli<5J:©t'0 ^ ^ ' t i > 2 > .  JbSiit© ^--73 p
|  A  *s ' S f j j i j iM t  ©ftM/II -CM n «  4  - c £
l l t l '  A;-oili6g|iiE‘t? * o  fc.

2) ^tiSituTt-© 7 -> a p p -r  
W it # $ t  i t  A- b  S  i t  tc i t* M *

'>a p  p -̂  © fiKfilt® ”9. 5  i , Seattle An­
chorage 61~67 ©fEHicJ, 9 , S5IR^:H'
iifgaibft&V'. -t- KieS,

v LivLS-^O^tlSria

Number- of Vertebrae
3 60 65 70

Locality 1 1 1 1 1 1 1 1 1 1 1 1------■”1 HEEjn I
2 I-----EET-l Jl

5 I-------F—}— 1 I

6 I--------F=f=l----- 1
7 I---------R ^ f l ----- 1

8 J--- fc- 1 I----- 1
9 H-.v  | I I
10 hr—f I-1
12 I- »— t— l------1

14 I— I  | I I

15 I------ l"™| I I

b 60 65 _________ ._________ 70

NO) 
N (2) 
N(3) 

A 

JO) 
J (2) 
S
o

I------ r " l
i—r— [= n  

trT~] »
i— r— t .. 1-------1

i— c~|—i---1
HZ-1.. ..J----- 1
I—i~ 1 -M

Hr--} 1---1
Fig. 2. Geographic variation in number of 

vertebrae of the Dolly Varden and Miyabe 
char.

V  Nome nl % -t -  Kgf; 68, 69 K:
h  9, % Anchorage 0 %§l
b < ( p < 0 . 0 5 (Fig- 2b).

#  66~69, - z -  K: 67̂  9 j^Nome

¿  (Fig. 3 V ^ m w M ^ h € b ^ < o m

Number of Scale Pores| |  HO ,»20 130 140Locality i --------------------— i------------------------ ,------ —---------------pi.

J i---------r-::- 1 i-----1

7 I----EZ_. I I---------- 1
16 I— h- -  l i-----------1
14 h+- | i-----1

Tomuraushi . ,— i— .
(8.9.10) .3 u  *; L I 1------ .

o HET—1 1 I
B I-------L j I I

Fig. 3. Geographic variation in number of
pored scales of the Dolly Varden and
Miyabe char. N, A, and J include samples
from all rivers of the district, respectively.
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i t  ,
Nome

M.it 132 ¿1«  Anchorage, Juneau,
Seattle 128, 125, 122~i
< & 5 . ,p
¡oi§fl||>£ g e o c l i n e ^ P ^ J j , ^ , .

-saâ  3gii© pj- a, p 3 |«d 
fliMWLPS:©^©i|iSt3l*il^is^Jt> Jt frfr4 7c

g iti Nome Jttqp1;}- *  — jg jg it Anchorage g if t

¿ i  n.% fiA'-
izmiszvRmmk mm̂ m.« ©  

-g g ^ t il^ fe k « ft  9, f t b J x  ft

iS i- ¿ ’iK) J p - f 0 c ^ ^ © |g ,f (Nome, 15.16;
Anchorage, 14.10; Juneau, 13.44; Seattle, 13.87) i t  
i t f i i ^ X ^ .  4pj ' f f i l n F >  Jx7c (Table 2).

^  *  - ¿ i s E S lt)WS®ti&OiK @ S B tt,l>Nome H©

K$hWS^A
Table 2. Geographic variation in number 

of dorsal rays of the Dolly Varden 
Salvelinus malma and the Miyabe char, 

Salvelinus malma miyabei.

Locality
Number of dorsal rays

11 12 13 14 15 16 17 18
5 1 16 10
6 1 22 13
7 17 31 15 2

8, 10,11 2 10 6 2
12 12 18 12
13 1 3 2 6 1
16 1 3 3
N(2) 1 2 2
N(3) 1
A 2 13 4
J (2) 1 3 5
S 2 14
0 11 8

Üielfc i t r. ? -T © U S ®  & ^  5
Nome gj? N,t 17 Juneau /^©-f:Jiirfi©?']JIIIHIt? i tS i 
M©II. *^JÉ ,̂%Mí> í̂i:líi!tS l̂P,Jt-7fd>o7c. •£ 
CXtfc1&&fci.k$»Xit$i1rZ>k, Nome, Anchorage,

Number of dill Rakers3 15 20 25
Locality "1 1 1 1 1 T 1 1 1 r ~ 1 1 1 t t t ~

1.2 ' I----h........  { I-1
L 3 i----------- r- - ' 1 ii

4 \—--1 | i—i
5 I--- 1  i-— I----------- 1
6 I-----E rf F H
7 I------f-----  | ..........I--------- {

8,9.10 I--------- 1 l l-------1
11 !■ f--- 1............  I----1
12 I----- 1— {--- 1----1
13 I— 1--  | I---- 1

h 15 20 25u -i--- 1--- 1---- 1--- 1----1--- 1------1------1-1------1---1----- 1---1 ) r
N(2) 1 1 1 ■ \--1
Njff:,rf.. i—i 1 l i
N(4) U |  H

A I------ 1 i .......... 1— I
J(1) I------- 1 | I------ 1
j(2) i r~t~i i
J(3) I-------- 1 | 1---------1
J(4> I l f  I H

S I I t I------ 1
o  i------ 1 ...t "~...1 I

Fig. 4. Geographic variation in number of gill- 
rakers of the Dolly Varden and Miyabe 
char.

Juneau, Seattle ĵ LO jr  >? a, p p -? ■=& — K
21, 18, 17, 16 |f

i f rK ^ f t^ 'lg f t^ I l f e ib J x f t .  f tE  Nome M k  An­
chorage ^©PBlicitffiifeW^ (1 ~ 2 * )  t  9 i M ^ t e  

( 3 «  á'iE'a6 e.Jx?c (Fig, 4b).
-t I f *  *  ~ W  M & o *  3 p a 

# i£  Nome £
k £& © tg  Jo £. IF *  -  K k  i< iSffi. L T V '  

te. C<Dl 
I '  geocline iy^WL&bMt.

3) dt?S itñ© *-* '3  p p ^© ifeS K lS ^ 
dtifttifi © f)’i if 15! *  y  u p 'J -vfi-dH' itTiM  (1969) 

d'izi, WW&xM
¿ ^ S s t - c t '5 ,  C C t i t * ^ á '« * L 7 c M  

j l l © ^  13 © aillic-o i >-t.t;lfr<?>. 
w t s # s  fra ili©  * H |  p ^ *  ¿ ^ su íB jí o . t

©#Í§'i'Í5c^r Fig. 2a tc^s-f. 
ñ% M M *^a> X , #H#$:©gPM©'l«i* 58~66,
Kit 59~64 ©Pn1t?Af,fr7c. . t© W illi-)]© »© :*: 

§•■̂ $ ii« © a )IIH © S M J: 9 % t f p f t H j  t  7c.
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ifjll : p * Pr&VSfefÊ

L X ^ b t i  Nome jg, %
¿ U M v ^ th  X9 im ^feU
c  V' &

ffi; <^biff^M^x%'z *
-yji|h / 8 t'-,ll*':®%iJ;'7t£"<f'

©fe58 — 60, -ir~. H";'59, 60), ^Slil+^rnKO^h A 1? t>
'>m <̂oMMi\\ mm<om 6i~66, * « ^ 62,64), b|8
H JM © fL rii |^ .^ ^ » i( |J I | mM<om 62-65, * _  i j 
63, 64) J ; | i r ^ ^ 2>. ¿ Q J :5ifc&j& jft#fe<ft:5 
f— tif-o "C^^Oteii Ji'Dy-i: — F'i;:fo't‘ % 
M ftM im b b Z .  S M  (1967), U/ll (1974) 
gr©M )l|©:t';*3 p ^ . © ^ j f f ’fjr (58-62) ¿ ,

b  IW8i, (&;$!£;*> ¡bM e3#)5 i  L77v-> 2>.
. ' F i l l 5  f t £ t ;-9ltE;%frife

J)"0 .fc & ljirft©.Jj*'i ')g(n]i5̂ fc Pj;h.fct! '■•
W 9-lt^^ iO |s 59—63, -t-— K 61 4:', H 

61-66, - t— >" 62) ¿ i  <)2
f i L t i o  9 , a p

3 wit( (iLWii, 'O ii;ii, » a 
9 *i«l> fc*si&Z,*'ya p ^ ^ o ig f lL if o ^  
i iT c f g ie i t^ - t^ V  & © i 5t£M fa& % .bhtz. - f tz  

fLrt)B(¥i% 125), u 7  7-y 
123), ^ IJ ) || ( ^  119) © J lf ic ^ f f i  

l t ^ & < & 0 fc (Fig. 3).
^MMitfLp'ajllJs J: xlF a 7 -7 •viOiiSSiH. j; 9 gf) P> 

|& j | |jB H H ( i r i  C «f£  (&ic 800-900
m) l c i> i ,^ i j ; i |o %<obi i ^ i i ^ J ;  <fytV 'fc.

&ic-|bi§it:£ifc b 31-H,8© % © i tM tt  6  b , Seattle, 
Juneau £ © b î MtzfMlpĵ ZhtzM■ * * - ^ r
-ri~1#&(-/{il$8£&J:EfriNome ]g j; ») §J§ 

iZ.
« F 1 S S  W ® i5:ttM ;iif0l-C'fc-f & ¿5 e>3;f|© 

$1, *;Hfc:—5g©j®|6|&

dbiSiB^fc fl-H 
5„£, 9

« m f e j c t r a * * »  wm , im m % p $ % b  % i^ir
IfjBli© i> Od̂ ^©tM, •* F i^Wo^BSUiSSS

Jy ;
SSiGjSt 73 gt p ,c?>|j|—4gp)

g»feSfflii:©^g>IIit 16-25 geocline ©
i  5 5E©IK(^t|^^P)Jx^A^,fc
©tis5g:©^^©i|iaiif'ti;;:F4> t̂> o iz.

16-22 9 ,
# *y 'K IW I  Ijg-if- 20 -  25 "C45> $jzP%-'Ji,'-''i-1- ■ * *
*£, (4-
22) © tsd ^ i’i ' m  -21 t-ife-2 S •£:©J;'^tcM)IIW&

^lii^ ^4 '» 7 i'S 4 :fc f(Fig. 4a).
" ffiB M & S  i  i  (fiJttKjS® ¡IJeSi: b i t f l - f  i>

¿,*®fciSjt^<b’'i> © i t  ifc^jNlJ:®©® (Anchorage, 
Juneau, Seattle jg) ^© C© t  9 'K i j^ i^ ^ © I S , ;' -t 
p* F £  Nome ^ © -tJv t'O  ê-p* Kt: 1 —

E-iir, ^.#>iHE|!c^S»©«JsJ:^-.
- rJ t- r i i  23-29, 26 ¿#V 'jB |iO ^|ia6 P> 

Jx«.' £ © ^ © t l t e  J £ F * -  KitdbjSjSfiO^MlII® 
p 3-7©§sfei&:j: 9^rti-?JxT I® 'e  4 -7  

* ,  ±BI-e 4 -8  * ,  * -  K-Ctt 4 -5  * £ * 5 £ ¿ 3 ^  
L t l '? > . Nome 9.y  fB M oV M R W ttiiZh#
H * -  K 22~23|a?4,^*,F)i,:tittl .J :  9 4  3 -4  ##!,>

0 c r+ p J ll7 K ^ « 3FJI|^&MSl]SiM'f 7  F - ^ f k ,
.C © »  1 5 ig £ ? © « e © f e £ " a * d i^  Table 3 i£

Liz.m¥JtIIt^g iJia iH -F 2K ^r 6  C b , CCD
ill $»ybi81;#:i&© % &co¥t5Mltc&i' C

c ® g i% M zb , g -m ^co m fem c  
JsV '-c^ it 9 # ^ iJ ii^ -i v.^.ttgg

Table 3. Comparison of number of gill-rakers on each gill arch in the Dolly Varden and 
Miyabe char in Hokkaido.

Locality
(Species)

Number of gill-rakers
Gill arch 1st 2nd 3rd 4th 5th Total

Shikaribetsu Lake
Range 24-28 24-28 20-23 16-20 10-13 95-108

(Miyabe char) Mean 25.7 25.3 22.7 18.1 11.4 103.2

Nukabira River
Range 19-22 18-22 16-19 14-16 80-10 80-90

(Dolly Varden) Mean 19.9 20.5 17.9 15.2 9.4 82.9
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Table 4. Comparison of number of accessory gill-rakers on each gill arch in the Dolly 
Varden and Miyabe char.

Locality
Number of accessory gill-rakers

(Species) ' Gill atch 1st  ̂ 2nd 3rd 4th
Range 4~12 11^19 14-20 10| 13

Shikaribetsu Lake
(Miyabe char) Mean 7,5 14.8 16.6 11.4

Range 0 -7 6-13 11 ~16 8—.11
H Nukariba River

(Dolly Varden) Mean 3.2 11.0 13.6 9.5

&a&P?©flftJ'f|i| accessory
gill-raker ̂  Table 4 k /an« £ ©. ac­
cessory g i l l - r a k e r .L ^ f f i ^ t i ^ J n j S i  ¡5 

'f i 'P  b  ;*S/jgPi i .

m Z H tzx  f t r ig f f i^ o ^ ic ^ i l^ S i^ ^ M c P h a i l ,  
1961) ip te g f i  (Juneau 0 )
lifC*,,

#  «
3 P a t>, #*# ,. {SiMm

iS, tlffi© ^^iM 8> ^@ lr 5i©^||©Jlg|B)

£ffi|rp£'5il:b;h,fc,- —-̂ 7,- 4biSilFi3iiJoV''t:%,%)#(§# 
S , db^e>fipv

^geocline dSfti»f>ix2> <E#£lc, dbiS
3t£ffc & T *  H-7 2? î 0-f>
b„ Wcff'&ts: '.
■ Ld*L, 3 6>K#L < %*u£,

cline ¡^Ig»
Lit 3

■i~Tim. McPhail (1961) p p  -«-¡col,'
-c, 7 7 ^ m i i  bi’CSb^MiS^a^Efe-a'
2), L Jx ic #£ X. t£\ d b S ^  © MJIffldh£_a p 3 -r i t  
Nome, s i -  m m i& fi,  ¿ L * -

 ̂©S-#©SŜ :®li§̂ lfiS& i; ©P |̂?̂ 75 1 fcfe'C.

JkJs, dbiSjSbJl#©PliStt* s ' 3 p =* "-'©fii.'k'iii i¥
« H ’» : © i E * m i S E « ^ v L ,  d K g ^ M /l l i l

© tiSvsrfcjfegKhiipii SJiiq»,'*  i  i  ¿ . M H ^  6
■5,:

& it © # fi5 W fH  a  *j I t  2> I#, Hubbs
(1922, 1940) .% ££»# < -© W ^ iv i  -^rCiffeibdvtV'
5 . (® ia t:i957). - « ¡ w a ,  w m w w w vm nx7£% >  <&

.<t£%> g eo c lin e ;.f^^ ^ ttt:V '2 ,. Ltf>
't^{C©#:®5fi5i>;& 

INii iWKeSfcdt5 l>ifeffi3fc C©I 5 
ts: 1® ft ¿54, t  % H 0  t  L X hig& M ffl© © f t  ©
^¿5#x.f>dr-C t'5A V (O gaw a, 1971), * © ^ # d t ) f  
©SPg-C-g c 5 ©¿Mt&iPKaJ; TI&  2. K % dxtv> 
5 . fitj.ni (1977) i)'i-f-eK-^iKfci.5ic, 
i  5 B#® i  t  jfcfc 9 « « a il -Cfcfe O ”C
fc 9, £#£

f  fe 65.0 mm) e & o :T 8 'b I 'i>  5  (liij)ll, ^ (1 + ) .
t  © ,t 9 t  m
© N i l g a i s  \tXMh>h2> &© i # £ . bbZ>.

■$-cmmv't v ̂ -ic-ot'-rmduf,
R lt , db®jS©?Bfflffl^-^a p 2 6 i i

a© tia^#^3S < g it-a' 2. i  c i  ¿s-e t  s.
L ^ L , db?SiliM ;ilffl^ *  a p p -7©fgffii$»'i geo- 

Cline K fe-oXii-ffaK 'Jrts:< E
S!iSÎ ©T  ̂7-o - t . f © £ > M 4 t'i;t 
<, accessory gill-raker ©|5:Js J; V'M S -^dc 5 # © )^  
K f • -Aa- (1938, 1961) ¿V '> 
ffcffil-eitt.'5 ^rdtA'i21 ~ 
26 ¿ I B L t l '^ d 's ^ ^ is iO t f f ic D H ^ iD f f ^  (#®P, 
1957; g M * 4 5ii ,  1962; 'gitfeb, 1972) % C © , ^ o  
T ' 1 2 # ^ L 1t65.K.l£vT, (1976) J s i
tK'gitfe e>,-;(1976) ¿tllffii;|C SE a L i f t » f a ; 3  f) a  
Behnke (1972) ii-f-P it-®©)f j\$s
© L © S iJ^ffid^*T  7 ^-^ , t i f f in #  30 L L h e L ii 
-f^dbffiT 7 9- 5. alpinus* '® v  ' f # # ix*b%'9;kilklk
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A*. A ___

3  /O^xACAÀ^  ̂ ^VvCiSAv^ «îJI-'Ô l

....  ôSr^  . ^  ßkM /vJlSl _jLe*JU r°
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INTERNATIONAL 
SYMPOSIUM ON
ARCTIC CHARR

February 3, 1981
Winnipeg, Manitoba 

May 4-7, 1981

Dr. R. Behnke
Dept, of Fishery and W ildlife Biology 
Colorado State Univeristy 
Fort Col lings, Colorado 
U.S.A. 80523

Convenor:
L. Johnson

Dear Dr. Behnke: Secretary:
R. Moshenko

We were very pleased to receive the abstract of your paper Program Chairman: 
entitled "Organizing the d iversity of the Arctic charr complex" which w ill R. McV. Clarke 
lead off the session on Taxonomy. Your paper has been scheduled . . . .
provisionally for Tuesday, May 5 at 0900-0930. Local organization.K J A. Kristofferson

Please note that 30 minutes is available for your presentation Information: 
and for any specific questions relating to i t .  There w ill be an F. Frittaion
opportunity for general discussion of yours and related papers la ter. ' .j Committee*

We would be most grateful i f  you would send us the final typed 2- .
version of your paper by March 31 so that we would be able to discuss kyse*ma']
any editorial changes with you during the Symposium. We are s t i l l  Leonriarcl
investigating the most suitable forum for publishing the proceedings Corresponding Member 
of the Symposium. (Newfoundland):

B. Dempson
We w ill le t you know by the end of February whether we can offer 

you any assistance with travel and accommodation expenses.

The preliminary program and registration forms w ill be sent out 
in mid February.

We are looking forward to your participation in the Symposium.

Yours sincerely,

R. McV. Clarke, Chairman 
Program Committee
International Symposium on Arctic Charr 
Department of Fisheries and Oceans 
Freshwater Institute  
501 Univeristy Crescent, Winnipeg 
Manitoba CANADA R2T 2N6



INTERNATIONAL 
SYMPOSIUM ON
ARCTIC CHARR

March 4, 1981
Winnipeg, Manitoba 

May 4-7, 1981
Robert Behnke
Department of Fish. & W ildlife Biol.
C.S.U. Fort C o llins, Co. 
U.S.A. 80523
Colorado,

Dear Colleague:
With respect to your request for financial assistance 

towards the cost of attending the International Symposium on 
Arctic Charr the Awards Committee is  pleased to provide:

$ 450.00
Cheques w ill be available when you register in person at the 

time of your arrival for the Symposium.

Yours sincerely,

Convenor:
L. Johnson

Secretary:
R. Moshenko

Program Chairman:
R. McV. Clarke

Local Organization:
A. Kristofferson

Information:
F. Frittaion

Local Committee:
T. Dick 
E. Gyselman
S. Leonhard

Corresponding Member 
(Newfoundland):

B. Dempson

CA/dh
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3  -C ^ N cÆ j ^ î l  - - c i ç i —  — —
_____  -— S u - w ^  '  ŸÀAg* -  :Â  «y>^.„  j\) g^4<7 ■>-*-!

K____ :^ ¿ W  - f f i  -~ W o & a il , ~¿- k l  k f e i j  o___
¿M h/t's k U . f e + > ' ¿ í k3v£ I  l » t £ ' j $ i t K 11

.......................  ...............t ^ i Î A A fVt>

C  j> j,ît !i» v w -  -f r i U V> à.

ft- ¥*lV

T  #  *'?•*»***I j»

“ 0 :

Gtyvifc
.. T Ä ---- --- »-X- tfrtW»--—fr W

v/t¿w % *  2. - ■ _JC--,

■fC^ 1

t̂ -€ 2¿frf® ^ ,.. ~ fi|3Îx®£4MAA^ '



"T > -̂ 2lS jLhv
0̂~ ym/~ jv

LO * P> c. —» T  K  ̂V" V \?-e? «si UJ JyY>V < ^  &- m
 ̂ ify*i %

l'V c6̂  U “CĈ --- 1V"g — . CW U » C-

î.
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 ̂' Vâî ir' ¿ f vv> ̂  t 4frv>
;  -9^ Sjr±Ær*— Ä-U--- 1

^ e e  , >  ^ ï <  I
a /sf *-* ^ -̂ç. « ^  c

J iT ô ftt  c-li« irv   ̂ '‘I'» w t t

__ t'& L ^ s & e s  * i~ b 1 ̂  7

y__

<— ô̂TVyi 'fv̂  VV̂ JK

COCQütf6̂  — i~-» l  ! T r^ t-  ¿  jj
S . ^

y p>r» ^J” Dô ttp
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