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~ Alyeska Pipeline Service Co.
1835 Slnﬂ;-;;-‘ S T

Anchorage, | 1R
Dear Mr. Hilliker:
RE: AS 16.05.870(a) }Désignatian of Atigun River.

Thank you for your letter concerning the 11fe history of Arctic char in
the Atigun River. Alyeska's consultant, Dr, McCart, may be correct in
his assertion that only resident adult char are found above the Ati
Gorge; the Department has not found spawning anadromous char in t
area. However, Dr. McCart's memorandum fails to recognize that the
offspring of resident char may assume the anadromous lifestyle and can
and do migrate to sea, Conversely, the offspring from anadromous adults
can and do remain as freshwater residents. Departmental biologists are
also not convinced that the Atigun River Borge is an impassable barrier
to rearing juvenile fish. As you may be aware, both juvenile and adult
salmonids can negotiate some very difficult barriers. For example, king
salmon have recently been found spawning in a tributary of the Susitna
River which enters above the first set of rapids and damsite in Devils
Canyon. Because there 1s currently no way of distinguishing between
resident and anadromous Juvenile Arctic char, there is no way of
determining that at least some of the juvenile Arctic char, which are
found throughout the Atigun River drainage, are not anadromous.

The Sagavanirktok River and 1ts tributaries are f{mportant char
producers. Because of the importance of this stream, and the fact that
Department biologists who nominated it for inclusfon in the Catalog of
Waters Important for Spawning, Rearing and Migration of Anadromous
Fishes believe that it 1s 1?or_tant for limm!ng and rearing of
anadromous fish, we will retain it in this year's catalog. However, you -
have raised some fimportant issues and I have asked our Sport Fish
Division to review Dr. McCart's data and to conduct any field studies

necessary to confirm or deny the presence of anadromous char above the
Atigun Gorge. L : ;

Sincerely, /

e&'}{? Bomtstionar ,ﬂ "0

cc: D. Logan /
A. Ott :
A. Kohl

D. Lowe
J. Brossia
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June 14, 1983 Letter No. 83- 3384-G

COMMISSIONER’S OFFICE

f ECEIVE

Mr. Don Colling@worth

Commissioner JUN 1 71983
Alaska Dept. of Fish and Game

Sub t Bldg.

Fobwt: B 35803 DEPARTMENT OF FISH AND GAME

Re: Anadromous Fish Stream Catalog
Dear Commissioner Collinésworth:

In a review of the proposed 1983 changes to the catalog of
Waters Important for the Spawning, Rearing and Migration of
Anadromous Fishes we noted that the Atigun River had been
added. The catalog indicates that Arctic Char rear in the
river well above the Atigun Gorge.

Alyeska Pipeline Service Company wishes to register an objec-
tion to the inclusion of the Atigun River to the catalog. While
we do not disagree that Arctic Char are found above the Atigun
Gorge we do not agree that these are anadromous Char. Alyeska
believes that these fish represent a resident population.

To support our claim we are attaching a copy of a telex from

Dr. Peter McCart discussing Atigun River Char. Dr. McCart

and his associates have many years of experience studying Arctic
Char in Northern Alaska and Canada.

Because there is no known data which would support designating
the Atigun River as an anadromous fish stream, Alyeska Pipeline
Service Company reguests that the Atigun River not be included
in the 1983 changes to the catalog of Anadromous Fish Streams.

B. L."Hilliker
Manager,
Environmental Protection &
Government Reports

BLH/wkk
Attachment

cc: Carl Yanagawa - ADF&G
B. Stafford - DNR

1211



In the 15 years during which the Sagavanirktok River system and the
Atigun Drainage have been intensively studied (1960 to 1983 inclusive)
@@ c has to our knowledge observed or sampled anadromous Arctic Char
spawning in the Atigun River. These are readily distinguishable because
they are at least twice as long and weigh at least 10 times as much as
stream resident fish. One reason for this absence may be that the
accessible reach of the stream downstream of the gorge is very

short and appears to have no perennial supply of groundwater. A good
Winter supply of groundwater is essential for the incubation

of eggs. The only use we can suggest that gdesssssstie may make
of the Atigun River is a feeding area during the summer when small
numbers of juvenile fish from the Sagavanirktok River may enter the
loneneEEseese-cs of the stream downstream of the gorge. However

the area which such juveniles might utilize is so small and the

area of similar habitat elsewhere in the Sagavanirktok System is so
large that the Atigun River can be of little significance to the
overall well being of anadromous populations in the Sagavanirktok
System.

There appears, therefore, to be no justification for considering the
Atigun River an anadromous Fish Stream, using any reasonable definition
of the term. Many other North Slope streams are also known to support
isolated populations of Char populations and in some cases small

numbers of rearing juveniles but have not been considered anadromous
fish streams.

Sincerely,

Peter McCart, PhD



Attn: Dick Mikkelsen

Re: Reclassification of the Atigun River Drainage as an Anadromous
Fish Stream

Aquatic Environments Inc. has been conducting fisheries investigations

in the Atigun Sagavanirktok Drainage since 1969 and is currently involved
in a three year study to assess the long-term effects of the Trans-
Alaska Pipeline System on Fish resources of the region. During the
course of these studies, we have developed an in-depth understanding

of the life history, habitat requirements and distribution of both
anadromous and freshwater fish populations in the area. Our early work
sponsored by Alyeska Pipeline Service Company (1969-1974) and Alaskan
Arctic Gas Study Inc. (1972-1976), included detailed mapping of critical
spawning and overwintering areas for anadromous and freshwater popula-
tions of Arctic Char. Based on these studies and our most recent investi-
gations in the Atigun River (1981-1983) the following pattern of fish
distribution and life history patterns has emerged.

Sampling in the Atigun River Drainage reveals a species compositions
of approximately 85% Arctic Grayling, 7% Round Whitefish, 6% Arctic
Char, 1% Lake Trout and 1% Burbot. Slimy Sculpin, while abundant
throughout the drainage, are not included in this determination.

Lake dwelling populations of eastern form Arctic Char are found in
Galbraith Lake and in several small lakes immediately to the south.
These isolated populations are non migratory, spawn in lakes, and
are not known to interbreed with stream resident fish.

In addition to these lake resident Arctic Char, there is an isolated
population of Western form Arctic Char (synonomous with Northern

Dolly Varden) inhabiting streams in the Atigun River Drainage.

Conditions in the Atigun River Gorge WWP™®® o prevent movement of

Char from the Sagavanirktok River into the upper Atigun River, effectively
isolating this stream resident population.

Stream resident Char in the Atigun River are believed to spawn and
overwinter in the vicinity of small groundwater sources located

in the mainstream between Pipeline MP 144 and 158. Because the
Atigun Gorge is an ipESSSEEEESNSNESwr to the upstream migration of
Char, any fish which migrate downstream into the Sagavanirktok River
will be lost to the population, which is IS EEEEREENEERERENY .
We are in the process of conducting detailed meristic and morph-
ological studies of stream resident Char from the Atigun River
Drainage for comparison with similar data for other North Slope
Drainages (McCart 1980), we anticipate these data will be available
by October of this year.



-~ MEMORZANDUM St te of Alaska

TO' George Van Wyhe, Reg. Supv. DATE:  August 3, 1983
Sport Fish Division o
Fairbanks - 509

FROM SUBJECT:

Terry Bendock, Fishery Biologist Atigun River Char
Sport Fish Division Controversy
Dept. of Fish & Game, Fairbanks

This memo outlines the taxonomic confusion of Arctic char and my
thoughts on including the Atigun River in the list of anadromous waters.
It appears, from reading Dennis Kelso's recent letter to Ben Hilliker
that the situation is still quite unclear. This memo will probably not
clear up the situation but should point out some of the confusion
leading up to the present controversy.

The Anadromous Fish Act (AS 16.05.870) affords protection to habitat
utilized by five species (or groups) of Alaskan fish. Included, are
both the Dolly Varden (S8alvelinus malma) and Arctic char (Salvelinus
alpinus). The act affords protection to those habitat not only used for
spawning, but also rearing and migration areas. The last published
catalog in my possession (March, 1975) included the Atigun River as an
anadromous stream. Since that time, there has been an effort by the
legislature and the state to remove contiguous protection of fish
habitat and replace it with a patch-work system of protected and
unprotected reaches that is more conciliatory to the mining and
petroleum industries than the fish resources. T have obtazined (with
difficulty) two recent computer printouts of anadromous streams from
Habitat Division (April, 1982 and April, 83) both of which do not
include the Atigun River. 1 do not know when or why the Atigun River H
was deleted from the list.

Universal agreement on the taxonomy of or classification of Arctic char
does not exist. Current opinion is usually divided into two camps.
McPhail recognizes two species Salvelinus alpinus in western North
America while Behnke would like to see all anadromous char inhabiting
coastal streams east to the Mackenzie River, recognized as Salvelinus
malma. Regardless of which opinion we agree with, Title 16 affords
protection anadromous stocks of either species. The picture is further
complicated in that char within & drainage exhibit considerable
"placidity" in which sympatric and allopatric forms exist with differing
life history patterns. McCart (1980) describes four life history types
of char, 211 of which occur in the Sagavanirktok drainage. Three of
these forms, isolated stream residents, anadromous and residual char
occupy stream habitats while the fourth type resides in lakes. McCart
further concludes that all three stream morphs are the Western Arctic
form of the Arctic char and that they cannot be distinguished by
meristic characters. The only way to distinguish between what McCart
purports to be an entirely non-anadromous stock in the Atigun River and
the anadromous counterparts in the Sag. River is to document the life
history pattern of the fish in question or examine external

R
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characteristics such as parr-marks and coloration. Anadromous char have
not been documented to spawn in the Atigun River. At issue is whether
the Atigun River supports rearing char (that will eventually become
anadromous) and thus is also used for migration by these individuals.
All three forms of char are identical for the first several years of
life and are indistinguishable until either a) anadromous char undertake
their first sea-ward migration usually at 3 to 5 years of age or

b) stream resident and residual char first reach sexual maturity,
usually 100% maturity by Age VI, I therefore find it highly improbable
that Mr. McCart can tell us that all of the char he has found in the
Atigun River - particularly sub-adults are destined to be
non-anadromous. Of course we cannot conclude that they are all — "
anadromous either. It is presumptuous to conclude that the Atigun gorge
is an impassable barrier to these rearing fish. The gorge has a steep
gradient and is choked with large boulders however similar habitats
create a great deal of friction with only short runs of fast waters
between eddy areas and other suitable resting sites. There are no water
falle that would create an impassable barrier to fish.

I attended the first International Symposium on Arctic char in 1981 and
a final bit of information to further complicate the issue follows. A
paper given by Hans Nordeng from the University of Oslo described a
population of Salvelinus &lpinus in Norway in which three life history
forms occur; 1) small residents 2) large residents and 3) anadromous
char. The three types differ in size, ape at sexual maturity, sex
ratio, spawning color, spawning grounds, growth rate and feeding habits.
The sub-adults of the three forms have a uniform phenotype, and while
they may belong to separate reproductive units, they are considered to
be morphs of the same population. Dr. Nordeng artificially spawned char
from each of the three groups and reared the off-spring for seven years.
The results of his investigation showed that small resident char

produced 30%Z small residents, 10% large residents and 60% anadromous I

offspring. Interestingly, each of the other types of char produced a
similar ratio of small resident, large resident and anadromous adults.
He concluded that small and large resident char correspond to precocious
individuals in salwmon populations and that the life history pattern that
develops may be & function of gene ratio.

Due to the presence of sub-adult char throughout the Atigun River, I
recommend that it continues to be included an the list of anadromous
waters. Unless Alyeska can demonstrate that 1) the gorges is an
impassable barrier, 2) all sub-adult char sampled in the drainage are
non-anadromous and 3) resident resident populations of char do not
contribute to the gene pool of Szlvelinus alpinus, that includes
anadromous individuals, than I will continue to consider the Atigun
River a integral component of the char habitat within the Sagavanirktok
drainage.

McCart, P. J. 19B0. A review of the systematics and ecology of Arctic
char, Salvelinus alpinus, in the Western Arctic. Can. Tech. Rep.
Fish. Aquat. Sci. 935:vii+ 89p.

QCt Zoran SN
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Mr. Dennis D. Kelso :
Deputy Commissioner \\SS\
Alaska Dept. of Fish and Game

P.0O. Box 3-2000

Juneau, AK 99802

N

IS

Dear Mr. Kelso:

Thank you for your letter of July 12, 1983 regarding the
anadromous designation for the Atigun River. However after

, #/r/o/reviewing your letter I remain unconvinced that the depart-
ment has sufficient documentation for designating the Atigun
River as an anadromous fish stream.

As I recall the legislative intent circumscribing the original

statute involved designating anadromous systems based essentially

on the presence of adult anadromous spawners. This rationale

is substantiated further in the Department of Fish and Game,

Rpril 1982 revision of the catalog of waters important for

i spawning, rearing and migration of anadromous fish. The definition

e in that catalog states; "anadromous fish means fish which enter

.7~ fresh water from the sea for spawning purposes." That definition
strongly suggests that without the presence of ocean returning
adult spawning anadromous species a system does not meet the
minimum criteria for anadromous designation.

/s Your letter also uses the presence of adult King Salmon above
the first set of rapids in Devils Canyon on the Susitna River as
an example of why the Atigun Canyon gorge may not be an impassable
velocity barrier to adult Arctic Char. However in this matter
the comparison of King Salmon with Arctic Char is not bioclogically
valid. I have attached a copy of a page taken from the draft
habitat regulations proposed by your department in 198l1. According
to this chart adult King Salmon are classified as high performance
swimmers and quite correctly adult and juvenile Arctic Char are
classified as slow or low performance swimmers. It's possible
that King Salmon, could negotiate the Atigun River gorge but
it's highly speculative whether anadromous Arctic Char ever have.

I sincerely hope you will evaluate my comments prior to making
the final anadromous fish system designations. I also appreciate
your patience in this matter. If I can be of assistance to you
do not hesitate to contact mg}

Environmental Protection &

Government Reports cc: John Clark - ADF&G/Juneau
—_ Scott Grundy - ADF&G/Fairbanks
BLH/wkk Carl Yanagawa - ADF&G/Anchorage

Attacrhment
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 STATE OF ALASHA / weeem

DEPARTMENY OF FISH AND GAME

4b - C180 OFFICE OF THE COMMISSIONER ro.BOX 32000

PHONE: 465-4100

September 16, 1983

N BE@EBWFJ

cEp
Environmental Protection &
Government Reports
Alyeska Pipeline Service Co. Alasko Dept. of Fi_h & Gam

1835 S. Bragaw St. T
Anchorage, AK 99512 [Hohitad — R-oion I

Dear Mr. Hilliker:
RE: APSC letter No. 83-3422-G; Atigun River Char.

Thank you for your August 8, 1983, letter regardingi the Department's
classification of Atigun River char as anadraomous fish under the
authority of AS 16.05.870. As I understand your concerns, they are as
follows:

1. You believe that the Ilegislature intended us to base anadromous
fish designations on the presence of "adult anadromous spawners."
You believe that this point is substantiated by our revised Catalog
of Waters Important for Spawning, Rearing and Migration of
Anadromous Fish (Catalog), because it indicates that "anadromous
fish means fish which enter fresh water from the sea for spawning
purposes. ™

2. You believe it highly speculative whether char have ever been able
to negotiate the Atigun River gorge.

3. You consider our earlier mention of king salmon in the Susitna to
be an inappropriate analogy. You refer to the Department's earlier
recognition of king salmon as much stronger swimmers than char and,
therefore, not comparable.

4. You disagree with our classification of char as anadromous fish in
the Atigun River and desire that we reconsider this designation.

I would like to respond to your concerns in the above order.
1. We are interpreting legislative intent and our catalog definition
of anadromous fish to refer to anadromous stocks and not to

landlocked populations of otherwise anadromous species. I believe
that we are in agreement on this point.

, - -
1T1-K11LH



Mr. B. L. Hilliker == Septerber 16, 1983

With the above in mind, we do, however, base our classification of
anadromous fish waters on the presence of immature fish as well as
on the presence of spawners returning from the sea. The fact that
AS 16.05.870 provides for the protection of spawning, rearing and
migration of anadramous fish means that coverage is not limited to
systems identified solely by the presence of adult spawners. Our
definition of anadromous fish is a definition of a category of fish
that lives through life cycles, all of which are subject to the
protection provisions of AS 16.05.870.

The fact that adult and sub-adult char exist throughout the Atigun
River is not argued. We concur that anadramous char have not as
yet been documented to spawn in the Atigun River. A first issue,
then, until such time that spawners may be documented, is whether
the Atiqun River supports rearing char that will eventually beccome
anadromous and thus is also used for migration by these
individuals.

Dr. Hans Nordeng in Norway artificially spawned both resident and
anadromous char as separate groups and presented the results of his
research at the First International Symposium on Arctic Char in
1981. He demonstrated that both matings between resident adults
and matings between anadramous adults produced the same ratio of 40
percent resident offspring and 60 percent anadromous offspring.
Such research is of particular importance to the case at hand.
Whether this life history pattern exists for the Atigun River char
is the proper focus of attention for this first issue.

It is the belief of our biologists, familiar with the Atigun River,
that char can successfully negotiate both upstream and downstream
through the gorge. They base this belief on the following
observations:

a. the presence of many large boulders which break up the laminar
flow creating abundant eddies suitable as fish resting areas;

b. suitable resting areas are close enough together in the gorge

to provide ample opportunity for char to negotiate the full
length of the gorge; and

c. there are no falls in the gorge that would create an
impassable barrier to fish.

I agree that the habits of king salmon in the Susitna River are not
directly analagous to those of char on the Atigun River and that
king salmon are stronger swimmers than char. The Susitna was
mentioned only to emphasize that fish can often acconmplish rather
surprising feats.

We are dealing here with a particular higher order tributary
stream. It is our general position that the offspring of resident



Mr. B. L. Hilliker -3= September 16, 1983

char can assume the anadromous lifestyle and migrate to sea.
Furthermore, we are not convinced that the Atigun River Gorge is an
impassable barrier to char. However, it is worthwhile to delay
nomination of the Atigun River for inclusion in the Catalog until
we have had a chance to review Dr. McCart's data, which are due in
October, and to receive preliminary results from the work of the
Sport Fish Division which I directed to be pursued as a consequence
of our initial correspondence on this matter. Accordingly, I would
appreciate receiving a copy of Dr. McCart's work when it is
completed.

Thank you for your attention to our Catalog. I look forward to
discussing this matter further after we have had the chance to look at
the results of the forthcaming studies.

Sincerely,

Dennis D. Kelso
Deputy Commissioner

cc: Logan
Clark



Alyeska pipeline
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August 8, 1983 Letter No. 83-3422-G

Mr. Dennis D. Kelso
Deputy Commissioner

Alaska Dept. of Fish and Game AlIG 1 1 1983
P.0. Box 3-2000 o
Juneau, AK 99802 HABITAT

CalINT AL o Pt
Dear Mr. Kelso: R o

Thank you for your letter of July 12, 1983 regarding the
anadromous designation for the Atigun River. However after
reviewing your letter I remain unconvinced that the depart-
ment has sufficient documentation for designating the Atigun
River as an anadromous fish stream.

As I recall the legislative intent circumscribing the original
statute involved designating anadromous systems based essentially
on the presence of adult anadromous spawners. This rationale

is substantiated further in the Department of Fish and Game,
April 1982 revision of the catalog of waters important for
spawning, rearing and migration of anadromous fish. The definition
in that catalog states; "anadromous fish means fish which enter
fresh water from the sea for spawning purposes." That definition
strongly suggests that without the presence of ocean returning
adult spawning anadromous species a system does not meet the
minimum criteria for anadromous designation.

Your letter also uses the presence of adult King Salmon above

the first set of rapids in Devils Canyon on the Susitna River as
an example of why the Atigun Canyon gorge may not be an impassable
velocity barrier to adult Arctic Char. However in this matter

the comparison of King Salmon with Arctic Char is not biologically
valid. I have attached a copy of a page taken from the draft
habitat regulations proposed by your department in 1981. According
to this chart adult King Salmon are classified as high performance
swimmers and gquite correctly adult and juvenile Arctic Char are
classified as slow or low performance swimmers. It's possible
that King Salmon, could negotiate the Atigun River gorge but

it's highly speculative whether anadromous Arctic Char ever have.

I sincerely hope you will evaluate my comments prior to making
the final anadromous fish system designations. I also appreciate
your patience in this matter. If I can be of assistance to you
do not hesitate to contact mg)

Env ronmental Protection &
Government Reports cc: John Clark - ADF&G/Juneau
s Scott Grundy - ADF&G/Falrbanks

BLH/wkk
Attachment
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ffi. SOLUTION OF THE "CHARR PROBLEM" BASED ON CHARR, SALVELINUS ALPINUS,
g IN NORWAY, Hans Nordeng, University of Osle, Oslo, Norway.
{3 Atlantic salmon, Salmo salar, brown trout, Salmo trutta,
X and arctic charr, Salvelinus alpinus, coexist in most river
\ hv‘ systems in Norway Charr occur as three types: small resident
" . charr, large resident charr and anadromous charr. Anadromous
~ §§ charr are found only in North Norway. The three types differ
_ \ w 1n size, age at sexual maturity, sex ratio, spawning color,
§§L téﬁ \ \\?’ spawning grounds, growth rate and feeding hab1ts
o Lo < The young charr of the Salangen river system in North
“Tg; Y \ C) Norway have a uniform phenotype. During the young stage (the
;’ y' & first 7 years) they become either small resident charr (30%),
YoV égv) &  large resident charr (10%) or smolts (60%). The sex ratios
U S W of the three types (M:F) are 5:1, 4:1 and 1:3, respectively,
A AR S A A giving an overall ratio of 1:1, as in the young. This indicates
RV AN Qf' that the three types of the Salangen charr are morphs of the
57‘(V F\Q o same population. However, their separate spawning grounds
N uﬂ\ Y suggest that they may belong to different reproductive units.
| & ' N Offspring of the three types were reared at Voss in the
| southern, non-anadromous region. During the young stage,
D offspring of each type developed into the parent type and into

“the two other types. Transplanted to the parent river system
the fish behaved according to type. i —>

JN In parallel rearing ,
3 J} o 74 experiments, offspring of resident charr from southern Norway —— °
VY | ﬁEEHEEEQ:E;E:tWU“fE§TH€ﬁf_types only, but no smolts. —However, !

~
P* N offspr1nq rom two exceptional southern resident gppu1at1ons

%éx_ %. \\ “produced smoTEs as well as resident charr; these smolts behaveg %{,
Ny X \m _%E_gﬂadromous charr when transplanted to a northern 10c
r

did not migrate to the sea, probably owing to general infection
of the urethra by the fluke, Phyllodistomum conostomum Olsson.

These rearing exper1ments show that the three types of charr
in the Salangen river system are morphs of the same population.
The small and large resident morphs, maturing during the
comparatively long juvenile stage, correspond to the precocious
individuals in salmon and anadromous trout. Most populations
of southern resident charr correspond wholly to the precocious
morphs of an anadromous charr population. ?

Xy \\\ §§L: ansplanted to their parental southern Tocarity the smc1ts
o
R
N
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DEPARKTMENT OF FISH AND GAME

OFFICE OF THE COMMISSIONER | 5’3& SON 20000 » Gised

PHONE: 465-4100

)
September 16, 1983 Bruce 2—
M o
Mr. B. L. Hilliker, Manager =R . i ™
Environmental Protection & | R VY 151in)
Government Reports a ﬂ s B — U U i5) ”
Alyeska Pipeline Service Co. el . | Y
1835 S. Bragaw St. ' 403
Anchorage, BAK 99512
"QEC;EZG Dent. otk I p
Dear Mr. Hilliker: Hq?‘iﬁ;r:— uh?. 0 & Gamy
A= Region il

RE: APSC Letter No. 83-3422-G; Atigun River Char.

Thank you for your August 8, 1983, letter regard:l.ng the Department's
classification of Atigun River char as anadromous fish under the
authority of AS 16.05.870. As I understand your concerns, they are as
follows:

1. You believe that the Legislature intended us to base anadromous
fish designations on the presence of "adult anadromous spawners."
You believe that this point is substantiated by our revised Catalog
of Waters Important for Spawning, Rearing and Migration of
Anadromous Fish (Catalog), because it indicates that "anadromous
fish means fish which enter fresh water from the sea for spawning
purposes.”

2. You believe it highly speculative whether char have ever been able
to negotiate the Atigun River gorge.

3. You consider our earlier mention of king salmon in the Susitna to
be an inappropriate analogy. You refer to the Department's earlier
recognition of king salmon as much stronger swimmers than char and,
therefore, not comparable.

4. You disagree with our classification of char as anadromous fish in
the Atigun River and desire that we reconsider this designation.

I would like to respond to your concerns in the above order.
1. We are interpreting legislative intent and our catalog definition
of anadromous fish to refer to anadromous stocks and not to

landlocked populations of otherwise anadromous species. I believe
that we are in agreement on this point.

11-K11LH ’ o



Mr. B. L. Hilliker -2- September 16, 1983

With the above in mind, we do, however, base our classification of
anadromous fish waters on the presence of immature fish as well as
on the presence of spawners returning from the sea. The fact that
AS 16.05.870 provides for the protection of spawning, rearing and
migration of anadromous fish means that coverage is not limited to
systems identified solely by the presence of adult spawners. Our
definition of anadromous fish is a definition of a category of fish
that lives through life cycles, all of which are subject to the
protection provisions of AS 16.05.870.

The fact that adult and sub-adult char exist throughout the Atigun
River is not argued. We concur that anadromous char have not as
yet been documented to spawn in the Atigun River. A first issue,
then, until such time that spawners may be documented, is whether
the Atigun River supports rearing char that will eventually becaome
anadromous and thus is also used for migration by these
individuals.

Dr. Hans Nordeng in Norway artificially spawned both resident and
anadromous char as separate groups and presented the results of his
research at the First International Symposium on Arctic Char in
1981. He demonstrated that both matings between resident adults
and matings between anadromous adults produced the same ratio of 40
percent resident offspring and 60 percent anadromous offspring.
Such research is of particular importance to the case at hand.
Whether this life history pattern exists for the Atigun River char
is the proper focus of attention for this first issue.

It is the belief of our biologists, familiar with the Atigun River,
that char can successfully negotiate both upstream and downstream
through the gorge. They base this belief on the following
observations:

a. the presence of many large boulders which break up the laminar
flow creating abundant eddies suitable as fish resting areas;

b. suitable resting areas are close enough together in the gorge
to provide ample opportunity for char to negotiate the full
length of the gorge; and

c. there are no falls in the gorge that would create an
impassable barrier to fish.

I agree that the habits of king salmon in the Susitna River are not
directly analagous to those of char on the Atigun River and that
king salmon are stronger swimmers than char. The Susitna was
mentioned only to emphasize that fish can often accamplish rather
surprising feats.

We are dealing here with a particular higher order tributary
stream. It is our general position that the offspring of resident
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char can assumre the anadromous lifestyle and migrate to sea.
Furthermore, we are not convinced that the Atigun River Gorge is an
impassable barrier to char. However, it is worthwhile to delay
nomination of the Atigun River for inclusion in the Catalog until
we have had a chance to review Dr. McCart's data, which are due in
October, and to receive preliminary results from the work of the
Sport Fish Division which I directed to be pursued as a consequence
of our initial correspondence on this matter. Accordingly, I would
appreciate receiving a copy of Dr. McCart's work when it is
carmpleted.

Thank you for your attention to our Catalog. I look forward to
discussing this matter further after we have had the chance to look at
the results of the forthcaming studies.

Sincerely,

Dennis D. Kelso
Deputy Commissioner

cc: | Logan
Clark



July 12, 1983 Feh

ST 2 .‘983
Mr. B. L. Hilliker AT
Alyeska Pipeline Service Co. HABITAY

Anchorage, AK 99512
Dear Mr. Hilliker:
RE: AS 16.05.870(a) bes‘lgnntion of Atigun River.

Thank you for your letter concerning the 11fe history of Arctic char in
the Atigun River. Alyeska's consultant, Dr. McCart, may be correct in
his assertion that only resident adult char are found above the Atigun
Gorge; the Department has not found spawning anadromous char in That
area. However, Dr. McCart's memorandum fails to recognize that the
offspring of resident char may assume the anadromous lifestyle and can
and do migrate to sea, Conversely, the offspring from anadromous adults
can and do remain as freshwater residents. Departmental biologists are
also not convinced that the Atigun River Gorge is an impassable barrier
to rearing juvenile fish. As you may be aware, both juvenile and adult
salmonids can negotiate some very difficult barriers, For example, king
salmon have recently been found spawning in a tributary of the Susitna
River which enters above the first set of rapids and damsite in Devils
Canyon. Because there 1s currently no way of distinguishing between
resident and anadromous Juvenile Arctic char, there is no way of

determining that at least some of the juvenile Arctic char, which are

found throughout the Atigun River drainage, are not anadromous.

The Sagavanirktok River and f{ts tributaries are 1mmnt' ; :Mr

roducers. Because of the importance of this stream, and the fact that
partment biologists who nominated it for 4nclusion in the Catalog of

Waters Important for Spawning, Rearing and Migration of Anadromous
Fishes believe that it 1s ,1' rtant for s agning and rearing of

-

anadromous fish, we will retain 1t in this year's catalog. However, you

have raised some important issues and 1 have asked our Spotjl'-f}{lh”i |

A. Xohl
D. Lowe
J. Brossia

3

e il e g e o T e e o S

""""

Division to review Dr. McCart's data and to conduct any field studies ,
::t‘:esug to confirm or deny the presence of anadromous char above the
gun Gorge. E

Hyan o



Alyeska pipeline

RVICE COMPANY 1835 SOUTH BRAGAW STREET, ANCHORAGE, ALASKA 89512, TELEPHONE (907) 2781611, TELEX 090-25-127

June 14, 1983 Letter No. B83- 3384-G

COMMISSIONER'S OFFICE

, IRIE@IE[IWE

Mr. Don Collin?%worth

Commissioner JUN 171983
Alaska Dept. of Fish and Game

Sub t Bldg.

Juneau, AK 99801 DEPARTMENT OF FISH AND GAME

Re: Anadromous Fish Stream Catalog
Dear Commissioner Collinésworth:

In a review of the proposed 1983 changes to the catalog of
Waters Important for the Spawning, Rearing and Migration of
Anadromous Fishes we noted that the Atigun River had been
added. The catalog indicates that Arctic Char rear in the
river well above the Atigun Gorge.

Alyeska Pipeline Service Company wishes to register an objec-
tion to the inclusion of the Atigun River to the catalog. While
we do not disagree that Arctic Char are found above the Atigun
Gorge we do not agree that these are anadromous Char. Alyeska
believes that these fish represent a resident population.

To support our claim we are attaching a copy of a telex from

Dr. Peter McCart discussing Atigun River Char. Dr. McCart

and his associates have many years of experience studying Arctic
Char in Northern Alaska and Canada.

Because there is no known data which would support designating
the Atigun River as an anadromous fish stream, Alyeska Pipeline
Service Company requests that the Atigun River not be included
in the 1983 changes to the catalog of Anadromous Fish Streams.

B. L. Hilliker
Manager,
Environmental Protection &
Government Reports

BLH/wkk
Attachment

cc: Carl Yanagawa - ADF&G
B. Stafford - DNR

1211



Attn: Dick Mikkelsen

Re: Reclassification of the Atigun River Drainage as an Anadromous
Fish Stream

Aquatic Environments Inc. has been conducting fisheries investigations

in the Atigun Sagavanirktok Drainage since 1969 and is currently involved
in a three year study to assess the long-term effects of the Trans-
Alaska Pipeline System on Fish resources of the region. During the
course of these studies, we have developed an in-depth understanding

of the life history, habitat requirements and distribution of both
anadromous and freshwater fish populations in the area. Our early work
sponsored by Alyeska Pipeline Service Company (1969-1974) and Alaskan
Arctic Gas Study Inc. (1972-1976), included detailed mapping of critical
spawning and overwintering areas for anadromous and freshwater popula-
tions of Arctic Char. Based on these studies and our most recent investi-
gations in the Atigun River (1981-1983) the following pattern of fish
distribution and life history patterns has emerged.

Sampling in the Atigun River Drainage reveals a species compositions
of approximately 85% Arctic Grayling, 7% Round Whitefish, 6% Arctic
Char, 1% Lake Trout and 1% Burbot. Slimy Sculpin, while abundant
throughout the drainage, are not included in this determination.

Lake dwelling populations of eastern form Arctic Char are found in
Galbraith Lake and in several small lakes immediately to the south.
These isolated populations are non migratory, spawn in lakes, and
are not known to interbreed with stream resident fish.

In .addition to these lake resident Arctic Char, there is an isolated
population of Western form Arctic Char (synonomous with Northern

Dolly Varden) inhabiting streams in the Atigun River Drainage.

Conditions in the Atigun River Gorge WPPEE® o prevent movement of

Char from the Sagavanirktok River into the upper Atigun River, effectively
isolating this stream resident population.

Stream resident Char in the Atigun River are believed to spawn and
overwinter in the vicinity of small groundwater sources located

in the mainstream between Pipeline MP 144 and 158. Because the
Atigun Gorge is an ipeeEEEENPEEENWENS tO the upstream migration of
Char, any fish which migrate downstream into the Sagavanirktok River
will be lost to the population, which is .
We are in the process of conducting detailed meristic and morph-
ological studies of stream resident Char from the Atigun River
Drainage for comparison with similar data for other North Slope
Drainages (McCart 1980), we anticipate these data will be available
by October of this year.



In the 15 years during which the Sagavanirktok River system and the
Atigun Drainage have been intensively studied (1960 to 1983 inclusive)
ga.c has to our knowledge observed or sampled anadromous Arctic Char
spawning in the Atigun River. These are readily distinguishable because
they are at least twice as long and weigh at least 10 times as much as
stream resident fish. One reason for this absence may be that the
accessible reach of the stream downstream of the gorge is very

short and appears to have no perennial supply of groundwater. A good
Winter supply of groundwater is essential for the incubation

of eggs. The only use we can suggest that sl Moy make
of the Atigun River is a feeding area during the summer when small
numbers of juvenile fish from the Sagavanirktok River may enter the

1 conmmeTEmmeee- - of the stream downstream of the gorge. However

the area which such juveniles might utilize is so small and the

area of similar habitat elsewhere in the Sagavanirktok System is so
large that the Atigun River can be of little significance to the
overall well being of anadromous populations in the Sagavanirktok
System.

There appears, therefore, to be no justification for considering the
Atigun River an anadromous Fish Stream, using any reasonable definition
of the term. Many other North Slope streams are also known to support
isolated populations of Char populations and in some cases small
numbers of rearing juveniles but have not been considered anadromous
fish streams.

Sincerely,

Peter McCart, PhD



Alyeska pipeline

COMPANY 1835 SOUTH BRAGAW STREET, ANCHORAGE, ALASKA 99512, TELEPHONE (907) 278 1611, TELEX 090-25-127

June 14, 1983 Letter No. 83- 3384-G

Mr. Don Collingsworth
Commissioner

Alaska Dept. of Fish and Game
Subport Bldg.

Juneau, AK 99801

Re: Anadromous Fish Stream Catalog

Dear Commissioner Collingsworth:

In a review of the proposed 1983 changes to the catalog of
Waters Important for the Spawning, Rearing and Migration of
Anadromous Fishes we noted that the Atigun River had been
added. The catalog indicates that Arctic Char rear in the
river well above the Atigun Gorge.

Alyeska Pipeline Service Company wishes to register an objec-
tion to the inclusion of the Atigun River to the catalog. While
we do not disagree that Arctic Char are found above the Atigun
Gorge we do not agree that these are anadromous Char. Alyeska
believes that these fish represent a resident population.

To support our claim we are attaching a copy of a telex from
Dr. Peter McCart discussing Atigun River Char. Dr. McCart

and his associates have many years of experience studying Arctic
Char in Northern Alaska and Canada.

Because there is no known data which would support designating
the Atigun River as an anadromous fish stream, Alyeska Pipeline
Service Company reguests that the Atigun River not be included
in the 1983 changes to the catalog of Anadromous Fish Streams.

B. L."Hilliker

Manager,

Environmental Protection &
Government Reports

BLH/wkk
Attachment

cc: Carl Yanagawa - ADF&G
B. Stafford - DNR



Attn: Dick Mikkelsen

Re: Reclassification of the Atigun River Drainage as an Anadromous
Fish Stream

Aquatic Environments Inc. has been conducting fisheries investigations

in the Atigun Sagavanirktok Drainage since 1969 and is currently involved
in a three year study to assess the long-term effects of the Trans-
Alaska Pipeline System on Fish resources of the region. During the
course of these studies, we have developed an in-depth understanding

of the life history, habitat requirements and distribution of both
anadromous and freshwater fish populations in the area. Our early work
sponsored by Alyeska Pipeline Service Company (1969-1974) and Alaskan
Arctic Gas Study Inc. (1972-1976), included detailed mapping of critical
spawning and overwintering areas for anadromous and freshwater popula-
tions of Arctic Char. Based on these studies and our most recent investi-
gations in the Atigun River (1981-1983) the following pattern of fish
distribution and life history patterns has emerged.

Sampling in the Atigun River Drainage reveals a species compositions
of approximately 85% Arctic Grayling, 7% Round Whitefish, 6% Arctic
Char, 1% Lake Trout and 1% Burbot. Slimy Sculpin, while abundant
throughout the drainage, are not included in this determination.

Lake dwelling populations of eastern form Arctic Char are found in
Galbraith Lake and in several small lakes immediately_ to the south.
These isolated populations are non migratory, spawn in lakes, and
are not known to interbreed with stream resident £fish.

In addition to these lake resident Arctic Char, there is an isolated
population of Western form Arctic Char (synonomous with Northern

Dolly Varden) inhabiting streams in the Atigun River Drainage.

Conditions in the Atigun River Gorge appear to prevent movement of

Char from the Sagavanirktok River into the upper Atigun River, effectively
isolating this stream resident population.

Stream resident Char in the Atigun River are believed to spawn and
overwinter in the vicinity of small groundwater sources located

in the mainstream between Pipeline MP 144 and 158. Because the
Atigun Gorge is an immpassable barrier to the upstream migration of
Char, any fish which migrate downstream into the Sagavanirktok River
will be lost to the population, which is reproductively isolated.
We are in the process of conducting detailed meristic and morph-
ological studies of stream resident Char from the Atigun River
Drainage for comparison with similar data for other North Slope
Drainages (McCart 1980), we anticipate these data will be available
by October of this year.



In the 15 years during which the Sagavanirktok River system and the
Atigun Drainage have been intensively studied (1960 to 1983 inclusive)
no one has to our knowledge observed or sampled anadromous Arctic Char
spawning in the Atigun River. These are readily distinguishable because
they are at least twice as long and weigh at least 10 times as much as
stream resident fish. One reason for this absence may be that the
accessible reach of the stream downstream of the gorge is very

short and appears to have no perennial supply of groundwater. A good
Winter supply of groundwater is essential for the incubation

of eggs. The only use we can suggest that anadromous Char may make

of the Atigun River is a feeding area during the summer when small
numbers of juvenile fish from the Sagavanirktok River may enter the
lowermost reaches of the stream downstream of the gorge. However

the area which such juveniles might utilize is so small and the

area of similar habitat elsewhere in the Sagavanirktok System is so
large that the Atigun River can be of little significance to the
overall well being of anadromous populations in the Sagavanirktok
System.

There appears, therefore, to be no justification for considering the
Atigun River an anadromous Fish Stream, using any reasonable definition
of the term. Many other North Slope streams are also known to support
isolated populations of Char populations and in some cases small

numbers of rearing juveniles but have not been considered anadromous
fish streams.

Sincerely,

Peter McCart, PhD
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Department of Fish and Game
ublic Review Nomination f Waters
Important to Anadromous Species

Addition

Deletion

&

Name of Waterbody (if known): ﬂ]\;qun Youa -
] .

-l

—

Location:

Anadromous Waters Catalog Volume and Number

USGS 1:63,360 Quadrangle o v C.~4

or 1:250,000 (if 1:63,360 not available)

Species . |Date(s) Observed Stage(s) (Spawning, Rearing,
Migration)

DC_ - h\é\médr ?ecuwu%

Comments: Please provide any clarifying information in addition to
identification on Anadromous Waters Catalog Public Review Maps.

Name of Observer (please print)

Date: 31/3,0L35 Signature: TQN“{ W
: raaress:  ADFEQ FBs




I,f\\\/ "Pf'&\ State of Alaska

P U 2, Department of Fish and Ga
/ L LI iy Public Review Nomination for Waters
\ y 1 D\f' Ob‘?\ Important to Anadromous Species
rjﬂ'}\" “' ¢ D\ﬂ’?‘
i Addition Deletion

|% | Name of Waterbody (if known): %WP&U@U

Mreti c

Location: SATEN
Anadromous Waters Catalog Volume and Number FiSH & Caes
Frnadte AS,B5,CH,C5, 59
USES 1:63,360 Quadrangle SecpA4,B4,C4,bq Bieckenf#. A3A% B3
[ ¥ [ =
or 1:250,000 (if 1:63,360 not available) HABRA -
. k":u'f\:».\:_—i,‘_ C-icE
Species .. ... |Date(s) Observed Stage(s) (Spawning, Rearing, - - |«
Migration)

Seelt 2
J

Comments: Please provide any clarifying information in addition to
identification on Anadromous Waters Catalog Public Review Maps.

Name of Observer (please print) O[a,,‘ [( (\/’;(AJ/[S
Date; &3 = ? - gB Signature: %\ %\Dwadg
Address: /37 @%ﬂ /&/
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Important to Anadromous pecies

Addition

- > Deletion
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Name of Waterbody (if known): fii:,un
1

Location:

Anadromous Waters Catalog Volume and Number

USGS 1:63,360 Quadrangle _ Philip Smtlh C-Y

or 1:250,000 (if 1:63,360 not available)

Species - . |Date(s) Observed Stage(s) (Spawning, Reafing.
= Migration)

e | h\gfmm:m( Rearuig

Comments: Please provide any clarifying information in addition to
identification on Anadromous Waters Catalog Public Review Maps.

Name of Observer (please print)

—
Date: SIK ziDZ 32 Signature: |Q}'\I\L' W
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MEMORANDUM State of Alaska

0: See Distribution List DATE: October 10, 1983
FILE NO:
m' TELEPHONE NO: 465-4105
FROM: John A. C]érk, Director SUBJECT: Atigun River

Department of Fish and Game
Habitat Division

Inclusion of the Atigun River into the 1983 revision of the Anadromous Fish
Waters Catalog was contested by Alyeska Pipeline. The Introduction to the
Catalog defines anadromous fish as "fish which enter fresh water from the
sea for spawning purposes..." We did not have sufficient data to show that
the char in the Atigun River are anadromous by this definition. Therefore,
the Atigun River is being deleted from the 1983 revision to the Catalog.

Please replace the maps for Quadrangle 131, Philip Smith Mountains B5 and
C-4 with the enclosed revised maps and discard Quadrangle 131, Philip Smith
Mountains A-5 and B-4. Thank you.

Enclosures (maps)
Distribution:

Alaska State Legislature

Attorney General's Office, Dept. of Law
Scott Grundy

John Trent

Rick Reed

Len Schwarz

Brian Biglar

OOV A(Rev 10179)
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AS SENT TO (K a Xnl
FOR REVIEW AND SIGNATURE.

o Dictribution L o ailyy
ee Distribution List DATE
~RAFTED BY: £ Louxs, 22192
Heviewed By:
Approved By: 465-4105

JALY Ay omarr sy, I Gy

John A. Clark, Director Atigun River
Department of Fish and Game
Habitat Division

Inclusion of the Atigun River into the 1983 revision of the Anadromous Fish
Waters Catalog was contested by Alyeska Pipeline. The Introduction to the
Catalog defines anadromous fish as "fish which enter fresh water from the

sea for spawning purposes..." We did not have sufficient data to show that
the char in the Atigun River are anadromous by this definition. Therefore,

the Atigun River is being deleted from the 1983 revision to the Catalog.

Please replace the maps for Quadrangle 131, Philip Smith Mountains B5 and
C-4 with the enclosed revised maps and discard Quadrangle 131, Philip Smith

Mountains A-5 and B-4. Thank you.

Enclosures (maps) iy
Sy P
Distribution: ”ﬁ'a‘é,x
. %y Q4
Ron Larson, House Resources Committee, Juneau 'Kl?—
Attorney General's Office, Dept. of Law 7S 4/ d
Scott Grundy (EQ) &, 4%%;
John Trent N 42#}
Rick Reed ¢
Len Schwarz cl@?.
Brian Biglar Ce
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MEMORANDUM State of Alaska

TO:

FROM:

Bruce Baker, Deputy Director DATE:
Habitat Division
Department of Fish and Game FILE NO
TELEPHONE NO:  344-0541

/B
Phy1lis Weber {qﬁh) susiecT:  Memo Pertaining to
Habitat Biologist Deletion of Atigun
Habitat Division River
Anchorage

The distribution 1ist for the memo pertaining to the deletion of the Atigun

River includes all offices which have copies of the 1983 volume of the Atlas
to The Catalog of Waters Important for the Spawning, Rearing or Migration of
Anadromous Fishes (AWC, VoTume V, Arctic Region) which contains the maps for

the Atigun River (Philip Smith quadrangle, A5, B4, B5 and C4). The 1982
version of Volume V of the AWC did not designate the Atigun River as an
anadromous fish stream. Therefore, persons having the 1982 version of
Volume V or the 1983 version of the AWC will have the Atigun River
represented correctly in their copies of the AWC.

Other State and Federal agencies and the private sector are not able to
obtain copies of the AWC until its adoption in October. Our cartographic
staff revised the composite for the maps containing the Atigun River and
gave them to the reproduction company responsible for printing the Atlas.
Therefore, when these other offices purchase the Atlas from our vendor, they
will receive revised maps which do not designate the Atigun River as an
anadromous fish stream.

As stated above, the enclosed memo will be sent to everyone who already has
copies of the 1983 version of Volume V of the AWC which shows the Atigun
River as an anadromous fish stream. Our cartographer has printed copies of
the revised maps and has them packaged for mailing. The subject memo will
be mailed with the maps so that all recipients will understand why we are
sending the new maps, that the old maps for Philip Smith B5 and C4 must be
replaced with the new maps and that the old maps for Philip Smith A5 and B4
must be discarded. Therefore, we need the subject memo signed and returned
to us so that we can include it with the revised maps and mail it to all
persons currently possessing the 1983 version of Volume V of the AWC.

02-001A(Rev. 10/79)
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DEPARTMENT OF FISH AND GAME

July 12, 1983

Mr. B. L. Hilliker
Alyeska Pipeline Service Co.

1835 S. Bragaw
Anchorage, AK

St.
99512

Dear Mr. Hilliker:

REPU’ Mw MO

Form 02-006

OFFICE OF THE COMMISSIONER

BILL SHEFFIELD, GOVERNOR

PO.BOX 32000
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MEMORANDUM

TO:

FROM:

State of Alaska

“l\ml'

Carl M. Yanagawa DATE:
Regional Supervisor July 6, 1963
Habitat Division FILE NO: saa.
Anchorage

\ﬁ/ TELEPHONE NO: 344-0451
Phyllis K. weber{Yh SUBJECT M. Atigun River
Habitat Biologist Doc C142
Habitat Division
Anchorage

I contacted the Region III Habitat and Sport Fish Divisions regarding
documentation of anadromous char in the Atigun River. Al Townsend said that
he responded to Mr. Hilliker's objection to the inclusion of the Atigun
River in the Anadromous Fish Waters Catalog. Townsend argued that, even
though the char may be a resident population, they likely produce anadromous
offspring. Townsend referenced published studies which document the genesis
of anadromous fish from resident populations. He will also contact Terry
Bendock, who nominated the Atigun River, for Bendock's information.

Region III will send us a copy of the response to Mr. Hilliker for our
files.

cc: S. Grundy
B. Baker

02-001A(Rev. 10/79)
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Alyeska pipeline

SERVICE COMPANY 1835 SOUTH BRAGAW STREET, ANCHORAGE, ALASKA 99512 TELEPHONE (907) 2781611, TELEX 09025 127

June 14, 1983 Letter No. 83- 3384-G

COMMISSIONER’S OFFICE

/ EGEIVE

Mr. Don Collin7hworth

Commissioner JUN 1 71983
Alaska Dept. of Fish and Game

Sub Bldg.

J?xngg\i? AK 99801 DEPARTMENT OF FISH AND GAME

Re: Anadromous Fish Stream Catalog
Dear Commissioner Collin%sworth:

In a review of the proposed 1983 changes to the catalog of
Waters Important for the Spawning, Rearing and Migration of
Anadromous Fishes we noted that the Atigun River had been
added. The catalog indicates that Arctic Char rear in the
river well above the Atigun Gorge.

Alyeska Pipeline Service Company wishes to register an objec-
tion to the inclusion of the Atigun River to the catalog. While
we do not disagree that Arctic Char are found above the Atigun
Gorge we do not agree that these are anadromous Char. Alyeska
believes that these fish represent a resident population.

To support our claim we are attaching a copy of a telex from

Dr. Peter McCart discussing Atigun River Char. Dr. McCart

and his associates have many years of experience studying Arctic
Char in Northern Alaska and Canada.

Because there is no known data which would support designating
the Atigun River as an anadromous fish stream, Alyeska Pipeline
Service Company requests that the Atigun River not be included
in the 1983 changes to the catalog of Anadromous Fish Streams.

=
B. L.  Hilliker
Manager,
Environmental Protection &
Governmernit Reports

BLH/wkk
Attachment

cc: Carl Yanagawa - ADF&G
B. Stafford - DNR

1211



Attn: Dick Mikkelsen

Re: Reclassification of the Atigun River Drainage as an Anadromous
Fish Stream

Aquatic Environments Inc. has been conducting fisheries investigations

in the Atigun Sagavanirktok Drainage since 1969 and is currently involved
in a three year study to assess the long-term effects of the Trans-
Alaska Pipeline System on Fish resources of the region. During the
course of these studies, we have developed an in-depth understanding

of the life history, habitat requirements and distribution of both
anadromous and freshwater fish populations in the area. Our early work
sponsored by Alyeska Pipeline Service Company (1969-1974) and Alaskan
Arctic Gas Study Inc. (1972-1976), included detailed mapping of critical
spawning and overwintering areas for anadromous and freshwater popula-
tions of Arctic Char. Based on these studies and our most recent investi-
gations in the Atigun River (1981-1983) the following pattern of fish
distribution and life history patterns has emerged.

Sampling in the Atigun River Drainage reveals a species compositions
of approximately 85% Arctic Grayling, 7% Round Whitefish, 6% Arctic
Char, 1% Lake Trout and 1% Burbot. Slimy Sculpin, while abundant
throughout the drainage, are not included in this determination.

Lake dwelling populations of eastern form Arctic Char are found in
Galbraith Lake and in several small lakes immediately to the south.
These isolated populations are non migratory, spawn in lakes, and
are not known to interbreed with stream resident fish.

In addition to these lake resident Arctic Char, there 1is an isolated
population of Western form Arctic Char (synonomous with Northern

Dolly Varden) inhabiting streams in the Atigun River Drainage.

Conditions in the Atigun River Gorge appear to prevent movement of

Char from the Sagavanirktok River into the upper Atigun River, effectively
isolating this stream resident population.

Stream resident Char in the Atigun River are believed to spawn and
overwinter in the vicinity of small groundwater Sources located

in the mainstream between Pipeline MP 144 and 158. Because the
Atigun Gorge is an immpassable barrier to the upstream migration of
Char, any fish which migrate downstream into the Sagavanirktok River
will be lost to the population, which is reproductively isolated.
We are in the process of conducting detailed meristic and morph-
ological studies of stream resident Char from the Atigun River
Drainage for comparison with similar data for other North Slope
Drainages (McCart 1980), we anticipate these data will be available
by October of this year.



In the 15 years during which the Sagavanirktok River system and the
Atigun Drainage have been intensively studied (1960 to 1983 inclusive)
no one has to our knowledge observed or sampled anadromous Arctic Char
spawning in the Atigun River. These are readily distinguishable because
they are at least twice as long and weigh at least 10 times as much as
stream resident fish. One reason for this absence may be that the
accessible reach of the stream downstream of the gorge is very

short and appears to have no perennial supply of groundwater. A good
Winter supply of groundwater is essential for the incubation

of eggs. The only use we can suggest that anadromous Char may make

of the Atigun River is a feeding area during the summer when small
numbers of juvenile fish from the Sagavanirktok River may enter the
lowermost reaches of the stream downstream of the gorge. However

the area which such juveniles might utilize is so small and the

area of similar habitat elsewhere in the Sagavanirktok System is so
large that the Atigun River can be of little significance to the
overall well being of anadromous populations in the Sagavanirktok
System.

There appears, therefore, to be no justification for considering the
Atigun River an anadromous Fish Stream, using any reasonable definition
of the term. Many other North Slope streams are also known to support
isolated populations of Char populations and in some cases small
numbers of rearing juveniles but have not been considered anadromous
fish streams.

Sincerely,

Peter McCart, PhD
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PHONE:  465-4100
Septerber 16, 1983
Mr. B. L. Hilliker, Manager ALASKA DEPT. OF
Environmental Protection & FISH
Government Reports & GAME
Alyeska Pipeline Service Co. ——"
1835 S. Bragaw St. SEP 221983
Anchorage, AK 99512 " 1
HABITA
Dear Mr. Hilliker: REGIONAL OFFICE

RE: APSC Letter No. 83-3422-G; Atigun River Char.

Thank you for your August 8, 1983, letter regarding' the Department's
classification of Atigun River char as anadromous fish under the
authority of AS 16.05.870. As I understand your concerns, they are as
follows:

1. You believe that the lLegislature intended us to base anadromous
fish designations on the presence of "adult anadromous spawners."
You believe that this point is substantiated by our revised Catalog
of Waters Important for Spawning, Rearing and Migration of
Enadromous Fish (Catalog), because it indicates that "anadromous
fish means fish which enter fresh water from the sea for spawning
purposes. "

2. You believe it highly speculative whether char have ever been able
to negotiate the Atigun River gorge.

3. You consider our earlier mention of king salmon in the Susitna to
be an inappropriate analogy. You refer to the Department's earlier
recognition of king salmon as much stronger swimmers than char and,
therefore, not comparable.

4. You disagree with our classification of char as anadromous fish in
the Atigun River and desire that we reconsuier this designation.

I would like to respond to your concerns in the above order.

1. We are interpreting legislative intent and our catalog definition
of anadromous fish to refer to anadromous stocks and not to
landlocked populations of otherwise anadromous species. I believe
that we are in agreement on this point.



Mr. B. L. Hilliker =2~ September 16, 1983

With the above in mind, we do, however, base our classification of
anadromous fish waters on the presence of immature fish as well as
on the presence of spawners returning from the sea. The fact that
AS 16.05.870 provides for the protection of spawning, rearing and
migration of anadromous fish means that coverage is not limited to
systems identified solely by the presence of adult spawners. Our
definition of anadromous fish is a definition of a category of fish
that lives through life cycles, all of which are subject to the
protection provisions of AS 16.05.870.

The fact that adult and sub-adult char exist throughout the Atigun
River is not argued. We concur that anadromous char have not as
vet been documented to spawn in the Atigun River. A first issue,
then, until such time that spawners may be documented, is whether
the Atigun River supports rearing char that will eventually become
anadromous and thus is also used for migration by these
individuals.

Dr. Hans Nordeng in Norway artificially spawned both resident and
anadromous char as separate groups and presented the results of his
research at the First Internmational Symposium on Arctic Char in
1981. He demonstrated that both matings between resident adults
and matings between anadromous adults produced the same ratio of 40
percent resident offspring and 60 percent anadromous offspring.
Such research is of particular importance to the case at hand.
Whether this life history pattern exists for the Atigun River char
is the proper focus of attention for this first issue.

2. Tt is the belief of our biologists, familiar with the Atigun River,
that char can successfully negotiate both upstream and downstream
through the gorge. They base this belief on the following
ocbservations:

a. the presence of many large boulders which break up the laminar
flow creating abundant eddies suitable as fish resting areas;

b. suitable resting areas are close enough together in the gorge
to provide ample opportunity for char to negotiate the full
length of the gorge; and

c. there are no falls in the gorge that would create an
impassable barrier to fish.

3. I agree that the habits of king salmon in the Susitna River are not
directly analagous to those of char on the Atigun River and that
king salmon are stronger swimmers than char. The Susitna was
mentioned only to emphasize that fish can often accomplish rather
surprising feats.

4, We are dealing here with a particular higher order tributary
stream. It is our general position that the offspring of resident



Mr. B. L. Hilliker -3- September 16, 1983

char can assume the anadromous lifestyle and migrate to sea.
Furthermore, we are not convinced that the Atigun River Gorge is an
impassable barrier to char. However, it is wortlwhile to delay
nomination of the Atigun River for inclusion in the Catalog until
we have had a chance to review Dr. McCart's data, which are due in
October, and to receive preliminary results from the work of the
Sport Fish Division which I directed to be pursued as a consequence
of our initial correspondence on this matter. Accordingly, I would
appreciate receiving a copy of Dr. McCart's work when it is
completed. -

Thank you for your attention to our Catalog. I lock forward to
discussing this matter further after we have had the chance to look at
the results of the forthcaming studies.

Sincerely,

Dennis D. Kelso
Deputy Commissioner

cc: Logan
Clark
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MEMORANDUM State of Alaska

. Carl M. Yanagawa :
" Regional Supervisor e July 6, 1983
Habitat Division CILE NB: Librevy — 3 A& QUAD
Anchorage
TELEPHONE NO 344-0451
| Phyl1is K. webe/F‘h , M. Atigun River
s Habitat Biologist sumEer Doc C142

Habitat Division
Anchorage

I contacted the Region III Habitat and Sport Fish Divisions regarding
documentation of anadromous char in the Atigun River. Al Townsend said that
he responded to Mr, Hilliker's objection to the inclusion of the Atigun
River in the Anadromous Fish Waters Catalog. Townsend argued that, even
though the char may be a resident population, they likely produce anadromous
offspring. Townsend referenced published studies which document the genesis
of anadromous fish from resident populations. He will also contact Terry
Bendock, who nominated the Atigun River, for Bendock's information.

Region III will send us a copy of the response to Mr. Hilliker for our
files.

cc: S. Grundy
B. Baker

02-001A(Rev. 10/789)
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T0: [Name

Solution to the *Char Problem” based on Arctic Char (Salvelinus alpinus) in Norway'

HANS NORDENG

Zovlagical Institute, University of Osto, P.Q. Box 1050, Blindern. Osly 3, Norway

NORDENG. H. 1983, Salution fo the “char problem™ based on Arctic char (Salvelinus alpinus)
in Norway. Can. J. Fish. Aquat. Sci. 40: 1372 — 1387,

Rearing and transplantdtion experiments demonstrate that three coexisting forms of
Arctic char Salvelinus alpinus (anadromous, small and large freshwater residents) belong to
the sume gene pool. The purr of each form segregate into all three forms. Single individuals
may manilest all three forms during their lifetime. successively attaining the appearance and
spawning color of cach form, Mules mature at a younger age and smaller size than females.
Hence. in char populations featuring two or more forms, males dominate in the early maturing
torm and females in the late maturing form. Char populations that feature only one form (sex
ratio. 1:1) seem to be estublished through nuatural selection for age at sexual maturity.
Segregution during the voung stage depends upon their genetic constitution and access to
food. Olfspring of the small resident parents produced more resident individuals and fewer
smolts than did offspring of anadromous parents. An increased amount of food increases the
resident fraction and reduces the fraction of anadromous char. It is demonstrated that the
potential for anadromy exists in populations of char in the southern nonanadromous area. and
that one reason for resident behavior in the smolt may be infection of the ureter fluke
Phyvllodistomum conostomum Olsson.
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NORDENG: SOLUTION TO THE "CHAR TROBLEN

patric forms is ty pically of the same kind throughout the entire
range of distnibution. and is often referred to us parallel devel-
npnhwnl (Darfel 1974) or homologous (parallel) inherited van-
ation in characteristics (Savvaitova 1969)

Nilsson ( 1853), Rewsinger (1933), and Brenner (1980) sug-
gest that the coexisting farms may be regarded as phenotypes
of genctically uniform populutions. resulting from the influ-
ence of differences in environmental factors. However, most
authors agrec that the cocxisting forms of Arctic char are
reproductively isolated. although they disagree on the degree
of relationship and allocation of taxia. Some consider the
forms to be sibling species that were separated allopatrically
in preglacial water bodies, und that subsequently invaded their
present localitics in postelucial times (Sviirdson 1961: Nilsson
and Filipsson 1971; Henricson and Nyman 1976; Klemetsen
and Grotnés 1980), Bchnke (1972, 1980) explains the co-
existing forms by successive invasions, and considers some of
them to be subspecics and even species. Frost (1963, 1965)
and Savvaitova (1970, 1973, 1980) suggest that the forms
may have developed sympatrically from a commen ancestor;
at the present time they have reached different stages of evo-
lution and establishment.

In river systems along the Norwegian coast resident char
occur together with Atlantic salmon Salino salar and brown
trout Sal/me rrutta. supplemented with anadromous char north
of 65°N (Fig. 1). It is believed that char south of 65°N origi-
nated from anadromous uncestors and became nonanadro-
mous during postglacial time. The explanation given is that
during late postglacial time, summer temperatures in the Gulf
Stream. south of 65°N, gradually became too high for the
char. The char thus became marine relicts in their river sys-
tems (Huitfeldt-Kaas 1918: Ekman 1922). However, recent
continuous measurements (Sietre and Ljoen 1972) indicate
that temperatures in coastal waters both south and north of
65°N are 4—11°C during the summer period of sea migration
of brown trout and char. The reason for resident behavior
during postglacial time may then be due rather to changes in
freshwater environmental [actors or genetic constitution in the
char themselves, than in temperature etfects.

In @vervatn®, Salangen river system, north Norway
(Fig. 1), small resident, large resident, and anadromous char
coexist (Nordeng 1961). The three forms generally spawn at
separate arcas indicating that they may be reproductively iso-
lated (Table 1). On the other hand, young char in the lake
exhibit a single phenotype (Nordeng 1961). with a sex ratio
of 1:1. Although the sex ratio in the three forms is different.
the overall ratio approximates 1:1 as in young char. This
indicates that the three forms may belong to the same gene
pool (population). To decide whether the three forms in
@vervatn are reproductively isolated or belong to the same
population, | studied their progeny in rearing and trans-
plantation experiments. In parallel experiments | studied
progeny of Arctic char from south Norway, to decide whether
resident behavior results from environmental factors or ge-
netic constitution. The purental stocks were from Bergen and
Voss, south Norway (Fig. 1); they resemble the northern
anadromous char both in appearance, and age and size at
sexual maturity.

*The suffix “vatn” means luke

Environment and Fish Community

SALANGEN, NORTH NORWAY

The Salangen river system, situated within the arca of
anadromy of Arctic char (Fig. 1), is one of the few river
systems in Norway in which salmonid species have remained
geneticallv unaffected by humuan manipulation. Like most
river systems in north Norway, the Salangen supports
anadromous and tesident individuals of Atlantic salmon,
brown trout., and Arctic char. The resident salmon consist
cxclusively of precocious parr males, whereas resident trout
and char also include females. Resident char fall into two
forms, small and large. In anadromous char and trout the life
history and pattern of migration are practically identical
(Fig. 2). Each yearly migratory cycle ends with the par-
ticipating categories (mature and immature veteran migrants
and smolts of the year) returning to their freshwater habitats.
in salmon. on the other hand, smolts and maturing salmon at
sea exchange habitat during the migration period. Atlantic
salmon and brown trout spawn in riffles throughout the river
system. The various char forms spawn both in the river and
in the lake (@vervatn). Tagging experiments (unpublished)
indicate that luke and river anadromous char may be reproduc-
tively isolated.

The three forms of Arctic char in @vervatn exhibit the same
kind of variation in characters (Table 1) as in coexisting forms
throughout the distribution area (Savvaitova 1969).

SEXUAL MATURITY AND SEX RATIO

Among voung char (parr) there is only one phenotype
(Nordeng 1961). and the sex ratio is 1: 1. During a period of
7 vr (the voung stage). parr segregate into sexually mature
individuals (natural resident males and females) and smolts
[Fig. 201)]. Sexual maturation is initiated at an age of 2 yr and
smoltification at 3 yr. The first to reach sexual maturity are
males. During sexual maturation in the subsequent years,
mature males exceed females in number, but the proportion
declines from vear to year. Small resident char maturing at an
age of 2—6 yr thus exhibit more males than the large resident
char maturing at an age of 3—7 yr: both forms show males in
excess (cf. Table 1). Consequently, individuals that do not
mature during the young stage, but smoltify and become
anadromous char, show an excess of females. Anadromous
char attain sexual maturity at an age of 4—38 yr, after their
first, sccond. or third migratory cycle in the sea.

SPAWNING AREAS

In @vervatn, the spawning areas of anadromous char, large
resident. and small resident char are situated close to each
other on the northern side of the lake, and will here be called
arcas 1. 11, and lll. categorized subjectively. Area |
(Flaglandet), which is considered the most favorable, is situ-
ated at a depth of 2—6 m with a substratum of pebbles and
eravel. Area 11 (Leehola) lies at the same depth, but the
substratum consists of pebbles and gravel mixed with a little
mud. Arca !l (Ressestalan), situated between area | and 11,
must be regarded as the least favorable spawning area as the
substratum is composed of rocks and a little sand, with very
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NORDPENG: SOLUTION
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rrntta (11, and Atlantic salmon Salime salar (1. Salangen river system. north Norway. The figure is based
on the char material in Nordeng (19611 and vnpublished data on trout and salmon. The timing of the

seasonal migrations 15 given in Nordeng (1977)

dent char keep their respective arcas for themselves. whercas
small resident char must share theirs with pairs from both
neighboring groups.

FEEDING HABITS

Between annual spawnings resident ¢har feed in fresh-
water. whereas anadromous char acquire the main part of their
food during their stay in coastal waters. After homeward
migration. anadromous char also take some food while
schooling along the bottom or in the pelagic zone of the lake.
Large resident char exhibit both schooling and benthic behav-
ior, whereas small resident char feed on the bottom along the
shores and in the inlets and outlets of the luke

Resident char may change form and feeding habit. Ac-

cording to well-definable spawning zones in otoliths some
restdent char transtorm into anadromous char after spawning
1 =3 times (Nordeng 1961). This applies to both sexes and
accounts for about 9% of anadromous char. After transfor-
mation, these previously resident char grow and behave like
anuadromous char and remature after their second or third
period in the sea.

GROWTH RATE AND TOTAL SIZE

Ditferences in growth rate and total size are often regarded
as particularly characteristic of coexisting forms of Arctic
char. Extensive annual growth during the immature stage. in
the three forms of Salungen char. shows in the otoliths as
wide. opaque, summer zones; stagnant growth at the mature
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Life history charactenstics of Arctic char Salvelinus alpinus in @vervam,

Salangen river system. north Nurway. based on material in Nordeng (1961).

Small Large Anadromous

Characteristics resident char resident char char
Age (year) 2=13 3—15 4-14
Length {cm) 14—-22 21-38 26—56
Weighrt (g) 25-90 70-460 160—1650
Sex ratio M:F 4:1 2:1 1:3
Spawning color Pale grey Yellow. red Golden red, red
Spawning season Autumn Autumn Autumn
Spawning frequency Annual Annual Annual
Max. no. of spawning 10 13 i
Spawning areas 1, 11, 111 11 1T (1 (11D
Feeding habit Benthic Benthic—pelagic Benthic. pelagic
Age at sexual maturity (yr) 2—-6 37 4-3
Length at sexual maturity (cm) 14—22 2 =27 26—48
Averape length at sexuil

miaturity (cmj 17,2 26.7 358
Average growth rate in mature

stige (cm) 0.2 0.3 2.6

stage 1s manifested us narrow, hyaline, spawning zones, or
dense edges in corresponding scales (Nordeng 1961). Annual
growth rate during parr stage is similar in all three forms.
Growth rate in the mature stage depends on the size of the fish
at sexual maturity. This implies different growth rates in the
three forms and divergent growth during the mature stage (see
Tuble 1),

BERGEN AND V0SS, SOUTH NORWAY

As m northern Norway, the coastal river systems in south
Norway support Atluntic sulmon. anadromous brown trout.
and resident individuals of cach species. Resident char are
commonly present in the lukes ol the aver system. but sea-
auing char are absent.

During u pilot investigation in south Norway. while
searching for suituble populations for our rearing and trans-
plantation experiments. | found small and large resident
char corresponding 1o the natural residents in the Salangen
nver system, north Norway. These forms were found above
mimpassable watertalls, together with resident brown trout. and
below watertulls in company with resident and anadromous

brown trout and Atlantic salmon, However, in two river sys-
tems | found a third form which resembles anadromous char
in most characteristics. The localities were Hauklandsvatn,
near Bergen, and the Voss river system. both of which drain
into the same system of fjords (Fig. 3).

In Hauklandsvatn, situated above a waterfall. 46 m above
sea level, small and large resident char were found in addi-
tion to the third form which resembles anadromous char in
appearance, size of the immature (26—35 cm) and mature
(30—42 cm) stages, growth pattern. and age at sexual
maturity. The scales of these char showed typical river—sea
growth, despite the fact that they had spent their life exclu-
sively in the lake. The change in the growth pattern of the
scales occurs at an age of 2, 3, or 4 yr at a body length
between 15 and 21 em. The yearly length increment in the
immature “post-smolt” stage was 8— 16 cm, at least as high as
that of the anadromous char of the Salangen river system
(6—11 c¢m). This form is designated “potential anadromous
char.” because in all characteristics. except migration, it
corresponds to anadromous char, The freshwater resident
brown trout in Hauklandsvatn, which use the inlet brooks
during parr stage, also showed a marked growth change in
their scales.

The Voss river system supports Atlantic salmon, ana-
dromous brown trout. and resident individuals of both
species. Potential anadromous char were found both in
Vangsvatn below the waterfall (Rognsfossen, 16 m) and in
the ~8000-yr-old Lonavatn, situated above the fall, near the
limit of former marine inundation (Fig. 1). In Lenavatn |
expected to find the early maturing. small and large, resident
char typical for such localities. However, | only found the
potential anadromous torm coexisting with resident brown
trout and threespine sticklebacks Gasterosteus aculeatus.
all obviously originuting trom anadromous ancestors. In
Vangsvatn, the potenual anadromous char were found to-
gether with small and large resident char. The potential
anadromous char in the two lakes differ in body form, being
slender in Vangsvatn but having a deep bady in Lonavatn. In
Lonuvatn, char spawn in a restricted area of mediocre quality
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T1and used i reanne and transplantation experiments

The parents were small resident (SR large resident (LR, and anadromous chae (A1 north Norway. and potential

anadromous chur t A

in ditterent Jocalines monorth and south Norway

1. south Norway . The ottspring were reared at Voss and studied in the hatchery: some were released

FFeeding

Number released

Number of North Norway South Norway

altspring

Parents Locality intensity ar Salangen Senia Voss  Bolstadfjord
North Norway
Salangen
FIVET svslem
U6l SR Luke Low 2705 587 72
LR v Low 16249 299 26
A Low 4046 615 35
1965 A Maoderute 1817 519 174
1970 A, of Hatchery = 6K7
A 1965
SR Lake 3361 1734
A River 381 215°
1971 A River High 1640 429 85
South Norway
Bergen
1970 A* Huuklandsvatn Moderate K42 442¢
Voss river system
1970 A* Vangsvatn Muderate 1000
A Lonavatn Moderate 517 306"
1971 A® Lonavatn High 3091 356 210
Total 21716 2682 1404 1675 343

'Released through 4 hole in the ice cover of the lake. None were recaptured

in the middle of the lake (cf. Matzow et al. 1976: Jonsson and
@stli 1979)

Resident behavior in the southern potential angdromous
char may be congenital or it may be due 10 environmental
factors. The only relevant environmental factor 1 found was
the trematode Plivllodistomum conostonam Olsson which in-
fects the ureters of char. This fluke was found regularly in
southern char down to & length of 17 cm, except for char in
Hauklandsvatn. The ureters could be infested with more than
a dozen flukes each. Flukes seem to occlude the ureters and
damage the cpithelium. In time. the ureters become white and
elongated, forming zigzag bands which may be calcified.
Infected char are sluggish and do not attempt 1o leave their
lakes either against or with the current.

Among the potential anadromous char of Hauklandsvatn
(Bergen). Vangsvatn, and Lenavatn {Voss). char in Lunavatn
exhibit the longest span of residency, ~8000 yr. I considered
the potential anadromous Lona char and the anadromous
Salangen char as particularly useful for comparative rearing
and transplantation experiments on resident and anadromous
behavior. Therefare, we built a hutchery with a water supply
from Lenavatn (Fig. 1). In this way offspring from Lena char
would be reared under their natural conditions whereas off-
spring from Salangen chur would be exposed to the environ-
ment in which Lona char had been resident for —8000 yr,

Materials and Methods

Our hatcherv at Voss 1s furmshed with 1 troughs mea-

L s

suring 3 ¥ | m. To prevent infection of the ureter fluke Phy/-
lodistamum  conostonmum, the water supply was filtered
through plankton nets of mesh size 0.5 mm.

In the rearing and transplantation experiments the parents
were small resident. large resident. and anadromous char
from the Salangen river system, and potential anadromous
char from Bergen and Voss. The offspring of each group
originated from two to four males and several females. His-
tory of the material is given in Table 2. By personal judgment
the feeding intensity during the rearing experiments was suc-
cessively increased (low, moderate, high). In 1960. at low
intensity, the offspring were fed by hand four times a day;
food was @ worm-shaped mixture composed mainly of beef
liver and heart. In subsequent experiments the offspring were
supplied with pellets 40 tmes a day (07:00—20:00) from an
automatic feeding apparatus. Moderate feeding (1965, 1970)
refers to half capacity of the feeding apparatus, and high
intensity (1971) to full capacity, resulting in an excess of food
in each trough

During the first autumn, at an age of 0+. char in each
trough were counted and a sample was sexed and measured.
At this nge the number of fry in each trough was around 2000,
Owing to natural death and losses during cleaning. numbers
decreased to 900—1100 at an age of | + when the examination
of the fish started. At the end of each growth period in
November—December the parr of the year in each trough
were counted, measured. and classified. According to their
appearanee and coloration the immature individuals were
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classitied into parr and presmolt. The mature individuals were
classified into small resident (10.5—21.9 ¢m) and large resi-
dent char (22.0-28.0 cm). The mature char were removed.
whercas the presmolts were marked by finclipping and then
returned 1o their respective troughs During the classification
period a few parr escaped and some were killed for sampling
of scales. otoliths, and examination of the ureters for the
presence of the fluke P. conostomum. These unclassified indi-
viduals. less than 6% of cach form. were omitted from the
data analysis. Subsequent examination of the ureters of sev-
eral thousand char not used in the transplantation experiments
revealed that none were infested with the urcter fluke, even
after 6 yr in the hatchery.

The offspring used in the transplantation experiments con-
sisted of individuuls classified as mature small and large
resident char, parr. and smolt. The char were tagged in the
hatchery and released at an age of 1+ and 2 = in Jare autumn
orin early spring, just before downstream migration of natural
anadromous salmonids, In the Voss rives svstem the char
were released in the upper part (Vangsvatn). the lower part
(Evangervatn). and the Bolstad fjord outside. Char trans-
planted to north Norway were transported by air. Offspring of
Salangen chars were released in Overvatn. in their parental
river system. At the Isle of Senja, offspring of both anadro-
mous and potential anadromous char were released in
Vardnesvatn, situated upstream of a fish trap described by
Mathiesen and Berg (196%). Maximum summer temperature
in the Voss, Salangen. and Vardnes river systems 15 about 19,
I5. and 19°C. respectively,

Transplanted char were captured by local fishermen and
ourselves over o period of 5 yr. Tag returns were accom-
punied by scales and information on place und time of recap-
ture. total length of fish. and sex. Based on this information
and the scale characteristics (Nordeng 19611, [ clussified the
recaptured char as parr, small resident. large resident, and
anadromous char. In the Salangen experiment char captured
i freshwater before the end of the first natural dow nstream
migration (July 20) were not classificd.

In addition to the material presented in Table 3. 150 char
from Svartebergvam were collected in 194 This luke drains
viae waterfalls into the Salangen river (Fig. 1). and is popu-
lated with landlocked small resident char. They are de-
scendants from the fry of anadromous char released in 1920
by local fishermen. The parents orginated from spawning
arca 1 @vervarn (¢f, Table 1)

Results
THE REARING EXPERIMENTS

The wim ol the first rearing expertment {1960 ) wiis to revel
the rebationship between the thiee forms of Arctic char in
Overvatn (Salangen river system. north Norway ), Offspring
ul small resident. lurge resident. and anadroniots parents
were studied during

Voss. south Norway,

their whole litetime in the haichery

Duriny the rearing period. development in the three groups
obortsprings was in principle identical. The sex ratio was 1: |

Fii 4. The
Sadlvedinns afris durime the
VoSS, south Norwas T

sICCCSSEVe sedreeation [pereent) i

voung staee. The parents

tieure includes the

AQUAT. SCL, VOL

40, 1983

TABLE 3. The total segregation in percent in reared offspring of
small resident char (SR), large resident ¢har (LR). and anadromous
char (A) Salvelinus alpinus during the young stage. The parents were
from Overvatn (Salungen river system. north Norway). and the off-
spring were reared at Voss (south Norway),

Offspring
Parents Number SR LR A
SR <SR 2705 67.9 10.8 21.3
LR=xLR 1629 66.9 11.5 21.6
AXA 4046 62.9 14.2 229

as in the natural young char. Each offspring segregated into
smolts and mature individuals, the latter classified as small
and large resident char (Table 3). The successive segregation
of parr during the voung stage (age 04 to 4+ is given as total
number in Table 4, and as percentage in Fig. 4.

Age 0+ —The newly hatched alevins measured
[6—18 mm. At a body length of about 10 ¢m. voung char
lost their irreeular finger or parr marks, and became sil-
very. Already in June a pronounced group of large indivi-
duals developed in cach trough and reached a body length of
10—15 ¢m by the end of the growth period in November—
Dccember. At this time faint finger marks reappeared and
were present for a few months. None of the young char
matured, and all were classified as parr.

Age |+ — During this growth period the largest parr in
each trough developed in two directions, sexual maturation or
smoltification. The parr that reached sexual maturity lost their
silvery coloring and attained a pale spawning dress. Except
for a total of 15 females (0.5%) the maturing individuals were
males. measuring 10—22 ¢m at the end of the growth peried.
Length interval and spawning dress corresponded to small
resident char in the parental river system, and they were
classified as such. The nonmaturing large parr retained their
silvery dress at the end of the growth period. and exceeded
the maturing char in growth. These char were classified
presmaolt,

Age 2+ — The largest of the remaining parr from the pre
vious year segregated into (1) presmaolts, (2) mature females.
and (3) some mature males. The body length of the mature
individuals at this season (12=28 ¢m) had 2 normal distribu-
tion (Fig. 4) and corresponded to the total length interval ol
the natural small and large resident char at sexual maturity
tcf. Table 1), Spawning color of the hutchery chur was not
very pronounced and could not be used as a definite eriterion
tor classification into small and laree resident char. These
miture char were therefore artificially divided according 10
the fength interval found in nature, into small resident chir
(21.9 em and smallery and large resident char (22.0 ¢m and

larger).

Age 3+ — Ay in the previous vear the largest parr segre
\ ales IS
gated into presmolts, mature females, and a few males. Inth

A\
drottspring of small resident (SR, Jaree resident (LR1, and anadromous char 1 |
A S RS,
were from Overvam (Sulangen river system, north Norway ) amd the otlspring el
dilspring n two trouehs of each e

A
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The successive segregation in total number in reared offspring of small resident char (SR), large resident

char (LR), and anadromous char (A) Salvelinus alpinus duning the young stage. The parents were from @vervatn
(Salangen river system. north Norway), and the offspring were reared at Voss (south Norway)., P = parents,

Fi = offspring, M = male, F = female

P SR % SR LR % LR AxA

Age F, SR LR A Sum SR LR A Sum SR LR A Sum
1+ ‘F‘ - (‘) 472 1502 W’i (') 38 1085 '33‘2 é 604 1850
3 l,;‘ |2i og L Ii z R 2Ll|§ :32 LU
4+ \F‘ {; : 6 — — — — ]I l; 19 24
sum B B2 R ms o omes BB o owes 1B T a5 sek

Fii. §

Immuture anadromous char Safvebnus afpines, 35.0 em, and 3 yr old. The char smoltified at an age of 2 yr (2 +) and 22 ¢m., and

Is oftspring ot small resident char trom Overvitn (Salungen river svstem. north Norway)

season segregation in the otfspring ol lurge resident char
concluded: e, all parr had either become sexually miature
resident char or smolt.

Lred + — The few remaming parr from the previous vear,
the oftspring of small resident char, and anadromous chir
seeregated into presmoles, mature females, and males, thus
[able 4

In cach tvpe of offspring the males reached sexual matunty

concludimg the voung stage in these ottspring (el

at a younger age and smaller length than did lemales (Fig. 4).
This resulted o dominance of males in the length interval
occupied by small resident char, whereas temales dominated
in the length mterval Cccupied by large resident char.

At the immature stage (Fig. 5) individuals classified as
presmolts achieved a yearly length increment of 10 em or
more. corresponding to the natural anadromous char. They
reached sexual maturity at an age of 3+ o 6= with a body
length ol 26—34% ¢m.
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Segregation in vouny char Safvelin alpinis ortginating from small resident (SR)

and anadromuous (A) parents. Sulangen river system, north Norway. The char were reared at
Voss. south Norway . and released into their parental nver system in spring and autumn 1967,
1971, und 1972 The recaptured chir were clussified as parr, small resident (SR). large

resulent (LRY, und snadromous [A)

Classified in %

Not classified.

Parents Released Recuptured Parr SR LR A %
SR 770 219 (28.4%) 16.9 8.2 1.9 429 20.1
A 537 154 (28.7%) 7.8 5.2 13.6 63.6 9.8

In the offspring of cach group sexual maturity was initiated
at age 1+ in small resident, 2+ in large resident. and 3+
i anadromous char, that 5. | vr earlier than in the corre-
sponding forms of the parental river svstem (el Table 11, As
a whole. maturation extended over a period of 6 vri from
age I+ in small resident char o age 6+ by the time mat-
uration in anadromous char was completed. The individuals
from the same cohort may. thus, reach sexual matunty at body
lengths extending from 10 10 59 cm. demonstrating the well-
known plasticity in Arctic char (Fig, 6).

The rearing experiment demonstrates that cach form of the
Salungen char reproduces itsell and the other two forms.
Thus, the three forms belong o the same population as indi-
cated in the investigation on natural char in the Salangen river
system (Nordeng 1961, fig. 19). In the three types of off-
spring the segregation was significantly different (y° =
25.69. P < 0,011, depending upon paremal form (Table 3).

Development 1 the offspring ol potential anadromous char
originating from Hauklandsvatn (Bergeni. Vangsvatn. and
Lonavatn (Voss river system) was in principle similar to that
deseribed for Salangen char. Sex ratio in voung char was 1:1.
During the young stuge each group segrezated into individuals
which were classified s resident char or smolts. though in
different proportions depending upon ancestry (ef, Fig, 7)

Early maturing small resident and late maturing ana-
dromous Salangen char represent the extremes of uge at
sexual maturity within their gene pool, Offspring of small
resident parents produced more resident individuals and fewer
smolt than offspring of anadromous parents. This difference
(Table 41 was already significantatan age of 1+ (x7 = 34.0,

P < 0.001), indicatmg that the age at sexual maturity of

the parents influcnced the age at sexual maturity of their
offspring

Transplantation Experiments

Char used in the transplantation experiments were reared it
Voss under conditions which prevented intection by the ureter
Huke £ conastomiom .

RELEASE 1N THEE SALANGEN RIVER SYSTEA

Chir released onginated from small resident and  ana-
dromous char trom Overvatn (Salaneen tiver svstem) and
anadromous char from the Salaneen river The wim ot the
experiment was to verity the segregution m voung char (parr)
observed imothe hatchery, test the beliavior moindividuals
classitied as sl and large resident char, and test the ca-

pacity for anadromy after rearing in the nonanadromous area
at Voss.

Irrespective of parental type (small resident and ana-
dromous) young char (16—23 e¢m) segregated into small resi-
dent. large resident, and anadromous char (Table 5), just as
in the hatchery. Offspring of anadromous char produced more
smolts than offspring of small resident char, However, the
difference is not significant (y, = 4.01. P > 0.03).

Irrespective of parental type (small resident and ana-
dromous). char classified as small resident and large resident
did not migrate to the sea (Table 6) apart from some that
transformed into anadromous char after a period as residents,
Some of the large resident char transtormed into anadromous
char, and some small resident transformed into large resident
and into anadromous char. Resident char originating from
anadromous parents transformed into anadromous char in a
significantly higher proportion than in offspring originating
from small resident char (x5 = 15.76. P < 0.001). The pat-
terns of transtormation described above indicate thar single
individuals may manifest themselves in all three forms during
their lifetime. This is supported by the development seen in
the offspring of small resident char (Table 6). In the hatchery
all (851 + 114) were classified as small resident char at an
age of 1+, When released (2+) [14 had transformed into
large resident char, Of these. seven (6. 1% ) were recaptured as
anadromous char (3+).

Further, a control group of 81 young char originating from
small resident and anadromous char held in the hatchery
segregated and transformed in a manner similar to that of the
transplunted char. At an age of 2+ there was a loss of 7,
whereas the rest segregated into smolts (17), small resident
(15). und large resident char (42). The following year, three
of the large resident char transformed into anadromous char.
Of the 15 small resident char, 10 became lurge resident and
3 became anadromous char.

The result of the Salangen transplantation experiment
confirmed the rearing results. Young char (parr) scegregated
into small resident. Large resident. and anadromous char
(Tuble 5). Further. the char classitied as small and large
restdent behaved according to their clussiticution, except
for some that transtormed from one torm into another. The
transplantation experiment also proved that the anadromous
quality in the Salanizen char had not been ulfected by duy
lenath ar by abiene lactors in the hatchery water when reared
in the nonanadromous area at Voss. The anadromous char
CTables 3 and 6) accompanmied the natural anadromous char on
their seasonal migrations 1o the sea. and none were recaptured
I uther river sysiems,
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1 vHLE Franstormatiodn o ngture char Salvelmes s onginatng trom small resident
(SR amd anadromous A parents, Salimgen nser system, north Norway The char were reared

At Noss, south Norway ¢l

o therr p;m_'m.ﬂ FINCT sVSLEIT 0 SPRRE i di

wified s st resident (SR vand laree resident char LR und released
e 19e7 and 14972

Classthied m !
Not classified.

PParents Offspring Relensed Recaptured SR LR A Gt
‘ SR 831 46 (17240 04 247 219 13.0
SR :
LR 14 242117 0.8 29.2
‘ SR LR 45 113.37) 6.7 20,0 46.7 6.6
' LR 72 19 (26.47%) e 579 10.5
RELEASE IN VARDNESVATN. SENSA Tagie 7. Recaptures of Lona char Salvelinus alpinus. The char

To test their capacity for anadromy. oflspring of potentiul
anadromous char were released ina northern river system
containing anadromous char

Offspring of the potential anadromous char from Lonavatn
were released into Vardnesvatn (Senja). accompanicd by oft
spring of anadromous char from the Salangen river as i con-

trol. The char originated from the 1971 brood and were
released in autumn. 1973, and in early spring, 1974, They
were immature and 18—32 cm long. which corresponds to

anadromous char in the smolt and postsmolt stage. Down
stream migration was monitored by a fish trap sitated in the
outlet river. During June and July the char sccompanied the
patural anadromous char on their migration to the sea.

Of the 85 char n the control group. 72 (84.7%) were
recorded in the trap. Of the 356 potentiul anadromous char.
51 (14.3%) were recorded and two were recaptured in other
river systems without prior recording in the trap. In contrast
to the control group of Salangen anudromeus char, the site ot
the tags in most of the Lona char was infected with Sapro-
leanta sp. After completion of the downstream migration
\rdnesvatn was surveved with eill nets to determine whether

Lot char had remained in the lake. Only nine Lona char were
recetured, They were in very poor condition and heavily
infe.=d with Suprofegnia. This indicates high mortality m the
introcuced Lona char. Those registered i the trap may thus
rer:osent surviving char migrating to the sei.

it the char registered in the rap only three Salangen and
twi Lona char returned to the Vardnes river system. Two

Salangen char were recaptured in the seu, and six in ather
nver svstems

In spite of high mortality in Lena char. this experiment
indicates that the capacity for anadromy exists in southern
potential anadromous char.
RELEASE IN THE V0SS RIVER SYSTEM

The aim of this experiment was to test the eapacity tor
anadromy in offspring of Salangen char when released in 4
southern river system. where natural chur are resident and
infected with 7. conostomum

Offspring of all three Sulangen char, classified as smolts
{1433) and resident char 12421, were released mto Vangsvatn
und Evangervatn in late autumn (age 1+ and curly spring
tage 2+ ), just before commencement ol the downstream run

originates from potential anadromous char from Lonavam, Voss river
svstem. south Norway, They were reared at Voss. classified as smolt
or immature postsmolt, and refeased {19731 into the Bolstad fjord in
4 number of 210

Recuptured Year of recapture
Place Number 1973 1974 1975 1976  Later
Viss miver
svstem 13 4 3 2 | 3
Buolstid
fjord 30 13 3 2 5 2

of natural brown trout and Atlantic salmon smolts.

Irrespective of parental type, the char behaved in the same
manner after release. Of the resident char. 36 (14.9%) were
recaptured during the following 6 yr. all in the lakes of
release. Of the smolt, 281 (19.6%) were recaptured. As many
as 184 were ru_ap(urul in their respective lukes immediately
after release. Later in the season and in the three following
vears. 24 were recaptured in the sea and 73 in the river
system. of which 6 showed a marked river—sca growth
change in their scales.

This cxperiment shows that smolt of the northern char.
reared and released in the southern nonanadromous area. may
migrate to the sea.

RELEASE IN THE BOLSTAD FJORD

The aim of this experiment was to test the capacity
far anadromy in offspring of the Salangen chars and the
native Lona char when released in an environment free from
P. conostomum. | expected that the char. released direc tly
into the fjord. would feed on marine items in sufficient quan-
tity to make infection of the ureter fluke during the following
winter stay in freshwater less likely.

The Salangen chars originated from the 1960 brood and
were released in 1963, The Lona char originated from the
1971 brood and were released in 1973, Both groups were
immature and 18—32 cm long. which corresponds 1o ana-
dromous char in the smolt and postsmolt stages, They were
released into the Bolstad fjord in June, within the period of
doswnstream migration of the native brown trout.

Of the 133 Salangen chara total of 42 (31.6%) were recap-
wred during o period of 5 yr. 40 in the sca and only 2 in the
Voss river system. Of the 210 Lona char, 43 (20.5
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an age of |+ reared at ditferent feeding intensities. The purents (P)
were small resident (SR). anadromous (A). and second generation
ol anadromous char (A-). Salangen river system. north Norway
(@vervatn, ) and potential anadromous char (A* 1. Voss niver system
(Lenavatn, L: Vangsvatn. V), and Bergen (Hauklandsvamn, Hy, south
Norway

recaptured, 30 in the sea and 13 in the river svstem (Table 7).

This experiment shows that northern and southern char
hoth in the smolt and postsmolt stage survive 4 release directly
into the sea in the southern nonanadromous arca. Further,
the recaptures in successive vears of the native Lona char
indicates that annual migration took place between the home
river system and the sea (Table 7).

Genetics and Environment

The rearing experiments (Fig. 7) revealed ditferences in
segregation in offspring from (1) different torms in the same
population (Bvervatn, Salangen), (2) the sume form from
different populations within the sume river svatem (Salangen
and Voss), und (3) the same form from ditferent river systems
(Salangen. Voss, and Bereen).

Within the same populution (Overvatn, Salungen) i larger
percentage of the offspring of the carly maturing small resi
dent char (38.17%) reached sexual matunty ot an age of 1+
thun was the cuse with the offspring of the lute muturing
dnadromvus char (30.8% 1. This difference was significant at
both low 1y = 8.5, 7= 0.000) and moderate feeding
intensities (x, = 63,1, 2 - 0.001), At moderate feeding the
segregation was 32,0 and 40.5% in small resident and anu-
dromous char, respectivelv

Offspring of anadromous char from different populations
within the same river system (Salangen) segregated slightly
ditferently. The percentage of the offspring of anadromous
char from the river reaching sexual maturity at an age of
I+ was slightly higher (43.8%) than for the offspring of
anadromous char from the lake (40.5%). The difference,
however, was not significant (x; = 1.5, P2 > 0.2).

In the offspring of potential anadromous char from different
populations in south Norway (Voss, Bergen), the segregation
in mature individuals at age |+ varied considerably, Segre-
gation in offspring of the potential anadromous char from
Lonavatn and Vangsvatn (Voss river system) was 3.1 and
42.0%, respectively, the latter corresponding to the segre-
gation in offspring of the Salangen anadromous char. Segre-
gation in the offspring of the potential anadromous char
from Hauklandsvatn (Bergen) was somewhat higher. 55.3%,
including a comparatively high percentage of females,
12.1%. In the other offspring the proportion of females varied
between 0.1 and 4.7%, depending largely on the proportion
that reached sexual maturity at age 1+. In the offspring
originating from Lenavatn, where only potential anadromous
char occur naturally, segregation was particularly low, and
nonc of the females reached sexual maturity at an age of [+,
In all offspring the individuals that matured at an age of 1+
were with few exceptions small resident char measuring
10—22 ¢m.

The percentage of offspring reaching sexual maturity at an
age of 1= is influenced by feeding intensity. The segregation
increased sigmficantly in the offspring of small resident char
(xi = 117.2. P < 0.001) and anadromous char (y, = 52.3,
£ < 0.000) from Gvervatn when the feeding intensity in-
creased from low to moderate. A further increase to high
feeding intensity. giving an excess of food, increased segre-
gation in the offspring of anadromous char (Salangen river)
from 43.8 to 50.5%, and in the offspring of the potential
anadromous char (Lenavatn. Voss) tfrom 3.1 to 9.6%. The
increase is significant in both anadromous (x; = 5.7,
P < 0.05) and potential anadromous char (x; = 23.7,
P < 0.001).

Increase in feeding intensity also accelerated development
in the offspring. At high feeding intensity almost all the males
in the offspring of anadromous char (Salangen river) matured
at an age of 1+, comprising 49.3% of the total number. The
length interval of the mules covered the total length interval
of both small resident (10.5—21.9 cm) and large resident char
(22.0—28.0 cm).

Within their gene pool. the early maturing small resident
form and the late maturing anadromous form (Overvatn) rep-
resent the extremes of age at sexual maturity. Offspring of the
small resident parents produced significantly more resident
individuals and fewer smolts than offspring of anadromous
parents, idicating that age at sexual maturity is henitable. The
seeond  generation of anadromous parents produced even
fewer resident indivicuals (34.97), and consequently more
smolts thun their parents. The difference tn segregation was
stgnificant (x, = 6.4, £ < 0.05) and indicates a positive
elfect of selecting tor late sexual maturity. On the other hand.
arelease (19200 of try of the late maturing anadromous chitf
into Svarteberevatn (Sulangen) demonstrates the positive
clicet ot selecting tor carly sexual matarity. since the
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Salvelinus alpmus, Overvatn | Sulungen), consisting of three forms,
anadromous, large resident and small resident char. and in
“landlocked™ char. Svarteberovatn (Sulungen). The “landlocked”
char are descendants of fry of the anadromous form. released in the
lake in 1920.

descendants at the present time ( 1981) carrespond to the early
maturing small resident char in age at sexual maturity (Fig. 8).
The lake drains via impassable waterfalls into the Salangen
river. During the vears following the release. smolts were
observed to leave the lake and at present only small resident
char are left. Thev mature at a body length of 1421 cm. and
their sex ratic is 1:1.

Discussion and Conclusion

The question whether coexisting forms of Arctic char
belong to different populations or to the same gene pool,
the “char problem™ (Retsinzer 1933: Nordeng 1961: Dirfel
1974). is solved by reaning and tramsplantanon experiments.
The experiments revealed un identical pattern of segregation
in the offspring of northern coexisting small resident. large
resident, and anadromous char. During the voung stage. parr
in each offspring segregated into smull resident. large resi-
dent, or anadromous char. Each form reproduced itsell and
the other two forms, Just as in the offspring of northern
anadromous char. parr of southern “potential anadromous™
parents segreguted into coexisting forms present in their re-
spective parentul locuafities. Thus. the coexisting forms of
Arctic char belong to the same sene pool as indicated in the
investigation on the natural char in the Salangen river system
(Nl\rtlcng 1961, fig. 19). Reproducing. either in the same or
N separate spawning areas. cach ftorm gives nise to all three
forms as illustrated in Fig. v

CHAR PROBLEM | 3K5
LL\_#/
A: ANADROMOUS CHAR 0 PARENTS
LARGE RESIDENT CHAR ] PROGENY

C: SMALL RESIDENT CHAR

[,II, 111, SPAWNING AREAS

Fig. 9. Reproductive pattern in Arctic char Salvelinus alpinus in
Gvervain, Salangen river system, north Norway,

Transplantation experiments confirmed the observed seg-
regation of parr into residents and smolts, and revealed that
some resident individuals transformed from one form into
another (Fig, 10), Thus single individuals may manifest all
three forms during their lifetime. successively attaining the
appearance and spawning color of each form. The same phe-
nomenon is observed in natural char (Nordeng 1961. p. 94).

The rearing and transplantation experiments explain the
differences in biological characteristics between the co-
existing forms of Arctic char (cf. Table 1). In offspring of
each form the sex ratio was 1:1. The males reached sexual
maturity at a younger age and smaller size than did females.
This resulted 1n a dominance of males in the length inter-
val occupied by the smallest form. and a dominance of
females in the length interval occupied by the largest form.
The spawning color depended upon body length at sexual
maturity.

Within their gene pool. the early maturing small resident
form and the late maturing anadromous/potentizl anadromous
form represent the extremes of age at sexual maturity. Off-
spring of the small resident parents produced significantly
more resident individuals and fewer smolts than did offspring
of anadromous parents. indicating that age at sexual maturity
is heritable. Age at sexual maturity is subjected to rapid selec-
tion as the second generation of anadromous parents produced
even lewer resident individuals and more smolts than did
their parents. This means that a population featuring all three
forms mcorporates the ability o change into the one or the
other extreme form. smuall resident or anadromous/ potential
anadromous, respectively. An increase in amount of food
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Fig. 10. Segregation (—) und transformation {---) in offspring
of small resident. large resident. and amadromous Arctic char
Salvelinus alpinus. from the Salangen river system. north Norway,
revealed by rearing and transplantation experiments, @ = smolti-

fication. @ = maturation.

(feeding intensity) accelerates the development in the off-
spring (shortens the young stage) and increases the proportion
of resident individuals. This demonstrates that the pattern
of segregation depends both upon genetic constitution and
access to food.

In char populations featuring only one form. as in
Svartebergvatn (Salangen) and in Lonavatn (Voss), the sex
ratio is 1:1. These populations. both originating from ana-
dromous ancestors, seem to be established through natural
selection for age at sexual maturity. The two populations exist
above waterfalls that prevent upstream migration. In the case
of Svartebergvatn, smolts left the lake, so that in the re-
maining fraction only early maturing small resident char are
present. in Lonavatn. smolts do not leave the lake. possibly
owing to infection by P. conestomum. During the vears of
isolation intraspecific competition for the restricted spawning
area in the lake may have favored the largest individuals, and
in the remaining fraction only late maturing potential ana-
dromous char are present.

Transplantation experiments to localities in the northern
anadromous area (Salangen and Senja) proved that the capa-
city for anadromy in northern char had not been affected by
walter temperature or other abiotic factors during rearing in the
nonanadromous area at Voss, and that the fraction of potential
anadromous individuals within southern populations exhibit
capacity for anadromy when reared under conditions which
prevented infection by P. conostomum. Transplantation ex-
periments in the southern nonanadromous area (Voss river
system and Bolstad fjord outside) revealed that wuter tem-
perature or other abtotic factors in this area do not prevent
anadromous behavior, neither in northern anadromous nor in
southern potential anadromous char. In both transplantation
experiments the char exhibited annual mieration between
freshwater and the sea only when released into their respective
parcntal arca. This might be explained by orientation towards
population-specitic pheromones (Nordeng 1977) released
from relatives in the parental river svsiem

The individuals which mature us parr during the voung
stuge may be viewed as the nataral resident fracton of anu-
dromous char populations. Anadromous and resident indi-

viduals also exist in other salmonids (reviewed by Behnke
1972), for instance in dolly varden char Salvelinus malma
(Armstrong and Morrow 1980), in masu salmon Onco-
rhyvnchus masow (Tanaka 1965), and in sockeye salmon Onco-
rhvnchus nerka (Ricker 1938; Foerster 1947). In the ana-
dromous fraction of masu and sockeye salmon. females
dominate, whereas males dominate in the resident fraction,
just as in Arctic char. It is likely that the resident individuals
in salmonid populations, comprising either both sexes or
males only, represent the same phenomenon. Thus. referring
to Salangen salmonids (Fig. 2), the resident individuals. and
parr (each of different age) constitute a permanent component
of the freshwater bases in their respective migratory systems.

Acknowledgments

First of all I thank my wife. Aase Nordeng. She accepted my
devotion to the char. and supported and assisted me throughout this
research. | am also indebted to Per Bratland. Institute of Marine
Research, Bergen, who assisted me both in the field and in the
hatchery. The caretakers at the hatchery, Gunnar Askeland, Bjarme
Nedkvitne, and Thoralf Olsen, are also acknowledged for their work.
During field work in Salangen. | received valuable help from the
Chruickshank family. Ragnvald Andersen and Jostein Skurdal par-
ticipated in the final preparation of results from rearing and trans-
plantation experiments. [ am grateful to Dr Lionel Johnson for critical
reading of the munuscript. Financial support was received from the
Institute of Marine Research. Bergen: the Norwegian Research
Council for Science and the Humanities: the Nurwegian Research
Council for Agriculture: the Norwegian Fisheries Research Council:
and the Directorate for Wildlife and Freshwater Fish. | am indebted
to them all.

ARMSTRONG, R. H., anD J. E. Morrow. 1980, The dolly varden
charr, Salvelinus malma. p. 99—140. /n E. K. Balon [ed.]
Charrs, salmonid fishes of the genus Saivelinus. Dr. W, Junk
Publishers, The Hague. Netherlands.

BEHNKE, R. 1. 1972, The systematics of salmonid fishes of recently
glaciated lukes. J. Fish. Res. Board Can. 29: 639—671.

1980. A systematic review of the genus Saivelinus,
p. 441—-480. /n E. K. Balon [ed.] Charrs, salmonid fishes
of the genus Salvelinus. Dr. W. Junk Publishers, The Hague.
Netherlands.

BRENNER, T. |980. The arctic charr, Sulvelinus alpinus salvelinus in
the prealpine Attersee. Austria. p. 765—772. [n E. K. Balon
[ed.] Charrs, salmonid fishes of the genus Salvelinus. Dr. W.
Junk Publishers, The Hague, Netherlands,

DorreL, H.-J. 1974, Untersuchungen zur Problematik der Saiblings-
populationen  (Safvelimes  alpines L) im  Uberlinger See
(Bodensee). Arch. Hydrobiol. Suppl. 47: 80-105

EkMAN. §. 1922, Dyurviirldens utbredningshistoria pa Skandinaviska
halvién. Bonnier. Stockholm. 614 p. (In Swedish)

FoersTEr, R. E. 1947, Experiment to develop sca-run from land-
locked sockeye salmon  (Oncorhvnchus  nerka  kennerivi).
J. Fish. Res. Board Can. 7: 88 =93

FRIDRIKSSON, A. 1939 Um muruna 1+ Thingvallavatnr med hidsjon
af Gdrum stlungstegundum @ vamninu. Nitrufredingunnn. %

1-30.
FrosT. W. E. 1963, The homing of charr Sulvelinus willughbu
(Gunther) in Windermere, Anim. Behav 11 74-482

1965, Breeding habits of Windermere charr. Salveitno
willwghbe (Gunther), and therr bearing on speciation of '“";"
11N

fish. Proc, R. Sac. Edinb, Sect. B (Biol. 5S¢t 163 23 4
- ]
GULLESTAD. N 1975, On the biology of char ( Safito alprmns L)



NORDENG: SOLUTION TO THE "CHAR PROBLEN

Svalbard. 1. Migratory and non-nmugritory chur in Revvitnel
Spitsbergen, Nor. Polarinst. Arbok 19730 125140

Haesett, Q. 1924, Smdien wm Seesbiline  mehrerer  oster-
reichischer Alpenseen. Verh, Int. Ver. Limnol, 2; 129— 135

HESRICSON. 1. anD Lo Nysian, 1976, The eeologieal and senetical
segregahion ol Iwo sympatric species o= dwarted char (Salve-
linus alputuy (L) species complest. Rep. Inst. Freshw . Res
Drottningholm 55 15-37

Humsn-Raas, He 1918 Ferskvandstiskenes utbredelse og ind-
vandring i Norge med et tillieg om krebsen. Centraltey kherict,
Kristiunia. 106 p. (In Norwcgian)

Jonnson, L. 1980, The arcue charr, Salvelimes adpinus, p. 15=98. In
E. K. Balon [ed.| Churrs. sulmomid fishes of the venus Sifve-
linus. Dr. W, Junk Publishers, The Hague. Netherlands

Jonsson. B.. anp T. Osiie 1979, Demographic strutegy in char
compared with brown trout in Lake Lone, Western Norway.
Rep. Inst. Freshw. Res. Drottningholm 58: 45—54

KLEMETSEN, AL, aNp P. GrRoTNes. 1980, Coexistence and immi-
gration ol two svmpatric arctic charr, p. 757-763. /n E. K.
Balon [ed.| Charrs, salmonid fishes of the venus Salvelinus,
Dr. W. Junk Publishers. The Hague. Netherlunds.

Mariisen, O.. anp M. Bera. 1968, Growth rates of the char.
Salvelinus alpinus (L.). in the Vardnes River. Troms. Northern
Norway. Rep. Inst. Freshw, Res, Drottningholm 48: 177~ [%6.

MaTzow. D.. H. Hury, B. Jonsson, P. L Kvasiaien, 1. P. NiLSsen,
O. T. SanpLUND, ann T, OsTLE. 1976, Investigations on fresh-
water bivlogy in Lonavatnet luke and Strandaelva river. Repont
from the Voss Project. Zoological Institute., University of Oslo
1: 1=235. (In Norwegian. English summury)

NERESHEIMER. E. 1941, Die Luchsartigen (Salmonidae). p. 219—
370. In R. Demoll and H. N. Maier [ed.] Hundbuch der
Binnenfischerei Mineleuropas.  Schweizerbart'sche Verlugs-
buchhundlung. Stwutigart.

NILSSON. N.-A_. anp Q. FiLiesson. 1971, Characteristics ol two
discrete populations of arctic chur ( Safvelinny alpins L) in a
North Swedish luke. Rep. Inst. Freshw. Res. Drotningholm 51

x = ik
“ e
: &
Ty Lkl
= * el s
o I -
- -
sy R o o 3
= _
T e

GO — 10N
NiLsson, 5. 1855 Skandinavishi fauna. Lund. (In Swedish)
Nornesa. Ho 1961, On the biology of char (Salmo alpings L.y in
Sulangen, North Norway. L Age and spawning Irequency deter-
mined trom scales and otoliths, Nyvtt Mag. Zool. (Oslo) 10:
67T—123.

1977 A pheromone hypothesis tor homeward migration in
anadromous salmonids. Oikos 28; 155159,

RusivGrr, L. 1953, Zum Saiblingsproblem. Carinthia 11 143
74— 102,

Rickir, Wo L 1938, “Residual™ and kokance salmon in Cultus luke,
J. Fish. Res. Board Can, 4: 192-214.

Savvarmova, K. A, 1969, Homoelogous variation in char species of
the genera Salvelinuy (Nilsson) Richardson und Cristivomer Gill
and Jordan. Probl. Ichthyol. 9: 18—34.

1970. Morphological features and variability of locul pop-
ulations of the lake—river form of the Arctic char ( Sulvelinus
alpinus (L)) from the Kumchatka River Basin. . Ichthyol. 10
203-217.

1973. Ecology and systematics of freshwater chars of the
genus Salvelinus (Nilsson) from some bodies of water in
Kamchatka. 1. Ichthyol. 13: 58—68.

1980, Taxonomy und biogeography of charrs in the
Palearctic, p. 281—=294. /n E. K. Balon [ed.| Charrs. salmonid
fishes of the genus Salvelinus. Dr. W, Junk Publishers, The
Hugue, Netherlands.

SvarDson, G. 1961, Rodingen. Fiske 1961: 25—38.(In Swedish)

SATRE. R.. anp R. LieN. 1972, The Norwegian coastal current,
p. 514=535. In S. Stabell Wetteland and P. Brun [ed.] Pro-
ceedings of the first international conterence on port and ocean
engincering under arctic conditions. 1. Technicul University of
Norway. Trondheim

TanakA, 5. 1965, Sulmon of the North Pucific Ocean — Part 1X
Coho. chinook and masu salmon in offshore waters. 3. A review
of the biological information of masu salmon ( Oneorhivnchus

masow). Bull. Int. North Pac. Fish Comm. 16; 75—1235.
+ o : 2 5
R s "
., - o :
” = B o -
ﬁ_‘ ~ - E i
3 B 0w R i




