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Information for Contributors

Articles in the Journal consist of original reports, notes, book reviews, news and comments,
proceedings and others which are written in Japanese with English summary or in English.
Contribution to the Journal is open only to the members of the Society.

Manuscripts are to be submitted in duplicate (original and copy) to the Managing Editor:
Torao Sato, Misaki Marine Biological Station, University of Tokyo, Koajiro, Miura 238-02,
Japan. The author(s) should retain one copy. Manuscripts must be clearly typewritten,
double-spaced (about 60 letters X 30 lines), on one side of bond or other good quality paper.
The manuscript should be written in the following order: title, author’s name(s), abstract,
text ending in acknowledgment(s), literature cited, and institution with address. Title and
abstract in Japanese are added at the end of the article. Unless they are given by the
author(s) they will be prepared by the editors.

Authorship of the scientific names should be included in the title only when nomenclatorial
problems are involved. Footnotes should be avoided whenever possible. Nothing in the
manuscript should be underlined except Latin names of genera and species. Common
abbreviations and symbols, such as pm, mm, cm, m, g, °C (for Celsius), cc, %, and so
forth, should be used. Periods are only rarely used with abbreviations. Measurements
should be given in metric units.

Tables and figures, with their headings and legends written in English, should be self- :
explanatory, not requiring reference to the text. Their placement should be indicated on
the left-hand margin in the text. Each table should start on a separate page, numbered
with an Arabic numeral. Material in the text should not duplicate that in the tables.
Vertical lines should be avoided in the tables.

Each figure should be on a separate sheet, numbered with an Arabic numeral. Asa rule,
maps, drawings, and photographs should be numbered as figures. Figures should be drawn
in black India ink on Bristol board, good quality paper, or faintly bluelined graph paper.
Copies of the illustrations and photographs must be submitted with the text. Illustrations
larger than 21.5X28 cm should be avoided. Related diagrams should be grouped to form
a single figure suitable for eventual reduction to a size not exceeding 13 X 18cm. Parts
of figures should be labelled A, B, C, etc (e.g., Fig. 1A, B). The name(s) of the author(s),
the number of the figure and the intended reduction should be clearly marked on the covers
of the illustration and/or photograph. Legends for figures should be typewritten on a
separate sheet.

All papers referred to in the text should be arranged alphabetically and chronologically in
the “Literature cited”. The following examples may be of assistance:

Hennig, W. 1966. Phylogenetic systematics. Univ. Illinois Press, Urbana, 263 pp.

Hubbs, C.L. 1960. The spiny-rayed cyprinid fishes (Plagopterini) of the Colorado River system.
Misc. Publ. Mus. Zool., Univ. Mich., (115): 1-39, pls. 1-3.

Farris, J.S. 1981. Distance data in phylogenetic analysis. Pages 3-23 in V.A. Funk and D.R.
Brooks, eds. Advances in cladistics: Proceedings of the first meeting of the Willi Hennig
Society. New York Botanical Garden, New York.

Proof should be corrected immediately on receipt. Cost of excessive changes in proof from
the original copy will be charged to the author(s). For an article, publication charges of
¥ 30,000 (major paper) or ¥ 20,000 (short report) are paid by the Society, and excess cost
will be charged to the author(s). Copies of reprints and covers will be furnished at cost price.
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SYNTHESIS OF INFORMATION

FOR A PHYLOGENETIC INTERPRETATION OF SALVELINUS

Robert J. Behnke
Colorado State University
Fort Collins, Colorado

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

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

primitive vs. derived character states and convergent evolution. 0Ongoing
studies of mitochondrial and ribosomal DNA and chromosomal banding,
particularly of nuclear organizing regions, imply that much greater
resolution and refinement for phylogenetic analysis will be possible.

Some controversial aspects of Salvelinus systematics, such as species
criteria, are not amenable to resolution by quantification. A realm for
qualitative speculation will always remain for future symposia.
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January 5, 1982

Professor Y. Yasue
Nakamachi 5-17-0
Setagaya-ku

Tokyo 158, Japan

ear Professor Yasue:

I received the special publication on Salvelinus. It is a bead@tiful
work and I send my sincere thanks. I received another copy of this same
work from the "Freshwater Fishes Preservation Society", Osaka, but there
was no letter revealing the name of the person who sent it to me. If you
know who sent me the addi f7unul copy, please give him my thanks for his
thoughtfulness. I will give the extra coPy to Dr. Ted Uavender who also
has an interest in the t:xoneyy oﬁ Far Eastern Salvelinus.

I also received youp abstract on the comparison between Formosan
and Japanese 0. 1 1sou. There is much a‘11?;or=7 data supplementing

my publication of 20 years ago. I mvu d suggest that you publish an

English translation of this paper in the dapannse Journal of Ichthyology.

If you can make a "rough" English translation and send it to me I can
edit it for you for publication.

Sincerely,

a0 T, O R
Robert obenn
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Patterns of Chromosomal Nucleolar Organizer Region
(NOR) Variation in Fishes of the Genus Salvelinus

RutH B. PHiLLiPS, KAY A. PLEYTE AND PETER E. IHSSEN

The chromosomal locations of the nucleolar organizer regions (NORs) in two
North American species of Salvelinus, S. confluentus and §. malma, are reported.
This brings the total number of species of Salvelinus examined for chromosomal
NORs to six, and the total number of species of salmonid fishes examined for
NORs to 17. Arrangement of the NOR differences into a phylogenetic hypothesis
supports morphological, biochemical, and cytogenetic data which group S. malma
with S. alpinus. The relationship between these species and the other species of

Salvelinus remains unresolved.

HE chromosomal locations of the nucleo-
lar organizer regions (NORs) of three of
the five North American species of Salvelinus
were determined previously by using chromo-
mycin A3 (CMAS3) staining and silver staining
(Phillips and Ihssen, 1985). The fluorochrome
chromomycin A3 (CMA3) stains active and in-
active NORs in amphibians and fishes (Schmid,
1982; Amemiya and Gold, 1986). Although all
the species in the related genera of Salmo and
Oncorhyncus have only one chromosome pair with
NORs (Phillips and Thssen, 1985; Phillips et al.,
1986), the NORs were found on several differ-
ent chromosome pairs in these three species of
Salvelinus: S. namaycush (lake trout), S. fontinalis
(brook trout) and S. alpinus (arctic char). In this
paper the chromosomal location of the NORs
in the other two species, S. malma (Dolly Varden
char) and S. confluentus (bull trout), is described
and a phylogenetic hypothesis for relationships
among these species using these data is pre-
sented.

The five North American species of the genus
Salvelinus have been assigned to three subgen-
era by Behnke (1965, 1980). These are the sub-
genus Cristovomer including S. namaycush, the
subgenus Baione including S. fontinalis, and the
subgenus Salvelinus which includes the species
in the arctic char complex. This latter group
includes S. alpinus, which has a circumpolar dis-
tribution in the arctic, S. malma, which occurs
in sympatry with S. alpinus in the north Pacific,
and S. confluentus, which is found in the Rocky
Mountains (Cavender, 1980). In the Far East
another species, S. leucomaenis (2n = 84) is con-
sidered to be more closely related to S. namay-
cush by Savvaitova (1980) and Viktorovsky
(1978), but is placed in the subgenus Salvelinus
by Behnke (pers. comm.). Behnke divides the
subgenus Salvelinus into the S. alpinus—S. mal-
ma complex and a group comprising S. confluen-
tus, S. leucomaenis and S. albus, which is found
in the Kamchatka peninsula.

The possible phylogenetic relationships

© 1989 by the American Society of Ichthyologists and Herpetologists
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among the North American species of Salvelinus
were discussed in a paper by Cavender (1984),
in which he summarizes his work and that of
others in the cytotaxonomy of Salvelinus. He
presented two alternative cladograms based on
chromosome number (2n) and chromosome arm
number (NF). A major point of uncertainty is
whether S. confluentus has a sister-group rela-
tionship to S. malma and S. alpinus, or is more
closely related to S. fontinalis, S. namaycush and
S. leucomaenis. The data on NORs provide some
additional evidence relevant to this problem,
which remains unresolved.

MATERIALS AND METHODS

Eggs of S. confluentus were obtained from fish
in Arrow Lake, British Columbia and eggs of
S. malma were obtained from fish collected near
Juneau, Alaska. Chromosome preparations were
made from embryos from fertilized eggs using
methods described previously (Phillips and Za-
jicek, 1982). Embryos of approx. 180° d were
dissected from the eggs, incubated in culture
media with 25 ug/ml colchicine and fixed after
4 h with 3:1 methanol:acetic acid fixative.
Chromosome slides were made according to the
methods of Kligerman and Bloom (1977), in
which fixed material was pulverized in 45% ace-
tic acid and the material dropped onto heated
slides. Slides were stained with the silver stain-
ing procedure of Howell and Black (1980) to
visualize the Ag-NORs, and with chromomycin
A3 followed by counterstaining with distamycin
A as described in Phillips and Hartley (1988).
Slides were viewed with a Zeiss Universal mi-
croscope on bright field for the Giemsa-stained
and silver-stained slides and with a HB 200 mer-
cury lamp with BG 12 excitation filter and 47
or 50 barrier filter for the CMA3 fluorescent
stained slides. Six figures were examined for
each individual. Photographs were made using
Kodak Technical Pan film, developed with D-19
and 8 x 10 prints were made for karyotyping.

RESULTS

Location of NORs.—The locations of the NORs
in S. confluentus and S. malma were identified by
silver staining and CM A3 staining. In these two
species, the NORs were found at one location
on one chromosome pair in all individuals ex-
amined. There was a complete correspondence
between NORs as identified by CM A3 staining

and silver staining. In S. malma, the NORs were
found at a telomeric location on the short arm
of the largest submetacentric chromosome and,
in §. confluentus, the NORs comprised the entire
short arm of a large acrocentric chromosome
(Eig81)c

The locations of the NORs in five species of
Salvelinus are illustrated in Figure 1 and sum-
marized in Table 1. In the other three species
the location of the NORs was multi-chromo-
somal (Phillips and Thssen, 1985). Considerable
variation among individuals in the number of
chromosomes with NORs was found in all three
of these species, although the location of the
NORs was constant for all of the cells of a given
individual. The total number of NORs per ge-
nome varied from 4-10 in S. fontinalis, 4—12 in
S. namaycush, and 2-6 in S. alpinus.

In each species with multichromosomal NORs
some of the NORs were found at the same lo-
cation in almost every individual, while other
NORs were quite variable between individuals
(Phillips et al., 1988a, 1988b). The constant
NOR sites were present on both members of
the putatively homologous chromosomes, while
the variable sites were often present on only
one of the two homologous chromosomes. (Ex-
act identification of homologous chromosomes
would require G-banding or meiotic studies
which were not done. The chromosomes were
grouped according to size and centromere po-
sition.) The constant NOR site in S. alpinus was
at the telomeres of the short arms of the largest
submetacentric chromosome pair in the ge-
nome. The constant NOR sites in S. fontinalis
were on the short arms of two acrocentric chro-
mosome pairs. In S. namaycush, they were on
the short arms of one acrocentric chromosome
pair and the telomeres of the long arms of
another acrocentric chromosome pair.

Phylogenetic analysis of NOR character states.—Dif-
ferences have been found between related fish
species in the haploid number of chromosomal
NOREs, the specific chromosome(s) on which the
NORs are located, and the precise chromo-
somal location in the Salmoninae (Phillips and
Ihssen, 1985; Phillips et al., 1986) and Cyprini-
dae (Gold, 1984; Gold and Amemiya, 1985).
In order to arrange NOR character states
into a phylogenetic hypothesis, one must iden-
tify homology of character states between species
and determine character state polarity. In order
to determine character state polarity, the char-
acter states of species in related taxa must be
examined so that the plesiomorphic character
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Fig. 1. Partial CMAS3 stained karyotypes showing the location of NORs in the five species of Salvelinus.
In the species with multi-chromosomal location of NORs, intraspecific differences occur in the number and
location of the variable NORs which are found on only one of the two homologous chromosomes, so that
the partial karyotype shown is only one of several found for that species. a) S. malma, b) S. alpinus, @) A%

namaycush, d) S. fontinalis, e) S. confluentus.

state can be determined. The NOR phenotypes
of 17 salmonid species analyzed to date are pre-
sented in Table 2. Fourteen of the 17 species
have the NOR on one chromosome pair, and
nine including at least one species in each genus
have the NOR on the short arms of an acro-
centric chromosome (Type A in Table 2). An
additional four species have the NOR on the
short arms of a submetacentric chromosome
(Type A’). This is considered a minor change,
because it is often simply the result of additional
heterochromatin added to the region flanking
the NOR on the short arm (Phillips and Hartley,
1988). Because NOR phenotype A is found in

UDABLE!]®

each genus including one species in the related
Coregoninae (Phillips, unpubl.), we have as-
sumed that this phenotype is plesiomorphic for
the Salmoninae. Thus Coregonus clupeaformis
could be considered an outgroup for the Sal-
moninae.

NOR phenotype A is also found in the ma-
jority of fishes (Gold and Amemiya, 1985) and
this type is also thought to be primitive for most
vertebrates (Hsu et al., 1975; Schmid, 1978). If
this is the case, then the initial ancestral tetra-
ploid salmonid fish would have had two pairs of
acrocentric chromosomes with the NORs on
the short arms, and the NORs must have been

NuMBER oF NORSs PER D1pLOID GENOME IN DIFFERENT SPECIES OF Salvelinus FROM NORTH AMERICA.

Numbers indicate the range of NORs found in different individuals of a given species.

Chromosomal location of NORs

Number of

Acrocentric

specimens
short arms

Species examined

Acrocentric
telomeres

Metacentric
telomeres

Submetacentric

telomeres Total NORs

S. confluentus 12
S. fontinalis 20
S. namaycush 91
S. alpinus 60
S. malma 12

2

* Indicates major NOR sites in species with NORs at more than one chromosomal location.
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TABLE2. NUMBER AND CHROMOSOMAL LOCATION OF
NORS IN DIFFERENT SALMONID SPECIES.

Major NORs Minor NORs

Num-
Loca- ber/
tion* 2n

Num-
ber/
Species 2n

Loca-
tion

Coregoninae:

Coregonus:
C. clupeaformis

Salmoninae:

Salvelinus:
S. alpinus
S. confluentus
S. fontinalis
S. leucomaenis
S. malma
S. namaycush

Salmo:
S. clarki
S. gairdneri
S. salar
S. trutta
Oncorhynchus:
. gorbuscha
. keta
. kisutch
. masu
. nerka
. tshawytscha 2

* A = acrocentric short arms, A’ = submetacentric short arms, B =
acrocentric telomeres, C = metacentric telomeres, C' = large sub-
metacentric telomeres, D = metacentric adjacent to centromere.

consolidated to the short arms of one acrocen-
tric chromosome pair or lost altogether from
one pair shortly after tetraploidization. Studies
of several tetraploid cyprinid fishes (Takai and
Ojima, 1982) have revealed only one chromo-
some pair with NORs, suggesting that consoli-
dation of NORs to one chromosome pair may
be a common event in tetraploids.

If we consider NOR type A as the plesio-
morphic NOR character state for the Salmon-
inae, then S. confluentus and S. leucomaenis (Ueda
and Ojima, 1983) would have the plesiomorphic
NOR character state, and the other species in
the genus Salvelinus would be placed into two
groups in which the members of at least one
group share derived character states (synapo-
morphies).

In order to define the synapomorphies pre-
cisely, a sequential method involving G-banding
for identification of chromosomes followed by

COPEIA, 1989, NO. 1

CMA3 staining or CMA3 staining of meiotic
chromosomes in hybrids would be required. Be-
cause a reliable G-banding method was not
available, chromosomes were divided into
groups on the basis of size and centromere po-
sition. -

Salvelinus fontinalis and S. namaycush have a
very similar pattern with a constant NOR site
on the short arms of the largest acrocentric
chromosome pair and additional NORs on 5-
12 different chromosome pairs in three differ-
ent types of locations: short arms of acrocentric
pairs, telomeres of acrocentric pairs, and telo-
meres of metacentric pairs. The only NOR in
S. confluentus is on the largest acrocentric pair,
which is similar in size to the acrocentric chro-
mosome with the constant NOR found in S.
fontinalis and S. namaycush. Salvelinus malma and
S. alpinus share a synapomorphy because the
only NOR chromosome pair in S. malma, and
the constant NOR chromosome pair in the
North American S. alpinus, is the largest sub-
metacentric chromosome in the karyotype. In
order to be completely certain of this synapo-
morphy, homology of the two chromosomes
would have to be shown using G-banding, which
has not yet been accomplished. However, the
gross karyotypes of these two species are quite
similar to one another (Cavender, 1984), so this
is a plausible assumption. G-banding might also
reveal shared derived character states between
S. fontinalis and S. namaycush because several of
the minor NOR sites may be identical between
these two species. However, without G-band-
ing, the minor sites must be considered auta-
pomorphic in both species. One possible clado-
gram summarizing all of the chromosome data
is shown in Figure 2.

DiscussioN

Examination of the NOR character states in
the species of Salvelinus supports the other chro-
mosome data which indicate a major split be-
tween S. namaycush and S. fontinalis on the one
hand and §. alpinus and S. malma on the other.
Analysis of the other karyotype data suggests
that S. leucomaenis from Japan should be grouped
with S. fontinalis and S. namaycush, because all
three species have 2n = 84, NF = 100, and eight
metacentric chromosome pairs which are all
larger than the 34 acrocentric pairs, a karyotype
considered primitive by Cavender. However, if
we are correct in assuming that S. leucomaenis
also has the primitive NOR character state, its
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EVOLUTION OF NORs AND CHROMOSOMES IN THE GENUS SALVELINUS

S. fontinalis 2N=84 NF=100

00 00 09 09 0“3 =

S. namaycush 2N=84 NF=100

00 0 Iﬁﬁ 00 00

Transposition of NORs
to new sites

Transposition of NORs
to new sites

S. alpinus 2N=78
NF=98

i H 00

1) Fusion of 8BA—4M

S. confluentus  2N=78

NF=100 S.maima 2N=82

00 il

Fusion of 8A— 4M 2) Transposition of NORs

to new sites

1) Inv of 2M—>2A
(2N=82, NF=98)

2) NOR to Submeta
]

Fusion of 4A—2M
(2N=82, NF=100)

I
Fusion 32 A—»16M
(2N=84, NF=100)

Ancestral Tetraploid: D D
2N=100, NF=100

Figiso

Major NORs W
Variable NORs 4

One possible cladogram showing relationships between species of Salvelinus based on chromosome

data. The locations of the major NORs which are always found on both members of a homologous pair in
all members of the species are shown in black. The locations of the variable NORs which show intraspecific
variation in number and chromosomal location and are usually found on only one member of a chromosome
pair are shown in stippling. The chromosome data for all of the species except S. leucomaenis are based on
karyotypes prepared from representatives of the five North American species of Salvelinus.

placement with respect to the other species can-
not be resolved using NOR data alone. There
is some question about this, because the location
of NORs in the karyotype of S. leucomaenis was
deduced from the description by Ueda and Oji-
ma (1983) of satellites identical to those found
by us on the large acrocentric chromosome pair
with NORs in . confluentus, and from the report
of positive N-banding of these sites (Ueda, 1987).
Because N-banding is usually considered equiv-
alent to silver staining, this assumption is prob-
ably valid. The three other species have derived
karyotypes, with 2n = 78, NF = 102, and 12
metacentric pairs for S. confluentus, 2n =78, NF
= 98 and 10 metacentric pairs for S. alpinus,
and 2n = 82, NF = 98 and eight metacentric
pairs for the southern form of S. malma in North
America. The northern form of S. malma in
North America has not been karyotyped. A close
relationship between S. alpinus and S. malma is
suggested because they share a derived large
acrocentric chromosome, which is twice as large
as the others or any of the acrocentrics in the
other species of Salvelinus.

Cavender (1984) suggested that the closest
relative to S. confluentus may be S. kronicus (also
called S. albus) from the Kamchatka River basin,
which was reported to have 2n = 78 and NF =
100 with 11 metacentric chromosome pairs. Our
results from the karyotyping of S. confluentus
from Arrow Lake, British Columbia, suggest
that S. confluentus and S. kronicus may have iden-
tical karyotypes. Silver staining reveals that the
12th metacentric pair in the karyotype of §.
confluentus prepared by Cavender is actually a
large acrocentric chromosome pair with the
NOR comprising its entire short arm.

The chromosome data support the morpho-
logical data, which suggest that there are five
distinct species in North America subdivided
into three groups: 1) S. fontinalis and S. namay-
cush; 2) S. malma and S. alpinus; and 3) S. con-
Jluentus. A recent electrophoretic survey of pro-
tein loci in the five species (Leary et al., pers.
comm.) found that S. malma and S. alpinus shared
alleles at all loci, while the other three species
were distinct from each other and the S. mal-
ma—S. alpinus complex.
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The NORs are the sites of the 18S and 28S
ribosomal RNA genes in animal chromosomes
(Hsu et al., 1975). The genes for the 18S and
28S ribosomal RN A are present in multiple cop-
ies of a repeating unit which contains both rap-
idly evolving spacer regions and conserved cod-
ing regions. Comparison of DNA sequences
between the different species should yield many
more characters for phylogenetic analysis. Pre-
liminary restriction maps of the rRNA cistrons
in S. namaycush and S. fontinalis have been pre-
pared (Popodi et al., 1985), and we are prepar-
ing maps for the other species of Salvelinus. We
plan to identify phylogenetically informative re-
gionsin these cistrons and then do fine structure
restriction mapping or sequencing of selected
regions in order to obtain multiple characters
for a phylogenetic analysis of Salvelinus using
rDNA.
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A New Arctic Char, Salvelinus alpinus sp., from Western Alaska
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Abstract.- A previously unknown char, Salvelinus sp., was discovered in certain lakes in the
Kigluaik Mountains on the Seward Peninsula of western Alaska during routine inventories of
fish and their habitats durin summer, 1987. The fish from two of these lakes were judged to
belong to the Arctic char complex, S. alpinus, based on morphometric and meristic features
attributed to this group. Until the discovery of these populations only Dolly Varden, S. malma,
were known from this area of western Alaska. Additional examination of physical features
‘have revealed some apparently unique characteristics compared to other populations of the
alpinus group in Alaska and perhaps elsewhere. Also, the populations from the two lakes are
different from each other in that the sexually mature individuals from one lake have neotenic
features (i.e., parr marks) and the sexually mature adults in the other lake do not exhibit
neoteny. Subsequent examination of these fish in which the sequence of the ribsomal DNA
first internal spacer retion (rDNA ITS1) was determined, indicated that these fish were
different from other Arctic char that were available for comparison which included S. alpinus
sp. from the Kenai Peninsula in southcentral Alaska and S. alpinus erythrinus from Nayuk Lake
in the Northwest Territories, Canada. Further genetic anlysis using mitochondrial DNA
restriction site fragment length polymorphisms (RFLPs) indicates that the populations from the
two lakes are also different from each other. This study provides further insight into the
ongoing effort by char specialists to explain the postglacial dispersal and distribution of the
Arctic char complex in North America and Asia.

Morphological and meristic characteristics that are used to identify and discriminate
among the different subspecies of other fish species often are unsatisfactory when
trying to determine the subspecies status of different Arctic char populations.
Evidence of this difficulty is demonstrated by comparing the opinions of several char
specialists (Benhke, 1984, 1989; Mcphail, 1961; and Wilson et al., 1996) when
discussing the subspecies status of Arctic char from the Kenai Peninsula, Alaska.
Recent taxonomic studies have increasingly relied on empioying techniques and
methods of molecular systematics to determine the subspecies status of different
Arctic char populations. Biologists with the U. S. Bureau of Land Management
discovered a char, Salvelinus sp., inhabiting several of the glacially formed lakes of the
Kigluaik Mountains on the Seward Peninsula of western Alaska in 1987. Additional
char were collected from Crater Lake and Fall Creek Lake in 1992, 1995, 1996 and

1997.




Methods

Fish were captured using variable mesh monofilament gill nets and hook and line.
Fish were identified to the species level using standard taxonomic keys (Scott and
Crossman, 1973; Morrow, 1980). The physical characters used to determine the
species to which these populations belonged were the numbers of pyloric caeca and
gill rakers, the relative abundance and size of lateral spots, and whether the caudal fin
was strongly or shallowly forked.

Subspecies determination was accomplished by using molecular systematic
techniques in which the DNA is compared to the DNA from previously known and
identified populations. Kigluaik Arctic char DNA was compared to DNA from tissues
available from specimens taken from populations endemic to the following lakes:
Storvatn, Norway (S. a. alpinus); Nauyuk Lake, Northwest Territories (S. a. erythrinus)
and East Finger Lake, Kenai Peninsula, Alaska (S. alpinus sp.). In addition, the
Kigluaik char were compared to Dolly Varden char (S. malma lordi) from the Fox River,
Kenai Peninsula, Alaska.

Two genetic markers were examined in the Kigluaik char. The ITSI sequence was
selected because previous work showed that the three subspecies of Arctic char have
different sequences for this region (Phillips et al., 1995). The mitochondrial RFLPs
method was selected because of variation in several restriction enzyme sites among
the subspecies examined previously (Grewe et al., 1990 and Wilson et al., 1996). For
nuclear ribosomal analysis the DNA was extracted from three fish from Falls Creek
Lake and two fish from Crater Lake using standard methods. The ITS1 of the
ribosomal DNA was amplified from each fish. The products were cloned into pGEM
and sequenced. The sequences were aligned and phylogenetic trees were constructed
using maximum parsimony of the PAUP computer program (Swofford, 1997) and the
neighbor joining method of the MEGA program (Kumar and Nei,1993). For
mitochondrial analysis the DNA was extracted from six fish from Fall Creek Lake and
five fish from Crater Lake using standard methods. Approximately 50% of the mtDNA
molecule was amplified using the Expand Template PCR System (Boehringer
Mainheim). The products were subjected to single and double digests with four
enzymes: BamH1, Hindlll, Nco1 and Sma1.

References

Behnke, R. J. 1984. Organizing the diversity of the Arctic char complex. In Johns,
L., Mc V. Clarke, and K. E. Marshall (eds) Biology of the Arctic Charr. University
of Manitoba Press, Winnipeg.

Grewe, P. M., N. Billington, and P.D.N. Hebert. 1990. Phylogenetic relationships
among members of Salvelinus inferred from mitochondrial DNA divergence.
Can. J. Fish Aquat. Sci. 47:984-991.

Kretsinger, C. 1987. Fishery inventory of lakes and streams in the Kigluaik Mountains
and Imuruk Basin watershed (Seward Peninsula). File Report. U. S. Bureau of
Land Management, Fairbanks, AK 24 p.

Kumar, S.K. and M. Nei. 1993. MEGA. Molecular Evolutionary Genetic Analysis,




version 1.0. The Pennsylvania State University, University Park, PA.

McPhail, J. D. 1961. A systematic study of the Salvelinus alpinus complex in North
America. Journal of the Fisheries Research Board of Canada 18(5): 793-814.

Morrow, J. E. 1980. The Freshwater Fishes of Alaska. Alaska Northwest Publishing -
Co., Anchorage.

Phillips, R. B., S. L. Sajdak, and M. J. Domanico. 1995. Evolutionary relationships
among charrs inferred from ribosomal DNA sequences. Nordic Journal for
Freshwater Research 71:378-391.

Reist, J. D., J. D. Johnson, and T. J. Carmichael. 1997. Variation and specific
identity of char from northwestern Arctic Canada and Alaska. Pages 250-261
In: J. Reynolds, ed. Fish Ecology in Arctic North America. American Fisheries
Society Symposium 19, Bethesda, MD.

Scott, W. B. and E. J. Crossman. 1973. Freshwater Fishes of Canada. Bulletin 184.
Fisheries Research Board of Canada, Ottawa.

Savvaitova, K. A. 1980. Taxonomy and biogeography of charrs in the Paleoarctic.
Pages 281-294. In: E. K. Balon, ed. Charrs: salmonid fishes of the genus
Salvelinus. Dr. W. Junk Publishers; The Hague, The Netherlands.

Swofford, D. 1993. PAUP. Phylogenetic analysis using parsimony. lilinois Naturay
History Association.

Wilson C. C., P. D. N. Hebert, J. D. Reist and J. B. Dempson. 1996. Phylogeography
and postglacial dispersal of Arctic charr Salvelinus alpinus in North America.
Molecular Ecology 5:187-197.




Box+<, et 5], 1397 DV XBull Thewt

Wbld: oot Si= CT FAS 5Y:421-29,
@7(’*( / va” ; $uezl‘-&'f‘(‘2 D Vv

3 v Qi CCJ\l/ C;,Cu‘ﬂd*e-f;ﬁ :
Whe, eTsl 1995 ~Ewl. S5y twts
Sppl 77 LAY~ @8




This paper contains much detailed, new information on the movement of Dolly
Varden and is worthy of publication after some minor corrections and revision.

In the introduction (p. 3), the range of the southern Dolly Varden is given
"south to Oregon" citing Behnke (1980). This cited range was made when bull
trout were considered as Dolly Varden. To date, all native salvelinus known
from the Columbia River basin have proved to be bull trout. The present
southernmost documented range of Dolly Varden are Puget Sound drainages of
Washington.

Also in the introduction, it is stated that "all Dolly Varden generally reside
in near-shore subtidal waters." "Al11" means the species S. malma. Later,

De Cicce (1992) is cited for records of North America-Asia migrations of the
northern subspecies (Fred has more records which might be added as personal
communication) and on p. 14, Dolly Varden caught in the ocean in February is
mentioned. The sentence should be: It has been commonly believed that
anadromous Dolly Varden generally utilize inshore regions of the sea --- but -

The mention on p. 14 of capture of Dolly Varden in February in the sea north
of Auke Bay requires more details because this is the first report of Dolly
Varden "in the sea" in winter. Who caught them? By what means? Precise
location? Any data on water temperature, depth, distance from shore? How
many? Sizes?

This winter capture record evidently biased the authors to assume all of the
"anomalous" fish spent their winter in the sea. Considering the limited sites
sampled, the recapture data showing considerable movement in the sea, and the
fact that some northern Dolly Varden of Alaskan origin overwinter in Russian
rivers, it should be assumed that in a non-spawning year, many southern Dolly
Varden may overwinter in distant non-natal freshwater sites.

The statement on p. 14 that failure to return every winter to freshwater is a
trait of coastal cutthroat is not correct. I know of no marine winter record
for coastal cutthroat. They may not all return to the sampling sites but not
to return to freshwater for overwintering is certainly not a "trait" of
coastal cutthroat.
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Salvethymus svetovidovi gen. et sp. nova - A New Endemic
Fish Ff@%&fhe Subfamily Salmoninae from Lake El'gygytgyn
(Central Chukotka) ¥
I. A. Chereshnev and M. B. Skopets

Institute for the Biological Problems of the North,

Far East Division, Academy of Sciences of the USSR, Magadan

A description is given of a new ermdemig genus and species of salmonid,
Salvethymus svetovidovi - Svetovidov's long-finned char, eaug§g:1g:the-
ancient lake El'gygytgyn. This species differs from all other sal-

monid genera in the coloration of the fins, in the shape and structure
ndoceaniv

of the cartllaglnous skull and many of the bones of the head, in the
reduction of ‘the orbitosphenoid (to the p01nt of complete disappear-

ance) and of the basisphenoid, of the teeth aad the vomer, and 1n

TocCeSs
reduction®in the number of predorsal%’eg the ax1llary‘36%es and eé’a

number of dermal bones of the head. The new species is morphologic-
ally more similar to chars of the genus Salvelinus and it is appar-

o/ose

ently p—forp phylogenetically sé==ksr to the ancestors of that group.
@VuSe

It is suggested that the chars should be ferectey as a separate tribe

of the subfamily with four genera: Salvelinus Richardson, Baione

Dekay, Cristivomer Gill et Jordan, Salvethymus Chereshnew et Skopetz.

The systematics, fauna and geographic range of salmonids of the sub-

family Salmoninae have gpparent&y—noy been almost completely investigated

at the generic level. There is not usually any disagreement concerning

the generic status of such taxa as the Pacific salmon§’0ncorhynchus

Suckley, the Atlantic salmons Salmo Linnaeus, the char§}Salvelinus (Nilsson)

\ K
Richardson, the,ﬁea=tfse%e:jtalmenfrﬁucho Gunther, the %%%ﬁé Brachymystax .
‘trlg

Gunther and the endemic gaimomrs—of—the Balkaqg Salmothymus Berg (Chernavin,
1923; Berg, 1948; Svetovidov, 1975; Dorofeeva et al., 1980; Viktorovskiy,

1978; Glubokovskiy, 1983; Vladykov, 1963) fre—tist—is—net—exhaustive)

Current views diverge only as regards the rank of some groups of salmonids

that are fairly clearly segregated with respect to a number of characters.
In particular, doubt is cast on the generic status of Salmothymus (Norden,

2w enn re€cepwvy 2ed
1961), but separate generavéae—egée%eé for the North American lake charﬁ

% Originally published in Voprosy Ikhtiologii, No. 2,71990, pp. 201<213.
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=Weekend water treatment destroys’ |
;238 fish from 8-year genetlc Studyvg;

vBy PATRICIA SULLIVAN
‘of the Mlssoullan

=-Missoula’s episode with tamted
water has claimed the lives o
more than 200 trout, virtually wip-
'ing out the basis of an 8-year-old
. 'federally . funded research’ protect
‘at the University of Montana.
i Six families’ of trout died of
'chlorine poisoning after Mountain
Water Co. put the chemlcalt into
' Wform 4« bacteria-contami-
%E\ated water system Saturday after-
Ernoom #4Only ~ two  of  the
;approximately 240 trout survxved
“]. was - livid,”” " said ~ Kathy
Knudsen, the research specialist
,who’s spent eight years on the
iproject with one of UM’s leadlttg
§researchers, Fred Allendorf. ‘I
‘lost several years from my life
: Sunday afternoon.’
i %It a traglc thmg and it’s a
.real mess,”” said Ray Murray,
i associate vice president for re-

UM offnclals still aren ' sure ex-

" lactly how the fish kill becurtred |
“Knudseén- was in Utah -during the

- weekend,: S0 shes didn’t = know

f.*_about the water . _contaminatiof

and subsequent ‘décision to chlori-
nate the watef Saturday. A" grad-
uate student’ who works on the

_project also was out of town.«

Phil . ‘Bowman, manager of
UM?’s animal ¢ experiment = labo<
ratory, said he didn’t know the
water had” béen chlotinated until

“he got a phone call Sunday friorn

ing from a UM mamtenance ems
ployee.

“Obkusly, by that time it was
too late,”’ Bowman said. ‘‘I.don’t
think it reflects how we care about
or for the animals under our care.

. It was an obvious mlscommumi
catlon with some pretty tragic rel
sults.’

Murray said he’s still mvestngat-.

0661 ‘62 UoIew ‘Aepsinul ‘uBlNOSSIN

| search.

.ing whether or why the proper au-
i thorities at UM were not notified
+in time to prevent the accident.

{  “There was a tremendous
! amount of concern’’ for mammals
' that make up most of UM’s re-
:search population, Murray said.
: They are susceptible to diseases
_carried by coliform bacteria, as
:are humans, but are little affected
by chlorination of the water.

The fish are part of an evolu-
tionary genetics project in which
six families of trout were bred and
cross-bred for specific genes. Male
trout mature at two years and fe-
males at three years, so the loss of
adult members of the basic stock

~can’t

‘puts the project at least three
years behind, Knudsen said.

The two surviving trout, cir-
cling in a small tank Wednesday
afternoon; looked sluggish.

‘I don’t know if they’ll make
it,””  Knudsen said. ‘‘Chlorine
damages the' gill tissue, so they
respire. They suffocate.
Their tissue is still damaged. I was
really amazed that anythmg was

alive, because chlorme is really
toxic.’

UM’s fish tanks do not have a
dechlorinator, ‘'no separate water

supply and no backup generator,
Knudsen said.

‘“We need a probe in each tank
to monitor the temperature, water
levels but, dream on,’”’ she
said. ‘‘It’s always been in the back

of my mind that we need a gener-

ator. If we lose power. for. more

than a couple hours, we lose the
trout.”’ B

Knudsen said research findings
based on the trout have been pub-
lished in at least 30 articles. Some
fish have died before, but nothing
~of this magnitude, she said.

““This was a setback, 'but it
didn’t totally trash’’ the last eight
years of work, she said. In addi-
tion to the articles, the research
has been worth ‘“‘several hundred
thousand dollars’’ of federal grant
money to UM. Murray confirmed
that the trout research represents

‘‘one of our biggest projects’ at
the university.

Knudsen has started to review
records to begin figuring out how
to continue the research. But she
has not yet reached Allendorf,
who is on a sabbatical leave to the
National Science Foundation, and
who still does not know about the

. fish kill.
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Life History, Ecology and Population Status of Migratory Bull Trout
(Salvelinus confluentus) in the Flathead Lake and River System, Montana

Abstract

Life history, ecology, and population trends of migratory bull trout (Salvelinus confluentus) were investigated in the Flathead
Lake and River system of northwest Montana and southeast British Columbia. We conducted these studies to obtain informa-
tion to manage the species in light of threats posed by timber harvest, hydropower development, and a proposed coal mine.
We estimated that about half the adult bull trout in Flathead Lake embarked on a spawning migration from May through
July, swimming 88-250 km to reach tributaries of the North and Middle Forks of the Flathead River. Bull trout entered the
tributaries when water temperatures dropped below 12°C, and spawned from late August through early October after water
temperatures were below 9°C. They spawned in areas of tributaries with low gradient, loosely compacted gravel, groundwater
influence, and cover. After spawning, females left the tributaries and returned to the lake sooner than males. Most spawners
were six or seven years old and they averaged 628 mm in length. Juveniles were found close to the substrate in streams with
summer maximum temperatures less than 15°C. Juveniles migrated out of the tributaries to the river system from June through
August, at age 1 (18%), II (49%), 111 (32%), and IV (1%). Population status was monitored through redd counts and estimates
of juvenile abundance in natal tributaries. The population may be limited by quantity and quality of rearing and spawning
habitat, and spawning escapement. Specific requirements for spawning and rearing habitat, and general sensitivity of each

life stage, make the bull trout an excellent indicator of environmental disturbance.

Introduction

The bull trout (Salvelinus confluentus) is the
largest species of fish native to the Flathead
drainage, attaining a length of nearly one meter
and a weight of 10 kg. The bull trout inhabiting
the inland waters of northwestern North America
is considered a separate species from the smaller,
coastal Dolly Varden (Salvelinus malma)
(Cavender 1978). The bull trout population in the
Flathead system is largely migratory, growing to
maturity in lakes and migrating through the river
system and into the tributaries to spawn. Juve-
niles live in tributary streams from one to four
years before migrating to the lakes.

Much information has been published con-
cerning the life history of coastal Dolly Varden
(e.g., Blackett 1968, Afmstrong and Morton 1969,
Armstrong and Morrow 1980, Balon 1980). Pub-
lished information on the bull trout is limited.
McPhail and Murray (1979), Leggett (1969), and
Allan (1980) studied various aspects of the life
history of bull trout in British Columbia and
Aiberta. Gould (1987) described the character-
istics of larval bull trout.

The Montana Department of Fish, Wildlife
and Parks has studied the bull trout population
in the Flathead drainage since 1953 (Block 1955,
Hanzel 1976). More intensive work was under-

taken from 1979-1984 during the EPA-sponsored

Flathead River Basin Studies (Graham et al.
1980, Fraley et al. 1981, Shepard et al. 1982,
1984b, Graham et al. 1982, Fraley and Graham
1982, Graham and Fredenberg 1982, Leathe and
Graham 1982). We studied bull trout age and
growth both in the lake and in the river system,
harvest by anglers, the adult spawning migration,
spawning site selection and use, and the densities,
habitat selection, and emigration of juveniles
growing in tributaries. Methods included tagging,
gillnetting, stream trapping and electrofishing,
creel survey, otolith and scale analysis, redd
counts, and substrate analysis (Graham and
Fredenberg 1982, Shepard and Graham 1983).

In this paper we summarize our findings on
the life history, ecology, and population status
of adfluvial bull trout in the Flathead Lake and
inlet river system and compare our information
to the results of other investigators.

Study Area

The Flathead Lake and River system is a head-
water drainage of the Columbia River Basin (Fig-
ure 1). Flathead Lake is a large oligomesotrophic
lake with a surface area of 476 km? and a mean
depth of 32.5 m (Potter 1978). The upper 3 m
of Flathead Lake is regulated by Kerr Dam, con-
structed on the outlet in 1938. The Flathead
River enters the north end of the lake. This study

Northwest Science, Vol. 63, No. 4, 1989 133




UPPER FLATHEAD RIVER BASIN

STUDY  AREA

BIG FORK
DAM

FLATHEAD
LAKE

Figure 1. The upper Flathead River Basin. The 28 tributaries shown were used by spawning bull trout.
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was conducted in the upper Flathead Basin which
includes Flathead Lake and the river system up-
stream from Flathead Lake.

The South, Middle and North forks drain
areas of approximately equal size in portions of
the Great Bear and Bob Marshall wildernesses,
Glacier National Park and the Flathead National
Forest. The upper North Fork drains southern
British Columbia. The South Fork is regulated
by Hungry Horse Dam, located 8 km above its
mouth. The Swan River enters Flathead Lake
near the mouth of the Flathead River. Bull trout
coexist with 23 other species of fish in the
Flathead Lake and River system (Leathe and
Graham 1982).

Most bull trout that spawn in the North and
Middle Fork drainages mature in Flathead Lake,
but fish maturing in large lakes of Glacier Na-
tional Park may spawn in some tributaries. There
are a few populations of bull trout in tributaries
of the North Fork that spend their entire lives
in the streams.

Bull trout originally used the tributaries of
all forks of the Flathead and the Swan rivers. The
construction of Bigfork Dam in 1902 blocked bull
trout migrations into the Swan River. Limited
numbers of bull trout move downstream from the
Swan drainage via a marginal fish ladder, as
evidenced by tag returns. Hungry Horse Dam,
a 164.6-m structure which was closed in 1951,
blocked all movements of bull trout into the
South Fork drainage and probably resulted in a
substantial reduction of the population in

Flathead Lake.

The 28 tributaries used by spawning bull
trout in the North and Middle Fork drainages
(Figure 1) are characterized by gravel-rubble
substrate, low flows of 0.057-1.70 m?sec, and
maximum summer water temperatures less than

15°%6%

Results and Discussion
Life History

Lake Residence

Bull trout populations residing in Flathead Lake
were found to include recently arrived juveniles
from the Flathead River system, subadult fish less
than about 450 mm in length, and mature fish
five to six years or more in age. Most bull trout
in Flathead Lake matured at age VI. A similar

age of maturity was reported for bull trout in
Arrow Lakes, British Columbia (McPhail and
Murray 1979).

The diet of bull trout in the lake consisted
almost exclusively of fish. Whitefish species and
yellow perch (Perca flavescans) were the most im-
portant food items, followed by kokanee (Onco-
rhynchus nerka) and nongame species (Table 1).
Small bull trout have been found to feed inci-
dentally on Mysis in Flathead Lake. Mysis relicta
was discovered in Flathead Lake in 1981 and den-
sities increased dramatically through 1986.
Kokanee were the major food item for bull trout
in Pend Oreille Lake, Idaho (Jeppson and Platts
1959), while whitefish were the major food in Up-
per Priest Lake (Bjornn 1961).

The annual growth increment for bull trout
in Flathead Lake, based on analysis of scales,
ranged from 60-132 mm (Table 2). Back calcula-
tions of length at annulus formation were made
from 1,813 scale samples. Aging was checked
with otoliths from 451 of the fish. Agreement of
aging between otoliths and scales ranged from
100 percent for fish zero to three years of age,
to 52 percent for older, mature fish. Growth of
lake-resident fish was relatively constant after age
IV. Growth rates of bull trout in Flathead Lake
were similar to those reported for Priest and Up-
per Priest Lakes, Idaho (Bjornn 1961).

Not all mature bull trout spawned annually.
Adult-size fish were relatively less abundant in
the lake during the summer and fall, as compared
to the spring. It appeared that 38 to 69 percent
(average 57 %) left the lake each spring and sum-
mer to spawn. The frequency of successive year
spawning varied by age and sex (Leathe and
Graham 1982). Alternate year spawning has been
reported for inland Dolly Varden char (Arm-
strong and Morrow 1980).

Upstream Migration

Bull trout maturing in Flathead Lake began their
spawning migration into the river system during
April and moved slowly upstream, arriving in the
North and Middle forks during late June and Ju-
ly. They traveled more than 250 km to spawn in
some North Fork tributaries in British Colum-
bia. The shortest distance traveled from Flathead
Lake was 88 km to the mouth of Canyon Creek
in the North Fork drainage. Observations and tag
returns from 1974-1982 indicated that adult bull
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TABLE 1. Composition by number, weight, and frequency of occurrence and calculated index of relative importance (IRI, George
and Hadley 1979) for major food items in the stomachs of 95 bull trout collected between November and January,

1979, 1980 and 1981 in Flathead Lake.

Wet Index of Relative
Item Number weight -g. Importance (IRI)

Pygmy whitefish 37.0 3.2
Lake whitefish 104.1 43
Mountain whitefish 24.3 44
Unidentified whitefish 281.2 15.0
Total whitefish 446.6 23.5

Kokanee 82.8 4.0
Unidentified trout/salmon 13.2 1.5
Total trout/salmon 96.0 5.1

Sculpin 7.6 1.8
Redside shiner 20
Peamouth 3.6 0.7
Sucker 3.7
Yellow perch

Total nongame

Unidentified fish

TABLE 2. Back calculated lengths at annulus formation of bull trout in the upper Flathead Basin (n in parentheses). Calcula-
tions were made based on methods in Hesse (1977).

Total length (mm) at annulus

Drainage 111 v \ VI VII VIII

Adults and Juveniles

Upper Flathead (1968-81) 66 121 196 292 385
(1,813) (1,538) (1,161) (927) (669)

Flathead Lake (1968-81) 68 129 204 291 384
(931) (931) (928) (853) (603)

North Fork of the 73 117 165 301 440
Flathead River drainage (533) (306) (60) (12) ®
(1975-81)

Middle Fork of the 52 100 165 297 399
Flathead River drainage (349) (300) (172) (61) 57
(1980-81)

Juveniles Only
North Fork drainage

Coal Creek
Red Meadow Creek

Trail Creek

Whale. Creek
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trout remained at the mouths of spawning
tributaries for two to four weeks during which
time feeding was thought to be limited.

Based on observations at stream trapping
sites, adult bull trout entered tributary streams
at night from July through September; the ma-
jority entered in August. Because most bull trout
moved through the traps in pairs, we believe bull
trout formed pairs near the mouth of the spawn-
ing tributary. Bull trout which entered the spawn-
ing tributaries were generally not in final spawn-
ing condition, but held in the tributaries for up
to a month or more in deeper holes or near log
or debris cover before spawning. Similar pre-
spawning behavior and spawning timing was
reported for bull trout in Mackenzie Creek
(McPhail and Murray 1979) and John Creek (Leg-
gett 1969) in British Columbia.

Most bull trout spawners in the North and
Middle Forks were six or seven years of age
(Table 3) whereas most spawners in the Swan
system were five or six years old (Leathe and Enk
1985).

TABLE 3. Age of bull trout spawners in the Flathead system.

Percent by Age

Stream 6 7 8

North Fork Flathead River 39 34 3
1954 (N = 41)

Middle Fork Flathead River 48 35
198K.(N = 31)
Swan River 35 23
1983 (N = 57)

Swan River 17
1984 (N = 76)

Spawning

Most bull trout spawned during September and
early October in the Flathead River system, as
did adfluvial bull trout in Idaho (Heimer 1965)
and British Columbia (McPhail and Murray
1979). Initiation of spawning in the Flathead ap-
peared to be related largely to water temperature,
although photoperiod and streamflow probably
also played a part. Spawning began when water
temperatures dropped below 9-10°C. McPhail
and Murray (1979) reported that 9°C was the
threshold temperature for the initiation of spawn-
ing in Mackenzie Creek, British Columbia.

Bull trout spawners selected areas in the
stream channel characterized by gravel
substrates, low compaction and low gradient
(Table 4). Groundwater influence and proximity
to cover also were important factors influencing
spawning site selection. These relatively specific
requirements resulted in a restricted distribution
of spawning in the Flathead drainage. Bull trout
from Flathead Lake spawned in only 28 percent
of the 750 km of available stream habitat accord-
ing to basin-wide surveys from 1980-1982.

TABLE 4. Mean measurements of physical habitat variables
in 34 stream reaches where no redds were located,
29 reaches where redd frequency averaged 1.2
redds/km (low), and 31 reaches where redd fre-
quency averaged 6.9 redds/km (high).

Redd frequency

categories

Parameter None Low High

Stream order 3.0 3.1 3.6

D-90 (cm; the size of material 51 37 33
larger than 90% of the
substrate)

Gradient (percent)
Boulder (percent of substrate)

Gravel-Cobble
(combined percent of
substrate)

High quality pool
(percent of stream)
Overhang cover (percent) 14 10 11

Total cover (percent) 16 15 13

Average length of adult spawners in the
Flathead River system was 628 mm (Table 5). The
female chose a spawning site and constructed the
redd, while the male defended the area. Male bull
trout in Trail Creek, a North Fork tributary,

TABLE 5. Average total lengths of adult bull trout spawners
in the Flathead drainage.

Average Number

Stream Year Length (mm) of Fish

North Fork 1979 638 36
1977 645 32
1953 617

Middle Fork 1980 618 s Ly
1957 622 87

Both Forks 1975 628 46
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remained near the redd an average of two weeks
after spawning. Bull trout redds in the Flathead
drainage averaged 2.0 m long x 1.0 m wide, and
sometimes overlapped. Block (1955) observed one
male spawn with three females in succession; the
size of the redd expanded each time. McPhail and
Murray (1979), Leggett (1969), and Block (1955)
provided detailed descriptions of spawning
behavior and spawning site activities. After
spawning, the spent adults moved out of the
tributaries and downstream to the lake, possibly
feeding on mountain whitefish (Prosopium
williamsoni) during the journey.

Fecundity varied with fish size, averaging
5,482 eggs per female for a sample of 32 adults
averaging 645 mm. One female bull trout
weighed 15 pounds and contained 12,000 eggs.
Bull trout in Arrow Lakes, British Columbia, were
smaller and contained fewer than 2,000 eggs per
female (McPhail and Murray 1979). The sex ratio
of bull trout spawners averaged 1.4 females per
male in Trail Creek in the North Fork drainage,
and 1.37 females per male in the Swan drainage.

Incubation and Emergence

After deposition by early October, bull trout em-
bryos incubated in the redd for several months
before hatching in January. The alevins then re-
mained in the gravel and absorbed the yolk sac,
with the first fry appearing in electrofishing
samples in mid April. Emergence occurred ap-
proximately 200 days after egg deposition. New-
ly emerged fry averaged 23-28 mm and more than
doubled their length during the first summer of
growth (see Table 2).

Weaver and White (1985) found that incuba-
tion time was dependent on temperature. Bull
trout eggs required 113 days (340 temperature
units) to 50 percent hatch in Coal Creek, a tribu-
tary of the North Fork of the Flathead River. The
fry emerged from the gravel 223 days (635 temp-

erature units) after egg deposition. Intergravel

temperatures during the incubation period (Octo-
ber-March) in Coal Creek ranged from 1.2-5.4°C.
Survival to emergence in Coal Creek averaged 53
percent. McPhail and Murray (1979) reported the
best survival of bull trout embryos at 2-4°C.

Juvenile Occurrence and Emigration

Juvenile bull trout were present in about half of
the stream reaches surveyed during studies in the
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upper Flathead River Basin. Juveniles were pres-
ent in many reaches that were not used by adult
spawners; they apparently swam upstream to
these sections to grow. Distribution also was in-
fluenced by water temperature as juvenile bull
trout were rarely observed in streams with sum-
mer maximum temperatures exceeding 15°C.
Oliver (1979), Allan (1980) and Pratt (1984) also
reported that bull trout distribution was affected
by temperature.

Young-of-the-year bull trout were generally
found in side channel areas and along the stream
margins in Flathead tributaries. Blackett (1968)
reported a similar habitat preference for juvenile .
Dolly Varden char in southeast Alaskan streams.
McPhail and Murray (1979) found young-of-the-
year bull trout in areas of low velocity near
stream edges.

Densities of bull trout juveniles in Flathead
tributaries were greatest in pools, and lower but
generally similar in runs, riffles and pocketwater
habitat. Juvenile bull trout were found closely
associated with stream substrate. Pratt (1984)
studied microhabitat preferences in the Flathead
drainage and reported that juvenile bull trout
(less than 100 mm) usually remained near the
stream bottom, close to streambed materials and
submerged fine debris. Juveniles 100 mm or
longer also remained near cover, including larger
instream debris. As the juvenile bull trout grew,
they became less associated with the streambed.

During stream residence, juvenile bull trout
were opportunistic feeders, mainly ingesting
aquatic invertebrates (especially Diptera and
Ephemeroptera) in similar percentages as they
were available in the stream (Fraley et al. 1981).
Bull trout larger than 110 mm also ate small trout
and sculpin.

Snorkeling estimates of juvenile bull trout
densities in Flathead drainage tributaries aver-
aged 1.5 fish/100 m? of stream surface area
(range: 0.1-7.1). Juvenile bull trout are difficult
to observe because of their close association with
the stream bottom, so these numbers are prob-
ably underestimates. Electrofishing estimates
ranged as high as 15.5 fish/100 m? in certain
streams.

Most juvenile bull trout in the Flathead drain-
age remained in the tributaries for one to three
years before emigrating to the river system. Of
246 juvenile bull trout captured in downstream




migrant traps placed in three tributaries to the
North and Middle forks, about half (49%) were
age 1, a third (32%) age III, and 18 percent age
I (Table 6). Only 1 percent of the emigrants were
age IV. The ages of emigrating juveniles were
similar in Idaho and British Columbia (Bjornn
1961, Oliver 1979, McPhail and Murray 1979).
The average lengths at annulus formation of Age
I, I1, and III juvenile bull trout in tributaries of
the North Fork Flathead were 73, 117 and 155
mm, respectively (Table 2).

TABLE 6. Percent and number of age I, II, III and IV bull
trout emigrating from tributary streams.

Years of
migration

sampling I 11 4 ) (e

Age Classes

Location

Red Meadow Cr. 1973, 79 6 76 18 0

@ @42 a0 (©

1977, 719 34 43 19 3
@an (2 @3 @

Geifer Creek 1981 0 37 63 0
0 (@6 @5 ()

Trail Creek

All Sites (%) 18 49 32 1
(number) (44) (120) (78) (4)

Emigration of juveniles trom the tributaries
into the Flathead River system took place large-
ly from June through August (Table 7), similar
to the emigration period reported for the
Wigwam drainage, British Columbia (Oliver
1979). After juvenile bull trout entered the river
system they appeared to move rapidly down-
stream into the main stem Flathead River, arriv-
ing below the South Fork during August and
September. Although juvenile bull trout were
captured by electrofishing in the main stem
throughout the year, their numbers peaked dur-
ing the fall months (McMullin and Graham 1981).
Snorkel observations indicated that some juve-
niles lived along the shallow margins of the Mid-
dle and North forks. Residence in the lower Flat-
head River before entry into Flathead Lake has
not been well documented.

Trends in Spawner Abundance

Drainage-wide counts of bull trout redds in 1980
(568), 1981 (714), 1982 (1138), and 1986 (814) were
used to index the number of adfluvial bull trout

which successfully spawned in the river-tributary
system. We converted the redd counts to approx-
imate fish numbers by making the following
assumptions: 1) 75 percent of all redds were
located, and 2) an average of 3.2 spawners
entered the tributary for each completed redd.
From partial trapping results on several tribu-
taries in 1977-1981, we estimated a spawner:redd
ratio of 3.2:1. In 1953, 55 bull trout entered
Trail Creek and constructed 18 redds for a
spawner:redd ratio of 3.2:1 (Block 1955). During
1954, 160 bull trout constructed 48 redds in Trail
Creek, yielding a ratio of 3.3:1. Based on these
assumptions, we calculated that an average of
3,450 bull trout successfully spawned annually
in the Flathead drainage during our period of
record.

Bull trout spawned in 28 tributaries to the
North and Middle forks (see Figure 1), but only
a small percentage of the stream reaches were
used for spawning. Important spawning tribu-
taries in the North Fork were Howell, Trail,
Whale, Big and Coal creeks. Major spawning
tributaries in the Middle Fork were Morrison-
Lodgepole, Granite, Ole, Trail and Dolly Varden
creeks. The portion of the drainage in Canada
supported 23-31 percent (mean 29%) of the
spawning in the North Fork drainage during the
1980-82 period. Howell Creek supported 13-19
percent (mean 16%) of all North Fork spawning.

Monitoring of bull trout spawning at selected
sites indicated that escapement was highest in °
1982 (Table 8). These sites are considered rep-
resentative of the drainage, and comprised 32,
30, 31, and 43 percent of the total drainage-wide
counts in 1980, 1981, 1982, and 1986, respective-
ly. Monitoring areas reflected drainage-wide
trends.

Juvenile bull trout densities have been used
as an index of population status. Juvenile bull
trout populations in sections of Coal and Mor-
rison creeks have been monitored for a six-year
period (Table 9). Numbers of juvenile bull trout
in these sections were highest in 1987 for both
streams. Continued population estimates in these
streams will provide valuable baseline informa-
tion for future monitoring.

Sampling for bull trout in Flathead Lake in-
dicated that the population had been relatively
stable through 1981. Average catches of bull
trout in sinking nets were 1.2 to 2.1 fish per net
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TABLE 7. Number of stream trapping days, number of juvenile bull trout passed downstream through
traps, and number of trapped juvenile bull trout per trap day by month from North Fork
tributaries during 1976 to 1980 and Middle Fork tributaries during 1981.

June July August September October

North Fork tributaries (1976-1980)

Trap days
Number of fish
Fish/trap day

Middle Fork tributaries (1981)
Trap days

Number of fish

Fish/trap day

TABLE 8. Bull trout redd counts for selected areas of tributaries chosen for monitoring in the Flathead Drainage.

1979 1980 1981 1982 1983 1984 1985 1986 1987

North Fork:
Big 20 41 22 22
Coal 34 60 73 48
Whale 45 211 141 143
Trail 312 94 56 64

Total North Fork
Middle Fork:

Morrison

Granite 142
Lodgepole 18
Ole 19

Total Middle Fork 83

Total Drainage
Monitoring Areas 188 300

2Counts may be underestimated due to incomplete survey.
High flows may have obliterated some of the redds.

TABLE 9. Juvenile bull trout densities in sections of a North Fork tributary (Coal Creek) and a Middle Fork tributary (Morrison
Creek) from 1980-1985.

Population Estimate
Date (Number/150 m section) 95% Confidence Interval

Coal Creek 08/05/82 130 +36
(at Deadhorse Bridge) 03/23/83 99 +33
08/31/84 89 +27

08/26/85 167 +66

08/12/86 149 +45

09/01/87 179 +55

Morrison Creek 09/23/80 91 +48
09/01/82 93 +55

08/18/83 62 +11

09/25/85 93 27

08/27/86 114 +15

08/25/87 138 +10

08/30/88 126 +23
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in 1967-1970, 2.2 to 2.9 fish per net in 1980-81
(Leathe and Graham 1982). Average length of bull
trout sampled in Flathead Lake increased by 24
mm from 1967 to 1980. A larger percentage of
the fish were greater than 500 mm in the 1980-81
sampling period. The percentage of trophy fish
(greater than 634 mm) was similar in both sam-
pling periods. Migrating spawners, captured in
the river system, were similar in size from 1953

through 1981 (see Table 5).

Sensitivity to Environmental Disturbance

All bull trout life stages are sensitive to en-
vironmental disturbances. The population in the
Flathead system is threatened by several major
forms of resource development. The proposed
Cabin Creek coal mine in the North Fork drain-
age in British Columbia received preliminary ap-
proval by the Canadian government and was re-
ferred by the U.S. and Canadian governments to
an International Joint Commission for review
(Flathead International Study Board 1988). This
mining activity could harm bull trout spawning
and rearing habitat in the upper North Fork and
in Howell Creek, the major spawning tributary
in the Canadian portion of the drainage. The ma-
jor concerns are increased sedimentation, altera-
tion of flow and water quality degradation
(Biological Resources Committee 1987). In ad-
dition, timber harvest and road construction in
both the North and Middle Fork drainages are
potential threats to bull trout spawning and rear-
ing habitat.

Increased fishing pressure is often associated
with resource development. Because of the re-
stricted distribution of bull trout spawning in the
basin and the limited size of the known annual
escapement (3,000-4,000 individuals), harvest of
fish by anglers could reduce the population. Any
increase in harvest by anglers in a particular area
or subbasin could result in a loss of recruitment
from that site, in turn reducing the overall
population in Flathead Lake.

The long overwinter incubation and develop-
ment phase for bull trout embryos and alevins
{223 days in Coal Creek) leaves them particular-
ly vulnerable to increases in fine sediments and
degradation of water quality. In laboratory ex-
periments, survival was shown to be inversely

related to the percent fine material (<6.35 mm)
in the gravels (Weaver and White 1985). Survival
to emergence ranged from nearly 50 percent in
substrates which contained 10 percent fines, to
zero percent in mixtures which contained 50 per-
cent fines. Juvenile bull trout could be affected
by streambed changes because of their close
association with the substrate. Shepard et al.
(1984a) found a significant relationship (r? =
0.40, P < .01) between substrate score (a
measure of unimbedded instream rock cover) and
juvenile bull trout densities in tributaries of the
Swan River.

As our studies of bull trout in the Flathead
River system continue, we hope to define more
precisely the factors which negatively affect the
population. It is not clear whether the tributaries
are at carrying capacity for juvenile bull trout,
nor whether juvenile densities are limited by
spawner escapement levels. The answer to these
questions will require monitoring of the escape-
ment levels and resulting juvenile densities in the
tributaries over a longer period of time. McPhail
and Murray (1979) suggested that limitations in
juvenile rearing habitat may form an *‘ecological
bottleneck,’’ greatly affecting overall population
levels of bull trout.

Bull trout in the Flathead River system are
dependent on habitat quality and management
of the interconnected river, lake, and tributaries.
Cumulative losses of spawning and rearing
habitat would reduce the bull trout population
in Flathead Lake.
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