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Summary

We used seven microsatellite loci to describe the
genetic popul ation structure of bull trout within d acier
Nat i onal Park and surroundi ng watersheds. Bull trout within
the park were variable at five of these seven. W found
consi stent differences between bull trout east and west of
the Continental Divide. W also found substantial genetic
differentiation anong | ake popul ations in the western
portion of G acier National Park. These results indicate
that each | ake population is a separate denographic unit
that is genetically distinct fromadfluvial bull trout that
use Fl at head Lake during part of their life cycle. W found
no genetic variation at all in the bull trout from Upper
Kintla Lake. Less differentiation was observed anong sanpl e
sites within the Saint Mary River basin. However, there
appears to be significant genetic differences anong Kennedy,
Boul der, and Oratso Creeks. Managenent actions should
consider that the [imted gene flow anong sites within the
Saint Mary drai nage may be inportant for the long term
persi stence of these popul ati ons.



| nt roducti on

Conservation of threatened and endangered species
requires accurate descriptions of the relationshi ps anong
popul ati ons. Species are often subdivided into groups of
popul ati ons that share evolutionarily inportant
characteristics and often differ fromother such groups of
the sane species. Describing this hierarchy is one of the
first steps toward understandi ng the biol ogy and
recommendi ng proper nmanagenent actions for any speci es.
Proper hierarchical groupings are essential for accurate
ecol ogi cal and genetic analyses. Descriptions of life
hi story, estimates of a population’s vital rates, and
estimates of population size all assunme that the bounds of a
popul ati on can be defined. Simlarly, estimates of genetic
variation within sanples, genetic differentiation anong
sanpl es, and effective population size rely on the fact that
representative sanples are drawn fromreproductively
i sol ated groups of individuals.

The objective of this project was to describe the
genetic relationships anong bull trout occupying waters in
G acier National Park. W addressed two primary iSsues.
First, we exam ned the relationship between popul ati ons on
either side of the Continental Divide. W then estimated
t he ambunt of genetic variation found within these two
groups of popul ati ons.

Mat eri al s and Met hods
Sanpl e Col |l ecti on and DNA Extraction

Personnel fromthe United States Fish and Wldlife
Service (USFW5) collected all sanples. Fish fromthe Saint
Mary drai nage were captured either using electrofishing
techni ques or by fish traps placed near the nouth of each
tributary as described in Mbgen and Kaedi ng (2001). Fish
fromthe | akes west of the Continental Divide were captured

using gill nets (Wade Fredenberg, personal comunication).
Afin clip was taken non-lethally from each individual and
stored in 95% ethanol. DNA was extracted fromfin tissue

with a Purgene kit (Gentra).

Data frombull trout sanples fromtributaries to Lake
Pend Oreille, the dark Fork River, the Flathead R ver, and
t he Kootenai River were included to increase the geographic
range of the analysis and to provide a broader context for
the d acier National Park results.

M crosatellites
Seven mcrosatellite loci were anplified in an M

Research PTC- 100 thernocycler using the profiles described
by the individuals who initially investigated each | ocus



(ONEp7, Scribner et al. 1996; SFOL8, Angers et al. 1995;
FGI3, Sakanpbto et al. 1994; SSA311 and SSA456, Slettan et

al . 1996; OrsS101, Small et al. 1998; BT73, Estoup et al

1993; SCO19, Taylor et al. 2001). Anplified products were
separated on a 7% denaturing pol yacryl am de gel and
visual i zed using a Hitachi FMBIO |1 fluorescent inmager.
Al l el e sizes were determ ned using standard base pair size

| adders (MapMarker LOWN Bioventures) and Hitachi FMBI O
software. |In order to achi eve consistent scoring across
gels, previously anplified individuals were included on each

gel .
Dat a Anal ysi s

Al'l el e frequenci es, expected heterozygosities (H),
geneti c divergence anong popul ation (F, ), and deviations
from expect ed Hardy-Wei nberg genotypi c proportions were
cal cul at ed usi ng GENEPOP (Raynmond & Rousset 1995). W
included all loci in our calculations of Hs in order to
allow a nore direct conparison wth values from previously
publ i shed work using these sanme |oci (Neraas and Spruel
2001).

A UPGVA dendr ogram based on Cavalli-Sforza and Edwards
chord distance (CSE) was generated using PHYLIP (Fel senstein
1993; Cavalli-Sforza and Edwards 1967). As an alternative
projection of the genetic relationshi ps anong sanples, we
al so completed a principal conmponents anal ysis (PCA) using
M N TAB (version 11). For this analysis, we omtted the
| argest allele at each locus to account for the
noni ndependence of allele frequencies.

Resul ts
Variation within sanpl es

We observed no significant deviations (P<0.05) from
expect ed Hardy-Weinberg proportions in any of the sanples
collected in G acier National Park. The expected average
het erozygosity at across all loci (H) ranged fromO0.000 in
Upper Kintla Lake to 0.344 in Upper Quartz Lake. The nean
H for sanples fromthe Saint Mary drainage (0.166) was
simlar to the mean H for the sanples fromthe | akes west
of the divide (0.181). However, the variation observed
anong | ake sanpl es was great and included both the m ni mum
and maxi mum val ues observed (Table 1).

Conmpari sons between East and West of the Continental Divide

There are clear differences in allelic conposition
bet ween sanpl es col |l ected east of the Continental D vide and
t hose coll ected west of the Continental Divide (Table 2).
Three of the five western | akes contain the ONEu7*244 allele
that is not found in any of the Saint Mary sanpl es.



Simlarly SCO19*174 is the common allele in three of the
five | ake sanples and is present in a fourth. This allele
is not found in any of the of the Saint Mary sanpl es.
Finally, SCO19*204 is found in all sanples fromthe Saint
Mary drai nage but is not found in any of the |ake
popul ati ons west of the divide. These allele frequency

di fferences are al so obvious in the dendrogram (Fig. 1) and
PCA (Fig. 2) that both cluster those sanples fromthe Saint
Mary drai nage to the exclusion of any sanples fromlakes in
the western portion of the Park but the | ake sanples, rather
than form ng a discrete group, are scattered anong ot her
sanples fromthe Fl athead drai nage (Fig. 3)

Differentiation Anong Sanples Wst of the Continental Divide

The five different | akes sanpl ed west of the
Continental Divide are all significantly different from each
other. In fact, over 40% of the genetic variation observed
in these sanples is attributable to differences anong | akes.
There are several exanples of alleles being found in one
| ake but not others (Table 1). |In addition, there are
substantial frequency differences anong alleles that are
shared by sanple sites.

The differences anong | ake sanpl es are al so apparent in
the dendrogram (Fig. 1) and the PCA (Fig. 2). Wthin the
dendrogram the branch | engths connecting nost | ake sanpl es
are relatively long, reflecting a high |evel of genetic
differentiation (Fig. 1). A simlar pattern is observed in
the PCA in which the five | ake popul ati ons are scattered
t hr oughout the two-dinensional space. Upper Kintla Lake and
Trout Lake appear fairly simlar in both the dendrogram
(Fig. 1) and the PCA (Fig. 2). However, this simlarity is
nost |ikely attributable to random genetic drift causing
fixation for the sane allele at six loci in both sanples.
However, SSA456*159 is present at a frequency of 0.514 in
Trout Lake but is absent in Upper Kintla Lake illustrating
that there is Iimted exchange between these two sites as
woul d be expected based on their geographic isolation.

Differentiation Anrong Sanples in the Saint Mary R ver

Sanples within the Saint Mary drainage are nore simlar
to each other than those sanples in the western | akes.
Anong the sanple sites in the Saint Mary drai nage, 18.4%
(Fst = 0.184) of the genetic variation observed is
attributable to differences anong sanple |ocations. The
only obvious difference in allele distribution anong the
three sites is that SSA456*159 is found in both sanples from
Boul der Creek but none from either Kennedy or O atso.

The sanpl es show simlar patterns of differentiation in
both the dendrogram and the PCA. Sanples from Qtatso Creek
are nore differentiated from Kennedy and Boul der in both



cases. Sanples from Kennedy and Boul der Creeks are fairly
simlar to each other based on both anal yses. The PCA
however, displays simlarity anong |ower sites that is not
obvious in the dendrogram This pattern is consistent with
the relatively common novenent anong tributaries
observations of Mdgen and Kaedi ng (2001)

Di scussi on
Conpari sons Across the Continental D vide

We expected substantial differences between bull trout
fromeither side of the Continental D vide. Qur
observations are consistent with that expectation. In
several cases, the alleles found on one side of the divide
are absent fromthe other. Therefore, as we would assune
based on the geographic separation of the two systens, the
bull trout in the Saint Mary drainage shoul d be managed
i ndependently frombull trout found in dacier National Park
west of the Continental Divide.

West of the Divide

The bull trout inhabiting | akes west of the Continental
Divide in G acier National Park are all significantly
different fromeach other. This is also expected based on
geographic isolation. The |ack of a defined “Qd acier
Nat i onal Park | akes” grouping in the PCA and the high |evel
of differentiation in the dendrogram probably reflects the
strong effect of random genetic drift in small isolated
popul ations. This sane effect probably accounts for the
simlarity between Upper Kintla Lake and Trout Lake as
di spl ayed by the dendrogram and PCA (Figs. 1 and 2). It is
likely that populations in both |lakes drifted to fixation
for the sane allele at six of the seven |oci exam ned.
However, SSA456*159 is the comon allele in Trout Lake.
This allele is not found in Upper Kintla Lake bull trout.

Sai nt Mary Basin

Sanples fromthe Saint Mary basin have had nore
opportunity for genetic exchange than the popul ations
i nhabiting the western |akes. This is reflected in an Fst
that is approximtely half that observed for | ake
popul ati ons. However, despite the potential for exchange,
there are still substantial differences anong sites. Most
notably, the sanples from QO atso Creek appear to be
different fromthose in either Kennedy or Boul der Creek.
This may not be unexpected in the upper two reaches of
O atso due to at least partial fish passage barriers.
However, tagging studies (Mgen and Kaedi ng 2000) woul d
suggest substantial exchange between streans.



There are two possi ble explanations for this apparent
di screpancy. First, there nmay be sufficient downstream
m gration fromupper to lower datso to cause those sanples
to forma discrete group. Alternatively, tagged fish nmay be
nmovi ng anong tributaries to feed or to seek preferred
habi tat conditions but return to spawn in their natal
streans.

Several allele frequency patterns may support the
former explanation. For exanple, SFOL8*150 is found at a
frequency of 0.813 in upper Gatso and 0.550 in the mddle
reach but is al nost absent from either Boul der or Kennedy
Creeks (maxi mum value of 0.032). In lower OQatso, this
allele is found at 0.296, a level that m ght be expected if
fish are noving downstream and m xing with bull trout from
Boul der and Kennedy Creeks.

It is inmportant to recognize that adult bull trout
novi ng anong the | ower reaches of different tributaries does
not equate to gene flow. Even if the lower Oatso sanple is
conprised of a mxture of adults fromvarious tributaries,
there may be little or no genetic exchange anong spawni ng
aggregates. The presence of SSA456*159 exclusively in
Boul der Creek is one indication that exchange nmay be
[imted.

Conservation Inplications

Bul | trout pose a particularly difficult conservation
problemas they typically display limted genetic variation
wi thin popul ati ons but substantial differentiation between
popul ations (Spruell et al. 2002; Neraas and Spruell 2001;
Spruell et al. 1999; Taylor et al 2001). In addition, many
popul ati ons occupy habitats that inpose strict requirenents
for mgration timng, spawning |ocation, and spawni ng
timng. Guven this situation, virtually every bull trout
popul ati on coul d be considered its own nmanagenent unit.

The bull trout in G acier National Park follow this
general pattern. There is a mmjor geographic and genetic
di vi si on between popul ati ons on either side of the
Continental Divide. This distinction has been legally
recogni zed by pl acing those populations in the Saint Mary
basin in their own DPS.

Bull trout inhabiting the |akes in the western portion
of the park should be considered i ndependent nmanagenent
units. There is little or no opportunity for current
m gration anong | akes. Based on the genetic data, this has
been the case for centuries. In addition, many of these
popul ations are likely to exhibit genetically based | ocal
adaptations to the lake in which they are found. For
exanple, bull trout in Upper Kintla Lake spawn and rear in



the | ake outlet, a sonewhat unusual strategy for bull trout.
Therefore, the popul ations of bull trout that are isol ated

i n headwat er | akes and streans of the Fl athead drai nage are
substantially genetically differentiated fromthe

popul ations of mgratory bull that use Fl athead Lake during
part of their life cycle.

Bull trout in the Saint Mary drai nage may provide the
greatest challenge to managers. There is sone genetic
evi dence suggesting that there is restricted gene fl ow anong
sites even though the fish appear to be highly nobile. One
way migration within the Gtatso system may al so conplicate
t he managenent of this system Mre inportantly, the
majority of this drainage lies in Canada where they are not
protected by the ESA or any other Federal actions. W are
left facing the possibility of trying to manage isol ated
headwat er popul ati ons but having no control over nuch of the
mai nstem corridor that would have historically connected the
Sai nt Mary met apopul ati on.
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Table 1. Summary of data for bull trout from d acier
Nat i onal Park. Sanple nunber corresponds to Figures 1 and
2. Allele frequency at each | ocus, average heterozygosity

(Hs) at seven loci, and average nunber of alleles at the

five polynorphic loci (A) are given.

ONEu7 SFO18
Sample Sample
Sample Location Size Number *218 *244 *150 *156
Flathead River
Harrison Lake 19 1 0.346 0.654 1.000 -
Trout Lake 39 2 1.000 - 1.000 -
Upper Quartz 28 3 0.482 0.518 0.429 0.571
Bowman Lake 10 4 0.800 0.200 0.700 0.300
Upper Kintla Lake 30 5 1.000 - 1.000 -
Saint Mary River
Boulder Fish Trap 60 6FT 1.000 - 0.019 0.981
upper Boulder Creek 12 6UP 1.000 - - 1.000
Otatso Fish Trap 27 7FT 1.000 - 0.296 0.704
Middle Otatso 20 7MD 1.000 - 0.550 0.450
upper Otatso (Slide Lake) 16 7UP 1.000 - 0.813 0.187
Kennedy Fish Trap 31 8FT 1.000 - 0.032 0.968
upper Kennedy 10 8uP 1.000 - - 1.000
FGT3 SSA456
Sample Location *157 *165 *167 *169 *157 *159 *161
Flathead River
Harrison Lake - 0.423 0.577 - 0.808 0.192 -
Trout Lake - - 1.000 - 0.486 0.514 -
Upper Quartz 0.179 0.482 0.285 0.054 0.732 0.250 0.018
Bowman Lake 0.250 0.400 0.300 0.050 0.950 0.050 -
Upper Kintla Lake - - 1.000 - 1.000 - -
Saint Mary River
Boulder Fish Trap 0.164 0.647 0.078 0.111 0.974 0.026 -
upper Boulder Creek 0.083 0.626 0.083 0.208 0.958 0.042 -
Otatso Fish Trap 0.296 0.186 0.241 0.277 1.000 - -
Middle Otatso 0.150 0.025 0.400 0.425 1.000 - -
upper Otatso (Slide Lake) - 0.094 0.438 0.468 1.000 - -
Kennedy Fish Trap 0.194 0.419 0.113 0.274 1.000 - -
upper Kennedy 0.333 0.389 0.056 0.222 1.000 - -
SCco19
*172 *174 *200 *202 *204 *212 A Hs
Flathead River
Harrison Lake - - 1.000 - - -- 1.60 0.163
Trout Lake - 1.000 - - - - 1.20 0.063
Upper Quartz 0.036 0.625 0.286 0.036 - 0.017 3.20 0.344
Bowman Lake 0.050 0.350 0.100 0.500 - - 2.80 0.336
Upper Kintla Lake - 1.000 - - - - 1.00 0.000
Saint Mary River
Boulder Fish Trap - - 0.623 0.140 0.237 - 2.40 0.146
upper Boulder Creek - -- 0.583 0.250 0.167 - 2.20 0.157
Otatso Fish Trap - - 0.538 0.077 0.385 - 2.20 0.219
Middle Otatso - - 0.605 - 0.395 - 2.00 0.207
upper Otatso (Slide Lake) - - 0.906 - 0.094 - 1.80 0.136
Kennedy Fish Trap - - 0.581 0.129 0.290 - 2.20 0.168
upper Kennedy - -- 0.833 0.111 0.056 - 2.00 0.129
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Figure 1. UPGVA dendrogram based on Cavalli-Sforza &
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