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Genetic Differentiation among Long-Toed Salamander
(Ambystoma macrodactylum) Populations

DaviD A. TALLMON, W. CHRIS FUNK, WiLLIAM W. DUNLAP, AND FRED W. ALLENDORF

We examined the genetic population structure of Long-Toed Salamanders (Am-
bystoma macrodactylum) from the Bitterroot Mountains of Idaho and Montana to
better understand their evolutionary history and genetic population structure. Pop-
ulations show high levels of within-population genetic variation at six polymorphic
allozyme loci (H, = 0.09 for all 18 loci examined; range 0.04-0.14). There is very
little divergence among populations within basins, suggesting panmixia within basins.
In contrast, genetic differentiation among all populations is high (G, = 0.30). We
used computer simulations to examine population structures that could have led to
the observed distribution of genetic variation, assuming selective neutrality of the
allozymes. To test the assumption of selective neutrality of the markers used in this
study, we compared the observed divergence among the allozymes to that expected
from simulations of independently segregating and selectively neutral markers. The
observed genetic divergence among populations is compatible with that expected
for neutral genetic markers sampled from panmictic populations within basins that

exchange less than one migrant among basins each generation.

HE population structure of a species (mi-
gration rates among populations and pop-
ulation sizes) is a major factor controlling the
diversity of genotypes exposed to natural selec-
tion. For species with a subdivided population
structure, genetic drift in small populations re-
sults in a loss of within-population genetic vari-
ation, whereas migration among populations
can increase within-population variation. High
migration rates can inhibit local adaptation,
whereas moderate or low rates of migration can
infuse local populations with adequate variation
for local adaptation. In large, randomly mating
populations, alleles may remain near equilibri-
um frequencies, whereas the effects of genetic
drift may prevail in changing allele frequencies
in small populations.

We used protein electrophoresis to examine
the genetic population structure of 34 popula-
tions of Long-Toed Salamanders (Ambystoma
macrodactylum) in the Bitterroot Mountains of
Idaho and Montana. These populations occupy
high-elevation ponds and lakes that have existed
less than 12,000 yr since the last major glacia-
tion event (Mehringer et al., 1977). At high el-
evations, adults of this species breed in standing
water, are fossorial most of the year and do not
always lay discrete egg masses. This life history
makes it difficult to estimate the numbers of
breeders and migrants using direct methods,
such as mark-recapture. However, it is easy to
find and sample larvae at remote breeding sites
because they spend at least several months de-
veloping in shallow, standing water. Therefore,
we used the indirect method of sampling larvae

for genetic analysis to better understand the
structure and evolutionary history of these pop-
ulations (Slatkin, 1987; Milligan et al., 1994).
We used several genetic markers to interpret
the genetic structure of these populations be-
cause natural selection or historical changes in
population structure can affect individual mark-
ers differently. A consistent pattern among
markers lends confidence to an interpretation
of evolutionary history. We further developed
and tested plausible historical population struc-
tures by comparing genetic marker data from
the natural populations to data from simulated
populations with known population structure.
The use of simulations allowed us to control the
population structure of hypothetical popula-
tions and then to observe the effects of modi-
fying this structure on the distribution of ge-
netic variation. This combination of empirical
data and simulations allowed us to identify ran-
domly mating units or demes and to estimate
the number of migrants among these demes.

MATERIALS AND METHODS

Study area and sample collection.—We collected in-
dividuals from 34 populations in a 35 X 15 km
region of the Bitterroot Mountains of western
Montana and eastern Idaho (the main study
area). Six additional populations found to the
west and north of the main study area were sam-
pled. All populations sampled are designated by
three-letter abbreviations in the text and figures
(see Appendix for descriptions). Many of the 34
ponds and smaller lakes in the main study area
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are relatively free of direct human influence be-
cause they lie within the Bitterroot Wilderness
Area. However, most of the larger and deeper
lakes have been stocked with trout and contain
few or no salamanders. Therefore, these 34 sam-
ples represent a large proportion of the perma-
nent lakes and ponds in this area that can sup-
port salamander populations.

We used dip nets to collect salamander larvae,
rather than adults, to maximize both the size and
number of samples taken from the wilderness
ponds. However, adults were sampled from JUM
and DON, which are found at lower altitudes
outside the wilderness study area.

Genetic analysis—All animals were kept alive until
frozen at —40 C. Most samples were electropho-
resed within two months of collection, but some
were held for two years without any major pro-
tein denaturation. We examined 18 inferred al-
lozyme loci on two buffer systems: A (Ridgway et
al.,, 1970); and B (Clayton and Tretiak, 1972).
Allozyme nomenclature follows Shaklee et al.
(1990). Six allozymes are polymorphic in the
main study area (AAT, PGM-1, MPI, G6PDH, ACP-
1, PGDH), and two additional allozymes are poly-
morphic outside the main study area (LDH-I,
mIDPH).

Genetic variation within local populations—Short-
term fluctuations in allele frequencies can make
interpretation of geographic structure or evolu-
tionary history from genetic marker data inac-
curate or impossible. We directly tested the tem-
poral stability of gene frequencies by repeated
sampling of a population throughout a single
year. Because most of the high-altitude ponds in
the Bitterroot Mountains that contain larval pop-
ulations are difficult to access during winter
months, the more accessible population DON,
located northwest of the main study area, was
sampled five times during a 15-month interval.
Adults were sampled during the breeding sea-
sons of 1977 and 1978, and larvae were sampled
once in 1977 and twice in 1978. Also, larvae were
sampled from two populations, DMC and TCR,
in the main study area in both 1977 and 1978.
We used chi-square tests for heterogeneity to ex-
amine the stability of allele frequencies within
populations between sampling periods and be-
tween populations. Samples from all populations
were tested for conformity to Hardy-Weinberg
proportions using chi-square goodness-of-fit tests.

In addition to the possibility of rapid temporal
fluctuations in allele frequencies, microgeo-
graphic variation within samples can lead to an
erroneous interpretation of population struc-
ture. To test for within-sample geographic varia-

tion, we again sampled individuals from DON be-
cause this pond dries each year into four smaller
ponds. Although this population is outside the
main study area and at a lower elevation than
most populations, we assumed that the drastic
seasonal changes in this pond would result in
within-population subdivision here if it occurs
anywhere. Collectively, 13 larval samples were
taken from three of the remnant ponds during
a single month and analyzed to examine the sta-
bility of allele frequencies within this population.
In addition, we tested these samples, after pool-
ing data across remnant ponds, for the Wahlund
effect, or an excess of homozygotes, that occurs
when several demes are included in a single sam-
ple.

Genetic divergence among populations—We used
Nei’s gene diversity analysis (G,) to quantify
large-scale patterns in genetic variation. This es-
timator uses standardized variances of gene fre-
quencies among populations to measure diver-
gence and allows us to apportion the genetic di-
versity between levels of our salamander popu-
lations. By apportioning the gene diversity within
and between populations in basins (G,,), basins
on ridges (G;,,), and ridges in the main study area
(G,), we can estimate the number of migrants
that could have produced the observed pattern
of variation. In addition, we can test the hypoth-
esis that population structure is controlling the
pattern of genetic variation by comparing the
amount of differentiation estimated from Nei’s
diversity analysis at different allozymes to simu-
lated values.

Principal component analysis (PCA) provides
another means to examine a large amount of the
variance in gene frequencies among populations
in a simplified way. We used PCA to examine the
genetic similarities of populations in relation to
geographic proximity.

Simulation model—Empirical data from the main
study area were compared to results from a sim-
ulation model we constructed to examine possi-
ble historical structures for these populations.
The simulation model was written in Turbo-
Pascal (Borland International, Inc., 1992) and is
available upon request.

We used the model to examine numbers of
migrants that might yield observed mean diver-
gence values. Our interpretation of historical
population structures assumes selective neutrality
of the molecular markers. Therefore, we used
the simulation model as a test of this assumption
following the conceptual example of Lewontin
and Krakauer (1973). These authors showed
that, if genetic marker loci are neutral, then their
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distribution is determined primarily by breeding
structure, and the divergence estimates among
loci (G,) should be similar. However, if selection
is affecting one or more markers, then affected
markers should show divergence estimates differ-
ent from the others.

Selection is not included in our simulation
model. Therefore, if the observed range of sin-
gle-locus divergence estimates from the natural
populations exceeds that from the simulations,
one or more loci may well be affected, directly
or indirectly, by selection. In contrast, if the var-
iance in divergence estimates from the model is
greater than the variance of the divergence esti-
mates from the observed data, then we may infer
that the observed distribution of genetic varia-
tion is due to drift and migration. Thus, we can
use the simulation results as a test of the neu-
trality of our markers by comparing the range of
G, estimates for the observed and simulated pop-
ulations.

Our model is postulated with little empirical
information about present population structure
and represents just one of many ways the ob-
served patterns could be produced. However, we
did use some information about effective popu-
lation sizes and gene flow patterns to construct
our model. Comparisons of allele frequency
changes in samples taken in 1978 and 1996-1997
from several populations suggest effective popu-
lation sizes of less than 100 individuals (Funk et
al,, In press).

We used a generalized gene flow pattern de-
rived from a comparison of genetic differentia-
tion and geographic distance with the DIST and
MANTEL options of the GENEPOP computer
program (Raymond and Rousset, 1995). A rank-
correlation of genetic differentiation and geo-
graphic distance suggests isolation by distance
(R, = 0.401, P < 0.05). Accordingly, we struc-
tured our model as a two-dimensional lattice (4
X 5) of 20 populations of 100 individuals each,
linked by a stepping-stone pattern of migration.

We varied the migration rate (m) among these
populations to determine what range of absolute
numbers of migrants (Nm) could produce the
observed divergence among the basins, how
quickly this divergence could occur, and to test
the neutrality of the allozyme markers. To begin
each simulation, 100 genetically identical, ho-
mozygous individuals were assigned to each pop-
ulation. Following migration, 50 random pairings
from a common pool of female and male mi-
grants (m) and residents (1 — m) produced the
next generation of 100 individuals. Genetic vari-
ation was added via mutation during zygote for-
mation. Genetic diversity measures, correspond-
ing to those calculated for the natural popula-

tions, were recorded at generations 50, 100, 200,
and 1000. Each set of initial conditions was run
50 times.

REsuLTS

Genelic variation within populations—The amount
of genetic variation in the main study area is ex-
tremely high within populations. Mean expected
heterozygosity across all populations is H, = 0.09
(for all 18 loci examined), and ranges from 0.04—
0.14 in these populations. Nearly all populations
contain at least two alleles at all six polymorphic
allozyme loci except PGDH, which is polymor-
phic in about one-fourth of the populations.

All tests of the stability and distribution of ge-
netic variation suggest that our sampling meth-
ods are reliable and that these populations are
stable over the short term. Specifically, no allele
frequency changes between sampling periods
were detected at any of the polymorphic loci in
any of the samples collected over two summers
from TCR, DMC, and DON, over two summers.
In addition, fewer than 5% of chisquare good-
ness-of-fit tests for deviations from Hardy-Wein-
berg proportions in all populations were signifi-
cant. This proportion of significant results is ex-
pected from type I error alone.

Exhaustive sampling of DON suggests that
within-population subdivision is unlikely. Signifi-
cant heterogeneity of allele frequencies was pre-
sent at only one locus (mIDPH) in one of 13 lar-
val samples taken from remnant ponds of DON.
Again, more than one statistically significant re-
sult of 78 (13 samples X 6 loci) is expected due
to type I error. Similarly, there was no evidence
of an excess of homozygotes when pooling sam-
ples collected from these remnant ponds. We
conclude that none of these tests indicates that
our sampling methods are unreliable or that
more extensive population subdivision occurs
within sampling units.

Genetic divergence among populations—Total genet-
ic diversity and differentiation among popula-
tions are high. Many of the polymorphic allo-
zymes show notable allelic diversity within the
main study area, with three, four, and five alleles
found at AAT, MPI, and PGM-1, respectively (Ta-
ble 1).

Divergence in allele frequencies within the
main study area is high. For example, DMC and
GLE, which are separated by several kilometers,
are nearly fixed for different alleles at MPI and
differ in allele frequencies at AAT and G6PDH by
approximately 40% (Table 1). STG contains a
private PGM-1 allele at relatively high frequency
(0.30). Such extreme variation between popula-
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CONTINUED.

TABLE 1.

ACP1

G6PGH
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AAT
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Pop
MFP

1.000
0.986

0.109 0.671 0.281 0.048 0.796 0.171 0.703 0.638 0.361
0.310 0.015 0.256

0.843
0.594

0.443

0.900

0.100
0.738

0.757

0.743

0.418

0.567
0.840
0.645
0.714

1.000
1.000
1.000
1.000
1.000
1.000

0.261
0.395

3
0.604
0.974
0.527
0.732

0.306
0.349
0.750

0.693
0.650
0.250
0.263
0.687
0.790

0.909 0.090
0.089 0.976 0.023

0.488 0.159
0.500 0.403 0.266
0.286

JUM
DON
JMI

0.025

1.000
0.973
0.989
0.871

0.682

0.444

10

1
0.312

<
(e}

0.027

0.010

0.157 0.750 0.250

0.061

0.763

LEW

0.267

0.003 —
0.081

0.163

0.734
0.919

0.724
0.451

ETW

1.000

0.209

0.128

0.483

TUR

tions is possible only if populations are nearly
isolated from each other or if selection is acting
on these loci.

There are also broad-scale patterns of genetic
variation within the entire region. Populations in
the northern part of the main study area harbor
rare alleles at MPI, PGM-1, and AAT, found in
samples taken from populations to the north and
west of the main study area. The PGDH*(b) allele
occurs at low to moderate frequencies along the
eastern edge of the main study area and is com-
mon to the south in COM. STG, in the southwest
corner of the main study area, has private alleles
at PGM-1 and MPI, and ASC contains a private
PGM-1 allele at very low frequency. Each of these
rare alleles occurs in a single population or geo-
graphically clustered populations and is not
patchily distributed throughout the study area.
Otherwise, one or two alleles are common at
these loci and are present throughout the main
study area.

The geography of the main study area suggests
a hierarchical population structure. The ponds
are typically found in basins (glacial cirques) ly-
ing on long ridges at elevations of 1900-2500 m.
In most cases, several ponds are found in each
basin, and several basins occupy each ridge (Fig.
1). Most of the ponds in the main study area are
found on one of four major ridges. The ponds
within each basin are separated by short stretches
of moist, grassy terrain; steep, rocky spur ridges
lie between basins; and canyons as deep as 1000
m and several kilometers wide separate the ridg-
es.

Only a small amount of the total variation
among populations is due to differences between
populations within the same basins (G,
0.026); much more variation is due to differenc-
es between basins on a ridge (G, = 0.124); and
about half occurs between the four major ridges
(G,, = 0.149; Table 2). The low divergence within
basins suggests panmixia at this geographic scale
and supports the lack of significance found in
tests for heterogeneity in allele frequencies be-
tween populations within basins. In contrast, a
great deal of variation, 30%, is due to differences
among all local populations. Most tests for het-
erogeneity of allele frequencies between popu-
lations from different basins were significant.

The populations of the main study area are
separated into three clusters by the first and sec-
ond principal components. These principal com-
ponents explain 39% and 26% of the variance in
allele frequencies among populations, respective-
ly (Fig. 2). The allozyme loci contribute very un-
evenly to the PCA, with AAT and ACP-1 contrib-
uting the most to the first principal component
and MPI contributing the most to the second
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Fig. 1. Long-toed salamander populations sam-
pled in the main study area of the Bitterroot Moun-
tains of eastern Idaho and western Montana. Dotted
lines outline basins containing multiple populations
(B). Dashed lines outline the four major ridges.

principal component. Fifteen populations in the
center of the main study area form a cluster
(UHD, SH2-ASC; cluster C, Fig. 2), as do 10
populations in the northeast (SWE, WOO-FFZ;
cluster A, Fig. 2). These clusters reflect geogra-
phy but not topography, because they include
populations from different ridges in the same
clusters. For example, ASC and UHD do not
cluster with other populations located on their
respective ridges. In contrast to the clusters A
and C, which make geographic sense, cluster B
contains populations from both the northern
(DUF, NDF, MOH) and southern (COM-TCR,
STG, UPR) portions of the main study area.

Simulation model—We used the simulation model
to examine numbers of migrants that might yield
observed mean divergence values and to test the
selective neutrality of these markers. The model
results qualitatively follow those of previous mod-
eling efforts in that the absolute number of mi-
grants, Nm, determines the course of divergence
(Kimura and Maruyama, 1971; Allendorf and
Phelps, 1981). The absolute number of migrants
is determined by the product of population size,

TaBLE 2. SINGLE-Locus TOTAL HETEROZYGOSITY (H,),
DIVERGENCE ESTIMATES (G,) AND OVERALL HIERARCHI-
CAL GENE DIVERSITY ANALYSIS (G, Gy, G, Gg) OF
LONG-TOED SALAMANDERS IN THE BITTERROOT MOUN-

TAINS OF IDAHO AND MONTANA.

Locus H, Gy
AAT 0.493 0.350
PGM-1 0.242 0.210
MPI 0.481 0.340
G6PGH 0.493 0.212
ACP1 0.477 0.357
PGDH 0.091 0.322
G, = 0.026 Diversity between populations in a basin
G, = 0.124 Diversity between basins on a ridge
G, = 0.149 Diversity between ridges
G, = 0.299 Total diversity between populations

N, and the proportion of the population that is
migrants, m. Our results suggest the observed di-
vergence among genetically homogeneous ba-
sins would be expected at equilibrium only if few-
er than one migrant is exchanged among pop-
ulations each generation (Nm < 1; Fig. 3). If the
number of migrants exchanged is very small (Nm
= 0.05), then populations with effective sizes of
approximately 100 individuals would be expect-
ed to diverge to very high levels within 100 gen-
erations. If more migrants are exchanged each
generation (Nm = 0.90), then the observed di-

0.0 T T
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o ® MOH
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05 1 i | b )
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Fig. 2. Plot of the first two principal component
scores of the most common allele at six polymorphic
loci among 34 long-toed salamander populations in
the Bitterroot Mountains. (The axes are scaled by the
square root of the associated eigenvalue.) These 34
populations aggregate loosely into three clusters let-
tered A, B, and C.
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Fig. 3. Mean and variance in divergence among

populations (Gst) as a function of the number of mi-
grants per generation (Nm) between populations. Ef-
fective population size is 100 for each population.
(The dotted line indicates the observed mean level of
divergence among long-toed salamander popula-
tions.)

vergence could be produced within several hun-
dred generations.

Itis important to note that there is a great deal
of variation around each simulated mean G val-
ue (Table 3). Even the smallest 95% confidence
interval around the divergence estimator at any
point in the simulations spans a greater range of
values than that observed for the six polymor-
phic allozymes (0.21-0.35). This result suggests
selective neutrality of the allozyme markers used
in this study. Therefore, if the number of mi-
grants exchanged among populations each gen-
eration is less than one and effective population
sizes are approximately 100 individuals, the ob-
served variation in divergence estimates of the
six polymorphic allozyme loci could be achieved
rapidly and maintained for many hundreds of
generations.

33

DISCUSSION

We found substantial genetic variation in these
populations of long-toed salamanders and
gained insight into several evolutionarily impor-
tant genetic population characteristics. The ge-
netic similarity among ponds within basins,
shown by the lack of significance of tests for het-
erogeneity in allele frequencies and the gene di-
versity analysis, suggests there is sufficient migra-
tion among populations within basins to make
them panmictic. In other words, salamanders
within basins compose randomly mating units, or
demes.

The distribution of many alleles throughout
the main study area suggests gene flow may be
an important factor in the evolution of these
populations. However, the patterns in allele fre-
quencies and high divergence estimates among
basins and ridges indicate there has not been suf-
ficient gene flow to homogenize these popula-
tions beyond the basin level. The correlation of
geographic distance and genetic differentiation
suggests isolation by distance of these popula-
tions.

The high estimated mean level of divergence
is due to the exchange of only a small number
of migrants among populations. More specifical-
ly, these data are consistent with the exchange of
slightly less than one migrant per generation
among homogeneous basins linked by a step-
ping-stone pattern of migration. The observed
levels of divergence among populations could be
produced within tens to hundreds of generations
if less than one migrant is exchanged among ba-
sins each generation (Nm < 1). This level of mi-
gration can be attributed to a low migration rate
(m) among populations or small effective popu-
lation sizes (N). Analyses of recently collected
data suggest the latter is the case (Funk et al., In
press). If effective population sizes are smaller
than the 100 individuals used in the simulation
model, then the observed level of divergence
could be achieved much faster for identical rates

TaBe 3. THE MEAN (AND SD) GENETIC DIVERGENCE (G,) FROM STOCHASTIC SIMULATIONS OF 20 POPULATIONS
OF 100 INDIVIDUALS EACH, ARRANGED IN A TWO-DIMENSIONAL STEPPING-STONE PATTERN. Nm is the expected
number of migrants exchanged among populations each generation.

Generation
Nm 50 100 200 1000
0.90 0.19 (0.070) 0.23 (0.088) 0.27 (0.096) 0.34 (0.085)
0.75 0.21 (0.089) 0.24 (0.095) 0.27 (0.088) 0.35 (0.085)
0.50 0.23 (0.082) 0.30 (0.105) 0.35 (0.098) 0.40 (0.084)
0.05 0.33 (0.101) 0.46 (0.129) 0.60 (0.124) 0.74 (0.080)
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of migration among basins, as shown by Kimura
and Maruyama (1971). Therefore, the use of 100
individuals in each simulated population (the
upper bound estimated by Funk et al., In press)
makes conservative our estimates of the time re-
quired to reach the simulated levels of equilib-
rium divergence.

Although it is difficult to eliminate the possi-
bility that selection has produced any pattern of
genetic variation, the observed range of diver-
gence estimates is consistent with that expected
from six neutral loci, assuming our estimates of
population size and rates and patterns of gene
flow are reasonable. We acknowledge that the
statistical power to reject the null hypothesis of
neutral markers is unknown and may be low for
our model.

If these allozyme markers are not in drift-mi-
gration equilibrium, the observed distribution of
genetic variation may be due to historical events
or on-going processes. At one extreme, it is pos-
sible that the estimated level of divergence is the
result of historical associations of these popula-
tions and a lack of any gene flow following pop-
ulation founding (Larson et al., 1984). Indeed,
although two PCA clusters suggest geographic as-
sociation of populations, a third cluster (Cluster
B; Fig. 2) includes populations unlikely to be
linked by gene flow because intervening popu-
lations are excluded. However, the randomiza-
tion test, which suggests isolation by distance of
these populations, along with the high levels of
within-population variation, provides evidence
that these populations are probably not evolving
in complete isolation. Alternatively, these popu-
lations could be in the process of converging in
allele frequencies due to high levels of ongoing
gene flow that are erasing founder effects that
produced the observed divergence among pop-
ulations. This hypothesis may gain support from
the remarkably high levels of polymorphism ob-
served in these small populations.

The allozyme data we collected provided in-
sight into several important aspects of the struc-
ture of these populations. Populations within ba-
sins are largely genetically indistinguishable from
one another, or panmictic. Although definitive
conclusions about large-scale patterns are more
difficult to attain, these populations appear to be
linked by low levels of gene flow following a step-
ping-stone pattern of migration. It also seems
likely that these populations were founded in the
last few hundred generations, given the high lev-
els of genetic variation within these small popu-
lations.
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APPENDIX. SAMPLE SITE LOCATIONS. Populations and sample sizes (n) are listed; including legal description
(Township, Range, Section, and Quadrat), elevation, and location. COM-FFZ are in the main study area; JUM-
DON are found to the west, north, and east of the main study area.

Popu- o .

lation n Legal description Elev. (m) Location
COM 40 T4N R21W S30 SW 1298 Lk. Como slough
GAS 34 T8N R21W S30 SW 1871 near Gash Cr.
GLE 29 T8N R22W S13 NE 2299 Glenn Lk.

TCR 62 T8N R22W S13 NE 2388 above Glenn Lk.
UHD 53 T8N 4222 S11 SW 2237 above Hidden Lk.
STG 40 T8N R22W S16 NE 2207 unnamed pond
UPR 52 T8N R22W S17 NE 2229 above Pearl Lk.
SH2 60 TIN R21W S22 SE 2213 Sharrot Cr. basin
SH3 60 T9N R21W S27 NE 2316 Sharrot Cr. basin
LDS 33 TON R21W S27 NW 2316 Sharrot Cr. basin
UDS 34 TIN R21W S27 NW 2438 Sharrot Cr. basin
SMC 31 TIN R21W S28 SE 2432 McCalla Cr. basin
DMC 54 TIN R21W S33 NW 2438 McCalla Cr. basin
LSM 44 TIN R21W S31 NE 2253 Little St. Joe Pk.
UDG 34 T9N R21W S29 NW 2070 unnamed pond
LBV 41 TON R22W S24 SW 2213 Beaver Cr. basin
UBV 42 TIN R22W S24 SE 2286 Beaver Cr. basin
ALD 16 TN R22W S24 NW 2006 Alder Lk.

LAP 12 TIN R21W S4 NE 2316 Lappi Lk.

LSJ 60 T10N R21W S25 SE 1914 Little St. Joe

ASC 70 T20N R21W S30 NW 2164 Ascaphus Lk.
SWE 61 TI10ON R21W S20 NW 2337 Sweeney Lk.
DUF 45 T10N R21W S9 NW 2231 pond by Duffy Lk.
NDF 35 TI10N R21W S4 SW 2469 N of Duffy Lk.
MOH 27 TI11IN R21W S33 NE 2408 Reed Lk.

WOO 22 T11IN R21W S22 SW 2271 NE of Carlton Pk.
BF4 51 T38N R17E S20/21 2079 Brushy Fk. basin
BF3 60 T38N R17E S21 2204 Brushy Fk. basin
BF2 60 T38N R17E S16/21 2192 Brushy Fk. basin
BF1 57 T38N RI17E S16 2154 Brushy Fk. basin
TER 47 T10N R22W S1 SW 2278 unnamed pond
SRY 61 T10N R22W S2 NE 2106 unnamed pond
MFP 32 T11N R22W S15/22 1753 Mary’s Frog Pond
FFZ 37 T1IN R21W S1 SW 1036 Fort Fizzle slough
JUM 44 RI3N R19W S12 SE 1201 Mt. Jumbo pond
DON 62 TI2N R17W S10 NE 1829 unnamed pond
JM1 42 T21N R18W S9 NE 1904 Jim Cr. Basin
LEW 19 Lewiston, ID 226 Linsay Cr.

ETW 49 T14N R17W S26 NE 1280 near E. Twin Cr.

TUR 31 TI2N R17W S1 1021 Turah rest slough




