Minnesota State Wildlife Grants Program

12 March 2008

Final Report

Project Title: Distribution, abundance and genetic diversity of the longear sunfish (Lepomis
megalotis) in Minnesota, with determination of important populations

Principal Investigators: Jean Porterfield Patrick Ceas
St. Olaf College St. Olaf College
Northfield, MN 55057  Northfield, MN 55057
507.786.3850 507.786.3560
porterfi@stolaf.edu ceas@stolaf.edu

DNR Liaison: Konrad Schmidt

Division of Ecological Resources
Minnesota Department of Natural Resources
500 Lafayette Rd Box 25

Saint Paul, MN 55155

651.297.2565
konrad.schmidt@dnr.state.mn.us

. Type of Project: Research, Wildlife Survey



SUMMARY

The northern longear sunfish (Lepomis megalotis peltastes) is recognized by the Minnesota Department
of Natural Resources (MN DNR) as a Species in Greatest Conservation Need (SGCN) due to its
extremely spotty distribution in Minnesota (known only from 26 lakes) and its threatened status in
Wisconsin. This study, funded primarily by the Minnesota State Wildlife Grant (SWG) program and by a
smaller amount from the Chippewa National Forest (CNF), serves as an initial effort to begin to
understand the distribution, habitat requirements, relative abundance, and genetic variation of the longear
sunfish in Minnesota. A total of 119 lakes and one river were visited during June—August 2006, and June,
August, and October 2007. Seventeen of the 26 historical lakes were sampled. Longear sunfishes were
found in 23 bodies of water (22 lakes or major bays and one river). Twelve of these waters represent new
distributional records for Minnesota, and 11 serve as confirmation of historic records.

Longear sunfishes were quite restricted in their habitat use, which included high-quality waters with
shorelines that have relatively undisturbed stretches of emergent aquatic plants, extensive shallows (< 3’
depths), and a firm substrate that was usually rich with organic detritus and submerged plants.
Individuals live in these shoreline shallows at least during the warmer months of the year (May-October).
During the summer spawning season the colonies of saucer-shaped nests can be found within or nearby
the emergent plant beds, and often right next to the shoreline. The species is rarely found in deeper
waters, even if these waters support large populations of other sunfish species. Lakes that did not produce
longears did not possess the combination of habitat traits that longear sunfishes seem to require.
Although we characterized some populations as being “abundant” in terms of the numbers of individuals
within a lake, in no lakes did the density of longears ever approach that found for bluegills or
pumpkinseeds, which were always more abundant and widespread.

The number of lakes/streams from which the longear sunfish has been collected now stands at 37, and
we recognize eleven geographic clusters of populations within Minnesota. This number, although likely
to rise when additional collecting occurs, still represents a tiny fraction of the waters within Minnesota.
Until such time that the longear sunfish is found to be widespread and common throughout its range, or
that the species can be shown not to be under any danger of population decimation/extirpation, this
species must remain listed as a Species in Greatest Conservation Need in Minnesota. We further suggest
that, until more is known about the species, all 37 populations should be considered “important” in terms
of management decisions. We offer some additional subdividing/ranking of these populations based on
the current and perceived threats to the lakes/habitats, and divide the populations into the following four
categories: “Most Secure,” “Uncertain,” “Concern,” and “Most at Risk.”

Given the number of lakes that contain potentially “good” habitat, we expect that continued sampling
will result in the discovery of additional new populations of longear sunfishes, and will allow for an even
greater understanding/baseline of the distribution and relative abundance of the species. Furthermore,
since this is a species whose decline can be used as an indicator of a water body’s health, once the
baseline data has been gathered then long-term monitoring will identify any downward trends in
populations within a given water body. These trends can then be used to inform managers that a
particular lake/stream may be experiencing a decrease in water/habitat quality. Decreases in populations
have already been observed in lakes where the shorelines have been be modified extensively.

We addressed the amount and distribution of genetic variation in Minnesota’s L. megalotis
populations using 645 base pairs of mitochondrial cytochrome b sequence (108 individuals) and four
nuclear microsatellite loci (301 individuals). Analysis of both data sets showed lower levels of variation
in the upper Midwest compared with the unglaciated south, and that Minnesota’s sampled genetic
variation likely consists of widespread ancestral variation with some potential locally evolved
differentiation especially in the Mississippi Headwaters, Crow Wing River, and Otter Tail River
Watersheds. Average heterozygosities calculated from the microsatellite data were fairly uniform across
the 18 Minnesota collection sites, with the exception of lower heterozygosities in the two Voyageurs
National Park sites. With respect to sources for potentially stocking or supplementing managed
populations in the future, we recommend maintaining watershed fidelity.



INTRODUCTION

NEED AND JUSTIFICATION FOR THIS STUDY

The northern longear sunfish (Lepomis megalotis peltastes) is recognized by the Minnesota Department
of Natural Resources (DNR) as a Species in Greatest Conservation Need (SGCN) due to its extremely
spotty distribution in Minnesota and its threatened status in Wisconsin. Excluding two uncertain records
(Cedar River, Dodge/Mower counties, 1932; and Keller Lake, Ramsey County, 1978), populations of
longear sunfish have been found in only three of the eight major MN basins as identified by the DNR
(http://www.dnr.state.mn.us/watersheds/map.html).  Records within the three basins are limited to only nine
watersheds, and within these nine watersheds the species has been collected from just 26 lakes (Map 1,
Appendix A; Table 1, Appendix B). These lakes are found in a roughly triangular area from some
northern border lakes in/near VVoyageurs National Park (VNP) & Superior National Forest, southwest to
the Whitefish Chain area, and west-northwest to the Becker/Mahnomen/Clearwater County junction,
which includes the entire Chippewa National Forest (CNF). Each of these 26 lakes is identified on one of
four maps (Maps 2, 4, 6, and 8, Appendix A).

All but four of these lake populations have been discovered within the past 20 years (Table 1), and in
most cases we know little more than the fact that the species was present in the lake. There has been no
effort to identify the species’ habitat requirements within Minnesota. Given the potential to overlook
longear sunfish during game fish surveys (the species does resemble the better-known pumpkinseed
sunfish, Lepomis gibbosus), the distribution and abundance of longear sunfish in Minnesota is likely
underrepresented in the historical database (K. Schmidt, pers. comm.). We suspected that additional
sampling would uncover more populations.

The DNR’s publication titled Tomorrow’s Habitat for the Wild and Rare: An Action Plan for Minnesota
Wildlife, Comprehensive Wildlife Conservation Strategy (CWCS; http://www.dnr.state.mn.us/cwcs/strateqy.html)
lists seven categories of Priority Conservation Actions (CWCS, page 36). Included are general strategies
for habitat management, species management, surveys, and research. In the draft version of the
CWCS (under which this project was funded), Priority Conservation Goal I, Problem 2, Action A calls
for the management of “important” SGCN populations. The CWCS indicates that important populations
could be those that are found in high-density clusters, contain large numbers of individuals, or are
associated with high quality habitats. We would add that genetic biodiversity and/or uniqueness is
another key factor in identifying important populations for management purposes.

There does not exist enough information to designate important populations of L. m. peltastes, thus
management goals cannot yet be defined or achieved. To help identify important populations, CWCS
Priority Conservation Goal Il (“Improve knowledge about SGCN”) Strategy Il A calls for the survey and
inventory of SGCN populations and habitats. Furthermore, Strategy Il B calls for research studies to
gather information on life history and habitat requirements. Thus, we proposed that there is a need for:
1) extensive and thorough surveys with an eye towards developing an understanding of the species’
habitat needs and basic life history traits, and 2) an assessment of genetic biodiversity and uniqueness
within and among populations. Below we elaborate on these two needs.



GOAL AND OBJECTIVES OF THIS STUDY

This study was undertaken to serve as an initial effort to gather baseline data so that we can begin to
understand the distribution, habitat requirements, relative abundance, and genetic variation of the longear
sunfish in Minnesota waters.

Given the survey and research needs as detailed in the previous section, our project had the following five
objectives:

* Is the Longear sunfish a Native Species? Given its very limited distribution within
Minnesota, and that nearly all of the records have been found within the past 20, there was
some concern within the DNR that the longear sunfish could be an introduced species
rather than a native member of the fish fauna, and not qualify as a SGCN. Therefore, our
first priority was to determine if the species is native to Minnesota, or alternatively might
have been introduced from other regions of the country.

e Fish Surveys. Conduct thorough surveys of a subset of the lakes that contain historical
records of longear sunfish, and survey candidate lakes to an attempt discover previously
unknown populations. Qualitatively assess population sizes and overall condition of
populations in all lakes sampled; quantifying population sizes was beyond the scope of this
project. Document additional SGCN fish that are encountered.

» Lake Conditions. Document qualitative observations on habitat type/condition for all
SGCN fish encountered, and human development/use in all lakes sampled in relation to the
presence/absence of longear sunfish.

e Population Genetics. Characterize the amount and geographic distribution of genetic
diversity within and among Minnesota L. m. peltastes populations, and advise about
appropriate practices for transferring longear sunfish among populations should
supplementation and/or restoration become necessary.

* Recommend Important Populations. Synthesize the above information on population size
and distribution, habitat quality, and genetics to recommend potential important
populations for management.



METHODS
(refer to Appendix A for Maps; Appendix B for Tables; and Appendix C for Figures)

SELECTION OF LAKES

Lakes were chosen using two methods: (1) the MN DNR “Lake Finder” database
(http://www.dnr.state.mn.us/lakefind/index.html) was used to identify those lakes that might have a
potentially good combination of shallow shoreline depths, emergent aquatic plants, and water quality; and
(2) field reconnoitering of lakes determined if sampling was warranted in these selected lakes.
Identification of the Major Watersheds and basins follows the delineation outlined by the MN DNR
(http://www.dnr.state.mn.us/watersheds/map.html). Lakes were sampled from all three of the historic
basins and all nine historic Major Watersheds.

Additional Lakes Included in this Report. In 2007 a contract from the Chippewa National Forest
(CNF) was awarded to Ceas & Porterfield to sample 12-15 lakes within the CNF to further our
understanding of the distribution and population status of the longear sunfish in the CNF. SWG-funded
sites sampled in 2006 and planned for 2007 naturally included lakes within the CNF. The funding
received from the CNF in 2007 was intended to compliment the SWG-funded sampling efforts within the
CNF. As often is the case with cooperative funding efforts, the combined 2007 funding from SWG and
CNEF allowed for a synergistic level of lake sampling, and more lakes within the CNF were surveyed than
would have been possible if only one of the two projects were funded. Therefore, in the spirit of
cooperation among government agencies, the results of the sampling efforts from the SWG-funded
project were included in the CNF final report. In a reciprocal agreement the results of the CNF-funded
efforts are included in this SWG final report.

FISH AND HABITAT SURVEYS

Fish Surveys. Initial efforts included sampling a variety of habitats and depths, but sampling focused on
shoreline areas with wide shallows (e.g., depths of 3 feet or less even at distances often exceeding 150’
from shore) because we quickly determined that this is where longear sunfish live. The field sampling
methods relied almost exclusively on using small-mesh minnow seines, including a 5> x 30° bag seine,
and a 5° x 20" minnow seine. Backpack electrofishing and boat electrofishing were used sparingly
because of safety concerns brought about by weather conditions (see “Weather Conditions” below), and
because seining alone proved to be a highly effective and efficient means of catching longear sunfish. We
were assisted in the field at various times by the following persons: C. Cook, E. Onuma, and D.
Schackman (USFS); A. Plain (MN DNR); J. Brown, C. Eggebroten, S. Ellingson, D. Gruner, J. Morrison,
and J. Rolfes (St. Olaf College summer research students); and P. Jackson (St. Olaf College Dept.
Environ. Studies).

Sampling was concentrated in June & July each year since those months represented the putative
spawning season, and since this is the easiest time of the year to find individuals, which would at least
allow us to determine presence/absence within lakes. Additional sampling took place in August and
October to obtain late Summer/Fall data concerning seasonal movements, and to obtain specimens for
food habits analysis (to be incorporated into a future life history study).

Shorelines around a particular lake were either sampled or reconnoitered, and survey efforts
continued until the species was found or, in the professional judgment of P. Ceas, it was reasonably
determined that the species was not present in appreciable numbers. In general, when the species was
present in a lake it was not difficult to locate and capture individuals, regardless of the calendar date (and
assuming decent weather conditions — see discussion below), since the species lives in a fairly well-
defined habitat.



Habitat Assessment. No effort was made to quantify habitat characteristics since this was beyond the
scope of the project. We did take notes on shoreland development, substrate type, depth, general water
quality, and aquatic vegetation that were used to develop an overall picture of the preferred habitat of the
longear sunfish.

Abundance. No attempt was made to quantify the numbers of individuals per unit area or catch per unit
effort since such an effort was beyond the scope of this project. We did, however, assess qualitatively
whether the species was “abundant,” “common,” or merely “present.” Since sampling efforts were
focused during the breeding season, the species was considered “abundant” if numerous breeding colonies
were located within a lake, “common” if only a few breeding colonies were located, and “present” if only
lone individuals were located.

Vouchers. Voucher photographs were taken, and preserved specimens will be deposited in the
permanent holdings of the University of Minnesota Bell Museum, where they will be available to
researchers for study.

Weather Conditions. The 2006-2007 field seasons were characterized by an ongoing drought in
Minnesota. Low water levels in lakes prevented us from launching our boat on numerous occasions;
these lakes, identified in Table 2 and in the Results should be sampled at a later date.

The Summer and Fall of 2007 further proved to be one of somewhat problematic sampling conditions
in northern Minnesota. Strong winds (often accompanied by heavy localized rains) frequently blew
across the lakes, making boating a risky endeavor during many days while in the field. Anecdotal
comments from long-time residents and fisheries personnel indicated that 2007 was a most unusual year
in terms of the frequent strong winds. These windy conditions certainly affected the daily
location/movements of fishes, our ability to travel on lakes during such conditions and sampling success,
which is why some lakes that were visited in 2007 (Table 2; and in the Results) need to be resampled to
confidently determine the absence or (if present) the relative abundance of longear sunfish.

GENETICS

Choice of Markers. We assessed genetic variation using two types of molecular markers: mitochondrial
DNA sequences and nuclear microsatellite loci. Both markers have the potential for relatively rapid
evolution and thus for accumulating differences even between recently divergent populations.
Mitochondrial DNA generally exhibits a higher substitution rate than nuclear DNA, especially at near-
neutral base positions such as those in the third codon position of this genome’s protein-coding genes. We
chose to sequence the gene encoding the mitochondrial cytochrome b protein because of the availability
of GenBanked L. megalotis (and other centrarchid) sequences for comparison. Nuclear microsatellite loci
are regions of the nuclear genome exhibiting a repeated DNA element (e.g., the tetranucleotide repeat
AGAT,). The source of genetic variation in microsatellite markers is DNA fragment size differences due
to differences in the number of repeats in an allele. The insertion/deletion mutation rate, largely due to
replication slippage, is relatively high in these repeats, and microsatellite regions are generally thought to
be selectively neutral. Together, these data sources (mitochondrial and microsatellite) provide a suite of
independent estimates of genetic variation in L. megalotis.

Sampling & DNA Isolation. Sampling of L. megalotis for genetic purposes was conducted concurrently
with the lake sampling described above. At each site harboring an L. megalotis population, up to 24
(usually 20) individuals were fin-clipped (tip of upper lobe of caudal fin) and the tissue was stored in 95%
ethanol. At these sites, fin clips from L. gibbosus, L. macrochirus, and possible hybrids were taken as
well. Fin clips were obtained from the Black River, Missouri and from three Wisconsin localities by
Konrad Schmidt (MN DNR), Robert Hrabik (MO Dept. Conserv.), Roy Weitzel (MPCA), and John
Lyons (WI DNR), and from three Illinois localities by aquarium hobbyist Uland Thomas. The DNEasy



extraction Kit (Qiagen) was used to extract total genomic DNA from each fin clip. DNA was isolated from
individuals from all populations where longear sunfish were collected (see Table 2). Five previously
published mitochondrial cytochrome b sequences of L. megalotis were downloaded from GenBank
(Harris et al. 2005, GenBank accession numbers AY828973-AY828977).

Mitochondrial DNA Sequencing. The genomic DNA preps were used as template in PCR amplification
of a portion of the cytochrome b gene. Preliminary sequence was amplified using the forward and reverse
primers from Song et al. (1998). These sequences were then used along with previously published L.
megalotis sequences (Harris et al. 2005) to design a new primer pair: LmegCytb1lF {5’-ATG GCA AGC
CTA CGA AAA ACC C} and LmegCyth702R {5’-GCT GCA AAG CCA AGG AGG TCT TTA}. The
optimized conditions for each 50 ul PCR amplification using GoTaq DNA polymerase (Promega) were:
reaction buffer at 1X, 1.5 mM MgCl, 0.2 mM dNTP, 0.4 uM each primer, 2.5 units of Taq polymerase,
and 100 ng of template DNA. Thermocycling conditions were: initial denature at 94°C (3 min); 35 cycles
of 94 °C (40 sec), 52°C (60 sec) and 72°C (90 sec); a final extension at 72 °C (10 min). PCR products
were cleaned using the QIAQuick Purification kit (Qiagen) and then diluted to 28 ng/ul for commercial
sequencing at Northwoods DNA (Solway, MN). Primer LmegCyth1F was the sequencing primer used,
and a total of 108 sequences representing 20 sites were sequenced.

Mitochondrial DNA Analysis. MacClade 4.08 (Maddison and Maddison 1992) was used to characterize
codon position data and amino acid sequence. Multiple alignments were conducted with ClustalW
(Thompson et al. 1994) and checked by eye. ClustalW was also used to calculate the uncorrected p-
distance, transition rate, and transversion rate for all pairwise comparisons. These values were calculated
in two ways, first as one large group including all 108 sequences, and second divided into two geographic
groups (12 sequences from Missouri and Tennessee, and 96 sequences representing all other locations
sampled). A heuristic search algorithm in PAUP* (Swofford 2000) was used to hypothesize relationships
among the mitochondrial haplotypes using maximum parsimony criteria, and TCS (version 1.13, Clement
et al. 2000) implemented parsimony criteria to construct haplotype networks.

Optimization of Microsatellite Loci. Because it was not optimal for us to develop new species-specific
microsatellite locus primer pairs for L. megalotis, we screened nine published primer pairs developed for
L. marginatus (Lmarl, Lmar8, Lmar9, Lmarl0, Lmarll, Lmarl2, Lmarl4, Lmarl6, Lmarl8; Schable et
al. 2002), and four published primer pairs developed for L. macrochirus (Lma21, Lma29; Colbourne et al.
1996: Lmall6, Lmal20; Neff et al. 1999).

Amplification & Visualization of Microsatellite Loci. To visualize microsatellite variation we used a
LiCor 4300 DNA Analyzer that detects infrared fluorescence at both 700 nm and 800 nm. In order to
fluorescently label any given PCR-amplified microsatellite region with one of these two tags, we used a
tailed primer approach. In this approach, a forward and reverse flanking primer are both used, but one of
the two primers contains an extra sequence at the 5’ end. This extra sequence is complementary to an
M13 sequence rather than to any L. megalotis sequence, thus it forms a “tail” hanging off when the primer
is bound to complementary genomic DNA. After the first cyle of PCR, any new product synthesized from
elongation of this bound primer includes this “tail” sequence, so after a second PCR cycle some new
product will include its complementary sequence. There is a third primer included in the reaction mix: it
is composed of the same M13 sequence as the “tail” and is labeled with a fluorescent tag. In all remaining
PCR cycles, a subset of the fragments are primed with this third M13 primer and thus become labeled for
visualization. This approach greatly reduced primer costs as we only needed to purchase expensive
labeled M13 primers that could be used with all of the inexpensive unlabeled locus-specific primer pairs.
LiCor markets two different M13 primers, each available with either a 700 nm or an 800 nm tag, so we
duplexed our PCRs when possible (Lmarl0 with Lmarl2, and Lmarll with Lmarl4). We ran 20 ul
PCRs, and while conditions were similar to those used for amplification of mitochondrial DNA, each
reaction differed with respect to primer concentration and annealing temperature in a touchdown program



(see Table 3). Reaction products were separated using polyacrylamide gel electrophoresis on the LiCor
4300 DNA Analyzer, and Saga software (LiCor) was used to manually call alleles.

Microsatellite Analysis. Microsoft Excel was used for compiling and graphing allele frequency statistics,
including the Shannon-Weaver diversity index for each locus. Excel was also used for data organization
for constructing other programs’ input files. Convert (Glaubitz 2004) was used to construct both Arlequin
(version 2.0, Schneider et al. 2000) and Microsat (HPGL, Stanford University) input files. Arlequin was
used to perform the following population genetic tests: linkage disequilibrium between loci (Slatkin and
Excoffier 1996), Hardy-Weinberg genetic equilibrium (Guo and Thompson 1992), and analysis of
molecular variance (AMOVA, Weir 1996). Microsat was used to identify unique population-specific
alleles, to calculate pairwise chord distances (Cavalli-Sforza and Edwards, 1967), and to calculate average
heterozygosities by locus and overall. PAUP* (Swofford 2000) was used to construct neighbor-joining
trees based on the chord distance matrices. These calculations and analyses were performed on four data
sets that differed in population groupings: the first grouped all 301 individuals by collection site, the
second by Major Watershed, the third by Basin, and the fourth grouped the 289 Minnesota samples into
their 18 collection sites. Not all calculations and analyses were performed on each of the four data sets.



RESULTS & DIsCUSSION
(refer to Appendix A for Maps; Appendix B for Tables; and Appendix C for Figures)

THE LONGEAR SUNFISH IS NATIVE TO MINNESOTA

A primary goal of this project was to determine if the few Minnesota populations of longear sunfish are
native to the state, or alternatively have been introduced from other regions of the country. After
examining all specimens that were captured it is the professional judgment of P. Ceas that populations
found in Minnesota are representative of the northern longear sunfish (L. m. peltastes), and therefore are
native to Minnesota. This conclusion (P. Ceas, unpublished data) is the result of a study of the
morphology (coloration, body proportions, meristics) of the specimens compared to specimens from
south of Minnesota that represent individuals of the subspecies L. m. megalotis. Some diagnostic
characteristics that are useful in identifying L. m. peltastes vs. L. m. megalotis are included in Figure 1. In
their recently published Michigan Fish Atlas, Bailey et al. (2004) elevated peltastes to species level.
However, they did not include any data to support this move. Even though it is a widely held belief that
the peltastes form does represent a distinct species, we will continue to treat it as a subspecies until a
systematic study has been published.

IDENTIFICATION: LONGEAR SUNFISH VS. OTHER MINNESOTA SUNFISHES (See Figures 2-5)
The longear sunfish can be distinguished in the field from the other Minnesota sunfishes (bluegill,
pumpkinseed, green sunfish) by the following characteristics:
Morphology:
» Pectoral fin is short, and the tip is rounded
(compare to bluegill and pumpkinseed, in which the fin is long, and the tip is moderately to sharply pointed;

when bent forward and pressed flat against the body the tip of the fin will extend to or beyond the anterior rim
of the eye).

» Mouth is small, upper jaw does not extend beyond anterior rim of eye
(compare to green sunfish, which has a moderately large mouth, upper jaw does extend beyond anterior rim of
eye).

Coloration:

» Cheeks & opercles with wavy blue lines in longears and pumpkinseeds, but anal fin of
longears is orange/red with distal margin dusky blue
(compare to pumpkinseed, which lacks the dusky blue margin).

» Opercle (“ear”) flap greatly elongated in adults, dark; entire margin outlined in red
(compare to pumpkinseed, in which the flap is not greatly elongated, with red spot but margin not completely
outlined in red).

Size:

» Adult longear sunfish in Minnesota have a small body size when compared to other sunfish
species. Adult longear sunfish readily fit in the palm of one’s hand (see Figure 3), and the
breeding male’s coloration is much more brilliant than a comparable-sized juvenile
pumpkinseed, bluegill, or green sunfish (see Figures 4-5).




HABITAT PREFERENCES OF LONGEAR SUNFISH

It was beyond the scope of this project to conduct a quantitative assessment of habitat variables.
However, using an assortment of gear (seines, electrofishing, and data from DNR trap nets sampling) and
sampling a variety of habitats & depths we were quickly able to determine the “key” habitat type of the
longear sunfish. This habitat type held throughout the entire sampling periods in 2006 & 2007.

Lake Habitat. With the exception of the one known Turtle River locality, longear sunfish in Minnesota
are associated with deep lakes (i.e., depths > 15”) possessing the following characteristics:

* high water quality,

« shorelines of relatively undisturbed stretches of emergent aquatic plants such as bulrush
(Scirpus sp.) combined with extensive shallows (e.g., the water may be only 3’ deep at
distances of 150° from shore — see Figures 6 & 7). See Figure 8 for an example of a
bathymetric map of a lake that contains extensive shallows (longears present) and shoreline
bottoms that quickly become too deep for longear sunfish.

* substrates that are generally a firm mixture of sand/marl/silt and often “carpeted” with
submerged plants such as bushy pondweed (Najas flexilis), coontail (Ceratophyllum
demersum), flat-stem pondweed (Potamogeton zosteriformis), Canada waterweed (Elodea
canadensis), and muskgrass (Chara sp.).

Individuals live in these shoreline shallows at least during the warmer months of the year (May-
October). During the summer spawning season the colonies of saucer-shaped nests can be found in
clearings within or nearby the emergent plant beds, and often right next to the shoreline (Figure 6). The
species is rarely found in deeper waters, even if these waters support large populations of other sunfish
species.

Some lakes may superficially appear to provide suitable habitat since these lakes have a combination
of extensive shallows & bulrush beds; however, instead of having a substrate of mixed sand/silt/marl
these lakes have a substrate of quite “clean” sand (low quantities of organic matter). Such “sand lakes”
often have large numbers of fishes in the shallows (mainly perch, bluegill, pumpkinseed, and banded
topminnow) and are clearly high-quality waters, but these lakes do not appear to support populations of
longear sunfish. See Figure 9 for examples.

River Habitat. Longear sunfish were found at one locality in the Turtle River just within the western
boundary of the CNF (at CR 207, known locally as Three Culverts Rd). Turtle River at CR 207 can be
characterized as a moderately-flowing stream of exceptional water clarity & quality. The margins of the
stream (Figure 7, bottom photo) were lined with wild rice and bulrush beds, and well-defined shallow-
pool habitats were dispersed along these margins. The species was considered abundant within these
pools, but its distribution within the river appears to be severely restricted to these pools; longears were
not found in area with current.

LAKES/STREAMS VISITED

A total of 119 lakes (or major bays within a lake) and one river were visited during June-August 2006,
and June, August, and October 2007. The Turtle River just within the western boundary of the CNF (at
CR 207, known locally as Three Culverts Rd, and at Hwy 22) was sampled. Lakes were sampled in all
three of the Basins and all nine of the watersheds that include historical records of longear sunfish.
Seventeen of the 26 historical lakes were sampled.

The yellow rectangles on Map 1 encompass the general regions in Minnesota where these lakes can be

found. Maps 3,5, 7, 9, and 10 provide a closer view of where the lakes are located within the state. The
areas/watersheds represented on each map include the following:
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Map 3: Becker Co./Park Rapids Area. Includes lakes within the Otter Tail River Watershed
(Red River of the North Basin), and Crow Wing River Watershed (Upper Mississippi River
Basin). Sites 1-13 (Table 1) are found on this map.

Map 5: Chippewa National Forest & Nearby Areas. Includes lakes within the Big Fork &
Little Fork River Watersheds (Lake of the Woods Basin), and the following Watersheds
within the Upper Mississippi River Basin: Mississippi River (Grand Rapids), Mississippi
River (Headwaters), and Leech Lake River. Sites 14-23 (Table 1) are found on this map.
Map 7. Pine River System. Includes lakes within the Pine River Watershed (Upper
Mississippi River Basin). Sites 24-98 (Table 1) are found on this map.

Map 9: Voyageurs National Park & Area; Boundary Waters Canoe Area Wilderness.
Includes lakes within the Lake of the Woods Basin. Sites 99-116 (Table 1) are found on this
map.

Map 10: Lakes along Echo Trail Corridor (Hwy 116) through BWCA. Includes lakes within
the Lake of the Woods Basin. Sites 117-120 (Table 1) are found on this map.

Table 2 includes the sampling results from lakes that are found on Maps 3, 5, 7, 9, or 10, and arranges the
lakes hierarchically first by map, and then by Major Watershed — Basin within each map. Lake surveys
were considered completed or incomplete depending on whether we were able to reasonably determine
the presence/absence of L. m. peltastes in the lake.

COMPLETED SURVEYS

A lake was deemed to be satisfactorily sampled if: (1) longear sunfish were found, or (2) after sufficient
sampling, it was reasonably determined, in the professional judgment of P. Ceas, that the species was not
present in appreciable numbers. This conclusion was reached primarily by failing to locate spawning
colonies. Such completed surveys were documented for 91 of the 120 bodies of water visited.

Lakes with Longear Sunfish. Longear sunfish were found in 23 bodies of water (includes lakes, rivers,
and significant bays of large border lakes). Longears were found in all three of the historic Basins, and
eight of the nine Major Watersheds (Hustler Lake, Rainy River/Headwaters was not sampled). Twelve of
these waters represent new distributional records for Minnesota, and 11 serve as confirmation of historic
records. Photos of some representative lakes are included in Figures 6 & 7.

New Records. Longear sunfish were found in 12 bodies of water that represent new

distributional records for Minnesota. New lakes include: Many Point (Site #4), Potato (12),

Turtle (25), Movil (26), Ten Mile (60), Girl (67), Eagle #2 (87), Balsam (96), Junction Bay of

Namakan Lake (105), and Staege Bay (111) and Feldt Channel of Sand Point Lake (112). The

Turtle River @ CR 207 (31) contained an abundance of shallow pool habitats, and represents

the first documented occurrence of longear sunfish in a stream in Minnesota. Paul Radomski,

MN DNR, reported the single individual from Ten Mile Lake in 2006.

Eagle Lake #2 Big Fork Watershed), and Junction Bay, Staege Bay and Feldt Channel

Rainy River [Lake] Watershed) fall within the Lake of the Woods Basin. Six lakes are in the

Upper Mississippi River Basin and include Potato (Crow Wing Watershed); Balsam

(Mississippi R/Grand Rapids); Movil & Turtle (Mississippi R/Headwaters); and Ten Mile &

Girl (Leech Lake). Many Point Lake (Otter Tail River) is in the Red River of the North Basin.

Lakes with Historic Records. Longear sunfish were found in 11of the 18 historic waters that

were sampled. Specimens from the following lakes confirm historic records for those lakes:

Little Bemidji (Site #3), Eagle #1 (11), Bertha (17), Rush (20), Cross (21), Three Island (27),

Baby (62), Little Thunder (75), Pine (78), Grassy Bay (109), and Brown’s Bay (110).

Sites within the Lake of the Woods Basin include Pine Lake (Big Fork Watershed), and
Grassy Bay and Brown’s Bay (Rainy River [Lake] Watershed). Seven lakes are in the Upper
Mississippi River Basin and include Eagle #1 (Crow Wing Watershed); Little Thunder
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(Mississippi R/Grand Rapids); Three Island (Mississippi R/Headwaters); Baby (Leech Lake);
and Bertha, Rush, and Cross lakes (Pine River). Little Bemidji Lake (Otter Tail River) is in the
Red River of the North Basin.

Lakes where Longear Sunfish were not found. Sixty-eight lakes were sampled satisfactorily but did
not produce longear sunfish. One lake (Pleasant, Site #61) possessed what appeared to be suitable
shallows, but extensive sampling by MN DNR personnel and P. Ceas & crew failed to produce any
longear sunfish. None of the remaining lakes possessed the combination of habitat traits that longear
sunfish seem to require. These lakes (see Figure 9 for representative photos) can be divided into one of
seven simplified, yet useful, descriptive categories based on depth and/or substrate:

» Sand Lakes. Fourteen lakes were characterized as “sand lakes” (as described in the
Introduction), and although they often had extensive shallows, longear sunfish were not
found in these lakes even though other species of sunfishes were abundant. Lakes included in
this category are Round Lake (5), Julia (24), Gull (30), Kitchi (37), Big (39), Moose (47),

Deer (48), Steamboat (54), Inguadona (68), Mabel (71), Arrowhead (77), Jessie (80), Round
(93), and Wabana (98),

* No Shallows. Thirty lakes lacked the extensive shallows that longear sunfish seem to
require. These lakes can be further divided into two basic categories. The first category
includes lakes that were ringed with emergent cattails/bog-like vegetation, so by the time
open water exists the depths were "excessive" for longear sunfish: Norway (16), Emily (23),

Big Rice (35), Little Rice (36), Pug Hole (38), Grace (40), Pughole (48), Sugar (53),
Shingobee (56), Island (57), Portage (59), Blackwater (64), Boy (69), and Dora (76).

The second category includes lakes in which the depth increased rapidly just a few feet
from shore: Elbow (3), Mule (65), Turtle (82), Maple (83), Burns (85), Clubhouse (86), North
Star (88), Grave (90), Lost (91), Owen (92), Burnt Shanty (94), Lost Moose (95), Echo (117),
Jeanette (118), Big (119), and Fenske (120).

e Bottomland Lakes. Two lakes (Little White Oak #50, and White Oak #51) can be
characterized as Mississippi River bottomland lakes that also lacked the shallow spawning
habitat.

» Bog-Stain Lakes. The following lakes in the Red River of the North Basin (Otter Tail
Watershed) contain waters with high levels of organic (humic) substances, which are not
waters in which longears have been found (P. Ceas, pers. observ; J. Lyons, WI DNR, pers.
comm.). These lakes include Tamarack (7), Pine (8), Height of Land (9), and Rice (10) lakes.

Crane Lake (Sites 39-41, Lake of the Woods Basin) is also fairly bog-stained lake.

» Poor Water Quality. Rabideau (33) and Moose (34) lakes were characterized by poor water
quality and excessive blooms of filamentous algae (Figure 9). Tulaby Lake (1) also had
extensive algal growth in the shallows.

» Habitat Alterations. Wolf Lake (41) and Fish Hook Lake (13) have had extensive shoreland
modifications and removal of submerged aquatic vegetation.

e Other Lakes. Mitchell Lake (22) contained a deep muck substrate that did not appear to
offer suitable habitat.
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INCOMPLETE SURVEYS / LAKES TO REVISIT

Lakes with Historic Records. Longear sunfish were not found in seven lakes that contain historic
records. These lakes include Whitefish (Site #18, record from 2001), Big Trout (19, 1990), Hen (20,
1995), Mukooda (38, 1997), Woman (63, 1987), Thunder (74, 2000), and Coon-Sandwick (79, 1992)
lakes. Reasons for the lack of longears in these lakes are provided below. All seven lakes must be
resampled to determine if longear sunfish maintain breeding colonies there.

» Coon-Sandwick and Thunder lakes do not appear to contain the extensive shallows that longears
prefer.

» Woman, Whitefish, Hen, and Big Trout lakes each have an abundance of shallows, but it appears that
much of the shoreland & shallows has been altered by continued upscale home development, and
much of the original submerged and emergent vegetation has been removed. Paul Radomski, MN
DNR, reported finding three individuals in Woman Lake during a multi-day sampling effort in
September 2006; these fishes may represent waifs from the nearby and connected Girl Lake, which
support an abundant population of longear sunfish.

» Mukooda Lake appears to be a clear gravel/boulder and “sand lake” that does not offer suitable
habitat. The specimens connected to the 1997 record can not be located, and putative longear
specimens collected in 2007 by MN DNR personnel are hybrid pumpkinseed x bluegill. However,
the lake needs to be sampled again since time constraints did not allow us to sample it thoroughly.

Lakes without Historic Records. In addition to the seven historic lakes that need to be resampled to
determine if longear sunfish maintain breeding colonies occur there, 18 lakes were visited but were not
sampled effectively due to poor weather conditions or limited access to the lake. All 18 lakes may
contain suitable habitat and need to be sampled at a later date. These lakes are listed below.

* Inclement Weather. Unusually strong winds and inclement weather kept us from sampling
Beltrami (Site #28), Turtle River Lake (29), Andrusia (42), Cass (43), Winnibigoshish (44),
Portage (55), and Little Turtle (81) lakes.

e Limited Access. Low water levels caused by the ongoing drought exposed completely the

boat ramps at Little Winnibigoshish (45), Ball Club (46), and Trout (97) lakes, making it
impossible to launch our boat, so these lakes could not be sampled. Five lakes (South Twin,
32; Vermillion, 52; Laura, 73; Jack-the-Horse, 84; and Big Island, 89) had sand boat ramps as
public access points; unfortunately our 12-passenger field van is not equipped with 4-wheel
drive, so launching our 18’ jon boat proved to be an exercise in digging out a stuck van rather
than sampling these lakes. We hope to revisit these lakes with a 4WD vehicle to launch and
retrieve the boat. All five lakes appear superficially to have suitable habitat for longear
sunfish.

» Reconnoitered Only. Waboose (6). Potential habitat exists in this lake.

e Other Lakes. Both Pine Mountain (14) and Big Portage (15) lakes contain extensive
shallows, but both also qualify somewhat as “sand lakes.” Due to time constraints these lakes
were not sampled as extensively as other lakes, and it would be worth revisiting these lakes at
a later date.

Namakan Lake and Other Border Lakes Within/Near VNP. Much of the shoreline along the southern
shore of Namakan Lake (VNP) was reconnoitered or surveyed (Sites 99-104, 106-108; Map 9). In
general, the southern shores of Namakan Lake do not offer the combination of extensive shallows,
emergent vegetation beds, and submerged “carpets” of aquatic vegetation. The one location that had all
three habitat characteristics (Junction Bay, Site 105) did contain longear sunfish. This location is
immediately downstream of the Johnson River waterfalls; Little Johnson Lake, which is drained by
Johnson River, contains a historical record for longear sunfish. There is much shoreline habitat within
Namakan Lake and the other VNP border lakes that needs to be sampled to determine the distribution of
longears in the border lakes.
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ABUNDANCE AND DISTRIBUTION WITHIN A WATER BODY
Abundance. The term “Abundant” is relative; in no lakes did the abundance of longears ever approach
that found for bluegills or pumpkinseeds, even in lakes where we found longears without much effort. In
the shallows where longears were found, bluegills and pumpkinseeds still tended to be the more plentiful
species in any given seine haul; the exceptions were when we would seine directly over a tightly clustered
colony of longear nests. The species was considered “abundant” if numerous breeding colonies were
located within a lake, “common” if only a few breeding colonies were located, and “present” if only one/a
few individuals were located.
Longears Abundant. Longear sunfish were deemed abundant in the appropriate shallows in lakes
within the following Watersheds:
 Otter Tail. Little Bemidji Lake and Many Point Lake (Map 3).
e Crow Wing. Eagle Lake #1 (Map 3).
e Turtle River - Mississippi R (Headwaters). Movil Lake, Turtle Lake, Turtle River @ CR
307 (Map 7).
» Mississippi R (Grand Rapids). Balsam Lake (Map 7).
» Big Fork River. Eagle Lake #2 (Map 7).
» Rainy River. Grassy Bay, Staege Bay, Brown’s Bay (all Sand Point Lake). Map 9.
» Boy River - Leech Lake River. Baby Lake and Girl Lake (Map 7).
* Pine River. Bertha Lake (Map 5).
Longears Common. Longear sunfish were deemed common in the appropriate shallows in lakes
within the following Watersheds:
e Crow Wing. Potato Lake (Map 3).
» Turtle River - Mississippi R (Headwaters). Three Island Lake (Map 7).
» Mississippi R (Grand Rapids). Little Thunder Lake (Map 7).
* Pine River. Rush Lake (Map 5).
Longears Present. Longear sunfish were deemed present in the appropriate shallows in lakes within
the following Watersheds:
» Big Fork River. Pine Lake (Map 7). Pine Lake is a difficult lake to work with bog-like
edges. Limited sampling in Pine Lake (due to the onset of dusk combined with rain and
hordes of mosquitoes) produced only a few individuals; additional sampling is necessary.
e Rainy River. Junction Bay (Namakan Lake). Map 9.
» Boy River - Leech Lake River. Ten Mile Lake (Map 7).
» Pine River. Cross & Rush Lake (Map 5).

Distribution within a Lake. Longear sunfish were never generally distributed along the shoreline but
instead were very localized. These locations corresponded to the limited occurrence of the proper
combination of the species’ specific habitat requirements. It was not unusual for the species to be
abundant at these locations, but their habitat-specific needs appear to be a primary limiting factor in the
distribution of the species within a given lake. See the middle photo in Figure 7 for an example of just
how localized this species can be.

Distribution within a River. The Turtle River (31) @ CR 207 contained shallow pools along its margin,
and had extensive stands of bulrush/wild rice alongside the pools (such habitat did not exist at the Hwy 22
location). Longear sunfish were abundant within these pools, but its distribution within the river appears
to be severely restricted to these pools. The Turtle River at the CR 207 & Hwy 22 locations were the only
riverine environments sampled. Further sampling throughout Turtle River and other rivers (see “Future
Field Surveys” on p. 20) needs to be conducted to determine the extent to which longears normally occur
in rivers.
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OTHER NOTABLE SPECIES

Two additional SGCN were found in several lakes during this project: least darter, Etheostoma
microperca, and pugnose shiner, Notropis anogenus. Other species that are considered indicators of high-
quality waters were regularly found with longear sunfish. The species most commonly found included
the blacknose shiner, Notropis heterolepis, blackchin shiner, Notropis heterodon, and banded killifish,
Fundulus diaphanus, with the lowa darter, Etheostoma exile, being found less frequently. Although we
did not conduct quantitative sampling/analysis, anecdotal evidence suggested that if the bluntnose
minnow, Pimephales notatus, was more abundant than the blackchin shiner then the odds of finding
longear sunfish in a particular lake decreased considerably. Locality data for these species has been
provided to K. Schmidt, MN DNR.

GENERAL OBSERVATIONS ON HABITAT AND SPECIES ABUNDANCE

Given that this project was limited in scope in the number of lakes sampled, we do not yet fully
understand the complete range and full distribution of the longear sunfish within Minnesota. We do,
however, have a good understanding of the species’ habitat requirements. We also have a better
understanding of the relative abundance of the species within a lake even though we did not conduct
quantitative assessments of population densities (which was beyond the scope of this project).

During the course of this initial sampling effort the following general observations on habitat and
abundance were made during both the 2006 & 2007 field seasons:

(1) When present, longear sunfish were quite specific in their habitat preferences (see Figures 6-9).
These preferences, which were observed both during the spawning season and afterwards,
included a combination of:

« shorelines with relatively undisturbed stretches of emergent aquatic plants (e.g., bulrush
beds),

« extensive shallows (e.g., the water may be only 3’ deep at distances of 150’ from shore),
and

« a firm substrate, which was usually “carpeted” submerged plants and often contained a fine
layer of organic debris.

(2) This habitat specificity, whether in a lake or the Turtle River, made it relatively easy to capture
longears once the habitat was located, but the time-consuming component was often searching
the perimeter of a lake for these particular habitats since there may be fewer than five such
shallows in a lake. Not unexpectedly, many public boat ramps have been built in sections of
lakes that contain extensive shoreline shallows, so when longear sunfish are present within a
lake it is not unusual to find them around the boat ramp.

(3) Although we characterized some populations as being “abundant” in terms of the numbers of
individuals within a lake, “abundant” is a relative term. This species is still a fairly rare fish
even in lakes where we found them without much effort. For example, even when we
occasionally hauled up 50-60 individuals in a single brief seine haul, in no lakes did the density
of longears ever approach that found for bluegills or pumpkinseeds, which were always more
abundant and widespread.

(4) Unlike longears, bluegills and pumpkinseeds were found in a variety of habitats and depths.
These two species also were caught regularly in the same seine hauls with longears.

(5) Longear sunfish can live and reproduce in streams, provided that good backwater/pool habitat
exists. It does not seem to be a regular inhabitant of flowing waters in Minnesota.
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GENETIC DIVERSITY

Mitochondrial DNA Analysis. We analyzed 645 base pairs (bp) of the 1140 bp cytochrome b gene for
108 L. megalotis individuals; the sequence began at nucleotide position 40 (amino acid position 14) and
ended at nucleotide position 684 (amino acid position 228). Out of the 49 variable nucleotide positions,
33 were at the third codon position (29 transitions, two transversions, two both), 14 were at the first codon
position (11 transitions, three transversions), and 2 were at the second codon position (one transition, one
transversion). No stop codons were found in any sequence, and 19 of the 215 amino acids were variable
among the sequences. The variation resulted in 20 haplotypes (designated A-T); 14 of the 19 variable
amino acid positions were autapomorphic (were different in just one haplotype). These nucleotide and
amino acid substitution patterns are consistent with the evolution of mitochondrial protein-coding genes
(e.g., greater substitution rate at the third position, large number of silent substitutions).

Because phylogenetic and network analyses both uncovered two distinct groups of samples (see further
discussion below), pairwise distance calculations were conducted not only for all 108 sequences as a
whole, but also for the two groups separately (Missouri and Tennessee sequences versus everything else).
The average pairwise uncorrected p-distance among all 108 sequences was 1.17% (transitions 0.98%,
transversions 0.186%), among the 12 Missouri/Tennessee sequences was 0.378% (transitions 0.27%,
transversions 0.065%), and among the 96 remaining sequences was 0.212% (transitions 0.15%,
transversions 0.065%). Both intra-group average distances are much lower than the overall average
distance, revealing that latter value is larger due to inter-group comparisons with large genetic distance
(about 5%).

Six haplotypes (G, H, J, L, Q, R) are unique to the Missouri/Tennessee samples, while nine haplotypes
(A, B, C, E F I K, M, O) were sampled from Minnesota; the other five haplotypes (D, N, P, S, T) are
unique to other geographic areas in the Midwest and Southeast (see Table 4 for more details about
haplotype distribution). Thus, when haplotypes are grouped in to the two groups from above (Missouri &
Tennessee versus everything else), six haplotypes were sampled from 12 individuals in Missouri and
Tennessee (0.5 haplotype/sample ratio) while 14 haplotypes were sampled from the other 96 individuals
(0.15 haplotype/sample ratio) including the nine haplotypes from the 82 Minnesota fish (0.11
haplotype/sample ratio). This pattern is consistent with the pattern seen in the pairwise distance
comparisons, where greater genetic diversity is seen in the unglaciated south versus the recently glaciated
north.

Phylogenetic Relationships (Mitochondrial Data). Phylogenetic analysis of the 20 haplotypes (Figure
10) and network analysis of the 96 non-Missouri/Tennessee sequences (Figure 11) also support the
findings of lower-diversity northern populations, and of closer genetic relationships between haplotypes
of the upper Midwest with the southeast haplotypes instead of with the Ozark haplotypes. The unrooted
tree in Figure 10 shows that the two groups of haplotypes are quite divergent (28 nucleotide substitutions
between them), while haplotypes within the two groups are quite similar (no internal branch lengths
longer than one, terminal branch lengths no more than three). The network diagram in Figure 11 provides
a better look at the geographic areas associated with haplotypes of the larger group (n=96) of sequences.
Most of the sequences are either haplotype A (n=39, including 29 Minnesota) or haplotype B (n=19, all
Minnesota), which differ from each other by just one nucleotide. All of the other haplotypes differ from
one of these two (A or B) by only one, or in one case each, two or three nucleotides, and there is some
structure in Movil and Three Island lakes (haplotypes E and F).

A closer look at the non-Minnesota sequences reveals that their haplotypes are not localized in any one
place on the network. In the Wisconsin sequences, two haplotypes (D and N) were uniquely sampled
from the state, but four out of the seven Wisconsin fish sequenced have haplotype A (the most common
Minnesota haplotype). Similarly, one of the Kankakee River (lllinois) fish possesses a unique haplotype
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(T), but the other two fish from that drainage as well as the fourth Illinois fish (Bay Creek in southern
Illinois) have haplotype A. Of the three more geographically distant fish (sequenced by Harris et al.
2005), the Maryland haplotype (S) is one nucleotide different from common Minnesota haplotype B, the
Alabama haplotype (P) is three nucleotides different from common Minnesota haplotype A, and the
Kentucky fish actually has haplotype A. Haplotype A’s widespread geographic distribution, both within
Minnesota and across the eastern states, and the location of the unique eastern haplotypes spread
throughout the network (rather than clustering together) suggest that Minnesota’s L. megalotis
mitochondrial haplotypes sampled largely represent ancestral diversity introduced during postglacial
recolonization. Of course, seven less common haplotypes unique to Minnesota were sampled, including
E and F which have a nested relationship with respect to its putative ancestral haplotype B, suggesting the
evolution of some local variation. Table 5 depicts haplotype frequencies at each collection site, again
showing that there are haplotypes not only unique to specific sites, but also unique to Major Watersheds
and Basins in the state. Obviously a haplotype unique to a particular collection site will also be unique to
its Major Watershed and basin (haplotypes C, I, M and O), but haplotypes E and F are found at multiple
sites all within the Upper Mississippi River Watershed, and haplotype K is found at two sites, both in the
Crow Wing River Watershed.

While the overall genetic variation within Minnesota as measured by mitochondrial DNA sequences is
low (especially compared with its southern conspecifics), the variation that does exist seems to exhibit
some geographic structure. The obvious caveat is sample size; the average number of individuals
sequenced per Minnesota site is only 4.55 (range 1-10), so in the above discussion we emphasized that the
data are haplotypes sampled. Because of their sampled endemism in two or more nearby sites as
discussed above, haplotypes E/F and haplotype K are probably the best candidates for locally evolved
haplotypes; the haplotypes that are unique to one site are just likely to be sampled low-frequency
ancestral variation at these sample sizes. For this particular project, when we saw that the mitochondrial
sequences were not exhibiting much overall variation within the state, we chose to allocate our resources
instead toward work on the potentially more variable microsatellite data set.

Optimization of Microsatellite Loci. We achieved some amplification for all loci screened except for
Lmar8, Lmarl6, and Lmal2l. Up to the present we have been able to optimize reaction formulas and
conditions to achieve genotypable results for five of these loci (Lmarl0, Lmarll, Lmarl2, Lmarl4,
Lma29), and analyzable data for the first four. Preliminary data were obtained for locus Lma29, but
reliable genotype data are not available.

Microsatellite Loci Analyzed. The microsatellite data set analyzed here included genotypes for 301 fish
at four loci: Lmarl0 (247 individuals), Lmarl1 (218 individuals), Lmarl2 (247 individuals), and Lmar14
(278 individuals). Table 3 provides some information about each of these four loci’s alleles; Lmar10 has
the highest allele diversity while Lmar12 has the lowest (as measured with a Shannon-Weaver diversity
index). Allele range and frequencies for each locus are presented in more detail in Figures 12-15, where
frequency distributions separated by state are graphed. For all four loci, frequency distributions of
Minnesota and Wisconsin (albeit a very small sample) are similar, there are few to no shared alleles
between Minnesota/Wisconsin and Missouri fish, and the few samples from Illinois fall out within the
ranges of both of the former two geographic areas. Also of note on these graphs is the proportionately
much greater number of alleles sampled from Missouri fish compared with Minnesota/Wisconsin fish; for
examples, for Lmarl0 seven Missouri fish collectively possess nine alleles, while 231 Minnesota fish
collectively possess only 13 alleles. Both of these observations (differentiation between Minnesota and
Missouri samples, greater overall genetic diversity in the south) are consistent with patterns observed in
the mitochondrial data.

Linkage Disequilbrium Tests. A linkage disequilibrium test on all 301 fish in the microsatellite data set
resulted in a statistically significant linkage relationship between loci Lmar10 and Lmarll. There was no
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mention of linkage tests in the paper that provided these loci (Schable et al. 2002), but that study was
focused on developing new microsatellite primer pairs rather than testing population genetics. Linkage
disequilibrium can be affected by a number of different things, including actual physical linkage on a
chromosome, population size, and population history. Both of these loci had a fairly large percentage of
uncalled individuals due to non-amplification, or more rarely being unable to distinguish clear alleles
(7.8% for Lmarl10 and 11.4% for Lmarl1); the presence of null alleles could be a confounding factor in a
linkage analysis. A larger data set and a confirmation of allele-calling in both loci are advisable before
publication of these data.

Hardy-Weinberg Tests. Test results for Hardy-Weinberg genetic equilibrium within populations
defined at the collection site, Major Watershed, and Basin levels are presented in Table 6 (Minnesota) and
Table 7 (other states, although sample sizes are usually too low to expect statistical significance). There
are a variety of populations at all three levels that exhibited statistically significantly lower observed
heterozygosity (Hops). Lower Hqps in microsatellite data can be associated with a variety of factors,
including population subdivision in the sample (the Wahlund effect), null alleles, allele-calling errors, or
microevolutionary forces such as drift or selection at non-neutral loci linked to the microsatellite loci.
Some of the significant tests were indeed at the level of Major Watershed or Basin (e.g., Rainy River
Watershed for Lmarl4, Big Fork River Watershed for Lmarl1l) so population subdivision within these
watersheds might result in lower Hqys. An interesting note about the significant test for Movil Lake
(Lmarl4) is that this site’s 44 samples include fish from each of two summers of collecting; when the two
years are treated as two populations, the statistical significance goes away (although this could also be the
result of decreased sample size). An instance like Girl and Baby Lakes exhibiting no heterozygotes for
locus Lmarl2 might be due to a null allele, such as a population-specific mutation in a priming site
leading to no amplification of the second allele in a heterozygote. However, Lmarl2 actually had the
lowest rate of non-amplifying individuals (2.4%), suggesting that null alleles may not be significantly
numerous. Allele-calling errors should also be considered, and as mentioned above, confirmation of
allele-calling will be done again before publication. However, all alleles for all individuals were assessed
by eye, from three different images of the data, by the same person, and a given locus was called within a
fluid time frame, so all efforts were made to avoid allele-calling errors.

AMOVA Results. As with the mitochondrial data, most of the geographic structure in the microsatellite
data set was among broader geographic groups. The AMOVA results (Table 8) show that as populations
are defined from larger to more local scales, the Fst value (a measure of population differentiation)
decreases. AMOVAs were conducted on populations defined as states (subpopulations = Basins), Basins
(subpopulations = Major Watersheds), and Major Watersheds (subpopulations = sites). In all three
analyses, the majority of the total variation was due to within-subpopulation variation, suggesting that the
total variation in the data set was fairly widespread across the whole range. However, the Fsr of 0.253 for
Basins within states and the Fst of 0.121 for Major Watersheds within Basins are considered roughly
great to moderate levels of differentiation, while the Fst of 0.061 for Minnesota sites within Major
Watersheds represents a fairly low amount of population differentiation. So not only is there relatively
less overall variation in Minnesota longear sunfish than in the unglaciated south, but that variation also
tends to be shared among Minnesota sites rather than partitioned geographically.

Phylogenetic Relationships (Microsatellite Data). Another way to examine the distribution of
microsatellite variation across Minnesota and compared with other areas is through phylogenetic trees
representing taxon relationships based on pairwise distances. Figure 16 shows a neighbor-joining tree
built from the chord distance matrix (Table 9) of the 13 Major Watersheds in the microsatellite data set.
The recurring themes of large north/south differences and lower variation in the north appear again in this
tree; the branch connecting the three southern watersheds with the ten northern watersheds is long, as are
the branch lengths leading to the three southern watersheds. The ten more northern watersheds form a
starburst pattern with very short internal branch lengths, which usually suggests a radiation. This is
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consistent with post-glaciation recolonization and differentiation, where recolonizing fish can become
relatively quickly separated in to newly available habitats where local differentiation can begin occurring.

Figure 17 shows a neighbor-joining tree built from the chord distance matrix (Table 10) of the 18
Minnesota collection sites in the microsatellite data set. The starburst pattern seen among northern
watersheds is seen again here among Minnesota sites. In some cases, all sites within a watershed are most
closely related in the neighbor-joining tree (Potato and Eagle [#1] Lakes in the Crow Wing Watershed;
Little Bemidji and Many Point Lakes in the Otter Tail River Watershed). In other cases, all sites within a
watershed cluster together in the same group though they are not sister taxa (Junction Bay and Sand Point
Lake in the Rainy River Watershed; Balsam and Little Thunder Lakes in the Mississippi-Grand Rapids
Watershed; Bertha, Cross and Rush Lakes in the Pine River Watershed). In still other cases, some sites
within a watershed cluster together while another is placed elsewhere on the tree (Movil and Three Island
Lakes versus Turtle River, of the Mississippi-Headwaters Watershed), or the sites within a watershed are
found in different places on the tree (Baby and Girl Lakes of the Leech Lake Watershed; Pine and Eagle
[#2] Lakes of the Big Fork River Watershed). As in the mitochondrial data, there may be some local
differentiation of haplotype frequencies, along with widespread distribution of ancestral variation that can
make geographically distant populations appear more genetically related.

Genetic Diversity in Minnesota (Microsatellites). In terms of unique microsatellite alleles (Table 11),
six alleles representing all four loci analyzed are unique to a collection site. The Lmarl0 allele (323 bp)
unique to Sand Point Lake will be investigated further by genotyping some Sand Point Lake
pumpkinseeds as it is an outlier (the next largest sampled Lmar10 allele is 311 bp). Obviously these six
alleles are also unique to the Major Watersheds and then Basins that contain them, but at the Basin level
there are four more unique alleles (all in the Upper Mississippi River basin). However, as discussed with
the sampling of mitochondrial haplotypes, unique alleles may represent either local evolution or sampling
of low-frequency ancestral alleles.

Overall levels of genetic diversity were fairly similar across Minnesota collection sites (Table 12).
Heterozygosity (the percentage of individuals heterozygous at a locus) averaged across all four loci
ranged from 18.4% in Junction Bay to 44.3% in Potato Lake, and the average value for all 18 sites was
36.5%. No populations were fixed at locus Lmar10, only Junction Bay was fixed at locus Lmarl14, four
populations (including Junction Bay) were fixed at locus Lmarl1, and ten populations (including Junction
Bay) were fixed at locus Lmarl2. The only populations fixed at more than one of the four loci were
Junction Bay (three loci) and Sand Point Lake (two loci); these populations are the two sampled from
Voyageurs National Park, and if this sampling accurately represents levels of genetic diversity in these
populations, they may be relatively depauperate due to their northernmost location (possible founder
effects in a more recent recolonization farther north). With the exception of Junction Bay and Sand Point
Lake, levels of genetic diversity in Minnesota longear sunfish populations are good as measured with
these four microsatellite loci. It is important to remember that microsatellite loci are neutral or near-
neutral genetic markers and as such are not likely to represent evolutionary significant genetic variation
per se, but they do serve as an estimate for how much historical processes (such as bottlenecks during
recolonization) or other random genetic drift since recolonization may have affected genetic diversity at
phenotypically relevant loci.
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COMMENTS ON DISTRIBUTION, POPULATION CLUSTERS, AND FUTURE FIELD & GENETICS WORK

Distribution. The number of Minnesota lakes/stream segments from which the longear sunfish has been
collected now stands at 37, twelve of which represent new distributional records documented by this
study. Longears were found in all three of the historic basins, and in eight of the nine Major Watersheds
that were sampled (Hustler Lake, the lone historic record from Rainy River/Headwaters, was not
sampled). New records were found in each of the eight watersheds, which indicate that the species is
more widespread within these watersheds and is likely to be found elsewhere within these watersheds.

Population Clusters. We recognize eleven geographic clusters of longear populations within Minnesota.
These clusters, listed below by river system within their respective watershed, are subject to modification
pending future surveys:

e Otter Tail. Little Bemidji and Many Point lakes, Otter Tail River System (Map 3, Sites 3
& 4). Little Bemidji Lake flows into Many Point Lake.

» Crow Wing. Eagle Lake #1 and Potato Lake, Crow Wing River System (Map 3, Sites 11
& 12). Eagle Lake flows into Potato Lake.

e Turtle River - Mississippi R (Headwaters). Turtle Lake, Movil Lake, Three Island Lake,
and Turtle River @ CR 207 (Map 7, Sites 25, 26, 27, 31). Turtle Lake flows into Movil
Lake, which flows into Beltrami and then Fox lakes (both unsampled). Fox Lake flows
into Three Island Lake, which is drained by the Turtle River. The Turtle River flows into
Turtle River Lake, and the CR 207 location is downstream of Turtle River Lake.

 Prairie River - Mississippi R (Grand Rapids). Balsam Lake (Map 7, Site 96) is the one
known record.

» Willow River - Mississippi R (Grand Rapids). Thunder and Little Thunder lakes (Map
7, Sites 74 & 75).

» Rice River - Big Fork River. Pine Lake, Coon-Sandwick Lake, and Eagle Lake #2 (Map
7, Sites 78, 79, 87).

» Rainy River (Rainy Lake). Junction Bay (Namakan Lake); Grassy Bay, Brown’s Bay
Staege Bay, Feldt Channel (all Sand Point Lake); Map 9, Sites 105, 109-112.

» Rainy River (Headwaters). Hustler Lake (Map 8, Site 32) is the one known record.

» Boy River - Leech Lake River. Ten Mile Lake, and five lakes within the Woman Lake
Chain: Baby, Woman, Girl, Kid, Cooper (Map 7, Sites 60, 62, 63, 67; Map 6, Sites 17 &
20).

» Shingobee River - Leech Lake River. Anoway Lake (Map 6, Site 16) is the one known
record.

* Pine River. Nine lakes within the Whitefish Chain: Bertha, Whitefish, Pig, Big Trout,
Island-Loon, Hen, Rush, Cross Lake, and Daggett (Map 4, Sites 3 — 11).

Future Field Surveys/Studies. Given the number of lakes within Minnesota that contain potentially
“ideal” habitat for longear sunfish, we expect that continued sampling will result in the discovery of
additional new populations of longear sunfish. Table 2 includes those lakes that were visited in 2006-07
but were not sampled (poor access, inclement weather). These and many other lakes and streams must be
sampled to develop a true understanding/baseline of the distribution and relative abundance of the longear
sunfish in Minnesota. Of particular interest are the lakes within the entire Lake of the Woods border
region, since our records from those difficult-to-reach lakes are so limited. In addition to the border lakes
listed in Table 1, we are aware of one unconfirmed report of longear sunfish in Basswood Lake.

Further sampling throughout the Turtle River and numerous other riverine systems need to be
conducted to determine the extent to which longears normally occur in rivers in Minnesota. We suspect
that longears could be abundant in the proper pool habitats throughout a number of rivers. Some of the
river systems that need to be sampled include the watersheds that harbor confirmed longear records: the
Boy, Fish Hook, upper Otter Tail, Pine, Prairie, Johnson (Rainy), Rainy (headwaters), Rice — Big Fork,
Shingobee, and Willow systems. Other river systems that need to be examined include (but are not
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limited to) the upper Crow Wing (e.g., the Shell River), remainder of the Leech Lake watershed (e.g.,
Kabekona River), and Pelican River (Otter Tail River). Additional watersheds that have never been
sampled while specifically looking for longears, such as the Gull River watershed in the Brainerd area,
must also be sampled.

To support CWCS Goal 11, Management Challenge 1, Strategy Il B, Priority Conservation Actions
for Research, it is imperative to “ldentify important patterns and distributions of key habitats to better
support SGCN populations.” It is with this Strategy in mind that we have begun a collaborative
effort with Dr. Brian Welch (St. Olaf College) and students in his Spring 2008 GIS course. Using our
data and knowledge concerning what we consider to be the key habitat components, we are working to
develop a method to predict/identify those lakes that possess the combination of habitat characteristics
that are preferred by longear sunfish. The logical step, if additional funds are made available, would then
be to sample a subset of predicted lakes within all nine watersheds, and to eventually expand the search
area to other watersheds.

With the proper field vehicle (i.e., 4WD to launch/retrieve a boat from lakes with sand ramps) many
lakes can be sampled rather quickly. However, it will take considerably more time to assess the species’
presence and relative abundance in the larger lakes that fall within its known range, such as Cass and
Winnibigoshish. Numerous bodies of water do not have public boat access, so obtaining permission from
landowners is a priority.

Future sampling should also include snorkeling/SCUBA efforts in select lakes. This would increase
our confidence that longear sunfish are not regularly found in near-shore waters that are too deep to
seine/boatshock efficiently.

If funding is made available we would also conduct a (preferably) multi-year life history study of the
species, simultaneously studying populations from a number of water bodies within the state (i.e., the
Turtle River population, one Mississippi Basin population, and one Lake of the Woods Basin population).
This valuable data would surely supplement and expand upon the observations that we have made during
the limited sampling that we did in 2006-07.

Future Genetics Work. There is some additional work to do with the genetic data sets before submitting
manuscripts for publication in peer-reviewed journals. We will use what remaining supplies we have in
the lab to complete genotyping for all four of the loci analyzed already, and reanalyze the data from locus
Lma29 to see if reliable genotypes can be called. More detailed analyses concerning correlations between
genetic and geographic patterns can be done, including distance (genetic and geographic) matrix
correlations; we anticipate that the GIS work mentioned above may help us best reflect geographic
distances in these tests. One interesting broader scale issue is the hypothesized source of postglacial
colonists — did longear sunfish colonize from refugia east or west of the Mississippi River? Fortuitously,
we have a colleague who has been studying longear sunfish genetic variation with a focus on geographic
regions that we did not sample, so we plan to pursue a collaboration to address broader scale relationships
within Lepomis megalotis.

RECOMMENDATIONS CONCERNING THE SPECIES’ CONTINUED LISTING ASA SGCN

The number of Minnesota lakes/stream segments from which the longear sunfish has been collected now
stands at 37. This number, although likely to rise when additional collecting occurs, still represents a tiny
fraction of the waters within Minnesota. Until such time that the longear sunfish is found to be
widespread and common throughout its range, or that the species can be shown not to be under any
danger of population decimation/extirpation, this species must remain listed as a Species in Greatest
Conservation Need in Minnesota. Furthermore, we recommend that this species be listed as “Special
Concern” by the MN DNR because of its limited numbers and because it has “highly specific habitat
requirements and deserves careful monitoring of its status” (http://www.dnr.state.mn.us/ets/index.html).
Continued habitat degradation would necessitate its listing (along with numerous other fish species) as
“Threatened” in Minnesota.
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COMMENTS ON IMPORTANT POPULATIONS AND CONSERVATION ISSUES

Important Populations. In the draft version of the CWCS (under which this project was funded),
Priority Conservation Goal I, Problem 2, Action A calls for the management of “important” SGCN
populations. The CWCS indicates that important populations could be those that are found in high-
density clusters, contain large numbers of individuals, or are associated with high quality habitats. We
added that genetic biodiversity and/or uniqueness is another key factor in identifying important
populations for management purposes. Populations that exhibit overlap in both genetic and ecological
categories should be ranked as “most important” populations.

We have recommended that the species remain listed as a SGCN. We further suggest that, until more is
known about the species, all 37 populations should be considered important in terms of management
decisions. We can offer some additional subdividing/ranking of these populations based on the current
and perceived threats to the lakes/habitats, and below we divide the populations into the following four
categories: “Most Secure,” “Uncertain,” and “Most at Risk.”

Most Secure. Limited development on these lakes has resulted in the retention of much original and
quality habitat. The species is considered “abundant” in these waters and occurs as a cluster of
populations within each watershed.

» Turtle River System — Miss (Headwaters). Turtle Lake, Movil Lake, Three Island Lake, and
Turtle River @ CR 207 (Map 7, Sites 25, 26, 27, 31) currently represent the largest population
cluster of longear sunfish in Minnesota, and may exhibit some locally evolved genetic variation.

e Otter Tail. Little Bemidji and Many Point lakes (Map 3, Sites 3 & 4) also may exhibit some
locally evolved variation.

» Sand Point Lake. Map 9, Sites 109-112. The sampled genetic diversity was relatively low.

Uncertain. Each represents an isolated population (i.e., no clusters of lakes). There do not seem to be
large-scale pressures from shoreland development, but we simply don’t know much about these
populations. Additional sampling is needed.
» Mississippi (Grand Rapids) — both the Prairie & Willow River lakes. Balsam Lake (Map 7, Site
96); Thunder and Little Thunder lakes (Map 7, Sites 74 & 75).
» Big Fork System. Pine Lake, Coon-Sandwick Lake, and Eagle Lake #2 (Map 7, Sites 78, 79, 87).
» Rainy River (Headwaters). Hustler Lake (Map 8, Site 32).
» Rainy River (Rainy Lake). Junction Bay (Namakan Lake); Map 9 Site 105., Little Johnson Lake
(Map 8, Site 23).
» Shingobee R — Leech Lake. Anoway Lake (Map 6, Site 16).

Concern. Development of the shorelands in the Park Rapids region already has likely had a negative
effect on populations.
» Crow Wing System. Eagle Lake #1 and Potato Lake (Map 3, Sites 11 & 12).

Most At Risk.

 Pine River System.
Hen, Cross, Whitefish, and Big Trout lakes each have an abundance of shallows, but it
appears that much of the shoreland & shallows has been altered by continued upscale home
development, and much of the original submerged and emergent vegetation has been
removed. Secure breeding colonies of longear sunfish within these lakes may already have
been lost. (Map 4, Sites 3 — 11). The other lakes with historical records (Pig, Island-Loon,
Daggett, Table 1) need to be sampled.

» Boy River — Leech Lake.
Woman Lake has an abundance of shallows, but it appears that much of the shoreland &
shallows has been altered by continued upscale home development, and much of the
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original submerged and emergent vegetation has been removed. Paul Radomski (pers.
comm.), MN DNR, found only three individuals in Woman Lake during a multi-day
sampling effort in September 2006. So small numbers indicates that this species is not
common in Woman Lake, and perhaps can be found in the lake more commonly as waifs
from the Girl Lake population. The shoreline of Woman Lake appears to have been
modified significantly over the years. Other lakes within the Chain need to be sampled.
While traveling through this area it appears that the Woman Lake Chain is undergoing a
transition from smaller lake homes to more extensive shoreland development and habitat
alterations similar to what has already happened on the Whitefish Chain of the Pine River
System. (Map 7, Sites 60, 62, 63, 67; Map 6, Sites 17 & 20).

Genetic Perspective on Possible Management Practices. Given some of the habitat degradation and
corresponding lower longear sunfish population sizes observed in this study, it may become advisable to
supplement and/or restore ailing or extirpated longear sunfish populations in the future. Both the
mitochondrial and microsatellite data sets show sampled ancestral variation to be distributed across
Minnesota populations. However, both data sets also show some potential local variation, specifically in
watershed-specific mitochondrial haplotypes and unique microsatellite alleles. So, even in the only
10,000 years since current longear sunfish habitats were unglaciated, some genetic differentiation at these
neutral or near-neutral markers may have occurred. Whether local adaptive genetic differentiation at
more slowly-evolving selected loci has occurred is not known, but it is prudent to preserve any potential
local adaptive variation by supplementing from native populations. Our genetics results to date suggest
that any genetic differentiation occurring is largely at the watershed level, so maintaining watershed
fidelity when moving longear sunfish among populations should be sufficient.

Conservation Issues. Ultimately, the longear sunfish may not prove to be widespread in the state of
Minnesota, and it may remain listed as a SGCN (Species in Greatest Conservation Need) within
Minnesota. Given the continued pressures to develop lakeshore properties across the state combined with
a lack of regard by many landowners for habitat protection (witnessed first-hand by the authors), this
habitat-limited species is likely to experience a decrease in range, population size, and health as more and
more lakeshores are altered. Lakes that have or are experiencing rapid alterations to the natural
shorelines, such as Woman Lake, have likely already lost significant populations of this unique species.
Unfortunately there do not exist sufficient historical records to conclusively support this statement;
however, in our professional judgment we feel confident in making such statements.

Longear Sunfish as Indicators of Lake Quality. The longear sunfish is a species whose
extirpation/decimation/decline in abundance (and health) can be used as an indicator of a water body’s
deteriorating health. Conversely, the species’ high abundance can be used as an indicator of a water
body’s good health. Decreases in populations have already been observed in the Whitefish Chain, where
the shorelines of most of the lakes continue to be modified extensively.

Once the baseline data have been completed for lakes throughout its range in Minnesota, long-term
monitoring will identify any positive or negative trends in longear populations within a given water body.
Negative trends can then be used to inform federal, tribal, and state natural resource managers that a
particular lake/stream may be experiencing a decrease in water/habitat quality. Positive trends can help to
signal that a water body is maintaining its health or showing improvement.
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APPENDIX A — MAPS
Maps 2-10 created with Google Earth images.

Map 1. General locations of all historic sites of longear sunfish in Minnesota (data from K. Schmidt,
MN DNR).
Maps 2, 4, 6, 8.

Enlarged sections of Map 1 showing all historic sites of longear sunfish in Minnesota (data
from K. Schmidt, MN DNR). The numbers correspond to Table 1, Appendix B.

Maps 3,5, 7, 9, 10.
Locations of all sites visited during 2006-2007. The yellow triangles indicate sites where
longears were found; diamonds indicate sites where longears were not found; circles indicate
lakes that were sampled incompletely and need to be visited in the future. The numbers

correspond to Table 2, Appendix B.
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Map 1. General locations (black circles/ovals) of the historic records of longear sunfish
within Minnesota. The areas enclosed by the yellow boxes are enlarged in Maps 2-10.
T1=Table 1, T2 = Table 2. The map, which also identifies the eight major basins and

outlines the major watersheds in Minnesota, is modified from the following website:
(http://gisdmnspl.cr.usgs.gov/cgi-bin/mapserv.exe?map=c:/apache2/htdocs/watershed/major_basins.map).
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Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

APPENDIX B — TABLES

List of lakes that contain historic records of the longear sunfish. The numbers in the left hand
column correspond to Maps 2, 4, 6, and 8, Appendix A.

Locations visited during 2006-07, with general notes on lake habitat, sampling results, and
whether a lake needs to be sampled further. The numbers in the left hand column correspond to
Maps 3,5, 7, 9, and 10, Appendix A.

Information about and some protocol specifics for the four microsatellite loci used in this study.
All four loci were originally developed by Schable et al. (2002) for L. marginatus. “d”
represents the Shannon-Weaver diversity index.

Mitochondrial cytochrome b haplotype (A-T) frequencies at each site sampled (n = number of
individuals sampled). A shaded box indicates a haplotype unique to that site. “*” indicates a
sequence from Harris et al. (2005). See Figures AA and BB for hypotheses of genetic
relatedness among haplotypes.

Mitochondrial cytochrome b haplotype frequencies in Minnesota by collection site (italics),
Major Watershed (bold) and Basin (bold caps), where n = number of individuals sampled and
an “*” indicates a haplotype unique to that group. Mitochondrial cytochrome b haplotype
frequencies in Minnesota by collection site (italics), Major Watershed (bold) and Basin (bold
caps), where n = number of individuals sampled and an “*” indicates a haplotype unique to that
group.

Summary of Hardy-Weinberg genetic equilibrium tests for Minnesota populations defined at all
three levels (collection site in italics, Major Watershed in bold, and Basin in bold caps). Data
reported include number of individuals genotyped (n), and observed heterozygosity (Hops) and
expected heterozygosity (Hexp) for each locus.

Summary of Hardy-Weinberg genetic equilibrium tests for non-Minnesota populations defined
at all three levels (collection site in italics, Major Watershed in bold, and Basin in bold caps).
Data reported include number of individuals genotyped (n), and observed heterozygosity (Hobs)
and expected heterozygosity (Heyp) for each locus.

Analysis of molecular variance (AMOVA) results for microsatellite data. Three AMOVAS
were run, each on a data set where populations were defined as Basins, Major Watersheds, and
Minnesota collection sites. Percent of variation refers to the amount of total variation attributed
to variation at a given level, and Fst refers to the amount of genetic structure when the
populations are defined in the given way in an analysis.

Table of pairwise chord distances among the 13 Major Watersheds.

Table of pairwise chord distances among populations from 18 Minnesota collection sites.
Minnesota populations containing unique microsatellite alleles. The three levels of population
designation (collection site, Major Watershed, Basin) are included. Alleles are given in total

nucleotide length.

Average heterozygosities by locus and then averaged overall for the 18 Minnesota collection
sites.



Table 1.

Historic localities for longear sunfishes in MN (K. Schmidt, MN DNR database).

Numbers in the left hand column refer to numbers on Maps 2, 4, 6, and 8, Appendix A.
Township/Range/Section numbers are for quick reference and do not necessarily include all

Section #'s.
Lake Name & General Location (usually expressed as the approx. distance from public boat ramp)
T R MN DNR Year of last
County ) w) Sec. LakeFinder Watershed - Basin record
Map 2: Becker Co./Park Rapids Area
1 Little Bemidji Lake 4 miS Elbow Lake Village
Becker 142 39 23,36 3023400 Otter Tail R — Red River of the North 2005
2 Eagle Lake 6 miN Park Rapids
Hubbard 141 35 15,22 29025600 Crow Wing River — Mississippi R 2005
Map 4: Pine River System
3 Bertha Lake 7 mi WSW Cross Lake (town of)
Crow Wing 137 28 20 18035500 Pine River — Upper Mississippi R 2002
4 Whitefish Lake 3 mi WNW Cross Lake (town of)
Crow Wing 137 28 13 18031000 Pine River — Upper Mississippi R 2001
5 Pig Lake 4 miW Cross Lake (town of)
Crow Wing 137 28 14 18035400 Pine River — Upper Mississippi R 2001
6 Big Trout Lake 4 mi NW Cross Lake (town of)
Crow Wing 138 27 31 18031500 Pine River — Upper Mississippi R 1990
7 lIsland-Loon Lake 5 mi SSE Walker
Crow Wing 137 27 5 18026900 Pine River — Upper Mississippi R 2001
8 Hen Lake 3 mi NW Cross Lake (town of)
Crow Wing 137 28 7 - Pine River — Upper Mississippi R 1995
9 Rush Lake 2 mi NW Cross Lake (town of)
Crow Wing 137 28 8 18031100 Pine River — Upper Mississippi R 2001
10 Cross Lake Reservoir 2 mi SW Cross Lake (town of)
Crow Wing 137 27 30 18031200 Pine River — Upper Mississippi R 2001
11 Daggett Lake 2 mi NE Cross Lake (town of)
Cass 137 27 16 18027100 Pine River — Upper Mississippi R 2001



Table 1.

Continued.
Lake Name & General Location (usually expressed as the approx. distance from public boat ramp)
T R MN DNR Year of last
County ) w) Sec. LakeFinder Watershed - Basin record
Map 6: Chippewa National Forest & Surrounding Area
(Mississippi R/Headwaters, Leech Lake R, Mississippi R/Grand Rapids, Big Fk R, Little Fk R)
12 Three Island Lake 3 mi NW town of Turtle River
Turtle R — Miss R (Headwaters) —
Beltrami 148 33 24 4013400 Upper Miss R 1975
13 Pine Lake Scenic State Park
Itasca 61 25 32 Big Fk R — Lake of the Woods 1992
14 Coon-Sandwick Lake Scenic State Park
Itasca 60,61 25 6,32 31052400 Big Fk R — Lake of the Woods 1992
15 Trout Lake 11 mi SE Marcell
Prairie R — Miss R (Grand Rapids) —
Itasca 58 25 29,32 31041000 Upper Miss R 1945
16 Anoway Lake 5 mi SSE Walker
Cass 141 31 8 Shingobee — Leech Lake R — Upper Miss R 2005
17 Kid Lake 8 mi WSW Longville
Cass 140 29 7,8 11026200  Boy R-Leech Lake R —Upper Miss R 1975
18 Baby Lake 7 mi W Longville
Cass 140 29 8,9 11028300  BoyR-LeechLake R—Upper Miss R 1995
19 Woman Lake 3 mi SW Longville
Cass 140 28,29 11020100 ~ Boy R—Leech Lake R — Upper Miss R 1986
20 Cooper Lake 3 miSW Longville
Cass 140 28 3 11016300 Boy R — Leech Lake R — Upper Miss R 1987
21 Thunder Lake 3 miSW Longville
Willow R — Miss R (Grand Rapids) —
Cass 140 26 15 11006200 Upper Miss R 2000
22 Little Thunder Lake 3 miSW Longville
Willow R — Miss R (Grand Rapids) —
Cass 140 25 7 11000900 Upper Miss R 2000



Table 1.

Concluded.
Lake Name & General Location (usually expressed as the approx. distance from public boat ramp)
T R MN DNR Year of last
County ) w) Sec. LakeFinder Watershed - Basin record

Map 8: Voyageurs National Park & Area; Boundary Waters Canoe Area Wilderness
23 Little Johnson Lake (outlet flows north into Voyageurs National Park)

St. Louis 68 18 20 69076000 Rainy R — Lake of the Woods 1993
Sand Point Lake \Woyageurs National Park, eastern boundary of Park

St. Louis 69076000 Rainy R — Lake of the Woods
24 69 17 34 near South Island, VNP Seine Locality #1 1989
25 69 17 35  near South Island, VNP Seine Locality #3 1989
26 68 17 2 Swansons Bay, VNP Seine Locality #4 1989
27 68 17 8  Grassy Bay, VNP Seine Locality #10 1991
28 68 17 16  Grassy Bay, VNP Seine Locality #7 1989
29 68 17 20  Browns Bay, VNP Seine Locality #9 1991
30 68 17 20  Browns Bay, VNP Seine Locality #8 1989

31 Mukooda Lake \oyageurs National Park, SE corner of Park
St.Louis 68 17 35 69068400 Rainy R — Lake of the Woods 1997

32 Hustler Lake BWCA, 6 mi NE Lake Jeaneatte State Forest, Hwy 116
St. Louis 66 14 5 69034300 Rainy R (Headwaters) — Lake of the Woods 1974




"Juasald SMO|[BYS BAISUBIX3 ‘AJUO PaIa)IoUU0ddY :Sa10N
SOA - - ON 90/ET/9 ULION 841 JO IBAIY Py — o [leLl 19110 008STOE 9¢ 6€ A4 18%98d
abe[IA e MogI3 MSS 1w 0T a3e7] 8S000BAA\ 9

'£0/9/9 urefe pajduwes 5810
‘aJoys ulaypiou Buoje aebje snojuswe|l) JO SJUNOWE 9AISSBIXa ‘Sieabuo] 10) 1e1Iqey a|gelns aAey 0} Jeadde Jou saop eyl ,,8xe| pues, v N
ON - N ON 90/£T/9 ULION 81 JO JaAI] pay — Y [1eL Jano 00SSTOS 8T ‘L 8¢ Tyl Jooeg

afe|In T MOGIT S IW 6 9XeT] punoy G

“Jelgey Bulumeds [eapl W0 18yl SPaq ysni|Ing 79 SMOo|[eyS BAISU3IXT :S810N
ON uepunqy A ON 90/ET/9 ULION 841 JO ISAIY payd — o [lel 19110 008STOE 9€ 6€ A4 18%98d
abe|iA eI MOgII S IWQ BT Julod AUBIN ¥

‘Jelgey Bulumeds [eapl W0y 18Ul SPag ysna|Ing 7 SMO|[eyS aAISUaIX :Se10N
ON Juepunqy A SOA 90/€T/9 ULION 8} JO JBAIY pay — Y [1eL 1an0 00¥€EC0E  9€°€Cc 6  CPT  Jedegd
sbe[IAETMOqIT S TW axeT] Ilplwag a1 €

‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ET/9 ULION 81 JO JBAIY Py — o [Iel J8n0 006STOE 8 LE TVl 1998d
(Joumoyl) yuez slYM ANTF W 2T aYe I moq|3 ¢

"SMO]||eYS 8yl Ul Siew [ebje snojuawe|l) JO SYIMoIB aAISUsIXT :S810N
ON - N ON 90/€T/9 ULION 83 JO JBAIY pay — Y [1eL 1an0 00£00017Y Ve 6€ €T  UBWOUYeN
sbe[IASeTMOgII M IWE e AgeinL. T
Baly spidey Maed/ 0D 1axdeg € deN

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1Nsay /0-900¢ (dwe yeoq o1jgnd wouy sduesip xoidde ay} se passaidxa Ajjensn) UOITRIOT [IBUSD 79 BLLIRN 9Xe]

"PALISIA S, UOIII8S || apNn|oul AJ11essadau JoU Op pue adualajal Y2Inb 10} ale siaquuinu uonoes/abuey/diysumo)

"W X1puaddy/ ‘(02T-LTT S#) 0T 40 ‘(9TT-66 S#) 6 (86-vZ S#) L '(S€Z-¥T S#) G ‘(ET-T S.#) € de uo sisquinu

0] J3JaJ uWwn|od puey Ya| ayl ul SIBquINN “200Z pue 900z Bulinp saysiyuns Jeabuoj 10y palaliouuodal 10 pajdwes aiam jey) sexe]
'Z 81geL




panowal Usag aAeY spaq uoine1ahaA Jusbiawa 1So0W paltslfe aul|aioys INg ‘SMOJ|eys aAISUSIXT :S810N
ON - N ON 10/9/9 d 1ddississiiAl Jaddn — ¥ Buipy moid 0022062 A Ge  T¥T  preqanH
spided dled N W G0 3Ye] Y00H ysi4 €T

‘Jelgey Bulumeds [eapl WI0Y 18U SPag ysna|Ing 7 SMO|[eyS aAISUaIX :S810N
ON uowwo) A ON 10/L/9 d 1ddississiiAl Jaddn — ¥ Buipy moid 00£¥7206¢ £z Ge  T¥T  preqanH
spidedled N WG aye] 01e10d ¢T

“Jencey Bulumeds [eapl WO 1ey) SPaQ YsnA|INg 7 SMO|[BYS dAISUSIXT :S810N
ON uepunay A SOA 90/2T/9 Y 1ddississipy saddn — Y Buim moiD 00952062 ¢Z'ST S€ Tyl  PreqanH
spided sied N1W 9 T# oxe] a|beq 1T

"punoy Ajjelausb ale siealuo] YdIym Ul SISTem Jou aJe YdIYM UOoIRI0j0d ,,uteis-6oa,, Yim sislem ‘afingay ajl|p|IAA [RUOHEN Moriewr] :S310N
ON - N ON 10/9/9 ULION 841 JO IBAIY Py — o [lel 19110 00T0C0E €¢ 6€ ovT 18%98d
sexeT] J1018d 3N abnjay SIIPIIM [EUOIEN YorleWEL 9B 331y 0T

"punoy Ajjelausb ale sieauo] YoIym Ul SISTem Jou 8. YIIYM UOoIRI0j0d ,,uteis-6oa,, Yim sislem ‘afingay ajl|p|IAA [RUOEN Moriewr] :S310N
ON - N ON 10/9/9 ULION 841 JO IBAIY payd — o [lel 19110 00S6T0E LC 6€ ovT 18%98d
SabET 10190 IN abNnJayd SHIPIIM [EUOIEN YoBIeWEL  ayeT] pueT Jo ybleH 6

"punoy Ajjelausb ale siealBuo] YoIym Ul SISTem 10U aJe YIIYM UOIRI0[0d ,,uteis-6oa,, Ylm sislem ‘afingay aJl|p|IAA [RUOHEN Moriewre] :S310N
ON - N ON 10/9/9 ULION 841 JO IBAIY payd — o [lel 19110 0000¢0¢ 0€ 6€ ovT 18%98d
S9XeT 1104190 3N ‘3bNnjay aJIP|IM [euOlleN Yoelewel aMeT] auld 8

"punoy Ajjelausb ale sieauo] YdIym Ul SISTem Jou aJe YIIYM UOoIRIoj0 ,,uteis-6oa,, Ylm sislem ‘afingay ajl|p|IAA [RUOIEN Moriewr] :S310N
ON - N ON 10/9/9 ULION 841 JO IBAIY payd — o [lel 19110 00Tvc0¢E 8T 6€ ovT 18%98d
Sa)e] 11018d 3N :90njay sH|P[IM [EUOHEN XJelewe] a¥eT] Moedewel /

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




"9y ysny JO apIs 1Sea JN UO 9A0J ||BWS Ul punoy sieabuoj ‘auljaloys Jo uawdojanap Yonjz :Sa10N
ON Jussald A SSA L0/T/9 d 1ddississi Jaddn — JaAry auid 00TTE08T 8 8z LET Buim moid
(J0 umol) e SSOID MN W Z axe] UsH/Usny 0¢

‘uolelaban JuUabiaLLL JO [RAOLIBL BAISUSIX3 ‘Bul|aloys JO wuswdojansp yon :S810N
SOA - N SOA 90/6T/. d 1ddississi| Jaddn — JaAry auid 00STE08T 18 lz  8ST  Buim moid
(JO UM0Y) 8XeT SSOID MN W & 3)e 1IN0l big 6T

‘pajdwues ag 0} Spasu axeT ypLalyAA Jaddn “smojjeys sy woly
uonelafian Juabiswa Jo [eAowal 218]dwod AjJeau ‘aulfaioys 4o uswdolansp YoniA “pakanins axe YsistyAA Jamo] JO auljaoys alnul

SBA - N SOA L0/T/9 d 1ddississi| Jeddn — JaAry auid 000T£08T €T 8z LET Buim moid
(10 UM0]) 8XeT SS0ID MNM W e axe] YSaMYM\ 8T

:S310N

“Jencey Butumeds [eapl W0 12yl SPag Ysnijng 7 SMOJ[eYS SAISUSIX3 JO SUOID8S Pallli] ‘auljaioys Jo Juawdojansp yonjA :Sa1oN
ON uepungqy A SOA 90/6T/L Y 1ddississi|n Jaddn — JaAry auld 00S5€08T 0¢ 8¢ LET  Bui moid
(JO UMOY) e T SSOID MSM W 2 aye] eyuieg /T

"Spaq uoIe1ahaA Juablawa YlIM SMOJ[eYS 8AISUSIX3 OU ‘1eligey Jalem usdo yonw jou ‘axe| Apaspn Se10N
ON - N ON 90/9T/. Y 1ddississiy Jaddn — JaAry auld 0020€0TT 0€ 6 8¢T ssed
IWeT axe] AemuoN 9T

‘utebe ajdwes ‘uolrelahan Jushisws pauwi] ‘siesbuo| 1oy yelgey a|geins Aew ey ,,axe| pues,, e JO JeYMaWos INg ‘SMO|[eys dAISUBIXT :S310N
SOA - N ON 90/9T/. Y 1ddississiA Jaddn — JaAry auld 00TTVOTT e 0 6€T ssed
2T 9MeT] abeniod big g1
‘urebe ajdwes ‘sieabuoj JoJ 1ergey ajgeins Aew eyl ,,8xe| pues,, e JO 1eyMaLlos INg ‘Spag ysnijing % SMO||RYS dAISUSIXT :S810N
SOA - N ON 90/9T/. Y 1ddississiA Jaddn — JaAry auld 00TTVOTT e 0 6€T ssed
ZT 9eT] ulejuno|y auld T
WId1SAS JaAIY auld G dey

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




'/0/6/8 PUe £0/82/9 ‘L0/¥0/9 PANSIA OS[e ae| SIYL “Tendey Butumeds [eapi Jojjo uome1aBian JusbIawa YIM SMOJ[eYS BAISUSIXT :S810N

ON Juepunqy A ON 90/¥T/9 o SSIIN Jaddn 002STOY 8¢ €e 8yl  lwenjeg
— (s1ayempeaH) o SSIA — Y ajunL
19ATY B[UNL JO UMO} MSM TW G 8¥eT] [INOIN  9¢
‘Je11gRY Bulumeds Jeapl a0 uolle1ahaA Juabiawa YlIM SMO|[eyYS dAISUBIXT :S810N
ON Juepunqy A ON 10/82/9 o SSIIA Jaddn 006STOY ee €e 8yl  lwenjeg
— (s1ayempeaH) o SSIA — o ajunL
JOAIRY UNL JOUMOI M\ 1W G 3)eT] 9jlUNnL G¢
‘s1eabuo| J1oJ 1e11qey 8|ge1ns aAey 0] Jeadde 10U S80p Jeyl ,.8xe| pues,, vV :S810N
ON - N ON 10/S/9 o SSIIA Jaddn 0099T0Y g ee  8yT  lwenjeg
— (s1ayempesH) o SSIA — Y ajunL
JOAIY 3[LNL JO UMOI MAN W 8 eljNC 9] ¢
Sealy AgJesN 7® 158404 [euoieN emaddiy)d :/ den
‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 10/2/9 Y 1ddississin Jaddn — JaAry auld 00€0208T e 9z 8cT Buim moid
Goumoy) eTAIWISIWT e Allwg €7
's1eabuo| J1oJ Jeapl 10U ‘a1es1sgns AMonw AIaA :S810N
ON - N ON 10/2/9 Y 1ddississin Jaddn — JaAry auld 00¥76208T T Lz 8ST  Buim moid
AIWI MN TWS  ayeT] [|[sYIUIN 22
"uole1aban JuabiaLL JO [RAOLWIAL BAISUSIX3 ‘Bulaloys JO wuswdojansp yon\ :S81oN
ON Jussald A SSA 90/8T/. Y 1ddississin Jaddn — JaAry auld 002TE08T 0¢ Lz LET  Buim moid
(JO umQl) BeT SSOID MS W 2 JI0AI3SY 9Xe] SSodD T¢
gurefy  souepunqy  N/A ¢Ppa029y (s)are@ uiseg - paysarepn Japui4aye]  '09S (m) (N) funoo
s|dwes  aAnedy [ed1101sIH dINA NN d 1

SHNsey £0-900¢

(dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]

"panunuo)
‘¢ 9lqeL




"ae| SIY) USIASY "Teliqey [enusjod yonj “durel Jeau autjaioys o} payiwil Burjdures yeoq youne| 03 Jos 00} duwes pues :sajoN

SN - N ON L0/0T/8 ¥ SsIN Jaddn 00£500¥ Ge  TE 8yl lweneg
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uNL

LISUSL IS 1IW /. 8XeT] UIM] yinos ¢¢

"SI97eM9R( INOUIIM (ZZ AMH) Weansumop ‘1eligey [eapl apiaoid syueq ay) Buoje pue sis)emoed MOf[eYS Ul UILIIM Spag 891y :S310N
ON uepungqy A ON L0/0T/8 o SsIA Jeddn - T€ T€ 81 lwelljagd
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uUNL
(..pY SUBAIND 831YL,,) L0€ 4O @ MMISUBL S IW G JUBAIY 9l ANl TE

'sreafiuoj 1oy 1e11qey a|gelIns aAey 0) Jeadde Jou Sa0p eyl 88| pues, V' :S810N

ON - N ON L0/5/9 ¥ SSIN Jaddn 000210 ¥ Z€ 8yl lwenpeg
— (s1e7eMpEaH) ¥ SSIA — ¥ S[uNL

MISUBL MN  8XeT] |IND 0€

‘o s1y1 ajdwesay ‘AjaAndaye Burjdwes wol) pajusAaid siayem ybnod/spuim Buons :Sa1oN

SN - N ON L0/7/9 ¥ SsIN Jaddn 00TTTOY €€z 8yl lwenpg
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uNL

JBAIY 3LNL JO UMOY 3S  3¥eT] JaAIY 9|1 Nl 6¢

"oy s1y1 ajdwesay ‘AjaAndaye Burjdwes wol) pajusAaid siayem ybnod/spuim Buons :Sa1oN

SN - N ON L0/7/9 ¥ SsIN Jaddn 00SETOY € €¢ 8yl lwenpg
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uNL

JOATY 3]1NL Jo uMOol M\ TW € 3BT lwedl|jeag 8¢
"9)e|] 8Y1 Ul SMOJ|BYS JO BaJe dAISUIXS
Ajuo ayy ur Bulumeds punoy sreabuoj ‘Aemjjids Aq pasiel Aj[edaljinie sjans| axe| ‘uoie1ahan Jusbiawa Jo spag yliim pabull auljaioys

ON Juasald A SN L0/S/9 ¥ SsIN Jaddn 00VETOY vz €€ 8yl  Iweng
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uUNL

:S310N

JOATY 3]1N1 JO UMOI AN W S 8YeT] pue|S| 8aJdyl /2

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




'SpunoJb Butumeds apiAoid 01 SMOJ[eYS BAISUBIXS ON :S810N
ON - N ON 10/6/8 o SSIA Jaddn 8L 0 9vT  lweljsg
— (s18v8MpESH) Y SSIAI — H BjUNL
9Xe IY2II BIA SS8d0e ‘Uuolbulluuad MSM IW G2 ayeT] a|oH bnd 8¢

'sreafiuo| 1oy 1e11qey a|gelns aAey 0) Jeadde Jou Sa0p 18yl 88| pues, V' :S810N
ON - N ON 10/6/8 o SsIA Jaddn 00,000t €e'zce  0¢g yAd) lwenjegd
— (s1e1eMpeaH) ¥ SSIA — ¥ S[uNL
(e[ J0 8pIS N) 10Sey BUIpUET 121 BIA S$333€ “‘UOIBUIUUS] MIN W T 8ye7] Yoy /&

.mUc:O‘_m mc_c>>mdw w_u_>o‘_n_ 0] SMO||eYS aAISU3]1Xa OU ”wUCm_w_\wumE Co_umuwmw> ucmmgwrcm JO SPaQ aAISU31Xa YHIIM _uwmc_‘_ 9ul|al0yS :S910N
ON - N ON 10/6/8 Y SSIIAl Jaddn 00ST00Y 1€ 0 L¥T  lweneg
— (sJ1a1empeaH) Y SSIN — o 9punL
8Ye] IYJ1I BIA SS800€ ‘UoIBuIUUSd MIN W G'E  9Xe ] 9dly amI] 9¢&

*spunoJf Bulumeds apIA0Id 0] SMOJ[BYS SAISUSIXS OU ‘SpuB|SI/sTewu uole1ahian Jusbiawua JO spaq aAlsUaIXa UM palull auljsioys :Sa1oN
ON - N ON 10/6/8 o SsIA Jeddn 00TE00Y 0€ ‘G¢ 0€ ‘TS LvT lwenjed
— (s1e1eMpeaH) ¥ SSIA — ¥ S[uNL
e Y211 BIA S$3008 “uojbuluUad MIN W SF  axe] 9dly Big gg

"SMO][BYS 3] Ul Syew [eBe snojuswie|i) JO SYIMoIB aAISUSIXa ‘81e41sgns YN YoIyl :Sa1oN

ON - N ON 90/7T/9 ¥ SsIN Jaddn 00TTO0Y 2z 0 LyT  lweneg
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uNL

uolbuluusd N1lw ¢  @eT] aS00|N  ¥§

"SMO][BYS 8] Ul Syew [eBje snojuswie|i) JO SYIMoIB aAISUSIXa ‘81ea1sgns YN YoIyl :Sa1oN

ON - N ON 90/7T/9 ¥ SsIN Jaddn 007E00Y /T 2z 8yl lweneg
— (s1e1eMpEaH) ¥ SSIA — ¥ S[uUNL

MUISURL ST 1w L 3yeT] nesplgey ¢£€

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




‘AI8AISusIxa alow pajdwes

9 0] Spaau ae| SIY] ‘Spaq YsnJ|Ing 7 SMOJ[eYS aAISUaIXa ‘pajduies sem dwrel ay) Jeau aulj2Joys syl 0S 120 Yyoune| 10U Pjnod ‘1slem Mo -S910N
SSA - - ON L0/LT/9 d SSIA J8ddn — (s1erempeaH) o SSIA 000S80T¢E 1€ 9¢ 9r1 ©ose)|
JBATY 1880 MN W TT - 8Xe] ysiysobIqiuuipn smi Gy
"A19AISUBIX8 pPaAaAIns aq 01 Spasu aye| SIYL ‘Jeudey Jenusiod yonp\ “Buireoq 1oy mojje 1ou pip spuim ybiH :S810N
SSA - - ON 10/€2/0T Y ssI Jaddn — (s1erempesH) o SssIN 00.¥T0TT -- -- == SseD/edse]|
e[ JO aioys S Uo punoibdwred spreyary pue “IsAly 1ddISSISSIA JO yuiou dweleoq @ axe| Jo apIs1ssp\\  axe] YSIYSOoBIqQIUUIAN i
‘A|aAIsusIxe pakanIns aq 01 Spasu axe| SIYL “1engey jenusiod yonjA “Buireoq 1oy Moje 10U pIp spulm ybiH :Ss10N
SSA - - ON 10/€2/0T Y ssI Jaddn — (s1erempesH) o SssIN 000€00¥ - Tg'0g 9-G¥T sseD
9eT] SSeD JOUMOI JON 3BT SSeD ¢
‘pajdwes aq 01 spasu ‘1elgey [enusiod YyonA AJuo palsiiouu0dsy :SeloN
SSA - - ON 10/€2/0T d SSIAl J8ddn — (s1erempeaH) o SSIA 008€00¥ 8L 7€ 9¥T  lwenjeg
a)eT] sseD Jo umol MANN W 2 BISNIPUY BT ¢V
"auI[aoys Jo yonw Buoje pajjelsul siep|nog pue del-dis syue|d Jusbisws JO [eAOWSL BAISUBIXS AQ palsle Usaq aAeY SMO|[eYS :Se10N
ON - N ON 10/8/8 d SSIA J8ddn — (s1erempesH) o SSIA 006.00% Ge ¢e  9¥T  lwenpeg
9Ye7] sseD JO UMOI VAN TW G aXeT] JIOM TV
‘panowal syuejd Jusbiawa 1sow ‘saauapisal Ylm padojansp AjiAeay auljaoys ‘auljaloys woij Aainb sdoip yideq :se10N
ON - N ON 10/8/8 Y ssI Jaddn — (s1erempesH) o SsIN 00T.006¢ €e ¢€  9¥T  pleqgnH
9Xe7 SseD JO UMOI MINM TW 8 3XeT] adeld) (Qf
'sreabuo| Joj yerqey sjgeins aAey o} Jeadde 1ou Sop eyl ,,9xe| pues, ¥ :S810N
ON - N ON L0/0T/8 o SSIA J8ddn — (s1erempeaH) o SSIA 006700 1% T VT lwenjeg
uojburuuad MNM IW9 8xe big 6¢
cureby  aouepunqy  N/A  ¢pJa0day (s)areq uiseq - paysJarepn Jpuidade]  98s ) (N) funo)
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwes yeoq o1gnd wouy souelsip “xoidde sy se passaldxs Ajjensn) UOIIEIOT [eJdUSD) 7 SLURN e

"panunuo)

‘¢ aldel




:dds 18410
"9Xe] SIY1 USIN9Y 'Te0q youne| 0] 1J0s 00) duwiel pues :SaloN
SOA - - ON L0/LT/9 Y ssIA Jaddn — (s1erempesH) o SsI 006C00TT 620 G¢ ¢Vl SseD
18WeY NN TW 6 3BT UOI||IWI3A 2§

"SMOJ[BYS BAISUSIX3 OU :axe| puejwonog JaAly 1ddiIssIsSI :S810N
ON - N ON L0/LT/9 d SSIA Jaddn — (s1erempeaH) o SSIA 000v.0T€ €T lZ  SS ease)|
1A 188 3SS WG 9y MeQ auyM 3T 1§
"SMOJ[BYS BAISUSIX3 OU :axe| puejwonog JaAly 1ddissIsSI :S810N
ON - N ON L0/LT/9 d SSIN J8ddn — (s1erempeaH) o SSIA 009.20T€ T STARN 24 ease)|
1A 1990 STWZ axeT eQ aMUM 0§
‘s1eabuo| JoJ 1e11qey 8|ge1ns aAey 0] Jeadde 10U S80p Jeyl ,.8xe| pues,, V¥ :S810N
ON - N ON 10/12/9 o SSIA J8ddn — (s1erempeaH) o SSIA 006TL0TE 2€'T1€ 92 /S ease)|
JBAIY 19 AN W9 BXeT] Jesd o6F

'SpunoJb Bulumeds apiAoid 01 SMOJ[eYS BAISUBIXS ON :S810N
ON - N ON L0/12/9 d SSIA J8ddn — (s1erempeaH) o SSIA 002090TE VvC¢'€T  9¢ 1S ease)|
8¢ AmH Buore 09 AMH N TW T “JISATY 1990 AN W TT  3YeT] sjoybnd 8y

‘s1eabuo| J1oJ 1e11qey a|ge1ns aAey 0] Jeadde 10U Se0p Jeyl ,.8xe| pues,, v :S810N
ON - N ON L0/T2/9 d SSIAl Jaddn — (s1arempesH) o SSIN 0022L0TE 62 92 IS BISE]|
JAIY 183 AN W 9 8XeT] aS00N /¥

‘AIdAISusIX® alow pajdwes
8 01 SPaau e SIY} ‘Spaqg ysni||ng 7 SMO|[eys aAISualxa ‘pajdwes sem dwel syl Jeau auljaioys syl 0s 1e0q yaune| Jou pjnod {islem Mo

SOA - - ON LO/LT/9 Y ssIN Jaddn — (s1erempesH) Y ssIA 00ZT80TE 9€'GE 92  S¥T B0SE)|
IBAY JIRA M W9 e gniD led 9

:S310N

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




'seaJe Buiumeds apinoid 0] SMO|[BYS BAISUBIX3 ON :S810N

o SsIA Jaddn — yose — o Aog 009/v0TT 92'Ge T€ TYT ssed
ON - N ON L0/¥/9 0G 1y © IMEM MSS TW 9 axeT] abeliod 65
"9)e] Aemouy WO paIuswnaop ale sreabuo] aouis
‘1anamoy ‘AjyBnosoy) pajdues ag 01 Spesu paysietem 9aqoBuIyS syl TeNgey apiaoid 0} SIeTemdIEq Wed ou ‘InoyBnoay) uaund Buimolq -SH¥ON
o ssIA Jaddn — yoea — o 9agobuiys Gl e Wl Ssed
SBA - N ON 90/9T/. 0S5 91d @ IS\ S TW G JaAlY 99qobulys gg
‘seale Bulumeds apinoid 0] SMO|eYS BAISUBIXS OU ‘Saloys daals ‘paje1ahan AjIneaH :Se10N
Y SSIA Jaddn — yoaa — ¥ 98qobuIys 00,0006¢ 14 ¢e 0¥l  pleqanH
ON - N ON 90/9T/. A 3siwe ayeT] puelsy /S
‘seaJe Bulumeds apinoid 01 SMO|eYS BAISUBIXS OU ‘Saloys daals ‘paje1ahan AjIneaH :Se10N
o ssI Jaddn — yoea — Y 88qobuiys 00€1006¢2 9¢ ce IVl preqgnH
ON - N ON 90/9T/L AoV I IWZ  93eT] 99qobulys 95
"pajdwies aq 01 spasu ‘Jeliqey fenusiod yony\ AU palsliouu0dsy :S810N
SOA - - ON L0/€2/0T Y SSIA Jaddn — JaAry 8xeT Y09 00%70¢01T 9¢ 6¢ Sil ssed
BRIIAUBAI MS TW T 8Xe] sbeyiod 6§
's1eabuoy Joj 1e1gey 8|genns aAey 03 seadde 10U S0P 1.y} ,,8e| PUeS,, ' :S810N
ON - N ON Y SSIA Jaddn — JaA1y 8xeT Yyoda 00%70S0TT 0¢ 1€ Wl ssed
9eT SseD JO UMOI S W g 9¥eT] JeoqueslS G
‘seale Bulumeds apinoid 01 SMO|[eYS BAISUSIXS ON :S810N
ON - N ON L0/LT/9 d SSIA Jaddn — (s1s1empesH) o SSIA 009200TT vE'€EE G €T sed
JBWey INN W/ axeT] 1ebng  ¢€g
Jureby  souepunqy  N/A  ¢p4028Y (s)ere@ uiseq - paysaarepn Jepuigede1 %S m) (N) fAunod
a|dwes anIe|ay [ed1101SIH dNa NIN d 1
Snsay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘pPanuiluocd

‘¢ aldel




"9]qeAISap SI UlIseq

MS ayp Jo Burjdwes “uiseq pS ajduwres Jou piq “sieabuo] 1o} JeNqeY a]gelns aAey o} Jeadde Jou sa0p Jey) 8] pues,, e si uiseq IN ayL or°N
d SSIA Jaddn — yoaa — ¥ Aog 00TZTOTT x4 8¢ ovT sse)
SIA - N ON L0/E/9 AIIADUOT S 1W G 8XeT] opagep\ 99
‘seale Bulumeds apinoid 01 SMOJ[eYS BAISUSIXS ON :S810N
d SSIA Jaddn — yoaa — ¥ Aog 0000¢0TT 6¢ ‘8¢ 6¢ orT ssed
ON - N ON 90/LT/L BI[IADUOT MSS IW 9 3)eT] 3NN G9
‘seale Bulumeds apinoid 0] SMO|eYS BAISUBIXS OU Saloys daals ‘paje1ahan AjIneaH :Se10N
d SSIA Jaddn — yoaa — ¥ Aog 00¥.,20TT T4 6¢ orT ssed
ON - N ON 90/LT/L SIIIADUOT S W 8XeT] JaJemyde|g 19
‘sreabuo] puty 01 1dwiane ue ul urebe pajdwes aq 01 Spasu axe| SIYL "pareulwi|d Ajreau usaq sey
Jeliqey JeaBuoj ‘urewal spaq ysnijing may ‘Juswidojanap swoyyAiadoid Aq paselfe Ajjenuelsgns usag sAeY auljioys Mojfeys ays Jo 1sopy -SOrON
o SsIA Jaddn — yose — o Aog 00T0C0TT 6¢ '8¢ OvT ssed
SOA - N SN 90/LT/. SIIIADUOT MS TW € 9XeT] UBWOAA €9
"uowiwod ||13s sreabuoj :/0/yz/0T urebe pajdwes -1enqey Buiumeds [eapl W0 ¥yl Spag ysnijing 7 SMo|[eys SAISUBIXT :S810N
d SSIA Jaddn — yoaa — ¥ Aog 00€8¢0TT 6'8 6¢ orT ssed
ON wepungy A SAA L0/€/9 s|iIAbuoT MW L axe] Ageg 29
‘punoy alam steabuoj ou saloys uisyuou ay) Buoje palsixa 1euqey feutbrew ybnoyly :Ss10N
d SSIA Jaddn — yoaa — ¥ Aog 00€8€0TT T¢ 0¢ orT ssed
ON - N ON 10/€/9 JdesusyoeeH 3 IW g 3¥eT] Jueses|d T9
YN NI ‘Piswopey [ned Ag paos]|0d [enpIAIpUl 8UQ :S81ON
o SSIN Jaddn — yose — ¥ Aog 00€TYOTT 1e wivi  SSeD
ON ussald A ON 90/Z/8 0531 @ e SIW G e 9|IN Ual (09
curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwes yeoq o1gnd wouy souelsip “xoidde sy se passaldxs Ajjensn) UOIIEIOT [eJdUSD) 7 SLURN e

"panunuo)

‘¢ aldel




"pajdwes aq 01 Spaau pue Jengey [enualod yanw sey aye| Syl '1eoq youne| 01 Jos 00) duwel pues :Ss10N

o SSIA Jaddn — yosa — o Aog 00v0TOTT T€ 9 T Sse)
SOA - N ON 10/2/9 SIIABUOTMS TW € d¥e]edne] g/
‘papasu Burdwes Jayuing sjdwes 0] NP ‘SMO|[eys Maj ay) ul paje1sbian AjInesH :S810N
o SsI Jaddn — yoea — Y Aog 00S0TOTT T L2 OVl SseD
SOA - N ON 90/8T/. aliABuoT MS 1w e 8xeT] adijed] Jeddn g2
'sreabuoj Joj yengey ajgenns aaey 01 Jeadde 10u S30p 16yl 83| pUeS, ¥ :S910N
o SSIA Jaddn — yosa — o Aog 00TZTOTT 0T X4 T sse)
ON - N ON L0/2/9 00C AMH 13wy M\ 1W L 3eT] |[8sgeiIN T/
‘pajdwres aq 0] spaau pue Jeligey Jenualod yonw sey axe| SIYL 1eoq yaune| 01 1J0s 00] dwrel pues :S310N
o SSIA Jaddn — yosa — o Aog 004400TT 143 9 T sse)
ON - N ON L0/2/9 00Z AMH Jswsy MW/  3MeT] pues big 0/
‘seale Bulumeds apinoid 01 SMO|eYS BAISUBIXS OU ‘Saloys daals ‘paje1ahan AjIneaH :Se10N
o ssi Jaddn — yoea — Y Aog 00EVYTOTT ve 8¢ ¢Vl SseD
ON - N ON 10/2/9 JINBUOTINN W6 e Aog 69
'sreabuoj Joj yengey ajgenns aaey 01 Jeadde 10u S30p 16yl ,.83e| pUeS, ¥ :S810N
o SSIA Jaddn — yosa — o Aog 000<TO0TT 8'G X4 orT Sse)
ON - N ON 90/L1/L S|IABUOT I TW ¢ 8¥eT] euopenbu] g9
"Telgey Bulumeds eapl WIO0J 18yl SPag Ysna|Ing % SMOJ[eys SAISU3IXT :S310N
o SSIA Jaddn — yoss — o Aog 00v.TOTT ve ‘€€ 8¢ T sse)

ON juepunqyv A ON 90/LT/L 3||IAbuOT  axeT 1D /9
gurefy  souepunqy  N/A ¢PA1029y (s)are@ uiseg - paysJarepn Jpuidade] s ) (N funoo
a|dwes anIe|ay [ed1101SIH dNa NIN d 1

S1INsSay /0-900¢ (dwes yeoq o1gnd wouy souelsip “xoidde sy se passaldxs Ajjensn) UOIIEIOT [eJdUSD) 7 SLURN e
‘panunuod

‘¢ aldel




"] SIY1 Ul SIsx19 Auojod Buipaaiq
[enueIsgns © J1 aulwialep 0] urele ajdwes -ussald 10U SMO[RYS SAISUBIXS ‘puNnoy 10u sreabuo 200z ul utebe pue 900z/9T/8 pajdwes

SIA - N S3A L0/0¢/9 SPOOA 81 JO e — 4 X fig 00¥72S0TE ¢€'9 G2 T9°09  eosel
dled 81e1S J1UdDS 3BT HIIMpURS-uo0D 6/

:S310N

"90UBPUNGR BAITRJa] BUIWIBIBP 01 Jayuny ajdwres ussaid are siesfuo] Ing ‘(Jerem ui sbeus Auew ‘sBog Buireoly) 31om 01 aulfa4oys JNJIIQ :S810N
SOA Jussald A SOA 10/0¢2/9 SPOOM 8y} Jo e — Y X4 big - A q¢ 79 easel
led 91elS J1usdS  3¥eT] auld 8/
'sreafiuoj 1oy 1e11gey a|gelns aAey 0) Jeadde Jou Saop eyl 88| pues,, V' :S810N

ON - N ON 10/02/9 SPOOA 8 JO axe] — ¥ ¥4 fig 00S080TE €2'2¢ SZ 6T eosel
3104 BIg MSM TW S8  axeT] peaymoaly //

'SpunoJb Butumeds apiAoid 01 SMO|[eYS BAISUBIXS ON :S810N
ON - N ON 10/02/9 SPOOA 8} JO e — ¥ X Big 00¢880T¢E 4) L 6¥T ©ose)|
aYeT eJoQ JO umol M\ IW G0 ayeT] edog 9/

“Jelgey Bulumeds [eapl W0y 18yl SPaq ysni|Ing 79 SMOo|[eys aAISUSIXT :S810N

Y SSIA Jaddn 006000TT L GZ  Oovt sseDd
— (spidey puel9) ¥ SSIA — o MOJ|IM
ON uowwoo A SeA 90/8T/L SIIIADBUOT MS W € 8] JspunyL s G/

‘papuswiwiodal si Burjdwes

JAULINY OS ‘PapI09aI U3aQ dARY SIeaBUO| JaAaMOH “Hgey Bulumeds pooB Jago oy seadde Jou Saop axe| SIY} ‘SMojfeys aalsudlxa oN SHON
d SSIA Jaddn 002900TT GT 9¢ Ovl SseD
— (spidey pueiD) o SsIN —  MOJIIM
SOA - N SOA 90/8T/. S[IIABUOT MS IW € 9eT] Jspunyl v/
gurefy  souepunqy  N/A ¢PA1029y (s)are@ uiseg - paysJarepn Jdapuidaye]  28s M) (N) fAunod
s|dwes  aAnedy [ed1101sIH dINA NN d 1
Snsay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON L0/6T/9 SPOOA 3} J0 e — Y 34 big 000%S0T€E 8T ‘L GC 69 ease)|
[IPBN J WG dxeT] asnoygn|d 98

'sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ST/8 SPOOA 3} J0 e — H 34 big 007990T¢E Z 9¢ 65 ease)|
[I90JBN IN W Gy 9¥eT] suidng g8

"A|9AISUBIX3 210w ajdwes 0] Pasu ‘spaq ysni|Ing pue Smojjeys aAIsus)Ixg “duwiel 8)a1ouod ou ‘Jeoq youne| 1ou pjnoD :SaloN
SOA - N ON L0/6T/9 SPOOM 8y} Jo e — Y X4 big 004S990T¢€ 0T'6 9¢ 65 easel
[I90BN AN W E  3XeT]-8SA0H-9Yl->del ¥

‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ST/8 SPOOA 8} JO e — ¥ X Big 00€LL0TE 9¢ LC 09 eose)|
[IBBNMN WS axeT ajde|N €8

‘s1eabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ST/8 SPOOA 3} JO e — Y 34 big 00S¢.0T¢E 9¢ L2 09 ease)|
[183IBN MIN W 7 3] 93Nl ¢8

"Juasald aq 03 steadde
1engqey sreridoidde aouls palIsiAal aq 0] Spaau axe| S1Y1 Inq ‘dwel 1e0q Jeau punoy Jou SieabuoT "1eoq youne| 10U pjNoJ ‘Spuim ybiH

S3A - - ON L0/02/9 SPOOA U3 JO e — Y X Big 006.L0TE 0T'6  [¢ 65 ease)|
[IRJEN MW E  8XeT] 83N 33l T8

:S9]JON

'sreafiuo] 1oy 1e11qey a|gelns aAey 0) Jeadde Jou Sa0p eyl 88| pues,, V' :S810N
ON - - ON 10/0¢2/9 SPOOM Y1 Jo e — Y X4 big 0098.0T¢€ [ q¢ 5174 eose)|
II30JBA \NSM TW'9  9MeT] 3ISSa (8

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




u9aq aAey 0] sieadde uoielafian 1uabiswsa Jo spaq [eulbiio Jo 1sow ‘siealuoj 1oy 1eligey a|gelns aAey o) seadde Jou Saop eyl ,.8xe| pues,, v

‘panowal
:S310N

ON - N ON L0/8T/9 Y ssIAl Jaddn — (spidey pueso) o ssIN 008920T€ 1 vZ  6G ©0SE)
1B J IW ZT 3XeT] PUNOY £6
'sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/9T/8 SPOOAA 8U1 JO 837 — d X4 9|l 002¢620TE 9T ‘'GT ¢ 09 ease)|
YI0J01Ig ISTIWET e USMQO 26
‘sreabuoj Joj 1e11qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/9T/8 SPOOAA 8U1 JO 857 — d X4 9|l 0068¢0T¢E 6 vZ 09 ease)|
MIoJPIg ST W ZT ae131s01 16
‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ST/8 SPOOA 8} JO e — ¥ X Big 00¥290TE 0 ‘LT 9C 8§ eose)|
[IBIEN S W . 3)eT] aAelD) (6
‘AloAISuaIxe aiow ajdwes 0] paau ‘spaq Ysna||ng pue SMOJ[eys aAIsuaIxg "dwiel 818J0U0J OU {1e0q Yyaune| 10U pjnoY :S810N
SOA - N ON L0/6T/9 SPOOA 8} JO e — ¥ X Big 00T/90TE 92'Ge  9¢C 6S eose)|
18BN ST WGy axe] puels| big 68
‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON 90/ST/8 SPOOM 83 JO & — ¥ 34 fig 00€590TE €€°2¢ 92 6§ ©ose]|
I[83IeN IS W G'E  3XeT] Jels YlUoN 88
“Telqey Bulumeds [eapl W0 Teyl SPaq YsnijIng 7 SMOJ[eYS dAISUSIXT :S810N
ON uepunqy A ON 90/9T1/8 SPOOA 8} JO e — ¥ X4 Big 00vSY0TE T T4 6S eose)|
[1307BN F W 0T Z# oxe] 9fe3 /8
curefy  eouepunqy  N/A  ¢pJ02ay (s)ere@ uisegq - paysiayep\ Japuigade  v98s (mw)  (N) funod
s|dwes  aAnedy [ed1101sIH dINA NN d 1

SHNsey £0-900¢

(dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [IBUID 72 BLLIRN 9Xe]

"panunuo)

‘¢ aldel




‘s1eabuo| JoJ 1e11qey a|ge1ns aAey 0] Jeadde 10U S80p Jeyl ,.8xe| pues,, v :S810N
ON - N ON 90/LT/8  SSIA Jaddn — (spidey puelD) o ssIN 0026€0T€ 916 GZ /S ©ose]|
e eueqep\ 86
"Je0q youne| 10U pjnoI :1s1em MO :S310N
SOA - - SOA L0/LT/9  SSIA Jaddn — (spidey puelD) o ssIN 000T¥0TE 2€'6C GZ 8§ vose]|
(90BN IS IW TT 9¥e]IN0AL /6

"Jel1gey [eapl Wio) 1eyl spaq ysnijing 7 SMOJJeys aAISUSIXd SIaJ0 UISeq UIayinos ayl :Ss10N
ON Juepunqy A ON 10/8T/9 o SsIA Jaddn — (spidey puel) o SSIA 006G20T¢ 6 vZ 89 ©ISE]|
[IPBN IS TWGT 9¥e] wesjeg 96

'sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON L0/6T/9 Y ssIIA Jaddn — (spidey puelo) o ssIN 00ZEY0TE qT GZ 85 ©ISE]|
[183JelN IS 1W 0T  8Xe7] 9SO00IA 1S07] G6

‘sreabuo| JoJ 1e1qey swnd ou :Ajpides yo paddoip syidap axe| 1ng ‘Smojjeys snolawnu paredlpul sdepy :S810N
ON - N ON L0/6T/9  SSIA Jaddn — (spidey puelD) o ssIN 00vZ¥0TE 9T GZ 8§ eose]|
[0 3S W6 8xe] Alueysiuing 6

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




‘sreabuoyj Joj 1e1qey swinid ou (Ajpides o paddolp syidap axe| :SMOJJeYS dAISUSIXS ON :S810N

ON - N ON 90/8¢/9 SPOOA 81 Jo axeT — (e Aurey) o Aurey 00€69069 €e LT 89 SN0 1S
Aeg JawiweH Ul salIsS € "dNA  aXeT] uedeweN 80T
‘s1eabuo| J4o) 1e1qgey swd ou :Ajpide. yo paddoap syidap axeT (Aeq ul 81e43SqNns YoNn\ :S810N
ON - N ON 90/82/9  SPOOA 8yl Jo axe — (xe] Autey) H Aured  00£69069 6C T 69  SIN071S
puels| Aisny Jo W\S ‘Aeg paweuun 'dNA  9XeT] ueeweN /0T
'snjeys uonejndod Jeabuo] sulwis1ep 01 auop aq 1snw Aeg uonounr ul Buljdwes feuonippy 310N
‘Aep ay1 1noybnouy sutes AAeay ‘spulm ybiH 'S|[ed " UOSUyor JO WeasISUMOp ‘9A09 JO apIs Isea Buoje smojfeys ul punoy sieabuo
ON - N ON £0/92/9 obeniod e 19N @ 90T
SOA 1uasald A ON 10/92/9 JaAIY uosuyor Jo yinow © S0T
SPOOM 33 Jo e — (e Autey) o Auted  00£69069 S 8T 89  SINOTIS
J8AIY uosuyor Jo pnow @ dNA  axeT] uexeweN ‘Aeg uonounc
‘Aep ay1 1noybBnoays suies Aneay ‘spuim ybiH -sreabuoj 1o 1erigey swnid ou ‘Ajpides yo paddoip v~
syidap ae] ‘SMoj[eys aAISUaIXa ON ‘Aeg 1S10H pue ‘Aeg asoo| ‘Aeg yoing plO ‘Aeg ueAljns 1noybnoayy pajdwes 79 palaliouuoday
ON - N ON 10/92/9 pue|s| 8fe1S0d JO 1S9M BA0D paWeuun ¢ 61 69 Y07
ON - N ON 10/92/9 PpuB|S| SUBABIS JO 1SBBYINOS 8A0D PaWeuUn 9z 61 69 °0T
ON - N ON 10/92/9 sals ¢ - Aeg 1sI0H gg ‘ve 6T 69 20T
ON - N ON 10/92/9 sals € -- Aeg 9S00N yg ‘sz 6T 69 TOT
ON - N ON 10/92/9 saps ¢ -- Ae@ uana@ pIO 62 '8z 6T 69 00T
ON - N ON 10/92/9 sa)s G -- Aeg UBAIINS gg ‘1€ 6T 69 66
SPOOM 33 J0 e — (e Autey) o Auted  00€69069 Sl IS
Aeg uonounc 01 13Jus SJONISIA J13ATY S WOJJ e JO YINOS apIs Buoje Suoedo| SNoJSWNN {dNA Y4B ] uexeweN
SSaUIBP|IAA Baly aoue) saarep) Adepunog ‘ealy % Mded |euoneN sianabeAoA 6 dey
Jureby  souepunqy  N/A  ¢pd402ay (s)ere@ uisegq - paysarepn Jopui4ade] %8s M) (N) funoo
sldwes  aAne|Ry [ed1103SIH dINAa NN d 1

SHNsey £0-900¢

(dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]

"panunuo)
‘¢ 9lqeL




"punoy Ajesausb ale sieaBuoj YoIym Ul SIsYem 10U a1 YdIYM UOIRI0|0D , ure1s-60g,, aAey SIa)epn :S810N

ON - N ON 90/9¢/9 saus € -- Aeg 1oy v1 LT 19 97T

ON - N ON 90/9¢/9 apisisam  TT LT L9 aTT

ON - N ON 90/9¢/9 saNs € --WIYMN €2 LT 19 V1T
SPOOAA 38U} JO 8.7 — Y UOI[[IUWISA 00979069 SInoT 1S

(O1red [euoinreN sinabeAoA JO 1a3ul0d JN 03Ul Ylou SMOJ} 18]31N0) 9XeT] saueadd

‘pues ‘[aAeIB ‘810002 48p|N0Q SO SaIRAISANS YIM 8] PUS,, B SI SIyl ‘Ajpide) asealoul suyidap ‘1ea|d [e1SAID SI J3)BAA :S810N
SOA - N SOA 90/L¢2/9 SPOOA 8Up Jo axeT — (e Aurey)  Aurey 00789069 GE LT 89 SN0 1S
Jed JO Jau10d 3S Sied [euoifeN SinabekoA axeT] BpoOdNIA £TT

“Jelgey Bulumeds [eapl W0y 18yl SPaq ysni|Ing 79 SMo|[eys BAISU3IXT :S810N
ON uepungqy A ON 90/8¢/9 SPOOA 81 Jo axeT — (e Aurey) o Aurey 00092069 14 LT 89 SN0 1S
[8UUBYD IPJ34 JO MN alIsdured jied [euoneN SinebeAoA aMeT] Julod pues ZTT

‘Jelgey Bulumeds [eapl W0y 1eYl SPag ysna|Ing 7 SMOJ[eyS aAISUaIX :S810N
ON uepunqy A ON 90//2/9  SPOOM 8y Jo axeT] — (8xe] Autey) o Aured 00092069 1C [T 89  SIN0T1IS
Jled [euonen sinsbeAoA  ayeT] Julod pues ‘Aeg abaels TTT

‘Jelgey Bulumeds [eapl W0y 18U SPag ysna|Ing 7 SMO|[eyS aAISUaIX :S810N
ON luepungy A SOA 90//2/9  SPOOM 83U Jo axeT] — (8xe] Autey) o Aured 00092069 0¢ [T 89  SINOTIS
6# A1[ed07 au1eS dNA Sed [euoneN sinsbeAoA aMeT] Julod pues ‘Aeg s,umolg 0TI

“Tenqey Bulumeds [eapl W0 1y SPaQ YsnAjIng pue ‘81e11sqns WL ‘SMOJ[RYS Pauleiuod eyl aA09 [ews 01 pallwl] sieabuo] :S810N
ON uepunqy A SOA 90/22/9  SPOOM U} Jo axe — (e Autey) ¥ Aurey 00092069 8 /T 89 sInOT1IS
OT# KI[e907T 8UISS dNA fed [euoneN sinabeAoA  axe] Julod pues ‘Aeg Asseds 60T

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘panunuod

‘¢ aldel




‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON L0/G2/9  SPOOAA 8U} JO XeT] — (SislempesH) o Aured  00S80069 9¢ 91 99 SInoT 1S
(I'ed1 oyd3) 9TT AMH buoje XoAng AN W G ayeT] aySuad 02T

"auljaIoys Buore swoolq [eby ‘sieabuoy 1oy yenqgey swiid ou :Ajpides o paddoip syidsp axe] :Ss10N
ON - N ON L0/G2/9  SPOOAA 8U} JO XeT] — (sislempesH) o Aured  0006T069 L2 4) g9 SN0 1S
(Ired L 0yd3) 91T AMH Buoe AIF MN TW 2T axeT] big 61T

‘sreabuoj Joj 1e1qey swud ou (Ajpides o paddolp syidap axe] :S810N
ON - N ON L0/G2/9  SPOOAA 8U} JO 8XeT] — (SislempesH) o Aured 0095069 L 14" g9 SInoT 1S
(Ire1L 0yd3) 9TT AMH Buofe 0Ang 3 1w 0T  9¥e™] anauesl QTT

"auljaIoys Buore swoolq [eby ‘sieabuoy 1oy yerqgey swiid ou :Ajpides yo paddoip syidsp axe] :Ss10N
ON - N ON L0/5¢/9 SPOOAA B3U1 JO 3. — Y UOI|[ILLIBA 00ST9069 0€ 11 79 SINoT 1S
(IreaL oyd3) 91T AMH buofe A3 MN 1w 2 9xeT] oyd3 /LTT
vO/M4 ybnoayl (9TT AMH) Jopiaao) [red ] oyd3 buoje saxeT 0T den

curePy  souepungqy  N/A  ¢pJ0day (s)are@ uiseg - paysJarep\ dopuigaxe  es M N 4o
s|dwes  aAnedy [ed1101sIH dINA NN d 1
S1INsSay /0-900¢ (dwe yeoq o1jgnd wouy sduelsIp xoidde ay} se passaidxa Ajjensn) UOITRIOT [eIBUID 72 BLLIRN 9Xe]
‘Papnjouo)d

‘¢ aldel




Table 3. Information about and some protocol specifics for the four microsatellite loci used in this study.
All four loci were originally developed by Schable et al. (2002) for L. marginatus. Value “d” represents
the Shannon-Weaver diversity index.

Locus Repeat Touchdown gemperatures NuArnE:eerSof AIIeI%Range d |
©) (MN only) (bp) (MN only)

60 for 5 cycles

Lmarl0 AGAT 60 to 50 C in 20 cycles 19 (13) 227 - 323 7.5 (6.4)
53 for 10 cycles
60 for 5 cycles

Lmarll ATCC 60 to 47.5 C in 25 cycles 15 (9) 187 — 255 2.3(2.1)
55 for 10 cycles
60 for 5 cycles

Lmarl2 ATCC 60 to 50 C in 20 cycles 11 (4) 258 — 326 15(1.2)
53 for 10 cycles
60 for 5 cycles

Lmarl4 AGAT 60 to 47.5 Cin 25 cycles 13 (6) 267 — 323 3.1(2.6)

55 for 10 cycles
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Table 8. Analysis of molecular variance (AMOVA) results for the microsatellite data. Three AMOVASs
were run, each on a data set where populations/subpopulations were defined as states/major basins, major
basins/major watersheds, and major watersheds/Minnesota collection sites. Percent of variation refers to
the amount of total variation attributed to variation at a given level, and Fst correlates with the amount of
genetic structure when the populations are defined in the given way in an analysis.

| % of Variation | Fsr
Major Basins within States:
Among states 23.97%
Among basins within states 1.31% Fst =0.253
Within basins 74.72%
Major Watersheds within Major Basins:
Among basins 7.51%
Among watersheds within basins 4.61% Fst=0.121
Within watersheds 87.88
Minnesota Collection Sites within Major Watersheds:
Among watersheds 3.48%
Among sites within watersheds 2.64% Fst=0.061
Within sites 93.88%
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Table 11. Minnesota populations containing unique microsatellite alleles. The three levels of population
designation (collection site, major watershed, major basin) are included. Alleles are given in total
nucleotide length.

Population | Locus | Allele

By collection site:

Girl Lake Lmarl4 267
Many Point Lake Lmarll 187
Movil Lake Lmar10 311
Potato Lake Lmarll 207
Sand Point Lake Lmarl0 323
Turtle River Lmarl2 274
By major watershed:
Crow Wing River Lmarll 207
Leech Lake River Lmarl4 267
Mississippi Headwaters Lmarl0 311
Lmarl2 274
Ottertail River Lmarll 187
Rainy River Lmarl0 323
By basin:
Lake of the Woods Lmar10 323
Upper Mississippi River Lmarl0 311
Lmarll 195
Lmarll 199
Lmarll 207
Lmarll 211
Lmarl2 258
Lmarl2 274
Lmarl4 267
Red River of the North Lmarll 187




Table 12. Average heterozygosities by locus and then averaged overall for the 18 Minnesota collection
sites.

Collection Site Lmar10 Lmarll Lmarl2 Lmarl4 Overall
Baby 0.764 0.216 0.095 0.335 0.353
Balsam 0.638 0.574 0 0.536 0.437
Bertha 0.820 0.318 0.105 0.265 0.377
Cross 0.667 0 0.278 0.292 0.309
Eaglel 0.500 0.375 0 0.660 0.384
Eagle2 0.711 0.430 0 0.439 0.395
Girl 0.764 0.258 0.231 0.476 0.432
Junction Bay 0.735 0 0 0 0.184
Little Bemidiji 0.701 0.490 0.142 0.429 0.441
Little Thunder 0.691 0.153 0 0.541 0.346
Many Point 0.606 0.337 0 0.542 0.371
Movil 0.774 0.286 0.054 0.514 0.407
Pine 0.667 0.278 0 0.375 0.330
Potato 0.666 0.586 0 0.520 0.443
Rush 0.778 0.444 0 0.133 0.339
Sand Point 0.673 0 0 0.495 0.292
Three Island 0.722 0 0.202 0.472 0.349
Turtle 0.697 0.304 0.051 0.491 0.386
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APPENDIX C — FIGURES
All fish/habitat photos by P. Ceas unless otherwise indicated.

Photos of breeding male Lepomis megalotis peltastes and Lepomis megalotis megalotis,
highlighting some of the diagnostic characteristics between the two taxa.

Photos of breeding male longear sunfish and pumpkinseed, and of pectoral fin morphology
for each species. Photos of fins by J. Lyons, WI DNR.

Photos of breeding male longear sunfish, pumpkinseed, bluegill, and green sunfish. Notice
the relative size of each fish to the person’s hand; longear sunfish breeding adults (individual
in upper left is 6 yrs old) are considerably smaller than males of the other sunfishes. Photo of
green sunfish by J. Lyons, WI DNR.

Photos of breeding male longear sunfish (bottom) and sub-adult pumpkinseed (top). Note the
enlarged opercle (“ear flap”) of the longear sunfish on these similar-sized fishes.

Photos of juvenile longear sunfish (top) and green sunfish (bottom). Note the proportionally
larger mouth on the green sunfish.

Habitat photos of longear sunfish. Note the shallow water depth in the top photos (top left:
Balsam Lake, Map 7, Site 96; top right: Grassy Bay, Map 9, Site 109), and the near-shore
location of sunfish nests in the two bottom photos (Movil Lake, Map 7, Site 26). Middle
photo: Little Bemidji Lake (Map 3, Site 3).

Habitat photos of longear sunfish. Top: Eagle Lake #2 (Map 7, Site 87). Middle: Bertha
Lake (Map 5, Site 17). Bottom: Turtle River (Map7, Site 31). Longears were found in areas
outlined by the yellow ovals.

Bathymetric map of Movil Lake (Map 7, Site 26). Note the rapidly increasing depths near
shore in the east basin vs. the extensive shallows of the west basin. The blue arrows indicate
“prime” shallows for longear sunfish.

Examples of lakes that did not contain longear sunfish. Norway Lake (top; Map 5, Site 16) is
representative of a “no shallows” lake; Moose Lake (middle; Map 7, Site 47) is representative
of a “sand lake:” Rabideau Lake (bottom; Map 7, Site 33) is suffering from extensive algal
blooms and high nutrient loads.

Unrooted phylogenetic tree of 20 L. megalotis cytochrome b haplotypes. Numbers along the
branches represent the number of substitutions occurring along that lineage.

Haplotype network of the 96 L. megalotis cytochrome b sequences representing MN, WI, AL,
MD, and KY. Hashmarks indicate hypothesized intermediate haplotypes not sampled. See
Table BB for information on haplotype frequencies at each locality sampled.

Allele frequency distributions (by state) for locus Lmar10.

Allele frequency distributions (by state) for locus Lmar11.

Allele frequency distributions (by state) for locus Lmar12.



Figure 15.

Figure 16.

Figure 17.

Allele frequency distributions (by state) for locus Lmar14.

Neighbor-joining tree constructed from pairwise chord distance matrix of the 13 Major
Watersheds represented in the microsatellite data set. Branch lengths are to scale, with longer
branches representing larger amounts of genetic change hypothesized along those lineages.

Neighbor-joining tree constructed from pairwise chord distance matrix of the 18 Minnesota
collection sites represented in the microsatellite data set. Branch lengths are to scale, with

longer branches representing larger amounts of genetic change hypothesized along those
lineages.



L. m. peltastes
- Opercle
- red margin
- 45° angle
- Anal Fin
- blue margin

L. m. megalotis
- Opercle
- dark margin, or
with thin white line
- horizontal
- Anal Fin
- red margin

Figure 1. Photos of breeding male Lepomis megalotis peltastes and Lepomis megalotis megalotis, highlighting
some of the diagnostic characteristics between the two taxa.



Longear Sunfish
» Pectoral fin shorter, tip rounded * Opercle elongated; with red margin
» Anal fin with dusky blue margin

Pumpkinseed
* Pectoral fin longer, tip pointed * Opercle small; with red spot
» Anal fin margin not dusky blue

-’

-}ﬁ b pectoral fin

Figure 2. Photos of breeding male longear sunfish and pumpkinseed, and of pectoral fin morphology for each
species. Photos of fins by J. Lyons, WI DNR.



Longear Sunfish Pumpkinseed

Bluegill

Green Sunfish

Figure 3. Photos of breeding male longear sunfish, pumpkinseed, bluegill, and green sunfish. Notice the
relative size of each fish to the person’s hand; longear sunfish breeding adults (individual in upper left is 6 yrs
old) are considerably smaller than males of the other sunfishes. Photo of green sunfish by J. Lyons, Wl DNR.



Figure 4. Photos of breeding male longear sunfish (bottom) and sub-adult pumpkinseed (top).
Note the enlarged opercle (“ear flap”) of the longear sunfish on these similar-sized fishes.

Figure 5. Photos of juvenile longear sunfish (top) and green sunfish (bottom). Note the
proportionally larger mouth on the green sunfish.
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Figure 6. Habitat photos of longear sunfish. Note the shallow water depth in the top photos (top left: Balsam
Lake, Map 7, Site 96; top right: Grassy Bay, Map 9, Site 109), and the near-shore location of sunfish nests in
the two bottom photos (Movil Lake, Map 7, Site 26). Middle photo: Little Bemidji Lake (Map 3, Site 3).
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Figure 7. Habitat photos of longear sunfish. Top: Eagle Lake #2 (Map 7, Site 87). Middle: Bertha Lake (Map
5, Site 17). Bottom: Turtle River (Map7, Site 31). Longears were found in areas outlined by the yellow ovals.
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Figure 8. Bathymetric map of Movil Lake (Map 7, Site 26). Note the rapidly increasing depths near shore in
the east basin vs. the extensive shallows of the west basin. The blue arrows indicate “prime” shallows for
longear sunfish.



Figure 9. Examples of lakes that did not contain longear sunfish. Norway Lake (top; Map 5, Site 16) is
representative of a “no shallows” lake; Moose Lake (middle; Map 7, Site 47) is representative of a “sand lake:”
Rabideau Lake (bottom; Map 7, Site 33) is suffering from extensive algal blooms and high nutrient loads.



Figure 10. Unrooted phylogenetic tree of 20 L. megalotis cytochrome b haplotypes. Numbers along the
branches represent the number of substitutions occurring along that lineage.



P (N=1)
AL (Harris et al. 2005)

T (N=1)
Kankakee River, IL

N (N=1)
Teal Lake, WI

K (N=7)
Eagle Lake
Potato Lake

D (N=2)
Grindstone Lake, WI

A (N=39)
10 MN, 3 IL, 3 WI localities,
KY (Harris et al. 2005)

O (N=1)
Sand Point Lake

I (N=1)
Pine Lake

B (N=19)
8 MN localities

M (N=1)

C (N=1) Eagle Lake #2

Bertha Lake

E (N=6)
Movil Lake, Turtle River,
Three Island Lake

S (N=1)
MD (Harris et al. 2005)

F (N=5)
Three Island Lake,
Movil Lake

Figure 11. Haplotype network of the 96 L. megalotis cytochrome b sequences representing MN, WI, AL,
MD, and KY. Hashmarks indicate hypothesized intermediate haplotypes not sampled. See Table 4 for
information on haplotype frequencies at each locality sampled.
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Figure 12. Allele frequency distributions (by state) for locus Lmar10.
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Figure 13. Allele frequency distributions (by state) for locus Lmar11.
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Figure 14. Allele frequency distributions (by state) for locus Lmar12.
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Figure 15. Allele frequency distributions (by state) for locus Lmar14.




White R, MO

Pine

Leech

Crow Wing

Mississippi (Headwaters)

Bay Creek, IL

lllinois R, IL

Ottertall

Mississippi (Grand Rapids)

Big Fork

Chippewa R, WI

Fox R, WI

Figure 16. Neighbor-joining tree constructed from pairwise chord distance matrix (Table 9) of the 13 major
watersheds represented in the microsatellite data set. Branch lengths are to scale, with longer branches
representing larger amounts of genetic change hypothesized along those lineages.
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Figure 17. Neighbor-joining tree constructed from pairwise chord distance matrix (Table 10) of the 18
Minnesota collection sites represented in the microsatellite data set. Branch lengths are to scale, with longer
branches representing larger amounts of genetic change hypothesized along those lineages.



