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Introduction
At a meeting on May 9, 2006 to discuss the takings permit application and appropriate
mitigation, MDNR requested an evaluation of the potential for transplanting the
populations of Botrychium to a location on the Minnesota Steel site outside of active
mining areas.
The existing sites and potential transplant sites were visited to gather information on
plant associations, soils, and other factors for evaluating the efficacy of transplanting the
existing population. The results of those visits and the resulting transplant strategy are
outlined below.

Life History, Distribution and Habitat of Botrychium in Minnesota
There are seventeen species of Botrychium in Minnesota (MDNR 2002). This transplant
plan focuses on three of these species. They are Botrychium oneidense, B. rugulosum,
which are in the subgenus Sceptridium (the grapeferns) and B. pallidum, which is in the
subgenus Botrychium (the moonworts) (Wagner and Wagner 1993). Botrychium
oneidense and B. pallidum are state-endangered species; B. rugulosum is a statethreatened species (MDNR 2002).
In general, members of the genus Botrychium are small plants with a single leaf that is
divided into a once- or twice-pinnate sterile frond, called the trophophore, and a fertile
segment called the sporophore. The diploid sporophore produces spores above ground,
which are released and develop below ground into haploid gametophytes, with separate
male and female gamete-producing structures. Gametes unite to give rise to young
sporophytic plantlets, which develop into the above-ground plant, completing the life
cycle (Cobb 1956). Juvenile sporophytes can exist underground for several years before
emerging. Moreover, some Botrychium species produce underground asexual
reproductive structures called gemmae (Farrar and Johnson-Groh 1990). As a result,
significant episodes of Botrychium life history are spent underground (Johnson-Groh et
al. 2002).
There are two additional characteristics of Botrychium species that are relevant to the
transplant plan. First, Botrychium roots are few (~5-30 per plant), relatively short (3-20
cm), and typically horizontal and thus shallow. Second, Botrychium species form
symbiotic relationships with mycorrhizal fungi to acquire nutrients and supplement the
relatively weak photosynthesis conducted by the plants (Johnson-Groh et al 2002,
Johnson-Groh and Lee 2002). The relevance of these characteristics will be explained
further below.

Barr botanist Daniel Jones submitted a request to the MDNR Natural Heritage Database
(NHD, MDNR 2006) to evaluate the statewide and regional presence of the three
Botrychium species. The NHD has the following numbers of records for the three
Botrychium species discussed here:
Botrychium oneidense – 37 records in 10 counties;
B. pallidum – 55 records in 8 counties;
B. rugulosum – 68 records in 13 counties.
Most records for these three Botrychium species are in Itasca, St. Louis, Cass or Aitkin
Counties. The distributions of NHD Botrychium records statewide are shown below. Left
to right are B. oneidense, B. pallidum and B. rugulosum.

The NHD records include site descriptions and plant associations for each population
recorded. This information was used to sort the records into general habitat types, and to
then analyze the relative occurrence of each species within those habitat types. Four
habitat types were identified from the NHD records for the three Botrychium species.
These are:
Forested communities – Upland forested communities described in the NHD records are

generally maple-basswood (Acer saccharum – Tilia americana) or mixed maple and red
oak (Quercus rubra) stands, along with other northern hardwoods such as paper birch
(Betula papyrifera) and aspen (Populus tremuloides). Approximately two-thirds of the B.
rugulosum records that occur in forested habitat are in stands of jack pine or red pine
(Pinus banksiana and Pinus resinosa).

Wetland edges – Approximately one-quarter of the records for the three Botrychium
species are in habitats adjacent to wet areas. Common descriptions are “low area”, “moist
black ash woods”, “ashy swale”, or at the edges of ponds and lakes. In each case, the

Botrychium individual or population is not actually in standing water or saturated soils,
but is at the periphery of a wetland area.
Ruderal – This term is used to describe disturbed sites. In the case of the NHD records, it

refers to those habitats described as old tailings basins, logging landings, roadsides,
gravel pits and railroad or gas pipeline rights-of-way. These areas are typified by
primarily weedy invasive species, or very sparse growth of mixed native/non-native
species with small regenerating aspen or birch seedlings and extensive lichen-moss
coverage.

Meadows and open areas – This habitat type is characterized by open grassy areas with
mixed native/non-native forbs and clumps of small birch/poplar/aspen regeneration. It is
somewhat similar to the disturbed habitat type, but is generally either further along in
terms of succession, or has less of a prior disturbance history. Only Botrychium
rugulosum records include this habitat type.

The NHD records for each species were grouped by habitat type, and the percent of
occurrences in each habitat type was calculated. The percent distribution of records for
the three Botrychium species in each of these habitat types is shown in Table 1.
Table 1. Percent Occurrence* of Three Botrychium Species
by General Habitat Type
Species
B. oneidense
B. pallidum
B. rugulosum

Percent Occurrence by General Habitat Type
Forested
Wet
Ruderal
Meadow
35
54
11
0
15
17
68
0
32
15
32
21

*Based on MDNR Natural Heritage Database Records

These results help illustrate the specific habitat preferences of the three Botrychium
species. B. oneidense tends to be found near wet areas and, to a lesser degree, in forested
areas. It is infrequently found in disturbed areas. B. pallidum shows a distinct preference
for disturbed areas, as 36 of the 55 records(68%) are in some type of ruderal area. B.
rugulosum is more evenly distributed across a variety of habitats.
An additional comprehensive discussion of the local, regional and statewide distribution
of the three Botrychium species is provided in Section 5.5 of the Draft EIS for the project.
This section provides a discussion of the cumulative impacts of regionally proposed
mining activities on Botrychium species, and discusses past and projected statewide and
regional loss of various habitat types, and the potential impact of those losses on
Botrychium species.

Existing site
The existing site is a small stand of balsam poplars (Populus balsamifera), generally 2”7” diameter and 25’-40’ tall. Canopy cover is approximately 60%. The area surrounding
the stand of trees is an old tailings site that now ranges from open areas of grasses and
forbs to unvegetated fine tailings. Reed canary grass (Phalaris arundinacea), fringed
brome (Bromus inermis) and other non-native grasses make up the majority of the plant
cover underneath the poplars. Shinleaf (Pyrola elliptica), wild strawberry (Fragaria
virginica) and horsetails (Equisetum sp.) are also present, as well as small patches of
moss-lichen crusts. Bare ground makes up about 10% of the ground cover.
The site is at the edge of two mapped soil units. One is Keewatin silt loam, the other is
Slickens (old mine tailings). The soils at the existing site are dense mine tailings with a
silty-clay texture and a Munsell value of 2.5YR 3/4 with occasional 2.5/10Y dark grey
streaks. A soil sample was collected and was analyzed by Soil Engineering Testing, Inc
(SET). Results confirm that the soils are very fine grain size mine tailings. In addition,
nearby soil borings taken by American Engineering Testing, Inc. (AET) for the design of
the concentrator/crusher site indicate a depth of 28 feet of mine tailings over sandy lean
clay. (See SET and AET soils data in Appendix.)
The existing site was monumented using a 24” wooden stake near the center of the plot.
The stake is in turn monumented by three reference trees. The distance and azimuth of
each reference tree was measured and is recorded on an aluminum tag nailed to the base
of the tree. Reflective trail markers and flagging are hung on the reference trees to
identify them from a distance. Distances and azimuths to several individual Botrychium
oneidense plants were recorded from the center stake.

Search for Potential Transplant Sites
A search was conducted on June 23-24 for areas with site conditions similar to the
existing Botrychium oneidense site. The search area include the Permit to Mine boundary,
excluding wetlands and areas proposed for mining activities.
Seven sites were initially identified during the June 23-24 search. The sites identified
provided similar plant association and canopy cover. However, none of the seven sites
provided a similar soils match. After conversations that Barr botanist Daniel Jones had
with Welby Smith and Bonita Eliason of the MDNR, an additional search was conducted
by Barr soils scientists Christie Kearney and Micah Beukema to attempt to locate sites
with better soils matches.
This second search was conducted on July 24, 2006, and focused on suitable plant
associations in areas mapped as Slickens. Several areas with similar soils were located;
however, many are within the Stage I Tailings Basin, and would not be available as
transplant sites. Several other areas visited had coarser mine tailings typical of the
taconite mining activities conducted on the site in the past.

Locating transplant sites with soils that are highly similar to the existing site has proven
to be difficult. One possible reason for this is that the existing site contains tailings from
pre-Hanna mining, most likely from hematite mining. The majority of the Minnesota
Steel site is on taconite mining areas. As a result, the specific composition of the tailings
varies somewhat within the larger area. Most of the tailings-derived soils in the vicinity
of the Minnesota Steel project are from previous taconite mining activities.
Nevertheless, one of the potential transplant sites identified provides soils derived from
hematite tailings, albeit somewhat coarser. This site supports a plant association similar
to the existing site, and therefore has good potential for supporting the existing
Botrychium oneidense population, as well as the other two species. Like the existing site,
it is a young balsam poplar stand on old tailings, with a mixture of native and non-native
grasses and forbs, and small patches of bare ground and moss-lichen crusts.
The transplant methods will ensure that at least 10” of topsoil from the existing site
existing will be transplanted along with the Botrychium populations. This depth will
ensure that no roots are damaged, since Botrychium roots are short and nearly perfectly
horizontal. It will also transport both mycorrhizal associates of the Botrychium population
and underground propagules, including gemmae and juvenile sporophytes. Mycorrhizal
associates are important nutrient and carbohydrate sources, and the propagules serve as a
gene bank during unfavorable environmental conditions (Johnson-Groh et al 2002).

Proposed Sites and Transplant Methods
Preferred Transplant Site

The preferred site for transplanting the Botrychium population was first identified using
soils maps, aerial photos and NWI mapping. It was field-checked during a July 24, 2006
visit, and has been designated Site A. The location is shown on Figure 1.
Site A has soils that are most similar to the existing site of the various alternatives visited.
The soils at Site A are mapped as Slickens, and are older tailings not derived from
taconite mining activities. Based on the land use history of the area, the tailings at Site A
are likely derived from previous hematite mining activities. Site A is also adjacent to a
wetland. As discussed earlier, the MDNR Natural Heritage Database records for
Botrychium oneidense suggest that the species, while an upland obligate, prefers
proximity to wetlands.
The existing plant association at Site A is a mixed birch – balsam poplar stand that
provides similar canopy cover and some of the same species as those at the existing site.
Additional birch and poplar may be live-staked as needed to augment the plant
association and canopy cover as part of the site preparation for the transplant.

Transplant Methods

As an initial step toward devising a transplant plan, Barr botanist Daniel Jones contacted
Dr. Cindy Johnson-Groh by phone in June 2006 to discuss the transplant methods and
monitoring that she designed for the Enbridge pipeline project. Mr. Jones was also on the
Enbridge site with Dr, Johnson-Groh in June 2005, and has been in e-mail contact with
her regarding Botrychium transplanting and other mitigation strategies since December
2005 (Johnson-Groh 2005).
Botrychium populations were transplanted on the Enbridge pipeline project several years
ago using a tree spade. Access was not an issue for that project, and the populations were
re-located to the edges of the pipeline corridor, relatively close to their original positions.
The Minnesota Steel site presents more challenging access issues, and will require relocating the populations over a longer distance. The existing Botrychium population is
relatively easily accessed. However, the transplant location is in an area with moderately
difficult access. As a result, the transplant effort will use smaller equipment that can more
readily access the transplant sites. A tree spade will not be able to traverse most parts of
the Minnesota Steel property.
Minnesota Steel proposes to transplant the B. oneidense population in a series of soil
sections, cut to a depth of at least ten inches, similar to cutting sod sections. As discussed
above, this depth will be suitable to safely re-locate plants, roots, propagules and
mycorrhizal associates. A Bobcat or similar skid loader will be used to cut the soil
sections and to re-plant them at the transplant sites. Sections will be transported on a
large flatbed trailer initially, then on small flatbed trailers that can be towed to the
transplant site by ATVs.
The transplant plan would require the following equipment:
Heavy-duty Pick-up (F250 or F350) with long trailer (must be able to hold
Bobcat, sod sections and possibly small ATV trailer.)
Skid loader with standard bucket (Bobcat)
Heavy-duty 4x4 or 4x6 ATV with small flatbed trailer
Second smaller pickup with trailer for ATV
Spade and fork
Chainsaw
Tarps
4’ rebar lengths, stakes and other equipment for referencing transplant sites.
The transplanting would be accomplished following these steps:
1: Drive to the existing site in the heavy truck, trailering the Bobcat. Unload the Bobcat.
2. Use the chainsaw to clear trees around and in transplant area, taking care to fell trees
away from the center of the site. Identify specific Botrychium sod sections to be removed.

Most of these can be located using distance and bearing data recorded from the center
stake in June 2006. In general, as much of the area beneath the stand of trees as can be
practically taken will be re-located. This will maximize capture of subterranean
propagules and mycorrhizal associates.
3. Remove sod sections ~2’wide by 4’ long and at least 10” deep. This should be about a
standard bucket size cut at the required depth. Use the spade and/or fork to help free
sections. Minimize disturbance (cracking, breaking) to sod sections. Set sod sections onto
long trailer near the front. Cover with the tarps to prevent drying. Reload Bobcat. Exit
existing site.
4. Take both trucks and equipment to a point as close to the transplant site as is practical.
Unload the ATV, the small ATV trailer and the Bobcat. Transfer sod sections to the ATV
trailer. Drive the Bobcat and ATV with the trailered sod sections to the transplant site.
5. Identify the most suitable transplant areas. Use the Bobcat to remove existing soil or
sod to approximately equal depth as sections. In general, the existing soils at the
transplant site should be excavated to a depth slightly more shallow than the depth of the
transplanted sections. This will allow for settling that may occur once the transplant
sections are in place. Dispose of and spread dirt from the existing sod sections nearby.
6. Transplant the Botrychium sod sections. Again, the sections should be set in the ground
to a depth slightly above the existing ground level to allow for settling, but should not be
set too high. Transplanted sections should be placed as close to each other as possible to
create a large area of contiguous sections. Depending on the ATV trailer capacity, the
ATV may need to make one or more return trips to the long trailer to get additional sod
sections that were cut.
7. Install rebar lengths at the northeast corner of each transplanted section, as well as at
other appropriate reference points (larger trees) for the overall site. Map the site,
showing the overall site reference location and the locations and orientations of each
transplanted section. The intent is to provide easily found references for re-locating the
general transplant site and the specific sod sections. Record distance and azimuth from
the general site reference to the northeast corner of each transplanted section (e.g., 18’@
060º to NE corner of section x). If aboveground structures are visible, record approximate
number of individuals in each section.

Monitoring
Initial monitoring of the transplant site will occur one month after the transplanting
occurs, This visit will serve as an initial check on the condition of the soil sections to
evaluate settling and to check the general site conditions. The site will be re-visited twice
during the first year.
The transplant site will be then monitored annually for a period of five years after
transplanting. The transplant site and specific sections will be re-located. The number of

Botrychium oneidense individuals and other Botrychium species present will be recorded
for each section. It is anticipated that the transplant methods will minimize disturbance,
and that mature aboveground plant structures will emerge in the year following
transplanting. However, since much of the early Botrychium life cycle is spent below
ground, it may be several years before the success of the transplant can be fully
measured.
At the end of each monitoring period, Minnesota Steel will provide MDNR with a
progress report on the transplant site, including a tally of Botrychium species and
individuals present at each site.
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Appendix – Soils Data from Existing Site
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