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The Problem 
In pre-settlement times fire played in important role in maintaining open fen habitats. 
With fire suppression following European settlement, succession is converting these fens 
into shrub thickets, and eventually swamp forest. This is significant as fen is a diverse 
and increasingly rare community that is critical habitat for a number of rare plants and 
animals. 
 
Using historical aerial photographs we were able to document the extent of the decrease 
in fen. The series of three photographs (Figures 1-3) are an example of the decreases 
observed throughout the study area. Between 1957 and 1998 Nasby Fen changed from 
90% open fen to 17% open. The green lines on the aerial photographs delineate the 
boundaries of the potential fen habitat, and the boundaries between open and woody 
dominated habitat. 
 
Aggressive exotic species also pose a threat to the fens. Exotic plants currently threaten 
fewer acres of the fens in the study area than are threatened by succession. Exotic plants 
present at Pigeon River and Lime Lake are a threat to fens elsewhere in Indiana and the 
mid-West. Keeping those species from becoming major threats was also a part of this 
project. Species of potential concern include glossy buckthorn (Rhamnus frangula), 
European alder (Alnus glutinosa), Phragmites (Phragmites communis), reed canary grass 
(Phalaris arundinacea), Canada thistle (Cirsum arvense) and purple loosestrife (Lythrum 
salicaria). 
 
It is difficult to maintain fen by burning alone. Nasby Fen is actively managed with 
prescribed fire. Logistical and biological factors make it difficult to burn often enough to 
maintain existing fen, much less restore areas dominated by shrubs. The presence of rare 
animals, particularly reptiles and insects, present a problem for natural areas managers. 
Rare animals such as eastern massasauga rattlesnakes (Sistrurus catenatus catenatus) and 
the Mitchell’s satyr butterflies (Neonympha mitchellii mitchellii) use habitat that may 
disappear in the absence of fire, yet individuals may be killed by fire. Direct mortality 
from fire may not have been a problem when fen habitat was more extensive and the 
populations of these animals were larger. It may be a serious problem with low 
populations and restricted habitat. 
 
This project used mechanical brush cutting and herbicide to supplement burning. Cutting 
and herbicide will not replace burning but can be used to open up areas where fire no 
longer penetrates. It can also be used to extend the interval between burns. 
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Project Area 
The project included five fens. Lime Lake Fen is a dedicated nature preserve in the 
northwest corner of Steuben County, Indiana. The Indiana Toll Road (I-90) crosses Lime 
Lake Fen. In this report Lime Lake North refers to that portion north of the Toll Road and 
Lime Lake South to that portion south of the Toll Road. The other four fens, Buckbean 
South, Sawmill, Trinity, and Nasby are dedicated state nature preserves within the Pigeon 
River Fish and Wildlife Area. 
 
Table 1. Location of fens in project area (Lat. and Long. are for center of fen.) 
Fen County 7.5 min. Quad Latitude Longitude 
Lime Lake Steuben Bronson South N41.754’ W85.183’ 
Buckbean South LaGrange Orland N 41.679’ W 85.235’ 
Sawmill LaGrange Mongo N 41.689 W 85.288’ 
Trinity LaGrange Mongo N 41.696 W 85.307’ 
Nasby LaGrange Mongo N 41.696’ W 85.317’ 
 
Documenting the Decrease in Open Fen Habitat 
A series of U.S. Department of Agriculture aerial photographs taken over time were used 
to document the decrease in open fen. This was done using geo-referenced aerial 
photographs and the ArcView GIS program. The 1998 photographs already existed as 
geo-referenced GIS layers. Digital copies of the 1957 and 1973 or 1974 aerial 
photographs were ordered from the USDA Farm Services Agency Aerial Photography 
Field Office in Salt Lake City, Utah. These older aerial photographs were geo-referenced 
by warping them to fit clear landmarks on the 1998 images. A line was drawn around the 
boundary of the potential fen using a topographic map layer and knowledge of the local 
terrain. Polygons were drawn around areas of woody vs. open herbaceous vegetation 
within this boundary. Then the areas of woody dominated and herbaceous dominated 
polygons were calculated, and the total area of each habitat. The difference between 
woody and herbaceous communities is generally easy to pick out on aerial photographs. 
Of course natural communities do not neatly divide along sharp lines. Some subjective 
judgment is required to decide when enough woody vegetation is present to characterize 
an area as woody dominated. Different observers might have drawn some of the lines in 
different places. Still, the data in Table 1, are a fair representation of the dramatic 
decrease in open fen habitat, as can be seen from the photographs of Nasby Fen (Fig. 1-
3). The GIS analysis was done by Joanna Gibson of the Herpetology Center at Indiana 
University – Purdue University Fort Wayne under the direction of Dr. Bruce Kingsbury.  
 
An attempt was made to use color aerial slides flow each summer through 2002 by 
USDA FSA. Since these were flown every summer we hoped to be able to track changes 
in the fens on a finer time scale. Unfortunately these varied too much in quality to be 
useful for this purpose. The photographs from some years were of excellent quality. In 
those cases the photographs from previous and subsequent years had technical difficulties 
that prevented year-to-year comparisons. 
 
Acres and feet will be used as the units of measurement for this report. They are more 
useful to managers and policy makers, the target audience. 
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Table 2. Decrease in open fen 1957 to 1998 

Fen Acres Percent Open Fen 
  1957 1973 or 74 1998 

Lime Lake 46.2 99 84 43 
Buckbean South 31.4 65 60 37 

Sawmill  54.7 59 22 14 
Trinity 37.3 38 12 6 
Nasby 91.2 90 27 17 

 
 

Brush Control under this Project 
By renting a brush cutter mounted on a tracked loader (Fig. 4) we were able to clear 57.7 
acres over two months between early January and early March of 2003. By working 
when the ground was frozen we were able to use this machine without rutting or 
disturbing the ground. With shade removed the fen vegetation responded vigorously (Fig. 
5). As anticipated, the woody shrubs also re-sprouted vigorously. To control them a crew 
carefully sprayed individual re-sprouts during the 2003 and 2004 growing season. Area 
treated and costs will be presented below. The costs for 2003 are most representative of 
what could be expected on future projects. In 2003 the crew concentrated on treating as 
much area as possible. In 2004 the crew experimented with other techniques, such as 
using an herbicide soaked sponge to treat re-sprouts. Also, the re-sprouts were taller, 

Figure 4. Brush cutter on tracked loader 
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making them more difficult to treat. (The staff of Pigeon River Fish and Wildlife Area 
burned the east half of Nasby Fen in spring 2004. This killed re-sprouts back to ground 
level, making them easier to treat in 2004 than in unburned areas.) 
 

 
 
Woody stems too large for the machine to cut were 
controlled by making a series of cuts through the 
bark and injecting Pathway herbicide into the cut. A 
few areas the machine could not reach were cut by 
hand using a hand-held gas powered brush cutter. 
 
How Treatment Areas Were Measured 
After each treatment (mowing, or a season’s worth 
of spraying) a track perimeter of the treatment area 
was recorded using a consumer grade GPS unit. 
That track was transferred to an ArcView shapefile. 
A new polygon was hand traced over that shapefile 
to clean up artifacts of the sampling, such as an 
excessive number of points in one spot, while the 
observers were standing still. Areas for the 
polygons were calculated and presented in Table 2, 
and Figures 9-13. The re-sprout treatment areas 
were easy to determine as the spray crews used 
small bits of flagging to keep oriented while spraying. Before October 2003, hours were 
tracked on log sheets, and after then a computerized payroll tracking system. 
 
Table 3. Areas cleared and re-sprouts treated in acres. 
Fen Cleared  

2003 
Treated 
2003 

Treated 
2004 

Treatment 
Overlap 

Total 
Treated 

Lime Lake N 6.9 0.0 0.0 0.0 0.0 
Lime Lake S 5.4 5.6 0.0 0.0 5.6 
Buckbean South 5.7 0.0 3.2 0.0 3.2 
Sawmill 10.3 9.2 3.6 2. 5 10.3 
Trinity 2.6 3.2 0.0 0.0 3.2 
Nasby 26.8 6. 9 8.3 2.0 13.2 
Total 57.7 24.9 15.1 4.5 35.5 
 
As can be seen from Figures 9-13 there was some variation between the area cleared and 
those where re-sprouts were sprayed. Crews treated areas with the highest potential for 
recovery first. This included some areas where invasive woody plants were small enough 
that they were not mowed, but where treating these invasives would benefit the 
community. Some areas that were cleared were not treated with herbicide. This was due 
to one of two reasons. In some cases the species that rebounded after clearing were 
weedy species such as Rubus and Virgin’s bower (Clematis virginiana), indicating a low 
potential for recovering to high quality fen. The southeast portion of Nasby Fen and the 

Figure 5. Spraying woody re-
sprouts 
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western edge of Sawmill Fen had a number of these areas. In other cases the sedges were 
of taller, ranker species. The crew did not reach some of these areas until later in the 
growing season and it was not practical to spray shorter re-sprouts down in the sedges. 
This was the case in northwest portions of Nasby Fen. It was not always impractical to 
spray re-sprouts in taller, ranker sedges. The crew was able to successfully spray re-
sprouts in taller sedges at Buckbean South Fen and the extreme south of Lime Lake Fen.  

Figure 6. Dogwood re-sprout (arrow) killed without killing surrounding plants, 
including shrubby cinquefoil (Potentilla fruticosa). 



Fen and Sedge Meadow Restoration and Maintenance Page 9 

Figure 7. Thick brush being removed in Nasby fen. 

Figure 8. Fen plants rebound in first growing season after brush removal 



Fen and Sedge Meadow Restoration and Maintenance Page 10 



Fen and Sedge Meadow Restoration and Maintenance Page 11 



Fen and Sedge Meadow Restoration and Maintenance Page 12 



Fen and Sedge Meadow Restoration and Maintenance Page 13 



Fen and Sedge Meadow Restoration and Maintenance Page 14 



Fen and Sedge Meadow Restoration and Maintenance Page 15 

Summary of Costs and Area Treated 
 
Brush Cleared 

-  Over 2 months 
- Cleared 57.7 acres 
- 361 hours machine cutting 
- 33 hours hand cutting 
- 6.8 hours/acre 

 
Brush Clearing Costs 

- Labor $4,127 @ $10/hr. 
- Machine rental $5,350 
- Fuel $540 
- $174/acre total cost for clearing 

 
Re-sprout Treatment Totals 2003 

- Treated 24.9 acres 
- 1163.25 hours labor 
- 615 gallons 5% Garlon 3-A 

 
Re-sprout Treatment Averages 2003 

- 0.17 acres/person/day 
- 1.24 gallons 100%Garlon 3-A/acre 
- 46.7 hours/acre 
- $491/acre labor 
- $90/acre herbicide 
- $581/acre total 

 
Hack and Treat Large Stems (includes 2003 and 2004) 

- 147 hours labor for 57.7 acres 
- 4 gallons Pathway herbicide/57.7 acres 
- $28/acre total cost 

 
Total Cost / Acre 2003 

- $174/acre – Clearing 
- $581/acre – Spraying re-sprouts 
- $28/acre – Hack and treat large stems 
- --------------------------------------------- 
- $783/acre – Total Cost 

 
2004 Update 

- Treated 15.1 acres of re-sprouts 
- 10.6 New acres treated 
- 4.5 acres overlap with 2003 
- Reduced herbicide usage from 1.24 gallons Garlon/acre to 0.53 gallons/acre 
- Treatment time increased to 72.8 hours/acre as explained above. 
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Brush Control Lessons Learned 
It is possible to spray re-sprouts while doing only limited damage to non-target plants. 
Even where there was some damage to non-target plants, particularly Aster and Solidago, 
it was not evident by the second growing season after treatment. The benefit, even to 
susceptible species, of decreased shading outweighed the limited herbicide damage. In 
the first season we tried too hard for 100% coverage of each re-sprout stem with 
herbicide. While it was still necessary to treat all sides as well as top and bottom of 
woody plants we were able to cut down herbicide usage in the second year without 
compromising effectiveness. 
 
By the second year after treatment it became much harder to treat re-sprouts. If all the cut 
area cannot be treated in the first growing season it would be a big advantage to re-cut or 
burn any areas before treating them. 
 
Wicking herbicide did not work well in the fens. Wicking depends on the plants you wish 
to treat being taller than the ones you do not want to treat. The sedges grew too rapidly 
for this to work in the fens. Even in the second year after cutting when some of the re-
sprouts were taller than the sedges, there were still many shorter re-sprouts down in the 
sedges. 
 
Given that treating re-sprouts is so much more expensive than machine cutting, should 
repeated cutting without herbicide be considered? Cutting followed by herbicide would 
last much longer than cutting alone. However, it would be possible to cut every two or 
three years for a number of years at the same cost of one cut and herbicide treatment. 
Cutting alone would not be very effective for controlling woody species that re-sprout 
vigorously, such as glossy buckthorn (Rhamnus frangula) or aspen (Populus). It could be 
a viable alternative for controlling species that do not re-sprout as vigorously, such as 
willow (Salix) and dogwood (Cornus). Cutting without spraying re-sprouts is being tried 
on a portion of Lime Lake fen, north of the Toll Road (Lime Lake North). 
 
Exotic Species 
Glossy buckthorn (Rhamnus frangula) 
It is difficult to formulate a strategy for dealing with glossy buckthorn. Glossy buckthorn 
has proven to be an aggressively spreading and hard to control species in fens and other 
natural areas. It is present in very small numbers at Pigeon River, yet the potential habitat 
is many square miles. Generally a couple plants are found each year in the course of 
doing other management. Yet a crew of two skilled in finding glossy buckthorn has 
searched for two days and not found any plants. The only solution is for crews working 
on other projects around the property to be alert for its presence. This is likely to be more 
successful at relatively smaller fens such as Lime Lake than in a much larger fen 
complex, such as Pigeon River. The incentive to catch any glossy buckthorn infestation 
in the early stages is high. Glossy buckthorn can form dense stands that shade out all 
other vegetation. Costs for clearing dense buckthorn thickets can exceed $2000/acre 
(Division of Nature Preserves unpublished data based from Rhamnus removal contracts) 
followed by many years of follow up treatments. 
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European alder (Alnus glutinosa) 
European alder was planted as a wildlife planting on uplands at Pigeon River. While it 
has not done well on the uplands (J. Hampshire, Pigeon River Property Manager, pers. 
comm.) it has spread to the wetlands and formed dense thickets in a few places. A 
difficulty is that it appears to be hybridizing with speckled alder (Alnus rugosa). Speckled 
alder is a normal part of fen communities, particularly along watercourses. European 
alder was not a problem in the fens intensively restored as part of this project. It is a 
problem elsewhere on the property. Clearer field characters for determining speckled 
alder from European and hybrids would make it easier for crews to aggressively control 
non-native alders. While some progress was made on field characters during this projects, 
this problem is really a project by itself. 
 
Phragmites (Phragmites australis) 
All the Phragmites found in the project area is the native subspecies Phragmites australis 
subsp. americanus (Saltonstall 2004). It appears to be acting as a normal part of the fen 
community and not spreading aggressively. At some point in the future it could be 
necessary to control the native genotype of Phragmites, just as native species such as 
dogwood and willow are controlled if they become too dense for rarer fen vegetation. It 
will also be important to be alert for stands of non-native Phragmites. 
 
Reed Canary Grass (Phalaris arundinacea) 
This species is present in pockets within the fens. It is generally not very aggressive at 
invading closed communities. Where muck soils are exposed it can quickly colonize and 
persist. This has been the case where reed canary grass was present in or near shrub 
thickets with a sparse layer of sedges. Reed canary has been able to colonize the exposed 
muck soils faster than the remnant sedges. In this project we sprayed these patches to kill 
reed canary grass and allow the sedges and other fen plants to recover. Most of the 
spraying was done in late fall, after a frost. This has proven to be an effective time for 
killing reed canary while minimizing damage to non-target plants. Reed canary stays 
green longer into the fall than most other plants. The herbicide used most often was 2% 
Glypro Plus, a generic glyphosate herbicide similar to Roundup Pro. Because the area of 
the fens being treated is dry at that time of year, an aquatic herbicide is not required. 
Because a large number of small patches and individual clumps were treated it was not 
possible to calculate cost per area treated in any meaningful way. A crew of two to three 
people spent about a week treating reed canary grass, and the next species, Canada 
thistle, in 2003 and again in 2004. 
 
Canada thistle (Cirsium arvense) 
Canada thistle is located along some of the disturbed edges of the fens. Like the previous 
species, reed canary, it has been able to expand in a few areas where brush was removed. 
It has been reported to spread into high quality natural wetlands (T. Post, Division of 
Nature Preserves, pers. comm.) although that was not observed during this project. Most 
of the spraying for Canada thistle was done opportunistically while spraying woody re-
sprouts with Garlon 3-A or reed canary grass with glyphosate. Both these reduced 
Canada thistle, but neither was effective at eliminating Canada thistle. Canada thistle is a 
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clonal species that can spread by runners. Killing entire clones is difficult. In fall of 2004 
Canada thistle was treated with Transline herbicide. It is too early to evaluate the results 
of those treatments. 
 
Purple loosestrife (Lythrum salicaria) 
Is only present in small numbers at Pigeon River and Lime Lake. This is due to the 
vigilance of the staff of Pigeon River Fish and Wildlife Area, and of the staff of Division 
of Nature Preserves at Lime Lake. A few plants were killed during this project, generally 
while treating woody plant re-sprouts. Continued vigilance will be necessary in the future 
as sources of purple loosestrife for invasion are abundant in northeast Indiana. 
 
Usefulness as a Demonstration Project 
The purpose of this project was not only to restore some acreage of fen. It was also to 
demonstrate the potential for restoring fen on a larger scale and at a lower cost than we 
have been able to do previously. And to communicate the results in ways that will be 
useful to managers and those who make budget and resource decisions. That has already 
started and will likely expand with completion of this report. 
 

- The project manager gave a paper on the preliminary results at the Natural Areas 
Conference in Madison, Wisconsin in fall 2003. He has received inquiries from a 
number of other managers following that presentation. 

- In September 2004 we hosted a field day to show the results of the project. Forty-
two managers from Wisconsin, Illinois, Michigan, Ohio and Indiana attended. 

- Indiana DNR’s Division of Fish and Wildlife rented similar equipment in 2003, 
2004, and 2005 after seeing the results of this project. 

- The Indiana Chapter of the Nature Conservancy recently purchased similar 
equipment. Several members of their staff came to see the project while they were 
considering their purchase. 

- The Division of Nature Preserves and the Division of State Parks, Indiana DNR 
pooled their resources to purchase two brush clearing machines for use in 
northern and southern Indiana. We are currently making plans to start similar 
projects to this demonstration project on nature preserves, Fish and Wildlife non-
game areas, and state parks in Indiana. 

- A local Steuben County, Indiana land trust rented similar equipment to restore 
fens in 2005. 
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