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Native Forbs Occurring in Brome Fields 
within a Mixed-Grass Prairie Landscape 
(North Dakota)
Nickolas A. Dufek (U.S. Fish & Wildlife Service, Kenmare, 
ND 58746, ndufe094@uwsp.edu) and Robert K. Murphy 
(Dept of Biology, University of Nebraska-Kearney, Kearney, 
NE 68849, murphyrk@unk.edu)

Smooth brome (Bromus inermis) is a cool-season, peren-
nial grass introduced to North America’s prairie regions 

from Europe in the late 1800s for use as livestock forage 
(Romo et al. 1990). Its ability to spread and outcompete 
native prairie flora makes the grass a major obstacle to rees-
tablishing native vegetation in prairie soils that were previ-
ously cultivated. However, some native, herbaceous plant 
species may persist in or reinvade patches of brome, even 
in seeded monotypes of brome that are several decades 
old. Knowledge of which forb species can compete with 
brome successfully can assist land managers in improving 
seed mixtures used in agricultural field restorations. We 
believe multispecies seedings that include native forbs may 
better compete with brome while enhancing the structural 
diversity of the vegetation for wildlife.

To help provide such information for the northern 
mixed-grass prairie region, we measured the occurrence 
of native forb species in tracts of cropland that had been 
seeded to brome on the 2,200-ha Wilderness Area of 
the Lostwood National Wildlife Refuge in northwestern 
North Dakota. The Wilderness Area is mostly mixed-grass 
prairie interspersed with 0.2- to 10-ha seasonally flooded 
wetlands. Uplands are rolling to hilly, with thin loam soils. 
Nine 12- to 120-ha tracts of old cropland are distributed 
evenly across the area on the less hilly sites (6–15% slopes). 
The tracts were cultivated from about 1905 to 1950 then 
seeded to brome during the 1950s (USFWS 1998). Since 
its establishment in 1976, the Wilderness Area has experi-
enced four prescribed burns, one wildfire, and four seasons 
of moderate cattle grazing.

We examined the tracts in July and August 2006, when 
the majority of plant species could be most readily identi-
fied. Within each, we delineated an interior zone (> 50 m 
from native prairie) and an edge zone (< 25 m from native 
prairie), separated by a 25-m buffer. We randomly selected 

15 points in each zone of each tract; points within a given 
zone were at least 25 m apart. At each point, we recorded 
species of forbs detected within a 1- × 12-m quadrat. We 
calculated frequency values for each of the 9 tracts and then 
determined overall means by species and zone. The Domin-
Krajina ratings of cover-abundance allowed us to convert 
frequencies to cover estimates (Bonham 1989, 129). We 
used the paired t-test to compare edge and interior zones 
for each species.

Brome composed roughly three-fourths of the vegetation 
cover in the interior and edges of old croplands (range 10%-
99%). We detected 30 species of native forbs, all perennials 
(Figure 1). The edge zones contained 28 species and 22 
were in interior zones. Only one species, white sagebrush 
(Artemisia ludoviciana), differed significantly (p = 0.024) 
between zones; it was found more often in the interior.

Figure 1. Mean frequency (± SE) of native forb species commonly found 
in nine cultivated tracts that were seeded to smooth brome (Bromus 
inermis) in the 1950s on the Wilderness Area of Lostwood National 
Wildlife Refuge, North Dakota, as documented during summer 2006. 
Not shown are 13 species that were detected less frequently: Astragalus 
crassicarpus, Pediomelum esculentum, Thalictrum dioicum, Pulsatilla patens 
ssp. multifida, Liatris punctata, Oxytropis splendens, and Fragaria virgini-
ana were found only in edges; Polygala alba and Lygodesmia juncea 
were found only in interiors; Thermopsis rhombifolia, Artemisia frigida, 
Erigeron philadelphicus, and Symphyotrichum laeve were found both in 
edges and interiors.
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Eight species of forbs were encountered in at least one-
fourth of the plots in both edges and interiors (Figure 1); 
three of these, all members of Asteraceae, were widely 
distributed (> 50% frequency). These high occurrences 
suggest that these species are likely to persist or reinvade 
regardless of management efforts.

Contrary to our expectations, we did not detect Pacific 
anemone (Anemone multifida), blue flax (Linum perenne), 
or white prairie aster (Symphyotrichum falcatum), all species 
that occur in tracts of old cropland elsewhere in the area 
(K. Smith and USFWS unpub. data). We may have over-
looked the anemone and aster because of their very early 
and late phenology, but they likely were not widespread 
in tracts we examined because dormant individuals of the 
two species typically are conspicuous. In addition, we were 
unsure why we did not detect purple coneflower (Echinacea 
angustifolia) more frequently, as it appears fairly common 
in old cropland tracts elsewhere in the area.

When planning seeding mixes for restoring northern 
mixed-grass prairie in areas prone to invasion by brome, 
land managers may wish to exclude or minimize some plant 
species that are likely to persist or reinvade regardless of 
management efforts, making their inclusion in seed mixes 
an unnecessary expense. Our survey suggests eight such 
species of forbs. To improve the likelihood of establish-
ing floristically and structurally diverse native vegetation, 
managers may wish to focus on seeding native plant species 
that appear to be moderately persistent and competitive in 
decades-old, seeded stands of brome. These could include 
some of the forb species we observed with less than 20 
percent frequency.
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Tropical Forest Restoration Research 
Opportunities in Southern Costa Rica
Rakan A. Zahawi (Organization for Tropical Studies, 
zahawi@ots.ac.cr) and Karen Holl (University of California, 
Santa Cruz, kholl@ucsc.edu)

The Organization for Tropical Studies (OTS) Las 
Cruces Biological Station (LCBS), a leader in research 

on tropical restoration and conservation in fragmented 
landscapes, held a bilingual workshop in late July 2008 
with over 60 participants from the United States and 
Costa Rica. Principal workshop achievements included 
providing a thematic overview of recent research achieve-
ments in conservation and restoration biology at LCBS 
over the past 10–15 years, integrating and catalyzing 
future research ideas, and identifying emerging themes 
in these fields. The workshop was also aimed at building 
collaborations between U.S. and Costa Rican scientists 
and institutions; a mix of participants including faculty, 
graduate students, and government and nonprofit agency  
representatives from both countries facilitated this process.

The workshop included research presentations and post-
ers, excursions to numerous field sites, and panel discus-
sions. In addition, there was a poster session in Spanish 
to share research results with local stakeholders. Research 
talks centered around the themes of natural forest regenera-
tion and restoration in the region; conservation of faunal 
communities in the fragmented forest and agricultural 
landscape mosaic; and research agendas of Costa Rican 
nonprofit organizations and universities in the region. 
Panel discussions included strategies for facilitating col-
laborative research among Costa Rican and U.S. institu-
tions; efforts to facilitate communication among scientists, 
farmers, and local K–12 educators; and an overview of 
the LCBS land acquisition plan for a corridor spanning a 
500-m elevation gradient.

Workshop participants on a field trip with LCBS station director Rakan 
Zahawi to observe the planned biological corridor connecting current 
station lands with forest remnants spanning a 500-m elevation gradient 
to the Guaymi indigenous reservation. �Photo by Federico Oveido
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Emergent research themes included studies to monitor 
forest recovery and the coalescence of smaller forest frag-
ments along recently abandoned riparian corridors in the 
matrix surrounding LCBS, restoration along an elevation 
gradient in the context of climate change, and human 
dynamics of landscape use and change due to external driv-
ers such as foreign land purchase and changing agricultural 
markets. The need for more studies of biogeochemical and 
hydrological cycling to complement existing data sets on 
vegetation and avifaunal community composition in this 
landscape was highlighted.

To promote further research at LCBS and surrounding 
areas, there will be a post-workshop call for seed grants (for 
graduate students at U.S. and Costa Rican institutions) to 
conduct interdisciplinary pilot studies on themes related to 
the workshop. For further information on LCBS, a full list 
of talks and panels from the workshop, and opportunities 
for restoration research in the region visit the OTS web-
site (www.ots.ac.cr) and click on the link for Las Cruces 
Biological Station.

Supplemental Irrigation and Fertilization 
of Transplanted Michaux’s Sumac May 
Not Be a Restoration Panacea (North 
Carolina)
Richard R. Braham (Dept of Forestry & Environmental 
Resources, Campus Box 8002, North Carolina State Uni-
versity, Raleigh, NC 27695-8002, 919/515-7568, richard_
braham@ncsu.edu) and Layna E. Thrush (Dept of Forestry & 
Environmental Resources, North Carolina State University)

Because Michaux’s sumac (Rhus michauxii) is a feder-
ally listed endangered shrub, its actual or potential 

presence must be considered to avoid negative impacts on 
all publicly owned lands and in all proposed construction 
projects involving federal funding. Considerable interest 
exists in the Southeast in restoring, and ultimately delist-
ing, Michaux’s sumac. First recognized as a new species 
by Andre Michaux in 1794 in North Carolina, Michaux’s 
sumac has always been rare. The species currently ranges 
from southeastern Virginia to central North Carolina and 
grows on a wide variety of sites. It is most commonly found 
on infertile, sandy soils in slight depressions in otherwise 
flat topography. Most importantly, this shade intolerant 
species rarely grows more than 80 cm tall and requires 
an open canopy, usually oak-hickory or pine savanna, 
where abundant sunlight reaches the forest floor. Histori-
cally, occasional surface fires (every 3–6 years) reduced the 
shade and litter from trees and stimulated root sprouting 
in Michaux’s sumac to form clones. Most reproduction is 
local and vegetative, because the species is dioecious and 

insect pollinated, and the other sex is rarely within pol-
linating distance, resulting in limited seed availability for 
restoration efforts.

Transplanting is an alternative means of increasing the 
number of populations. Braham et al. (2006) demonstrated 
the feasibility of transplanting, but initial survivorship 
and vigor were low. Survivorship ranged from 25 to 80 
percent, and the leaves were only about one-half of the 
usual size. Although survivorship and vigor are related, our 
experience indicates that low vigor is more problematic 
than survivorship, because it severely limits the capacity 
to form large clones from root sprouts. Vigorous root 
sprouting from healthy transplants can more than com-
pensate for low survivorship. Because suboptimum water 
and nutrition may contribute to low vigor, we wanted to 
test whether irrigation and fertilization after transplanting 
would improve vigor.

We conducted our test in 2000 at three Piedmont loca-
tions in North Carolina, one at Schenck Forest (Wake 
County) and two at Hill Forest (Durham County). Both 
properties are owned by the Department of Forestry and 
Environmental Resources, North Carolina State Univer-
sity. The location at Schenck Forest occurs on Cecil sandy 
loam soil with an open overstory of loblolly pine (Pinus 
taeda). Both locations at Hill Forest occur on Appling 
sandy loam soil with an open overstory of mostly white 
oak (Quercus alba). Our study occurred 1–2 years after one 
clone had been transplanted to these locations as described 
by Braham et al. (2006). Plants in odd-numbered rows 
were assigned to the treatment group, and plants in even-
numbered rows were the control group. Each plant in the 
treatment group was irrigated weekly from May 24 to 
September 24 with 4 L of tap water, poured slowly from 
a beaker. Every other week we dissolved into the water 
the standard dose (about 15 g) of Peters® 20-20-20 water-
soluble fertilizer. The control group was not irrigated or 
fertilized. Because the plants were small (4–15 cm tall) and 
in rows spaced about 2 m apart, the possibility of roots 
of the control group receiving irrigation or fertilizer was 
considered negligible. Both groups received natural rainfall 
throughout the experiment. Owing to the low number of 
plants in the original transplanting, the number of plants 
in each group was relatively small: 57 for the treatment 
and 51 for the control. In late September, well after growth 
stopped, height growth that occurred in 2000 and length 
of the longest leaf were measured to the nearest 0.1 cm as 
indicators of vigor.

Because the height data were normally distributed and 
the leaf length data only slightly skewed, analysis of vari-
ance was used to test for differences between the two 
groups. Location effects were significant for both height 
(p = 0.0001) and leaf length (p = 0.0027) (Figure 1). All 
plants at Schenck Forest were on average shorter in height 
(5.4 cm) than those at both locations at Hill Forest (8.3 
and 8.1 cm). Leaves at Schenck Forest were significantly 
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Figure 1. Mean height growth and leaf length (in cm) of Michaux’s 
sumac (Rhus michauxii) at Schenck and Hill Forest in North Carolina. 
Location effects for height (p = 0.0001) and leaf length (p = 0.0027) 
were significant.

Figure 2. Mean height growth and leaf length (in cm) of treatment 
(irrigation and fertilization) and control of Michaux’s sumac (Rhus 
michauxii) groups at Schenck and Hill Forests in North Carolina. Treat-
ment effects for height (p = 0.9347) and leaf length (p = 0.5270) were 
not significant.

shorter (24.4 cm) than those at one location at Hill Forest 
(29.4 cm), but not the other (27.0 cm). Survivorship 
(89%) was the same for both groups. Significant location 
effects were not surprising, since the soil at Schenck Forest 
has less topsoil owing to erosion from a longer history of 
previous cultivation. This difference probably accounts for 
the location effects.

The treatment group grew an average of 7.3 cm in height, 
while the control group grew 6.9 cm (Figure 2). The lon-
gest leaf in the treatment group averaged 27.7 cm, while 
the control group averaged 27.2 cm (Figure 1). Neither 
height growth nor leaf length of the treatment group was 
significantly different from the control at any location, 
which was surprising, because irrigation and fertilization 
often increase growth. Because Michaux’s sumac grows 
by repeated flushes from April to August (Thrush 2002), 
growth of the treatment group should have been responsive 
to irrigation and fertilization.

The reasons for our results are not completely clear, 
because they are somewhat contradictory to our earlier 
experience with fertilization. Although we did not specifi-
cally measure growth in the earlier study, retention and 
color of Michaux’s sumac leaves were improved with fertil-
ization in the greenhouse (Braham et al. 2006). However, 
Michaux’s sumac usually grows on relatively infertile sites, 
and Chapin et al. (1986) have shown that plants adapted to 
infertile sites may respond less to fertilization than plants 
adapted to fertile sites. Whether Michaux’s sumac forms 
mycorrhizal associations is not known. If so, fertiliza-
tion possibly reduced the mycorrhizal populations of the  
treatment group, offsetting the benefits of fertilization.

Rainfall totals in 2000 were approximately average 
during most of the growing season, and about 2.5 cm 
above average in June and July. The native water-supplying 
capacity and fertility of the soils were adequate in times of 
average or greater rainfall. Therefore supplemental irriga-
tion was probably not needed 1–2 years after planting in 
years of average rainfall.

Because Michaux’s sumac is endangered, we could not 
measure root growth. However, we excavated a surprisingly 
large amount of root biomass in earlier transplant research 
(Braham et al. 2006). Michaux’s sumac may routinely allo-
cate more carbohydrate to belowground biomass, because 
such preferential allocation would be a decided advantage 
to a shrub adapted to fire-prone, infertile sites. Roots of 
the treatment group possibly grew more in response to 
fertilization. Keyes and Grier (1981) found that Douglas-fir 
(Pseudotsuga menziesii) trees on poor sites had greater root 
biomass than trees on good sites, possibly in order to absorb 
sufficient water and nutrients. We favor this hypothesis, 
which should be tested in future research.

We conclude that supplemental irrigation and fertiliza-
tion of Michaux’s sumac, applied 1–2 years after planting, 
does not increase aboveground growth under the natural 
conditions of this study, and therefore may not be a pana-
cea. The practices might be useful, however, during the 
first year of transplanting, during times of drought, or on 
very sandy soils.
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