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Figure 1. Intact grassland. Photo taken by Caitlin de Vries, July 2018 Figure 2. Fragmented grassland. Photo taken by Caitlin de Vries, July 2018

Background.: Intact grassland landscapes support resilient communities that benefit from the natural and
economic benefits associated with grasslands. The unfolding invasion of Eastern redcedar (Juniperus vir-
giniana) in the Great Plains eliminates and fragments grassland landscapes, resulting in the loss of livestock
production, water yield, regulation of wildfire risk, and native biodiversity (Meneguzzo & Liknes 2015,
Twidwell et al. 2013).

Providing Management Guidance

here is a large focus on land management strate-

gies that can restore grasslands that have been
invaded by Eastern redcedar. Among restoration
strategies, use of high intensity prescribed fire is
increasing rapidly due to its effectiveness and low
cost per acre (Weir et al. 2016).
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Figure 4. Recording data in the Loess Canyons. Photo taken by Dillon Fogarty,
July 2018

owever, after initial restoration by prescribed

fire, it is unclear how recovered grasslands
should be managed to avoid re-invasion. To provide
sound guidance on post restoration management (0-
16 years after initial restoration), we measured East-
ern redcedar re-invasion at 22 locations in the Loess
Canyons, NE that were restored to grassland plant
communities using high intensity prescribed fire.
Based on these results, we provide recommendations
on the timing and application of different interven-
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Figure 5. Probability of (A) Eastern redcedar presence and (B) the presence of Eastern redcedars that
have outgrown the herbaceous plant layer following restoration with prescribed fire. Probabilities are
based on Eastern redcedar reinvasion of restored grasslands in the Loess Canyons, Nebraska. Intervention
zones correspond to recommended intervention strategies based on the biological stage of invasion
(Blackburn et al. 2011). However, note that eradication can be applied to any stage in the invasion process
if proper techniques are applied (e.g., high intensity prescribed fire). Intervention strategies correspond to
management techniques in Figure 3.

Intervention Strategies:

Prevention: Intercepting invasion at the outset, that is, preventing the introduction of propagules or pre-
venting propagules from becoming seedlings. Prevention is often a cost-effective option because it avoids
costs incurred from invasion (Wittenberg and Cock 2001).

Eradication: Complete elimination of a species from a target area, creating substantial ecological and
economic benefits (van Wilgen and Richardson 2014). Eradication is most readily accomplished before

trees outgrow the herbaceous layer, at which point herbaceous plants are displaced and growth accelerates
(Engle & Kulbeth 1992; Riginos 2009)

Control: Decreasing the amount of the invading organism “to keep it below an acceptable thresh-

old” (Wittenberg and Cock 2001; van Wilgen and Richardson 2014). Emphasis is placed on reducing the
number of invading individuals. Some control methods preferentially target small trees (e.g., mowing, low
intensity prescribed fire), while others target large trees that have outgrown the grass zone (e.g., hand tools,
mechanical).

Restoration: Re-establishment of a community to its pre-invasion conditions following a period of in-
vasive species dominance (Hobbs and Norton 1996).
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Prescribed Fire: This is the only technique that

is capable of prevention, eradication, control, and res-
toration, which is made possible by altering the inten-
sity of fire. Prescribed burning can be used to prevent
future redcedar invasion, or manage current redcedar
invasion by removing established redcedars. Low-
intensity prescribed fires remove small to medium
sized redcedars, while high-intensity prescribed fires
remove redcedars of any size (Simonsen et al. 2015).

o) : Goats: For trees up to 3-4 feet tall, goats work as a
Figure 7. Prescribed fire. Photo taken by Christine Bielski biological-control agent. In the first year of grazing,
goats can remove most trees under 24 inches. With
trees 4-8 feet tall, goats can remove 50% of trees in 3-
5 years (Knezevi et al. 2005). It is best to use goats
for eradication when incipient trees remain below the
herbaceous layer, shown here to be 1-8 years follow-
ing initial restoration with prescribed fire.

H aying: Redcedar seedlings are removed by hay-
ing grasslands. For locations with gentle terrain, hay-
ing has potential to remove all seedlings. Therefore
haying can be used as an eradication strategy while
trees remain small (Simonsen et al. 2015).

Hand Cutting: Most efficient in small areas and
on trees under 2 feet tall, but can work on taller ones.
When cut below the lowest branches, redcedar will
not regrow. Shears, saws, spades, shovels, or hoes are
all handheld tools that can be used (Knezevi et al.
2005). Hand cutting is a control method because only
easily detectable trees are removed. Hand cutting is
best applied 4+ years after initial restoration with pre-
scribed fire when trees outgrow the grass zone and
are easily detectable.
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Figure 8. Hay bales. Photo taken by Jan van der Crabben, September 2005,
distributed under a CC-BY-SA-2.0 License

Mechanical: Used for larger trees, and requires chain saws, vehicle-mounted shears, shredders, or “cedar
eaters”. This method can be labor-intensive, time consuming, and dangerous (Knezevi et al. 2005; Twidwell
et al. 2015). Often this equipment is more expensive, and this is also less effective at removing redcedars from
difficult to reach or steep sloped areas (Simonsen et al. 2015). Mechanical methods are best used for localized
control and restoration during the mid to late stages of invasion, which we found to be at least 9 years follow-
ing initial restoration with prescribed fire.
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