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Abstract. Sustainable rangeland management will require successional strategies to deal with th-
expanding weed problem. These strategies must be consistent with the view that plant communities i«
dynamic and technology is used to enhance the natural processes and mechanisms that direct vegetation

change. The goal is to shift the dynamics toward a

is necessary to direct the development and application of successional weed management systems. We

propose using a resource management model as a

This model is based on the primary causes of succession: site availability, differential species availability.
and differential species performance. This model provides the mechanistic framework necessary for
developing successional weed management systems and it is meant to enhance communication amon«

rangeland weed managers and scientists.
Additional index words: Community dynamics,

INTRODUCTION

World agriculture is striving towarc} a future that pro-
vides nourishing food, protects those who work the land,
helps stabilize the earth’s climate, and safeguards our soil
and water. Many rangeland managers and owners have
focused weed management efforts on simply controlling
weeds, with limited regard to the existing or resulting plant
community. Because of environmental, ecological, and
economical concerns, the appropriateness and effective-
ness of rangeland weed management practices are being
questioned. It has become clear that weed management
decisions must consider these concerns. The development
of future weed management practices must be based on our
understanding of the biology and ecology of rangeland
ecosystems (2, 8, 23, 24, 26). We believe weed manage-
ment education should focus on providing land managers
the principles and concepts on which to base their deci-
sions, rather than just providing prescriptions for weed
control.

Land use objectives must be developed before ran-
geland weed management plans can be designed. This
implies that strictly killing weeds is an inadequate objec-
tive, especially for large-scale infestations. However, a
generalized objective could be to develop a healthy plant
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desired plant community. A unified conceptual mode]

conceptual basis for successional weed management.

disturbance, ecological models.

community that is rélatively weed-resistant, while mectir:
other land-use objectives, such as forage production, wil
life habitat development, or recreational land maintenane
A healthy, weed-resistant plant community consisis ¢
adiverse group of species which occupy most of the niche:
Diverse communities capture a large propu:ion of
resources in the system which preempts their usc by weev
(34,41, 42; Figure 1). Weed-resistant plant communit<
effectively use resources over time and space. These cot
munities may include an early emerging species. such
the shallow-rooted Sandberg’s bluegrass (Poa sandbe’s
Vasey), which uses the resources that are available 1 ¥
upper soil profile early in the growing season and dufi:
periods of light precipitation (10). As the ason M
gresses, species which initiate growth later. but conlir=
growth later into the season are needed to use available~
resources from moderate soil depths. Finally. the d“‘:"‘
plant community may include a deep taprooted. ver
maturing species, such as alfalfa (Medicago sativa L
big sagebrush (Artemisia tridentata Nutt.). Thexe spes©
are capable of extracting resources from deen in the =

profile and throughout much of the growin. won

Although little is known about the role of .41 ‘F:“,_'
within the plant community, it has been prop<
maximum diversity provides for stability and e~

capture over a wide range of unpredictable COnd'“Or':A

This is not to imply that diversity guarantee> “‘L"’J";_
tance, or that some virtual monocultures would ”‘\_"
weed invasions. Once the desired plant commur*
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Meters

34

. |. A healthy, relatively weed-resistant plant community composed of early-season, shallow rooted species (black), mid-season species with moderately deep
.« 1white), and late-season, deep rooted species (grey) (drawn by Susan Kedzie-Webb).

«n det -mined, an ecologically-based weed manage-
-t sys.cm may be developed.

Feologically-based weed management requires that sci-
-nsts and managers develop strategies that are based on
rcurrent understanding of succession (24). Successional
.xd management recognizes that plant communities are
-mmic and uses technology to enhance natural processes
-4 mechanisms that regulate vegetation change. Ulti-
tely, the goal is to direct weed infested communities on

-mjectery toward more desirable plant communities (24,

.39, 40, 46).
Development of sustainable rangeland weed manage-
<t strategies is dependent on our understanding of the

wlogical principles that determine plant community

AUcture and successional dynamics. The purpose of this
Mlication is to present a conceptual, ecologically-based
‘mework to aid in developing and implementing sustain-
“¢ran -2land weed management.

CURRENT SUCCESSIONAL THEORY

Clementian ecology has dominated successional theory
f most of the 20th century (6). Current successional
1y may have begun with the work of MacArthur (25)
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who proposed a model for species change based upon their
individual strategies. He suggested that r-strategists are
rapid growing, short-lived, high seed producing species
limited to disturbed sites (early secondary succession),
whereas K-strategists %vere generally perennial, highly
competitive, and low seed producing species. MacArthur
(25) proposed that succession progresses from r- to K-
strategists. Later, Grime (14) expanded this model to in-
clude an intermediate step. He proposed ruderal species
(r-strategists) gave way to competitive species, and finally
to stress tolerant (K-strategists) species.

One successional model was developed by Nobel and
Slatyer (28) and focused on individual species. They pre-
dicted succession based on a list of “vital attributes.”
Pickett et al. (31) developed this concept into a hierarchial
model of succession including the general causes, control-
ling processes, and their modifying factors (Table 1). The
three general causes of succession are site availability,
differential species availability, and differential species
performance.

Successional weed management must have an ecologi-
cally sound conceptual basis from which strategies can be
developed and tested. These conceptual models are used
for directing data collection, assembling and processing
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“Tuble 1. Causes of succession, contributing processes, and modifying factors.?

Causes of
succession Processes Modifying factors
Site Disturbance Size, severity, time intervals,
availability patchiness, predisturbance history
Species Dispersal Dispersal mechanisms and landscape
availability features
Propagules Land use, disturbance interval, species
life history
Species Resources Soil, topography, climate, site history,
performance microbes, litter retention
Ecophysiology Germination requirements, assimila-
tion rates, growth rates, genetic
differentiation
Life history Allocation, reproduction timing and
degree
Stress Climate, site-history, prior occupants,
herbivory, natural enemies
Interference Competition, herbivory, allelopathy,

resource availability, predators,
other level interactions

#Modified from Pickett et al. (31). N
Y

information, and predicting the outcome of management
decisions (52). A successional range management model,
developed around the turn of the century (6, 36, 37),
assumes succession is unidirectional and has a single per-
sistent climax in the absence of grazing. Grazing pressure
is thought to reverse the successional tendency and can be
adjusted to create an equilibrium in- vegetation (12). Weed
invasions may trigger long-term changes in soil conditions
by accelerating erosion or changing nutrient availability
which results in complex multi-directional successional
patterns (19, 22, 52). Furthermore, weeds may invade
ungrazed rangelands (45, 50). Thus, a shift in paradigm is

necessary for rangeland weed management.

Adoption of a model based upon the current ecological
theory of succession is central to the development of
successional rangeland weed management strategies. We
propose using the resource management model developed
by Rosenberg and Freedman (35) and Pickett et al. (31) to
provide a theoretical framework for developing succes-
sional rangeland weed management strategies. Luken (24)
has proposed this approach to natural resource manage-

ment.

A SUCCESSIONAL RANGELAND WEED
MANAGEMENT MODEL

Managing succession requires knowledge of three com-
ponents corresponding to the three general causes of suc-
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Table 2. Components of successional weed management corres;

g Pondip,
general causes of succession.? Blogy

\

General causes of Succession

Components of
successional management

Designed disturbance
Controlled colonization
Controlled species performance

Site availability
Differential species availabjj;
Differential species pel biley

rfomm.‘

“Modified from Picket et al. (31).

cession: disturbance, colonization, and species perform.
ance (24, 31, 35; Table 2). Within the limits of oy know}.
edge about the conditions, mechanisms, and Processe,
controlling plant community dynamics, these three com.
ponents can be modified to allow predictable successiong
transitions. We can design the disturbance regime and
attempt to control colonization and species performanc
through management. Successional management must be
viewed as an ongoing process moving from one succes.
sional component to the next or repeating a single compe-
nent through time (Figure 2). This model is driven by bt
naturally occurring and human-induced processes, and
thus is robust enough to allow incorporation of virtually
any management decision. s
Designed distugbance. Disturbance plays a central rolein
initiating and altering successional pathways, althougha
unified disturbance theory has not been developed (32)
Natural disturbances, such as landslides, fire, and severe
climatic conditions initiate, retard, or accelerate succc&j
sion, or alter successional pathways. Theories are emerg:
ing that suggest large-scale disturbance and patclg
dynamics contribute to the invasion of intact (pristine)
plant communities by rangeland weeds. For example,
Tyser and Key (50) found that spotted knapweed (Cen:
taurea maculosa Lam.) was capable of expanding into
grassland communities in Glacier National Park. Small
patch disturbances created by wildlife and roadside activ:
ity allowed individual spotted knapweed plants to estab-
lish. We believe the aggressive characteristics of many
rangeland weeds allow maintenance of small populatioqs
Subsequent large-scale disturbances, such as fire “
drought, cause safe site openings, and reduces the competr
tive ability of the perennial species which favors larg™
scale invasion by weeds. Succession may be permane“d’
altered (45). In the case of spotted knapweed, large-
disturbance may not be necessary for invasions. Pat
disturbances, such as roadsides, may be sufficient t0 imt-
ate invasions. o
Designed disturbances include activities that aré it

Volume 10, Issue 4 (October-December) 19
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plant Community Undesired State

Designed disturbance

Controlled species
performance

Controlied
. colonization

Plant Community Desired State

~
w

e 2. Components of a successional weed management model. Straight lines
eate seq cntial steps; curved lines indicate repeated steps. Modified from

reedman (35).

“ed 1o create or eliminate site availability and are aimed
< nitiating and controlling succession (Figure 3). Weed
“anagement strategies have included designed distur-
“mee. such as cultivation, burning, and herbicide applica-

o for decades. However, in successional management,

=ugned +sturbance is used to alter successional trajecto-

svand 1. minimize the need for continuous high energy
“uts. The utility of any specific designed disturbance in
«cessional weed management will depend on the range
. plant community type, invading weed species, site

sory, season, climate (macro and micro), and the man-

‘“ment goals.
_ Inthe case of spotted knapweed invasion into Glacier
s10nal P vk, successional planning will require identifi-
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cation of disturbance thresholds and modification of the
disturbance. In this example, if roadside disturbance pro-
vides a staging area for weed invasion, emphasis could be
placed on roadside revegetation with competitive native
perennial species. Establishment of a competitive native
community should reduce site availability for the weed
species.
Controlled colonization. Controlled colonization is the
intentional alteration of availability and establishment of
various plant species. Colonization may be influenced in a
positive or negative manner depending on the species and
successional goals (Figure 3). Controlled colonization ef-
forts are directed toward influencing seed banks, propagule
pools, and regulation of safe sites for germination and
establishment of desirable species. Weed seed banks can
be depleted through attrition if seed production is pre-
vented or significantly reduced. Olson et al. (29) found that
the number of spotted knapweed seeds in the soil was
reduced after three years of intensive sheep grazing, result-
ing in decreased weed density.

In another example, two seed-feeding flies [Urophora

,_ affinis Frfld. and U. quadrifasciata (Meig.)] have been

shown to reduce spotted knapweed seed output by up to
80% (15). Weed seed dispersal can also be limited by not
driving vehicles through weed infested areas when seeds
are present, not grazing livestock in weed infested areas
during flowering and s?ding or holding animals for 14 d
before moving to unin bsted areas, and using hay free of
weed seeds (43).

It is possible that introducing seeds of desirable species
in small amounts each fall or winter to mimic natural
seeding may allow colonization by increasing the prob-
ability that seeds are available during favorable environ-
mental conditions. Since weed seeds can be dispersed by
livestock (51) and hay (53), using livestock to introduce
seeds of desirable species in favorable patches may be
feasible, and offer a low input method for controlling
colonization. Conceivably, managers could add seeds of
desirable species into hay during fall and winter feeding
periods to be spread throughout a pasture. In addition, hoof
action by livestock may create safe sites, enhancing seed-
ling establishment.

Controlled colonization may include introduction of
certain less desirable, but ephemeral species to facilitate
establishment of desirable species by creating safe sites for
germination and seedling survival. Introduction of early
successional species may cause changes in soil properties
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Plant community  Designed Controlled

Controlled species Plant community after

prior to weed disturbance  colonization  performance - weed management
management i , . ,
Broadleaf Biological Biological
herbicide control control
Cultivation Mowing Mowing
Drill seeding
“" Non - selective Broadcast Early springs
herbicide seeding grazing
Flooding and  Fertilization Fertilization
draining Sheep grazing
Grazing Grazing Broadleaf
herbicide
rrigation Broadleaf Reduce soil
herbicide fertility
Irrigation Irrigation
Burning Preventing weed
introductions
Burning

Figure 3. Examples of treatments used to design disturbance. control colonization. and control species performance in successional weed management,

that would facilitate later successional or more desirable  Mmunities can be shifted toward desirable species PfOVidipg

species (1).

A specific example of controlled colonization to direct

succession is presented by De Pietri (11). The alien species
mosqueta rose (Rosa rubiginosaL.) can speed the recovery
of degraded native forests in Argentina by serving as a
nurse plant for native species. The decision not to control
mosqueta rose or to place propagules on;a site would
constitute a controlled colonization decision drawing on
the facilitation principle as a mechanism driving succes-
sion (7).
Controlled species performance. Controlled species per-
formance involves manipulating the relative growth and
reproduction of plant species in an attempt to shift com-
munity dynamics in a desirable direction (Figure 3). Bio-
logical and chemical weed control, grazing, plant and
plant-part removal, altering resource availability, and com-
petitive plantings are techniques to create differential spe-
cies performance.

A classic example of biological control is provided by
Huffaker (16). In many areas of the United States, St.
Johnswort (Hypericum perforarum L.) has been effectively
controlled by two species of beetles [Chrysolina quadri-
gemina (Suffr.) and C. hyperici (Foster)]. Many herbicides
selectively control weeds (13). In both cases, plant com-
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propagules are present and establishment occurs.

Most animals have preferences for certain forages, Se
lective grazing by herbivores can shift the competitive
balance of plant communities (9, 23). For example, in some
situations leafy spurge (Euphorbia esula L.) can be con
trolled by sheep or goat grazing (4, 17, 20). Approprisk
grazing by animals preferring weeds can shift the plan
community toward more desired grasses (18). On the ot
hand, cattle grazing can selectively reduce grass competi
tiveness, shifting the community in favor of weeds (44).

Resource availability to plants may be used to influem
succession. In some cases, changes in plant communitie
are related to resource availability and the relative abilil
of species in the community to extract those resources. To
quote Tilman (47), “Because each plant species is co
strained to being a superior competitor for particular
source levels, the forces that determine resource levels_lif
critically important in determining vegetation patters-
Thus, another potential successional management sm@
would be to influence species performance via soil nutri¢®
manipulation. McLendon and Redente (27) demons!
that additions of nitrogen inhibited succession from
to perennial species in a sagebrush steppe site in northwest
ern Colorado. They concluded that dominance by anf
during the early stages of secondary succession was rel

i d
Volume 10, Issue 4 (October—Decembﬂ)

qure 4 Four spott
amque 15 repeated

o high nutrien:
drate; - might |

The potentia
accession has
smphasis in nui
watlability. Ho
aed to reduce
may be possible
usequester nitr
eral + -ecies to

Species comy
aamics. Tilman
sith different su
‘pecies were v
‘pecies had high
aith high carbc
“rogen minera
-ompe-tors for
OWL., rates an
~iMvise compe
“splaced early 1
cies to lower
W nitrate accc
Tals,

A specific ex

" Me Issue 4 (O




ing
Se.

Ve
me

e
int
(o

c¢
es

o
n-

el

ke

WEED TECHNOLOGY

Plant community
prior to weed

i management

Designed
disturbance

Controlled
colonization

Biological controf

Controlled Plant community
performance after weed

management

Biological control

Fiooding &
draining

Grazing

Irrigation

- hnique is repeated. -

w hig  autrient availability. A successional management
«rategy might be to reduce nutrient availability.

The potential of reducing nutrient availability to foster
wuccession has not been adequately explored. Most of the
cmphasis in nutrient management has been on increasing
wailability. However, annual cropping systems have been
used to reduce nitrate leaching from agricultural fields. It
may be possible to use species with demonstrated abilities
tosec  sternitrogen, such as rye (Secale cereale L.) or mid
weral species to reduce resource availability.

Species composition can directly influence nutrient dy-
namics. Tilman and Wedin (48) studied a range of species
with different successional niches, and found that late seral
\pecies were very competitive for nitrogen. Late seral
‘pecies had high below-ground biomass. This creates soils
with high carbon/nitrogen ratios, and consequently low
aitro¢ 1 mineralization. The early seral species were poor
~omy itors for nitrogen, but persist by maintaining rapid
sfowth rates and high seed production. When grown in
P_ﬂirWise competition experiments the late seral species
displaced early to mid seral species (49). The ability of a
Pecies to lower soil quantities of extractable ammonium

“d nitrate accounted for the results of the competition
{ ‘rals
‘ .

( A “necific example of successional management via

) ' “lume 10, Tssue 4 (October-December) 1996

Mowing

Broadcast seeding I

Fertilization

Broadleaf
herbicide

Irrigation

) Reducing soil
Preventing fertility S
weed seed
introductions
Burning

b

Broadleaf
herbicide

* qure 4. Four spotted knapweed management schematics illustrating suecessional weed management and its use in weed management planning. R indicates he

reduced nutrient availability was presented by Oomes ( 1)),
He described the restoration of species-rich grasslans
from fertilized agricultural grasslands that contained rc|;,.
tively few species. Th¢ applied treatment involved mowiy, g2
twice a year and removing the harvested material. Depengd-
ing on the site, three to eight years were required to reduee
biomass and nitrogen yield to the point where specices
richness could increase.

Examples. Several schematics using successional wic(|
management are shown for spotted knapweed infesie
rangeland in Figure 4 (21, 39). In these examples, the pluy
community prior to weed management is composed of |)
98% spotted knapweed with a very suppressed understory
of cheatgrass (Bromus tectorum L.) or Kentucky bluegrisy
(Poa pratensis L.); or 2) 50% spotted knapweed, 3(),
suppressed native species, and 20% cheatgrass and/or
bluegrass. Two successional weed management sysic
are shown for each situation. In these examples, the res|,-
ing plant community is influenced by both the weed -
agement system and the initial plant community. We
management actions should be selectively integrated 1,
ensure that the three components of the successional mz;,.
agement model are addressed in a complementary manncr,
based on the composition of the existing plant communiy y.
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Climatic variation introduces a random element that can
influence the short-term outcome.

The successional weed management model presented in
this paper allows for integration of currently available
tools. Unfortunately, with conceptual models of this type,
there are seldom large comprehensive research projects
that have tested all possible options for a particular plant
community. Development of successional weed manage-
ment plans will require use of existing research informa-
tion, management experience, and monitoring of successes
and failures to adjust future plans.

DISCUSSION

Rangeland managers are searching for useful models on
which to base their decisions (3, 22, 38). A shift in para-
digm from that of linear succession to state-and-transition
models is occurring in much of the range management
profession (52). However, as currently applied, most state-
and-transition models are empirical and do not have pre-
dictive capability. Our proposed framework would provide
a mechanistic explanation of weedy plant responses, and a
means of developing testable hypotheses associated with
weed management efforts. Observational information
which lacks a mechanistic explanation is difficult to ex-
trapolate beyond the observational conditions. On ran-
geland, this point is particularly important because
succession often requires long time frames (decades in
some cases). Lack of short-term response may tempt man-
agers and scientists alike to abandon sound management
systems.

Adopting the successional weed management model
may help bridge the gap between the “art” and “science”
of rangeland weed management. To a great extent, weed
management is a planning process, whereas weed science
is the body of theory on which weed managers base their
planning (33). The relationship between these complemen-
tary endeavors seems clear, but bridging the gap can be
difficult. Often, reductionist research seems to lose sight
of management, and land managers seem to lose sight of
the relevance of theory. The proposed model may begin to
provide the theoretical framework necessary for both weed
managers and scientists to develop ecologically-based ran-
geland weed management. We feel that a unified concep-
tual framework will improve communication among
scientists and managers. The framework may also prove
useful in conflict resolution efforts associated with weed
management.
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Given the rapid spread of rangeland weeds dyrip, o
past several decades, there seems to be a need for jyy
integration and coordination of individuals and Ofganjp
tions involved in rangeland weed management. The fap:
work we propose is based on currently accepted ecologicy
principles, can accommodate information from 5 wig
variety of sources, and can serve as a communication"ioa
We suggest that the concepts presented in this paper gere
as a starting-point in the larger discussion of how to foos
efforts on managing the expanding rangeland weeg prob.
lem. 5
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