VI. Decision Support Tools




The sweep net is a valuable tool for identifying grasshopper species.
Knowing the species composition of a grasshopper population is a key
element for making correct decisions. (USDA photo.)



V1.1 The Importance of Making Correct Decisions

Jerome A. Onsager

Within the general arena of grasshopper management,tiat a few species even have beneficial attributes.
is possible to make decisions that reduce or cancel outCushing’s “Hopper Helper” (VI.7) and R. J. Pfadt’s
expected potential benefits. According to my dictionary'Field Guide to Common Western Grasshoppers” (VI.5)
such decisions possibly could qualify as “blunders” (aristre useful in deciding if a grasshopper population con-
ing from stupidity, ignorance, or carelessness), “mis- tains important pest species. Having identification tools
takes” (arising from misconception or inattention), or and knowing the makeup of a grasshopper population are
“errors” (arising from a violation of standard guidelines)vital in deciding to control the population.
| do not know what to call strict adherence to guidelines
based on misconceptions, but that seems to be anotheAn example of where timely grasshopper identification
possibility for making faulty decisions. Regardless of averted unnecessary treatment occurred during the first
what we as pest managers call such decisions, an exarseason of the Grasshopper Integrated Pest Management
nation of their origins reveals that most are preventable(GHIPM) Project in 1988 in western North Dakota.
Potentially threatening grasshopper densities were
Incorrect decisions within grasshopper management careported in an area along the Little Missouri River, where
cause us either to take incorrect actions or fail to take coearness to water might have required a complicated
rect actions. Examples of the former include treating integration of chemical spray, carbaryl bait, &wbema
rangelands too early, treating too late, treating popula- locustaebait treatments. However, surveyors determined
tions of species that are not chronic pests, selecting subiiat the infestation was mostiyelanoplus keeleria
optimal treatments, and treating noneconomical species that feeds abundantly on coarse brushy forbs and
grasshopper infestations. Examples of the latter— failitigat never has been implicated as a major participant in a
to take correct actions—include failing to detect infestasustained outbreak. GHIPM Project personnel correctly
tions in a timely manner, deciding not to treat injurious decided to take no action, and the “outbreak” subsided
infestations, and failing to reduce undesirable conse- the following year.
guences of treatments. The following chapters on deci-
sion support tools are intended to help both novices an&rom its inception in 1987, the GHIPM Project placed
experienced personnel gather accurate information abaugjor emphasis on consolidation of massive sets of infor-
grasshopper populations and thereby increase the probmation related to biology and control of grasshoppers, on
ability of making correct management decisions. interdisciplinary analysis and interpretation of complex
interactions within that body of information, and on orga-
W. J. Cushing’s chapter (VI.8) on seasonal occurrencemation and presentation of pertinent conclusions in a
selected grasshopper species is helpful in the proper timseful format. The process relied heavily on computer
ing of surveys. Timing of nymphal (immature grasshoptechnology to provide solutions to long-standing
per) surveys is critical if managers are to assess problems.
accurately the threat of current infestations at a time
when all treatment options are available and before ~ Some of the project’s products and tools are described in
irreparable damage occurs. Timing of adult grasshoppehapters on economic considerations, by M. D. Skold and
surveys must coincide with the adult period of major pesbworkers (V1.3 and 4); geographic information systems,
species if managers are to have accuracy in assessingliigV. P. Kemp (VI1.9); and the Hopper decision support
potential for future infestations. The chapter of J. S.  system, by J. S. Berry (VI.2). These chapters discuss
Berry et al. on sampling techniques and sampling intenuseful but complex analyses that are well beyond the
sity (V1.10) provides guidelines that should cover most capabilities of many managers who could benefit from
survey situations. those analyses. Fortunately, the authors have contributed
to computer software that allows any computer-literate
R. J. Dysart’s chapter (VI.6) shows that some of the 40(hdividual to follow the reasoning powers of a panel of
grasshopper species in the West are serious pests, thaéperts when trying to make treatment decisions.
majority of species are fairly innocuous (harmless), and
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The concepts of economic injury levels and economic
thresholds are cornerstones in the foundation of IPM.
The chapters by Skold and coworkers represent the state
of the art in applying economic considerations to grass-
hopper management. Chapters show very clearly that
chemical control is but one of several available manage-
ment options and is not universally the most economical
tactic. Analyses described in the Skold chapters are an
integral part of Hopper, which managers can use to
estimate public, private, or total benefits versus costs for
either public, private, or cooperative rangeland
grasshopper control projects.

Clearly, the decision to control or not control rangeland
grasshoppers is not simple. Also, the general public
rightfully expects a high level of technical competence
within the decisionmaking process. This section of the
GHIPM User Handbook represents a concerted effort to
equip managers with a complete list of definitive ques-
tions as well as the means to obtain accurate answers to
those questions. Adherence to the suggestions and guide-
lines in this section will help managers avoid blunders,
mistakes, and errors—and will help support rational pest
management on public and private rangelands.

Warning

The U.S. Department of Agriculture (USDA) Animal and Plant Health Inspection Service (APHIS) is not responsible for

unauthorized reproduction of software and related materials, infringement of copyright, or other illegal use by other parties

or individuals.

APHIS is required to inform all employees that anyone suspected of illegally copying software and related materials
reported to the USDA Office of Inspector General for investigation and, if evidence warrants, criminal prosecution.

will be

Hopper, which is described in section VI.2, can be freely copied. All third-party software used in Hopper can be distributed

royalty free.

Hopper Disclaimer

Hopper has been tested as much as possible with the available data and experts and has performed satisfactorily. However,
the rangeland ecosystem is very complex and unpredictable. In addition, Hopper does not have any control over the data en-
tered by each user. Therefore, the results derived from Hopper cannot be guaranteed. The following disclaimer applies:

Hopper and its associated files and documentation are distributed without any expressed or implied warranty of any
The author, supplier, or distributor shall not be liable for errors contained herein or for incidental or consequential da
in connection with furnishing, performance, use, or misuse of these materials.
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NOTE: Acephate is no longer approved by
EPA for rangeland grasshopper control.

V1.2 Hopper, Version 4.0, Users’ Guide:
Decision Support System for Rangeland Grasshopper Management

James S. Berry, William P. Kemp, and Jerome A. Onsager

Preface Robert Averill, USDA, Forest Service

Bob Brittingham, USDA, APHIS, PPQ (retired)
The Users’ Guide Is a Teaching Tool.-Fhe goal isto  Nelson Foster, USDA, APHIS, PPQ
present you with the most critical information and the J. Bruce Helbig, Plant Health Director for South Dakota,
most likely scenarios you will encounter using Hopper ~ USDA, APHIS, PPQ
and Hopper Lite. In this way, you can learn the prograrh Dan Kail, PPQ Officer for Nevada, USDA, APHIS,
fast and be free of the documentation soon. PPQ

Jim Krsnak, Division of Regulatory Services, South
Use the Guide Even If You Can Run Hopper Without Dakota (Plant Board Representative)
It.— Initially, you should follow this Users’ Guide, even John Larsen, Plant Health Director for Wyoming, USDA,
if you intuitively understand how the programs work. APHIS, PPQ
The Users’ Guide presents you with the options and sitlpavid Legg, Department of Plant, Soil and Insect Sci-
ations under which you would use Hopper and Hopper  ences, University of Wyoming (Extension Service
Lite and provides background information to help you representative)
understand the data and results. Melvin Skold, Department of Agricultural and Resource

Economics, Colorado State University

Hopper and Hopper Lite are simple and intuitive, but th8. Barte Smith, Plant Health Director for Nebraska,
data they require aret. Ranching economics and USDA, APHIS, PPQ
rangeland ecology are complex. Consequently, while tharry Zaleski, Instructional Design Specialist, USDA,
data are easy to enter, they are sometimes hard to collect APHIS, Recruitment and Development (R&D)
and understand. The Users’ Guide provides useful back-
ground information and hints to help you learn and use Original Hopper Users’ Guide:
the system correctly. Used properly, Hopper and Hoppdim Berry, APHIS, PPQ, Phoenix, AZ

Lite will improve the reliability of your treatment Larry Zaleski, R&D, Frederick, MD
decisions.

Introduction
Acknowledgments

There are two versions of the Hopper Decision Support
Hopper was developed for the Grasshopper Integrated Software, “Hopper” and “Hopper Lite.” Hopper Lite is
Pest Management (GHIPM) Project, a multiyear researtgr the infrequent user and could be used without consult-
and development effort that ended in 1995. Many indi-ing a printed manual. Hopper provides more features and
viduals contributed to Hopper over the life of the Projectiexibility than Hopper Lite. Consequently, Hopper is
We wish to acknowledge the following for their supportmore complex and not as simple to use. However,
Hopper and Hopper Lite use the same analyses and
Economics Models:Melvin Skold (Colorado State Uni- produce the same results. Each time you start Hopper,
versity, Ft. Collins, CO) and Rob Davis (U.S. Depart- you will be asked whether you would like to use Hopper
ment of the Interior's Bureau of Reclamation, Denver, or Hopper Lite.

CO).

What Is Hopper?—Hopper and Hopper Lite will allow
Programming Support: Chuck Griffin, Scott Sotka, you to evaluate the validity and cost effectiveness of
Larry Emmett (Rangeland Insect Laboratory and Mon- treating outbreaks of rangeland grasshoppers to protect
tana State University, Bozeman, MT). rangeland in western North America. These analyses are

based on the best scientific knowledge currently avail-
Hopper Implementation Team (Special Advisory able. This knowledge represents more than 40 years of
Committee): research and practical field experience of scientists and

Gary L. Cunningham, USDA, APHIS, Plant Protection field personnel.
and Quarantine (PPQ)
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Bethany R Redlin
NOTE: Acephate is no longer approved by EPA for rangeland grasshopper control.


Hopper is designed around a menu system that you usstadic treatment thresholds used previously. The BC
select the options and features you need. On the otherdepends on many factors that change over time and loca-
hand, Hopper Lite will guide you step-by-step through tions (see appendix A, “How Hopper Works and Why”).
the treatment selection process. Hopper and Hopper Litbe BC is based on the benefits and costs incurred during
are designed for experienced agriculturalists and resouacgingle year’s operation. The single-year BC s
managers who must make informed treatment decisionaccount for multiyear effects, such as the effect of
Hopper and Hopper Lite cannot be used to evaluate lanndduced egg deposit on next year’s grasshopper popula-
enrolled in the Conservation Reserve Program (CRP) dion density. Hopper can calculate a multiyear BC,
protection of crops adjacent to rangeland. In addition, compounded from the single-year BC. Also, Hopper

the economic analysis is based on the value of rangeladdes not account for environmental costs or benefits,
forage as a food source for free-roaming cattle. Other value of beneficial species, and other nonforage-related
values, such as long-term resource protection, wildlife, ealues.

social impact, are not considered. Hopper does provide

some information that a land manager can use to evalustesummary, Hopper's economic evaluations include
some of these factors. For example, forage yield may loaly the value of forage for livestock consumption in a
useful to big-game managers. The analysis allocates single season. However, there are many other factors that
reserve forage to be left after grazing (determined by theerancher may consider in addition to possible multiple-
proper use factor and the Peak Standing Crop parametgenr benefits. One factor is maintenance of the brood
Grasshoppers consume nonreserve forage according therd and long-term survivability and profitability of the
their need. Any remaining nonreserve forage is availabdperation. A 1-year loss may be acceptable over a 10-

to cattle. year cycle of 9 profitable years.

Why Use Hopper?—You should use Hopper or Hopper When the BC is 1.0 or more, treatment is economically

Lite to assist with and improve the reliability of your  justified, and you would treat the outbreak to protect for-

treatment decisions. Treating grasshopper outbreaks iage. But when the BC is less than 1, treatment is eco-

costly and complicated; you don't want to waste time am@mically unjustified, and you woultbt treat the

money treating when treatmentnist needed. outbreak just to protect the current forage crop. The final
decision to treat or not depends on Hopper's analysis and

Treatment decisions are serious business. On the oneany other factors important to the ranching community

hand, unneeded treatment wastes money. But failure tand general public.

treat when treatment is needed may damage the local

ranching economy. Thus, by using Hopper, you can include cost effective-
ness in the decisionmaking process.

Consequently, you want to make the right decision, and

you need reliable information to do so. Hopper provide®/hen To Use HopperversusHopper Lite.—New

reliability by evaluating your data scientifically. users, infrequent users, and managers who need only to
evaluate normal treatment scenarios should use Hopper

What Hopper Does.—Hopper and Hopper Lite provide Lite, at least initially. These managers include USDA,

you with a list of treatments and an estimate of cost APHIS, PPQ personnel. Hopper Lite will direct you, step

effectiveness. To provide this information, Hopper ask$y step, through Hopper’'s essential features to evaluate a

you for data about your site. Then Hopper analyzes yopotential treatment scenario. The most needed features of

data using computer models. These models evaluate felopper are provided, such as input screens for treatment

tors that are critical for making treatment decisions,  cost and efficacy and grasshopper information.

including many that are otherwise too time consuming After becoming familiar with Hopper Lite, frequent users

for field personnel to consider. will probably find Hopper easier to use because of its
increased flexibility. Also, Hopper provides the opportu-

Hopper gives you a benefit—cost ratio (BC) that you camity to determine an economic threshold, change addi-

use to help make your decisions. The BC replaces thetional economic information, create hard-copy data-entry
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forms, print graphs, configure attached printers, and ruif gou have previously installed an older version of
generalized simulation of rangeland grasshoppers. If yblopper in the\Hopper directory, you may want to
need any of these features, you must choose Hopper. erase the old Hopper files from your hard diiMete:
However, remember that the analysis in Hopper Lite is Data files from previous versions and data file<ct
the same as Hopper. There is no reason to use Hoppeand *.ec3) are not compatible with the current version).

unless you need its additional features. Removing outdated files will free some disk space for
future use. You can keep the old version of Hopper, but
Getting Started you will need to specify a directory other theHopper

when you are prompted BNSTALL. If you attempt to
System Requirements.—Hopper will run on an IBM™ install Hopper into a directory where any files exist,
compatible computer with at least 640 kilobytes (KB) ofINSTALL can erase the files for you after prompting
memory. (A central processing unit 80386, —486, or  you for permission. In this case, all previous information
higher is strongly recommended.) Hopper will probablyyou have saved in that directory will be lost.
run with less memory, but the absolute lower limit is not
known. Your computer must be running DOS version If you have at least 2 MB of memory on your computer,
3.1 or higher. A VGA monitor is required to view the you can make some of that memory available to Hopper
hazard maps and graphs of the grasshopper and foragéor creating graphs. To add expanded memory for saving
simulation results but is not required for other parts of and printing simulation graphics for dot matrix and laser
Hopper. To save and print graphs of Hopper’s simula- printers, add the following line to yoaonfig.sys file
tions for dot matrix and laser printers, 512—-1024 KB of after theHIMEM.SYS line (if present) or on the first
expanded memory (EMS) is required. (See the Installaline.
tion section of your DOS or MS—Windows™ manual to

modify yourconfig.sys file with theemma386.exe device=c:\dos\emmd386.exe 1024
driver.) You can use a mouse to make selections from
menus, but the mouse is not required. Hopper's default graphic printer (HPGL/2) does not

require this line to be added.
A hard drive is required, and there must be at least
3.5 megabytes (MB) free disk space before Hopper is Starting Hopper and Hopper Lite.—After INSTALL
installed. A math coprocessor will speed the simulatiorfihishes installing Hopper to the hard drive, Hopper is
in the economic analysis module by almost a factor of ¥@ady for use. Typically, Hopper will be located in a
However, the math coprocessor is only recommended, directory calledC:\Hopper, unless a different drive and
not required. directory were specified during installation. Hopper
needs to find several of its files while it is running.
Installation.—There is a simple progra@iNSTALL) Therefore, Hopper can be started only from its own direc-
supplied with Hopper that will guide you through the  tory. To change to the Hopper directory and then to run
installation process and install Hopper on your Hopper, type:
computer’s hard diskINSTALL will also identify the
computer’s hardware so you can verify system require-  cd\hopper <ENTER>

ments. To install Hopper and Hopper Lite, put the hopper <ENTER>
Hopper disk in the floppy disk drive. Then type the letter
of the floppy disk drive, a colon, aditiSTALL (e.qg., This assumes that Hopper was installe@:Hopper.

A:INSTALL); do not type any blank spaces; then pressf Hopper is started from a menu system, the menu must
the enter keg ENTER>. Then follow the directions on be programmed to make the Hopper directory the current
the screen. Hopper is supplied in an archived format talirectory before starting Hopper (similar to the above
save diskette spacdNSTALL will unarchive the files commands). Each time you start Hopper, you will be
and copy them to your hard disklote: Hopper cannot  asked whether you would like to use Hopper or Hopper
be installed by simply copying the files to your hard disk.ite.

You must use the installation program.
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The User Interface.—n this manual, keystroke com-

mands are in pointed brackets suckeasThe keys are:

<ENTER>...Enter key
<ESC>...Escape key
<DEL>...Delete key
<INSERT>...Insert key
<PageUp>...Page up key
<PageDown>...Page down key
<Down>...Down arrow
<Up>...Up arrow
<Left>...Left arrow
<Right>...Right arrow

<F1>, <F2>...Function keys.

At times, text or numbers must be entered. These will

appear in this Users’ Guide without brackets (8.,
some text).

When Hopper or Hopper Lite is started (by typing
Hopper <ENTER>, orHopper MONO <ENTER>
if you have a monochrome monitor or monochrome

dow in the center of the screen. Across the top of the
screen is a list of main menu items available. (In this
text, main menu items are printed in boldface type.) Use
the arrow keys (or mouse) to move to a main menu item
and then pressENTER> (or left mouse button) to

select that item. When you select one of these main
menu items, a submenu of items appears. (Submenu
items are always printed in italics.) You can leave any
menu or submenu by pressirBSC>. In fact, pressing
<ESC> will allow you to jump out of most areas in
Hopper or back up one step.

Hopper is operated by using menus, so you do not have
to remember complicated commands. Instead, look
through the menus to find the desired item and press
<ESC> to leave the menu if the item is not found. Also,
you can presgF1> at any time to get context-sensitive
help information (fig. VI1.2-2). Therefore, you do not
have to remember commands or syntax. This menu-
driven architecture increases the ease of operation of
Hopper while maintaining flexibility for you. You are
always returned to the main menu after exiting from a

liquid crystal display [LCD] screen), a disclaimer appeassibmenu.

and waits for any key to be pressed before continuing.

Next, the option to select Hopper or Hopper Lite is pre-Some information Hopper needs is entered onto onscreen
sented. If you select Hopper Lite, you will be guided data-entry forms (fig. VI.2-3). At times you will need to

through the treatment selection process. Many of

type numbers or dates on a form. Use the tab key

Hopper’'s and Hopper Lite’s features and screens are <TAB>, <ENTER>, or arrow keys to navigate between
identical. If you choose Hopper, the main menu screerthe fields on a form. Data within a field on a form can be
appears (fig. VI.2-1). This screen contains a title win- edited using the delete keyDEL> or arrow keys, and by

Hopper Main Menu

Print/View Files  Tools Setup Quit

Economics
weAther

Hopper/Hopper Lite 4.0

Grasshopper Decision Support Software
Treatment Selection and Economic Analysis

James S. Berry
USDA APHIS-PPQ
Grasshopper IPM Project
3380 Americana Terrace
Boise, ID 83706

William P. Kemp & Jerome A. Onsager
USDA/ARS Rangeland Insect Laboratory
Bozeman. MT 59717-0366
(406) 994-3344
March 1994

Expert system for treatment selection

Hopper Main Menu

Print/View Files Tools

sSeTectTon Setup Quit

[= Gonsis

eXplain
Economics
weAt Topic Index ]
Helpan Help !

AUM Value b3
Change the Survey Life Stage

Consult

Create Weather

Economic Result Explanations

Economic Threshold Calculator
. Economics

Edit Weather

Exit Hopper

eXplain

Forage Help Index :
Grasshopper Simulation I
I for more 1

L March 1994

Expert system for treatment selection

Figure VI.2—1—Main screen showing thEreatment Selection
submenu.

Figure VI.2—2—Main screen help after pressig@l> twice to get
the Help index.
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Hopper. Hain Mens Operation.—Make the Hopper drive and directory cur-
L TreatwentoSeteetion  Print/View Files  Tools  Setup Quit rent (e.g.cd\hopper). Then typelopper
—————— Enter Range and Grasshopper Information ——— ] <ENTER> to start the program. You will be asked if
Current Ranch Model: Northern Great Plains 1 . .
Enter 2 title for this run ’ you would like to use Hopper Lite. Enférto select
Northern Great Plains Cow-Calf Ranch pied . H H
. sz : Hopper Lite. Then enter the information requested at
GrIssTeaiing Noppep et (i) : i i
mixed]forégégfeeggﬁéﬁhobpirs) #ryd2) i each prompt. The arrow keys can be used to highlight an
k edib i 5
orage prodetion maTsppyon ction o answer; then pressENTER> to select that answer.
% Warm Season Grass 2 Much of this Users’ Guide is contained on the computer
7 Cool Season rass % . and is available by pressing th&1> key. This infor-
Normal Soil Moisture in Early Spring (% by Wt) 23 mation will often provide additiona_l explanation_ or help
B oy o oo Aeld capacity 2 _i each step of the wayNote: To configure your printer or
Days for saturated soil to dry to 10% water 6 2 generate hard-copy data-entry forms, you will need to run
Econ;1'CPF:;;;E??o?tﬁzogéa:;;t;or Help, <F5> to Save and Continue —I Hopper'
For the economic analysis, select a data file that corre-

Figure VI.2—3—Example of the fields in an onscreen data-entry forng,ponds to your situation (e.@IPH_CC.ec3 for north-

] ] ) ] ern high plains cow—calf operation, or a generic model
typing the desired information. Forms are preloaded W[ﬁ]es with “.gn3” extension] if no models are available
default values so that you often do not need to enter o your area or situation). For more information on eco-

much information. Usually you will just change a couplgomic analysis, see the Economics section.
of values on a form.

_ The economic analysis display at the conclusion of the
A good way to learn Hopper is to explore the menu sySpgcess shows what treatments were selected and
tem and try the various features. Hopper filters your  panefit—cost ratio (BC) for each. Remember, these

input so that you can enter appropriate information only.agits are the same as those provided by Hopper.
Hopper is designed to be robust so that you can easily

explore its capabilities as you learn how to use it. You can change the text printers (default = Hewlett—
) _ _ Packard LaserJet™) or graphics printers (default =
Technical Support.—For help in using Hopper or HPGL™/2) only in Hopper. In addition, Hopper Lite can

Hopper Lite, contact Jim Berry by telephone at (602) only save graphs, not print them. SeRdht/View

379-6014 petween 8:00 a.m. and_5:_QO p.m. (Mountain gjjes from the main menu in Hopper to print graphs.
Standard Time), weekdays. Facsimilies can be sent any

time to (602) 379—60Q5. Sgnd Internet'mail to Overview of Hopper

pmdc@xroads.com with “Jim Berry” (minus the quota-

tion marks) in the Subject line. Summary of Features.—There are four items accessible

H Lite Versi 40 from the main menu. The first T¥eatment Selection
opper Lite Version 4. The submenu provides access to an expert system for

A Simple Decision Support System for selecting appropriate treatments and computer models for
Rangeland Grasshopper Management economic analyses of those treatments. You can easily
try different scenarios to evaluate their economic conse-
Hopper Lite is very easy to use. It asks you questions quences. The computer simulations for forage produc-
and controls the whole process to the end. Atypical tion, grasshopper population dynamics, and ranch
scenario should take about 2 to 10 minutes to completesconomic linear programming models in version 4.0 of
depending on the speed of your computer. Hopper and Hopper Lite expand this flexibility for evalu-

ating alternative scenarios.
Installation.—Hopper Lite is installed automatically

with Hopper. Hopper Lite is a subset of Hopper and usgge second main menu itefrint/View Files) will
the same files as Hopper. allow you to view on the screen or print any output that
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Hopper or Hopper Lite produces. Outputs include tion along the way. I€onsult,survey and treatment dates

reports and data-entry forms. Graphs you save during #ne entered. These are used to determine the average

economic analysis of treatments can be printed but notgrasshopper life stage @onsultas a factor for selecting

viewed. certain treatments. Note that these dates are also used
later in the economic analysis to simulate treatment effect

The third main menu iterfT ools) has five submenus.  on forage availability for livestock. Aft&@onsulthas

There is an interactiveutorial designed to teach a new been used, the treatment list is available to be used for

user how to use Hopper. Next, there is a generalized economic analysisEconomicss listed belowConsultin

simulation model of grasshopper population dynamics the Treatment Selectionsubmenu.

and treatment effec{SimHop). This is useful for dem-

onstrating the effects of several factors on the overall uffter you select the appropriate economic data file from

ity of a control programMapsallows you to select and Hopper’s list, Hopper presents onscreen data-entry forms

view rangeland grasshopper hazard maps for several that must be completed. You can accept all the default

States. These maps are derived, using geostatistical teclues except grasshopper density. Typically, of all the

niques, from surveys of adult grasshoppers in the previdata requested by Hopper for the economic analysis, only

ous year. Because grasshopper densities are highly grasshopper density needs to be entered. More experi-

correlated with densities 1 year earlier, the maps indicagmced users may change treatment cost and efficacy on the

probable areas of high grasshopper populations. The Treatment form. There, scenarios for increasing swath

Economic Thresholdubmenu item will estimate the width and the resulting decrease in cost and efficacy can

grasshopper density necessary to produce a benefit—cdst evaluated.

ratio you specify. The last submenu iterkF@ms,

which will allow you to create hard-copy data-entry Once data are correct on an onscreen data-entry form,

forms based on an existing economics data file. press<F5> to cause Hopper to continue to the next form
or function. Most onscreen data-entry forms can just be

The main menu iterBetup contains functions to set up bypassed by pressirgF5> to accept the displayed values

printers for text and graphics. Hopper prints graphics when the form appears.

indirectly after creating disk files compatible with the

graphics printer established$®tup. Once you setup  After all data have been entered, the analysis begins.

both a text and graphic printer, you will not need to set Graphs of the forage and grasshopper simulations can be

them up again unless you want to use a different printedisplayed and/or saved. The economic analysis uses

The configuration you specify will be used by both results from the simulations to calculate the benefits and

Hopper and Hopper Lite. costs of each treatment. The final results can be saved and
are also displayed on the screen. Experimenting (“gam-

Strategy for Use.—The main use for Hopper is to selecting”) by changing some values, such as grasshopper den-

a list of appropriate treatments and then evaluate their sity or treatment date, can be very useful and interesting.

economic utility. Thélutorial in theTools submenu will

demonstrate a typical usage of Hopper. Thwrialwill The Modules

work fine when Hopper is first installed but may not

work properly after you have modified some of Hopper'$reatment Selection

data files. Th&reatment Selectionsubmenu contains

all of the functions for grasshopper control analysis. TaConsult.—The first item in thé reatment Selection

develop and evaluate potential treatments, first use thesubmenu ionsult(fig. V1.2—4). This is the expert sys-

arrow keys to move the highlighted barmieatment tem that selects treatments that are valid for a given situa-

Selectionon the main menu and presENTER>. tion. SelecConsultby moving the highlighted bar to

Consultshould then be highlighted in the submenu. Consultand pressinkENTER>. The program will ask

Press<ENTER> to selectConsultand begin the processyou relevant questions about the situation and current con-

to develop a list of appropriate treatmen®onsultwill ditions. OftenConsultpresents several options on the

guide you through this process and ask you for informascreen. To select one of the options, use the cursor keys

VI.2-6



(arrow keys), or you can use a mouse and click once onew files to be created in a spreadsheetlike editor. Once
the left mouse button to move the highlighted bar to theHopper has weather data for the site, Hopper will present
appropriate option. PresENTER> or click once on an option to load existing facts into memory. If you

the left mouse button to make your selection and con- choose to load existing facts, Hopper will provide a list
tinue with the consultation (fig. VI.2-5). At times you of available files from which to select. Hopper will take
may be asked for data that you will need to type in frontontrol and guide the treatment selection process. Just
the keyboard (e.g., dates). In these situations, you willanswer any questions that are asked. A second window
not use the cursor keys to select an option. Instead, yoCurrent Value Window) at the bottom of the screen will
will type your response (fig. VI.2—-6). display the information you have entered.

First, Consultwill require you to select weather data for More explanation or help for a question being asked can
your site unless you have already loaded weather databe obtained by pressirgfl>. These explanations will
TheWeathersubmenu will open and present three itemdielp you make sure that your answers are appropriate for
The most common choice is to create a weather file forthe way they will be used in the system (fig. VI1.2-7).

the site. Weatheralso allows existing files to be used or

Hopper Main Menu Treatment Selection Question Window
Treatment Selection Print/View Files Tools Setup Quit
Enter the Treatment date.
Consulta
eXplain
Economics
weAther Hopper/Hopper Lite 4.0
Date: 1‘/
Grasshapper Decision Support Software
Treatment Selection and Economic Analysis
Weather Source: CASPER, WY:

James S. Berry
USDA APHIS-PPQ
Grasshopper IPM Project
3380 Americana Terrace | Weather at time of treatment het and dry

Boise. ID 83706 | Survey Date 06/22/93

)| Prohibit chemical SPRAYS No

William P. Kemp & Jerome A. Onsager it Environmentally sensitive (no chemicals) Isolated Areas
USDA/ARS Rangeland Insect Laboratory | Managed Bees in the area No
Bozeman, MT 59717-0366 il Protect beneficial insects No

(406) 994-3344 i| Average stage at survey 2.88

March 1994 il Average stage at treatment 3.51

| Percent early season target species 0.00

Expert system for treatment selection

Figure VI.2—4—Consultis highlighted and will be selected by press- Figure VI.2—6—Typical numeric entry iil€onsult.
ing <Enter>.

Treatment Selection Question Window Treatment Selection Question Window

Are environmentally sensitive areas present? Are there managed bees n the area to be treated ?

EOr e TR ION: A00Ut Beeyprese KEL

For more information, press <Fl>.
f= Bees

Select

h
None H
Isalated Areay:
Most of the block

Bees are very susceptible to chemical sprays. If there
are bees in your area, but, they can be moved or otherwise
<F1> f| protected during a spray operation you should answer no to =IDAN, WY:
this question (Remember to protect the bees.). Managed :
i| bees included both honey bees and leaf cutter bees. Leaf
cutter bees are used for pollinating crops.

Current Values Weat
Weather at time of treatment hot and dry Surv| Carbaryl bait and Nosema will not harm bees and will be
Survey Date 06/22/93 Treal| considered as possible treatments if you do have bees and
Treatment Date 06/30/93 E"Oh select <Yes>
Prohibit chemical SPRAYS ot
Managed Bees in the area mg Prot| Selecting Yes Bees are present and cannot be protected + Noo i
Protect beneficial insects No Avert Presei<ESOs whene Einsobied FLORaR IAdeR 0 Py formore 4 .29 .

Average stage at treatment 2.86

Average stage at survey 5.99 Percent early season target species 0.00 1"’
Average stage at treatment 6.00 Ji

Percent early season target species 0.00

Figure VI.2-7—While entering information in th€onsultexpert
Figure VI.2—5—Typical multiple-choice data entry {Bonsult. system, help and ancillary information can be displayed.
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To change or delete a value (e.g., an incorrectly entered _ Treatment Selection Question Window

value), you can temporarily exit from the Treatment
Selection Question Window by presskBSC>. The
cursor will be placed in the Current Values Window

(fig. VI.2-8). There you can see or delete (highlight the

value then pressDEL>) any values you have entered.
When you are ready to continue wiflonsultagain, press
<F5>. Only deleted values and any new information

needed by the expert system must be entered during the

new or continued run wit@onsult. This feature allows
you to build treatment lists rapidly from different sce-

narios. To quit without selecting a treatment and return]

to the main menu, presESC> while the cursor is in the
Current Values Window.

Note: After Consultis finished, the information that was

Treatment selection was successful.
The Tist of treatments that will be evaluated is as follows:

Acephate applied on 06/30/93
Carbaryl Spray applied on 06/30/93

—1
Weather at time of treatment hot and dry
Survey Date 06/22/93
Treatment Date 06/30/93
Prohibit chemical SPRAYS No
Environmentally sensitive (no chemicals) Isolated Areas
Mardged Bees dn the ereas i :
Protect beneficial insects No
Average stage at survey 2.29
Average stage at treatment 2.86 i
<F5> to Continue, <F1> for Help. <DEL> to delete a value., <ESC> to Exit i

Figure VI.2-9—Consultends by displaying a list of treatments that
can be analyzed in tieconomicamodule.

entered by you for treatment selection can be saved t0 @i pe used each time you select Beeonomicsmodule
file. This information can later be retrieved when you bgntil consultis run with different data.

gin Consultagain, as previously described. When asked
for a file name to save facts, only the filename (eight OrExplain.—TheeXplainoption tells you why Hopper

fewer characters in length), without an extension, shou
be entered (e.gEACTR).

WhenConsultis finished, a list of treatments with cor-
responding application dates will be displayed

(fig. VI.2-9). In some situations, other information will
be displayed to show the outcome of the consultation.
You could delete some facts and preE&> to run
another scenario. When you pre35> without delet-
ing any facts, you will be returned to tiheeatment
Selectionsubmenu. Hopper will retain in memory the
list of treatments you obtained froGonsult. This list

Treatment Selection Question Window

n ——
Weather at time of treatment hot and dry
Survey Date 06/22/93
Treatment Date 06/30/93
Prohibit chemical SPRAYS No
Environmentally sensitive (no chemicals) Isolated Areas
Protect beneficial insects No
Aversge stageatsurvey DR e DR e e 2l
Average stage at treatment 2.86
Percent early season target species 0.00 b
SFE Lo Continues REYSRor Help KDELS 10 HeTere i valiie BT R EREE

Figure VI.2—8—Screen used to delete data fr@onsult.

lected or rejected treatments for a given consultation.

You may either:
1. View the explanation onscreen (Read)

Use<PageUp> and<PageDown> to move around the
explanation. After reading the explanation, preESC>
to return to the main menu.

2. Print the explanation (Print)

Follow the onscreen directions to print the explanation.
SeeSetupfor information on setting up your printer.

Economics.—Economicgprompts you to enter economic
and environmental data about the infested site. Then,
Hopper runs the data through simulation models that pro-
vide an economic analysis of the treatments selected by
Consult. By varying the data, you can evaluate the
benefit—cost ratio of treatments for various scenarios.
This allows you to determine

*  Whether omottreatment is cost effective,

* Which treatment is most cost effective, and

¢ When to use the treatment for maximum effect.

TheEconomicamodule gives you access to a virtually
unlimited number of scenarios for evaluating the eco-
nomic robustness of the treatments that were selected by
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the Consultmodule (fig. VI.2-9). This flexibility and nation (press<F1>) are available for most param-
power come by using forage and grasshopper simulatiaters. See figure VI.2-11. These explanations should be
models. Thdeconomicsnodule manages the models angbad so that you will be able to enter correct information
the details of each simulation. Therefore, it is very easynd understand the potential effects of a variable on the
for you to do the economic analyses. In fact, the only economic analyses. To change a value, use the arrow
way a user even knows that models are being used is tkays or<TAB> to move the highlight to the value. Type
a display indicates when a simulation is active. a new value or useDEL> to edit the value. When you

are finished entering information on an onscreen data-
After Economicss selected from the submenu, you musgntry form, pressF5> to move to the next onscreen
select an option to load economic data into Hopper (figdata-entry form.
VI.2-10). Information for the economic analysis is
stored in files. The last information used by Hopper caihe first onscreen data-entry form (Forage and Grasshop-
be retrieved by selecting “Last Values.” Information for per Models) is for information used to simulate forage
regional economic models provided with Hopper can begrowth and grasshopper population dynamics (fig. VI.2.—
selected by choosing “Saved or Default Values.” In addi-2). Densities of grasshoppers that eat only grass and
tion, any specific economic information you have saved
can also be retrieved this way. Pre®d > for descrip- opper Main Heng
tions of the economic files. Usually, on the first run for g L TreathontiSelaction  Print/View Files  Tools  Setup ng
given area you will select the option for “Saved or

Enter Range and Grasshopper Information ———

Current Ranch Model: Northern Great Plains 1
Default Values” (existing data file). There are several oo S e O TS T e e
data files that represent data typical for an area. For 6| NormaT pesk edible forage production (1hs/acre) :
example NGP_CC.ec3 represents a northern Great K| This 15 the most inportant paraneter on this screen | -
Plains cow—calf operation. There is also a generic model oot Vo hae e mren o oo o < honge
available for areas that do not have a specific model. i | the'Leases screen. otner sourees of Tarape. e Honssone
These models use data files that have the extension 1 1 Jou only want <o see what happens hen there s
.GN3 and can be used anywhere in North America. | radcton Atiorar oo Production change the Forage
For a description of the economic models and data files Dok Press <ESC> when finished ————— paon for nore 4
currently available, see appendix B of this Users’ Guidg L press <€5c> to abort. <F1> for Help, <F5> to Save and Continue —

Economic analysis of the treatments

or pres<F1>.

Figure VI.2-11—Grasshopper and rangeland data entry with help in-

Six data-entry windows are used to get information fromy " .. - peak standing crop displayed

you before the simulations are startételp and expla-

Hopper Main Menu Hopper Main Menu
L Froatment Selechson Print/View Files  Tools Setup Quit L Freatment Selection Print/View Files Tools Setup Quit
Consult Enter Range and Grasshopper Information _|;
eXplain Current Ranch Model: Northern Great Plains 1
sEconpmics Select Economic Parameters Enter a title for this run B
weAther Last Values Nobthern Great Plains CowsoalfiRench
SavedioriDefaeltiVetues
Grass feeding hoppers (#/yd2) 1
Treatment Selection and Economic Analysis Hixed forsoe feading hoppers tdivd) 4
Normal peak edible forage production 924
James S. Berry Forage production multiplier 1.00
USDA APHIS-PPQ
Grasshopper IPM Project % Warm Season Grass 20
3380 Americana Terrace % Cool Season Grass 50
Boise, ID 83706 % Forbs 30
William P. Kemp & Jerome A. Onsager Normal Soil Moisture in Early Spring (% by Wt) 23
USDA/ARS Rangeland Insect Laboratory Inches of rain to fill dry soil to field capacity 5
Bozeman. M7 59717-0366 Soil water holding capacity (¥ by wt) 25
(406) 994-3344 Days for saturated soil to dry to 10% water 65
March 1994 1
'— Press <ESC> to abort. <F1> for Help. <FS5> to Save and Continue —!

Economic analysis of the treatments Economic analysis of the treatments

Figure VI.2—-10—With Economicsselected, Hopper then prompts for Figure V1.2-12—Grasshopper and rangeland onscreen data-entry
economic parameters file to use. form.
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those that eat mixed vegetation and, occasionally, a forthe values that are displayed. Only change this informa-

age-production multiplier should be entered. Remembeion if you have data for a specific ranch or a ranch typi-

to pres<F'1> for more explanation for each parameter cal for the treatment block. The values provided by

(fig. VI.—11 shows a help screen). The rest of the valudsopper are for a typical ranch in the area.

are reasonable estimates if you do not have better infor-

mation. PresgF5> to continue when you are satisfied The fifth onscreen data-entry form (Herd Size) shows

with the values that are displayed. Percent forbs is caltivestock data used in the ranch economic model

lated by Hopper, based on cool- and warm-season (fig. VI.2-16). A land manager may choose to evaluate

grasses. the effect of reduced herd size versus paying for grass-
hopper control. PressF'5> to continue when you are

The second onscreen data-entry form (Treatment Costkatisfied with the values that are displayed.

displays the list of treatments, with their costs and mor-

talities, selected by théonsultmodule (fig. VI.2-13). The sixth onscreen data-entry form (Lease Information)

The total cost (material plus application cost) and mortahows lease data used in the ranch economic model (fig.

ity can be entered (presENTER> after typing each VI.2-17). PresgF5> to continue when you are satis-

value) for each treatment exc@jisemabait. Only cost fied with the values that are displayed. Only change this

can be entered fddosemabait because mortality calcula-information if you have data for a specific ranch or a

tions are too complicated for most users. After all the

costs haye been entgred correctly, ped&S> to accept L ————————— tonper i Mok e
your entries and continue to the next onscreen data-enfry| r— Weltiple Year Evalustion Screen
form [e{éF In some situations grasshopper control can prevent or reduce
we grasshopper outbreaks in following years. This is especially
. i i true if the infestation is on the upward part of the cycle
The third onscreen data-entry form allows you to indicate Homeer 3 assropper Popuiation cycles camot aluays oe
the pOtentIaI for mUItIpIe-year beneflt from ContrOI Be The economic analysis in Hopper can estimate the monetary
. . . i - its fi le treatment
sure to read the information on the screen (fig. VI.2-14). e Honeey Sommer oradiet arocehoopen popuTat ions
Multiple-year benefits are calculated only by compound- e et oxtimaee of the mmber.of years that contral
ing single-year benefits over the number of years you T s ez dens s beln st the vl
enter on this onscreen data-entry form. This is the last
screen Of data presented When a genenc model |S used Will treatment this year provide benefits in following years? ¥
Number of additional years of benefit expected from treatment 2
Econom

The fourth onscreen data-entry form (Hay Information)
shows data used in the ranch economic model (fig. VI.Zigure VI.2—14—Multiple-year onscreen data-entry form.
15). PressF5> to continue when you are satisfied with

Enter Hay Information

Hopper Main Menu
Freatment Selection Print/View Files Tools Setup Quit
LEASE DISTANT PASTURES: Date On Date Off
Consult AUMs 1000 Cost/Aum 11.00 Distance (mi.) 100 07/01/93  09/30/93
eXplain
Econamics COST TO PURCHASE HAY ($/ton) $ 80.00
——————————— tnter Treatment Costs —M8 ——
ON-RANCH HAY PRODUCTION Acres Yield (tons/acre)
cost/acre mortality A3 falfa Hay 0 :
(including application) {percent) Grass Hay 265 1.00
Acephate $2.47 91 Press <ESC> to abort, <F1> for Help, <F5> to Save and Continue
Grasshopper IPM Project
CarbarylSptay 3.50 92 3380 Americana Terrace

Boise, ID 83706

William P. Kemp & Jerome A. Onsager
USDA/ARS Rangeland Insect Laboratory
Bozeman, MT 59717-0366
(406) 994-3344
March 1994

L— Press <ESC> to abort. <F1> for Help. <F5> to Save and Continue —
Economic analysis of the treatments

Economic analysis of the treatments

Figure VI.2-13—Treatment cost and mortality onscreen data-entry Figure VI.2—15—Hay information onscreen data-entry form and live-
form. stock data display.
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ranch typical for the treatment block. The values entered, the economic analysis will proceed. The
provided by Hopper are for a typical ranch in the area. progress of the analysis can be monitored in a window in
the center of the screen. You can view graphs after each
Your last entered values for the economic analysis are treatment simulation. Then the ranch economic model
saved automatically in a file call@hst.ec3. Before will run. There is no user intervention required until the
the economic calculations begin, Hopper will ask if youanalyses are complete (fig. VI.2—18). (However, you can
would also like to save in a specific file the information press<Ctrl-Break> to interrupt the economic analysis
just entered. You could reload and use this informatiorand return the Hopper menus.) The results are automati-
later (fig. VI.2-10). cally saved in a file calleResults.rpt. You will be
asked if you would like to save this information in a
Then you will be asked if you want to continue with the specific file. Note: The Primal/Dual Degenerate Problem
economic analysis. This process can take several message should be ignored.
minutes on slow computers without math coprocessors.
If N is entered, the economic analysis will end and the The results of a ranch economic analysis (not generic
Treatment Selection menu will be displayedY lis analysis) are displayed in a window (fig. VI.2-19). The

Hopper Main Menu

L Freatment: Selection Print/View Files Taols Setup Quit NDCOW SOLUTION IS OPTIMAL DATE  03-16-1994 TIME 10:28:24
10:28:26

Consult ! MAXTMUM ENTERS JULLSE BASIS X: 106 VARIABLES : 161
Enter Herd Size PIVOTS: 109 LEAVES:  JULGRS BASIS S 17 SLACKS: 110

LAST INV: O DELTA 7170752 RETURN ~ 22991.08 CONSTRAINTS : 123
=] Cows BASIS BORROW FULTIM S.3 S.4 S.5 S.6 BUYBUL JANGRS SEPLSE
ber o Cows 2007 JULLSE  APRPVT MAYGRS JULFS ~ JUNGRS DECGRS GRSINV OCTGRS AUGLSE GGHAY

BUYCOW REPHFR BULLS  SELCUL DEATH SELSTR SELHFR SELREP SELBUL COWS
EWE p==——e===—=== Linear Programming Mode] ————=——oe=8K
BUY RGRS

Sheep S5 Next treatment is Acephate. Yield: 914 (lbs/acre) BFS
Ewes i FeB Please wait. HOPPER is setting the model for Acephate. RSTE
MAY VGRS
JuL PSTE

OCTPVT OCTFS ~ OCTBLM OCTSTE NOVPVT NOVFS  NOVBLM NOVSTE DECPVT DECFS
DECBLM DECSTE MAYLSE JUNLSE S.104 S.105 S.106 OCTLSE JANPL1 FEBPLL
MARPLL APRPL1 MAYPL1 JUNPL1 JULPL1 AUGPL1 SEPPL1 OCTPL1 NOVPLLI DECPL1

$.120 S.121 S.122 S.123
— Press <ESC> to abort. <F1> for Help. <F5> to Save and Continue

Economic analysis of the treatments Warning: Primal/Dual Degenerate Problem

Figure VI.2—16—Livestock herd-size onscreen data-entry form. ~ Figure VI.2-18—Working screen for the ranch economic model.
Yearlings and sheep are not in the model.

Base Lease Data Hopper Main Menu

Proper Use L Teegtment Selechion Print/View Files Tools Setup Quit
Forest Service AUMs $/AUM Factor Date On Date Off
Lease 1850 $1.92 0.6 05/01/93 12/31/93 Consult
Lease #2 0 $ 0.00 0.0 eXplain
Lease #3 0 $ 0.00 0.0 Eeonomics

: Economic Analysis Results
BLM
Lease #1 0 $0.00 0.0 Weather data from --> SHERIDAN, WY
Lease #2 0 $ 0.00 0.0 Survey date: 06/22/93 Stage: 2.3. Treatment date: 06/30/93 Stage: 2.9.
Lease #3 0 $ 0.00 0.0 Yield Without Treatment: 879 #/acre. Acres to be treated: 4710
Eggs per sq yd without treatment: 26.2
State
Lease #1 90 $1.92 0.6 05/01/93 12/31/93 Yield Cost  Return B/C Ratio Eggs
Lease #2 ¢ $0.00 0.0 Treatment (Tbs/a) (%) (3) Current +2 Years per yd2
Lease #3 0 $0.00 6.0 Ll e e
Acephate 914 11634 2329 0.20 0.54 8.0
Private Leased Land Carbaryl Spray 915 16485 2373 0.14 0.39 3.7
Private 0 $0.00 0.0
On-ranch grazing in the treatment block
{Operation costs included on previous screens and in the model) Explanation? Press <F1> = Press any Key
Deeded 236 0.6 04/01/93 04/30/93
Press <ESC> to abort, <F1> for Help, <F5> to Save and Continue Economic analysis of the treatments

Figure VI.2—17—Range lease onscreen data-entry form. Figure VI.2-19—Final results from the economic analysis.
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top few lines describe some general results of the analyBC) shows if the benefit is greater than the cost (BC >
ses. The yields from the simulations are dependent on1.0). Two BC'’s are displayed. The first is for a single
the scenario you described (Forage and Grasshopper year. The second is combined for a single year plus the
Parameters Window) and on the weather scenario. Thaumber of subsequent years shown. In the example, fig-
yield with grasshoppers accounts only for grasshopper ure VI1.2—20 shows the current year and 2 subsequent
consumption since the survey date or date of average years. Although Hopper provides for benefits to be
fourth instar, whichever is earlier. The acres to be treatlculated for up to 10 years, 4 or 5 years is more
are calculated from the total Animal Unit Months realistic. See HelgF1> for additional information
(AUM’s) grazed on the ranch, normal production of peaikbout multiple-year benefits. If current BC (single-year)
edible forage, and the proper use factor for each lease @rdss than 1.0, the treatment may still be cost effective if
total deeded land. [An AUM represents the average Yyou think you will get as much benefit in subsequent
amount of forage consumed by one cow and one calf iryears (multiple-year effects BC).
1 month—about 800 Ib.] Therefore, the acres to be
treated represent the total acres grazed by the ranch, The results from a generic economic analysis are very
except distant pastures on the Hay Information Screen similar to the results from the ranch models. A difference
(fig. VI.2—-15). The eggs deposited per square yard is &@o note is the acres to be treated. The generic analysis al-
estimate of the density of grasshopper eggs deposited imays shows 1.0 acre, whereas the ranch models show the
the end of October. The number of later instar grasshopdmber of treated acres associated with a ranch. The cost
pers that will be produced next year by these eggs and return for the generic model are also for 1.0 acre, not
depends on winter survival of the eggs and spring for an entire ranch. In addition, the forage model is not
survival of the young instars. used by the generic model. Therefore, yield is the normal

peak edible forage production times the
The simulation results from the individual treatments forage production multiplier minus the estimated forage
(includes treatment mortality) and their corresponding consumption by grasshoppers (from the grasshopper
application dates are listed in tabular form. The dollar model). In other words, the generic model calculates
return is total return for the ranch and is calculated fronpotential forage consumption by grasshoppers, but the
the value of an AUM (determined by the ranch economianch models calculate yield based on the interaction of
model or entered by you in the case with the generic  forage growth with concurrent grasshopper forage
economic models), the cost of control, and the AUM’s consumption.
gained from control.

Hopper’'s recommendations are derived from the best
In some situations, the monetary value of forage savedscientific and field data available (including your own
from a treatment does not justify the application of that responses). However, remember that there is great
treatment for short-term economic reasons. However,
there may be carryover benefits for the coming year that
cannot be quantified economically. For example, the —
number of eggs deposited may be reduced, possibly pre- Solein
venting continued high densities of grasshoppers durinfg  |f——————— tcononic aalysis Results
the next growing Season. Eggs depOSited per square yard E‘ﬁiﬁ?ﬁrdii? 52725/92 g:EZeIE(:)Ag.’;YTreatment date: 07/15/94 Stage: 4.8
are shown for each treatment in the last column. Thes Yield Without Treatment: 352 #/acre. Acres to be treated: L.
densities can be compared to the densities simulated for

Hopper Main Menu
L Treatment: Selection Print/View Files Tools Setup Quit

U

Eggs per sq yd without treatment: 20.6

Yield Cost  Return B/C Ratio Eggs

the untreated grasshopper populations (shown atthe tqp | weseere (o) | © (9 crrert 22 Yeore | por 57
. ) ) . : : :
of the window). In th_ls way, relative effectlv_eness of the feghate 0 2@ na g La 2
1 442 3.50 1.24 0.36 0.96 4.1
treatments (and appllcqtlon dates) for reducing next Crbary) Spray 42 350 121 03 096 41
year’s potential population can be evaluated. The retufn Nosema Bait %6 450 046 010 028 133

Explanation? Press <F1> — Press any Key

is the gain for the ranch if the treatment is applied. Cost
is the total cost to treat the ranch (all AUM’s on the lease
data-entry form, fig. VI.2-17). The benefit—cost ratio  Figure VI.2—20—Final results from the generic economic analysis.

Economic analysis of the treatments
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variability in any biological system. Also, future events,(e.g.. mytemps.wtr). For examplemytemps.wtr
such as drought or changes in the cattle market, cannotrtight look like this:
guantified accurately and are not included here. There-

fore, you should evaluate the strength of your decision by 1 14 -5 0.110
running Hopper and changing some of the values you 2 13 -3 0.090
enter. For example, decrease the grasshopper density by3 17 0 0.000

20 percent. If BC is greater than 1.0 (assuming it was etc.
greater than 1.0 in the first run), then you can have
greater confidence in the decision to use the specified Column 1 is day of the year (where 1 is January 1, 365 is
treatment. However, if BC drops below 1.0, you shouldDecember 31), column 2 is maximum temperateg, (
suspect that a decision to use the given treatment is notolumn 3 is minimum temperaturd), and column 4 is
very robust (not a decision that can be made with muchprecipitation (inches). Incomplete data sets are accepted
confidence). Gaming with the program in this way can (whole days can be missing). There must be at least one
be very informative and is one of the strengths of usingspace between each column. In the Northern States,
computer models. Hopper uses temperatures from April 1 through October
8. Make sure you have good data for these dates before
Weather—Hopper uses simulation models to predict forrunning theConsultor Economicsmodules.
age production and grasshopper phenology and oviposi-
tion. These models use temperature and precipitation A spreadsheetlike Weather Editor is provided to allow
information to make the predictions as accurate as posyou to edit temperatures and precipitation from several
sible. TheWeathemodule allows you to retrieve, sources (average from sites in your area, created by the
modify, and save temperature data that are used by Hopeather generator; weather files that you have previously
per. Currently, precipitation and temperature are generedited or assembled using a text editor; or temperature
ated and stored in a file. Both can be edited or updatediata that are currently loaded into Hopper). Often you
for each day of the year in the Temperature Editor pro-may want to evaluate the effect of generally warmer,
vided in theWeathemodule. cooler, wetter, or dryer conditions. The Weather Editor
allows you to increase or decrease temperatures or pre-
You can create average weather (using the weather gecipitation for the entire year all at once. When you are
erator provided with your copy of Hopper, fig. VI.2—-21) finished editing, you may pres¥5> to update the cur-
or provide your own weather files. The files may have rent temperatures in Hopper and, optionally, to save your
any filename but must hav®/ TR as thefile extension  changes to a file on the disk. Any file you save may be
reloaded later for use by Hopper and/or more editing.

L Treatment Seleckion Pmn?%?:\: p?;gsMenuTook Setup Quit Pr|nt/V|eW F||es
Consult
eXplain
Eeonarics Serect nearest ity Graphs.—The Graphsoption will allow you to print any
KA o0ELss. 47 graphs that were sav_ed dgrlng an economic analyS|s_,.
PRKER. A2 PO a2 Note that your graphics printer must have been config-
SEDOWA, AZ JucsoN. w2 ured correctly at the time the graphs were created. Your
BACERSFIELD. CA BLUECANION. Ca graph will not print correctly if it was created for a printer
FLREK, A R A different than the one you would like to use to print the
LOSANGELES. CA MONTEREY. €A ) graph (se&etupfor more information on graphics
N el printer setup, page VI.2—16).
March 19%4 —————————————d
Select. save and edit weather files Reports—All of the information needed to duplicate a

scenario is stored in Hopper’s reports. Reports

Figure VI.2—21—\Weather generator submenu to select the weatheroption includes information entered in Bensult

station nearest your site.
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module and th&conomicsnodule and identity of the
source of weather data. Hopper always saves the last
in the fileresults.rpt, even if you declined to save the
results when prompted in tli&onomicsnodule. Print
Reports will display any report file on the screen or prin
it to the current printer (se&etupfor more information

on text printer setup, page VI.2-16).

Forms.—You can create hard-copy data-entry forms th
you can use to collect input data for Hopper. The form
contain default values from Hopper or values from any
data you have saved during an economic analysis. Th
files have the endingec3. You can view the forms on
the screen or print them. To create a form FR@esin
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the Tools section, page VI.2-16.

Tools

Figure VI.2—22—SimHopgraphics display screen during a simulation
beginning before egg hatch.

Tutorial.—An automated utorial will show you a typi-

cal run through Hopper. After you modify some of the
data files that arrived with Hopper, the tutorial may not
run correctly. This problem happens because Hopper

may require a different response based on the data that

are entered. The tutorial cannot adjust to these change
in advance.

SimHop.—SimHopwill simulate the general pattern of
grasshopper development, forage consumption, and trg
ment mortality. This is useful for teaching or explaining
why it may be too late or too early in the year to treat.
The effects of long-lasting (long residual) treatments ar
timing of treatments can be demonstrated. Text and
graphics are used to show the results (fig. VI.-22).

There are two modes of operation. First, a grasshoppe
population can be simulated from before spring egg ha

== Grasshopper Population Simulation ——
Hatch Pre(Y) Post(N)

instarl %

instar3 %

g instar5 %
Life Stage Duration (days)
Daily Survival (%/day)
Starting Date

—— Treatment

' Do you want Use a treatment (Y/N

Application Date

at )

Mortality (Total %)
d

Duration (days)

—— Model Performance

Speed Reduction (0 = Fast)

—

E ESC:Exit F1:Help == F5:Run Model 4

ch

(preseason) to the end of season (fig. VI.2-23). You c

set the timing, length and size of the hatch period. Sec

ond,SimHopcan begin after egg hatch (midseason). In

I
Figure VI.2—23—Postegg-hatch onscreen data-entry form for

SimHop.

this case you can specify the density of each instar and

starting date of the simulation (fig. VI.2-24). For each
type of simulation, you can set the timing, length, and

total mortality for a treatment. Therefore, via simulation,
you can compare results of a slow-acting biological con-
trol applied early to results of a short-residual, fast-acting

chemical spray applied later.
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This tabulation explains the definitions of 1-9 on the nu-

Grasshopper Population Simulation == .
s pper Top meric keypad:

Hatch Pre(Y) Post(N) :
Median Hatch Date 5

Start Hatch Date Int SPd (7) SPd Up (8) Stp On (9)

Initial Speed Increase speefd  Toggles step mode
Total Expected Hatch (Eggs/yd?) 1968
Life Stage Duration (days) 5 Rev Gph (4) | Print (5) Fwd Gph (6)
Daily Survival (%/day) 95 Reverse graph| Print current Forward

screento afile| direction for graph

—

— Treatment
Do you want Use a treatment (Y/N):

Application Date 6125700 Lbl ON (1) Slow Dn (2) Dly ON (3)
Mortality (Total %) 5 Toggle numeri¢ Decrease graph  Toggle delay
_ output to screep speed for graph

Duration (days) 5

—— Model Performance

speed Reduction (0 = Fast) ” The consumption rates used3imHopare basgd_ on
laboratory measurement fbtelanoplus sanguinipes.

- BCbat F1:Help = F5:Run Model - Therefore SimHopshould be used to help with general
understanding of grasshopper population dynamics, not
Figure VI.2—24—Pre-egg-hatch onscreen data-entry form for to make precise estimates of forage loss.
SimHop.

Maps.—Mapsallows you to select and view grasshopper
You can change between the prehatch model and the hazard maps for several States. To select a State, move
posthatch model by enterifigor N in the first field. the highlighted bar to the State desired and press
The data-entry screen will switch so you can enter data<ENTER>. When you are finished viewing the map,
for the model you chose. The last value on the screen Fess<ENTER> to continue. To exit thlapsmodule,
to slow the simulation so that the graph and data can bpress<ESC> at the State selection submenu.
viewed in more detail. Preg¥1> for more information
on any current data value (where the cursor is flashing)economic Threshold.—Hopper can estimate the density
Change any information on the screen; then pt&&>  of grasshoppers for a specified BC ratio. This estimate is
to run the simulation. also dependent on grasshopper life stage and species
composition and current economic variables. The grass-
While SimHopis running, control keys in the lower right hopper density that corresponds to the BC ratio can be
corner of the simulation results screen (fig. VI.2—22) canonsidered an economic threshold. In some situations,
be used to slow, stop, reverse, or increment (step by stgpy might specify a BC ratio that cannot be achieved—
the simulation. The layout of these keys represents thedone that is either too high or too low. Hopper will inform
numeric keypad to the right on the computer keyboard.you when this situation occurs.
To use the numeric keypad duriSgnhopturn off the
Num-Lock. You could stop a simulation by pressing TheEconomic Thresholdalculator will first runConsult
<SpaceBar> and then reverse the simulation by pressto develop a list of treatments and then allow you to
ing the numeric keypad “42SpaceBar> will start and select one of those treatments and enter a BC ratio.
stop a simulation. Remember that BC ratios greater than 1.0 indicate a treat-
ment profit for the single-year analysis. Next, an eco-
nomic analysis will begin similar to the analysis in the
Treatment Selectionmodule. Generic models cannot be
used for theeconomic Thresholdalculator. You can
enter or modify any of the data to match your situation.
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Hopper will run the analysis several times to find the edeeys to highlight your text printer (or a similar model). If
nomic threshold. This may take 3 minutes on a 486 cogeur printer is not listed, check to see if it is compatible
puter. However, no intervention is required until the  with any other printers listed. The Epson printer is very
final results are presented. Results can be saved to a common, and many printers are compatible with it. If
report file. your actual printer-model is not listed in Hopper, try
selecting Epson instead. The text printer and graphics
Forms.—You can create and print hard-copy data-entryprinter are often the same. However, you need to set up
forms that you can use to collect input data for Hopper.both types of printers in Hopper if the default printers are
The forms will contain default values from Hopper or not acceptable. The text printer must be connected to a
values from any data you have saved during an econorpiinter port (e.g., LPT). If your printer is connected to a
analysis. These can be a handy way to prepare to run COM port, you can place a Mode command in the file
Hopper because you will have at hand all the informati@utoexec.bat to route the printer data through LPT1.
Hopper requests. Seldebrmsand a submenu of items For example, if your printer is attached to the serial port
will be presented. You can create, view, or print a formCOM1, you should place this line in thatoexec.bat
When you select “Create,” a list of economic data files iiile:
your Hopper directory is displayed. These files have the mode 1ptl=com]l
ending.ec3. Highlight a file and pressENTER> to
create the form for those data. Next, you could view th&raphics Printers.-Hopper does not print graphics

new form on the screen or print it. information directly to a printer. Instead, graphics are
“printed” to a file. The format of the graphics file is
Setup determined by the graphics printer you select here. The

advantage of having the graphics in a file is that they can
Printers.—Hopper uses the printer type (text and graphbe imported into a word processor or graphics software.
ics) you select here to format properly the documents itFor example, you can import Hopper’s graphics (from
prints. The printer information is stored in a file. Therethe simulation models arfimHop)into your word pro-
fore, you need only select a printer once, unless you cessor document. The Hewlett—Packard Pen Plotter is
change printers. Select both a text printer and a graphite default graphics printer. Graphics files for this graph-
printer. ics printer consist of lines and end points (vector graph-

ics), and the format is HPGL/2. Therefore, with this
Text Printers.—Hopper will print existing reports and  format, graphics can be reproduced at the maximum reso-
information ineXplainto your text printer. With Text  lution of the printer device, and most graphics editors
Printers highlighted on the menu, pre&NTER> and a (such as Lotus Freelance™ and Harvard Graphaan
list of printers will appear (fig. VI.2-25). Use the arrow import and edit them. Laser-printer or dot-matrix printer
output cannot be imported into these graphics editors.
Trestaert Selection  Primtivien Flles | Tools  gee Gt Hopper prints only graphics from tReint/View Files

submenu (see Graphs, page VI1.2-13). Therefore, the

graphics printer port is not used if you will only import

| Printers:
Device Type
T Printer

Hopper/Hopper Li| Graphics == Text Printer — graphics files into other software without ever printing
I e o erort o] B directly. Note: Remember that if you select a dot matrix
sanes 5. Berry [ otprie ] boeoric Epson or laser printer, you will need at least 512 to 1024 KB of
Grasshopper. M ro spranter. 11 expanded memory (EMS). See the Installation section at
B e a0t e the front of this manual for instructions for configuring
William P. Kemp & Jerome ﬁégr3218r0"1cs your ComDUter’S memory.

USDA/ARS Rangeland Insect NEC 8800
Bozeman, MT 59717-0366 Pro-Writer
(406) 994-3344 Facit
March 1994 DataProducts

Use for all, Laserdets

Figure VI.2—25—Setup submenu selected and Text Printer high-
lighted.
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To change the graphics printer, highlight “Graphics” onSelected References

the menu and presENTER>; a list of printers will

appear (fig. VI.2—26). Use the arrow keys to highlight Berry, J. S.; Kemp, W. P.; Onsager, J. A. 1991. Integration of simu-
your printer (or similar model) and presENTER>. If lation models and an expert system for management of rangeland
your printer is not listed, check to see if it is compatible 9rasshoppers. Al Applications 5: 1-14.

with any other printers listed. Again, select “Epson” as Berry, J. S.; Hanson, J. D. 1991. A simple, microcomputer model of

first try if your printer-'modefl is not ”Sted: Next, @ menuyangeland forage growth for management decision support. Journal of
of ports for the graphics printer will be displayed. The Production Agriculture 4: 491-499.
normal port is LPT1. Select the correct port; then press o
<ENTER>. The text printer and graphics printer are Berry,J. S, Kemp, W. P.; Onsager, J. A. 1995. Within-year popula-
often the same. However, you need to set up both typ{gn dynamics and forage destruction model for rangeland grass-
. . ) . ' . oppers (Orthoptera: Acrididae). Environmental Entomology
of printers in Hopper if the default settings are not 24° 212-925,
acceptable Note: Some graphics printers (dot matrix and
some laser printers) will not work in Hopper unless the Davis, R. M.; Skold, M. D.; Berry, J. S.; Kemp, W. P. 1992. The

computer has about 512 KB of EMS (expanded) memoggonomic threshold for grasshopper control on public rangelands.
available. Journal of Agricultural and Resource Economics 17: 56—65.

Foster, R. N.; Reuter, K. C.; Gourd, J. M.; Enis, J.; Wooldridge, A. W.
Hopper Hain Menu 1983. Field experiments on the toxicity of acephate for control of

Treatment Selection Print/View Files Tools Setup: Quit . .
grasshoppers (Orthoptera: Acrididae) on rangeland. Canadian Ento-
| Bramtery | ———— .
Device Type mO'Ongt 115: 1163-1168.
Text Printer j

Hopper/Hopper Li| »Gaphicy Graphics Printer = X i )
. ) Fpm MX_FX. IBM Hanson, C. L.; Cumming, K. A.; Woolhiser, D. A.; Richardson, C. W.
rasshopper Decision Support Softwa| Epsun LQ . . . . .
Treatment Selection and Economic Anal| Epson LQ Color 1994. Microcomputer program for daily weather simulation in the
Port Okid . . . . .
Janes 5 gerry [ wLETL: | P Laserdet contiguous United States. Misc. Publ. 114. [Place of publication
USDA APHIS-PPQ LPT2: Hp Paintdet 8 Col . I i
Grasshopper 1% Pro| LPTa. | H baimtaet 36 Co1 unknown]: U.S. Department of Agriculture, Agricultural Research
3380 Americana Terr| COML: | Postscript Service. 22 p.

Boise. ID 83706| COM2: HP plotter
COM3: | »HPGLLZ«

VoDAIARE o & gerane || COM: | Houst. Ins. DWPL Kemp, W. P.; Onsager, J. A. 1986. Rangeland grasshoppers (Ortho-
Bozeyzgé)”;%f}g%-“% ptera: Acrididae): modeling phenology of natural population of six
March 1994 species. Environmental Entomology 15: 924-930.

HP Lasedet III HP paintJet XL and others.

Kemp, W. P.; Onsager, J. A.; Lemmon, H. A. 1988. Rangeland

Figure VI.2-26—Setup submenu selected and Graphics selected Wﬁﬁasshopp.er. treatment selection: application of expert system technol-
the Hewlett—Packard Pen Plotter highlighted (HPGL/2). ogy to decision support for resource based management. Al Applica-
tions in Natural Resource Management 2: 1-8.

Kemp, W. P.; Kalaris, T. M.; Quimby, W. F. 1989. Rangeland grass-
hopper (Orthoptera: Acrididae) spatial variability: macroscale popula-
tion assessment. Journal of Economic Entomology 82: 1270-1276.

Onsager, J. A. 1978. Efficacy of carbaryl applied to different life
stages of rangeland grasshoppers. Journal of Economic Entomology
71: 269-273.

Onsager, J. A. 1983. Relationships between survival rate, density,
population trends, and forage destruction by instars of grasshoppers
(Orthoptera: Acrididae). Environmental Entomology 12: 1099-1102.

Onsager, J. A. 1984. A method for estimating economic injury levels

for control of rangeland grasshoppers with malathion and carbaryl.
Journal of Range Management 37: 200—-203.
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Onsager, J. A. 1988. Assessing effectiveneséostma locustafer Appendix A How Hopper Works and Why
grasshopper control. Montana AgResearch. 5(3): 12-16.

Onsager, J. A; Henry, J. E.; Foster, R. N. 1980. A model for predi§y Larry Zaleski
tion efficacy of carbaryl bait for control of rangeland. Journal of Eco-

nomic Entomology 73: 726-729. Why You Should Know How Hopper Works.—You
should know how Hopper works to help accomplish your
Software Credits treatment responsibilities skillfully and accurately.

Borland Pascal 7.0, Borland International, Inc., Scotts Valley, CA. Whether you're a rancher or government official, profes-
Pascal Compiler. sional and financial considerations demand that you work
skillfully and accurately. Applying pesticides wheot

Object Professional®, TurboPower Software, Scotts Valley, CA. :
geeded may threaten the environment and waste money.

User interface and general programmer’s software toolbox for Turb

Pascal. Conversely, failure to apply pesticides when conditions
warrant may jeopardize native rangeland and potentially
Turbo Analyst™, TurboPower Software, Scotts Valley, CA. threaten the local ranching economy.

Analytical tools in an integrated development environment, including

Pascal formatter, cross referencer, execution timer, execution profilﬂopper helps you decide objectively whether to treat or
rogram indexer, and program lister.
prog prog not. But you must use Hopper correctly for good results.

Tlib Version Control™, Burton Systems Software, Cary, NC. And to use Hopper correctly, you must know how the
Source code librarian. program works.

PCX Programmer’s Toolkit™, Genus Microprogramming, Houston,What You Should Know.—You should be familiar with
TX. Routines to display, save, scale, and print PCX images. -
the following:

BLP88, Eastern Software Products, Alexandria, VA. Linear prograrfh- HOW Hopper can save time, improve accuracy, and
ming with bounded variables for the IBM-PC, used for the economic Save money
analysis. * What the economic research shows
e How Hopper’'s components work together

What the expert system (Consult) does

What the forage model (RangeMod) does
INSTALIT™, Helpful Programs, Inc., Huntsville, AL. Hopper instal-* What the grasshopper model (HopMod) does
lation program. ¢ What the economics model (RanchMod) does

e Yourrole

INGRAF 6.0™, Integrated Graphics Library for Pascal, SutraSoft,
Sugar Land, TX. Routines for scientific plotting and graphs.

USCLIMAT.BAS, Weather generator, U.S. Department of
Agriculture, Agricultural Research Service, Northwest Watershed

Research Center, Boise, ID. (Contact: C. L. Hanson.) As you become familiar with Hopper, you will become

more knowledgeable about treatment technology, range-

RanchMod, Economics Module, M. Skold and R. Davis, Departmentand ecology, and ranching economics.

of Agricultural and Resource Economics, Colorado State University,

Fort Collins, CO. How Hopper Can Save Time, Improve Accuracyand
Save Money.—Hopper saves time, improves accuracy,
and saves money by
e Automating expensive and time-consuming tasks, and
e Using ecological and economic information previ-

ously unavailable to decisionmakers.

Automating Expensive and Time-Consuming Tasks.—
Hopper automates many tasks that require time, money,
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and personnel to accomplish. You still collect informa- your answers to its rule base, then lists treatments
tion about local conditions, but with Hopper, your treat-accordingly.

ment decisions are greatiymprovedwith little additional

effort. To understand the value of automation, you Models, on the other hand, are mathematical formulas

should know that imitate events in the real world. Models allow you to
* What Hopper does automatically, make predictions and estimates about events in the real
* How Hopper automates tasks, and world. Previously, such models were too time-consum-

» How automation improves treatment decisionmakingng and complicated for everyday use. Only scientists
could use them. But the personal computer has changed
What Hopper Does Automatically.Hopper automati-  that.

cally

» Estimates the average instar of a grasshopper poputdew Computer Automation Improves
tion (for integration with field data); Decisionmaking.—€omputer automation improves

e Estimates the effects of precipitation on forage pro- decisionmaking in two ways. First, automation is com-
duction; prehensive. That is, Hopper requires that you answer

» Estimates forage production and, then, forage loss tquestions needed to make accurate decisions, each time.
grasshoppers; Critical factors, including those you might ordinarily

» Chooses treatments based on local conditions; and consider, are routinely considered. Without this prompt-

» Determines if treatment is cost effective. ing, you might ignore some factors to save time or

because you don’t know how to evaluate them.
Without automation and computer simulation, many of
these tasks are impractical or more likely to be complet8dcond, automation is consistent. It's consistent because
with errors. users answer critical questions each time and because
Hopper evaluates data the same way each time—some-
How Hopper Automates Tasks.Hopper automates thing that people seldom do. Consequently, two people
tasks by integrating an expert system with simulation aimttiependently entering the same data into Hopper
economic models (Berry et al. 1991, 1992). achieve the same results each time. Thus, Hopper trans-
forms treatment decisionmaking into a more objective
Hopper’s expert system is rule-based. Rule-based expand scientific process.
systems are computer programs consisting of rules.
These rules are the same as those used by human exp8itsylation, completeness, and consistency result in
but the expert system uses the computer’s ability to apjyproved accuracy at roughly the same cost.
logic, instead. For example, an expert system program

for reacting to araffic light might look like this: Using Ecological and Economic Parameters Previously
IF THE LIGHT IS RED: Stop and wait for the light to  Unavailable to Decisionmakers.-Hopper achieves

turn green. improved accuracy because it uses parameters and vari-
IF THE LIGHT IS GREEN: Go on. ables that were previously impractical or unavailable

(Davis et al. 1992). Even though these parameters were

IF THE LIGHT IS YELLOW: Slow down, and... important, they were often not used because they were
— If the light turns red, stop, wait for it to turn green, too costly and time consuming to obtain or because they

then go on. could not be analyzed fast enough to help. As a result,
— If the light doesn't turn red, go on. treatment decisions were based on patrtial information.

The computer runs through the program until it encounRecently, however, researchers have shown that many of
ters an “if statement” that matches the current conditiorthese unused but critical variables can be simulated math-
Then the program follows the programmed procedure. ematically. Other variables have been determined by the

Hopper’s expert system works similarly, but it's designe@rasshopper Integrated Pest Management Project and

to select treatments. Hopper asks questions, matches cooperators.
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Before Hopper, Treatment Decisions Were Based on 2. Economic justification for grasshopper control pro-
Less Extensive Information.—Hopper estimates critical  grams depends on several variabies just grasshop-
variables previously unavailable to decisionmakers. per population density.
Biologists and economists knew these variables were 3. Economic justification for grasshopper control pro-
important, but only well-funded research projects could grams varies from place to place and year to year.
collect and analyze the data. And the results of their
analysis usually came too late to help. Decisionmakers Should Consider Economic Thresh-
old in Their Decision About Applying Treatment.—
But the economic basis for control of grasshoppers on Economics is a primary justification for treating
rangeland depends on several variables, not just grassgrasshopper infestations. So ranchers should treat grass-
hopper density (Davis et al. 1992). These critical vari- hoppersotto reduce their numbers but to improve the

ables include profitability of the ranch. Reducing grasshopper numbers
e Rangeland productivity, is only a tactic for managing the rangeland resource.

e Soil moisture,

» Livestock prices, From a ranching perspective, even rangeland manage-

» Accessibility and cost of alternative forage, ment—a continuous effort which some use as a justifica-
» Effectiveness and timing of treatments, and tion for grasshopper control—is simply an economic

e Grasshopper numbers and composition. endeavor aimed at preserving rangeland productivity.

Preserving productivity preserves profit. To illustrate the
These variables, however, are difficult and expensive t@rofit motive: one way to manage the land and prevent
measure. Many could not be analyzed quickly. And fevange damage during a grasshopper outbreak is to remove
scientists, ranchers, or government officers could mea-cattle. But this option is unprofitable, so ranchers tend to
sure and interpret all of the variables. Consequently, navoid cattle removal when possible. Generally, ranchers
one could integrate the critical variables into a practicalseek more profitable alternatives.
decision support system.

Environmental factors are important, too, and iy
Critical Variables Can Be Estimated Mathemati- venttreatment. But in most cases, the basis for your
cally.—Recently, researchers demonstrated that many decision to treat or not is economic.
critical variables could be estimated mathematically
(Berry and Hanson 1991, Berry et al. 1995, Dennis et al.o apply an economic threshold to treatment decisions
1986, Kemp and Onsager 1986). Therefore, for some confidently, you need to understand the concept of the
variables, mathematical simulation provides an alterna-economic threshold and the concept that treatment is an
tive to sampling and measurement. investment.

When combined with a personal computer, mathematicéhe Economic Threshold.—Fhe economic threshold is
simulations provide quick, reliable estimates of difficult-the population density of a pest at which the cost of man-
to-measure variables. For the first time, critical variablegyement intervention equals the resulting benefit from
are routinely available to decisionmakers. What's moregontrolling it. The economic threshold varies with the
estimated variables can be combined with economic cdbenefits and the cost of treatment (Davis et al. 1992).
culations to determine if treatment is cost effective.
When Does Treatment Become Profitable e eco-

What the Economic Research Shows.Fhe economic  nomic threshold is reached when the benefit—cost ratio
research reveals three key facts (Davis et al. 1992): equals 1 or more.
1. Decisionmakers should use an economic threshold as

their basis for applying treatment.

VI1.2-20



Hopper determines the economic threshold by calculativgriables Affecting Economic Justification of Grass-

the benefits of treatment, then dividing the benefits by thepper Control Programs.—At least seven variables

cost. This measure is called the benefit—cost ratio (BCHetermine the economic justification for grasshopper con-
trol programs on rangeland:

Benefits . Range_lan_d producti\_/ity and composition,
BC= ——— e Precipitation and soil moisture,
Cost « Accessibility and cost of alternative forage,

» Effectiveness of treatment,

When the benefits equal the cost, the ratio is equal to 1¢ Cost of treatment,

and the economic threshold is achieved. For example:s Timing of treatment, and

Benefits of treatment = $5,000 * Grasshopper population density, life stage, and spe-
Cost of treatment = $5,000 cies composition.
Benefits = $5,000 Put simply, these variables determinehkieof the for-
BC = B =1 age grasshoppers eat (the damage grasshoppers cause)
Cost = $5,000 and how much damage can be prevented. The interaction

between critical variables is complex.
BC'’s greater than 1 are profitable, but BC'’s less than 1
are unprofitable. The economic threshold (BC = 1) is tHeor example, if rangeland produces too much or too little
break-even point. forage, you cannot economically justify treatment. |If
excesdorage is produced, there is enough to feed both
The cost of grasshopper control includes wages and thgrasshoppers and livestock, so you cannot justify treat-
cost of chemicals, baits, and equipment. The benefit oiment. On the other hand, if too little forage is produced,
grasshopper control, on the other hand, is equal to the there is no forage to protect, so again, you may not be
valueof the forage saved by treating grasshoppers.  able to justify treatment purely based on forage value.

Treatment Is an Investment.—reatment is an invest- Consequently, the effects of the variables below assume
ment in the agricultural economy. You apply treatmentthat there is forage to protect, gt too much or too
to attain or improve profitability. little. Otherwise, some of the following information
would contradict. In practice, Hopper accounts for the
Typically, you expect a return on your investments. Foeffects of forage production automatically.
example, if you invest $100 in a savings account, you
expect to collect interest, which is a return. If the Rangeland Productivity and Composition.©n highly
account pays 5 percent simple interest, then after a yegroductiverangeland, you can economically justify treat-
you would have $105. The BC of your account would breent at lower grasshopper population densities than you
$105+ $100 = 1.05. Because the BC is greater than 1, can on less productive rangeland (Davis et al. 1992).
the account is profitable. This is true because treatment saves more forage per acre
on highly productive rangeland.
You wouldneverknowingly invest in a savings account
that loses money (an account whose BC is less than 1)The more forage you save per acre, the lower the cost per
Investing when the BC is less than 1 is unprofitable, andnit of forage saved and the greater your benefit for a
thus, economically unjustified. given per-acre treatment cost. Consequently, on produc-
tive rangeland, you can trefgwveracresand still get the
Treatment, too, should show a return. Treating when tlsame per-acre benefit. The fewer acres you treat, the
BC is less than 1 is unprofitable, and thus, economicalliower the cost.
unjustified.
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In addition, some forage species are more valuable thawhen treatment is expensive. Several factors influence
others. Generally, the more valuable the forage, the the cost of treatment, including the price of pesticides,
easier it is to justify treatment. biological control agents, equipment, and personnel. In

addition, the cost of treatment varies with demand. In
Precipitation and Soil Moisture.—Buringdry yearsyou years with lots of spraying, sprayers demand higher fees.
can economically justify treatment at lower grasshoppe€learly, you need higher grasshopper densities to justify
population densities than in years of normal or high pretreatment at $4 per acre than you do at $2.25 per acre.
cipitation.

Timing of Treatment.—Timing influences the effective-
Precipitation is the most important factor affecting rangeess and value of treatment. If you treat too early or too
land productivity (Berry et al. 1991). Obviously, if it late, you reduce effectiveness. If you treat too early,
doesn’t rain or snow, forage won't grow. When forage imany grasshopper eggs are still unhatched and will be
scarce, its value increases because you must supplemeniaffected. And if you treat too late, the forage is already
it by buying hay or leasing additional land. Remember eaten and next year’s eggs are laid. In either case, the
that, although the value of the forage may increase in dognefits are reduced.
years, the amount that will be protected by controlling
grasshoppers is reduced. Hopper considers both of th&sesshopper Population Density and Composition.—
factors. Clearly, you can more readily justify treatment at higher

grasshopper population densities than you can at lower
In contrast, during normal and wet years, when forage igrasshopper population densities. The higher their popu-
plentiful, there is often enough forage to feed both live-lation density, the more forage grasshoppers eat. If the
stock and grasshoppers—even at high grasshopper pograsshopper density reaches the economic threshold, then
lation densities. grasshoppers literally eat up your profits.

Hopper evaluates the effect of precipitation by calculat-In addition, species composition is important. Some

ing soil moisture. grasshopper species do more harm than others. You can
justify treating more-harmful species at lower densities

Accessibility and Cost of Alternative Sources of For-  than less-harmful species.

age.—When alternative sources of forage expensive

or inaccessibleyou can justify treatment at lower grass-But as you've seen, several factors, in addition to grass-

hopper population densities than when prices are low amapper population density and composition, determine

forage accessible. This is true because when alternatithe economic threshold.

sources of forage are expensive, you pay more to supple-

ment or replace your existing forage. Therefore, your The Economic Justification for Grasshopper Control

existing forage is worth more, and you can justify payingaries From Place to Place and Year to Year.—

more to protect it. Because the variables affecting the cost effectiveness of
treatment vary from place to place and year to year, the

Effectiveness of Treatments.Sther things being equal, economic justification for grasshopper control varies, too.

when treatment is highly effective, you can justify treat-

ment at lower grasshopper population densities than Conditions vary from place to place. For example, one

when treatment is ineffective. The more effective treat{pasture is more productive than the next, or one county

ments are, the greater their value, and the higher the has normal precipitation, while another is dry. Conse-

benefit—cost ratio. quently, you may treat grasshoppers profitably at 1 loca-
tion when densities reach 18 per square yard but not at

Cost of Treatment.-When treatment is inexpensive, yowanother location until they reach 25 per square yard.

can justify treatment at lower grasshopper densities than
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Similarly, conditions vary from year to year. Over time,How Hopper's Programs Work Together.—Hopper
a ranch may experience fluctuating precipitation, live- uses three kinds of software technology to assist you in
stock prices, and lease costs. In 1 year grasshoppers mmaking treatment decisions (fig. VI.2-27):
be worth treating at 30 per square yard; the following 1. An expert system—to select treatments,
year, grasshoppers may be worth treating at 20 per squaresimulation models—to estimate difficult-to-measure
yard. variables, and
3. An economic model (ranch model)—to determine if
Normal variation of ranching conditions demands a flex- treatment is cost effective.
ible response to grasshopper treatment. Hopper provides
flexibility by accounting for differences in conditions that
vary with location and time.

Treatment selection Economic analyses
Expert system Treatments \and dates
Supervisor
Yield
Ranch model Treatment name
Date v Treatment
Benefit/Cost
Net Returns HopMod —® RangeMod

Weather A

Simulator

Figure VI.2—27—Overview of Hopper user interface and internal modules.
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These technologies work together to provide decision Environmental Protection Agency and the Environmental
support. Below is an overview of each class of technolimpact Statement for the Cooperative Rangeland Grass-
ogy. As each technology is introduced, you'll learn hovhopper Program are considered.

it works with the others.

Where Consult Gets Its Information.—Consult uses
The Expert System.-Fhe expert system (Consult) helpsinformation from three sources. First, Consult asks you
you choose grasshopper treatments as accurately as athe following:

expert. It does this by asking questions about the site, *
giving some of this information to simulation models to *
estimate grasshopper life stage, evaluating the data
against an internal set of rules, and then providing you ¢
with a list of suggested treatments appropriate for the e

Location?

Species composition?

Grasshopper census date?

Treatment date?

Presence or absence of managed bees?

Should treatments harmful to beneficial insects be
eliminated from consideration?

Do conditions prohibit the use of toxic chemicals?
Vegetation thickness?

Current weather conditions?

Percent of the hopper population already hatched (if
known)?

Hopper uses simulation models to estimate the effects of

precipitation, forage production, treatment mortality, =~ Second, Consult uses Hopper’s own weather model to
grasshopper species composition and life stage (Berry ehter weather data for the site.

al. 1995). Information from the simulation models is
used by the expert system and economics model.

situation (Berry et al. 1991). .

The Simulation Models.—Fhe simulation models .
(HopMod and RangeMod) calculate values for critical
variables that would otherwise require additional sam-
pling and analysis. .

Third, Consult uses the grasshopper model (HopMod) to
calculate the average life stage at the time treatment will
Simulation models allow Hopper to respond to factors be applied and number of grasshopper eggs that will be
that change over time, like grasshopper life stage and fdeposited during the current year. This allows Consult to
age production (Berry et al. 1991). decide if it's too early or too late to treat the infestation
economically.
The Economics Model.-Fhe economics model
(RanchMod) is a linear programming model that does What Consult Does With the Information.—Consult
two things. First it determines if treatment is cost effecevaluates the information supplied against an internal set
tive. Second, it determines which of the treatments listedirules. These rules allow Consult to choose treatments
by Consult is most cost effective. The economics modelppropriate for local conditions.
uses information from the expert system and simulation
models to determine a benefit—cost ratio. Consult selects from five treatments approved by the
Environmental Protection Agency and the final Environ-
Hopper’'s models work together to provide reliable deciinental Impact Statement for use against grasshoppers on
sion support. As a result, you can be more confident inrangeland:
your treatment decisions. * Acephate spray,
e Carbaryl spray,
What the Expert System Does.-Hopper's expert sys- < Malathion spray,
tem (Consult) provides you with a list of treatments e Carbaryl bait, or
appropriate for the conditions you specify. Consult uses Nosema locustakait (a pathogen of grasshoppers and
internal rules to decide which treatment(s) to list (Berry  Mormon crickets).
et al. 1991). In addition, only treatments approved by the
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Depending on the conditions you specify, Consult may | s moisture
recommend none, one, or all of the treatments for eco-| (% by weight)

nomic evaluation. Carbaryl bait, for example, might be| ~ %° Soil moisture
recommended when the presence of commercial bees |or
endangered species prohibit spraying in the area. 20

Nosema locustamay be recommended for use near

bodies of water, where chemicals are prohibited. 15

Consult considers species composition and development

in making treatment recommendations because: 10
* Some speciedon’ttake baits, so you can't use baits.
* Some speciewon’t eat the predominant local forage, 5 ] ' ' ‘
so youdon't have to control them. 80 120 160 200 24'0 280
e Some species_ develop faster or sloyver then the bull Day of the Year
of the population, so you should adjust treatment
timing. Figure VI.2—-28—The effect of drying with occasional precipitation
on soil moisture content. This pattern is typical for northern latitudes
By accounting for these factors, Consult can alter its " i West
treatment list and, ultimately, the decision whether and
when to treat. Temperature Starts and Ends Plant Growth.—
RangeMod uses a threshold temperature to begin growth
What the Forage Model (RangeMod) Does.— in the spring, and to end growth in the fall. The model

RangeMod simulates growth of cool- and warm-seasorstarts calculating growth when the temperature (the aver-
grasses and forbs on rangeland during a single growingge of the daily high and low) exceeds’8Zor 5 con-
season (Berry and Hanson 1991). Important features gfecutive days. Growth occurs if daily minimum

the model include the following: temperature is above the threshold for the plant type—
« Forage production depends on soil moisture and pra*4.6°F for forbs and cool-season grasses, antF50r
jected peak standing crop. warm-season grasses (Berry and Hanson 1991).

e Temperature starts and ends plant growth.

« Forage production occurs logistically (forming an  In RangeMod, temperaturenst a factor in forage pro-
S-shaped curve). duction except for its role in starting and ending growth

(Berry and Hanson 1991).

Forage Production Depends on Precipitation and Peak

Standing Crop.—RangeMod determines forage produc- Forage Production Occurs Logistically."When

tion based on daily precipitation and an estimate of peajraphed, forage production forms a logistic (S-shaped)

standing crop. The model uses either known precipita-curve (fig. V1.2-29). The logistic curve simulates forage

tion averages from nearby cities or precipitation data thatoduction in pounds per acre over time. RangeMod

you supply. Forage consumption by wildlifenistesti-  simulates forage production for forbs, cool-

mated or considered by Hopper. season grasses, warm-season grasses, and total produc-

tion, producing a logistic curve for each.

Precipitation directly affects soil moisture, which

RangeMod calculates as a function of dry days (consectiheexactshape of the logistic curve varies with precipi-

tive days without precipitation). The model causes soilt@tion and forage consumption by grasshoppers. Hopper

dry exponentially (quickly when wet but more slowly assimulates grasshopper forage consumption in the grass-

moisture decreases—fig. V1.2—28) down to a minimum dfopper model, HopMod.

3 percent by weight. For comparison, the permanent

wilting point for plants is reached when soil moisture is

10 percent (Berry and Hanson 1991).
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Forage stage. The grasshopper phenology model estimates the
(Ibs/acre) Forage production proportionof the grasshopper population in each life
600 stage on any given day as a function of time and tempera-
500 Total ture (fig. V1.2-30).
400 A proportion is a percentage divided by 100. For
_______________ Cool-season grass example, the proportion “0.8” is derived as follows:
oy T 0.8 = 80 percent 100. Most people use proportions
200 . Forbs frequently for various routine calculations.
100 2 How Development Is CalculatedFhe model determines
g Warm-season grass ]
ol Lo , , , ‘ grasshopper development based on time and temperature,
80 120 160 200 240 280 called development time (Kemp and Onsager 1986).
Day of the year Grasshopper development is cpntrqlled primarily by
temperature, so development time is measured in

Figure VI.2—29—The logistic growth of forage appears S-shaped. degree-days.

What the Grasshopper Model (HopMod) Does.— Degree-Days Are Accumulated HeaB-degree-day is a

HopMod determines forage loss caused by grasshoppdREasure of accumulated heat. Degree-days accumulate

and determines the loss that you can prevent by applyi H?pMOd when the airotemperature is betweer0
treatment (Berry et al. 1991). (4.4°C) and 100F (37.8°C) (Berry et al. 1995).

HopMod simulates grasshopper development through FOr €xample, when the daily minimum and maximum
time. Predicting development is important because thel€mperatures are between“dand 100F, HopMod cal-
amount of forage eaten by grasshoppers per day varie§ulates degree-days like this: If the air maximum tem-
greatly for each life stage. Early instars eat less than IR&Fature is 70F and the minimum is 4%, then there
instars. And because the proportion of each instar in tHf€ 70-40 = 30 degree-days of development.

population changes daily, forage consumption changes )
daily, too. HopMod averages degree-days over a day—night cycle.

The program adds degree-days when the temperature is

HopMod'’s simulation of grasshopper development, in
conjunction with the forage and economics models, 2 _

. . Grasshoppers/m Forage consumption
allows you to decide whether or not to treat at a given (kgtha) per day

. . . 1,200 70
time in the grasshopper’s growing season. Total hatchlings

/‘Ionsumption 60

{HopMod -p (1%

40

1,000 -

To understand HopMod, you must understand the follow- 4, .

ing:

*  What the grasshopper phenology (growth and deve
opment) model does, a00 |

 How HopMod determines population size, A I

* How HopMod calculates forage consumption, v

* How HopMod determines oviposition, and % m m w w7 w0 w0

» How accurate HopMod is. Day

600

130
Total density 20

200

What the Grasshopper Phenology Model Doefhe- Figure VI.2-30—General progression of a grasshopper population

nology is the study of the relationship between climate during the spring and summer. H(?pMOd begins when the population
. . . .]has peaked and egg hatch has finished.

and recurring biological events, such as grasshopper lite
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within the thresholds. HopMod uses a modified sine- hoppers to the population. The program assumes all eggs
wave formula to adjust and accumulate degree-days asave hatched by the census date.

the value changes during the day—night cycle. (A sine-

wave formula creates a curve similar to the wave pattetdow HopMod Calculates Forage Consumption.—

you'd see on an oscilloscope. The wave fluctuates abddepMod calculates forage consumption in five steps:

and below a line. In this case, above the line represents. HopMod determines throportion of grasshoppers

daylight; below the line represents night.) In this way, in each instar (life stage), each day. For example,
HopMod calculates the average instar, which is displayed instar 1 = 0.1, instar 2 = 0.3, instar 3 = 0.4, instar
in Consult. 4 =0.15, instar 5 = 0.05. Remember, the total must

add up to 1.00, meaning 100 percent of the popula-
When necessary, you can change Hopper’s estimate of tion. The proportions in each instar change each day
the average instar. For example, if you measure an aver- but always add up to 1.
age instar that is different than HopMod’s estimate, you
can replace Hopper's estimate with your measurement2. HopMod determines theumberof grasshoppers in
and HopMod will adjust. each instar by multiplying the proportion in each
instar by the population density of first grass feeders,
Development Is Based on Accumulated Increments of  then mixed feeders (usually, grass feeders won't eat
Development Time.HopMod assumes that the develop- forbs, so forbs are protected from grass feeders with-
ment rate of a grasshopper depends on accumulated out treatment). You supply the data on population
increments of development time (Kemp and Onsager density and composition.
1986). The process is defined as the amount of develop-
ment time that a grasshopper has accumulated by a givenFor example, if the grasshopper population density is
actual time. 20 per square yard and is 80 percent grass feeders,
then—assuming the proportion of instar 2 = 0.4 —the
HopMod uses Hopper's weather data base to calculate  number of grass-feeding grasshoppers in instar 2 is:
degree-days. Then HopMod calculates grasshopper 20x 0.4% 0.8 = 6.4 per square yard.
development for each calendar day of the growing sea-
son. The result is a list of proportions for each life stag8. HopMod determinesow muclhforage each instar
for each day. For example, on a given day, you might ~ consumes by multiplying the feeding rate of grasshop-
see the following: instar 1 = 0.1 (10 percent), instar pers in each instar (supplied by Hopper and based on
2 = 0.3 (30 percent), and so on. The proportions must  scientific measurement) by the number of grasshop-
add up to 1.00 (representing 100 percent of the grasshop-pers in the instar.
per population) for the day.
4. HopMod determinetotal forage consumption by
How HopMod Determines Population Size HepMod adding the consumption of each instar for each day of
gets the grasshopper population size from you. For the growing season. This value is passed to
example, you count 20 grasshoppers per square yard andRangeMod and subtracted for each forage type from
type in that number. HopMod, however, adjusts over the amount of forage for the day. If conditions are
time for natural grasshopper mortality itself. favorable, forage continues to grow, and forage loss is
usually less than the total consumption by
HopMod calculates average natural grasshopper mortalitygrasshoppers.
using a density-dependent model. The larger the grass-

hopper population, the faster grasshoppers die. 5. Finally, HopModrepeatsthe process (steps 1-4) after
applying simulated treatments. For example, if there
HopMod, however, doesot have an egg-hatch model. are 20 grasshoppers per square yard, and the treatment

Consequently, HopModannotadd newly hatched grass- is 92 percent effective (only 8 percent survive), then
after treatmenthe population is 28 0.08 = 1.6
grasshoppers per square yard.
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HopMod calculates forage consumption by grasshoppefdso, observed measurements are the best estimate of
on both treated and untreated rangeland to determine tremlity. Therefore, whenever possible, enter observed
difference in consumption. This difference is biemefit measurements instead of relying on Hopper’s initial

to the ranch. life-stage estimates.

HopMod repeats the process for each treatment select&tihat the Economics Model (RanchMod) Does.—
by Consult. Available forage is used in the economics RanchMod determines the value of the forage. With this
model (RanchMod) to determine the benefit—cost ratio information, and with information from the other Hopper
for each treatment. models, RanchMod can determine if a treatment is cost
effective. In addition, RanchMod compares the cost
How Oviposition Is Determined.-HopMod assumes effectiveness of each treatment listed by Consult, so you
that grasshoppers lay eggs at a constant rate. The rate#@ decide which treatmentrisostcost effective. The
different for grass feeders and mixed feeders. For grasmodel reports cost-effectiveness as a benefit—cost ratio.
feeders, the rate is 0.6550 eggs/adult female/day; and for
mixed grass feeders, the rate is 0.4564 eggs/adult femdle/understand RanchMod, you must know the following:
day (Berry et al. 1995). ¢ How RanchMod determines the benefit—cost ratio,
e What information you may supply, and
How Accurate Is HopMod.—HopMod has been field e How reliable RanchMod is.
validated (Berry et al. 1995). HopMod correctly simu-
lates the general patterns of rangeland grasshopper podow RanchMod Determines the Benefit—Cost Ratio.—
lation dynamics within a given year (Berry et al. 1991). Using the forage and grasshopper models, RanchMod
estimates thealueof forage consumed by grasshoppers
Comparison of Field Data and the Grasshopper when treatment is applied and when treatmenois
Model.—Figure VI.2-31 shows a comparison between applied. The difference is the damage avoided by treat-
field data and the phenology model’s plots. As you carment, called the benefit. RanchMod assumes that the
see, the calculated values closely match the field valueforage saved (less the forage set aside by the proper use
In addition, the estimates of forage consumption by thefactor) is available to livestock. The proper use factor is
different grasshopper instars are based on scientific mehe proportion of the forage that wilbt be consumed by
surement. Therefore, you can expect HopMod to pro- livestock, to prevent overgrazing.
duce reasonable approximations of grasshopper forage
consumption. The model divides thealueof the forage saved (benefit)
by thecostof treatment to determine the benefit—cost
Steps You Can Take To Improve Accuracy.—¥ou can ratio.
improve accuracy in two ways:
1. Conduct the grasshopper census as close to the treRanchMod combines information from the forage and

ment date as possible. grasshopper models within its economic model to deter-
2. Enter actual measurements of the average instar mine the value of forage. The value of forage directly
instead of accepting calculated values. affects the benefit—cost ratio.

Remember, HopMod doe®t have an egg-hatch model. What Information You May Supply.—Fhe economics
Consequently, HopMod cannot add newly hatched grassedel asks you for information on the arrangement, and
hoppers to the population. As a result, the greater the operation of the local ranch(es). This information
time between field measurement and treatment the  includes the following:
greater the error in estimating average instar and density. Lease costs,
So for best results, use current data. e Cost and availability of hay,

e Livestock prices, and

¢ Herd information—size and composition.
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Average life stage Grasshoppers/m? Average life stage Grasshoppers/m 2
(S) ’ B) (S) ©
I T ; j T

16

12

140 160 180 200 220 240 260

Day of the year

140 160 180 200 220 240 260

Day of the year

Figure VI.2—31—Validation runs showing average life stage (S, field data; solid line, model)
and density (D, field data; dashed line, model) for GHIPM sites in North Dakota.

Hopper provides default values for most of these vari- Remember, Hopper is only as accurate as the information

ables. Default values are averages. When you don’t you supply. The closer this information matches reality,

know the actual value, you can use the default value tothe more reliable Hopper’'s recommendation is. Use

get a reasonable approximation. default values when you must, but supply the best infor-
mation you can.

Do not, however, use default values for grasshopper

population size and species composition. These valuesiow Reliable RanchMod Is.-RanchMod is both reli-

are so variable that your results will be useless. So, forable and justifiable. RanchMod uses factors previously

grasshopper density and composition, always use fieldunavailable to decisionmakers. These factors allow you

data. Supply the best information you can for other valto account for variation in the ranching environment and

ues as well. to justify your treatment decisions based on economic
criteria.
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RanchMod’s accuracy depends on the accuracy of the References Cited

data. The closer the data are to reality, the more reliable

the benefit—cost ratio. During average years and on th@erry, J. S.; Hanson, J. D. 1991. A simple, microcomputer model of
average ranch, the default values will produce good rangeland forage growth for management decision support. Journal of
results. But the more conditions stray from average, thBroduction Agriculture 4: 491-499.

more critical that you enter factual data m;tead of aIIowBerry, James S.: Kemp, William P.: Onsager, Jerome A. 1992.

ing the program to use default values. With accurate popper decision support system: rangeland grasshopper management

data, expect reliable results. for the 1990’s. In: Proceedings, 4th international conference: comput-
ers in agricultural extension programs; 28—-31 January 1992; St.

Remember, RanchMod’s results am exact. Rather, Joseph, MI. St. Joseph, MI: American Society of Agricultural
RanchMod gives you a “ball-park figure,” an estimate, Engineers: 610-615.
RanChM_Od s estimate, however, is more accurate and Berry, James S.; Kemp, William P.; Onsager, Jerome A. 1991. Inte-
more reliable than any you get by other means. gration of simulation models and expert system for management of
rangeland grasshoppers. Al Applications in Natural Resource
Your Role.—Your role (the role of ranchers, ranching Management 5: 1-14.
committees, and government officials) in making treat- -
Berry, James S.; Kemp, William P.; Onsager, Jerome A. 1995.

ment deCIS!OnS with Hopper is twofold: Within-year population dynamics and forage destruction model for
1. To provide ac?urate d'ata to Hopper. rangeland grasshoppers (Orthoptera: Acrididae). Environmental
2. To make the final decision. Entomology 24: 212—225.

Providing Accurate Data to Hopper.-Hopper's recom- Davis, Robert M.; Skold, Melvin D.; Berry, James S.; Kemp,
mendation relies on the data you enter. Therefore, to William P. 1992. The economic threshold for grasshopper control on

- . ublic rangelands. Western Journal of Agricultural and Resource
ensure reliability, you must enter the best data avallablé 9 g

. . . . : ‘conomics 17: 56-65.

Collecting this data, however, requires skill, professional-

ism, and discipline. Dennis, Brian; Kemp, William P.; Beckwith, Roy C. 1986. Stochas-
tic model of insect phenology: estimation and testing. Environmental

Give Hopper the best data you can—it's worth the efforEntomology 15: 540-546.

. . o . Kemp, William P.; Onsager, Jerome A. 1986. Rangeland grasshop-
Making the Final Decision.—You must make the deci- ers (Orthoptera: Acrididae): modeling phenology of natural popula-
sion to treat or not. Hopper supplies you with benefit— tions of six species. Environmental Entomology 15: 924-930.
cost ratios and other useful information. You must
decide whether to treat based on the benefit—cost ratio Appendix B Descriptions of Hopper’s
and other factoreot accounted for by Hopper, that you Ranch Models
judge important. Hopper is a decision support toot,

APHIS policy. By Melvin Skold, Rob Davis, and James S. Berry

Remember, under normal circumstances, treating wherRecent definitions of economic thresholds (ET’s) and

the benefit—cost ratio is less than 1 is economically unjégonomic injury levels (EIL’s) by economists and ento-

tifiable. Failure to treat when the benefit—cost ratio is mologists have shown that these concepts are dynamic in

greater than 1 threatens the ranching economy. nature and must be evaluated for each site under consid-
eration for treatment. Key economic parameters to evalu-

Hopper provides support for your treatment decisions  ate include ranch type, rangeland productivity, cost of

based on scientific and economic research. If you use alternative sources of forage for livestock, and

Hopper's benefit—cost ratio to make your decision, you nontreatment options available to the rancher. Biological

can claim Hopper’s support. But if you use another critgarameters for evaluating an ET or EIL depend on den-

ria, you cannot. sity of grasshopper species, life stage at time of treat-
ment, mix of economic and noneconomic species, and
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presence of beneficial insects. Other factors of impor- Located in western North Dakota on the Little Missouri
tance are proximity to waterways and presence of rare National Grassland, the typical ranch in this model can be
endangered species. used for all of the Little Missouri National Grassland and
extrapolated to eastern Montana with changes to range-
The Grasshopper Integrated Pest Management (GHIPN&nd productivity, herd size, leases, weather-generation
Project has provided economic models for eight impor-models, etc. The rangeland is characterized as a northern
tant range ecosystems in the Western States. Within mixed prairie and is predominantly cool-season grasses,
these range ecosystems, typical ranches are defined forbs, and shrubs.
which characterize the predominant ranching practices of
the area. Between range types, ranches vary considerdlagthern Highland Prairie.—About 4 acres are required
with respect to amounts, types, and costs of forages usiedproduce 1 AUM of forage on this range type. Because
Livestock production and management strategies also @ievations in the morthern Highland Prairie are somewhat
fer between range types. An evaluation of these typicahigher than in the northern Great Plains, the grazing sea-
ranches through Hopper shows how the economic justifien is shorter. Grazing begins about May 1 and contin-
cation for treating rangeland grasshoppers changes ues through early September.
between locations and ranching systems.
There are two typical ranches defined for this region.
List of Existing Model Names and Descriptions The first is a cow—calf ranch that is supplied 23 percent
(Range Types).—Fhe range ecosystems included in  of forage needs by public grazing lands. Hay stocks are
Hopper are those identified by APHIS, PPQ personnel psoduced for winter feeding needs, and private rangeland
having recurring grasshopper infestations. The selectesupplies the balance of forage AUM'’s (56 percent) for
areas characterize seven range ecosystems and eight thgidivestock. A calf crop of 85 percent is achieved, with
cal ranch types. For one area, the Northern Highland the calving season starting in March.
Prairie, both beef cow—calf ranches and beef—sheep
ranches are common; consequently, two typical rancheshe second ranch has both a cow—calf enterprise and a
were defined to analyze the impacts from grasshoppersange sheep enterprise. This ranch receives 41 percent of
infestations more fully. forage AUM'’s from public rangeland, no hay is pro-
duced, and private grazing lands supply the balance of
Generic.—The generic model can be used for any areafiorage needs. Lambing begins about May 15; a lambing
the United States or Canada. This model does not usedtwog of 122 percent is the norm. The calving season for
detailed economic model nor forage production model. this ranch starts in March, with a calving percentage of
Therefore, you will need to use the default value of a 80 percent.
replacement AUM ($11.00) or enter a different value
(calculated in the other, more detailed models). An  Located in Johnson County, WY, this typical operation is
AUM (animal unit month) is defined as the amount of a large cow—calf ranch; these model parameters can be
forage a cow and calf consume in 1 month (about 800 lbsed for ranches throughout eastern Wyoming, south-
of air-dry forage). central Montana, and possibly northeastern Colorado
(assuming the weather, rangeland productivity, herd size,
Northern Great Plains.—Fhe rangeland is located withinleases, etc., are changed when data are input). This
the Northern Great Plains range type, and about 2.2 to i&B8geland, is characterized as Northern Mixed Prairie, is
acres are required to produce 1 AUM. The grazing segredominantly cool-season grasses, forbs, and shrubs.
son is approximately 8 months long; cattle are placed on
grazing lands about May 1 and continue to graze until Central Great Plains.—Fhis region is characterized by
December 31. About half the forage needed on the rartdghly productive rangelands of predominantly warm-
comes from public land, a quarter from private grazing season grass species. The typical ranch of about 2,200
lands, and the remaining quarter from hay and crop  acres of grazing land is a cow—calf operation with a 6-
residue. month summer grazing season. Grazing land can support
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approximately 1 AUM/acre. Hay is fed in the winter to Gila Mountains.—Grazing needs are satisfied for this
supplement crop-residue grazing and supplies 14 perca&aw—calf ranch with a year-round grazing season. About
of the total AUM’s of forage. Public grazing land is 6.5 acres are required to produce 1 AUM of forage.
available to only a portion of these ranches. Livestock There are no hay stocks produced. The split between
graze on rangeland owned by the rancher and rangelamiblic and private grazing lands is about 50-50. The
leased from other landowners. grass species in this region have high percentages of both
warm- and cool-season grasses. Most vegetative growth
This typical ranch is located in western Nebraska, and it&curs in late July with the onset of summer monsoon
parameters can be extrapolated to ranches located in rains.
southeastern Wyoming, north-central Colorado, and the
Nebraska panhandle. Located in central Arizona in the Chino Valley near
Prescaott, this typical ranch is a very large cow—calf
Southern Great Plains.—Fhe typical southern Great operation in a transition zone next to a hot desert zone.
Plains ranch has both cow—calf and sheep enterprises.
There is an 8-month grazing season, with 34 percent oEastern Intermountain Basin.—Fhe typical ranch for
the total AUM's of forage coming from public range- the southeastern Great Basin region is a cow—calf ranch
lands. The typical ranch includes about 15,600 acres. that receives about 7 percent of its total forage supplies
Privately owned rangelands supply 26 percent of total from public rangelands, 32 percent from leased private
needed AUM'’s, and raised hay stocks supply the remairangelands, 41 percent from owned rangeland, and
ing 40 percent of forage needs. 20 percent from hay produced on the ranch. About
12 acres are required to produce 1 AUM of forage. The
Almost 53 acres are required to produce 1 AUM of for- grazing season is year-round, with hay stocks supple-
age. The grass and forb species in this area are predomenting the rangeland forage supplies during the winter.
nantly warm season, and most vegetative growth occuBublic rangelands are used during the spring months.
in July, when the monsoon rains come.
This typical ranch is located in western Utah, and results
The typical ranch in this model is located in eastern Newom this ranch profile can be extrapolated to ranches in
Mexico. southern ldaho and eastern Nevada.

Mexican Highland Scrub.—The typical ranch for this ~ Northern Intermountain Basin.—A cow—calf ranch was
region is a cow—calf operation. Total forage comes fromefined for this region. The grazing season starts in mid-
public grazing land (34 percent), from privately owned April and runs until early November. About 9 to 10 acres
grazing land (13 percent), private rangeland (10 percerd)e required to produce 1 AUM of forage. Public range-
and from raised hay stocks (43 percent). The elevatiorlasds supply 44 percent of the total forage needs of the
low, and summers are very hot. Most vegetative growtbow herd. Raised hay stocks supply 22 percent of the
occurs in late summer, when monsoon rains occur.  forage and are used in the winter months. Privately
Almost all plant species present are warm season. Thewned rangelands and leased private rangelands supply
grazing season is 9 months long, and hay is fed to suppies remainder of forage needs (34 percent).
ment the grazing.

Located in Harney County, OR, this typical ranch is a
Located in southeastern Arizona, this typical operation mow—calf operation in the Great Basin Desert, which is
a smaller cow—calf ranch operating in the “hot desert” dominated by big sagebrush. Results from this ranch
environment. About 64 acres are required to produce Jrofile can be extrapolated to operations in southern
AUM of forage. Results from the Mexican Highland Idaho and northern Nevada.
Scrub typical ranch profile can be extrapolated to ranches
in southwestern New Mexico.
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Model Names in Hopper
(CC = cow—calf, CS = cow—sheep enterprise)

NGP = Northern Great Plains (western North
Dakota)

NHP = Northern Highland Prairie (north-central
Wyoming)

CGP = Central Great Plains (southeastern Wyo-
ming, north-central Colorado, Nebraska

panhandle)
SGP = Southern Great Plains (eastern New
Mexico)
MHS = Mexican Highland Scrub (southeastern Ari-
zona, southwestern New Mexico)
GM = Gila Mountain (central Arizona)
EIB = Eastern Intermountain Basin (western Utah,
southern ldaho, eastern Nevada)
NIB = Northern Intermountain Basin (eastern

Oregon, western Idaho)

Generic = Any area in the United States or Canada.
This model does not use the detailed eco-
nomic model nor forage model. Therefore,
you will need to enter the value of replace-
ment AUM'’s (calculated in the other, more
detailed models). These files will have the
extensior.gn3 (e.g.,generic.gna).
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V1.3 Applying Economics to Grasshopper Management

Melvin D. Skold and Robert M. Davis

Economic considerations are a major part of grasshoppemic losses. Reducing the density of grasshoppers

management. Rangeland grasshopper control programeduces losses to ranchers. The difference in ranch net

as well as other pest management strategies, use the aatdrns with and without grasshopper treatments is the

cepts of economic threshold (ET) and economic injury basis for the benefits calculation. If grasshoppers exceed

level (EIL). The ET is defined as the pest population the ET and land managers or agencies apply treatments,

(density) that produces incremental damage which is jutose treatments can limit the reduction in the ranchers’

equal to the incremental cost of control (Headley 1972)net returns.

Pedigo and Higley (1992) advance an identical definition.

Viewed from this perspective, the damage caused by thiéhe GHIPM Project’s decision-support system, Hopper,

pest must be at least as great as the cost of treatment includes an economics component that evaluates damage

before the ET is reached. The EIL and ET are related reduction (limiting the decrease in net returns for ranch-

concepts. For some pests, observations of earlier life ers) for each of the approved grasshopper treatment alter-

stages can define an ET for an EIL density of a subse- natives. The damages abated are the benefits resulting

quent life stage. For grasshoppers, however, density from the treatment program. The estimate of damages

surveys are completed and ET evaluations are made abated likely is unique for a typical ranch and makes use

based on those surveys. of the type of range being considered for grasshopper
control programs.

For many years, grasshopper control programs followed

an administrative guideline intervention level of 8 grassTypical Ranches

hoppers/yélas suggested by Parker in 1939. However,

the Grasshopper Integrated Pest Management (GHIPMBecause it would be very costly to estimate the damage

Project found the ET to vary, depending on a number ofaused by grasshoppers for each ranch using a

conditions in the range forage, grasshopper, and ranchgrasshopper-infested rangeland, we estimated benefits

system. Because the ET for rangeland grasshoppers iaom grasshopper treatments for “typical ranches” on the

ies with conditions, the GHIPM Project developed a  major range types for which a version of Hopper is

microcomputer-based decision-support system (Hoppegvailable.

to help those responsible for grasshopper control pro-

grams make realistic estimates of the ET. This chapterTypical ranches reflect the characteristics of ranches in

discusses the physical, biological, and economic rationale¢area. They are typical with respect to rangeland pro-

that determines the ET. ductivity, livestock on the ranch, grazing management
) _ practices, and livestock management practices. To define
Evaluating Benefits typical ranches, we interviewed ranchers in an area to

identify the common practices. The typical ranch
There is a long history of public support for control of became the barometer to evaluate benefits of grasshopper
rangeland grasshoppers. Individual efforts cannot conth@atment programs for a given range type. Conse-
widespread grasshopper outbreaks. However, there algoently, typical ranches could be indicators of the extent
is a public benefit from protecting rangelands from seri-of the economic impact of grasshoppers on the net
ous outbreaks of grasshoppers. Public rangeland has incomes of ranchers using that range-type.
many uses. Ranchers lease rangeland for domestic live-
stock grazing, the traditional economic use. Rangelanduppose that, as a land manager, you are responsible for
also supports a diverse population of wildlife, provides making the decision about whether or not to conduct a
recreation and open space, protects soil from erosion, gmasshopper control program in a given area. You know
contributes to the watershed for rivers and streams.  the typical ranch in your area is a cow—calf operation that
Rangeland grasshoppers eat and destroy forage that liweses public grazing land along with intermingled deeded
stock and range-consuming wildlife could use. When rangeland. An economic decision model for the typical
grasshopper infestations occur on rangelands, ranchersanch is available to show the options you can choose
relying on those lands for livestock grazing incur eco- among for dealing with an infestation of grasshoppers.
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Here are some management strategies you may considgon model for the typical ranch uses these other two
* Have areserve of hay to supplement grazed forage components of Hopper to evaluate the nontreatment

which may vary with climate or grasshoppers; adjustments available to the rancher along with the cost
» Find additional grazing land to lease; and effectiveness of alternative treatments.
e Use crop residues to replace forage lost to grasshop-

pers; To evaluate the benefits, Hopper compares the ranch net

» Change livestock management practices to reduce f@aturns with no treatment to the ranch net returns for a
age requirements (such as shift from a cow—yearlinggiven treatment at various grasshopper densities. Treat-
to a cow—calf marketing strategy, purchase rather tharent benefits are the difference in ranch net returns
raise herd replacements, or reduce the size of the ctwtween a treatment option at a given grasshopper den-

herd through culling); sity and ranch net returns with the no-treatment option.
e Purchase hay; and/or At low grasshopper densities, ranchers may adjust their
» Initiate grasshopper control programs. grazing or livestock herd management to the loss of for-

age from grasshoppers. As grasshopper densities
The economic decision model lets you consider simultancrease, losses in net returns also increase. At some
neously which of these options will result in the least  point, the density of grasshoppers approaches the ET, and
reduction in the expected net returns from the ranch. the use of treatments becomes economically justified
You choose the option least costly to the ranch, based (fig. VI.3-1).
your current expectations about prices and costs.

The economic decision model for the nine typical ranch&§nefits/Costs
is incorporated into Hopper. In Hopper, the decision
model for the typical ranch works with two other compo-
nents that consider the physical and biological systems
present on the ranch. One component estimates the
growth of rangeland forage, given soil type(s), tempera-
ture, precipitation, and related climatic variables. A sec-
ond component estimates grasshopper population
dynamics and the amount of forage that grasshoppers eat
and destroy on the ranch.

B/C ratio —

The grasshopper population dynamics component of

Hopper works with the rangeland forage growth model g,
predict how much forage will be available for grazing / B/C =10
|
|
|
|
|
|
|
|

animals. Because some types of wildlife also use range-
land forage, the amount of grazable forage available to
livestock depends on how much forage grew and how
much remains after grasshoppers and wildlife have eaten.

The grasshopper population dynamics component of 0
Hopper also lets you consider each of the approved treat-
ment options available. Treatment options are deter-
mined by physical and biological conditions as well as O - ) _
the cost effectiveness of the options. Each option com @ure VI.3—1—Determining the benefit—cost (B/C) ratio and the

. e RS €conomic threshold (ET), based on grasshopper density per square
at a different cost and behaves differently in its iming  yarq and the cost of treatments.
and effectiveness on grasshoppers. The economic deci-

ET
Grasshoppers/yd 2
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Cost of Treatments abated) are greater than treatment costs, and economic
losses occur in the absence of treatments.
Hopper determines the costs in addition to the benefits
for each treatment at varied densities of grasshoppers. The B/C calculations in Hopper initially compare the
Costs include materials and application expenses per costs of treatments to the benefits that result in the year
acre, based on recent experience. The costs to apply &f treatment. Many ranchers believe the benefits from
given treatment on the typical ranch in your area vary effective treatments can last for several years. Conse-
directly with number of acres in the ranch. If you expeaguently, with Hopper you can specify the expected dura-
the per-acre costs for the treatment(s) considered to diffien (number of years) of control. If that number is >1,
from those specified in Hopper, you can change the costspper automatically takes it into account when calculat-
to your current best estimate. ing the B/C ratio.

Hopper includes expected mortality (grasshopper kill) Analysis with Hopper under varied conditions shows that
from each treatment. If dosage, treatment strategy, plaiiie long-applied intervention level of 8 grasshoppefs/yd
cover, or terrain is likely to change treatment effective- is not appropriate. Rather than a fixed ET, the ET in
ness, the effective cost of treatment also will change. Hopper varies depending on rangeland productivity, the
The benefits (damages abated) will not be as great fromast of replacing forage lost to grasshoppers, treatment
treatment that is less effective (kills fewer grasshoppersjosts, and treatment efficacy. Other physical, biological,
than a treatment that kills more grasshoppers. and economic factors can affect the ET, too. By running
Hopper, you can determine the grasshopper densities
The treatment costs reflected in Hopper are the total cosgcessary to reach the ET on parcels like yours and the
of treatments regardless of who pays. Through its Ani-sensitivity of the ET to various conditions.
mal and Plant Health Inspection Service (APHIS), Plant
Protection and Quarantine (PPQ) staff, the U.S. DepartBy using Hopper to define the ET, the ET is dynamic and
ment of Agriculture pays treatment costs for controllingmay change from year to year at a given location. Fur-
grasshoppers on Federal lands. The Department also ther, the ET is different from location to location in any
pays a portion of the cost of treating intermingled and given year. The ET is determined by running Hopper for
adjacent private lands. Some States also cost-share in&itgpical ranch such as exists on a major range type. The
treatment programs. States may pay a portion of the ctygeical ranch reflects the most common practices for the
of treating leased State land and a portion of the cost ofange type.
treating private land. While the cost share may affect the
out-of-pocket costs that a given rancher must pay, costTo characterize the ranches incorporated into Hopper, a
sharing is not a part of the benefit and cost calculationsrafch of a given size is described. Size is measured by
Hopper. Rather, in Hopper, benefits are directly com- the number of livestock as well as the amount of land

pared to total costs, regardless of who pays. available. The amount of grazing land is determined and
for the deeded land, the amount that is owned and the
Benefit—Cost Ratios amount that is leased are both specified. Public grazing

land is divided by management agency between Federal

The ET is defined by a ratio of the per-acre benefits (Byand State. Grazing practices are also reflected in the eco-
and costs (C), or B/C (B C). When B/C = 1.0, the ET homics component of Hopper. The use specifies the

is reached (fig. VI.3—1). The B/C = 1.0 when the benefigngth of the grazing season, the time during which the
line crosses the treatment cost line. At that grasshoppélifferent grazing land types are used, and the time when
density, the ET is reached. At grasshopper densities legier sources of feed are fed. If some grazed forage is
than where B/C = 1.0, damages (net return reductions)obtained from crop residue, that fact is reflected in

are occurring but are less than the cost of treatment. Atlopper. If harvested forage is fed, the time of its feeding
densities greater than where B/C = 1.0, benefits (damaggd its source are also important.
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The livestock management systems practiced and viabldopper determines the ET only for the treatment options

alternative livestock systems also are built into Hopper.consistent with the conditions that prevail. Changes in

Thus, the herd culling practices, typical calf crop, and treatment costs and efficacy also are important to the

disposition of steer and heifer calves must be accuratelgosition of the B/C line. If treatments can be obtained at

represented in Hopper. a reduced cost, the line shifts left and the ET is reached at
lower grasshopper densities than for higher treatment

As Hopper is used to evaluate a treatment decision anatsts.

determine the grasshopper density at which the ET is

reached, several nontreatment management adjustmerpplying economic analysis to estimate the ET’s for

are automatically considered. The options available to grasshopper treatments provides information-based

each typical ranch are built into Hopper. Thus, if a grastecisions. Hopper defines typical ranches for important

hopper invasion occurs, the relevant changes in foragerange ecosystems in which recurring grasshopper

management and livestock herd management are conspteblems occur. We discuss these ranches in

ered simultaneously with the authorized treatment chapter VI.4.

options. If leasing grazing land to replace grasshopper

damaged grazing land is an option and leasing is less References Cited

costly than any treatment, leasing other grazing land will

occur before any treatment is applied. The availability efeadley, J. C. 1972. Defining the economic threshold. In: Pest con-

alternative forage and livestock management options trol strategies for the future. Washington, DC: National Academy of
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V1.4 Regional Economic Thresholds in Grasshopper Management

Robert M. Davis and Melvin D. Skold

Rangeland grasshopper treatment programs traditionaltyefined for the eight generalized range-type regions.

have started when an economic threshold (ET) was  While county lines were used to designate the range-type

reached. In 1939, Parker defined 8 grasshoppéragyd regions, the regions should be considered to represent a

the density of grasshoppers at which economic damagegémeral area. Similarly, local variation may cause some

the rangeland begins. Therefore, this density became aanches within the defined area to be different from the

“trigger” for beginning consideration of a treatment pro-typical ranches used to characterize ranching in the eight

gram. Until recently, the 8 grasshoppersiptervention areas. See figure VI.4-1 for details.

level was used for evaluating grasshopper treatment pro-

grams on public rangelands throughout the Western  Northern Great Plains.—Rangelands within the

United States. Northern Great Plains range-type vary between 2.2 and
3.3 acres per animal unit month (AUM). The grazing

Recent definitions of ET’s and economic injury levels season is approximately 8 months long; cattle are placed

(EIL’s) by economists and entomologists have shown on grazing lands about May 1 and continue to graze until

that these concepts are dynamic in nature and must beDecember 31. On the typical ranch, half the forage

evaluated for each site under consideration for treatmentmes public land, a quarter from private grazing lands,

Key economic parameters to evaluate include ranch ty@sd the remaining quarter from hay and crop residue.

rangeland productivity, cost of alternative sources of for-

age for livestock, and nontreatment options available taRanchers are typically cow—calf operators. Calving

the rancher. Biological parameters for evaluating an EDegins in March. Most ranchers raise their own herd

and/or EIL depend on density of grasshopper species, liéplacements. On average, about 86 percent of the cows

stage at time of treatment, mix of economic/noneconontiear a calf each spring.

species, and presence of beneficial insects. Other factors

of importance are closeness to waterways and presenddathern Highland Prairie.— Here grazing lands aver-

rare and endangered species. age about 4 acres per AUM. Since elevations in the
Northern Highland Prairie are somewhat higher than in

The Grasshopper Integrated Pest Management Projectthe Northern Great Plains, the grazing season is shorter.

has provided estimates of ET’s for eight important rang&+razing begins about May 1 and continues through early

type regions in the Western States. Within these rangeSeptember.

types, typical ranches are defined—ranches that

characterize the predominant ranching practices of the There are two typical ranches defined for this range-type.

area, as discussed in chapter VI.3. Between range-typ€sie is a cow—calf ranch that gets 23 percent of needed

ranches vary considerably with respect to amounts, typisage from public grazing lands. Hay stocks are pro-

and costs of forage used. Livestock production and maduced for winter feeding needs, and private rangeland

agement strategies also differ between range ecoregiossipplies the balance of forage AUM's (56 percent) for

An evaluation of these typical ranches through Hopper the livestock. A calf crop of 85 percent is achieved, with

shows how the economic justification for treating rangethe calving season starting in March.

land grasshoppers changes between locations and ranch-

ing systems. Another typical ranch has both a cow—calf enterprise and
_ a range sheep enterprise. This ranch receives 41 percent
Range-Type Regions of forage AUM’s from public rangeland, no hay is pro-

duced, and private grazing lands supply the balance of
The range-type regions included in Hopper are those forage needs. Lambing begins about May 15; a lambing
identified by U.S. Department of Agriculture, Animal  crop of 122 percent is the norm. The calving season for
and Plant Health Inspection Service (APHIS), Plant Prdhis ranch starts in March, with a calving percentage of
tection and Quarantine (PPQ) personnel as having rec&0 percent.
ring grasshopper infestations. Nine typical ranches are
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Figure VI.4—1—Map of the Western United States showing the eight generalized range-type regions.

Central Great Plains.—This region is characterized by The rangeland has a productivity rating of about 12 AU’s
highly productive rangelands of predominantly warm- per section (640 acres). The grass and forb species in this
season grass species. The typical ranch of about 2,20@rea are predominantly warm season, and most vegetative
acres of grazing land is a cow—calf operation with a  growth occurs in July, when the monsoon rains come.
6-month summer grazing season. Grazing land can

support approximately 1 animal unit (AU) per acre. Mexican Highland Shrub.—The typical ranch for this
Ranchers feed hay (supplying 14 percent of the total region is a cow—calf operation. Of total forage needed,
AUM’s of forage) in the winter to supplement crop 34 percent comes from public grazing land and

residue grazing. Public grazing land is available to only13 percent from privately owned grazing land. Another

a portion of the ranches. Livestock graze on rangelandl0 percent is supplied by leasing private rangeland from

owned by the rancher and rangeland leased from otherother landowners. Raised hay stocks furnish the remain-

landowners. ing 43 percent of forage. The elevation is low, and sum-
mers are very hot. Vegetative growth occurs when the

Southern Great Plains.—The Southern Great Plains  monsoon rains come in late summer. Almost all plant

ranch has both cow—calf and sheep enterprises. Theresigecies present are warm season. The grazing season is

an 8-month grazing season, with 34 percent of the total® months long.

AUM’s of forage coming from public rangelands. The

typical ranch includes about 15,600 acres. Privately Gila Mountains.—Grazing needs are satisfied for this

owned rangelands supply 26 percent of needed forage cow—calf ranch with a year-round grazing season. Graz-

and raised hay stocks supply the remaining 40 percenting land provides enough grazable forage to support an
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AU for each 6.5 acres. There are no hay stocks pro-
duced. The split between public and private grazing
lands is about 50-50. The grass cover in this region has
high percentages of both warm- and cool-season grasses.
Most vegetative growth occurs in late July with the onset
of summer monsoon rains.

Benefits/Costs

B/C ratios

Eastern Intermountain Basin.—The typical ranch for

the Eastern Intermountain Basin region is a cow—calf
ranch that receives about 7 percent of its total forage sup-
plies from public rangelands, 32 percent from leased pri-
vate rangelands, 41 percent from owned rangeland, and
20 percent from hay produced on the ranch. Rangelands
carry about 1 AUM/12 acres. The grazing season is yegyy .
round, with hay stocks supplementing the rangeland for- /.

age supplies during the winter. Public rangelands are /
used during the spring months.

Northern Intermountain Basin.—A cow-—calf ranch

was defined for this region. The grazing season starts in
mid-April and runs until early November. Rangelands 0
carry 1 AUM/9-10 acres. Public rangelands supply 44 ET, ET,

percent of the total forage needs of the cow herd. Raised Grasshoppers/yd ?
hay stocks supply 22 percent of the forage and are useQ _ ) ) _ _
in the winter months. Privately owned rangelands and E?;;ﬁoYéﬁ_z_The relationship of benefit—cost ratios to economic
leased private rangeland supply the remainder of forage '

needs (34 percent).

Several factors may cause the ET to vary between years
on any of the range-types shown on the map. A drought

h is th . hich the i Id year will make grazable and harvested forage more valu-
The ET is the point at which the incremental damage 5. the B/C line shown in figure V1.4—2 will shift to the

caused by rangeland grasshoppers becomes equal 1o 19 i qicating that the ET is reached at a lower grasshop-
|nhcrementaI3costhof applying t:ceatment programs (see o jansity (EJ) than would occur during a year with
chapter V1.3). The ET varies from year to year at a giveR ) precipitation. The cost and sources of forage to

site; during a given year, it varies between sites. Beneys,, o that destroyed by grasshoppers will also cause the

are measured in terms of the prevention of grasshoppeET to vary from year to year. If the cost of hay or leased
caused reductions in net returns from rangeland (forag razing land decreases, the ET at which the B/C = 1.0

production). Costs are the dollars required to conduct gy ghift to the right or to greater grasshopper densities.
grasshopper treatment program.

Results

. . ) . Within a given year, variation in the productivity of
In figure VI.4—2,.how the ET is determlngd IS '”us”_atedrangeland results in a different ET for each range-type.
by ET, The ET is reached when the ratio of benefits (the mix of cool- and warm-season forages and the emer-

tq .COStS (C)is equal to 1; B/C = 1'0'_ At grasshopper ded]énce and maturing of grasshoppers relative to the
sities that are less than where B/C = 1.0, damages are o1, of grasses also causes variation between sites.

occurring but the cost of applying a treatment exceeds ther, the species mix of grasshoppers between grass

amount of damage experienced. Only when the ratio O1reeders and mixed-forage feeders results in between-site

BtoC r(_eache_s 10 or higher does treatment become |4 jation in the grasshopper density at which the ET is
economically justified.
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reached. The ET is quite sensitive to the species compgiven grasshopper density is sufficient to reach the ET

sition of grasshoppers so it becomes very important to one year; conditions may have changed by the next year

identify the species of grasshoppers present in the to where that density of grasshoppers does not meet the

nymphal survey (fig. VI.4-3). ET. The ET also can be expected to be different among
each of the range types represented in Hopper.

The ET is a dynamic number which changes from year to

year and place to place. The conditions may be such that

Figure VI.4—-3—Monitoring and identifying grasshopper populations while the insects are
in the nymph (young) stage allows pest managers to make timely decisions. Knowing species
composition is important for calculating the economic threshold. (APHIS photo by Mike Sampson.)
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V1.5 Field Guide to Common Western Grasshoppers

R. Nelson Foster and Mike W. Sampson

For many years, personnel who deal with survey and cbiabits, dispersal and migration, hatching, nymphal devel-

trol of grasshoppers have voiced the need for a practicapment, adults and reproduction, population ecology, and

and comprehensive grasshopper identification and infodaily activities. The information is a collection of exist-

mational field guide. Numerous taxonomic keys exist, ing published information and Pfadt’'s own personal

but most generally are designed only for adult grasshombservances.

per species, are for a single State, and are designed for

laboratory use. Pfadt has color coded the factsheets to educate the user
subtly in the taxonomic grouping of the grasshopper spe-

A wealth of information on certain grasshopper speciescies to the subfamily level. The common name, distribu-

can be found in the literature; however, information on tion map, and subheadings are green for the slantfaced

many other species is scarce. When information does species (Gomphocerinae), tan for the spurthroated species

exist, it is scattered throughout numerous scientific (Melanoplinae), and blue for the bandwinged species

journals, State and Federal publications, and textbooks(Oedipodinae). The Mormon cricket, which is really a
longhorned grasshopper (Tettigoniidae), is color coded

When the Grasshopper Integrated Pest Management lavender.

(GHIPM) Project began in 1987, one of the first needs

identified by survey and control personnel was a field Each factsheet is designed as a stand-alone publication so

guide to the grasshopper species most commonly encausers in different States and regions may organize these

tered on rangeland. The project asked Robert E. Pfadtfield guides in an order most useful for individual needs.

professor emeritus of entomology at the University of The factsheets, following a 41-page introductory publica-

Wyoming, to prepare the field guide. Pfadt's grasshop-+ion, presently are arranged alphabetically for easy loca-

per experience spans more than 50 years and includestion of species.

more than 50 publications and several books. The gen-

eral format of the guide was developed by Pfadt and th®riginally intended to take only 2 years, Pfadt’s project

U.S. Department of Agriculture, Animal and Plant Healtbventually expanded to 4 years so he could complete

Inspection Service's (USDA, APHIS) Phoenix, AZ, descriptions and photographs of some 40 grasshopper

Methods Development unit, and GHIPM Project species. Under a cooperative agreement between the

personnel working collaboratively. GHIPM Project and the University of Wyoming, Pfadt
produced his field guide, released as Bulletin 912, in

The guide was designed around a four-page factsheet &eptember 1988 with the first four-page species

each selected grasshopper species. A shrink-wrappedfactsheets in color.

collection of all the factsheets, grouped under the title

“Field Guide to Common Western Grasshoppers,” Each year since 1988, Pfadt has added additional

follows this chapter. factsheets to his field guide. Finding all of the instars of
some species has meant working in remote locations and

Color photographs of grasshoppers in the immature  being at the mercy of the up’s and down’s of grasshopper

stages, the adult male and female, and the eggs and eggpulations. To produce the required photographs of

pod of each species are shown on the inner pages of eastmmon grasshopper species has been a time-consuming,

factsheet. Here also appear the diagnostic characteristicgl sometimes frustrating, endeavor.

used to distinguish the identity of the species. The layout

is organized so readers can examine all photos and redd April 1995, Pfadt and the University of Wyoming

the diagnostic descriptions without turning any more issued a second edition of Bulletin 912, with more

pages. detailed information about grasshopper identification and
new and better photographs. The April 1995 revision

Each factsheet contains other important information, suabntains factsheets describing 39 grasshopper species,

as distribution and habitat, economic importance, food and Pfadt continues to work on additional factsheets.
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During the GHIPM Project, the field guide has become Additional free copies of Pfadt’s revised “Field Guide to
valuable asset for land managers charged with grasshapemmon Western Grasshoppers” are available on a first-
per identification. Field guide users now include not ontpme, first-served basis from USDA, APHIS, Plant Pro-
APHIS personnel but also Federal, State, and private ldadtion and Quarantine; Operational Support Staff; 4700
managers, pest control specialists, and scientists. River Road, Unit 134; Riverdale, MD 20737-1236. You
may request a copy by telephone as well (301 734-8247).
The knowledge of the most commonly encountered spg&dnce APHIS’ supply is exhausted, you may write to the
cies in each State contained in Pfadt’'s “Field Guide” wilUniversity of Wyoming Bulletin Room, P.O. Box 3313,
promote a better understanding of grasshopper populataramie, WY 82071-3313 for information on buying the
tions. In turn, that understanding will provide the foun- factsheets.
dation for making good management and pest-treatment
decisions involving rangeland grasshoppers.
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V1.6 Relative Importance of Rangeland Grasshoppers in Western North America:
A Numerical Ranking From the Literature

Richard J. Dysart

Introduction is important to point out that these estimates represent
merely the opinions of those involved, not conclusive
There are about 400 species of grasshoppers found in fiteof. By including a large number of articles and au-
17 Western States (Pfadt 1988). However, only a smalthors that cover most of the literature on the subject, |
percentage of these species ever become abundant hope that the resulting compilation will be a consensus
enough to cause economic concern. The problem for &rgm the literature, without introduction of bias on my
rangeland entomologist is how to arrange these speciepart.
into meaningful groups for purposes of making manage-
ment decisions. The assessment of the economic statddhis review is restricted to grasshoppers found in 17
of a particular grasshopper species is difficult because ¥festern United States (Arizona, California, Colorado,
variations in food availability and host selectivity. Idaho, Kansas, Montana, Nebraska, Nevada, New
Mulkern et al. (1964) reported that the degree of selectiviexico, North Dakota, Oklahoma, Oregon, South
ity is inherent in the grasshopper species but the expre®akota, Texas, Utah, Washington, and Wyoming) plus
sion of selectivity is determined by the habitat. To add toe 4 western provinces of Canada (Alberta, British
the complexity, grasshopper preferences may change Columbia, Manitoba, and Saskatchewan). Furthermore,
with plant maturity during the growing season (Fieldingonly grasshoppers belonging to the family Acrididae are
and Brusven 1992). Because of their known food habit#icluded here, even though many research papers
and capacity for survival, about two dozen grasshopperreviewed mentioned species from other families of
species generally are considered as pests, and a few ofighoptera.
species have been called beneficials (Watts et al. 1989).
In my evaluation, | have emphasized the impact of grass-
Between these extremes are more than 350 grasshoppeeppers on rangeland rather than on cropland. In cases
species that are of little or no economic concern. How-where authors made comparative remarks, such as “this
ever, while most species alone never cause serious ecépecies is of major importance to crops, but only of
nomic loss, together an assemblage of minor species carnor importance to range ...,” | used only the rangeland
inflict serious damage to rangeland. Through the yeargiemarks to assign a pest-status category to that species.
the pest grasshoppers have received the greatest attention.
Grasshoppers of the family Acrididae surpass all other For my review of the North American grasshopper litera-
arthropods in their destructiveness to rangeland (Wattstgte, | selected only articles in which the authors had
al. 1982). Although few in number, the pest grasshop- grouped or characterized a number of grasshopper spe-
pers cause losses to western rangeland estimated at $8@3 according to their importance. Because of this limi-
million per year, based on 1977 dollars (Hewitt and  tation, several important taxonomic analyses (Brooks
Onsager 1983). 1958, Handford 1946, and Otte 1981 and 1984) could not
be used for my purposes.
Reviewing the Literature
Pest-Status Categories
Several authors have made estimates of the relative
importance of the major pest grasshoppers on western Grasshoppers are important herbivores, and any pest clas-
rangeland, but the work by Hewitt (1977) is probably theification is based on whether they compete with or bene-
most thorough and the most cited. To my knowledge, fit human activities. Many articles | reviewed contained
however, no estimates have been made on the relativeproof that a species actually caused measurable injury to
importance of the minor, occasional, and nonpest grasgangeland, but many did not. Also, most articles which
hoppers. The purpose of this chapter is to score and ra&imed that certain grasshopper species were beneficial
the western grasshopper species, in terms of relative epsesented no data to support the claim.
nomic importance, on the basis of remarks made by many
grasshopper experts in their reports and publications. Iin my review, | have used the authors’ remarks regardless
of the evidence presented. In most instances, it was not
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difficult to assign species to one of my pest-status cate@mmphocerinae—Otte (1981)
ries because the authors had made clear statements cdielanoplinae—Arnett (1985), Helfer (1987)
cerning the relative importance of grasshopper species@edipodinae—Otte (1984)
a study. However, it was sometimes necessary to makalso the scientific names of all grasshoppers discussed
an interpretation from somewhat vague statements, suetere checked for proper usage by Dan Otte (Academy of
as “... occasionally common on rangeland.” After reviewNatural Sciences, Philadelphia) while this chapter was
ing each article, | translated the authors’ remarks on a still in manuscript form. However, | am responsible for
particular grasshopper species into one of five categoriése accuracy of all names as printed here. In general, |
have tried not to use names of subspecies, but in several
Serious pest species (Shuthors usually made clear instances that was unavoidable.
statements about grasshoppers in this category, such as
“... frequently causes major damage to rangeland,” or My Findings
“... one of the 10 most destructive species in our study.”
My review of the literature yielded 69 articles (table
Minor pest species (M) Authors categorized such spe- VI.6-1) in which the authors provided opinions of the
cies with phrases like “. this species occasionally causesative pest status for the grasshopper species in their
injury to forage grasses,” . populations may requirestudies. In the articles selected, a total of 377 different
control treatment in specmc areas.” grasshopper species were discussed by 77 different
authors and coauthors over a period of 70 years
Innocuous species (I)Authors’ remarks often contained (1924-93). When these authors’ opinions were translated
phrases like “... of no economic importance,” .. thisinto my five pest-status categories, there were a total of
species was rarely encountered in the study area.” Als®,if31 rankings on the 377 species. The 2,731 rankings
an author categorized 10 grasshopper species as “seriguske down into the five categories as follows:
pests” and another 10 species as “minor pests” but then

discussed 10 additional species without mention of ecoSerlous est species PerC(lagt4
nomic importance, | classified the latter species as “in- P P :
” Minor pest species 15.7
Nnocuous. :
Innocuous species 65.7
Possibly beneficial species (b?)n this and the next cat- Pgszlf?ga?zngzzzl Species 00%5
egory | included grasshoppers that feed to some extent rp P '

undesirable rangeland plants, such as the perennial
snakeweedgGutierreziaspp.). | also assigned species t
the “possibly beneficial” category when the authors’
remarks were either uncertain or intentionally
ambiguous, for example “... possibly beneficial since it .
feeds on noxious forbs.”

he 377 grasshoppers (table VI1.6—-2) included species in

e following five acridid subfamilies: Acridinae (1),
Cyrtacanthacridinae (8), Gomphocerinae (63),
Melanopllnae (185), and Oedipodinae (120). Also listed

n table VI.6—-2 are the status category tally counts for
each species. In order to make calculations, | assigned
points for each status category, as follows:
eerlous = +2, Minor = +1, Innocuous = 0, Possibly bene-
ICial = -1, and Beneficial = -2.

Beneficial species (B)In these cases the author's
remarks were clear and unequivocal: “... this grasshopq
is a beneficial insect.”

The total score for each grasshopper species was calcu-
lated by multiplying the category tally count times the

respective point values for each pest-status category. The
In this chapter, grasshopper names follow the usage "€fank number was determined by the magnitude of the
ognized by the following sources, by subfamily:

- | re for h i In f ti r h
Acridinae—Otte (1981) total score for each species. cases of tie scores, the

o species with the highest frequency of mentions as a “seri-
Cyrtacanthacridinae—Arnett (1985), Helfer (1987) oﬁs” and “minor” pgst was g?iven t%e higher rank.

Scientific Names
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Table VI.6—-1—Summary of pest-status rankings of 377 western rangeland grasshoppers

from 69 articles

Number of grasshopper

Literature Geographic species in each status Total
citation region “S” “Mm” “1” “b?” species
Arnett (1985) 17 Western States 10 1 59 0 0 70
Ball (1936) Arizona 0 0 10 0 13 23
Ball et al. (1942) Arizona 13 27 99 1 1 141
Banfill and Brusven (1973) Idaho 3 4 19 0 0 26
Bird (1961) Western Canada 3 2 0 0 0 5
Brusven (1967) Kansas 1 6 15 0 0 22
Brusven (1972) Idaho 4 9 2 1 0 16
Brusven and Lambley (1971) Idaho 2 13 13 0 0 28
Buckell (1936a) Western Canada 5 1 0 0 0 6
Buckell (1936b) Western Canada 6 0 0 0 0 6
Capinera (1987) 17 Western States 25 0 0 0 0 25
Capinera and Sechrist (1982) Colorado 16 11 99 0 129
Capinera and Thompson (1987) Colorado 2 4 3 0 0 9
Coppock (1962) Oklahoma 10 5 97 1 0 113
Ewen and Mukerji (1984) Western Canada 4 0 0 0 0 4
Fielding and Brusven (1990) Idaho 3 4 0 0 0 7
Gibson (1938) Western Canada 7 6 0 0 0 13
Hagen (1970) Nebraska 4 8 62 0 0 74
Harper (1952) California 4 19 1 0 0 24
Hauke (1953) Nebraska 8 8 97 0 0 113
Hebard (1936) North Dakota 6 3 59 0 0 68
Hebard (1938) Oklahoma 10 15 36 0 0 61
Helfer (1987) 17 Western States 19 16 234 0 0 269
Henderson (1924) Utah 4 8 26 0 0 38
Henderson (1931) Utah 6 5 1 0 0 12
Hewitt (1977) 17 Western States 26 0 0 0 0 26
Hewitt and Barr (1967) Idaho 1 5 30 0 0 36
Hewitt et al. (1974) 17 Western States 26 O 0 0 0 26
Isely (1938) Texas 2 0 36 0 0 38
Kemp and Dennis (1991) Montana 6 0 0 0 0 6
Kemp and Onsager (1986) Montana 6 0 0 0 0 6
Kevan (1979) Western Canada 5 0 1 0 0 6
Knowlton and Janes (1932) Utah 6 21 0 0 0 27
La Rivers (1948) Nevada 4 9 63 0 0 76
Middlekauff (1958) California 2 2 0 0 0 4
Mitchener (1953) Manitoba 3 2 0 0 0 5
Mulkern (1980) North Dakota 2 10 25 0 0 37
Mulkern et al. (1962) North Dakota 7 0 19 0 0 26
Mulkern et al. (1969) 17 Western States 7 11 40 0 61
Nerney (1960) Arizona 3 1 0 0 0 4

VI1.6-3



Table VI.6—-1—Summary of pest-status rankings of 377 western rangeland grasshoppers

from 69 articles (Continued)

Number of grasshopper

Literature Geographic species in each status Total
citation region “S” “Mm” “1” “b?” “B” species
Nerney (1961) Arizona 2 3 0 0 0 5
Nerney and Hamilton (1969) Arizona 2 6 0 0 0 8
Newton et al. (1954) Montana and Wyoming 12 0 52 0 0 64
Parker (1952) 17 Western States 19 3 0 0 0 22
Parker (1957) 17 Western States 3 9 2 0 0 14
Parker and Connin (1964) 17 Western States 3 9 1 0 0 13
Pfadt (1949) 17 Western States 8 2 0 4 0 14
Pfadt (1977) 17 Western States 4 8 15 0 0 27
Pfadt (1982) Arizona 2 1 14 0 0 17
Pfadt (1984) Colorado 1 12 11 0 0 24
Pfadt (1988) 17 Western States 13 17 5 0 1 36
Pfadt and Hardy (1987) 17 Western States 13 0 0 0 0 13
Putnam (1962) British Columbia 2 1 0 0 0 3
Richman et al. (1993) New Mexico 19 23 122 0 1 165
Scoggan and Brusven (1972) Idaho 4 12 21 0 0 37
Scoggan and Brusven (1973) Idaho 1 9 38 0 0 48
Shewchuk and Kerr (1993) Alberta 3 0 0 0 0 3
Shotwell (1938a) Northern Great Plains 5 0 4 0 0 9
Shotwell (1938b) 17 Western States 10 16 13 0 0 39
Shotwell (1941) 17 Western States 2 10 0 0 0 12
Strohecker et al. (1968) California 11 9 146 1 0 167
Turnock (1977) Western Canada 3 0 0 0 0 3
Van Horn (1972) Colorado 5 10 19 0 0 34
Vickery and Scudder (1987) Western Canada 7 3 91 0 0 101
Wakeland (1951) 17 Western States 5 11 0 0 0 16
Watts et al. (1989) 17 Western States 25 0 0 0 2 27
White and Rock (1945) Alberta 5 5 66 0 0 76
Wilbur and Fritz (1940) Kansas 4 8 18 0 0 30
Woodruff (1937) Kansas 0 7 11 0 0 18
Totals 474 430 1,795 14 18 2,731
Percent of total rankings 17.4 15.7 65.7 0.5 0.7 100.0

1S = serious, M = minor, | = innocuous, b? = possibly beneficial, B = beneficial.
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status
scores and ranks

Sub- Number of rankings

Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Acantherus piperatuScudder & Cockerell G O 0 4 0 0 4 0 163
Achurum sumichras{iSaussure) G O 0 5 0 0 5 0 148
Acrolophitus hirtipegSay) G 0 0 16 0 0 16 0 113
Acrolophitus maculipenni€Scudder) G 0 0 5 0 0 5 0 149
Acrolophitus nevadens{g§homas) G 0 0 7 0 0 7 0 133
Aeoloplides chenopodiBruner) M 0 0 3 0 1 4 -2 374
Aeoloplides elegan&cudder) M 0 0 1 0 0 1 0 264
Aeoloplides fraterculdHebard) M 0 0 1 0 0 1 0 265
Aeoloplides fuscipeScudder) M 0 0 1 0 0 1 0 266
Aeoloplides minofBruner) M 0 0 2 0 0 2 0 214
Aeoloplides rotundipennig/allace M 0 0 1 0 0 1 0 267
Aeoloplides turnbull{Caudell) M 0 3 9 1 0 13 2 65
Aeoloplus californicuscudder M 0 0 1 0 0 1 0 268
Aeoloplus tenuipennig&cudder) M 0 0 7 0 1 8 -2 368
Aeropedellus clavatud’homas) G 6 2 13 0 0 21 14 32
Ageneotettix brevipenn{8runer) G 0 0 1 0 0 1 0 269
Ageneotettix deorurgBcudder) G 27 7 11 0 0 45 61 5
Ageneotettix salutataiRehn) G 0 0 2 0 0 2 0 215
Agnostokasia sublim@urney & Rentz M 0 0 2 0 0 2 0 216
Agroecotettix modesturuner M 0 0 2 0 0 2 0 217
Agymnastus inger(§cudder) @] 0 0 3 0 0 3 0 183
Aidemona aztec8aussure M 0 0 3 0 0 3 0 184
Amblytropidia mystecéSaussure) G 0 0 5 0 0 5 0 150
Amphitornus coloraduéThomas) G 18 12 12 0 0 42 48 8
Anconia hebardRehn o 0 0 2 0 0 2 0 218
Anconia integraScudder O 0 0 5 0 1 6 -2 370
Argiacris militaris (Scudder) M 0 0 1 0 0 1 0 270
Argiacris rehniHebard M 0 0 2 0 0 2 0 219
Arphia behrensBaussure O 0 0 3 0 0 3 0 185
Arphia conspers&cudder O 0 2 22 0 0 24 2 66
Arphia pseudonietan@lhomas) o 1 8 20 0 0 29 10 36
Arphia ramonaRehn @) 0 0 1 0 0 1 0 271
Arphia saussureanBruner @] 0 0 1 0 0 1 0 272
Arphia simplexScudder @] 0 0 8 0 0 8 0 128
Arphia sulphuregFabricius) @) 0 0 5 0 0 5 0 151
Arphia xanthoptergBurmeister) o 0 0 8 0 0 8 0 129
Asemoplus hispidu@runer) M 0 0 1 0 0 1 0 273
Asemoplus montanyBruner) M 0 1 3 0 0 4 1 105
Asemoplus sierranudebard M 0 0 1 0 0 1 0 274
Aulocara elliotti(Thomas) G 39 7 3 0 0 49 85 2
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Sub- Number of rankings
Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Aulocara femoratuniScudder) G 12 8 6 0 0 26 32 12
Aztecacris gloriosugHebard) M 0 0 4 0 0 4 0 164
Barytettix cochiseGGurney M 0 0 1 0 0 1 0 275
Barytettix humphreysiiThomas) M 0 0 3 0 0 3 0 186
Booneacris glacialigScudder) M 0 0 2 0 0 2 0 220
Boopedon auriventriMcNeill G 0 0 6 0 0 6 0 142
Boopedon flaviventrigBruner) G 2 1 0 0 0 3 5 54
Boopedon gracil&kehn G 0 0 5 0 0 5 0 152
Boopedon nubiluniSay) G 4 6 11 0 0 21 14 31
Bootettix argentatuBruner G 0 0 6 0 1 7 -2 369
Bradynotes obes@homas) M 0 1 8 0 0 9 1 91
Buckellacris chilcotinag¢Hebard) M 0 0 1 0 0 1 0 276
Buckellacris hispiddBruner) M 0 0 1 0 0 1 0 277
Buckellacris nudgWalker) M 0 0 3 0 0 3 0 187
Camnula pellucidgScudder) @] 35 7 5 0 0 a7 77 3
Campylacantha olivacegscudder) M 1 0 9 0 0 10 2 80
Chimarocephala elongat®entz (@) 0 0 1 0 0 1 0 278
Chimarocephala pacific§Thomas) o 0 0 3 0 0 3 0 188
Chloealtis abdominali$Thomas) G 0 0 9 0 0 9 0 125
Chloealtis aspasméRehn & Hebard) G 0 0 1 0 0 1 0 279
Chloealtis consperséHarris) G 0 0 14 0 0 14 0 116
Chloealtis dianadGur., Stro. & Helf.) G 0 0 2 0 0 2 0 221
Chloealtis gracilis(McNeill) G 0 0 2 0 0 2 0 222
Chloroplus cactocaetddebard M 0 0 2 0 0 2 0 223
Chorthippus curtipennigHarris) G 6 7 15 0 0 28 19 19
Chortophaga mendocinRentz O 0 0 1 0 0 1 0 280
Chortophaga viridifasciatdDeGeer) O 0 3 17 0 0 20 3 58
Chrysochraon petraeéGur., Stro. & Helf.) G 0 0 2 0 0 2 0 224
Cibolacris parvicepgWalker) G 0 0 8 0 0 8 0 130
Cibolacris samalayuca&inkham G 0 0 1 0 0 1 0 281
Circotettix carlinianug(Thomas) (0] 0 1 13 0 0 14 1 84
Circotettix crotalumRehn (@) 0 0 2 0 0 2 0 225
Circotettix maculatuscudder @] 0 0 3 0 0 3 0 189
Circotettix rabulaRehn & Hebard O 0 0 14 0 0 14 0 117
Circotettix shastanuBruner @) 0 0 2 0 0 2 0 226
Circotettix stenometopy$tro. & Buxt.) @] 0 0 2 0 0 2 0 227
Circotettix undulatugThomas) (@) 0 2 9 0 0 11 2 72
Clematodes larrea8&cudder M 0 0 4 0 0 4 0 165
Conalcea huachucan@ehn M 0 0 3 0 0 3 0 190
Conozoa carinatd&rehn O 0 1 2 0 0 3 1 109
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status
scores and ranks (Continued)

Sub- Number of rankings

Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Conozoa hyalingMcNeill) @] 0 1 0 0 1 0 282
Conozoa rebelligSaussure) O O 0 4 0 0 4 0 166
Conozoa sulcifron§Scudder) @] 0 6 10 0 0 16 6 46
Conozoa texanéBruner) @) 0 0 12 0 0 12 0 121
Cordillacris crenulata(Bruner) G 4 7 11 0 0 22 15 29
Cordillacris occipitalis(Thomas) G 13 4 14 0 0 31 30 15
Cratypedes lateritiugSaussure) O O 0 6 0 0 6 0 143
Cratypedes neglectyShomas) (@) 0 5 12 0 0 17 5 51
Dactylotum bicolor pictunfThomas) M 0 1 12 0 0 13 1 86
Dactylotum bicolor variegatur(Scudder) M 0 0 3 0 0 3 0 191
Dendrotettix hesperugiebard) M 0 0 2 0 0 2 0 228
Derotmema delicatulurBcudder O 0 0 4 0 0 4 0 167
Derotmema hayderfirhomas) O 0 1 20 0 0 21 1 83
Derotmema laticinctunscudder @] 0 0 3 0 0 3 0 192
Derotmema saussureanudecudder @] 0 0 2 0 0 2 0 229
Dichromorpha elegan@Morse) G 0 0 1 0 0 1 0 283
Dichromorpha viridis(Scudder) G 0 0 7 0 0 7 0 134
Dissosteira carolingLinnaeus) (0] 3 11 18 0 0 32 17 24
Dissosteira longipenni§Thomas) o 8 2 3 0 0 13 18 23
Dissosteira pictipenni8runer @] 0 2 2 0 0 4 2 75
Dissosteira spurcat&aussure O 3 8 6 0 0 17 14 30
Encoptolophus californicu@runer) O 0 0 1 0 0 1 0 284
Encoptolophus costali&cudder) @] 5 3 7 0 0 15 13 34
Encoptolophus palliduBruner O 0 0 3 0 0 3 0 193
Encoptolophus robustugehn & Hebard @) 0 0 1 0 0 1 0 285
Encoptolophus sordidu8urmeister) O 2 3 6 0 0 11 7 43
Encoptolophus subgraciliSaudell O 0 3 6 0 0 9 3 60
Eritettix abortivus(Bruner) G 0 0 2 0 0 2 0 230
Eritettix simplex(Scudder) G 7 3 15 0 0 25 17 26
Esselenia vanduzekliebard G 0 1 3 0 0 4 1 106
Eupnigodes megacephalsicNeill) G 0 1 2 0 0 3 1 110
Eupnigodes sierranuRehn & Hebard G 0 0 2 0 0 2 0 231
Hadrotettix magnificugRehn) O 0 0 5 0 0 5 0 153
Hadrotettix trifasciatugSay) @] 0 3 22 0 0 25 3 57
Hebardacris albidaHebard) M 0 0 3 0 0 3 0 194
Hebardacris excelséRehn) M 0 0 2 0 0 2 0 232
Hebardacris mond&ehn M 0 0 2 0 0 2 0 233
Heliastus benjaminCaudell (@) 0 0 4 0 0 4 0 168
Heliaula rufa(Scudder) G 0 0 11 0 0 11 0 124
Hesperotettix curtipenniScudder M 0 0 1 0 1 2 -2 375
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Sub- Number of rankings
Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Hesperotettix nevadendidorse M 0 0 1 0 0 1 0 286
Hesperotettix pacificuScudder M 0 0 1 0 0 1 0 287
Hesperotettix speciosi{Scudder) M 1 0 7 2 0 10 0 112
Hesperotettix viridigThomas) M 0 2 17 5 5 29 -13 377
Hippiscus ocelot¢Saussure) (@] 0 2 12 0 0 14 2 69
Hippopedon capitgStal) (@] 0 0 3 0 0 3 0 195
Hippopedon gracilipe¢Caudell) (@) 0 0 3 0 0 3 0 196
Horesidotes cinereuScudder G 0 0 5 0 0 5 0 154
Hypochlora alba(Dodge) M 0 0 13 2 1 16 -4 376
Hypsalonia merga&urney & Buxton M 0 0 1 0 0 1 0 288
Hypsalonia miwokGurney & Eades M 0 0 1 0 0 1 0 289
Hypsalonia petasat&urney & Eades M 0 0 1 0 0 1 0 290
Hypsalonia rentzGurney & Eades M 0 0 1 0 0 1 0 291
Hypsalonia satufScudder) M 0 0 1 0 0 1 0 292
Hypsalonia tiogaGurney & Eades M 0 0 1 0 0 1 0 293
Karokia blanci(Rehn) M 0 0 1 0 0 1 0 294
Lactista aztecugSaussure) O O 2 2 0 0 4 2 76
Lactista gibbosuS$aussure O O 0 3 0 0 3 0 197
Leprus intermediuSaussure O O 0 9 0 0 9 0 126
Leprus wheeler{Thomas) O 0 1 6 0 0 7 1 97
Leptysma marginicolligServille) M 0 0 6 0 0 6 0 144
Leuronotina ritensigRehn) O 0 0 3 0 0 3 0 198
Ligurotettix coquillettiMcNeill G 0 0 4 0 1 5 -2 372
Ligurotettix planum(Bruner) G 0 0 2 0 0 2 0 234
Melanoplus ablutus&cudder M 0 0 1 0 0 1 0 295
Melanoplus alpinuscudder M 0 1 7 0 0 8 1 95
Melanoplus angustipenn{®odge) M 4 4 12 0 0 20 12 35
Melanoplus aridugScudder) M 0 2 4 0 0 6 2 73
Melanoplus arizona&cudder M 0 3 4 0 0 7 3 61
Melanoplus artemesia@runer) M 0 0 1 0 0 1 0 296
Melanoplus ascensu&cudder M 0 0 1 0 0 1 0 297
Melanoplus aspasmusebard M 0 0 1 0 0 1 0 298
Melanoplus beametiebard M 0 0 1 0 0 1 0 299
Melanoplus bernardinaglebard M 0 0 1 0 0 1 0 300
Melanoplus bispinosuScudder M 0 2 3 0 0 5 2 74
Melanoplus bivittatugSay) M 2 14 6 0 0 a7 68 4
Melanoplus bohemariStal) M 0 0 1 0 0 1 0 301
Melanoplus borealigFieber) M 2 1 8 0 0 11 5 53
Melanoplus bowditchScudder M 1 0 13 1 0 15 1 82
Melanoplus brunerBScudder M 3 1 6 0 0 10 7 44
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Sub- Number of rankings

Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Melanoplus buxtonstrohecker M 0 0 1 0 0 1 0 302
Melanoplus caroliGurney & Helfer M 0 0 2 0 0 2 0 235
Melanoplus chimarikGurney & Buxton M 0 0 1 0 0 1 0 303
Melanoplus chiricahuaélebard M 0 0 1 0 0 1 0 304
Melanoplus cinereuScudder M 0 1 5 0 0 6 1 99
Melanoplus complanatipescudder M 0 1 5 0 0 6 1 100
Melanoplus confusuScudder M 1 4 17 0 0 22 6 48
Melanoplus daemoS8trohecker M 0 0 1 0 0 1 0 305
Melanoplus dawsor(iScudder) M 2 5 11 0 0 18 9 39
Melanoplus desultoriuRehn M 1 0 1 1 1 4 -1 366
Melanoplus devastatdscudder M 9 1 0 0 0 10 19 20
Melanoplus differentialigThomas) M 13 11 4 0 0 28 37 10
Melanoplus discolofScudder) M 0 0 7 0 0 7 0 135
Melanoplus dodggiThomas) M 0 0 3 0 0 3 0 199
Melanoplus elaphruStrohecker M 0 0 1 0 0 1 0 306
Melanoplus elateStrohecker M 0 0 1 0 0 1 0 307
Melanoplus eremituStrohecker M 0 0 1 0 0 1 0 308
Melanoplus fasciatu/Nalker) M 0 0 7 0 0 7 0 136
Melanoplus femurnigrur&cudder M 0 0 2 0 0 2 0 236
Melanoplus femurrubruniDeGeer) M 18 19 3 0 0 40 55 7
Melanoplus flabellatu$cudder M 0 0 1 0 0 1 0 309
Melanoplus flaviduscudder M 0 2 11 0 0 13 2 70
Melanoplus foeduScudder M 2 9 13 0 0 24 13 33
Melanoplus franciscanuScudder M 0 0 2 0 0 2 0 237
Melanoplus frickiStrohecker M 0 0 1 0 0 1 0 310
Melanoplus frigidugBoheman) M 0 0 1 0 0 1 0 311
Melanoplus fultonHebard M 0 0 1 0 0 1 0 312
Melanoplus gladstorscudder M 8 3 11 1 0 23 18 21
Melanoplus glaucipegéScudder) M 0 1 4 0 0 5 1 102
Melanoplus gracilipescudder M 0 0 1 0 0 1 0 313
Melanoplus graciligBruner) M 0 0 3 0 0 3 0 200
Melanoplus harperGurney & Buxton M 0 0 1 0 0 1 0 314
Melanoplus herbaceuBruner M 0 0 5 0 1 6 -2 371
Melanoplus hesperudebard M 0 0 1 0 0 1 0 315
Melanoplus hupalstrohecker & Helfer M 0 0 1 0 0 1 0 316
Melanoplus huporeuslebard M 0 0 1 0 0 1 0 317
Melanoplus huronBlatchley M 0 0 5 0 0 5 0 155
Melanoplus immuniScudder M 0 0 1 0 0 1 0 318
Melanoplus impudicuScudder M 0 0 2 0 0 2 0 238
Melanoplus inconspicuouSaudell M 0 0 2 0 0 2 0 239
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Sub- Number of rankings

Grasshopper species fantily“s” “M”  “I”  “b?” Score  Rank
Melanoplus indigenScudder M 0 1 3 0 0 4 1 107
Melanoplus infantilisScudder M 12 7 11 0 0 30 31 13
Melanoplus islandicu8latchley M 0 0 1 0 0 1 0 319
Melanoplus keelerfThomas) M 0 2 14 0 0 16 2 67
Melanoplus keiferGurney & Buxton M 0 0 1 0 0 1 0 320
Melanoplus kennicotcudder M 0 0 5 0 0 5 0 156
Melanoplus lakinugScudder) M 0 1 7 0 0 8 1 96
Melanoplus lemhiensidebard M 0 0 1 0 0 1 0 321
Melanoplus lepidu$cudder M 0 0 2 0 0 2 0 240
Melanoplus ligneoluscudder M 0 0 1 0 0 1 0 322
Melanoplus lithophilusurney & Buxton M 0 0 1 0 0 1 0 323
Melanoplus magdalenadebard M 0 0 2 0 0 2 0 241
Melanoplus marginatuéScudder) M 1 3 0 0 0 4 5 52
Melanoplus microtatusiebard M 0 0 1 0 0 1 0 324
Melanoplus montanu&homas) M 0 0 3 0 0 3 0 201
Melanoplus muricoloiStrohecker M 0 0 1 0 0 1 0 325
Melanoplus nanuScudder M 0 0 1 0 0 1 0 326
Melanoplus occidentaliSThomas) M 7 7 10 0 1 25 19 18
Melanoplus oklahomakebard M 0 0 2 0 0 2 0 242
Melanoplus olamentkiebard M 0 0 1 0 0 1 0 327
Melanoplus oregonens{3homas) M 0 0 4 0 0 4 0 169
Melanoplus pacificugScudder) M 0 0 1 0 0 1 0 328
Melanoplus packardiScudder M 23 12 5 0 0 40 58 6
Melanoplus payettdiebard M 0 0 1 0 0 1 0 329
Melanoplus pictuscudder M 0 2 1 0 0 3 2 78
Melanoplus pinalendlebard M 0 0 1 0 0 1 0 330
Melanoplus platycercuslebard M 0 0 1 0 0 1 0 331
Melanoplus plebejuéStal) M 0 0 3 0 0 3 0 202
Melanoplus ponderosuscudder M 0 0 7 0 0 7 0 137
Melanoplus punctulatugScudder) M 0 0 3 0 0 3 0 203
Melanoplus regaligDodge) M 0 0 7 0 0 7 0 138
Melanoplus rileyanuS&cudder M 0 0 2 0 0 2 0 243
Melanoplus rugglesGurney M 5 0 3 0 0 8 0 38
Melanoplus rusticugStal) M 0 0 1 0 0 1 0 332
Melanoplus saltatoScudder M 0 0 1 0 0 1 0 333
Melanoplus sanguinipg@-abricius) M 53 7 1 1 0 62 112 1
Melanoplus scuddefUhler) M 0 0 7 0 0 7 0 139
Melanoplus siskiyo&trohecker M 0 0 1 0 0 1 0 334
Melanoplus snowi{Scudder) M 0 0 2 0 0 2 0 244
Melanoplus sonomaenszaudell M 0 0 2 0 0 2 0 245
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status
scores and ranks (Continued)

Sub- Number of rankings
Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Melanoplus splendidudebard M 0 0 4 0 0 4 0 170
Melanoplus stoneRehn M 0 0 1 0 0 1 0 335
Melanoplus texanuScudder) M 0 0 4 0 0 4 0 171
Melanoplus thomasscudder M 0 2 1 0 0 3 2 79
Melanoplus tristiBruner M 0 0 2 0 0 2 0 246
Melanoplus truncatuScudder M 0 0 1 0 0 1 0 336
Melanoplus tuberculatusiorse M 0 0 1 0 0 1 0 337
Melanoplus tunica¢iebard M 0 0 1 0 0 1 0 338
Melanoplus viridipesscudder M 0 0 1 0 0 1 0 339
Melanoplus walshiScudder M 0 0 1 0 0 1 0 340
Melanoplus warnerLittle M 0 0 1 0 0 1 0 341
Melanoplus washingtoniu®runer) M 0 0 1 0 0 1 0 342
Melanoplus wilsonGurney M 0 0 1 0 0 1 0 343
Melanoplus wintunuStrohecker & Helfer M 0 0 1 0 0 1 0 344
Melanoplus yarrowi{Thomas) M 0 4 1 0 0 5 4 55
Mermiria bivittata (Serville) G 6 12 10 0 0 28 24 17
Mermiria picta(Walker) G 0 1 8 0 0 9 1 92
Mermiria texanaBruner G 0 0 6 0 0 6 0 145
Mestobregma impexuRehn (0] 0 0 4 0 0 4 0 172
Mestobregma plattgiThomas) O 0 1 8 0 0 9 1 93
Mestobregma terricoloRehn O 0 0 3 0 0 3 0 204
Metaleptea brevicorni§Johannson) A 0 0 2 0 0 2 0 247
Metator nevadensi@runer) @] 0 0 5 0 0 5 0 157
Metator pardalinugSaussure) @] 4 9 15 0 0 28 17 25
Microtes helferi(Strohecker) O 0 0 3 0 0 3 0 205
Microtes occidentaligBruner) @] 0 0 3 0 0 3 0 206
Microtes pogonatdStrohecker) @] 0 0 1 0 0 1 0 345
Netrosoma nigropleur&cudder M 0 0 1 0 0 1 0 346
Nisquallia olympicaRehn M 0 0 2 0 0 2 0 248
Oedaleonotus borck{iStal) M 0 1 4 0 0 5 1 103
Oedaleonotus enigm@&cudder) M 7 4 4 0 0 15 18 22
Oedaleonotus orientislebard M 0 0 1 0 0 1 0 347
Oedaleonotus pacificU$Scudder) M 0 0 1 0 0 1 0 348
Oedaleonotus phryneicii$ebard M 0 0 1 0 0 1 0 349
Oedaleonotus pictusScudder) M 0 0 1 0 0 1 0 350
Oedaleonotus tenuipenniScudder) M 0 0 1 0 0 1 0 351
Oedomerus corallipeBruner M 0 0 1 0 0 1 0 352
Opeia atascos&lebard G 0 0 2 0 0 2 0 249
Opeia obscurdThomas) G 13 5 11 0 0 29 31 14
Orphulella pelidna(Burmeister) G 0 3 10 0 0 13 3 59
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Sub- Number of rankings

Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Orphulella specios&Scudder) G 3 3 14 0 0 20 9 40
Paraidemona mimicéScudder) M 0 0 1 0 0 1 0 353
Paraidemona punctatéStal) M 0 0 1 0 0 1 0 354
Paratylotropidia brunneriScudder M 0 0 4 0 0 4 0 173
Paratylotropidia morseRehn & Rehn M 0 0 2 0 0 2 0 250
Pardalophora apiculatgHarris) (@] 0 0 12 0 0 12 0 122
Pardalophora haldemar{iScudder) @] 0 1 13 0 0 14 1 85
Pardalophora phoenicopter@Burmeister) (@) 0 0 3 0 0 3 0 207
Pardalophora saussuréScudder) @] 0 0 5 0 0 5 0 158
Paropomala pallidaBruner G 0 0 7 0 0 7 0 140
Paropomala virgatgScudder) G 0 0 4 0 0 4 0 174
Paropomala wyomingens{@homas) G 1 1 13 0 0 15 3 62
Paroxya atlanticaScudder M 0 0 2 0 0 2 0 251
Paroxya clavuligel(Serville) M 0 0 1 0 0 1 0 355
Phaedrotettix dumicola palmefscudder) M 0 0 1 0 0 1 0 356
Phaulotettix compressucudder M 0 0 1 0 0 1 0 357
Phaulotettix eurycercuslebard M 0 0 1 0 0 1 0 358
Phlibostroma quadrimaculatuiffhomas) G 13 11 6 0 0 30 37 9
Phoetaliotes nebrascengiEhomas) M 8 11 10 0 0 29 27 16
Poecilotettix longipennigTownsend) M 0 0 1 0 0 1 0 359
Poecilotettix pantherinu/Nalker) M 0 0 4 0 1 5 -2 373
Poecilotettix sanguineuScudder M 0 0 4 0 0 4 0 175
Prorocorypha snowRRehn M 0 0 3 0 0 3 0 208
Prumnacris rainierensigCaudell) M 0 0 2 0 0 2 0 252
Pseudopomala brachypte(&cudder) G 0 0 15 0 0 15 0 114
Psinidia amplicornisCaudell O 0 0 1 0 0 1 0 360
Psinidia fenestraligServille) @] 0 0 3 0 0 3 0 209
Psoloessa delicatuléScudder) G 1 4 20 0 0 25 6 47
Psoloessa texan@cudder G 1 1 8 0 0 10 3 63
Rhammatocerus viatoriy$Saussure) G O 0 3 0 0 3 0 210
Schistocerca alutacea albolineafghomas) C 0 1 4 0 0 5 1 104
Schistocerca alutacea rubiginogidarris) C 0 0 1 0 0 1 0 361
Schistocerca alutacea shoshdfienomas) C 2 6 3 0 0 11 10 37
Schistocerca american@®rury) C 2 2 5 0 0 9 6 50
Schistocerca damnificgsaussure) cC o0 0 2 0 0 2 0 253
Schistocerca emarginatacudder C 1 4 11 0 0 16 6 49
Schistocerca niten@hunberg) C 2 4 1 0 1 8 6 45
Schistocerca obscur@abricius) C 0 0 5 0 0 5 0 159
Shotwellia islet&Gurney (@) 0 0 3 0 0 3 0 211
Spharagemon bolscudder @] 0 0 7 0 0 7 0 141
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status

scores and ranks (Continued)

Grasshopper species

Sub-

Number of rankings

fanfily“s” “M” “”  “b?” “B” Total Score Rank

Spharagemon campest(iglcNeill)
Spharagemon collaréScudder)
Spharagemon cristatugscudder)
Spharagemon equa(Say)
Spharagemon superburebard
Stenobothrus brunnedhomas
Stenobothrus shastan(Scudder)
Stethophyma graciléScudder)
Stethophyma lineatgscudder)
Sticthippus californicugScudder)
Syrbula admirabiligUhler)
Syrbula montezum@aussure)
Tomonotus ferruginoswBruner
Trachyrhachys asper8cudder
Trachyrhachys coronat&cudder
Trachyrhachys kiow&Thomas)
Trepidulus hyalinugScudder)
Trepidulus rosaceuéScudder)
Trimerotropis agrestid/icNeill
Trimerotropis albescendicNeill
Trimerotropis arenace&ehn
Trimerotropis arizonensiginkham
Trimerotropis barnumiinkham
Trimerotropis bifaciataBruner
Trimerotropis californicaBruner
Trimerotropis cinctg Thomas)
Trimerotropis cyaneipenniBruner
Trimerotropis diversellusiebard
Trimerotropis fontand homas
Trimerotropis fraterculavicNeill
Trimerotropis gracilis(tThomas)
Trimerotropis inconspicu8runer
Trimerotropis koebelgiBruner)
Trimerotropis latifasciateScudder
Trimerotropis maritima(Harris)
Trimerotropis melanopter®dcNeill
Trimerotropis modest&runer
Trimerotropis occidentali¢Bruner)
Trimerotropis pacificaBruner
Trimerotropis pallidipennigBurmeister)
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Table VI.6—2—Alphabetical list of 377 western rangeland grasshoppers with pest-status
scores and ranks (Continued)

Sub- Number of rankings

Grasshopper species fantily“s” “M” “I”  “b?” “B” Total Score Rank
Trimerotropis pistrinariaSaussure (@] 0 0 13 0 0 13 0 119
Trimerotropis pseudofasciatcudder o 0 1 6 0 0 7 1 98
Trimerotropis salinaVicNeill @] 0 0 4 0 0 4 0 182
Trimerotropis saxatilisvicNeill @] 0 0 2 0 0 2 0 261
Trimerotropis sparsgThomas) (@) 0 0 13 0 0 13 0 120
Trimerotropis thalassic&runer @) 0 0 2 0 0 2 0 262
Trimerotropis titusiCaudell (@) 0 0 1 0 0 1 0 363
Trimerotropis toltecgSaussure) O O 0 1 0 0 1 0 364
Trimerotropis verruculatgKirby) @] 1 0 5 0 0 6 2 81
Trimerotropis verruculata suffusacudder o 0 0 12 0 0 12 0 123
Tropidolophus formosuSay) O 0 0 9 0 1 10 -2 367
Xanthippus aquiloniu®tte O 0 0 1 0 0 1 0 365
Xanthippus corallipegHaldeman) O 3 9 17 0 0 29 15 28
Xanthippus montanu§’homas) O 0 0 8 0 0 8 0 132
Xanthippus olanch&Caudell) O 0 0 2 0 0 2 0 263
Xeracris minimugScudder) G 0 0 5 0 0 5 0 161
Xeracris snow{Caudell) G 0 0 5 0 0 5 0 162

1S = serious, M = minor, | = innocuous, b? = possibly beneficial, B = beneficial.
2 A = Acridinae, C = Cyrtacanthacridinae, G = Gomphocerinae, M = Melanoplinae, O = Oedipodinae.

Each of the 377 species is represented (in order of ovehaliocuous Species.-Fhere were 254 grasshopper spe-

score and rank) in the bar graph shown in figure VI.6—1cies with a total score of zero. Within this group, higher

From left to right, it displays 111 grasshopper species rank numbers were assigned to species having the highest

with scores above zero (“pests”), 254 species with a schegiuency of mention. Several species, including

of zero (“innocuous”), and 12 species with scores belowAcrolophitus hirtipesPseudopomala brachypterand

zero (“possibly beneficial” or “beneficial”). Spharagemon campestrisere mentioned frequently but
were never described as either a pest or a beneficial. For

Pest Species.-A total of 114 different grasshoppers  innocuous species with only a single ranking, the rank

were categorized as either a serious or a minor pest in atmber has no significance; it was assigned due to the

least one paper, but only 111 species had total scores alphabetical arrangement of scientific names.

above zero. In table VI.6-3, | have listed 38 of the high-

est ranked “pest” species, those with scores of 10 and Beneficial Species.-Overall, 19 different grasshoppers

above. As expected, the migratory grasshopper were categorized by at least one author as either benefi-

(Melanoplus sanguinipesyas ranked as the number 1 cial or possibly beneficial, but only 12 species had total

pest, with the highest total score (112 points) of the 37&cores below zero. The highest ranked “beneficial”

grasshopper species. grasshoppers are listed in table VI.6—4. Although 12 spe-
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Grasshopper Pest Rankings
Total point score

120 —

100 — 377 species, 2,731 rankings, 69 articles
111 “pests” + 254 “innocuous” + 12 “beneficials”

q

-20 —
Pest rankings (left to right) from 1 to 377

Figure VI.6—1—Graphic display of total scores of 377 western range grasshoppers arranged (left to right) by pest-status rank number. Graph
plotted from data shown in table VI.6-2.

cies were scored as “beneficial,” only 2 were mentionedestricted distribution. A serious pest that occurs in a

as such with any frequendylesperotettix viridis small geographic area would not be such a pest in the big
Thomas, a grasshopper commonly associated with picture. Three such species, listed in table VI.6-3, are
shakeweedGutierreziaspp.), andHypochlora alba Dissosteira longipennidvielanoplus devastatognd

Dodge, which prefers to feed on sagebrifsttemisia Oedaleonotus enigma.

spp.).

The graph in figure VI.6-1 offers a view of the whole
Conclusions spectrum of western grasshoppers and should provide
some perspective when evaluating their relative impor-
In his 1977 review, Hewitt divided the western range- tance as pests and as beneficials. From the graph it
lands into three different regions: Great Plains, seems clear that nearly one-third (111) of the western
Intermountain, and Pacific Coastal. The literature | grasshopper species are at least occasionally classified as
reviewed covered a cross section of these same regionggsts. Again | must stress that damage to rangeland is
but the reader should be aware that not all of the 377 rarely caused by only a single pest species but usually by
grasshoppers listed here are common to all regions. an assemblage of several grasshopper species.
Indeed, one limitation of my scoring scheme is that wide-
spread species are cited more frequently and thus accltAbout two-thirds (254) of the western grasshoppers are

mulate higher total scores than species with a more  thought to be of no economic importance, and only 12
species are considered to be of possible benefit to the
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Table VI.6—3 —List of the 38 most serious “pest” grasshoppers on western rangeland
(those listed have scores of 10 and above)

Sub- Number of rankings
Grasshopper species fantily“sS” “M” “b?” Total Score Rank
Melanoplus sanguinipgg-abricius) M 53 7 1 1 0 62 112 1
Aulocara elliotti(Thomas) G 39 7 3 0 0 49 85 2
Camnula pellucidgScudder) @] 35 7 5 0 0 47 77 3
Melanoplus bivittatugSay) M 27 14 6 0 0 47 68 4
Ageneotettix deorurgBcudder) G 27 7 11 0 0 45 61 5
Melanoplus packardiScudder M 23 12 5 0 0 40 58 6
Melanoplus femurrubruntDeGeer) M 18 19 3 0 0 40 55 7
Amphitornus coloraduéThomas) G 18 12 12 0 0 42 48 8
Phlibostroma quadrimaculatuiffhomas) G 13 11 6 0 0 30 37 9
Melanoplus differentialigThomas) M 13 11 4 0 0 28 37 10
Trachyrhachys kiowé&Thomas) (@) 13 10 13 0 0 36 36 11
Aulocara femoratuniScudder) G 12 8 6 0 0 26 32 12
Melanoplus infantilisScudder M 12 7 11 0 0 30 31 13
Opeia obscurgThomas) G 13 5 11 0 0 29 31 14
Cordillacris occipitalis(Thomas) G 13 4 14 0 0 31 30 15
Phoetaliotes nebrascengifhomas) M 8 11 10 0 0 29 27 16
Mermiria bivittata(Serville) G 6 12 10 0 0 28 24 17
Melanoplus occidentaliSThomas) M 7 7 10 0 1 25 19 18
Chorthippus curtipennigHarris) G 6 7 15 0 0 28 19 19
Melanoplus devastatd@@cudder M 9 1 0 0 0 10 19 20
Melanoplus gladstorscudder M 8 3 11 1 0 23 18 21
Oedaleonotus enigm@&cudder) M 7 4 4 0 0 15 18 22
Dissosteira longipenniélThomas) o 8 2 3 0 0 13 18 23
Dissosteira carolingLinnaeus) (0] 3 11 18 0 0 32 17 24
Metator pardalinugSaussure) @] 4 9 15 0 0 28 17 25
Eritettix simplex(Scudder) G 7 3 15 0 0 25 17 26
Trimerotropis pallidipennigBurmeister) O 1 13 9 0 0 23 15 27
Xanthippus corallipegHaldeman) @] 3 9 17 0 0 29 15 28
Cordillacris crenulata(Bruner) G 4 7 11 0 0 22 15 29
Dissosteira spurcat&aussure o 3 8 6 0 0 17 14 30
Boopedon nubiluniSay) G 4 6 11 0 0 21 14 31
Aeropedellus clavatud’homas) G 6 2 13 0 0 21 14 32
Melanoplus foeduScudder M 2 9 13 0 0 24 13 33
Encoptolophus costali&cudder) @] 5 3 7 0 0 15 13 34
Melanoplus angustipenn{®odge) M 4 4 12 0 0 20 12 35
Arphia pseudonietan@lhomas) o 1 8 20 0 0 29 10 36
Schistocerca alutacea shoshdiiénomas) C 2 6 3 0 0 11 10 37
Melanoplus rugglesGurney M 5 0 3 0 0 8 10 38

1S = serious, M = minor, | = innocuous, b? = possibly beneficial, B = beneficial.

2 G = Gomphocerinae, M = Melanoplinae, O = Oedipodinae.
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Table VI.6—4 —List of the 12 highest ranked “beneficial” grasshoppers on western rangeland
(those listed all have scores below zero)

Sub- Number of ranking's

Grasshopper species fantily“s” “M” “I"  “b?” “B” Total Score Rank
Hesperotettix viridigThomas) M 0 2 17 5 5 29 -13 377
Hypochlora alba(Dodge) M 0 0 13 2 1 16 -4 376
Hesperotettix curtipenniScudder M 0 0 1 0 1 2 -2 375
Aeoloplides chenopodiBruner) M 0 0 3 0 1 4 -2 374
Poecilotettix pantherinué/Nalker) M 0 0 4 0 1 5 -2 373
Ligurotettix coquillettiMcNeill G 0 0 4 0 1 5 -2 372
Melanoplus herbaceuBruner M 0 0 5 0 1 6 -2 371
Anconia integreScudder @] 0 0 5 0 1 6 -2 370
Bootettix argentatuSruner G 0 0 6 0 1 7 -2 369
Aeoloplus tenuipenni&Scudder) M 0 0 7 0 1 8 -2 368
Tropidolophus formosuSay) O 0 0 9 0 1 10 -2 367
Melanoplus desultoriuRehn M 1 0 1 1 1 4 -1 366

1S = serious, M = minor, | = innocuous, b? = possibly beneficial, B = beneficial.
2 G = Gomphocerinae, M = Melanoplinae, O = Oedipodinae.

rangeland. This small number of “beneficial” grasshop-categorized as pests. | believe that a statement by Watts
pers, amounts to only 3 percent of the 377 species et al. (1989) summarized the pest issue quite well:
involved in this review, which is several orders of magntAbout a dozen species frequently occur in high densi-
tude less than the recent estimate of 10 percent claimetles, and . . . an additional 12 species occasionally occur
by Lockwood (1993). The grasshopper most frequentlyin high densities.” Readers are free to compare their own
called a beneficial islesperotettix viridis.Although opinions with the species listed and the pest-status
often seen feeding on snakeweed, it also feeds on moreankings shown.
than 30 other rangeland plants (Pfadt 1988). Another
grasshoppeiklypochlora albajs highly ranked as a References Cited
beneficial because of its preference for sagebrush. But
the value of sagebrush on rangeland is widely debatedArnett, R. H. 1985. Orthoptera (grasshoppers, crickets, and
As a strong competitor with desirable forage plants for katydids), Order 11. In: American insects, a handbook of the insects
domestic livestock, it is considered by some as an und@f America north of Mexico. New York: Van Nostrand Reinhold:

. : . 116-138.
sirable weed. Others consider sagebrush a beneficial
plant because it comprises an important portion of the ga £. . 1936. Food plants of some Arizona grasshoppers. Journal
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grasshoppers and other Orthoptera of Arizona. Tech. Bull. 93.

Conceming the relative importance of the major pest gucson, AZ: Arizona Agricultural Experiment Station. 373 p.

grasshoppers, | believe that the rankings shown in tabl
VI.6-3 represent a good concensus of opinions from thganfill, J. C.; Brusven, M. A. 1973. Food habits and ecology of
North American literature. Although experts differ overgrasshoppers in the Seven Devils Mountains and Salmon River breaks
the ranking of individual species, most agree that thereof Idaho. Melanderia 12: 1-21.

are about 2 dozen western grasshoppers that should be
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V1.7 Hopper Helper

By Wendal Cushing

Preface 1. The data in the Seasonal Life History Chart (see next
chapter) are based on each instar stage, which lasts

This reference was developed as a resource for personnebout 7 days. In other words, it takes about 35 days,

after years of observing them struggle to identify the life from the day it hatches, for the average grasshopper to

stages and species of grasshoppers while in the field. become an adult. Changing weather conditions can

Although many resource tools are available, they often  lengthen or shorten this process.

are too technical or too bulky to be used in survey

operations. 2. When applying the Seasonal Life History Chart to
your operation, for every 100 miles south of latitude

Data for this reference were based on studies done in the 47°46’'N (Watford City, ND), instar stages will be

Grasshopper Integrated Pest Management (GHIPM) ahead of schedule by about 7 days (one instar stage).

Project demonstration area in McKenzie County, ND.

Pocket Hopper Helper, which fits in a shirt pocket, pro-3. To improve readability, words and symbols used to

vides necessary information about grasshoppers that will represent approximate size are defined as:

aid the user in identifying different species found in Small = approximately 11 mm.
southwestern North Dakota and on western rangelands. Average = approximately 22 mm.
Large = approximately 33 mm.
Acknowledgments Robust = approximately 44 mm.
The production of Pocket Hopper Helper and Hopper G, M, and F indicate preferred food sources for grass-

Helper has entailed the efforts and expertise of many hoppers. A “G” appearing next to a grasshopper’s

coworkers. | wish to acknowledge their valued contribu- name indicates the species’ preferred food is grass.

tions which made this publication possible. “M” stands for mixed food sources (grass and forbs).
“F” stands for forbs.

In particular, 1 wish to thank three employees of the

Animal and Plant Health Inspection Service’s (APHIS) ~ * = the particular characteristic mentioned is the pri-

Plant Protection and Quarantine (PPQ) Phoenix Methods mary identification characteristic of the grasshopper

Development Center: Nelson Foster, for facilitating the ~ species.

production of this aid to be used in conjunction with

factsheets for field identification of common 4. For quick reference, all grasshopper species are num-

grasshoppers; K. Chris Reuter, who provided assistance bered 1-44.

with identification characters of immature and adult

grasshoppers and review of the manuscript; and Lonni®- To make the most effective use of this guide, become

Black, who prepared final drawings from my originals familiar with the external morphological structures

and representative specimens of individual species. (physical characteristics) most often used in identifi-
cation.

Introduction

6. To make full use of the color description in this out-

Hopper Helper provides field personnel with an easy-to- line, use fresh specimens when possible.

use guide for survey operations. Data gained through _ ) _
direct observation in field operations in southwestern /- Have available a copy of Robert Pfadt’s “Field Guide
North Dakota provided the basis for this guide. Please 0 Common Western Grasshoppers.”

observe the following seven additional facts in applying

this field guide:
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Physical Characteristics Used To Identify Grasshoppers

The following drawings are useful in pinpointing physical characteristics (morphology)
of nymphal and adult grasshoppers. Learning the morphology of grasshoppers will
speed identification in the field.

Figure A—Lateral view of
an adult female.

Figure B—Anterior view
of head of adult female.

Figure C—Lateral view of
head and pronotum of
adult female.

*ANT Antenna GEN Genicular area *PR Prozona
*BND Band LSP Labial palpus *PRO Pronotum
CHEV Chevrons LM Labrum *PS  Primary sulcus
CLP Clypeus *LC Lateral carina SC Scape
DI Disk of pronotum  *LF Lateral foveolae SCU Scutellum
*E  Compound eye *LVL Lateral ventral Si Sinus
lobe of pronotum
ES Epistomal suture *MC Median carina SP Spines
*F  Frons *ME Metazona SS Secondary
sulcus
FAS Fastigium MKP  Maxillary palpus TAR Tarsus
*FC Frontal costa O Ocelli *TB  Tibia
*FM  Femur PED Pedicel *TU  Tubercule
*GE Gena PGA Pregenicular area V  Vertex

* = characteristics most used in identification.
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Key to Normal Nymphal Instars
(From Handford 1946)

Wing pads rounded with  Wing pads rounded with  Wing pads more sharply

no visible bulge at apex .....visible bulge at apex ..... triangular and showing
first instar second instar slight venation .....
third instar

Wing pads short, not Wing pads elongated, extending beyond the second but
extending beyond first hardly beyond the third abdominal segment, more
abdominal segment, more pointed at the apex ..... fifth instar

truncated ..... fourth instar
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Several of the adult grasshoppers possess wings that are not of the typical form
and are sometimes confused with the wing pads of immatures. Examples of some
short-winged species are shown below.

Figure 1—mmature wing
pads.

Figure 2—

Hypochlora alba
Melanoplus dawsoni
Phoetaliotes nebrascensis
Both sexes

Figure 3—Aeropedellus
clavatus
Females only

Figure 4—Boopedon 4 =
nubilum e H [ 6
Females only

Figure 5—Pseudopomala
brachyptera
Both sexes

Figure 6—Chorthippus
curtipennis
Females only

Figure 7—Chloealtis

=

conspersa E [
Females only

Figure 8—Oedaleonotus
enigma

Both short- and long-
winged forms are common
in both sexes.
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Overwintering Species

(To be adults at spring greenup.)

Arphia conspersal-G

Adult: A large brown grasshopper with red or yellow
wings. Lower abdomen and hind tibia yellowish. This
species often will flush before you get close enough to
catch them in a net.

Immature: Usually dark brown and having many of the
adult morphological characteristics, *two light bands on
inner face of femur.

Chortophaga viridifasciata 2—G

Adult: A large grasshopper with smoke-colored wings,
greenish-yellow at base. Color usually green, antennae
red with the pronotum slightly arched. *A visible band
through the compound eye.

Immature: Body color may range from green to brown
speckled with white, but the median carina is always high
and sharp. First instars usually appear near mid-July.
Pardalophora haldemanii3—-G

Adult: A large, robust grasshopper with one sulcus
cutting the pronotum. *Inner surface of the hind femora
usually a greenish yellow. Dark spots on forewing,
rough pronotum.

Immature: Later instars are large with one sulcus cutting
the pronotum. Very similar t§anthippusgan have two
sulci on pronotum.

Xanthippus corallipes4-G

Adult: A large, robust grasshopper with *two sulci
cutting the pronotum. Inner surface of the hind femora
and tibiae a bright reddish pink. Dark spots on forewing,
rough pronotum.

Immature: Overwinter in the later instar stages.

*Usually dark blue on inner femur in first four instars,
becoming more reddish pink instars five and six. A
slight “X" is sometimes visible on the dorsal area of the
pronotum. First instars appear in early July.

Eritettix simplex 5-G

Adult: An average-sized grasshopper. Colors range from
a bright green to a light tan. Adults normally begin to
appear in early May. *Adults and immatures share
tricarinate feature on head and pronotum.

Immature: Apparently overwinter in the fourth and fifth
instar stage and can be found from fall to early spring.
First instars usually appear around the first week of July.

VI.7-5




Psoloessa delicatul&—G

Adult: A small, drab grasshopper with a *diamond
visible on the hind femora. Posterior dorsal area of
pronotum very flat. Lateral carinae strongly constricted
in the middle for immatures and adults.

Immature: Color somewhat darker tha&ritettix sp. with

an evident white mark on the pronotum. Face not as
slanted ag&ritettix sp. First instars usually appear around
the first week of July. Diamond on hind femora often
visible in immatures.
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Early-Hatching Species

Aeropedellus clavatus/-G

Adult: Females have short wings, white cheeks, and a
line ahead of the eye. The drawing shows an early sum-
mer adult. The lateral carinae constrict near the middle.

Immature: Lateral foveolae evident in all instars. First

instars usually appear by the first week of June.
Expanded distal end
Foveola

of antenna of male

Ageneotettix deorum8-G

Adult: *Face usually dark, body color speckled, knee
black with an orange tibia. Dorsal pronotum with an
hourglass shape. *Whitish antennae while grasshopper is

alive. Foveolae appear almost square. Inner hind tarsal Q

claw unusually long. o

FOVEOLAE-SQ.

Immature: Face usually dark with lateral foveolae
evident. First instars usually appear by mid-May.
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Aulocara elliotti 9-G FOVEOLA
Adult: *Banding of the inner surface of hind femora andk Ry
“X” mark on the top of the pronotum. Lateral foveolae
usually teardrop shaped or triangular.

Immature: Banding of the inner surface femora. Lateral
foveolae evident. First instars usually appear by the
second week in May.

Amphitornus coloradus 10-G

Adult: *Pair of brown stripes running from the head to
the end of the pronotum. Hind femora with very visible
bands on the outer surface and having a blue tibia.

Immature: A small version of the adult. First instars
normally appear by mid-May.

Trachyrhachys kiowa 11-G

Adult: *A small- to medium-sized grasshopper with
bands on the forewing. Banding on the inner surface of
femora and having a blue tibia. *Rough pronotum with a
lateral ventral flange.

Immature: Body size small and stout. Pronotum rough
and the lower hind femora is hirsute (hairy). First instars
normally appear by late May.

Camnula pellucida12-G

Adult: Both sexes a straw yellow. Lateral carina con-
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tinuous to posterior end of the pronotum. Spotted fore-
wing and clear hindwings. *Population usually found in
hatching beds, hay yards, etc. *Continuous lateral carina.

Immature: First instars distinctive with a tan saddle. All
later instars have a tan color. First instars normally
appear by mid-May.
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Problem MelanoplusSpecies

Melanoplus confususl3-G
Adult: *Side of pronotum with a patent leather shine and
a definite line through the eye.

Immature: *Diagonal dark stripe bordered by narrow
light lines through the eye. Cercus evident in later
instars. Firstinstars usually appear by early May.

Melanoplus sanguinipesl4-F
Adult: *Distinctive hump between the second pair of

legs in males. The male subgenital plate distinctive. > >
Immature: First instars usually appear in late May, abo _’{. ; oy
2 weeks later thahl. confusus.*Early instars have s o
speckled appearance. e , : 43
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Melanoplus infantilis 15-G

Adult: *Size small with a beelike striping on the abdo-
men. *Frontal costa dark, sometimes with spots along
the margins. The cheek area is usually cream-colored.
Most are adults by the end of June. Cercus boot shape
Immature: First instars usually appear by mid-May.

Cercus

Melanoplus gladstonil6—M

Adult: *Hind femora banding. *Hind femora flattened
below base.

Immature: Look much likeM. infantilis exceptgladstoni

are usually adults by the end of June. This species lacks
the frontal costal spots but has a very “dark” clypeus.

Dorsal view

Outer face
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Melanoplus packardii 17—-M

Adult: Most resembl®. bivittatusbut are smaller.
*Two light stripes down the pronotum.

Immature: *Generally tan or green and covered with
brown spots over the whole body.

Melanoplus bivittatus 18—M

Adult: *Compound eye uniformly spotted. *Two clear
yellow stripes from the head to the wing tips. Size large.
Color usually an olive green with yellow. /
Immature: *Bright green or tan is the general body colorg (|
The definite black band on the femur and large size usy-
ally aid in this species’ identification. First ¢
instars usually appear by mid-May.

Melanoplus femurrubrum 19-M

Adult: *Black band on outer face of femur. A
pronounced crest and usually a large cream-colored
cheek. Strongly contrasting black and white color is
similar toM. dawsoni. *Underside of abdomen and inner 4
surface of femur bright yellow with red tibia. Tip of '
male abdomen swollen.

Immature: First instars usually appear by early June.
Melanoplus dawsoni20—M

Adult: *General body color a shiny patent leather look.

(ans
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Compound eye with up to 10 white spots. *Both sexes
usually have reduced wings. See fig. 2 on p. 4, descrip-

tion of wings. Underside bright yellow. 4
Immature: First instars usually appear by early July.

Melanoplus keeleri21-G

Adult: Hind femora yellow below. Hind tibia red with a
black spot or band at its base.

Immature: *Two distinct white lines running parallel
through the compound eye. *Large cream-colored area
covers the cheek and extends to cover the whole side of §
the pronotum (pattern may vary). First instars usually #
appear by mid-June.
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Intermediate-Hatching Species

Melanoplus angustipennis22-G

Adult: Markings inconspicuous. It may look much like
the M. sanguinipesnale except for the cercus and
furcula. *This species is associated with sandy or “blow
out” (windswept) land. No noticeable femoral markings.
Cercus spoon shaped.

Immature: Tan or green with fine brown spots over most
of the body. No banding evident on the outer femur.

Melanoplus bowditchi 23—F

Adult: Markings inconspicuous. Body color usually a
brownish olive with a spattering of brown. *Associated
with sagebrush or near the base of steep eroded banks.
*No noticeable femoral markings.

Immature: Pale gray with dark markings and generally a
speckled appearance.

Opeia obscura24-G

Adult: Females larger than males. Size small to average.

Parallel lateral carina evident. Forewing usually with ,
some green. Forewing with a dark longitudinal stripe. A
Below the stripe there is a white line in the marginal &

. . . . Cross section
field. Antennae triangular in cross section, swordshap

(ensiform). W

Immature: Resemblesimphitornussp. except without
external bands on the hind femora, and does not have
brown stripes above eyes. *Hind femora long.

Mermiria bivittata 25-G
Adult: *Body yellow to greenish. Yellow underneath.
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Size large. *No lateral carina evident. Brown stripes
behind eye and onto the pronotum. Strongly slanted facd
*Depression of vertex without a median carina.
Associated with tall, coarse grass.

AR

Cross section

Immature: Quite large and generally green or tan. Fine
brown spots cover the body. Antennae triangular in cross
section, swordshaped.

Pseudopomala brachyptera26-G

Adult: *Abdomen extending beyond the hind femora in
adults. Size large. Lateral carina well developed. Body
color light brown. Fastigium divided by a median carina|
Both sexes short winged. Antennae triangular in cross
section, swordshaped.

Cross section

Phlibostroma quadrimaculatum 27-G
Adult: *Forewing with four spots. Tibia reddish orange.
Color brownish olive with some green. Size: Females
large, males small. Distinct constricted lateral carinae,
vertical white stripe below eye.

Immature: *Usually a lateral carina and some green
color. Hind femora a light brown. No noticeable
banding. *Two white areas are usually visible on the
lower pronotum.
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Phoetaliotes nebrascensi28—M

Adult: *Both sexes usually with reduced forewing.
(See fig. 2, description of wings.) *Head larger than
pronotum. Black teardrop below compound eye.

Immature: *No visible lateral carina. *The hind femora
with noticeable band on the upper half. Immatures
appear to be soft and delicate.

Boopedon nubilum29-G

Adult: Males are jet black and with fully developed
wings. Females are large and have an olive green and
brown color and short wings.

Immature: Pronotum is very distinctive with a dark
saddle area.

Hypochlora alba 30-F

Adult: *Both sexes with pointed, reduced forewing.
(See fig. 2, description of wings.) *Color a sage-gray
green that resembles the host plant (Mulkern et al. 1969).
*The entire body is covered with small rust-colored dots.
Immature: A small version of the adult.

Hesperotettix viridis 31-F

Adult: Pronotum green with a pale white middorsal
stripe. *A reddish orange band around the femur near the
knee. Compound eye with vertical rows of spots.
Immature: Compound eyes with light spots. Antennae
dark with light colored rings. A light-colored line run-

ning from the head to the posterior tip of the pronotum.

In later instars, hind femoral chevrons are dark.
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Late-Hatching Species

(To be adults by late summer.)

Chloealtis conspersé882—-G

Adult: Lateral pronotal area of male entirely black.
Female with reduced wings. (See fig. 7, p. 4, description
of wings.) Sides of female pronotum lighter colored.
Black knee in both sexes.

Encoptolophus costalis33—-M

Adult: Corresponding bands on forewing and femur.

A small late bandwing. Inner surface of hind femora
dark bluish-black on the basal half and with a dark band
toward the apex.

Immature: Similar toChortophagasp. in color and
morphology, but this species is in an advanced instar
stage wherChortophagahatches.

Arphia pseudonietana34—-M

Adult: A late-season adult bandwing. Color bronze,
almost black. Color varies from grayish-brown to black,
mottled appearance. Usually a red wing disk with a
black band.

Immature: This species is usually at least two instars
ahead ofArphia conspersaear the middle of July.

Metator pardalinus 35—-M

Adult: A large bandwing grasshopper. Females are
almost robust. Males are smaller and have dark blue
abdomen, tibia, and inner femur. Dark spots on
forewing.

Immature: Early instars resemblgrachyrhachysbut

this species does not have any dense hair on the femora.
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Derotmema haydeni36—M

Adult: A small- to medium-sized bandwing grasshopper
with large, bulbous eyes and a very wrinkled pronotum
and speckled spots quite evident in the forewing.

Immature: Early instars have four shiny black spots on
the front of the head and two on the pronotum. All
instars have two rust spots on each ventral abdominal
segment.

Dissosteira carolina37—-M

Adult: Adults are known as “road dusters.” The hind
wing is black with a pale yellow border. This species has
the largest wingspan of our grasshoppers. Mimics locag}
soil coloration.
Immature: Early instars possess a morphology much like
Arphiasp. except the body color is like wet beach sand.
LaterDissosteirainstars are much larger, and the
pronotum is shaped like a buffalo’s hump.
Hadrotettix trifasciatus 38—M

Adult: *Forewing reddish-brown with conspicuous dark
crossbands; apex clear. *Inner surface of hind femora a
deep blue color on the basal two-thirds followed by a
white band and a dark apex. Hind tibia orange.
Immature: All later instars exhibit the above femoral
coloration. Stout appearance.

Pronotum of an
immature

Spharagemon equal&9-M

Adult: *General body color is a speckled, sandy look
with a bright orange inner femora and tibia. *Pronotum
with the median carina slightly elevated, usually cut
once. Forewing banded.

Immature: *All later instars exhibit the basic adult
coloration. On first instars, hind tibia dark.

Spharagemon collare40-G

Adult: *General body color is a speckled, sandy look
with a yellowish femora and orange tibia. *Pronotum
with the median carina raised into a high crest and cut
deeply by one sulcus. Forewing not noticeably banded.
Immature: *All later instars exhibit the basic adult
coloration. On first instars, hind tibia dark.
Chorthippus curtipennis 41-G

Adult: Body color usually varies from green to a yellow-
ish brown with the ventral portion yellowish. The hind
femora of the males have a black knee and are longer
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than the abdomen. The lateral foveolae are visible from
above. Female wings short. Male wings reach end of
abdomen.

Immature: Quite variable in body striping and color.
First and second instars have distinct brown stripe from
eye well onto the abdomen.

Orphulella speciosa42-G

Adult: *Body color variable, greens and browns with a
dark band extending from behind the compound eye to
the pronotum. *A dark triangular area inside the rear
portion of the lateral carina. Hind femora a brownish tan
in color and longer than the abdomen in the males.

*A visible depression on the point of the head. Lateral
carinae of pronotum cut by one sulcus.

Immature: Possess many of the adult morphological
characters.

Aeoloplides turnbulli 43—-F

Adult: *Stout body with a greenish yellow color. Body
widest at the posterior end of the pronotum. Hind tibia
blue. Male subgenital plate with a subapical tubercle.
Distinctive stripe on head and pronotum. Outer femur
distinctively marked with dark chevrons.

Oedaleonotus enigmat4—M

Adult: Not found in North Dakota. *Found in
California, Nevada, Utah, Idaho, Washington, and
Oregon. The anterior edge of the pronotum has a con-
spicuous cream-colored band giving the appearance of
wearing a clergyman’s collar. The lower portion of the
femora has a thin orange line. The cercus is drumstick
shaped. An early hatching species in Idaho.
Immatures: Robust appearance. Distinctive white stripe §3\
on middle of pronotum, extends onto abdomen.
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V1.8 Seasonal Occurrence of Common Western North Dakota
Grasshoppers

By W. J. Cushing, R. N. Foster, K. C. Reuter, and Dave Hirsch

Several authors have compiled excellent taxonomic keyseld personnel collected data on pretreatment and post-
for identifying various grasshopper groups in North treatment grasshopper densities, species composition, and
America: slantfaced and bandwinged adults by Otte  age structure at permanent sampling sites on treated and
(1981), spurthroated adults by Brooks (1958), and the untreated plots. To determine density, each site had a cir-
identification of nymphs of the gentdelanoplusby cular transect of 40 0.14rings placed 5 m apart
Hanford (1946). Others have used hatching dates and(Onsager and Henry 1977). Rings were in place for the
developmental charts to aid in grasshopper identificatioduration of the season.
For Wyoming and Montana, excellent examples are the
charts developed by Newton (1954) and the charts modie sample, field personnel took 400 sweeps, 200 high
fied for use in Colorado by Capinera (1981). and fast and 200 low and slow, with standard sweep nets
during the grasshopper season. Samples were sacked,
Many of the identification aids are not commonly avail- frozen, and later identified in the laboratory by species
able and are technical and difficult to use in a field situaand age class for each site and sampling date.
tion because of bulk and terminology. Also, the field
person attempting to use such identification aids usuallfpuring a 7-year period from 1987 to 1993, the GHIPM
is a temporary summer employee with little or no back-Project studied 25 separate demonstration areas. Labora-
ground in entomology. tory personnel examined and recorded data on approxi-
mately 250,000 individual grasshoppers comprising 57
Although scientists have computer mapping technologyspecies (table 2).
and sophisticated methods of conducting grasshopper
surveys, grasshoppers still need to be identified at eactOf the 57 species, no more than 38 are typical in western
survey stop. A small, easy-to-use reference such as thidorth Dakota rangeland samples. Of the 50 species
one will help in the identification process. listed in the seasonal history chart, surveyors in western
North Dakota commonly find the 15 noted in table 3.
Used in combination, the seasonal occurrence chart (table
1) and the Pocket Hopper Helper can help a field personhe seasonal history chart is divided into four develop-
identify grasshopper species in the field. In a year withmental time periods of 4 months each. These four time
average grasshopper populations, a field person using gfegiods are subdivided into approximately three 10-day
two aids in combination can identify an unknown grassperiods. The numbers 1 through 5 represent a
hopper of known life stage (instar) in western North  grasshopper’s instar stage, and the letter “A” stands for
Dakota. adulthood. The placement of the numbers and letter A’s
in the chart represents the time a certain species has
In 1987, the U.S. Department of Agriculture’s (USDA) reached a stage of development. These data come from 7
Animal and Plant Health Inspection Service (APHIS) years of observing and recording thousands of individual
funded a multiyear Grasshopper Integrated Pest Managgasshoppers.
ment (GHIPM) Project to investigate ways to control
rangeland grasshoppers in the West. The GHIPM Proj&etveral species listed on the seasonal chart have almost
set up a study area in McKenzie County, ND, with a  no early dates of occurrence indicated. This void results
demonstration area and several study sites. At each tré@tm a lack of basic identification tools available on
ment location, there were 10 or more treatment- important bandwinged ardelanoplusspecies and from
evaluation sites. Approximately one-half mile outside the small number of these species examined.
the treatment areas, 10 untreated sites were also
monitored. The arrangement of grasshopper-hatch time periods in
order by type of species are (1) overwintering,
(2) early-hatching, (3) intermediate-hatching, and
(4) late-hatching.

VI.8-1



Overwintering Species

Acknowledgments
North Dakota has six species that commonly pass the
winter in various instar stages, and others occasionallyWe would like to thank Phil Mazuranich for furnishing
overwinter as adults. Ranchers and survey personnel an unpublished personal copy of the life history chart of
usually find these species early in the season. Althougthe grasshoppers of Montana.
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threshold of economic significance, their appearance cdie technical assistance of the following colleagues has
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Ryan Endrud, Denise Anderson, Wade Marmon, Dan
Early-Hatching Species Wingenbach, Mike Smith, A. and S. Battaglia, Matt

Morgans, Tom Lorang, Dan Kahler, Paul Stohr, and

This group of grasshoppers, whose eggs hatch from at@gvid R. Walgenbach.

late May to mid-June, probably is the most important.
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able levels of damage begin to develop at this time. Most

agenC|eS and Cooperatlve ExtenSIOn Ser\nce personneprooks, A R. 1958. Acridoidea of southern A|berta, Saskat-chewan
advise ranchers and farmers to check their fields and and Manitoba (Orthoptera). Suppl. 9. Canadian Entomologist 90:
rangeland for possible infestations at this time. Late 1-92

spring is the critical time to be able to differentiate Capinera, J. L.; Sechrist, T. S. 1981. Grasshoppers (Acrididae) of
among overwintering, noneconomic, and problem spe- Colorado, identification, biology and management. Exp. Stn. Bull.
cies. Most grasshopper control decisions take increasé@4s. Fort Collins, CO: Colorado State University.

numbers of problem species into account. o
Handford, R. H. 1946. The identification of nymphs of the genus

Melanoplusof Manitoba and adjacent areas. Scientific Agriculture

Intermediate-Hatching Species 26: 147-178.

This group includes a number of species that hatch oveyewton, R. C.; Esselbaugh, C. O.; York, G. T.; Prescott, H. W. 1954.
an extended period of time. mainlv because of a numb Seasonal development of range grasshoppers as related to control.

. P L] y L . . E-873. Washington, DC: U.S. Department of Agriculture,
of environmental conditions. Most species in this grouphgricultural Research Service, Bureau of Entomology and Plant

begin appearing in late May or early June. Quarantine.

_ i i Onsager, J. A.; Henry, J. E. 1977. A method for estimating the
Late HatChmg SpeCIGS density of rangeland grasshoppers (Orthoptera: Acrididae) in

) ] ) ) experimental plots. Acrida 6: 231-237.
This group includes several late-hatching species and

many that could fall into the intermediate-hatching gfouE’anuinshed Reference

Grasshopper species in this group appear slightly later

than intermediate-hatching species and reach adulthooglazuranich, Philip. 1987. Seasonal history of common Montana
late. Both the intermediate- and late-hatching species grasshoppers. (Mimeo, 4 p.)

need further study.
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Table 1—Seasonal history of common western North Dakota grasshoppers

Overwintering May July

species E M L E M L E M L E M L E L

Arphia
conspersa

<

‘1 2 3 4

Chortophaga
viridifasciata 5
Eritettix

simplex g A | 12 3 4

[ERN
N
w
D
Ul

Psoloessa
delicatula 5

[ERN
N
N
N
w

o

Pardalophora

haldemani — | — | — | 4| 5

Xanthippus

corallipes 4 S 1] 22 3

Early-hatching
species

Aeropedellus

clavatus 1 2 3 — 4

Acrolophitus
hirtipes 1 2 3 — 4 |5

Ageneotettix

deorum 1 | —| 2] 3 4

Amphitornus
coloradu$ 1 2l — |3 4

Aulocara
elliotti 1 2 3 4 5

Camnula
pellucida 1 2 3 4 —

Circotettix

carlinianus 1| 2| 3| 4

Chloealtis
conspersa — | — | = | — 5

Melanoplus

bivittatus 1 2] 3 A

Melanoplus

confusus 1 2 |3 | 4 s

Melanoplus

infantilis 112 3 4 5 VN
A

Melanoplus
occidentalis — 1 2 3 4 5
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Table 1—Seasonal history of common western North Dakota grasshoppers (continued)

species April May June July August
'El M L

(cont'd.) E M L E M L E M L E M
Melanoplus

packardi 1 2 — |8 |4
Melanoplus

sanguinipes 1 —| 2 |38 |4
Trachyrhachys

kiowa 1 — | — |2 3 4
Intermediate-

hatching

species

Aeoloplides

turnbull 1 2 3 4
Aulocara

femoratum 1 2| 3| 4] 5
Boopedon

nubilum 1] — |2 3 4 —
Chorthippus

curtipennis 1| 2| 3 4 — — I
Derotmema

haydeni 1 2 3 4NN
Hesperotettix

viridis 1 — 1 2 3 4 s NS
Melanoplus

femurrubrum 1] — | 1 2 — 3 4 gy A |
Melanoplus

bowditchi 1 2| 3| 4] 5
Metator

pardalinus 1 |2 |3 |4
Spharagemon

equale — |2 3| — (4 | —
Stenobothrus

brunneus — | 1| 2] 3| 4
Late-hatching

species

Dissosteira

carolina — |2 |3 |4
Hadrotettix

trifasciatus — 2| — | — |3 4 S A

VI1.8-4




Late-hatching

(cont'd.) 'El M L M E | M L M L E | M | L
Hypochlora

alba 1 2 3 4
Melanoplus

dawsoni 1 2l 3 4
Phlibostroma

quadrimaculatum 1 3 |4
Spharagemon

collare 1 2 4 Jd A
Arphia

pseudonietana 1 3 4
Encoptolophus

costalis 1 3 4
Melanoplus

keeleri 1 |2 2 | — |3 4 9N
Mermiria

bivittata 1| — | 2 — | 4
Opeia

obscurd 1 2 3 4
Orphulella

speciosa 1 — 12 3 4 s NN
Phoetaliotes

nebrascensis 1 3 4 5NN
Melanoplus

gladstoni 1 2 3 4 SN
Dactylotum

pictum 1 3 4
Schistocerca

lineata —| — — i A |
Melanoplus

angustipennis 1|1 2| 3 m

' E = early part of month, M = midmonth, L = latter part of month.
2 Overwintering immatures d@rphia conspersandChortophaga viridifasciataisually hatch near the second week of July.
A = adult grasshopper.
* Numerals 1 through 5 refer to grasshopper instar.
® — = little or no data about instar stage.
® Amphitornus coloraduandOpeia obscuraxhibit like early instar characteristics and colors,Amphitornus coloraduasually hatches at
least 10 days befo@peia obscura
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Table 2—Species collected in northwestern North Dakota, 1987—93

Acrolophitus hirtipegSay)
Aeoloplides turnbull{Candell)
Aeropedellus clavatudhomas)
Ageneotettix deorurfBcudder)
Amphitornus coloraduéThomas)
Arphia conspers&Scudder)
Arphia pseudonietanéThomas)
Aulocara elliotti(Thomas)
Aulocara femoratuniScudder)
Boopedon nubilun{Say)
Camnula pellucidgScudder)
Chloealtis conspersgHarris)
Chorthippus curtipennigHarris)
Chortophaga viridifasciat§dDeGeer)
Circotettix carlinianugThomas)
Dactylotum pictunfThomas)
Derotmema hayderfThomas)
Dissosteira carolingL.)
Encoptolophus costal{&cudder)
Eritettix simplexScudder)

Hadrotettix trifasciatugSay)
Hesperotettix viridigThomas)
Hypochlora albaDodge
Melanoplus angustipenn{®odge)
Melanoplus bivittatugSay)
Melanoplus bowditch{Scudder)
Melanoplus confusuScudder
Melanoplus dawsor(iScudder)
Melanoplus femurrubrunfDeGeer)
Melanoplus foeduScudder
Melanoplus gladstorfscudder
Melanoplus infantilisScudder
Melanoplus keeletfThomas)
Melanoplus occidentali€Thomas)
Melanoplus packardiScudder
Melanoplus sanguinipg§abricius)
Mermiria bivittata(Serville)
Metator pardalinugSaussure)
Opeia obscurgThomas)
Orphulella specioséScudder)

Pardalophora haldemar{iScudder)
Phlibostroma quadrimaculatum
(Thomas)
Phoetaliotes nebrascengiBhomas)
Pseudopomala brachyptera
(Scudder)
Psoloessa delicatulgScudder)
Schistocerca lineat&cudder
Spharagemon collaréServille)
Spharagemon equa(Say)
Stenobothrus brunned$omas
Trachyrhachys kiowélhomas)
Trimerotropis agrestid/cNeill
Trimerotropis campestriscNeill
Trimerotropis gracilis(Thomas)
Trimerotropis latifasciaté&scudder
Trimerotropis pallidipennis
(Burmeister)
Trimerotropis sparsgThomas)
Xanthippus corallipegHaldeman)

Table 3—The 15 most abundant grasshopper species encountered on rangeland during the study in North

Dakota, in alphabetical order

Aeropedellus clavatu§dhomas)
Ageneotettis deoruifbcudder)
Amphitornus coloraduglhomas)
Aulocara elliotti(Thomas)
Camnula pellucidg¢Scudder)
Melanoplus bivittatugSay)
Melanoplus confusuScudder
Melanoplus femurrubrurtDe Geer)
Melanoplus gladstortscudder
Melanoplus infantilisScudder
Melanoplus packardiScudder
Melanoplus sanguinipg$-abricius)
Metator pardalinugSaussure)

Phlibostroma quadrimaculatufThomas)

Trachyrhachys kiow&Trhomas)

Clubhorned grasshopper

Whitewhiskered grasshopper

Striped grasshopper
Bigheaded grasshopper

Clearwinged grasshopper

Twostriped grasshopper
Pasture grasshopper
Redlegged grasshopper
Gladston grasshopper

Little spurthroated grasshopper

Packard grasshopper
Migratory grasshopper
Bluelegged grasshopper
Fourspotted grasshopper
Kiowa grasshopper
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V1.9 Geographic Information Systems (GIS) and
Integrated Pest Management of Insects

W. P. Kemp, D. McNeal, and M. M. Cigliano

Space and Pests primary focus of this chapter is GIS, we have chosen to
include additional information on GPS because of the

An understanding of the geographic variability in distri- obvious link between the two technologies.

butions and densities of pests is required for any inte-

grated pest management (IPM) program. Pest densitieEirst Consider GPS

influence the intensity of sampling required to define the

area infested and the timing and economics of various GPS refers to an advanced navigational system that was

control options. However, until recently there has beendaveloped primarily for military applications. GPS con-

general lack of analytical and data management tools tats of a number of satellites orbiting the Earth. These

pest managers and researchers could use in IPM planrsatgllites have the ability to communicate with any appro-

and execution. priately equipped plane, ship, vehicle, or individual and
indicate the geographic position on the face of the Earth

Among several new technologies evaluated and demorand the elevation of the receiver. Position accuracy

strated by Grasshopper Integrated Pest Management within feet may be obtained with appropriate equipment.

(GHIPM) Project participants, the geographic informa-

tion system (GIS) and Global Positioning System (GPSBecause of the obvious improvements in guiding or

technologies appear to be sufficiently well developed taracking for commercial uses, some portions of the GPS

be integrated into existing IPM programs for rangeland have been made available to the public. Hand-held GPS

grasshoppers in the Western United States. Although tleeeivers (fig. V1.9-1) are finding wide usage throughout

pr .
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Figure VI.9—1—One of the newest tools to aid pest managers is a hand-held Global
Positioning System (GPS) instrument. GPS provides accurate latitude and longitude
coordinates, aiding the process of mapping locations of grasshopper populations.
(APHIS photo by Mike Sampson.)
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the public and private sectors. For the purposes of IPMDOnN to GIS

the GPS offers several capabilities. The most highly

developed aspect of GPS that has been exploited by tha GIS is a set of computer programs that can store, use,

participants of the GHIPM Project is aircraft guidance and display information about places of interest.

(see 11.22). We focus the following discussion of GPS Examples of places of interest to a grasshopper pest man-

application on field scouting and the obvious link to theager might be a 20-acre field, a 20,000-acre watershed, or

GIS. the 2 million square miles of rangeland in a particular
State. Examples of information for any place of interest

Those involved with pest management of rangeland  are soil types, rainfall and temperature patterns, land use,

grasshoppers have struggled with the problem of locatioginership patterns, roads, vegetation types, and topogra-

their position on a map. Agencies often use the U.S. phy (landform). A GIS stores two types of data that are

Geological Survey 7.5 Minute Quadrangle Series Mapsfound on a map, the geographic definitions of Earth’s

frequently referred to as simply “topo maps” or “quad surface features (spatial reference) and the attributes or

sheets,” where 2 inches on the map represents 1 mile @ualities that those features possess. It is generally

the surface of the Earth. Using 2 inches = 1 mile map agreed that a true GIS is capable of several characteristic

scale as an example, consider what a scouting activity activities: (1) the storage and retrieval of information

frequently involves. Whether sampling for Mediterra- with a spatial reference (point A is located in Section 20

nean fruit fly in California or for grasshoppers in of Township 5, Range 8 and has soil type B), as well as

Montana, the problem is the same—how to mark a plag@) the input, (3) analysis, and (4) reporting of spatially

on a map that represents the location of a sample site?referenced information in digital form.

Over the years, most scouts develop experience, whictGIS Storage and Retrieval
helps them locate their position on a map quickly and
accurately. Scouts usually become good “mappers.” A basic feature of any of the hundreds of GIS products
However, learning to read maps is an acquired skill, angyailable today is the ability to represent map information
new scouts cannot be expected to be able to locate theii a form that a computer can use. In the world of infor-
position at all times quickly and accurately (accuracy ismation management, people generally reserve the term
possible, but most novices cannot work QUICkly) Fur- “map” for paper, acetate, or My|arTM maps, whereas the
thermore, scouts vary in their ability to read maps. As representation of the map in the GIS is called a “cover-
with any human activity, some scouts are simply betterage” or “map layer.” For the sake of simplicity, we will
mappers than others. use “coverage” throughout for the GIS representation of a
paper map. Of the approaches used by various GIS prod-

Currently, a number of GHIPM Project participants useycts, the two most often heard about are “raster” and
hand-held GPS receivers (some of which are about the*yector.”

size of a large pocket calculator), which can provide posi-
tional accuracies of plus or minus 100 feet in normal A GIS that uses a raster approach is similar to observing
operational mode or plus or minus a few feet when opegn attribute such as soil type through a grid or to the view
ating in an optional mode. The positional accuracy posthat one has of the world through a screen door. With
sible in point location and block location (for example, raster-based GIS products, a coverage of the frequency of
the location of an infestation of insect A) via GPS goes grasshopper outbreaks in Montana consists of hundreds
long way toward reducing errors and helps minimize thef tiny cells each with only one value for the number of
differences between scouts in mapping activities. Fur-years when outbreaks were observed (fig. V1.9-2).
thermore, many of the currently available GPS receiverRaster-based GIS products keep track of the arrangement
can be connected directly to microcomputers or field dagfieach cell. Each cell and its unique outbreak frequency
recorders. These can manage data in standard GIS fokzalue have one and only one correct location on the cov-
mats, so scouting information can be examined very erage, so when pest managers want to view the grasshop-
rapidly and thoroughly. per outbreak frequency coverage of Montana, the GIS
always displays the same arrangement of the cells.
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Montana Grasshopper Outbreaks,
1959-66 and 1984-92
(outbreak is = 9.6 grasshoppers/m?)

Legend

B 1-3 years with outbreaks
{1 4-6 years with outbreaks
B 7-9 years with outbreaks

Figure VI.9—2—Rangeland grasshopper outbreak frequency in Montana, an example of a raster-based GIS product.

A GIS that uses a vector approach stores information inaster-based GIS, he or she is not limited from obtaining
somewhat different manner. For example, rather than a coverage from a vector-based GIS. Whether the basic
viewing grasshopper densities as a collection of discretenit of a coverage is a raster or a polygon, it is not

cells that, when taken together, make up the entire imagecommon to have more than one attribute (for example,
(the raster-based GIS approach), vector-based GIS prasbil type, vegetation type, or elevation) associated with it.
ucts keep track of borders. Vector-based GIS productsThe way that this task is accomplished varies from one
then associate a particular density to each unique area®IS product to another.

polygon area found on the coverage (fig. VI.9-3). With

vector representation, the boundaries of the features al®ata Input and Spatial Analyses

defined by a series of points that, when joined with

straight lines, form the graphic representation of that fean obvious, yet underappreciated (see more on this
ture. The attributes (information) of features are then below in GIS—The Growth Years), GIS activity is get-
stored within a standard data-base management softwaiitg the information on the map that you have in front of
program. The vector-based method is similar to what you into the GIS. In reality, there are a variety of data
pest managers do when they draw insect-infested areag/pes that GIS products (paper maps showing point

on a map in pencil. samples or infested areas, digital line graphs, or remotely
sensed data) can use. With, for example, a soil type map
Although some applications are more logically resting on your desk, you have two logical ways, either

approached with either a raster or vector GIS product, iftligitizing” or “scanning,” of getting the information
reality it is possible to convert map coverages from rasteom that map into the GIS that resides on your desktop
to vector format and vice versa. If one has purchased anicrocomputer or workstation.
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1994 Montana Rangeland Adult Grasshopper Survey

—————|
100 Miles

Data source: Density (yd® Area % Million acres
USDA Animal and Plant Health Inspection Service . y (y ) ’
Plant Protection and Quarantine [J Uninfested <3 16.4 15.4
Billings, MT 59101 .

lings, MT 59 B Threatened 3-8 35.8 33.7
Prepared by: B Infested >8 18.5 17.5
USDA Agricultural Research Service —
Rangeland Insect Laboratory &1 Forested 29.3 27.6
Bozman, MT 59717-0366 (-] sample locations in uninfested areas

Figure VI.9-3—The 1994 annual adult grasshopper survey for Montana, an example of a vector-based GIS product
used in integrated pest management.

A digitizer device connected directly to your GIS by a convert into a desired coverage. As mentioned, although
cable from your computer may be as small as the blottetigitizing and scanning are two commonly used methods
on your desk or as big as a draftsman’s table. The digifor getting map data into a GIS, digital line graphs
tizer has a device, called a “puck,” that looks like the (DLG), published electronically by government agencies
mouse on your PC (personal computer), but has more such as the U.S. Geological Survey, provide information
buttons as well as a set of cross hairs to allow you to in GIS-ready formats. Formats include attributes like
trace the outlines of soil types on your paper map. Theelevation, political boundaries, highways, soils, land use,
tracing process and some additional steps taken with yand more.
GIS successfully convert the information from your
paper map into an electronic version or coverage, as wAs mentioned, when people discuss GIS applications or
explained above. This process should sound a lot like the potential of the technology, they frequently gloss over
vector-based GIS approach we discussed above. the “minor details” of getting data into a GIS and concen-
trate on what we call the spatial analysis capabilities of
A scanner, on the other hand, performs a task much lik&Es. Perhaps the most important process common to all
facsimile machine in a home or office and may range intrue GIS products is the “overlay.” An overlay is simply
size from a small hand-held device to the large-format a GIS procedure where two or more coverages (perhaps
photocopy machines that you have seen in photocopy vegetation type, river courses, and primary highways) are
shops. A scanner simply performs a raster (grid) scan obmbined and the result is a new coverage that represents
the map that you insert and senses and records the liglst combination of the originally separate coverages. In
reflectance of each raster cell. This information is storeghother example, one coverage (environmentally sensi-
in a file format the GIS on your computer can read andtive areas, for example) may be used to mask out portions
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of a second coverage. Lastly, it is possible to computedisplay spatially referenced data. It seems only logical
the sum of specific attributes from a series of yearly cothat GIS technology will be rapidly embraced because so
erages to compute, for example, the number of years eax@ny questions from insect ecology to pest management
county in Utah has seen problem populations of range-have a spatial component. Whether studying the patch
land grasshoppers or Mormon crickets. dynamics of host and herbivore or predicting multi-State
pest hazards, GIS technology provides today’s research-
In addition to the overlay, most GIS products offer a vaers and pest managers with the ability to answer ques-
ety of spatial measurement techniques or area analysesons that frustrated their predecessors.
Examples include calculating the area of rangeland in a
particular county with more than 20 grasshoppefs/yd Now it is possible to identify two general areas where
estimating the area of a lake, or computing the proporti@iS technology has been used in entomology—applied
of a chemical control block devoted to buffer zones.  insect ecology research and insect pest management.
All true GIS products also offer solutions to people inteMVithin the general area of applied insect ecology, per-
ested in overlaying coverages of different scales (and haps the major use of GIS is in the relation of insect out-
projections—although we have chosen for the sake of breaks to environmental features of the landscape. Using
simplicity to discuss only different scales). Consider, fagrasshoppers as an example, investigators in Canada used
example, a situation where you want to identify those GIS products to examine the relationship between histori-
vegetation types in a particular county where grasshoppat grasshopper outbreaks and soil characteristics
densities exceeded 20 grasshoppets/{fdscouts col- (Johnson 1989a) and between weather and survey counts
lected density data on maps with a scale of 2 inches = (Johnson and Worobec 1988). From these geographi-
1 mile (a 7.5-minute quad) and vegetation data was cally referenced data, Johnson (1989a) found that grass-
mapped at a scale of 1 inch = 1 mile (a 15-minute quad)ppper abundance in Alberta was related to soil type but
you can use the capabilities of a GIS to rescale one mapot to soil texture. Furthermore, a significant association
or the other. You could produce a correct overlay to  was found between rainfall levels and grasshopper densi-

depict only those vegetation types with more than ties. Populations tended to decline in areas receiving
20 grasshoppers/yd above average rainfall (Johnson and Worobec 1988).
Maps, Graphs, and Tables Future efforts to characterize habitat susceptibility prob-

ably will use remotely sensed data extensively because of
GIS products offer a bewildering array of report types. its high spatial resolution and its availability in virtually
Reports can consist of paper maps, tables, charts, grapghesry portion of the globe (for a complete review of
or computer images. Selecting which report type is theremote sensing in entomology, see Riley 1989). For
most useful will depend on your particular application example, Bryceson (1989) used Landsat satellite data to
(see Cigliano et al. 1995). For viewing an overlay con-determine areas in New South Wales, Australia, that were
sisting of vegetation type, land use, rivers, and roads, yideely to have egg beds of the Australian plague locust.
would likely choose a simple paper map presentation. Tfhrough the use of an index that indicated the general
you wanted to forecast grasshopper densities throughogteenness levels of local vegetation, Bryceson was able
a State for next year, you could select options that wouta identify resulting nymphal bands geographically
produce a contour map (for example, fig. VI.9-3). In through changes in the greenness index that resulted from
short, GIS offers pest managers a great deal of flexibilitiains during March (nymphal bands tend to be associated
in the presentation of information. with “green” areas that result from rain).

GIS Applications and IPM of Insects Similar “greenness mapping” exercises have been con-
ducted in Africa for grasshoppers and locusts (Tappan et
Liebhold et al. (1993) described GIS’s as “enabling teci®l- 1991). In addition to illustrating the apparent ecologi-
nology.” As previously stated, a GIS provides pest mancal association between nymphal bands of grasshoppers
agers with the capabilities to store, retrieve, process, af locusts in Australia and Sahelian Africa and changes
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in greenness indices, studies of Bryceson (1989) and GIS—The Growth Years
Tappan et al. (1991) have immense practical utility
because they produce rapid estimates of the location a®IS brings a great deal of analytical horsepower to the
extent of potential pest problems. Through such meth-complex tasks associated with managing America’s natu-
ods, it has been possible to improve sampling efficiencyal resource base. However, expectations frequently
vastly for detection of problems as well as to reduce theassociated with bringing GIS activities into the IPM
guesswork involved with planning and execution of pestealm frequently result in frustration for both pest manag-
management programs. ers and GIS professionals. Two major reasons why frus-
trations develop already have been mentioned: (1) People
The second major area where GIS products have beengenerally underestimate the resources required to get
used is for compilation and analysis of insect census dat#ormation into a GIS, and (2) GIS products are, at
that are collected regularly by U.S. Department of Agri-present, frequently complex enough to require specialized
culture, Animal Plant Health Inspection Service (USDAtraining. Another confounding problem that we should
APHIS). One example of this application for rangelandadd is communication. Pest managers frequently lack
insects in the United States is the use of a GIS for devahdepth familiarity with computer systems and at times
oping a distribution atlas for grasshoppers and Mormommay distrust all the apparent complexity involved with
cricket in Wyoming (Lockwood et al. 1993). Addition- GIS activities. GIS technicians, on the other hand, fre-
ally, Kemp et al. (1989) and Kemp (1992 unpubl.) pro- quently lack the biological expertise necessary to
vide methods for the development of rangeland assist the pest managers with creative solutions to a par-
grasshopper GIS coverages and hazard forecasts, usingcular problem. These communication problems can be
annual survey data collected on adult grasshoppers in frustrating to those on both sides of the table and may
Montana. (See Johnson [1989b] for similar studies for result in little advancement toward the solution to the
grasshoppers in Canada.) current pest management problem.

The compilation and interpretation of spatially referencext this time, to expect pest management professionals,
insect and habitat data is a complex process, if for no for example APHIS, Plant Protection and Quarantine
other reason than the sheer volume of information. (PPQ) plant health directors, to be trained as GIS techni-
Although GIS software is designed to handle this com- cians is no more realistic than expecting them to be able
plexity successfully, these systems often are not easy teervice their personal computers. Rather, it indeed is
use. In order to make a GIS more accessible to appliedbgical to provide plant health directors or similar profes-
problems, GIS is increasingly being linked as a part of &ionals with general training that highlights GIS capabili-
larger decision support system (DSS). These systemsties, so they can in turn direct the activities of GIS
typically use a GIS to manage habitat, geophysical,  technicians or cooperators. At present, the revamped
political, and census data. The DSS uses these data, APHIS, PPQ Cooperative Agriculture Pest Survey

along with other data, as input to mathematical models (CAPS) is being used by a number of plant health direc-
and other modeling methods to produce useful abstractors from individual States to contract small GIS projects,
tions or recommendations (Power 1988). These outpufsequently involving rangeland grasshoppers. This is a
might be maps of high damage hazard or even maps ofvay of exploring the uses of GIS products with minimal
proposed control areas. Hopper, the DSS for rangelanthvestment and an attempt to become more knowledge-
grasshoppers being developed by the GHIPM Project able about potential GIS applications in other pest man-
(Berry et al. 1991, see chapter VI.2), currently has the agement problems.

ability to display density coverages. Future plans include

a closer link to GIS procedures. Coulson et al. (1991) In general, GIS—pest management activities coordinated
use the term “intelligent geographical information sys- through the CAPS program have received good reviews
tem” (IGIS) to describe systems that use a GIS and rulérom the participants largely because of the ability of
based models to combine landscape data and knowledgkant health directors from individual States to specify
from a diversity of scientific disciplines.
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the types of GIS products best suited to their particular Johnson, D. L.; Worobec, A. 1988. Spatial and temporal computer
needs. For the future of GIS and rangeland grasshoppéfﬂaWSis of insects and weather: grasshoppers and rainfall in Alberta.
IPM, today’s interactions among plant health directors, Memoirs of the Entomological Society of Canada 146: 33-48.

GIS technicians, and researchers will be the basis for Kemp, W. P.; Kalaris, T. M.: Quimby, W. F. 1989. Rangeland grass-

tomorrow’s creative solutions. hopper (Orthoptera: Acrididae) spatial variability: macroscale popula-
tion assessment. Journal of Economic Entomology 82: 1270-1276.
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VI.10 Assessing Rangeland Grasshopper Populations

James S. Berry, Jerome A. Onsager, William P. Kemp, T. McNary, John Larsen, D. Legg,
Jeffrey A. Lockwood, and R. Nelson Foster

Introduction Another alternative is to use sentinel sites (fixed loca-
tions) that have been proven as predictive indicator loca-

Land managers need accurate and comprehensive mettons. All areas will have uniform priority.

ods for assessment of rangeland grasshopper populations

to make appropriate management decisions and to supQutbreak Years/Areas.-Beploy survey sites first to

port research. Some of the needed information at knowaigh-priority areas as discussed above. Within a poten-

locations includes grasshopper density, developmentaltial treatment block (highest priority), survey sites may

stage, and species composition. be a quarter to a half mile (0.4-0.8 km) apart (an area
probably less than the entire infestation). These data can

One option is to count and identify every grasshopper ibe used to establish density estimates for management

an area. This procedure is called a census. Obviouslygacisions for the block, including use in the Hopper Deci-

complete census of grasshoppers in a State, a county @ion Support System (Hopper). Grasshopper populations

even a small ranch is impossible. Therefore, managerghat lie outside but near the potential treatment block are

must have methods to sample a limited number of the of secondary priority. These areas may not be sampled,

grasshoppers in order to estimate the status of entire but you can collect data in them later during the adult

grasshopper populations over large and often remote gedrvey.

graphic areas where rangeland grasshoppers occur. The

result of sampling large areas to estimate grasshopper Proposed Treatment Areas.A{proposed treatment area

populations is called a survey. In this chapter, we will is one where grasshopper densities exceed the economic

explore techniques and issues related to sampling and threshold (ET, determined by Hopper) for a given treat-

surveying rangeland grasshoppers. ment, or where land owners or managers have indicated a
desire for their lands to be treated (escrow accounts

Overview of Types and Purposes established, letters of request on file, and cooperative

of Surveys agreements in place). For management purposes, a single

average grasshopper density is needed for the proposed

Nymphal Survey.—This is an early season survey to ~ {reatment block. You can combine estimated grasshop-
identify areas with high densities of grasshoppers. ThePer densities over all sample stops within the proposed
nymphal survey notes grasshopper density, species, arggatment block to obtain this single average grasshopper
developmental stages at recorded sites on all rangelang€nsity. This average density is useful for the decision-
areas where grasshoppers may be a problem in a Statéupport process, which may include economic analysis
Developmental stage data are useful for timing the aduWith Hopper.

survey later in the year (discussed later in this chapter).

In years when resources and time are limited for the ~ D€limiting Survey.—The purpose of a delimiting survey
nymphal survey, areas associated with a greater risk ofS t0 determine the perimeter of the area infested with
grasshopper outbreak (such as a potential treatment €conomically important densities of grasshoppers. (The
block) should receive a greater priority for survey. PrioCOnomic density can be estimated using Hopper.) Often,
ity can be determined using previous year adult surveydelimiting surveys are a continuation of the nymphal sur-
maps, other historical data, and cooperator reports, V€Y. and they also may be used in the adult survey to col-
including requests from and discussions with local lect additional data for forecasting. These data also
people. Other considerations include current condition§hould be sufficient to support a single density estimate
weather (drought or above normal precipitation), cattle for a proposed treatment area for use in Hopper (to deter-

prices, range conditions, economics (benefit-cost), ~ Mine the ET). Surveyors can record key grasshopper
species composition, and politics. species composition and developmental stages during the

delimiting survey. Survey sites may be one-quarter to

Nonoutbreak Years/Areas.+r general, survey sites one-half mile apart. Concentrate sampling effort in the

should be 5 miles (7.65 km) apart on accessible routestransition between high-density areas and lower density
areas to delineate the perimeter of a treatment block.
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Adult Survey.—This is a midseason forecasting surveymeet local, State, and Federal needs for the information.
timed to evaluateconomic specig$ to 10 in each State)Planning begins each fall for the surveys to be conducted
in prime reproductive stage (fifth instar through early the next summer. The survey manager determines the
adult stage) to predict hazard for the following season. areas that need to be surveyed, when to begin and end
Record grasshopper density, species composition, andeach survey, survey site intervals, method of determining
developmental stages at survey sites. Determine prioripopulation, and logistics of completing the survey.
ties for survey areas to sample by using nymphal survey
maps and other historical data and cooperator concernérea To Be Surveyed.—Fhe criteria for deciding what
(requests from and discussions with local people). In areas to survey vary from State to State. Historical and
general, survey sites should be 5 miles apart on acces+ecent information on the outbreaks of grasshopper and
sible routes. Sample areas containing grasshopper dewsiatrol activities provide the best guide to the areas that
ties of the greatest concern should be sampled with mamneed to be surveyed. Priority is given to areas that have
survey sites (delimit high-density areas) to provide moré&equent outbreaks that tend to persist over several years.
information for hazard prediction. These are the areas where control is most likely to be
requested.
Common Data Set Survey.—Fhese data are used to pro-
vide regional- and national-level hazard maps. A data Nymphal survey concentrates on areas that had high
base can be developed (and saved) for improving existgrgsshopper densities the preceding fall and on areas that
models for predicting hazard. For example, while train@doperators indicate may need treatment during the cur-
surveyors frequently refer to differences in vegetation rent season. Information from the nymphal survey is use-
and grasshopper dynamics throughout the 17 Western ful for making management decisions during the current
United States, so far surveyors have collected little dataseason. Adult grasshopper surveys cover the general area
to confirm these impressions. In an effort to describe jughere grasshoppers occur because information from
how different outbreak dynamics can be throughout thethese surveys is targeted for predicting future trends and
West, it is necessary to collect data on both density andecording historical information.
grasshopper species composition. These data will be
used to develop a better understanding of grasshopperSurvey managers consider many other factors when
dynamics in different ecoregions (biologically similar ~ determining what areas within a State to survey. The
areas) throughout the West and provide a mix of strategimount of rangeland versus cropland is important in
planning maps that will be valuable at regional and some States. Likewise, the amount of rangeland versus
national scales. forested or mountainous areas is important. In recent
years, Conservation Reserve Program (CRP) land is
These data are collected as part of the normal adult suincluded as part of the surveyed area in some States.
vey. In general, sample sites are at least 5 miles apart on
accessible routes with uniform priority. For States that The survey in Nevada targets areas where large parcels of
survey more than 1,000 sites, 10 percent of the sites arte rangeland have burned, removing much of the sage-
used for the common data set. All other States should brush. Much of the rangeland in southwestern Wyoming

provide data for about 100 sites. is not surveyed because historical records show that, even
if an outbreak occurs, it is usually short lived and grass-

General Guidelines for Surveying hopper populations collapse on their own. Other States

Large Areas may concentrate surveys on rangeland that is sufficiently

productive so that the costs of treatment can be recovered

Each year, the U.S. Department of Agriculture’s Animal@nd leave out areas of low forage productivity.

and Plant Health Inspection Service (USDA, APHIS)

conducts the preceding surveys of grasshopper populaSurvey Timing.—The objectives of each survey are con-
tions throughout the rangelands of the Western United sidered while planning the surveys. Weather strongly

States. The surveys are managed within each State toinfluences when each species of grasshopper will hatch.
Nymphal surveys are timed to occur after the majority of
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the potential pest species hatch but must be completed
a timely manner, allowing management decisions to be
made for effective management and forage protection. O O
Adult surveys are timed to include the period when most @) O
individuals of the potential pest species are nearing repro-
ductive maturity but before the seasonal population
decline. This timing gives results that yield the best
indication of the reproductive potential of the
grasshopper populations.

survey sites used in APHIS grasshopper surveys is
5 miles, but each State office adjusts this distance to meet
its own needs. When habitat or populations are homoge-
neous (similar) over large expanses the distance between
sites can be lengthened beyond 5 miles without detriment
to survey quality. If the rangeland is interrupted by
crops, forest, river, or other features or the habitat or
grasshopper population are localized, then shorter survey

site intervals may become necessary. Often the availabil-':erlce
ity of roads dictates the interval between sites. Road

O
O
O
Survey Site Interval.—The standard interval between ©)
o
O
O,

o
oo o 00 ©

Method of Estimating Grasshopper Density.—Fhe Figure VI.10-1—Configuration of the 18 14sample areas counted
18-ft2 sample method used by many APHIS offices in thisiring a grasshopper surver on rangeland.

Western United States is a simple and quick way of
determining the density of grasshoppers on rangelands.
(A few States use a less reliable method correlating thei
number of grasshoppers caught in a sweep net to a pof§s
lation density.) At each survey site, choose a sample ag;
typical of the rangeland to be surveyed. Next, look ahdd
and determine the approximate route you will walk
(fig VI.10- l) Pick a spot on the ground about 10

counting the grasshoppers as they flush out of the visu
ized sample area.

Do not count individuals that hop into the sample area
while counting. When you reach the spot, probe the ar®&e=s

with the handle of your insect net or other suitable objegigure vI.10-2—Using a prod can help flush grasshoppers out of the
to make sure all individuals have flushed and been 0.1-nt counting rings. (APHIS photo.)
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counted (fig. VI.10-2). Record the number counted andissues Related to Sampling Error
repeat the count at a total of 18 sample areas. The total
number of grasshoppers counted in the 18 &ditnple Sample Accuracy, Precision, and Bias.-Fhere are two
areas, divided by 2, gives you the number of grasshop-broad criteria for evaluating sampling procedures: accu-
pers per square yard. racy and precision. Both are important, and both must be
present in some degree of balance.
Logistics of Completing a Survey
To illustrate accuracy, imagine a person shooting a rifle
After determining the area to be surveyed, survey timingt a target. If all hits are in the bull's-eye, these hits are
survey site interval, and the method to determine grassaccurate. If, however, the sights are not properly aligned,
hopper density, you can decide the logistics for complethe hits will be outside of the bull's-eye. In statistical
ing the survey. A combination of the size of the area tdanguage, these hits are inaccurate, and the degree to
be surveyed and the site interval determines the total which they miss the bull’'s-eye is called bias. Specifi-
number of sites to be visited. For example, if the area teally, bias is the distance from where hits should fall to
be surveyed is 30 million acres and the site interval is where they do fall. In terms of grasshopper sampling,
5 miles, you will need approximately 1,875 survey sitesaccurate counts are those that include all grasshoppers
Plan 10 percent more survey sites for a delimiting survelgat are within the correctly envisioned area. If the sam-
where needed. For this example, the total number of spter consistently counts fewer or more grasshoppers than
vey sites is now 2,062. what are there, and/or if the sampler is envisioning an
area that is smaller or larger than it should be, then the
Next, calculate the time it takes to sample each survey counts will be biased.
site. Include the time to actually complete the count at a
survey site, plus time to record the data, travel betweerNotice that accuracy requires hits to fall in the bull's-eye,
sites, travel to the area, contact cooperators and landowat is not concerned with size of the bull’s-eye. In order
ers, time lost to bad weather, and vehicle servicing andto hit a very small bull's-eye consistently, surveyors need
repair. This time ranges from 45 minutes to an hour angery high precision. In terms of grasshopper sampling,
15 minutes per site in the States surveyed by APHIS. Faw precision might allow one to accurately estimate an
example, if you allot 1.1 hours for each site, to complet@nfestation at 10-50 grasshoppers/yalit high precision
a survey of 2,062 sites takes 2,268 hours. If the time could accurately fine-tune the estimate to 28-32/yd
window to complete the survey is 6 weeks (240 work
hours), 10 surveyors are needed to complete the survey.
Other examples are outlined in table VI.10-1.

Table VI.10-1—Example of logistics for completing a grasshopper survey over a large area

Thousand Stop Acresrep- +10% Hoursto
Survey acres interval  resented No. of for de- Hours for complete Survey Surveyors
type surveyed  (miles) perstop  stops limiting eachstop survey window needed
Adult 30,000 5 16,000 1,875 2,062 11 2,268 6 wk 10
Adult 10,000 3 5,760 1,736 1,909 1.0 1,909 5 wk 10
Nymphal 5,000 5 16,000 313 344 11 278 3 wk 3
Nymphal 25,000 10 64,000 390 430 1.2 516 2 wk 7
Delimiting 25 0.5 160 156 N/A 0.5 78 3d 4
Delimiting 100 2 2,560 39 N/A 0.75 30 2d 2
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Land managers realistically can desire both accuracy a
a certain minimum level of precision. Accuracy of gras#
hopper sampling can be affected by a number of factor
will be discussed here. As far as we know, however,
there is only one way to increase precision (estimate d¢
sity within a narrower range), and that will be the subje
of the next two paragraphs.

Rangeland grasshoppers generally appear to be distribg
uted at random, with predictable probabilities of occur- &
rence within samples taken at reasonably homogeneo
sites. In mathematical terms, grasshoppers follow a
“Poisson” distribution (a probability function which
offers a description of a number of possible outcomes)
which is not typical of most insects. Therefore, grass-
hopper sampling requires some atypical rules.

For all practical purposes, surveyors can increase sam
pling precision only by accurately counting more grass-{a
hoppers. This can be accomplished only by taking mo L : B
samples in an accurate manner because an individual Figure VI.10-3—One of the most valuable tools in field surveys is
Sample area cannot be increased W|th0ut an accompaﬁpe.o.l-l'ﬁ F:ounting rlng Counting the number of grasshoppers ina
ing loss in accuracy. In 1981 Onsager published a SimETées of rings provides an accurate count of grasshoppers per square
. . .. eter or square yard. (USDA photo.)
relationship between the counts and precision. In gen-

eral, rapid gains in precision are made by continuing to

examine samples until at least 40—60 total grasshopper%eteCt successively lower percentages of the true density,

have been counted. On the other hand, there is little tosﬁ’ethe 1-ftsample area is about as large as even a well-

gained in precision by sampling after 150-200 grasshoﬁ%(perienced sampler should attempt to examine. Experi-
ents found that persons with moderate experience were

pers have been counted. able to count grasshoppers accurately in 0.0@f05-
Estimated (Visualized) Versus Delineated Samples.— m’) fings, even when densmes excee_d ed 1.25/Smat
For all but the most experienced persons, samples that?af& 1S approximately the size of a 9-inch pizza pan
mechanically delineated (by wire frames or hoops) (about 1/20 of a square yard) or an 8 ¥3-1/2-inch
should yield greater accuracy and consistency betweerpd4aré (about 1/18 of a square yard).

different individuals than visualized or estimated samples . ) ) .

(fig. VI.10-3). Delineated samples are inconvenient in Blas n Selecting a Site.-Sample sites must be repre-
that templates should be placed about a day before the?entat've of the ggneral area. Atypical vegetation or
are examined (necessitating two trips to each survey si 8 ography coulq_lnfluence grasshopper density and
and they require investment in bulky, single-purpose Species composition. For example, SUIveyors should
equipment. However, during the training process or avoid _S|tes near roads, cattle trails, dltchba_nks,
when high accuracy is very important, the extra effort fencelines, or any features not representative of the
associated with delineated samples is worthwhile. general habitat in the area.

Bias in Selecting a Visualized Sample Area.Even a
examination of sample areas as large as 12G8.1t n?) slight bias may seriously affect the outcome of the sur-

tends to detect only about 90 percent of the true densityey' If a sampler counted only 1 more gras'shopp.er per
estimated by less subjective but more labor-intensive Sample than was actually present, the density estimate

methods of sampling. Successively larger sample aread©uld be increased by 9 grasshoppers{gsuming that

Sample Area Size.—Experiments have shown that
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9 samples/ytlare taken at each survey site). Subcon- Under extreme conditions, the sampler will have to stoop
sciously, a sampler may choose movement by a grasstesm brush the ground with a hand to ensure a more accu-
per to be the center or edge of the area that will be rate count. Warm temperatures are generally the best
visually delimited and counted. To demonstrate the condition for conducting surveys because of the
potential for bias, one need only consistently use the lastcreased activity of grasshoppers and ease with which
grasshopper movement as the edge of the visualized atlay are seen. However, because of this increase in activ-
and not include that grasshopper in the count. Such ity, the sampler must begin concentrating on the sample
counts are obviously low estimations of actual densitiesarea from a greater distance. Higher temperatures are
To prevent inaccuracy, exercise great care to select a usually associated with sunny conditions, which can
point, patch of vegetation, pebble, or small topographiccause the sampler's own shadow to become a factor. The
feature from which to base the boundaries of the visualsampler must approach the sample so the shadow will not
ized sample area. These boundaries must be establisHeah grasshoppers prematurely.
before the counting begins.
Cloudy conditions reduce general visibility and can make
Sample Area Shape.-Most experienced samplers agresome inconspicuous grasshopper species even more diffi-
that the best sample area shape is the one they were tawdfito detect. Rain or mist may reduce the activity of
to use. Some prefer squares while others prefer circleggrasshoppers even more than cool temperatures. In addi-
and both can defend their viewpoint. Advantages of tion, rain or mist causes grasshoppers to hide and may
squares are that standard areas are easily visualized, gmmésent movement even when prodded. When counts are
variety of standard templates are easily found or con- conducted in the rain, even with extra care, they are gen-
structed. For example, the suggested 84&41/2-inch  erally lower than the actual density of grasshoppers.
square template can be made from a standard sheet ofTherefore, grasshopper surveys should not be conducted
writing paper. However, a visualized square entails keejmder these conditions.
ing mental track of four 90-degree corners that are equi-
distant from each other and connected by straight linesWind can be particularly troublesome when it is strong
enough to provide a lot of background movement within
The advantage of circles is that a sampler can concentthteplant canopy, to alter the normal trajectory of grass-
on one central point plus a constant omnidirectional  hoppers that hop in the vicinity of the sample, or to whisk
radius without shifting focus. However, a circular stan-away grasshoppers that take flight. Under these condi-
dard area is not easy to visualize without studying a staiens, probing with a stick to flush grasshoppers may also
dard template, and round templates usually are not  dislodge seeds or other dry pieces of vegetation, which
available in a variety of convenient dimensions. For blow in the same direction as most disturbed grasshop-
example, a 0.54tcircular template would require a pers. When this happens, some seeds (those that appear
diameter of 9.57 inches. to be grasshoppers) will need to be followed and probed
again to determine if they were grasshoppers.
Effects of Weather.—Variations in daily weather condi-
tions probably contribute more to sampling error than ahyitself, wind can become a major distraction to the con-
other single factor like size or shape of typical samplesgcentration of the sampler. Wind moves clothing, equip-
visualized versus delineated sample areas, or total areanent, and other items near the site and/or the sampler. If
sampled. Cool temperatures reduce grasshopper mobititylections of grasshoppers are required in addition to the
and lack of mobility can make smaller grasshoppers  count, the consistent operation of a sweep net sometimes
inconspicuous and larger ones relatively easier to spot may become almost impossible. Wind generally is
before they flush. Cool weather most often occurs duringcompanied by other adverse conditions and tends to
the nymphal stages, when their small size makes grasdurther aggravate less-than-ideal conditions already
hoppers most difficult to see. Under such conditions, present. Walking at an angle to the wind is helpful, but
additional prodding with a stick or pole is required to prgeing slower, concentrating harder, and spending more
voke movement and ensure that all grasshoppers in théime at each sample are requirements for achieving accu-
sample area are counted. rate counts under windy conditions.
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When weather conditions become increasingly unfavoralso can affect the count. Nearby farming activity, such
able, it is critical that a sampler apply an increasing levels harvesting or irrigation, may cause local movement of
of concentration if survey data are to have meaning. grasshoppers, and that can affect the counts. If densities
Nevertheless, in spite of the highest degree of concentiat-sites near these activities yield results that are of con-
tion, if foul-weather sampling should yield high densitiesern, additional counts at a later date may be required.
near some pivotal action threshold, it would be wise to
verify some of the results later during favorable weathebDense Grasshopper Populations."When finding grass-
hoppers at densities of 1 per square foot or fewer, count-
Effects of Habitat.—The nature of the vegetative canoping is relatively easy. In denser populations where you
can affect sampling results. A short, sparse, and uniforilash several grasshoppers from each sample area, take
canopy is easiest to sample accurately. A classic greater care. When this happens, the sampler should take
example would be crested wheatgrass that has been a mental picture of the action in the sample area to esti-
mowed or subjected to moderate grazing pressure. Asmate the number of grasshoppers.
vegetation becomes taller, the vertical dimension
increases the volume you must examine simultaneouslhZoncentration of the Sampler.—€oncentration plays
for grasshoppers. When vegetation becomes more deitise,central role in dealing with all factors that affect sur-
as when the sampler goes from bunchgrass to sod, it vey and can become critical at the end of a long day for a
becomes easier to overlook smaller nymphs or speciestired sampler. Many of the factors that complicate sur-
veying are uncontrollable, but you can practice and
Where vegetation is strongly clumped, it becomes morémprove concentration. A sampler may take several
difficult to apply representative sampling intensity to  actions to maintain good concentration. A sampler con-
occupied and unoccupied portions. Habitats dominatedinually using visualized sample areas can recalibrate by
by tall, thick, well-spaced clumps of shrubs are the modtrequently referring to a physical template the size of the
difficult to sample. Sample areas with dense vegetationisualized area to be counted.
require thorough probing with a stick, even under the best
weather conditions. Removal of as many distractions as possible during the
actual counting can help greatly. Wearing a billed hat or
Other Insects.—You may confuse other insects with  cap not only shades the eyes from the sun but can help
grasshoppers as the other insects move from a samplefocus the attention toward the ground and reduce distrac-
area when the sampler approaches, probes, or brusheditimee The use of a long probing stick helps flush grass-
area by hand. Most often, these insects are leafhoppefsoppers from the sample area. By simply slowing down
During nymphal surveys, leafhoppers can be about thewhile approaching and counting sample areas, you can
same size as very young grasshoppers. At low densitiesgduce or eliminate many problems.
you can follow these small insects and flush them again
to determine if they are grasshoppers. Grasshoppers a'ﬁraining New Scouts
other insects that move ahead of the sampler may land
and flush new grasshoppers from a sample area beforan the past, it was common practice for an experienced
they can be counted. Be aware of this possibility, espesampler to line up a class of novices, have everyone
cially during the adult survey. count grasshoppers in a certain number of visualized
sample areas, compare results, and repeat the process
Disturbance of Sample Area.—Sample areas undis-  until counts by the novices approximated those by the
turbed for 24 hours before survey can produce accurat@xpert. There are three major disadvantages to this sys-
counts. Disturbance of sample areas just prior to or dutem. First, the expert may have unknown biases that are
ing counting can reduce the density estimate signifi- then passed on to the trainees. Second, a trainee cannot
cantly. Cattle grazing or moving through the site are theerify or recalibrate density estimates in the absence of
most frequent source of direct disturbance. Vehicles an expert. Third, the system cannot be used for self-
driven by the sampler or others through or near the siteinstruction.
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A novice must learn to overcome two major tendencies
that contribute to sampling error. The first is a tendenc}
to overestimate size of the sample area. The second i
tendency to count all grasshoppers that are moving in t
general vicinity of the sample area, even though there i
uncertainty whether the movement originated inside or j&=

delineated samples (all sample areas marked with wirel i
rings or squares). When the trainees show proficiency| &«
with that setup, they can advance to using visualized [ =
sample areas and then carry one standard template alq:
for periodic confirmation or recalibration of proper
sample area size. To obtain accurate counts, sample

without shifting the focus of attention (preferably about ; :
0.5 f& each, but not over about %, fsee Issues Related o_ _'
Sampling Error, Sample Area Size in this chapter).

The Importance of Species Composition - Sl L W tebd S 3
and Deve|0pmenta| Stage Flgure VL. 10—4—Catch|ng grasshoppers in a sweep net is the first

step in determining which of many species are active in a given area.
Information on s iti d t FHIS photo.)

pecies composition and average stage o

development is necessary to take maximum advantage of
biological relationships that are considered in Hopper In our experience, three to six pest species usually domi-
(see VI.2). Useful information may include proportions nate extensive outbreaks of grasshoppers. As trouble-
and developmental stage of grasshopper infestations some infestations build up over a time scale of several
made up of known pest species, grass feeders, mixed Seasons, sweep-net samples tend to recover an increasing
feeders, forb feeders, or bait feeders. Environmental total number of species. Nevertheless, the proportion of

assessments of proposed management activities also rifgljviduals in the samples that are known pest species
require such documentation. also tends to increase. Let’s consider two normal

examples. First, assume that 90 percent of the grasshop-
Determine species composition by collecting with a ~ Ppers are pest species. Second, assume that 50 percent of
sweep net (fig. VI.10-4) and identifying at least 50 gras§ese grasshoppers are bait feeders (bait treatment prob-
hoppers from what is judged to be representative habit@ply will not be effective under these conditions).
Other chapters in section VI of the User Handbook pro-
vide help in identifying grasshoppers. Because issues Figure VI.10-5 shows 95 percent confidence limits for
about habitat representation are beyond the scope of tfigmposition of 50 percent and 90 percent based on
chapter, our concern is largely reduced to the questionsample sizes ranging from 50 to 800 total grasshoppers.
“How many grasshoppers do we need to identify?” We Notice that the highest proportion obviously is the easiest
can develop some intuitive guidelines through examinaone to estimate precisely. For example, if 90 percent of a
tion of binomial confidence limits (mathematical descrigsa@mple of 50 grasshoppers (45 of them) from 1 sample
tion of confidence associated with an estimate) if we cagite are pest individuals, figure VI.10-5 suggests that the
agree on some useful examples of proportions that we true proportion likely is somewhere between 78 percent
will regularly encounter. and 97 percent, a range of 19 percentage points. If half
of them (25) are bait feeders, the figure suggests that the
true proportion is somewhere between 36 percent and 64
percent, a range of 28 percentage points.
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During the nymphal survey, the stage of development is

Confidence limits important for at least four major reasons. First, it is an

(percent of composition) indication of whether egg-hatch is completed. When

100 very early instars predominate, it is possible that contin-
— ued hatch will cause future increases in density. Second,

90 knowing the stage of development helps to establish
viable action windows. For example, if average life stage

sol / is 5.0, we know we have about 24 days until egg laying
seriously begins to negate the opportunity for reducing
next year’'s population. Third, the developmental stage is

70 used to estimate the amount of forage destruction that can
be prevented by a treatment. For any given treatment,

60 L \ application early in the action window should be more
economical than late in the action window. Fourth,
ascertaining the developmental stage correctly makes it

S0 possible to time the adult survey accurately.

40 / In certain cases, it may be advisable to exclude particular
species from the calculation of average stage of develop-

30 | | | | | | | ment. For example, in predicting the expected short-term

0 100 200 300 400 500 600 700 800 | Tresponse to a baittreatment, the developmental stage of
Number counted grasshopper species that do not eat bait is irrelevant.
Similarly, in estimating the economic benefits of a spray

Figure VI.10-5—Confidence limits in relation to numbers of treatment, _the d_evelopmental stage of nontarget species is
grasshoppers counted. not a consideration.

If those broad ranges do not inspire sufficient confiden
to support a management decision, then we need to
examine a larger sample or sample more sites. If our
estimate of 90 percent pest species was from examinatgfneétimes the number of grasshoppers per square foot is
of 50 grasshoppers from each of 16 sites (720 out of SO low or so high that taking the full complement of

800), then the true composition is likely between 88 pef€quired samples is a ridiculous waste of time. Under
cent and 92 percent’ a range of Only 4 percentage poinﬁg_ese C|rcumstances, ranCheI‘S, unIVGI’SIty COOperatlve Ex-
Notice in figure VI.10-5 that our confidence intervals inf€nsion personnel, weed and pest district supervisors, and
prove rapidly as sample size increases to about even USDA, APHIS grasshopper scouts could spend
200-300 grasshoppers. Notice also that minor improvénore of their sampling time on other tasks. Further,

ments require major increases in effort when counts ~ SOMe scouts might intuitively leave a survey site before
exceed about 400 grasshoppers. examining all samples when grasshopper densities are

very low or extremely high. This is could be a perfectly
Average stage of development usually is estimated as #id thing to do for very busy people; in fact, it repre-
summation of each observed instar number (adults areSents a crude form of something we call sequential
considered sixth instar for this purpose) divided by the Sampling.
number of individuals. Thus, for 20 fifth instars and 30

Kuture Considerations: The Potential for
§equential Sampling

adults, the average stage is What is sequential sampling and how can it be used to
sample grasshoppers? Well, it is the process of classify-
(20x5) +(30x6) _ 100+ 180 5.6 ing grasshopper infestations into “high,” “low,” or “too
(20 + 30) 50 close to call” categories, in sequence, from one sample to
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the next. Sequential sampling can save a lot of time byBut sequential sampling also has some disadvantages:
allowing you to stop sampling at a site when it has beem Density estimates will be less precise if sequential
determined, by a sequential sampling plan, that grasshop-sampling is used and a classification is reached with a
per densities are very low or extremely high. The tech- low number of samples.

nology for developing and using sequential sampling has Some erroneous classifications cannot be avoided.
been around for a long time, but is just now being pro- « A table must be consulted to know when to stop sam-
posed for use in grasshopper sampling. pling.

Lower and upper grasshopper densities levels must beHow To Conduct a Sequential Sampling Effort.—
specified to use a sequential sampling plan. For exam@eguential sampling can be conducted by either counting
we could specify grasshopper densities below which  all grasshoppers or by simply noting their presence or
infestations are of no economic concern and above whighsence (presence—absence sequential sampling) in
economic concern may be justified. The computer pro-successive samples. Here, we offer an example of the

gram Hopper will allow you to calculate economic presence—absence method.
thresholds so that you can generate these upper and lower
density levels. In Wyoming, there is a need to develop a grasshopper

sampling plan for use by ranchers, Cooperative Extension
Using sequential sampling, three possibilities exist aftesystem personnel, and weed and pest district employees.
each sample: (1) density could be declared less than aThe objective is to help these individuals rapidly decide
lower level, say, 8/y&l (2) density could be declared if grasshopper densities are less than3{fyd cause for
greater than an upper level, say, 16/ya (3) no such concern), greater than 16Afgotential cause for con-
decision may be concluded. When the first or second cern), or in between (worth watching). These levels of
decision is made, sampling can stop because the infes@grasshopper densities may be referred to as the lower and
tion has been classified. When the third situation occungpper thresholds, respectively. Also, we can set these
examination of another sample is mandated. thresholds to any values that are appropriate for a specific
situation.
If a classification is not made within some arbitrary num-
ber of samples (say, within 18 samples), then samplingln this example, we will use a visualized sample area
can stop and the grasshopper infestation is declared agibéned by folding a sheet of 8 1/2-11-inch paper into
ing between the two levels. If this third decision an 8 1/2-x 8 1/2-inch square (0.5t Once you have
occurs at most survey sites, use sequential sampling atalibrated your eyes to the 8 1828 1/2-inch square,
later date to determine whether the population has take a copy of table VI.10-2 and examine the first sample
changed. Note that the total number of sample areas atla survey site. If it contains no grasshoppers, write a
survey site can range from 1 to 18 in our example. zero in the “Running total” slot opposite sample number
1 (as shown in table VI.10-3, example A).
The advantages sequential sampling are several:
» It will save time when actual densities are either wellf there are no grasshoppers present in the second sample
above or well below the upper and lower levels. area, then add zero to the previous running total and enter
* It reduces the number of samples at most survey sitesro in the “Running total” slot for “Sample area” num-
» It allows the sampler to predetermine the proportionder 2, as shown in table VI.10-3, example A. However,
of decisions that will be correct. For example, a perif at least one grasshopper is present in the second sample
son could specify that at least 9 of 10 sites be cor- area, then add 1 to the previous running total and enter 1

rectly classified. in the “Running total” slot for “Sample area” number 2,
* |t can be used to delimit the borders of grasshopperas shown in table VI.10-3, example B. This new running
infested areas. total is then compared to the lower and upper stop values.

Each time a sample area contains at least one grasshop-
per, add 1 to the running total. A minimum of four
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Table VI.10-2—Presence—absence sequential As mentioned, you also can do sequential sampling by

sampling stop values for levels of 8 and 16 counting each grasshopper in each sample area. If thisis
grasshoppers/yd, assuming samples areas done, the sampler must keep a running total of the num-
are 0.5 f€ each. Note that other sample ber of grasshoppers counted, and the stop values used are
area sizes cannot be used with this table. different from those shown in table VI.10-2. This kind
of sequential sampling would be useful in delimiting sur-
Lower Upper veys where grasshopper density estimates are needed.
Sample stop Running stop
number value total value If sequential sampling is to be used throughout a State or

region, then flexible methods for choosing realistic lower

1 — 3 and upper thresholds must be developed.
2 — 3
3 — 4 Future Considerations: Electronics
4 0 o 4
5 0 5 Electronic mapping, using geographic information sys-
6 1 5 tems (GIS) (see VI.9) may be very useful for grasshopper
7 1 6 survey. For example, maps produced using GIS are use-
8 1 6 ful for historical perspectives, analyses of ecological cor-
9 2 7 relates (such as topography, vegetation, and soil),
10 2 7 planning surveys, and allocating limited resources. GIS
11 3 8 also will allow maps to be updated daily during a survey.
12 3 8 We can use these maps to focus the survey effort on the
13 4 8 most important areas as the season unfolds.
14 4 9
15 5 9 Computer-interpolated maps of grasshopper densities can
16 5 10 be combined with land-use maps, ecological buffer zone
17 6 10 maps, and land ownership maps to produce final treat-
18 6 11 ment area maps. GIS software also can calculate the size

of any defined area on an electronic map. These maps

can be printed on paper to be used in the field or for dis-
samples is needed in this case to yield a running total tpty at meetings.

is potentially less than or equal to the lower stop value or
is greater than or equal to the upper stop value. If eithéEconomical battery-powered, hand-held computers hold
case is true, you can stop sampling and declare the infesuch promise for grasshopper surveys. Scouts recently
tation as being 8 or fewer per square yard or 16 or morfave used these types of computers in the field to enter
per square yard, respectively. Thus, the sampling procasd store data. These data can be transmitted through
repeats itself until one of the following occurs: normal telephone lines to a computer centrally located in
« The running total is equal to or less than the lower each State. Sequential sampling protocols, described ear-
stop value (table VI1.10-3, example A), lier in this chapter, could be programmed into these com-
« The running total is equal to or greater than the upp@ters. The user would simply enter the number of
stop value (table VI.10-3, example B), or grasshoppers in each sample area, and the computer
» A density classification has not been made after thecould store and analyze the data and notify the user when
18 samples have been examined (table VI.10-3, to stop sampling.
example C).
Corresponding decisions about grasshopper infestationSther types of electronic data-collection equipment being

for this example may be found at the bottom of table used at some sites store environmental data important for
VI1.10-3.
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Table VI.10-3—Three examples of using a presence—absence sequential sampling plan

Example A Example B Example C
Lower Upper Lower Upper Lower Upper
Sample stop Running stop| Sample stop Running stop Sample stop Running stop

area  value total value area value  total value area value  total value

1 — 0 3 1 — 0 3 1 — 0 3

2 — 0 3 2 — 1 3 2 — 0 3

3 — 0 4 3 — 2 4 3 — 0 4

4 0 0 4 4 0 3 4 4 0 1 4

5 0 [quit] 5 5 0 4 5 5 0 2 5

6 1 5 6 1 5 5 6 1 2 5

7 1 6 7 1 [quit] 6 7 1 2 6

8 1 6 8 1 6 8 1 3 6

9 2 7 9 2 7 9 2 4 7
10 2 7 10 2 7 10 2 4 7
11 3 8 11 3 8 11 3 4 8
12 3 8 12 3 8 12 3 5 8
13 4 8 13 4 8 13 4 5 8
14 4 9 14 4 9 14 4 6 9
15 5 9 15 5 9 15 5 6 9
16 5 10 16 5 10 16 5 7 10
17 6 10 17 6 10 17 6 7 10
18 6 11 18 6 11 18 6 8 11

Decision: Infestation is Decision: Infestation is Decision: Infestation is

less than 8 greater than 16 between 8 and 16
grasshoppers/yd grasshoppers/yd grasshoppers/yd

grasshopper research and management. These devicesnother technology that is already showing usefulness
automatically log information, such as temperature andfor rangeland grasshopper management is Global Posi-
precipitation, for weeks at a time without human inter- tioning System (GPS). With GPS, hand-held units
vention. Technology that allows a computer to read  receive information from navigational satellites and
hand-written data directly from data sheets is also becaraiculate the location coordinates of the unit. Surveyors
ing available. A scout could use a standard pen and cligan obtain latitude and longitude coordinates even for the
board to record the data on a printed data sheet in the most remote sites where there are no distinguishing land-
field. The data sheet could then be faxed directly to a marks. A computer can use these coordinates to map any
waiting computer or delivered to a site with a page scamtata collected at the site. Also, the hand-held units help a
ner and scanned into a computer. In both cases, softwpsgson navigate back to a site.
could read the image made from the data sheet, interpret
the information, and automatically store it in a data baseligh-quality survey data always will be the basis for
that corresponds to the specific data sheet. Paper datasound management decisions. Most of these data will be
sheets would be inexpensive, familiar, and highly reliabtellected by humans working under various conditions in
for field data entry. Data still could be rapidly acquired the field. This chapter provides reference for current sur-
and distributed for use in management decisions. vey activities and a starting place for future innovations

in survey technology.
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VI1.11 Major Grasshopper Species of the Western Rangeland States
and Alaska

R. Nelson Foster

On rangeland, the number of grasshopper species thatTable V.11-1—Grasshopper species most frequently
occur across an area of several thousand acres typicallgncountered and pest species (with full names),
ranges from about 15 to 40. Assemblages of grasshoplised alphabetically
species in each of the western rangeland States can diffe
considerably. The makeup of these assemblages also &aropedellus clavatudhomas)
vary between locations within a State and from year to Ageneotettix deorurgScudder)
year at the same location. Amphitornus coloraduéThomas)
Arphia conspers&cudder
To make wise management and treatment decisions Aulocara elliottiThomas
requires a knowledge of the species that make up the Aulocara femoratuniScudder)
populations of concern. To aid land managers and pes€amnula pellucide&scudder
managers in making their decisions, the Animal and Pl&@ampylacantha olivace¢scudder)
Health Inspection Service plant health directors in the Conozoa sulcifronScudder
rangeland States recently provided a listing of major ~ Cordillacris crenulata(Bruner)
grasshopper species in the States. Cordillacris occipitalis(Thomas)
Eritettix simplex(Scudder)
The listing is a combination of responses to two ques- Hesperotettix viridigScudder)
tions asked of each plant health director on separate oddatanoplus angustipenn{®odge)
sions: (1) What are the 10 most important grasshopperMelanoplus bivittatugSay)
species in your State? and (2) what are the top 10 pestMelanoplus borealigFieber)
species of grasshoppers in your State? Species are list®klanoplus confusuScudder
alphabetically in table VI1.11-1 with full names, and Melanoplus cuneatuScudder
listed by occurrence in States in table VI.11-2. The listMelanoplus devastatdscudder
ings will be especially useful in combination with Pfadt'$/lelanoplus differentialigThomas)
“Field Guide to Common Western Grasshoppers” Melanoplus femurrubrurtDeGeer)
(described in VI.5) and Hopper Helper (VIL.7). Melanoplus foeduScudder
Melanoplus gladstorscudder
The two species that occurred most frequently (16 out dflelanoplus infantilisScudder

18 States) in responses &geneotettix deoruand Melanoplus marginatuéScudder)
Melanoplus sanguinipesNext in terms of frequency are Melanoplus occidentaliSThomas)
Aulocara elliotti(in 14 out of 18 States) af@hmnula Melanoplus packardiScudder
pellucida(13 out of 18 States). Four other species— Melanoplus rugglesGurney
Melanoplus bivittatusndMelanoplus femurrubrum Melanoplus sanguinipggabricius)

(both 11 out of 18 States) aAdnphitornus coloradus Mermiria bivittata (Serville)
andPhlibostroma quadrimaculatuifiboth 10 out of 18  Metator pardalinugSaussure)
States)—are of concern in a majority of rangeland Staté¥edaleonotus enigm@&cudder)
All other species in these surveys were of concern in  Oedaleonotus pacificUScudder)
fewer than 10 States. Opeia obscurgThomas)
Orphulella specios&Scudder)
The lists are not limited to species that cause economi-Phlibostroma quadrimaculatufThomas)
cally unacceptable levels of damage. Grasshoppers ndboetaliotes nebrascengiEhomas)
on the lists include the most commonly encountered spBsoloessa delicatul&cudder
cies in each State, some of which may not be consider&thistocerca emargina{&@cudder)
economically damaging to rangelands. Syrbula admirabilidhler
Trachyrhachys kiowd@homas
Some species usually considered nonpests are includedanthippus corallipesialdeman
because they may occur in significant numbers at some
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Table VI.11-2—Major grasshopper species of the western rangeland States and Alaska

Species

AK

AZ

CA

CQ

ID| KS

MT NB

NV

NM

ND

OK

OR

SO

TX

UT

WA

A WY

Gomphocerinae
Aeropedellus clavatus
Ageneotettix deorum
Amphitornus coloradus
Aulocara elliotti
Aulocara femoratum
Cordillacris crenulata
Cordillacris occipitalis
Eritettix simplex
Mermiria bivittata
Opeia obscura
Orphulella speciosa
Phlibostroma quadrimaculatur
Psoloessa delicatula
Syrbula admirabilis

x

X X X X

X

x

X X X X X X

X X X X

X X X X

X X X X

x

Oedipodinae

Arphia conspersa
Camnula pellucida
Conozoa sulcifrons
Metator pardalinus
Trachyrhachys kiowa
Xanthippus corallipes

Melanoplinae
Campylacantha olivacea
Hesperotettix viridis
Melanoplus angustipennis
Melanoplus bivittatus
Melanoplus borealis
Melanoplus confusus
Melanoplus cuneatus
Melanoplus devastator
Melanoplus differentialis
Melanoplus femurrubrum
Melanoplus foedus
Melanoplus gladstoni
Melanoplus infantilis
Melanoplus marginatus
Melanoplus occidentalis
Melanoplus packardii
Melanoplus rugglesi
Melanoplus sanguinipes

x

x

X

x

X
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Table VI.11-2—Major grasshopper species of the western rangeland States and Alaska (Continued)

Species AK AZ CA CQO ID| K§S MT NB NV NM ND OK OR SD TX UT WAWY
Oedaleonotus enigma X X X X X | X
Oedaleonotus pacificus X

Phoetaliotes nebrascensis X X X

Cyrtacanthacridinae
Schistocerca emarginata X

Note: The importance of some species in some States has changed over the years. For a compari-
son with a 1969 listing of species and their potential for damage by State, see: Grasshopper Survey:
A Species Field Guide, published in 1969 by the U.S. Department of Agriculture, Animal and Plant
Health Inspection Service, Plant Protection and Quarantine unit. Copies of the 1969 publication are
available from the National Technical Information Service, U.S. Department of Commerce,

P.O. Box 1425, Springfield, VA 22151. The publication, number P95241436, is available in print

for $19.50 and on microfiche for $9.00.

sites during survey. For example, overwintering speciell. differentialis, M. femurrubrumgndM. packardii—are
such ag’soloessa delicatula, Eritettix simplex, frequently found on rangeland and hence are included.
Xanthippus corallipesandArphia conspersa-which
rarely if ever cause concern—may occur in significant The circumstances under which a species or a combina-
numbers late in the summer. The early hatching specid®n of species occurs is what determines the economic
Aeropedellus clavatusndMelanoplus confusu$eed at a importance of a particular species at a particular time. By
time of year when forage removal is generally irrelevanthemselves, many of the species listed here would not be
These two species are included because they are commomnomic pests, but together with other species, the
in some areas and signal the awakening of the grasshgpepulation may cause damage.
per season.

A knowledge of the most commonly encountered species
Hesperotettix viridiswhich feeds on broom snakeweed in each State will promote a better understanding of the
and burrowweed, is considered a beneficial species buggimsshopper populations and will provide the foundation
included because it can occur in high numbers at somefor making good management and pest treatment deci-
locations. In addition, some species usually consideredions involving rangeland grasshoppers.
to be cropland species—suchMslanoplus bivittatus,
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