University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

USDA National Wildlife Research Center - Staff U.S. Department of Agriculture: Animal and
Publications Plant Health Inspection Service
March 2001

Integrated Management Tactics to Assess Risk and Reduce
Damage to Conifer Reforestation by Pocket Gophers

Richard M. Engeman
USDA-APHIS-Wildlife Services, s_r100@yahoo.com

Gary W. Witmer
USDA-APHIS-Wildlife Services, gary.w.witmer@usda.gov

Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc

Cf Part of the Environmental Sciences Commons

Engeman, Richard M. and Witmer, Gary W., "Integrated Management Tactics to Assess Risk and Reduce
Damage to Conifer Reforestation by Pocket Gophers" (2001). USDA National Wildlife Research Center -
Staff Publications. 601.

https://digitalcommons.unl.edu/icwdm_usdanwrc/601

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant
Health Inspection Service at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion
in USDA National Wildlife Research Center - Staff Publications by an authorized administrator of
DigitalCommons@University of Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/icwdm_usdanwrc
https://digitalcommons.unl.edu/icwdm_usdanwrc
https://digitalcommons.unl.edu/usdaaphis
https://digitalcommons.unl.edu/usdaaphis
https://digitalcommons.unl.edu/icwdm_usdanwrc?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F601&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/167?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F601&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/icwdm_usdanwrc/601?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F601&utm_medium=PDF&utm_campaign=PDFCoverPages

H.-J. Pelz, D. P. Cowan & C. J. Feare
(eds)

Advances in Vertiebrate Pest
Management Il

Fiiander Verlag
~ Farth
© 2001



Advances in vertebrate pest management / H.-J. Pelz ... {eds.)
- Firth : Filander-Verl., (Zoological library)
Vol. 2, - (2001)
ISBN 3-530831-38-4

Copyright © 2001 Filander Verlag

Das Werk einschlieBlich aller seiner Teile ist urheberrechtlich geschiitzt. Jede
Verwertung auBerhalb der engen Grenzen des Urheberrechisgesetzes ist ohne
Zustimmung des Verlages unzuliissig und siraibar. Das gilt insbesondere fir
Vervielfiltisungen, Ubersetzungen, Mikroverfilmungen und die Einspeiche-
rung und Verarbeitung in elekironischen Systemen.



Richard M. Engeman’ & Gary W Witmer

Integrated Management Tactics
to Assess Risk and Reduce
Damage to Conifer Reforestation
by Pocket Gophers

Absrmcr

In the western United Stales, pockel gophers pose an acule and
chrowic problem for forest mmanagers to overcome. Gophers cause ex-
tensive damage to seedlings and can delay reforestation for dec-
ades. Here we examine the predictive factors for assessing the risk
for damage and the available condrol tools and damage control-
strategies. The information is reviewed and summarized so that an
integrated damage reduction plan can be developed in a logical,
cost-effective, and environmenially responsible fushion.

1 Introduction

Pocket gophers {Thomomys spp.) are fossorial rodents that probably aceount
for more damage to conifer seedlings in western U.S. forests than all other an-
imals combined (Croueh 1986). Pocket gophers generally are not found in
densely forested areas, but rather in grasslands, natural meadows, and areas
of early successional vegetation caused by wildfire, logging or other distur-
banee. Forest harvest resulls in early successional vegetation, particularly
suceulent perennial herbaceous plants that provide optimal gopher forage. Re-
forestation problems result from gopher populations responding to these favo-
rable changes in their habitat (Barnes 1973).

1 UShaA/Wildlife Services, Néﬁona.l Wildlife Research Cenier, 4101 LaPorte Ave,,
Fort CoHins, CO 80521-2154, USA, EMail: Richard M Engeman@usda.gov
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Pocket gophers forage above and below ground. Severed or girdled stems
and rocts are common forms of damage, although complete debarking, or com-
plete removal of seedlings also occurs (Black 1994). Sublethal damage can
result in reduced growth. If enough trees survive to near canopy closure,
pocket gopher densities decline and no longer seriously threaten regenerating
forest stands. Unfortunately, repeated complete fallures at reforestation are
not uncommeon.

Damage reduction has usually involved lethal control of pocket gopher pop-
uiations, but the habitat remains favorable for pocket gopher occupancy and
populations often recover rapidly. Control of gopher damage in reforestation
sites is an acute and chronie challenge, and a variety of control methods exist
to address damage. Predicting the risk for damage and using multiple methods
o reduce damage potential can provide an effective, integrated pest manage-
meni programme o address pocket gopher damage to reforestation..

2 Factors affecting the risk for damage

Marry factors affect the SUSCEPtlbﬂlty of a reforestation unit {o gopher ddmage .
Seme are irherent to the local geography, geology, and climate, while others re-
late to forest management. Each coneerns the ecology of pocket gophers and
some factors can be manipulated as part of a damage prevention sirategy.

21 Forest management practices

Recency of harvest

if the site has been cleared of timber, then the successional processes that pro-
mote optimal habitat for pocket gophers have been set in motion. If the site has
not been cleared, then more latitnde exists for planning the harvest to minimize
the potential for gopher oceupancy. The amount of fime that has elapsed after
forest harvest or burn usually relates to the extent of plant development. Early
suceessional stages, supportive of high gopher densiiies, usually establish
within 5 years of clearing and can prevail for many years (+ 15 yr) before be-
ing curtailed by overstory growth.

Forest harvest method/size -

The degree to which an area is cleared (or burned) affects the degree and
length of time that plant communities are returned to an earlier seral stage.
Clearcuts hold more potential for establishment of high gopherpopulations-
than partial ents or shelter wood cuts (that leave > 40 % overstory canopy cov- -

er).
Site preparation

The degree of site disturbance parallels the degree of forest harvest. Differenc-
es in pocket gopher populations between clearcut and shelterwoodsites are
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partially due to the soil conditions after harvest (Barnes 1974). Soil searifica-
tion and slash piling produce loose soil in which pocket gophers can readily es-
tablish burrow systems, and returns plant communities to early stages. Heavily
_disturbed sites offen have many times the gopher density as minimally dis-
turbed sites. In contrast, leaving a substantial litter blanket after clearing can
delay establishment of sarly seral plants, and herbicide usage to reduce vege-
tative competition with seedlings also delays the developmen’c of the plant com-

munities attractive to pocketgophers.

2.2 Site characteristics

Gopher presence

The presence of pocketgophers at a site substantially increases the probability
for future damage. The distance to-an established pocket gopher population may
influence site invasion (Barnes 1974), as young pocket gophers have good disper-
sal capabilities. Sites adjacent to meadows, glades, or other forest. openings,
which support pocket gopher populations are more susceptible to invasion.

Soil type

Soil type greatly influences gopher populations (Horton 1987). Deep, well-
drained and light-textured soils offer optimal condifions for burrowing and gas-
exchange. Soils such as clay loams, granitics and pumices promeote establish-
ment of gopher populations, but heavy clays, excessively sandy or roeky soils
and poorly drained soils usually have marginal populations.

Plant association

In some areas, the seral stages and plant communities that favor gophers after
tree removal have been identified, and categorized aecording to risk of gopher
damage. Plant species combinations and vegetation palatability are criteria in-
dicating the degree to which plant association will promote gopher populations

(Black 1994).

Snow acewmulation

Pocket gophers are active year-round and much of their damage occurs from
late fall fo spring when suceulent green plants are not available and snow often
covers the ground (e.g., Crouch 1982). Above-ground proportions of {rees are
exposed to damage by gophers as they burrow through the snow; with the risk
of damage increasing with snow accumulation and snowpack duratlion (Barnes.
1978). Less than 0.3 m of snow provides minimal risk, whereas a snowpack
lasting until May results in a maximal risk for damage (Horton1987).

105



Richard M. Engeman & Gary W, Witmer

Slope

Damage tends to be inversely related to the slope of a site. Slopes greadier than
35 % usually can support only low gopher populations, whereas slopes less
than 10 % are optimal for gopher populations (Horton 1887).

3 Damage conirol methods

Traditionally, damage has been addressed using lethal methods to direetly re-
duce populations, but this often offers only shoriterm control and usually
requires repeated applications. Besides cost-effectiveness, the public inereas-
ingly prefers non-lethal means of damage reduction. Many non-lethal sirate-
gles have been investigated, including vegetation management to minimize go-
pher food supplies, sitvicultural practices that prevent productien of optimal
gopher forage and soil eonditions, or the use of barriers or repellents to deter
gopher access to seedlings. Pesticides and herbicides are becoming more lim-
ited in their usage, thereby increasing the need for preventive management
practices. To effectively address and resolve the acute and chronic natures of
pocket gopher damage requires a customized damage prevention strategy us-
ing a combination of {ools and a.pproaches appropriate for the specific smm.—

tion.

3.1 Diract population reductions '

Control of pocket gopher populations is conducted through the placement of
traps or the application of toxicants in burrow systems. An effective lethal con-
irol program should provide significant additional mortality beyond natural
mortality (e, > 75%). Due to the high reproductive potential of pocket
gophers and their ability to rapidly invade an area of high gquality habitat, re-
peated lethal treatments are often needed to provide adequate population sup-
pression until the seediings have grown beyond the most vulnerable size
(Bonar 1995).

Oral toxicants

Poisons are usually applied as a coating to grain baits or as an ingredient of
manufactured pelleted baits. Baits can be applied by hand or mechanically by
use of a baiting probe or a burrow builder. Hand baiting cannot be conducted
effectively untll meunding activity becomes extensive enough to identify the lo-
cations of burrow systems. The burrowbuilder is a tractor-drawn implement
that creates paraliel artificial burrows into which bait is automatically dis-
pensed {Barnes 1973). Burrow builders Tegquire favorable soil conditions with-
out serious impediments such as large rocks and stumps. Baits placed within
burrows pose & low hazard to non target species (e.g., Bonar1993).

Acute toxicants, designed to be lethal with a single feeding, are a relatively
inexpensive means to rapidly reduce populations, although sublethal doses can
produce a learned bait aversion that leaves enough survivors fo quickly rebuild
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the population (e. g, Nolte & Otto 199€6). Strychnine alkaloid and zine phosphide
are the most eommonly used acute toxicants for pocket gopher control in the
U. 8., with zinc phosphide less effective than sirychnine (Bonar 1985), probably
due to taste aversions.

Chronic toxicants normally require muliiple ingestions to be lethal and
include anticoagulants suck as warfarin, chlorophacinone and diphacicone.
Cholecalciferol (vitamin Dg) also usually requires multiple doses to produce
mortality (Nolte & Otto 1996). Vitamin K can be given as an anticoagulant anti-
dote to humans or pets. A single chronic toxicant ingestion is not likely to be
lethal to non-targel species, but scavenging animals can be exposed to second-
ary hazards from anticoagulants. Chronictoxicanis are not likely to produce
taste aversions because the delayed onset of symptoms does not permit asso-
ciation of symptoms with feeding. The need for multiple ingestions also means
that chromic toxicants may net reduce populations as rapidiy as acule toxd-
cants and mortality rates may saffer if baits deterioraie or run out.

Fumiganis

Toxic gases may be introduced into burrow systemns to kill gophers. Smoke car-
iridges can be used to used to produce carbon monoxide and carbon dioxide
gases, while aluminium phosphide pellets placed in burrows react with ambi-
ent moisture to produce phosphine gas. Fumigants tend to be more expensive
to apply than toxic baits and they often produce low efficacy due to gas leakage,
and because pocket gophers ean rapidly seal off affected burrows (Marsh
1992), Fumipants also pose greater hazards than poison baits to non-target an-
finals in the burrow system.

Trapping

Trapping is a labor-intensive method that is rarely well-suited for large areas
or dense gopher populations (Barnes 1973}, but it merits consideration to re-
move animals remaining after toxic baiting, or to remove small populations
from 4 site before clearing, or in situations where toxicants cannot be nsed.
Most gopher traps are pincher traps, which crush the animal with two spring-
loaded jaws, or box chokers, which pin an animal to the floor of the box with a
spring-loaded wire jaw similar to a snap trap (Marsh 1998).

Enhancing predation

Many animals prey on pocket gophers, but prey density typically controls pred-
ator density for co-evolved species, rather than the other way around. However, .
enhancing natural predation through low-cost means, such as using artificial
raptor perches to deter above ground dispersal (Howard ef al. 1985), can com-
plement other management sirategies.
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3.2 Indirect population reductions through habitat manipuiation

Habilal manipulation reduces the food or burrowing resources available per in-
dividual, thus promoting a negative feedback response whereby reproduction
is alsp likely to diminish i the face of limited resources (Caughley & Sinclair

19943,

Yegetation management through herbicides

Herbicide removal of vegetation that competes with seedlings (while providing
forage for gophers) has been associated with increased seedling stocking rates
“(e.g. Cristensern el al. 1974, Crouch 1979). Longer-term studies that monitored
individual seedlings for damage and survival showed substantially improved
seedling survival and long-term reductions in gopher populations following at-
razinetreatments (Engeman ¢t gl. 1995), and 2,4-D {reaiments (Engeman ef al.

1997).

Nonchemieal vegelation management

Lower pocket gopher densities have been reported on heavily grazed sites, al-
though overgrazing presenis detrimental envircnmenial consequences and
may eventually lead o some livestock browsing on seedlings. Cattle grazing
has been found to be inversely proportional to above-ground gopher damage
(Kingery & Graham 1987). Intensive sheep grazing may reduce pocket gopher
densities more than free-range catile grazing, but soil compaction and burrow
disiuption probably contribute te lower gopher densities (Owsiak 1996). An-
othel non-chemical method to reduce gopher forage s to leave logging debris,

organic litter, or residual shrub cover on the site alter forest harvest to delay

growth of herbaceous Vegetanon

Planting unpalatabie vegetatz’on

Planting vegetation unpalatable to gophers may deter the growth of preferred
gopher forage. Fine-rooted grasses have been used to detfer a buildup of bull
thistle (Marsh & Steele 1992}, while Engeman ef al. (1998b) used grass seeding
in addition to herbicide treatment to reduce production of preferred gopher for-
age, but did not demonstrate conclusive beneficial results.

Fxtent of overstory removal

In addition to providing some natural regeneration, retaining a relatively high
level of forest overstory may limit sunlight to inhibit the growth of herbaceous
ground vegetation. The existing understory vegetation receives less damage
and is more able to compete with early seral plants thal could become estab-

lished.
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Soil disturbance

The weans by which logs are removed and the site prepared for replanting can
greaily affect gopher burrowing capabilities. In general, greater overstory re-
moval creates greater soil disturbance, which results in betier quality habitat
for pocket gophers by facilitating burrowing and promoting a flush of herba-
ceous plant growth favored by gophers (Black 1994).

3.3 Reducing gopher access 1o seedlings

Another damage reduction strategy is to use physical or sensory obstruetions
{o minimize gopher access to individual seedlings -or larger areas, or {o- mini-
mize the time seedlings are vulnerable to gophers.

Mechanical barriers

Wire mesh fencing installed from belew ground to above the height of snow
accumnlation ean exclude gophers from an area, but is rarely an affordable
solution. Plastic mesh tubes made physical barriers practical for extensive for-
esiry use (Campbell & Evans 1975). Originaily developed for reducing damage
by lagomorphs and ungulates, seedling proteciors surround the seedling’s
roots as well as the above-ground parts to protect against gopher damage.
Their efficacy has been demonstrated in long-term geographically extensive
evaluations that individually monitored large numbers of protected and unpro-
tected seedlings planied in areas of historically high gopher damage (Engeman
et al. 1399). Seedling protector use increases short-term planting costs, but
also may reduce damage by other wildlife species.

Repellents

Repelients are intended to ward off gophers from individual seedlings on con-

tact, or repel gophers from the general area planted with seedlings. Few com-

mercially available compounds deterred caplive gophers during feeding irials -
(Witmer et al. 1997). An exiremely bitter compound (denatonium benzoale)

was not effective as a systemic repellent (Witmer ef al. 1998), and while pred--
ator odours seem promising as area repellents {(e. g., Sullivan ef al. 1990), their

volatility makes long-term delivery systems for field conditions problematie.

Seedling stze and vigor

Larger seedlings af planting more quickly reach a size where they are less vui-
nerable to gopher damage. Seedlings less than 1.3 cm in diameter are eommon-
ly clipped by gophers, whereas larger seedlings may be chewed, but often
escape clipping or complete girdling (Capp 1976). Seedlings with high vigor not -
only grow more rapidly to less vulnerable sizes, they aiso tolerate more damage
than weaker seedlings (Marsh & Steele 1992). :
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Rapid restocking

Seedlings that are in the ground befors herbacecus growth has had an oppor-
tunity to proliferate and before gophers have had an extended opportunity to
inerease population density have a greater chance o grow to a less vulnerable
size. Prompt restocking (within 8 months of harvest) may be the most impor-
tant silvicultural practice for preventing of gopher damage (Marsh & Steele

1992},

Buffer zones

Retaining buffer zones of mature forest around the periphery of harvested
units can slow invasion by pocket gophers. Buffer strips > 180 m of mature
lodge pole pine forest were rarely crossed by pocket gophers after 4 years
(Barnes 1974), but a buffer as narrow as 60 m would be helpiul (Marsh & Steele

1992).

34 Supplemenia! feeding

Limited tests with supplemental feeding have given mixed results. Strategies
tested have ineluded providing gophers with a preferred, aliernate forage to
seedlings, or sahurating the area with seedlings so that a sufficient number sur-

- vive and outgrow their vulnerable stages.

Alternale forage

Borreeeo (1976) used supplemental foods to lure gophers from seedlings, al-
though Bonar {1995) contended that supplemental feeding would improve the
carrying capacity for gophers to create a cycie of increasing need for alternate
forage to Keep up with increasing gopher population density Furthermors,
much seedling damage occurs during the winter when supplemental growth of

herbaceous plants would not be possible.

Inc’re._szsed stocking rale

A 5-year study found that the number of seedlings surviving on double-stocked
plots was approximately double that for the baseline subplots (Engeman ef al.
1998a). For some situations, increasing the stocking rate may be an effective
and less costly alternative to other more expensive or legally restricted damage

control methods.

4 Devising _a'damage reduction strategy

Strategies for reducing animal damage have evolved considerabiy from essen-
tlally reactive lethal control programs to orgarized integrated pest mana-
gement approaches using a combination of tactics. A blending of lethal and
non-lethal control techniques is available for the forest manager to select the
most cost-effective route for minimizing damage, while also minimizing ad-
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Table 1
Summary of methods for the reduction of damage to conifers by pocket gophers and
qualitative assessment of the relative atiributes for each method.

Methed - Cost per Appiica- #yearsof Efficacy Duration
Application tions/Year Application

A Direet population reductions

1. Rodenticide baits: mod.” 1-2 1-5 high short
2. Fumigants; kigh 1-2 -5 low short
3. Trapping: mod. 1-2 1-5 high short
4. Enhance predation: low 1 1 iow long
B. Tndirect population control through habit manipwlation:
1. Herbicide removal of
forage: Iow-mod. 1-2 1-2 mod.  interm.’
2. Nonchemieal forage
removal:
a. Cattle, sheep grazing: low-mod. T 1-3 -3 mod  juterm.
b. Litter layer: low 1 1 mod long
3. Unpalatable vegetation: low 1 1 mod. long
4. Limited overstory .
removal: mod. 1 1+ mod.-high  long
5. Minimizing sofl distur- .
bance: mod_-high 1 1 mod. long

C. Efeduc)'.ng aceess to seedlings:
1. Mechanical barriers (costs are substantially less if they prevent damage from other

species) _ )
2. Fencing off area: high 1 1 high long
b. Seedling tubes: mod. 1 1 mod-high  Jong
2. Repellents: mod.-high -3 25 low short
3. Buffer zones: low-mod. 1 2+  mod.- interm.
4. Increase seedling size/ - .
vigor: mod.-high 1 1 mod. long
5. Rapid restocking: low 1 1 mod-high  long
D. Supplemenial feeding: _
1. Alternate forage: low 1 1-3 lIow=mod. interm.
2. Increase stocking rate: mod.-high 1 1 mod-hish  long

*  mod. = moderate
t interm. = iermediaie

verse environmental effects. The specific steps to minimize the impaet of pock-
et gophers to reforesiation efforts should be considered sequentially.

_ First, the risk factors for fulure damage on a currently foresied site shouid
be evainated before {ree harvest. I a site already has been cleared of frees and
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replanted, risk assessment would also involve evaluating the current damage
levels and projecting the damage likely fo accumulate before seedlings outgrow
their vlnerability [f damage or the risk for damage is excessive, then an infe-
~ grated damage reduction strategy should be developed and implemented.

Second, the feasibility, costs, effectiveness, durabilily and legality of all
possibie damage reduction methods (Table 1) should be evaluated if damage
appears probable. The further in advance of a sericus damage situation that
this assessment is accomplished, the more flexibility the manager will have to
prevent or respond to damage. The -advantages and disadvantages of each

method should be carefully considered and the compatibility of methods should :

be assessed for each situation. Some methods have greater resirictions on
their use, especially the application of chemicals, while the use of any lethal
conirol method may be of concern in areas where endangered species are
present. Numerous eriteria in addition to economics and legality need to be
considered in the selection of damage reduction methods and strategies. These
include potential environmental impacts, socio-political aceeptability of the
methods (especially concerning lethal methods), the effect on other damaging
wildlife, the effects on non-target species, potential negatwe effects on seedling
survival, and safety

Third, a comprehensive damage prevention strategy should be developed
that'is customized {o suii the particular site, management objectives, and con-
straints. No one sirategy will suit all situations, because of the large number of
combinations of site variables, damage reduction methods, and management
objectives and constraints.

Lastly, an implemented damage reduction strategy should not be consid-
ered inalterable. The efficacy of the methods used, such as population redue-
tions or forb removal, sbould be monitored and evaluated. If efficacy appears
insufficient, or if secondary or unanticipated problems arise, then alternatives
or modification of the strategy should be examined. The strategy selected and
implemented should be well-documented to assist future actions, new person-
nel, and for use in any controversy or legal action that might ensue.

References _

Barnes, V G, Jr. (1973). Pocket gophers and reforestation in the Pocifie
Northwest: a problem analysis. USDI Fish and Wildlife Service, Special
Scientific Report — Wildlife No. 155, Washington, D.C.

Barnes, VG, Jr. (1974). Response of pocket gopher popuiations to silvicultural
practices in central Ovegon. In: Wildlife and Forest Management in the
Pacific Northwest, (ed. H C Black) pp. 167—175.0regon State Univ. Corva-
lis, OR.

Barnes, V G, Jr. (1978). Survival and growth of ponderosa pine seedlings
injured by pocket gophers. Tree Planters’ Noles 29, 20-23. -

112



Integrated Mancgement Tactics

Black, H C (1994), dntmal Damage Managemeni Handbook. General Tech-
nical Report PNW-GTR-332. Parfiand, OR: Pacific Northwest Research Sta-
tion. USDA Forest Service. 236 pp.

Bonar, R E (1895). The Northern Pocket Gopher - Most of What You Thought
You Might Want to Know, but Hestlated to Look Up. USDA Forest Service,
Technology and Development Program 2400 Timber, T02E11, 62 pp.

Borreeco, J E (1876). Controlling damage by forest rodents and lagemorphs
through habitat manipulation. In: Proceedings of the 7™ Vertebrate Pest
Conference (Ed. C C Siebe), pp. 203-210. University of California, Davis.

Campbell, D L & Evaus, J (1975). “Verar” seedling protectors fo reduce
wildlife damage o Douglas-fir. USDI Fish and Wildlife Service Leaflet
508, Washington, D.C.

Capp, J C (1976). Increasmg pocket gopher problems in reforestation.In Pro-
ceedings of the T Vertebrate Pest Conference (Ed. C C Siebe), pp. 221—
- 228, University of California, Davis.

Caughley, G & Sinclair, A RE (1994). Wildlife Ecology and. Management
Blackwell Science, Cambridge, UK. 334 pp.

Cristensen, M D, Young, J A & Evans, R A (1974). Countrol of anuual grasses
and revegetation in the ponderosa pine woodlands. Journal of Bange Man-
agement 27, 143-145, ]

Crouch, GL (1979). Atrazine improves survival and growth of ponderosa pine
threatened by vegetative competition and pocket gophers. Forest Setence
25, 99-111. '

Crouch, GL (1982). Pocket gophers and reforestation in western forests.
Jouwrnal of Forestry 80, 662-664.

Crouch, G L (1986). Pocket gopher damage to conifers In western forests: a
historieal and current perspective on the problem and its eontrol. In: Pro-
ceedings of the 12 Vertebrale Pest Conference (8d. T P Salmon), pp. 196~
198. University of California, Davis.

Engeman, R M, Anthony, R M Barnes, V, Krupa, HW & Eva.ns J (1899). Evalu-
ations of plastic mesh {ubes for protecting conifer seedlings from pocket
gophers in three western states Western Jowrnal of Applied Foresiry 14,
86-90. _

Engeman, B M, Anthony, R M Barnes, V, Krupa, HW & Evans, 4 (1898a). Dou-
ble-stocking for overcoming damage to conifer seedlings by pocket gophers.
Crop Protection 17, 687689,

Engeman, R M, Barnes, V, Anthony, R M & Krupa, H W (1995). Vegetative man-
agement for reducing damage to ponderosa pine seedlings from Mazama,
pocket gophers. Crop Protection 14, 505-508.

Eageman, R M, Barnes, V, Anthony, R M & Krupa, H W (1997). Effect of vegeta-
tion management for reducing damage {o lodgepole pine seedlings from
northern pocket gophers. Crop Protection 16, 407-410.

113



Richard 8. Engeman & Gary W. Witmer

Engeman, R M, Barnes, V Anthony, R M & Krupa, H W (1998b). Damage reduc-
tion fu ponderosa pine seedlings from northern pocket gophers by vegeta-
tion mapagement through grass seeding and herbicide treatment. /nlerna-
tional Biodeterioration and Biodegradalion 42, 115-121.

Horton, A J (1887). Animal damage prediction models in conifer plantations.
In: dnimal Damage Management in Pacific Northwest Forests (Bds. DM
Baumgartner, R I Mahoney, J Evans, J Caslick & W Breuer), pp. 29-36.

- Washington State University, Pullman, WA.

Howard, WE, Marsh, R E & Corbett, C W (1885). Raptor perches: their infiu-
ence oL crop protection. defa Zool. Fennica 173, 191-192.

Kingery, J L & Graham, RT (1987). Cattle grazing and forest animal damage
interaction. In: Andmal Damage Management in Pacific Northwesi For-
ests (Eds. DM Baumgartner, R 1. Mahoney, J Evans, J Caslick & DW
Breuer), pp. 119-132. Washington State University, Pullman, WA.

Marsh, R E (1992). Reflections on current {1992) pocket gopher control in Cal-
ifornia. In: Proceedings of the 15™ Vertebrate Pest Conference (Eds. JE
Borrecco & B E Marsh), pp. 289-295. University of California,Davis.

Marsh, R E (1998). One hundred years of gopher traps and trapping. In: Fro-
ceedings of the 18" Vertebrale Pest Conference (Eds. R O Baker & AC
Crabb), pp. 221-226. University of California, Davis.

Marsh, RE & OSteele, RW (1992). Pockel pgophers. In: Silwiculiural
Approaches to Anmal Damnage Management in Pacific Norihwest For-
ests (ed. H C Black), pp. 205-230. USDA/USES, Pacific Northwest Research
Station. Poriland, CR.

Nolte, D1 & Otio, 1J (1996). Malerials and supplies for management of
wildlife damage to trees. USDA Forest Service, Missowla Technology and
Development Center, Technical Report 9624-2808-MTDC. Missoula, MT
43 pp.

Owsiak, AM (1996). 4 Comparison of Intensive Sheep Grazing and Free-
Range Cattle Grazing for the Reduction of Pocket Gopher Populations
on Reforested Rangelands. MS Thesis. Washington State Universify. Pull-
man, WA. 110 pp.

Sullivan, T B, Crump, D R, Weiser, H & Dixon, E A (189C). Responses of pocket
gophers (Thomomys talpoides) to an operational application of synthetic
semiochemicals of stoat (Mustelaerminea). Journal of Chemical Feology.
16, 941-949.

Wilmer, G'W, Pipas, M J & Bueher, J C (1998). Field tests of denatonium ben-
zoate to reduce seedling damage by pocket gophers (Thomomys talpoides
Rieh.). Crop Protection. 17, 35-39, ' '

Witmer, G W, Sayler, R D & Pipas, M J (1997). Repellent trials to reduce refor-
estation damage by pocket gophers, deer, and elle. In: Proceedings, Repel-
lents in Wildlife Management (ed. JR Mason), pp. 321-332. USDa/
National Wildlife Research Center, Fort Collins, CO.

114



	Integrated Management Tactics to Assess Risk and Reduce Damage to Conifer Reforestation by Pocket Gophers
	

	tmp.1175197540.pdf.RfteZ

