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ABSTRACT 

Damages due to the activities of the nonhan pocket gopher ( h o m y s  tkzipides) are 

estimateci to cost hlanitoba forage producers over $15 million annuaUy7 with simiiar losses 

estimated in Saskatchewan and Aiberta Losses across North Ametka iikely total several 

hundred million dollars annuaüy. Pocket gophas consume forage plants below and above 

ground, and excavate subtemean tunnel systems, bringing arcess soi1 to the surface, 

producing mounds. These mounds docate aops, damage machinery a d  cause 

immeasurable fiustration for prairie forage producers. Objectives of this study were to (1) 

detennine loss in alfàlfk yield due to pocket gopher wnsumption and damage, and 

whether this loss is economidy significant; (2) anaiyse the effectiveness of grass, 

cultivated and mated b a e r  zones of varying widths on the control of pocket gopher 

invasion; and (3) provide a method to d e t e d e  the most cost-&e*ive option(s) to 

farmers to control pocket gopher damage. DeCreses in harvestable yield on plots 

occupied by pocket gophers were signincant, with average losses of 22.9%. Effectiveness 

of buffer zones varied between ueatments; howeva, th& use as configwed in this study 

cannot be recomrnended at this time. A management strategy is outlined, incorpotating the 

average yield 10% of 22.9% and the cumulative costs of t h e  coatrol options; IeaWig the 

stand untreated, applying a rodenticide and reestablisbg the stand every tbree y a s ,  

over a period of 5 bamst  years. When compared to the costs of no marnent, appiying a 

rodenticide proved to be an economicaüy viable option on the study site, whcreas the 

costs of re-estabüshing the staad emy tbree yean was economicaüy inefbcient. 
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Chapter 1 

Introduction 

WdWe damage control has becorne an degral part of ddlife management. I n t d e d  

land-use practices and an expanhg humas population have produced c o d i c t s  with 

various species. Due to the di86culties associateci with orgmkbg, implemcmiag and 

sustaining rodent damage management program, agrinihuiPI pest control (nameiy weeds, 

insects and disease) bas taken precedaice in North America (Elias 1988). Wthin 

Manitoba, agridtural damages caused by the northern pocket gopher (?homoinys 

talpoides) require immediate attention, as estimateci economic losses are rising with 

growing rodent populations. 

The northern pocket gopher (Thomomys zkzlpooides), one of the 1600 species in the order 

Rodentia, is a relatively small secretive animal (Nowak 1991) valued ecologicaliy as a 

food source for several species, and in the modification of plant succession and species 

composition (Wltmar et ai. 1995). Comary to its positive finction in the ecosystem, the 

pocket gopher is most noted for economic problems arisirig âom human interaction: 

damage to forage crops pastures and nursery tms. 

Found throughout agicultural regions in Manitoba, the nonhan pocket gopher is a 

fossorial herbivore distinguished by the presence of two fur-lined cheek pockets used for 

fmd storage (Case 1983). Although the pocket gopha M s  on a w i a y  of  native plants, 

economic damage is seen primrrily in moaocuhes of concemateci @xhud crops, 
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such as alfalfa (Mecircago satbw) (Elias 1988, Quick 1991). Ln the process of building 

subterranean b m w  systems to access succulent rooi growth, access soi1 is pushed to the 

surface, producing mounds. The rate of mound building is highiy variable and depends 

primariiy on soi1 texture and moishire conditions (Andersen and MacMahon 198 1, Case 

1983). Richens (1966) data estimates that the T. tarpOi&s bmowing rate is 

approximately 3 c m / d  This activity brmgs an esbmated 1 130 kg of mil per gopher to 

the surface each year (Case 1983). These &e mounds plug and duil swathing knives 

and decrease hamestable yields, thereby l o w e ~ g  revenues (Mupondwa 1993). Collective 

losses due to pocket gopher damage have previoudy been estimated at S 15 million 

annually (Manitoba Agriculture 1987). 

In North America, documentation of the effects of pocket gopher damage and subsequent 

management techniques date as far back as 1923 (Tiejen 1973). The prairie landscape has 

changed since the first encounters of h e r s  with the northem pocket gopher. Prior to 

European settlement, Manitoba's Red River Valley was a mosaic of prairie grasslands and 

fiesh water lakes. T a b g  advantage of the nch organic soils, eady settlers Ûansformed 

the vdey  h o  prime agricuitural land. Namal ecosystenis, particdarty the diverse plant 

and &al communities, were drastically ahered. Monocdtwe, coupled with a dwease 

in nahual piedators, may bave wntrii'buted to the bctease in pocket gopher populations 

over the. At present, the northem podtet gopher is estimated to occupy over 5 0  

thousand hectares across agro-Manitoba. 



The Manitoba Forage Council launched a Nonhan Pocket Gopher Control stwty in 199 1. 

Two control mechaaisms were tested, trapping and rodenticides @eaiset 1994) with 

pocket gopher biology comprising a portion o f  the study as weil. Documenteci concIusions 

indicated that wst-effective trapping wodd only be seen on d acreages or home 

g a r d a ,  as the labour cornpoaent required for &ciency was too inteasive. Seventy-five 

percent of the rodenticides tested, however, proved somewhat &eCtive during either 

spring or fan applications. Dmiset (1994) suggested that annual rodenticide application, 

with a purpose-buih m a c h ,  should be used until populations are dcient ly  reduced. 

Both control methods, trapping and rodenticide use, muid not prevent gopher re-invasion 

within months of matment and created a great deal of frustration for producers. 

Research on the northern pocket gopher in Alberta has provided M e r  information on 

effective contd methods (Proulx 1993). Tentative conclusions on bait testing in Alberta 

bait tests show that pocket gophers prefer sofi foods, over hard and appear to have the 

ability to detect poison in baits. Ahhough it is very labour intensive, Proubr (1993) 

suggests that trapping is the only reasonable means to control pocket gophers. Further 

results of these studies, and others, will be reviewed in the foilowing chapter. 

A second stage of the Manitoba Forage Councii Pocket Gopher Control Study was 

launched in lune, 1994, focusing primarily on the dwelopment of a c o s t 4 d v e  

management strategy. This report provides mfonnation on the rrsuhs of these 

investigations. 



1.1 The Problem 

Forage producers across the province encouIlter numaous problems resuIting fiom pocket 

gopher activity. Reduced crop yield and quality, pre-maturc cuitivation, machine damage 

and soiuwater d o n  are among the largest wnm%utors to revenue loss and frustration. 

Trapping and rodmticide application have been sowwhat e&aive in treathg gopha 

populatioas, however, e f f i e  strategies to mcrintarn low populations have yet to be 

detemillied. A management strategy, combining methods of coutrol, when to use them, 

and the associated benefm and costs, is required. 

1.2 Objectives 

The primary objective of this project was to develop and promote the use of a 

management stnrtegy for control of northern pocket gophers in forage crops. 

Specific objectives were: 

1. to determine loss in alfalfa yield due to pocket gopha coasumption and 

damage and whether this loss is economically signifiant. 

2. to analyse the efféctîveness of various treatments and widths of buffer 

zones on the control of pocket gopher re-invasion to alfsltii fields. 

3. to recommend cost effective options to f8fmer~ with respect to pockeî 

gopher damsge and controi. 



1.3 Hrpothesis 

1. A&h yield is decreased due to the activities of the norihem pocket gopher in 

fields where they occur compareci to fields where they do not. 

2. AAa initiai populations bave been matinged by means of trapping or rodenticides, 

provision of a b u f k  zone a r d  fields wiil &iveiy  lower the rate of gopher re- 

invasion. 

1.4 Limitations 

This study focused on the & i s  of pocket gopher activity on a ü i a  yield, the 

effectiveness of a buffer stnp to deter pocket gophen after M a l  populations have been 

managed and the dedopment of a strategy, b a d  on the study resuits and previous 

research, aimecl at assisting forage producers in meking more idormed management 

decisions. Some losses associateci with pocket gopher activity are vety diflicult to 

rneasure: extra tirne and labour in the field, the level of producer hstration during 

harvest, varying degrees of machine damsge, soiV water erosion, and harvested forage 

quality losses. Aniculating costs associateci with these factors would provide forage 

producers with a more definitive idea of the overali costs of pocket gopher activity in 

alfalfa fields. In devising a strategy, some of these costs were estimated to provide more 

informeci suggestions for management. Providing hard data on the costs associateci witb 

these variables was beyond the scope of the study. 
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Even more challengiag was essociating pocket gopher dengty to related losses on forage 

fields. In order to daamine economic threshold levels (ie. the cost etfectiveness of 

aeatments b d  on the lwel of infestaton of individual fields), a reliable census method 

for pocket gophers was reqwed. At study commencement, census dmlopment was very 

prelingnary, restricting its use as a management tool at that the. The proposeci control 

strategy reiies on the use of mound d d e s  as an index to gopher numbers and assumeci 

saturation points (Le. maximum number of gophers per unit ma) as the basis for optimal 

strategy development . 

Development of the eighteen treated plots began in the fall of 1994. The dtivated buffier 

strips were easily instailed, however the grassed and rodenticide zones required specific 

environmental conditions. The spring and early summer of 1995 were very dry, retardhg 

rodenticide application (moia soils are required) and the germination of grassed buffers. 

Due to the delay, simultaneous monitoring of buffet effdveness did not commence until 

the end of July 1995. SuccessîÙl b&er establishment and commencement of monitoring 

in the early spring may have yielded dinmnt resuhs. 

The buffers were natistically analysed in relation to one another, not to other plots void of 

buffer strips. Postulations can be made on th& ovedi &ecbveness as a control method, 

howwer these obsemitiom are not backed by concrae statistical testing. 
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Chapter 2 

Literature Review 

2.1 The Bidogicd Basu for Management 

2-1.1 1 

The pocket gopher fhmily, Geon@be (Rudkntiu), is broady distniuted fkom south- 

central Canada through middle America (Russell 1968). Geo@&e is noted as the major 

vertebrate taon coasuming and s t o ~ g  subterranean plant materials (Andenen and 

MacMahoa 198 1). Wtthin this f a y ,  ~ m o m y s  is the moa widely dismbuted geuus, 

with a range exteridhg from the Canadian prairies to nordiem California (Rumelis 1988) 

(Figure 1). 

in Manitoba, two known genera, ~omonrys  and Geoays are found. The northern pocket 

gopher is the only species belonging to the ~ o m o m y s  genus found in agro-Manitoba. 

The species has 58 subspecies identifiecl, with ~ o m o m y s  to@oi&s m$escem the subject 

of this study. As expressed by Dubois (19%), diet-related morphometric variations may 

explain the relative abundance of subspecies in North America. Over tirne, morphologid 

modifications have been extensive in geomyidq partiCulady in body and s i d i  dimensions. 

Runneils (1988) found that these modifications were a result of adaptations to a burrowing 

existence, as well as to habitat variations. Smaller pocket gophas seem abie to tolaate 

shallow, compact mils at higher eievations (Kennedy 1954, Miller 1964), whmas larger 

subspecies are h d  in ruaient-rich, looser soiid localities (MUer 1964, Haasen and 
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Reid 1973). 

The plains pocket gopher (Geomys k-us ) ,  a larger @ess is distriibuted tbroughout 

the Eastern Great Plains region ofNorth Amerka (Banfield 1974), extending fiom the 

north central States (along the Canadian border) to the GulfofM& (Marsh 1985). In 

Canada, the plains pocket gopher is amemely localïzed, rrstricted to a small area in 

southeastem Manitoba. Past di~triution records by Wrigiey and hibois (1973) ïndicate 

that general distribution ranges fkom a small area east of Manitoba's Red River, and 

extends north to the Roseau River. As noted by Oberpick (1989) and Dubois (pers. 

comm. 1995), the range of the plains pocket gopher is expanduig, causing M e r  

displacement of Thomomys in Manitoba. 

Thornonzys, widespread throughout the grasslands of wuthem Manitoba, occupies the 

area smounding the Geomys range Figure 2). Comparative histories of both species 

suggest that ~ m o m y s  dispersed generaUy fiom the southwest, whereas Geornys 

generally moved in from the southeastem United States. The larger Geonrys was able to 

exclude lnomomys fiom its preferred habitat. Distributions of both species in Manitoba 

are considered parapatric (Wngley and hibois 1973). 

The observecl distribution patterns of the plains pocket gopher and the northern pack* 

gopher evolved along with the vegetation changes that occund in the North American 

Great Plains during the Holoceae (Wrigley riid Dubois 1973). Soi1 type is not an absolute 



limituig factor in the dispersal of Geomys, as individuais have been found in ôoth sand and 

glacial till. The tall-grass and the mixed grass prairies are t y p i d  habitats (Wrigley and 

Dubois 1973), howevet, with the intensive agridtme that has replaced these habitats in 

agro-Manitoba, forage crops (namely rltiiltii) seem to support the largest populations. 

The Geornydbe M y  are noted for their adaptabiiity to various habitats. Pocket gopher 

populations are present in b o r d  and tropical vegetation areas, as well as locations above 

the treelirie and below sea lwel. Preferences include areas supporting nutrient rich 

vegetation (ei. dklfia), 100s soils, and marginal s l ow (Runneils 1988). Pocket gophers 

have been known to spread into areas modifieci by clearing and grazing and have crossed 

barriers as large as the South Saskatchewan River (Adams 1994). The vast distribution 

range of 7homomys tai@oides can be amibuted to its ability to toierate both coane 

textured and compact soi1 types (Miller 1964), as weil as survive on a variety of 

vegetation This great adaptability probably accounts for theu wide distriiution. 

1.2 Fo- * - 

The northern packet gopher is morphologidy and physiologidy adapted to fossorial 

activity. The head is broad and flattened, equipped with small eyes aad ears, and long 

sharp grooved incisor teah; the shouiders are broad, the short forebbs are equipped 

with long claws, the hind legs are weak and the taii is short and relatively hairless (Adams 

1994). 
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- 
Figure 1: Distribution of the northern pocket gopher, Thomomys taIp0ide.r 1. Kt. 
andersoni, 2. Et. buIIaftrss, 3. Tt. cograrrtus, 4. T.ti fusas, 5. 22. mcemws. 6. T.t. 
medius, 7. T.k mfcscens, 8. Lt. saturatus* 9. T.t. segreg<lts, 10. Kt.  taipides 
(Banfield 1974) 
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Wth this well-adapted body type, pocket gophers dig a cornplex nawork of shdow 

tunnels, ranghg in depth fiom 10-40 cm deep (Godfiey 1987). Feeding tunaeIs constitute 

over 80.h of the total burrow system (Miiier 1957, Vieck 1981). Burrow systems are 

linear and tend to be consistent with a search path to optimire foraging (Tryon 1947, 

Andersen 1987). They nm parailel to the ground surfiace and are characterized by two 

types of passages: potholes and laterais (Figure 3). Potholes are short tunne1s extending 

off the main m e 1  to the d a c e  whereas latcrals are longer and are used to push 

excavated soi1 to the surface. Both passages are used in vegetative harvesting at the 

surface (Vleck 198 1). Feeding tunnels in the root zone, range fiom 30 to 75 m, with an 

average area encompassed of 110 m2. This area, coasidaed an individuai home range, 

may Vary dependkg on the food availability in specific localities (Tryon 1947, Godfiey 

1987). 

Deeper tunnels extending into nesting and food storage chambers are located below the 

fiost iine (Godaey 1987). They range in depth fiom 45 to 75 cm, providuig shelter, 

protection against predators, food storage and a nesting environment to rem young 

(Runnels 1988). With a diameter of 20-30 cm, the nest chamber usudy has two 

entrantes and consists of a dry m a s  of shredded grasses. The f d  chambers are roughly 

the same diameter and are continuaily supplieci with various roots, stems and shoots 

(Tryon 1947). 

In the process of excavation, excess soil is pushed to the surfke, producing crescent- 
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~ h e  two lat& are marked by momds of soii at their ends on the dàce .  D is depth of 
main tmnel, S the segment lai@ between l a t d s  or betwecn mounds, L the lataal 
length, and 0 is the angle of ascent ofthe l a t d  (Vieck 1981). 

shaped mounds. Case estimates that a single gopher will bring 1 130 kg of soii to 

the d a c e  muaiiy (1983). Besides causing dif5cuities for forage producers, moud 

formations conmie  beneficiaiiy in the regaieration of mils by bringing up sub-surface 

nutrients and improving mil porosity. The mounds also provide &esh seedbeds for some 

annuals, weeds and early succession flowering plants, supporting prairie biodkersity 

(Adam 1994, Deniset 1994). 

Accompanying the mounds are two other SUfface si@ that Uidicate pocket gopher 

presence. Earth plugs are formed at the end of latenl tunnels, flush with the surfàce, and 

are used to seal m e I s  that have ban excavated to access the SUrf8ce (Runnells 1988). 

Soi1 casts remain on the d a c e  after winter snow melt and are f o n d  as a result of 

tunneiüng actmty duriiig the winter months. 



Fossorial marnmals are neither nocttmd wr crep~scuiar~ tendhg to be aaive during both 

the day and night (Nevo 1979, Gatiager 1984, Proulx 1994). T. t0Ipides is very active, 

although not aiways burrowing. During the growing season, approximately 500/. of a 24 

hour period is spent burrowing, with the remainder used primarily for resting (Andersen 

and MacMahon 198 1). Co~uous monitoring of oxygen consumptioa, in studies by 

Vleck (1979) and Gettinger (1975), showed similar interspersion of rest and aaMty 

periods throughout the day, regarâiess of photopid. In Idriho, seasonal temperature 

changes seemed to bave iittle &ect on the advity lwel of T. tizlpides, except during late 

summer where Iwek drop for a perïod of r 13 days (Kuck 1969, Cox and Hunt 1992). 

Studies on seasonal activity patterns of Thomomys. in the central and southern areas of the 

United States, have been based primarily on observations of d a c e  mouds and plugged 

sunace-access tunnels (Miller 1946, Laycock 1956, Baadoli 198 1, ûettinger 1984). 

These findings may not adequately rdect total activity as excavated soi1 cm often be 

deposited in abandoned tunnels (Cox and Hunt 1992). In 198 1, Andersen and 

MacMahon, h g  with fwther studies by Gettinger (1984), used radio-telemefr~ 

techniques to monitor subsurface actMty. Results indicated relatively high levels of 

activity in areas wbere Sunace signs were not evident. Factors fotcnd to influence 

burrowing and foraging ~ctivities hcluded ewironmental conditions, reproductive 

physiology and behaviour: T. tapoidks tunnelleci 4.8 times fiaster in soft, moist soiis than 

in barda packed mils; burrowing rates decreaseâ duhg winter months, when soüs were 

frozen (\Kiight 19 18, Cridâie 1930, Andersen and MacMahon 198 1); decreased tunnelhg 



was obsmed by f d e s  in early summer, conesponding to the perïod of birth and r&g 

(Criddle 1930); and greater tunnelhg was podated to refiect dec lkg  food availability 

and the dispersal of young during late summer and au- (Moore and Reid 1951). 

2 a l L E d  

Northern pocket gophers are generalir herûivores (Wiiams aad Ciameron 1986), feeduig 

on a variety of plant f d s ,  mghg fiom dandelions to sweet peas (Adams 1994). Since 

burrowing requires 360 to 3400 times more energy than terrestriai travel, few food items 

are unused (Vieck 1979, Williams and Cameron 1986). In spite of this genaalia diet, 

there are exhibitad prefkrences, which are ultimately detemiined by resource availabiiity. 

In midies by Ward and KeÏth (1 962), pocket gopher food habits were examinai in an area 

with vegetative cover 50% gras, 42% forbs and 8% shmbs. The stomach contents of the 

inhabithg pocket gophers (T. taIpoidees) wmprised 6% grasses, 93% forbs and 1% 

shrubs. This is evident in Manitoba, as high forb areas such as alfiilni fields support high 

nurnbers of gophers. The atfalfa plants are pleatifiil, high in nutrient value and retain large 

amounts of moistue, cornpared to native forbs. 

As discussed, îbornomys stores food in underground, sealed caches. In a mixed-gras 

environment, cache contents range âom suden t  a l f i a  roots and shoots, tu stem and 

leafmataials obtained from otha grosses and shnibs. Contents withm these siorage i e a s  

may not n e c e s d y  be indicative of the plants preferred by @et gophers, but r a t k  

those l e s  desirable (Aldous 1945,1951; Tumer et ai. 1973). Pawluia a ai. (1993) 



noticed that pocket gophers féd maialy on alnilfii leaves and shoots, leaving the roots for 

storage. During adverse conditions, succulent root growth (high in wata) was pref ied  

(Stuebe and Andersen 1985). 

In Manitoba, suitable habitat for the northem pocket gopher extends over a Vanety of 

vegetative regimes. From ditches and roadsides to fescue prairie and miinicued lawns, 

T.tdpides illustrates supreme adaptability to both man-made and natwal enviromentr 

1.4 R- 

The northem pocket gopher is noted as a solitary, tedoriai, and secretive animal (Case 

1983). The breeding season, extending from late April and early May, is one exception to 

this behaviour. Parturition occurs between midoMay and mid-lune (Cox and Hunt 1992), 

following a gestation of approximateiy 19 days (Tryon 1947, Griffith 1978). In one 

Manitoba study, females had Mers of three to eight young, wÏth an average of 4.8 

(Deniset 1994). Upon reaching 6 to 8 weeks ofage , juvenile pocket gophen are forced 

out of the materna1 burrow, travelling up to one kilometre before digging a new system 

(Andersen 1978). At this the,  the gophers are extremely susceptible to predation by owls 

(Bubo Mrgiiimms), hawks (Accipier gentiiis, Buteo jamaicenris), weasels (Musteia 

f r e ~ t a  and etminer), badgers ( T d a  tmcus), coyotes (Cànis Iatrans) and foxes (Vufps 

vuIps) . Within the confines of the burrow, gophen are relatively die  from predators, 

with the exception of the badga and weasel. 



The young attain adult size at apptoximately 100 days. In fossorial herbivores, this 

dwelopmemal rate is subject to the wnstraints of burrowing energetics and cornpetition 

for suitable habitat memin8 1977, GdEths 1978). As suggesteâ by G d b f s  (1 W8), this 

rapid growth rate rnay be the r e d  of selection for compnnive a b o i y  mther than for 

increased reproductive capacity or reduced susceptliility to pdtion.  

Studies on plural occupancy within the gopher burrow system have provided valuable 

iaformation about breeding and dispersal. Hansen and Mer (1 959) found that addt 

males and females tolerate each other during the mating period and may even share the 

same burrow system duMg the perîod of prepncy and rearbg. Wight (1930) cites the 

fact that the tolerance of plural occupancy of males was greater than that of f d e s  due to 

the tendency for males to enter diffkrent burrows in seerch of receptive females. Oriffnh 

(1978) found evidence that during the breeding season, fades tolerate the presence of 

other gophers at ali stages, and would even enter other systems. ûverd, the system of 

solaary territones seems to be considerably relaxed during the breedhg season. 

2.2 Management Systems 

In Manitoba, agricultural losses associateci with pocket gopher damage were estimated to 

be at least $1 5 aiillion anndy (Bomefoy 1985). CompMble iosses are estimated in 

Alberta, Saskatchewan (Case 1983) and Nebraska (by the plains pock* gophei) (Nïetfeld 

and Roy 1990.) Over the y-, s e v d  control metbods have &en testeci, with varying 
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resuits. The majonty of economic loss in Manitoba is due to yield reduaion and loss of 

forage quaiity on H a  and tame hay fields (Deniset 1994). Mudoadwa (1993) states that 

besides crop comption and hawest reductions, the üté of the hay stand may ais0 be 

reduced due to the cumulative effécts of gopher activities. In addition to these losses, nirm 

machinery is marreci by the soi1 mounds as machines are plugged and swathing kaives are 

dulled, resulring in increased labour rquirements, lost time and repak costs. 

Cher the years, several control metbods have been used and tested around the continent to 

help reduce crop losses. Managing pocket gopher damage in the field is typically more 

difficult than for situations around human habitation. Many methods have not proven to 

be very effective or economical on a large scaie. For a method to receive widespread use, 

it must be effective, inexpensive, legal, d e  for use by humans, environmentally benign and 

socio-politically acceptable (Wltmar et al. 1 995). Most techniques fd short in one or 

more of these areas, prirnarily due to the fossorial nature of the pocket gopher. In 

essence, the baîtie against pocket gophers revolves around mnnaghg a fossonai way of 

Me. 

Table 1: Methods and techniques suggestd for pocket gopher control in Manitoba 

Management Sgstems 

Biologicii 

Resistam plants - 

Predstor perches 

Crop rotations 

Physicd 

TVP@ 
Buffers 

Electric bamers 

Cbemicd 

Rodenticides 

RepeUents 

Attractants 



2.2.1.1 Tnpping 

Manitoba forage producers have tnpped pocket gophers for decades, and continue to do 

so today. For many, this methoci delivers immediate satisfaction, as resuhs are actuaiiy 

seen in the trap. The occurrence of trapping non-target species is low, as pocket gophen 

are subterranean aad traps are shed specifidy for than On &OU, gowd squirrels 

may enter burrow systems and fàll victim to the trap, however, thk is rare. Ln consultation 

with famiers across Manitoba, there have ban no records of non-target species, other 

than grouad squirrels, ever bebg caught in a gopher trap. Trapping is a legal and 

relatively d e  technique, having little &éct on the surrouadhg enviroment. 

Trapping, as a rn«rns of pocket gopher control, f d s  short in two areas: efféctivmess and 

economics. A report by Deaiset (1994) provides the only documenteci results of the 

effectiveness ofteur comrnonly used gopher traps in Manitoba: 

Table 2: Tnp t~tct ive~~ess on Manitoba aifatfa Tdds 

The effectiveness of this control mahod depends not only on the trapping device used, but 



also trapping teclmiques. As the percent efnciency data presented in Table 2 may 

fluctuate with technique, inefficiencies are more obvïous in the thne and labour involved to 

successfûUy control a population. The nimber of traps needed to catch all rodents, and 

the return visits necessary in the procedure d e  tbis method very slow and costly on 

large fields (Godfiey 1987). Trapping is more succesdùi on smali acreages with low 

population densities (Deniset 1994). 

There are several pocket gopher traps avaiiable on the market today (Table 3). The 

preferences and documented &ciencies associated with these traps f ider  indicate that 

success is a resuh of technique a d  design. Deniset's study (1994) indicated that the 

Macabee, a paired impalement trap, was most successfùi on Manitoba m a  fields; 

whereas Alberta found that the Sidman (box trap) and Convect traps caught the most 

gophers (Pm 1996). Management attempts in the United States found the Death- 

Kiutch-1 (similar to the Macabee) as the trap of choice (Patrick 1996, pers. comrn.) 

Regardless of the device or the technique, success by meam of trapping is short-lived. 

Empty burrows provide a ready made home for newwmers, and the dispershg juveniie 

pocket gopher is quick to take advantage. To achieve any degree of success, trapping 

needs to be consistent and continual, which is a diflticuit task to accomplish for most 

Manitoba forage producers due to the thne reqirement. 

Management S û a î q h  for the Ccmtrol ofNorihan Pocket Gophas (Tliamoys ta lpde~)  m w M a n i t o b ~  20 



Table 3: Common Tnps Used for Pocket Gopher Contd* 

ChErdian S 1 DISTRIBUTOR 

t ficlter r i :  I 
EKCO Canada Ltd. 
Niagara f a ,  Ont. 

M8crkt S8-10 Act Hardware 
Yakjma, Washington 

I 

Qj&dCt $13.00 W i  Distn'butors 

new: $7.50 I Bertram Trap Co. 
used: $4.00 Birtle, MB- 

Bkki~dt S1s.oo 

Topmks Woodcn Box $9.49 

Northstar Sed, 
Ncepawa, MB. 

Bertram Trap Co. 
Birtle, MB. 

SUCCICI~C~ $8.95 Bertram Trap Co. 
Bide MB. 

C - 

* This list is not inclusive and ptices may fluctuate with distributor. 

2.2.1.2. Buffer Sbips 

In silvidture systems, Voilard (1977) suggested that buffer strips l& between gopher 

occupied areas and sites selected to be logged may slow pocket gopher invasion rates. 

These strips inwrporated a naturai or near-naturd barria of at least 60 rnetres 

surrounding a newly seeded clear-cut area. Simüar border control strategies using 

trapping as a means to wmol reinvasion, have recentiy been studied in Alberta (Proulx 

1995). Roubr's strategy involves the establishment of a 2ûm or 40 m wide border zone 



eround alfrilfa fields, monitored approximately twice a week for gopher presence at which 

tirne invacikg gophers with traps. Proulx concluded that bordas developed at a E a b  stand 

establishment cwld eady coatrol gopher invasion, as long as gopher densities were low. 

This strategy was successfbi in intercepting, on average, 79?? of the hvadiag animais 

(Proulx 1995). 

In Manitoba, there is potentid for such a strategy, however, population densities in many 

areas far exceed the average 13-19 mounds/ha observeci in Proulx's study. As suggested, 

additiod research and development is required to fhd altemative control method to 

achieve cost-effkctiveness in areas of high population dedies. 

2.2.1.3 Electic Barriers 

Electric fences have been used to keep rats (RaMls rattus) out of nce paddies and 

predators away fkom duck nests (LaGrange et al. 1995)' however, they have not been 

considered a management panacea due to extensive design flaws and electrical 

rnalfiinctions. 

Controhg a fossorial herbivore by electric féncing ~ams to be an impraciical option. 

Successfbl exclusion of pocket gophen reqWres the conduaion of electrical ment 

through the ground. Soii characteristics, including saiinity, moiSnire and maal content, 

mua be absdutely ideal. The amount of ment required to af£éct a pocket gopher 

underground is immense and surpasses aii f8im saféty standards (Crowe, pers. 

comm. 1996). Randomly traDamffiag this lwel of ment would producc a dangaous 



amount of stray voltage in the area (Crowe. pers. conmi. 1996). 

2.2.2.1 Rodenticides 

The use of toxk baits, or 'crodenticides"7 in controing podret gophers has been relatively 

successfùl in Manitoba, however maintainin 
. . *  

g low population densities bave proven more 

ditocuit. Limitations with this technique revolve primariîy around administration, bait- 

attractiveness and sheElife. The most cornmon agents useû in the field include strychnine, 

fust and second generation antiwaguiants and zinc-phosphide, which has just recentiy 

been tested in Manitoba (Bonnefoy et al. 1996). Table 4 provides a summary of the 

rodenticides tested on Manitoba M a  fields. 

There is a tiinited amount of data and Iiteranire avdable on the effdveness of 

rodenticides on Canadian alfalfa fields. In the United States, on the other hanci, control 

strategies tested on forest plantations are abundant. Although the food source is Merent, 

insight obtained fiom these studies can be used to postulate the relative effectveness of 

rodenticides on gophers in Manitoba. 

Anticoc7guIlmtr- Documenteci nsearch conducteci by Marsh (1985,1986,1986,,) and 

Tunberg et al. (1 984) concludeci that the use of anticoagulants in the wntrol of pocket 

gophers was both d e  and effective. Second grneration anticoagulants play an important 

role in proteclhg uees and crops in many parts of the world @lmh 1986). ~oduct ion  



of anticoagulauts in the US took place in the 1940's and siace this time have evolved as 

one of the Ieading control options for field rodents (Marsh 19863. Che of the newer 

concepts surroundhg the use of anticoaguiants is the development of long-lasting baits for 

single-dose adminisaMion (Ne Maki@) (Tunberg et al. 1984, G d k e y  1987). The 

behaviod bases behiad this strategy are: 1) that pocket gophers are quick to invade 

unoccupied burrow systems when the prewious occupant has ban killed, and 2) the 

invading animal will use the existing food stores. Thus, anticoagulants would prove moa 

effective in an acute (requiring fewer repeat féedings) and long-lasting fonn (Tunberg et 

al. 1984). Slow action anticoaguiants gave gophers more time to eat excess arnounts, 

leaving none for pocket gophers that may invade the bmow der  the original occupant 

died. 

These results provided an optllnism for forage producers across the Canadian prairies, 

however, anticoagulant success rates (Proulx, pers. comm. 1994, Deniset 1994) on alfalfa 

fields were found to be much lower. P r o h  et al. (1994) provided a possible explanation 

for the relative lack of success in his tests with chdorophacinone (2nd grneration 

anticoagulant) administered to pocket gophers in captivay. in the presence of &esh cut 

alfalfa, consumption of the bait was inferior to the estimateci LD, of 5 mgkg of 

cholorophacinone/kg. As well, when poorer quality alf ia  was presented, the gophers ate 

more of the bait, but stiu remaineâ alive. It was found that V î  K, found in aifkEà,' 

counteracted the pathologicai changes caused by rnticoaguiants. Thus, the podret gopher 

was consuming a horne-xnade antidote. 
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Tabk 4: Rodenticides Tcsted in Revioos Sbidicr (Maaitobr) 

A single dose 
anticoagulant 
inhibithg the 
formaficm of the 
prothrombm 
neccssary for blood 
coaguiatiai, thus 
causing fatal 
h a d a g e s .  

A slovv-acting poison 
causing a lethal 
imbalance in calcium 
Ieveis. 

Lethal doses induce 
asphyxiation caused 
by p-s of the 
respiratory muscIes. 

zinc phosphide: 

Upon mgestion, toxic 
phosphine gas is 
producbd with the 

~moresuccessfbliu 
spring applications 
due to watcr-tesistant 
qualities 

effective in f d  
applications 

long lastmg bait 
with thrtat of mer- 
COflSUmPb~tl~ This 
may lead to poteatial 

-darypoisoning- 

notregisteredia 
Canada. 
@cniset 1994) 

consuaipticm of baii 
in cxcess of letbal 
dose is rare. This 
limits the potmtial for 
~darypoisoning. 
@eaiset 1994) 

Q seumdan. 
poisonhg problems. 
(Deniset 1994) 

Q water soluble 

not stored in a n i d  
tissue, thus lm 
of secolldary 

PO-g 

rcc01ll11lcllded for 
rcgistratim. 
(Bonoefq et al. 1996) 



S'chnine- In 1989, due to the potential harard to wildlife, the Canadian govemment 

baaned strychnine at 5% c o n ~ o n s  for general use as a rodenticide. Today, ody 

products Likt Gophacide@ (-35%) are avaiiaôle on the market and have reporteci varieci 

resuits in pocket gopher control. Lewis and O'Brien (1986) found strychninelaced m a  

(-5%) to be &&ve in late s p ~ g  and Summer for the control of the Townsend pocket 

gopher in forested areas. Contrary to these firtdings, Tickes (1983) found mychnine 

(. 3 5%) in a wheat, barley, raisin or miîo carrier, to provide control for only 8-1 3% of 

pocket gopher populations in alfaifa. 

Zinc phosphide- In the US, zinc phosphide is one of the most w m o n  rodenticides used, 

second ody to anticoagulants (Marsh 1987). This toxh reacts with the stomach acids to 

produce phosphine, which is lethal in the blood Stream (Tickes a al. 1982). It is an acute 

rodenticide, stable when kept dry, yet prone to rapid deterioration under damp conditions. 

Research on the effectiveness of zinc phosphide (Prozap) was carrieci out on Manitoba 

&alfa fields in 1996. Preliminary results indicated that the product was somewhat 

successtiil when adrninistered at 3 .O lbslacre. These resuits are undergohg M e r  

andysis, at which tirne more wncrete conclusions wili be made (Boanefoy et al. 1996). 

Application of the above types of rodenticides, and othas, is carried out by a number of 

different methods. Haad probes can be used, howcver this is vay timeconsuming and 

labourious. The burrow builder machine seems to be the method of choice in Manitoba. 



This machine makes an artificial burrow and allows for hrge areas to be treated in a 

refatively short @od of time (Bonnefoy 1994, pers. cornia). Godfrey (1987) States, 

however, that these machines are restricted to very specific soi1 conditions and 

topography. Dry mil will cnimble, and rock obstructions and stumps may limit access to 

an area. There is evai speailation that the artificial burrow may acpedite reinvasion by 

gophers and expansion of the infesteci area, rdt ing  in a bigger problem (Godârey 1987). 

The fact that the nonbem pocket gopher prefas W a  over most other food WS (Case 

1983) is perhaps one of the larges obstacles to achieving success with rodenticides. 

Providiag an appetizing bait is the first step in the development of an &&e rodenticide. 

It has been suggested that ideal rodenticides should be in wet form in order to be W y  

effective (Prouk 1994), howwer most rodenticides are prone to detenoration under damp 

conditions. Acquiring bait attractiveness, mastering administration and finding a d e ,  

effective toxgi are the keys to potential success with rodenticides. 

2.2.2.2 Repdleats 

Manipulation of interspecific chernicd communication between predator and prey has 

received considerable attention in recent years. S e v d  studies using synthetic 

wmponents of predator odours have generated avoidance responses in the northern 

pocket gopher (Sullivan and Cnunp 1986). Results of field trials in the OLanagan Valley, 

BC, over a period of 5.5 montbs, demonstrated that a signifiant number of pocket 

gophers avoided syathetic stoat odours dmMistered in arcas where original gopher 
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populations were rernoved (Suilivan a aL 1990). To dame, the wsts for applyuig synthetic 

odours as a method of wntrol are not available 

In the prairies, the rapid re-infestation of chemically controiied gopher populations 

suggests that only shon term control is possible with toxicants and other means of 

depopulation (Deniset 1994, Rouix 1995). Using m a t  odour as a repeiient rnay provide 

an aitemative method to the continuecl use of toxkmts and trapping, after initial removd. 

Sullivan a al. (1988) also suggest that a bder strip of at least 25 m may be added to an 

area treated with predator odours to intercept any attempts at recolonization. 

The use of naphhalene as a repellent was investigated in Saskatchewan in 1995. 

Ahhough the study demonstrateci no sigdicant dinerence in gopher populations between 

control and treatment plots regardless of application rate, application methodology rather 

than the repeiient was considered to be the major drawback (Prince Albert ADD, Board 

1995). Mechanid burrow buildas used to administer the naphthaiaie did not uniformly 

disuibute the product imo the soil. This study was preliminary and did not consider the 

costs aad environmental effects associateci with naphthaiene. Sullivan a al. (1990) also 

supports this need for suitable release devices in the achievement of successful 

management with repellents. 

2.2.2.3 Furnigants 

Soi1 moisture, porosity and fossoriai activity are the limitmg tEictors in treating pocka 



gophen with burrow fiimigants. Dry soi1 negatively affects the rate of diffiuion and 

increases the amount of air-f'illed pore space; subsequently, gas loss into the surrouding 

pore spaces r d t s  in ineffectiveaess (McCIean 1981, Moline and Demarais 1987). 

Phosphine gas, released in the presence of moishue, is highly toxïc to humans and non- 

target wildlife inhabithg the burrows. The efncacy of aiuminum phosphide on the control 

of the yellow-fa& pocket gopher in Tacas was estirnated at 61 .S-85.% (Moline and 

Demarais 1987). An alternative approach suggested by Plesse (1984) is the use of a 

carbon monoxide gas cartridge. The exhust simply removes the good air f?om the 

burrow, with no hayirdous residues remaining. It is coasidered humane and no permit is 

required by the user. At this time, there are no docurnented studies on the effectiveness of 

this control method. 

Anhydrous ammonia has been trieci, off and on, as a wntrol method for pocket gophers 

across agro-Manitoba for several years (Bomefoy 1996, pas.comm.). Effectivemess has 

been unacceptable as levels insdcient to Hl gophers have actuaiiy killed the aifhKa crop 

above the treated burrow. Since this product is commonly used by many annual aop 

producers as a f d e r ,  it would be wise to investigate its effdveness as a control. 

2.2.2.4 Attnctanb 

There are no commercial amactants formuiated specificaiiy for packet gophers. The 

ultimate objective of this suggested control tactic is to achieve i higher p e r m e  of 



mortaiity with the use of baits or traps, thus creatïng bena rodent control. 

Marsh (1988) reviewed a number of amactants for use as baït additives in wntrolling 

couunend rodeni species Wre Ruttus noyyegims, R rattus and Mius domesticus. Sugar 

oils, semi-naturai or synthetic flaveurs, commerciaf rodent Iures, sait, MSG, and 

pheromoaes were ali discussed in relation to th& relative acceptmce and palatability- 

Specific to the northern pocket gopher, Proulv (1995) has documented results of the 

effectiveness of tomato paste, peanut butter, urine, spearmint O& catnip and maplelalmond 

extracts in attracting gophers to traps. The ingredients tested did not make a diffaence in 

trapping success, and it was suggested that the seleztion of scents was not discriminant 

enough (Proulx 1995). Once more, f'urther research is required to detennine the potentid 

role of attractants in controhg gopher populations. 

2.2.3.1 Raptor Perches 

The rapid acceptance of perches by raptors, indicated in a study by Hall a al. (198 l), 

suggested that perches may prove uJeful as a management tool for control of pocket 

gophers. Today, there is Little actual evidence to support this cormation. Howard a al. 

(1985) were not able to demonstrate a favouraôle costhnefit ratio of rodent -01 by 

means of instailing temporary raptor perches; howewr, the perches did provide a tool to 

improve the welfare of many nptor species. Ahhough the study was not successfùl 

statistidy, raptor perches rnay assist in the de1ay of rapid infestations of rodent 
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populations to immature crops. 

2.2.3.2 Resisunt Cropr and Rotiti0u.I Bendits 

Consistent with cbging environmental attitudes (specïf~caüy towards the use of cherniai 

controls) and the thnist towards organic and sustainable agricuhure, is the imroduction of 

resistam crop species and the r w e s  of rotational cropping bendts. Management 

options for pocket gophers have concentrated primarily on controiiing the symptoms 

(gophers, mounds) rather than the actual problem cause (single tap-rooted alfalfa 

varieties, monocuiture, decreased predation). These control methods are usuaüy short- 

lived and îimited in success as the preceding merature review has documented. 

". . .the tenn "resistant " must be xnterpreted relative& h s e l y  because, as stated 

previousty. a pest qecies sewrety pressed for food may feed upon pImts which it 

normal& wmld no? touch and which mqy be &trimentai to its health, eqpecialty 

ifconsmted over O rongpen'd Resistkmce per se is ojtn &pe&nt on wkfher 

or not 0 t h  more preferred aitemate foods me avuiluble. " 

With this point in mind, and the supreme adaptabilty of the northern pocket gopher, 

damage-resistant cuitivm should be seriously considered as a means to wnquer the large 

population densities observeci throughout the alfalfii fields in Manitoba. 

This option may prove to be a difncult task for maay reasons. Planthg les-suscepti%Ie 



crops iike H a  cultivars with creeping roots (Melton et al. 1988) couid initiaify have 

sigaificam economic ramifications Ieadhg to economic hardship for producers. In the 

long nin, howwer, changing crop phenology may be a sound approach to avoiding pocket 

gopher infestations (Marsh 1991). 

Uniilce the successfid gewtic manipuiation of forest trees, this approach wodd be more 

difncul for agricuitural crops iike aEalfa. Since a l f i  is used as a forage crop for 

domestic animais, the substiMed cultivar must exhliit similar feed values and disease- 

resistant qualities seen in the current tap-rooted a l f a  varieties. Research is requireà to 

determine the poss1iiJ.ities of such a cultivar. 

In Saskatchewan and Alberta, Cica milkvetch (Astragahs cicer L.), a legume used for 

pamire and hay is considered impaiatable to the nonhem pocket gopher. Preliminary 

research has been initiated in these provinces and the redts look promising, as the 

cultivar has sixniiar nutritional féed values as W a  (et diis stage, there are problems with 

germination). Cicer milkvetch could be used in a baer around an established alfaü8 field, 

or as an alternative to alfalfa. As mentioned, research is on-going with no final 

conclusions to date (Saskatchewan Agriailture and Food 1996). 

RotationaIBenefits- AccordiPg to Entz a al. (1995). the two most common reasons f& 

forage stand termination in Manitoba are reduced yields and damage by pmka gophas. 

An alternative to managing pocket gopher populations could include the management of 



Two factors that d i m a g e  forage producers f?om cycliag forages more often include 

difnculties in establishment and taminatllrg perennial forage stands (Entz a al. 1995). 

Therefore, producexs seem to keep alf9lfii stands for as long as possible, averaging 6.5 

years in Manitoba. Research indicates that this dwation fiu exceeds the necessary life 

required for mzucimum N accumulation and weed suppression (Entz a al. 1995). 

Decreasing alfalfa stand dwation may not ody reduce the possiiilities of large gopher 

infestations, but also increase yields in the proceedkg crop and decrease infestations of 

certain weed variaies (Eatz et al. 1995). 

The djfliculty with this approach to management revolves around convincing the forage 

producers that this option is a viable one. To encourage producers to incxease forage 

cycling as a means of pocket gopher wntrol and other benefits, forage stand establishment 

and termination systems must be more reliable and economical (Entz et al. 1995). A 

movement away âom stands left too long, towards more sustainable practices, could 

prove to be a valuable control tool for the northem pocket gopher. 

Throughout the course of this research, there have been several other management 

strategies suggested. For the sake of brevity, these techniques wili simply be listed, as 

there is linle documentai research on their relative efnciericy. 



Tabk 5: Suggested management techniques witb ümited doeumeitation 

gas ignition 1 -gromidb-.i 

1 various other rodenticides I 
II 1 1 maintaining pocket gopher 

2.3 Costs and Losses Associateci with Pocket Gopher Damagt 

There have been no studies on the losses and extra costs resulthg f?om pocket gopher 

darnage on alfalfa fields in Manitoba. The impacts of pocket gopher activity are seen in 

a l f i a  yield reductions, increased machine Wear, decread quality of harvest, and 

increased labour efforts, all of which wntnibute to the total economic loss. Forage 

producers can only speculate on these costs, as most c m o t  be accurately or &y 

estirnated. The only information offering suggestions on overd economic loss caused by 

pocket gophen in Manitoba was wmpiled by the St. Claude Pocket Gopher Study 

Cornmittee (SPGSC). The group offorage producers wmpiled hancial records to 

determine the extra coas and added losses they expaienced over the. Research 

conducted by Entz a al. (1995) found that gopber-related damges were so errtrerne for 

forage producers that it was the second most conunon reason @en for premanire - 

cultivation in Manitoba and eastern Saskatchewan. 

Yield reduction attributed to the presence of pocket gophas has been documenteci in 
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other localities. In Minnesota, plant biomasses directly over plains pocket gopha burrows 

are reduced by one-Uiird (Reichman and Smith 1985). The plains pocket gopher has been 

recorded to cause altiilfa yield losses mghg ftom 17 to 46 percent on dry land alfaltii and 

hay meadows in southem Nebraska (Foster and Stubbendieck 1980, Luce a al. 1981, 

Hegarty 1984, Case 1989). Alsager (1 97î) noted that the northem pocket gopha ausecl 

rangeland yields to decrease 16% in southem Alberta- The economics of controhg 

pocket gophers have been modelied by Case and T i  (1984) in California, however 

more data base irnprovements need to be made (Case 1989). 

Success in reducing the number of nonhem pocket gophers in a field sams to be short- 

lived, as population nwnbers are quick to rebound d e r  initial control treatments. Wsth 

the exception of Proulx's border control strategy, there have been no inquiries into 

alternative long-term gopher management techniques in Canada. For this reason, the 

study addressed the effectveness of buffet strips on the wntrd of pocket gopher re- 

invasion. 

This literature review has documented a variety of control methds, di with varyiag 

degrees of success. There is informaton on the effdveness of most of these tecbniq-s, 

howwer determinhg the economic pWcciiity of such mahods has never ksn disaisseci 

in Manitoba. In order to make wm informeci management decisiom, especially in 



choosing a specinc contra1 technique, forage producers mus be aware of the wsts of both 

gopher-related Aamages, and the management techniques chosen. 
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Chapter 3 

3.1 Study Site 

The study was conducteci during the summers of 1994,1995 and 1996, in the w a l  

municipality of Ste. Anne, Manitoba- The rnajority ofthis southeastem portion of 

Manitoba consists of a sandy lacustrine soi1 material of various thickness, overiyhg a till 

layer. Most of this soi1 type is irnperfêctiy to poorly drained (Elers, pen.wmm. 1996). 

Although it reaches the northeastern limit ofits range in the area, ?hmomys is locally 

abundant, often centring its activity in alfalfa (Mem'cago Miva) and mixed-gras fields. 

Site design and preparation were carried out during the 1994 surmner field saison. The 

study site was located on a 32 hectare (80 acre) field, 1.6 km east of Girow, Manitoba 

(23-7-7 EPM) (Figure 4). A 484 m x 258 m (1585 A x 845 fi) section of alfalfa/mixed- 

grass was professionally surveyed into 18 x 30.48 rn2 (100 fi2) plots, each surrounded by 

a 7.32 m (24 A.) b a e r  zone to allow for adequate controIs and replicatiom. Mound 

distribution was patchy, indicating possible selection by the gophers when choosing a 

burrow site. The plots were randomly sdected throughout the site chosen and provided a 

reasonable area to coiiect data effectivety. The plots were nimbemi cbroaologically, in a 

northlsouth direction and were surrounded by 73 identical plots used for control purposes 

Figure 5). This o v d  grid design (suggested by Jack hibois, Assoc.Cuntor of 

Mammals, Manitoba Museum of Man and Nature) ailowed for as much coasistency as 



possible in extemal variables, including soii type, borda type (roads, 0th- fields, etc.), 

vegetation type, and climstic conditions. As weU, the study wuld be regdated through 

cooperation with a sole landowna, as opposed to several. 

The forage stand in the study field was approhtely three yean old and exhibited a 

relatively high density of mouds compared to that observecl et other sites. hiMg the 

summer prior to selection, an estimated 1200 pocket gophers were removed fkom the 80 

acre field (encompassing the study area) by means of trapping (VanderKroon, pers. cornrn. 

1994). Malfa stand densities were estimated for each plot and recorded to aid in the 

discussion of results. 

3.2 Objective 2: Detcrmining Yictd Losses 

Successftl and accurate assessrnent of pocket gopher damage to forage yields depended 

on the ability to pdorm sweral fhctions effedively. These are: (l) maintaining a 

gopher-fiee environment in all managed plots, (ii) obtaining an acairate measure of 

gopher density in control plots, (iii) obtainiag an accwate rneasure of alfalfa productivity 

(Alsager 1977), and (N) maintainhg similar environmental conditions on all study plots. 

The methodologies previously desmied address the above fûnctions and are suggested in 

Alsager s ( 1 977) 'Parnage Assessment Tooi" for pocket gophers. 

In order to compare yield losses due to pocke gopher damage, the eighteen b&ered plots 

were m m g e d  by meaas of trapping. The purpose of eliminating the rodas was to 
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Figure 4: Study ua withia the range of T. tk@n&b 
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F i p n  5: Fidd daim 
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provide a gopher-fiee environment, allowiag for a simple cornparison with plots that were 

not rnanaged (i-e., had gophers present). Using the presence of âesh mounds as 

indicators, Mucake, Bl<ickHole, W d e n  Bor and EhpSèt traps were set dwing the 

fkst two weeks of May (1995). Traps were positioned in the underground tunnel systems 

and covered with mil. Stnaii o-gs were left at the trap site, with the beliefthat pocket 

gophers wodd be attracted to the damaged burrow. Traps were then marked and secured 

with bamboo stakes (Denis* 1994). After M a l  populations were successfully removed, 

the plots were monitored for eesh moud ectivity, at which time imrnigratùig gophers 

were immediately trapped out. Plots surroundhg the rnanaged areas were wt disturbed. 

This methodology was &ed out tiom May-August during the 1995 and 19% field 

seasons. 

Yield measurements were performed at time of harvest: June 13,1995 @amest 1 ), July 

1 7, 1995 ( 'amest 2) and July 1, 1996 (Harvest 3). To obtain a significant representation 

of the individual plot yield, four sites were randomly selected within each manageci plot. 

At each of îhese sites, 1.2 m of math was collecteci and weighed, totallllig 4.8 m in each 

plot (Entz 1995, pers. comm.). hiring Harvest 1, yields fkom the 18 gopher-rnanaged 

plots were measwed and correlated to samples taken fiom 18 randomiy selested mtreuted 

plots (Figure 6). Similar methdologies were used for Harvests 2 and 3, with 13 and 17 

gopher-managed and non-maaaged plots sampled, respectively (Figures 7.8). 

To determine individual plot yields on a dry matter basis, alf- sub-samples were 
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colleaed from the 4.8 m althlfii swath samples, weighed and placed in dryhg rooms for 7 

days. Weights fiom the dned ab-wp1es were recordcd and used to convert the 

individual manageci and ~ e a t e d  plot yields to dry matter- Ydds cdlected fiom managed 

and untreated plots were compareci in aii three Hatvests. Statistical analysis utilized the 

SYSTAT@ cornputer package, version 5.0. The Merences in yield for each k e s t  

were tested for signifiatuce using a sarnple t-test. 

Yield measwements occurred on a total of 96 plots (30.42 m2 each) over a period of 2 

growing seasons. The methdology used was practical as it employed a minimum of 

people Mie, yet provided a reasonable degree of sendîvity and accuracy. The advantage 

of using math for meaSuTements, as opposed to numerous individuai clippbgs prïor to 

hamest, is that it resulted in yield measurements which Uicorpocated 0 t h  gopher- 

associated losses, specificaily with the lifîing of machine blades to avoid heaviiy mounded 

areas, 

Maintainhg similar environmental conditions on 1 study plots was achiweci by collecting 

data from a single study site. The nature of field eXpmmentation is such that the absolute 

control of e x t d  variables is impossible. Several environmental qiirilifiers wiIi be used in 

the explanation of data, iacludhg alailfa plot densities, field bistory and the location of 

plots within the field. 



Figure 6: Hawest 1 : Sampltd untreateû control plots 
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Figure 8: Harvest 3: Sampkd untreated conbd plots 
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Census counts- Census siga c o u ~ t s  were done in an attempt to correlate the measured 

alfiitfa yield to the number of gophers present at time of harvest. The purpose behhd 

establishg such a reiationsbip is to provide forage producas with a management tool to 

accurately detemine gopher population levels (or at least an index to them) and 

subsequently apply this number indat to a pre-determineci yield loss. 

The development of an accurate census method was one of the objectives of a parallet 

study, using the same study site. Indexes of gopher populations on the untreated plots 

were done throughout the 1995 and 1996 field seasors. This hvolved the use of a sign 

count, which included gopher mounds, earth plugs and open holes. After harvest and yield 

sample collection, fiesh mounds, earth plugs aad holes on all untreated sample plots were 

levelled by simply aepping on the excavateci soi1 until relatively flush with the surface. 

Older gopher sign was easily distinguishable fiom fiesh sign and remaineci undistwbed on 

the untreated plots. The census methodology used focused on counting recemt activity 

sign, disregardhg old gopher sign. The plots were lefk for two days, after which thne fiesh 

sign was systematicaily counted on each plot and recorded. If precipitation occurred 

during the two-day period, the levelling and siga count had to be repeated as the rain 

made it difficult to differentiate new mounds and plugs fkom old ones. The total number of 

mounds, earth plugs and open holes obtained fkom these census counts were used in 

d e t e r e g  a relationship between the amount of yield loss and the level of gopher 

activity in each Harvest. 
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In the pardel study, the annbers âom the census counts were run tbrough a variety of 

statistical tests in an attempt to estabtish an accurate mathematicai rektionship b e e n  

the aurnber ofmounds in an ana and the number of gophers present (Dubois, M. pers. 

cornm. 19%). At the time of this practicum me-up,  these resuhs were vay pnhninary, 

and thus it WPS decided that sign numbm as opposed to a gopher population index, would 

be useci in our discussion of yield los. This census count methodology is cousistent Mth 

past midies where procwement of data on gopher preseace and activity was largely 

obtained through a method of frequency counts of moud building (Cnddle, 1930; 

Laycock, 1957; Miller a d  Bond, 1960). 

3.3 @jeCrive 2 : Effectiveness of i Buffet Zone 

The study imrestigated the effectiveness of three bder zone systems for use in a 

management strategy for pocket gophers. It is hypothesized tbat a beer strip wiU slow 

the re-invasion rate of migrating pocket gophers imo fields where initial populations have 

been removed. 

Each b&er rom type was replicated 3 thes in 2 widths, positioned mund one of the 

eighteen m g e d  plots random&y selected with a width of either 3.66 m (12 fi.) or 7.32 m 

(24 A.) (Figure 5). The widths in this bu&r control strategy were chosen to aiiow for ease 

in cultivation, as most CUItivators are approxbately 3.66m (UA.) wide. They ais0 

provided a pcactical startirig point for fùrther study, as this b s e r  tschnique bas never been 

used before. The 18 b&er replicates included: 



3 x 7.32m gmstd 3 x 7.32m cultivatd 3 x 7.32m rodenticide 

Grassed bwet zones- ûfthe eighteen sunieyed plots, 6 were mdomly selected for the 

development of pssed buffer zones. In July 1994, the six b&ered areas were treated 

with Round-up@. Using a mouid-board plough, three of the zones were dtivated to a 

width of 3.66m and the remahhg three to a width of 7.32rn. In the s p ~ g  of 1995, the 

zones were re-cultivated and prepared for seeding. Due to lack of rain in late May and 

eariy June, 1995, grass was seeded in mid-June. Aifdtà found throughout the field season 

within the grassed zone wss spot-treated with a herbicide, using a pressurized band 

applicator. 

Cultivaied bufer zones- S k  randomly selected managed plots were surrounded with a 

cultivated buffer. Once again, these buffers were treated with Round-up@ in the fall of 

1994, and cultivated to a width of 3 .Mm or 7.32m. The foliowiag s p ~ g ,  the zones were 

re-cultivated and left bare. Any cxcess alfalfa growth witfiin the buffer was spot-treated 

with Round-up@. 

Raienticide bu@r zones-The six plots mdomly selected for the testing of a rodenticide 

buffer zone were treated with Gopbacide@ in the fsll of 1994. Research by Deniset 

(1994) found Gophacide@ to be both &&$ive during the fidi months and economical. 



Gophacide@ was applied ushg T h e  Gofer,'' an artificial burrow-making macbiae pded 

behind a tractor, at a speed of approxir~teiy 6 mph. The product was dispenseci at a rate 

of 0.68 kg (1.50 lbs) per acre in the adficial burrow, in rom 3 metres apan 

(rnan-er's recommended rate) @enise!t 1994). The 3.66 m buf€érs were treated with 

one row of rodenticide, and the 732 m bufks received two. On June 8, 1995, the 

buffers were re-treated with Quinto&, a rodeatiade fomd to be more &sctive in spring 

conditions due to its water resistant quaiities. (Deniset 1994). Application was identical to 

that of the Gophacide@, although the product was dispeiised at a recommended rate of 

1.3 6 kg(3.00 1b)lacre. 

Monitoring the zones took place nom July 12 to Augua 20, 1995, where plots were 

checked twice a week for breach of the bder. Sign (mounds, earth plugs and open holes) 

formation was used to d e t e d e  if gophers had entered the plot. If the b s e r  was 

breached, sign numbers were recorded, leveiled, and the aaimals were immediately trapped 

out. An analysis of variance, using the SYSTATa cornputer program, tested the 

relationship between treatment (grass, cultivated or rodenticide), width, and a combination 

of both, in the detemination of b S e r  zone effectiveness. 

3.4 Objective 3: Roviding Management Stmtegies for Forage Roducur in 
Manitoba 

W~th the resuhs fiom the yield study, the b&kr zone testhg and other iiterature on 

control methods, suggested strategies for a management pian were deveioped to assist 
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MaDitoba forage producas in pocket gopher oontrol. 

The results of the yield study dowed for estimation of average alfiilfa yield losses, 

due to pocket gopha activity, over the duration of an alfatni stand 

(approximately 6 years in Manitoba). Comparing the average yield of an field void 

of gophers with that of a populated one was done with the use of Manitoba average alfkEa 

yield graphs ( E m  1997, pers. cornm.). Caldating yield losses over the* as opposed to a 

per harwst basis, took into account the dynamics of an alfiilfji s t ~ d ,  and the assumption 

that pockeî gopher populations reached a saturation point in alfalfa fields (Scenario One). 

Costs of administering rodenticide as a control technique and those associateci with 

field cuitivation as a control technique were applied to the graphs. At this point, the 

producer will have an estimation of the costs of "no controI"(Scenario One), applying a 

control (Scenario Two), and re-establishg the stand ( S d o  Thtee). 

Other costs associated with pocket gopher activity were discussed at this stage in 

the report. In the absence of hard data, machine damage costs, increased labour, 

soivwater erosion and a i f i  quality losses cm oaly be estimated. These estimations were 

colfected h m  the St. Claude Pocket Gopher ûrganization As weli as hawig the most 

accurate records of machine damage and quality losses due to pocket gophen, this group 

of forage producers reside in o w  of the Manitoba regions most highly popuiated by 

pocket gophers. Their cornmitment to deaihg with pocket gophers provided vital 



information for the study. Although their data was not coiîected fiom the yield study site, 

it provideci an estimMion of ecoaomic loss in the specified anos. 

i The purpose of this strategy was to aid fixage produam in melàng more informed 

pocket gopher management decisioas. The thne sceaorios, dong with a discussion of 

other potential losses, will provide h e r s  with vital information th can be applied to 

individual a l f ia  stands. The strategies were formuiated using the average gopher sign/m2 

in untreated plots over three hawests and the resuiting average a l M i  yield los over the 

same period. 



Chapter 4 

RESULTS 

Field data wilection cornmenced in late June, 1994. This season concentrateci solely on 

field set-up, cltpnimentd d e a p  and prelimuiary trapping. Prdreatmetlt trapping took 

place in May, 1995, with 63 gophers removed nom the 18 mnnsged plots, averaging 3 -5 

gophers per plot. 

4.1 Objectàve 1: Yidd Sludp 

A su- of the eff'éct of pocket gophers on yield results is shown in Table 6. 

Table 6: Si 

Average yidd 
in 

contrd 
pi* wm3 

Drcrease Totrlsign 
in yidd comt 
('w 

Hmest  1- Yieid sarnples were coliccted fiom the 18 managed plots (549m2 totai) on June 



13-14,1995. Sample weights ranged fiom 0.08 kglm' to 0.36 kg/+, with a mean dry 

sample weight of O. 18 kglm2. Yield wlieaed fiom 18 randomly srmpled untreated plots 

(ocaipied by gophers) ranged nom 0.07 kg/m2 to 0.23 kg/m2, with a mean dry sample 

weight of O. 13 k m .  

Comparative t-testing detamined that the Merence between alfalfa weights in the 

managed vs. untreated plots (27.8%) was significant @ < 0.02) based on the sample Jize 

used- 

Census counts indicated the presence of40 sign indicators on the 18 untreated plots, 

averaghg 0.07 sign/m2. 

Hiamest 2- Samphg took place Juiy 18-20, 1995. Dry H a  samples from managed 

plots ui Harvest 2 weighed less than those in Hawest 1, ranghg in weight from 0.07kg/m2 

to 0.2 1 k9/m2. Untreated plots yielded dry a i H h  sample weights ranging fiom 0.03 kgW 

to 0.22 kg/m2. 

In cornparison to the dry & ' a  weigbts on rnanaged plots, untreated plot samples in 

Hawest 2 indicated a decrcase in yield of 18.2% (Table 6). The total sign count for the 

13 untreated plots was signincantly higher than Hawest 1 Ieveis at 143, yielding a density 

of 0.36 si@m2. 



Due to the large nmber of gopher invaciers on 5 of the 18 managed plots, the simple size 

used was reduced to 3%m2 (13 plots), lowering the likelihood of SigaiScance (p = O. 18). 

Hmwrt 3- This W e s t  was completed on Juiy 1,19%, r e d h g  in yields per unit area 

that were identicai to those in W e s t  2, even though the total area sampled (5 18x11') was 

greater. Yield dEerentials averaged 18.2%, with a pvalue equal to 0.09. Individual 

managed plot yield samples ranged fiom 0.04 kg/m2 to 0.32 kglm2; untreated plot samples 

exhibiteci a lower range of v&ability nom 0.05 kg/m2 to 0.17 kg/m2. 

Duriag this period of pre-dispersai of young of the year gophers, census c o u s  on the 

untreated plots indicated the presence of 25 sign indicators for ali plots, yielding the 

lowea demity of 0.05 sign/m2. 

4.2 Objecfive 2: B@2r Effioveness 

The grass, cultivated and rodenticide bdfbrs became operative at ciiffirent times during 

the 1995 season, as grass required time to germitlate and the rodenticide required s p d c  

conditions for &&ve application. Thus, simultaneous monito~g of all the b U n d  

plots commenced in late July, 1995, with a totai monitoring period of 4 1 days. Sign 

counts within the buffereci plots are shom in Table 7. 
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Figure 9: Earvcst 1,2 and 3 Yield Cornparisons 
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Table 7: Brcrch of Buffer 

Rodenticide 7.32 m 1 5 

An analysis of variance compared the effectiveness of the buffers in relation to one 

another. This technique compared aU the pairs of treatments and widtbs in order to 

check for significaace using multiple cornparisons P-values indicated that there was no 

significant Merence between the b d e r  types, widths, or interactions of both. This was 

due to the relatively s d  sarnple sue of each treatment (3). This indicates that under 

comparable conditions, the buffers will perform et siiailar bels of efncimcy. 

'Qpt: PO-3 
Typc s Widîb: p=O354 

Width: ~ 0 . 3 3 9  

The squared rrmltiplier (R= 0.192) indicated that the ANOVA mode1 accounted for 19.2% 

of the variabiiiry in the number of iavading gopbas. These quantitative conclusions are in 
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agreement with the qdtative wncIusions drawn ftom the foiiowing density plot. 

Figure 10: D W  Dtnsity Plot: Bufftr cornparirons 

- - - 

The &Ferences between the mdans  (indicated by the ünes within the graph boxes) are 

almost the same for 3 -66 m and 7.32 rn bu&r widths, as well as for the difrent treatment 

types. This suggests that there is no interaction or significant diBirence between bufFer 

type and width. 

The data indicates that the rodaticide 7.32m buffers sewi to be most effective in 

deterring pocket gophers nom an area. The &ect of the size of wne difEers by zone type. 

Rodenticide and grasseci 7.32rn zones showed more promising r d t s  then the 7.32m 



cultivated zones. The &kt of the individual treatmmts Mas by type as well, with 

rodaticide being most effecfive foiiowed by grass and cuhivated bUaers respectively. 

1.3 Objaraivc 3: Ptovirlii~g Miaganent Smtcgr*ts fa Farcge hdùcem in Manitok 

The losses indicated in Objective 1 relate to yield done, and do not consider the e f f i  of 

machine dsmage, labour and forage quality losses. These r d %  as weii as the bunér 

findings wili be carrieci over to the Objective 3 disaission and used in the development of 

a management strategy. 



Chapter 5 

DISCUSSION AND OBSERVATIONS 

The focus of this chapter is to discuss the resdts of the yield and bder s t u k  in view of 

other hdmgs and personal observation Based on this discussion, a strategy will be 

devised to serve as a management tool for forage producers in Manitoba (Objective 3). 

This strategy wili dtimately encompass di predicted gopher-related losses and suggestions 

for effective aad ecouomical control options in Manitoba. 

5.1 Objective one: Tkr Irn- of the N d m  P d d  Gqher tm Arfdfu Yidd in 
Miuiitoba 

The redting yield losses in the three hamests may have occwed for a nimber of reasom. 

In this study, the combined effects of crop connimption by gophers, moud srnothering, 

and decreased quality of harvea are considered to be the largest contributors to M a  

yield loss. The foUoWiag discussion wiiI consider these reasons, as weii as the 

methodology UA, in an attempt to explain the total average yield loss (22.5%) and the 

Yield losses averaged 22.9% over tbree h s t  paiods and wae simiIar to the yield - 

damage caused by plah  pocket gophers on the US plains, as reporteci by Foster and 

Stubbendieck (1980). Luce a al. (1981), and Hegarty (1984). In these previous studies, 
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pocket gophas reduced fields nom 17 to 46 percent. Although the studies showed 

simüar r d t s ,  there is a considerable size dBeteace between the plains pocket gopher and 

the northern pocket gopher. The plains pocket gopher weigbs aimost twice that of a 

northern pocket gopher and Wrely rquires lower population d d e s  to produce the 

redts mentioned. 

Malfa supports the proMeration of gophers in Manitoba due ta its high nutrient and 

moisture content. Pocket eophers in Aiberta are hiown to consume th& own weight in 

alfalfa on a daily ba is  (Proulx pers. conmi 1994), suggesting that the losses in harvested 

ahEa field recordeci in this study may be partiaiiy attributed to aop consumption. 

However, it is the reduced growth due to srnothering by d l  mouds excavated by the 

northern pocket gopher that is likely responsible for the majority of damage seen on 

Manitoba alfalfa fields. As estimated in Case (1983), pocket gophers each may bring up 

to 1 130 kg of soi1 to the d a c e  anuually. Excess soi1 not only srnothers crops, but also 

makes it very difncult to hacvest the crop, as areas with heavy moud densities are 

bypassed, or cut at a higher lewl, to avoid contact between hims and soil. In a 

landowner opinion aimy, Deniset (1 994) found that producas considered machine 

darnage due to pocket gopher activities to be greater (43.6%) tbsn crop consumption 

(1  8.48%) and reduced harvest (29.38%)). 

Alfalfa yield bsses ranged fiom 18.2% in Harvests 2 and 3 to 27.8% in -est 1. In 

other -dies on pocket gopher damage, obvious causes fOr simüar yield losses were direct 
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consumption and buriai of vegetation. In studies by Case (1989) is was suwested that 

piam vigor is also affiécted by pocket gopher activay and can influence the cornpetive 

capabilities of alfalfEi. This was made evident by the lacger yieid decreases seen on 

irrigated alfaltà as compared to dryfand habitats (Case 1989). The fluctuating r d t s  in 

this midy m y  have been affecteci by a number of variables including: 

Trap &ktiveness within managed plots. 

Variable aMfb stand densities and productivity throughout the study p&od and 
between sampled plots. 

m Seasonal activity patterns ofthe northern pocket gopher and the 
timing of yield sample collection. 

As reported by Deniset (1994), trap efficiency on Manitoba M a  fields was estimated at 

44.25%. Consistent with these findings, maintainkg 1 Oû?? gopher-free status within 

managed plots proved diflieult. Prior to Hawest 1 (June 13, 1999, detennining 

successfiil trapping techniques and the most &ective traps to use, r w e d  some 

experimentation. Once it was established that certain techniques and traps were not as 

effective as others, they were discarded and replaced with more successnil desigas and 

methods. It may be that more pocket gophers succesdidly entered the manzlged plots at 

this tirne than during the pre-trapping periods in Hawests 2 ( J e  17,1995) and 3 (Jdy 1, 

1996). The alfhifà yields fiom the Harvest 1 managed plots may have ban bigher if - 

control techniques were more succesail. Thus, the 27.8% yield loss reponed in 

1 may have been somewhat understatecl. 



This variable may have played a smaiier role in Harvests 2 and 3. Trapping effiectiveness 

was higber, but the pocket gophers stiU migrateci across the b&er zones and produced 

mounds More h g  trapped out. For example, during the trapping period prior to 

Hamest 2, pocket gophers seemed to be more active than during the other harvests. Five 

of the managed plots experienced a large infestation of pocket gophers aad were 

subsequentiy eliminated nom the yield trials as it was felt that they did not represent a 

managed environmem. Cnddle (1930) found in southwestern Maaitoba that the northera 

pocket gopher went through periods of high and low activity throughout the spring, 

summer and f d  seasons. Peak activity pdods occmed in April and late August in 

Manitoba- Müla and Bond (1960) assessecl activity trends in Colorado populations, 

revealing ody one peak in late August. High incidences of d c e  mounds in this study 

seemed to coincide with the estimateci times of late postnatal are  and dispersai of young 

fiom the matenial burrow systern to independent territories OvetaU, any moud produced 

within the managed plots by an invading gopher decreased yields within the plots, which 

again suggests the understatement of average yield losses in ali Harvests for those 

managed plots that had had gophers in them for any period of time between sampling. 

There was a noticeable degree of variabiiity in the mmaged plot stand densities. In most 

cases, plots supporthg the greatest plant densities exhibiteci higha gopher activity. This 

increased activity was made evident by the number of mounds present on the plots at 
. 

study cornencement and the higher labour cornpunent required to keep these plots fiee 

of gophers during the study. Sina ail managed plots wae uscd in the yieid sampling 



during -est 1, areas of low, medium and high stand densities were di represented. This 

was not the case in Harvests 2 and 3, as severai of the higher density managed plots were 

not used in the anaiysis due to gopher re-invasi011, As can be seen in Figure 7, 

approximately one-halfof the mdomly selected control plots in Harvest 2 were 

concentrateci around high aifiHia density areas (Figure 1 I), whereas the managed plots 

representing these areas were not sampled. Eliminating yield me8SWements fiom plots that 

supporteci hi@ aifhh d d e s  caused the range of di&rence in yields between untreated 

and managed sites to deaease. hcorporation of these higher d&ty manageci plots could 

account for the larger range between manageci and untreated plot yields (. 18 kg/m2 vs. 

-13 kglmz respectively) in -est 1, and thus higher average yield decreases. 

The results of objective 1 determined that the yield losses associated with gopher 

consumption and damage averaged 229% over a total area of 1463m2 in three hamest 

periods, rejecting the null hypothesis that alfalfa yield is decreased due to the activîties of 

the northern pocket gopher in fields where they occur compared to fields where they do 

not. These losses were Wrely understated due to the methodology and study field used 

and fd below some studies stated previously- Pedorming tbis shidy on a new alfafa 

stand rnay have reduced the effécts of some variables. Minimtrm losses of 22-90? will 

provide information for forage producers in pocket gopha management decision-making. 

5.1.1. Re fating yieM larr to sign clénsiîy 

The resuiting numbers show no clear relationship betwan gopha sign dcnsity and yield 



Figure 11: Stiidy site: observai uas of bigb rlFJTi densitics 



losses in an alfalfa field. For example, Harvest 2 sampks (Table 8) were taken during a 

representing period of high sign density (0.32 sign/m2), howevei the associatecl yield 

losses (1 8.2%) were identical to those seen during a lower sign density paiod in W e s t  3 

(0.05 sign/m2). This suggests a more cornplex nlationsbip, one which shodd consider 

such variables as pocket gopher foraging stiategies, behaviour and the dynarnics of an 

alf ia stand. 

Table 8: The reiationship between riga dcisity and yidd loss 

HARVEST Sign Pcssitv (sigdW) 
: 

Bawest 1: June 13,1995 0.07 

The rate of pocket gopher invasion into a newiy established aifialfa field likely depends on 

it's proximity to other alfialfa stands with gophers. Isolated fields would experience 

slower rates of migration than fields sunoundeci by previously established stands. At any 

rate, the level of innial Ubéstation into an alfâik field wili Vary with each site. Being 

surrounded by older alfalfa stands, the study field showed the first indication of pocket 

gopher presence occuned almost immediately after the stand was established 

(VanderIboon 1995, pers. wmm.). 

For the purposes of fhher discussion, Table 9 outlines a briefhistory of the study field. 



Table 9: Fidd hWtorv 

I 1991 Wear 1) 1 Stand establishment. 

" 

11 1992 Wear 2) 1 Pocket gopha presence observed. 1 

YEAR 

II 1994 (Y tu  4) 1 Smdy commencement. Il 

FIELD STATUS 

1993 Wear 3) 

II 199s (Ycu 5) 1 Harvest 1 and 2 yield sampliag. 1 

Gopher activity managed by meaas of 
trapping. Approxhately 1200 gophers 
removed fiom the field. 

Andersen and MacMahon (1981) researched the dynamics of northern pocket gopher 

populations in Utah. Their hdings indicated, with the support of Vleck's (1979) work on 

fossorial bioenergetics, that population densities were correlateci with the below grouad 

density ofpdatable plant matter. Pocket gophers in forage fields have more spatialiy 

concentrated food resources, and thus have s d a  tenitories than other mammals 

(McNab 1963). Gettinger (1984) points out that territorial boundaries change very Linle 

fiom year to year in adult Tnomomys and the length ofburrows are significantly shorter in 

more productive habitats ( R e i c h  et al. 1982). Loose, porous soi1 conditions rquired 

for alfalfa growth are ais0 pr-ed for the tunnelLing actinties of Zbmomys (Runnels 

1988). These studies suggest that in an alfalfii field, tiLe the one under study, the - 

concentrations of perennial forbs rduce the energy costs incurred to the animal while 

foraging, dowing pocket gophers to aOst at veqr Ygh deLISities. Once densities reach the 

- - - - -  

1996 Wear 6) &est 3 yield sampling. 
Stand cultivateci. 



maximum lm1 food supply will permit, the soiitary animals space their b m w  systems 

(home ranges) by aggressk exclusion of others. 

At some point offa the initiaf influx ofpocket gophas into an alfauii field (Table 9: Year 

Z), temtories are established and the field will eventualiy nach a point of saturation. The 

rate at which this point is reached is k e l y  related to the position of the field with respect 

to other sources ofgopher recniits and food aippiy (as rnemioned pmiwsly). It is a 

dynamic equilibrium, balancing mortaiity due to age, disease and predators with 

recruitment due to reproduction and immigration, played out against stand history and 

weather patterns. 

Once a field becomes sahirsted with pocket gophers, it can be speculated that the 

dispersing youag of the year have linle &ect on alfa yield. hie to the lack of 

unoccupied temtories, juveniie gophers must migrate elsewhere to establish new burrow 

systems. This does not imply that temtories remin  static in size. Invasion of 

neighbouring systems that bave b a n  vacated occur~ rapidly (Tngies 1952, MilIer 1964) 

suggesting that individuais mus maintain a cenain awareness of each neighbour through 

sweülance dong territorial mar@ ( W i  1963). Interspccific aggression restricts 

juveniles fiom moving into occupied burrows, as pocket gophas are solitary in nature and 

aggressively defewl their territories. 

At study commencement Wear 4), the pocket gopha population in the field was 
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reboundhg riAa the intensive trapdut of  1200 gophers. The large number ofvacant 

burrows iikely encouraged the rapid reinvasion of dispening jweniles and other adults 

immigrating h m  mginai areas to more favourabIe sites. Looking to the cesults (Table 

8, Table 9), Year 5 marked the t-g of the nnt yield sampk perfomed during Hamest 1 

(June 13, 1995). niis was a 'pre-dispersai perd," as by most estimates yowig @et 

gophers remain under m a t d  a r e  umil approxi~mely 5 to 6 w& of age (Criddle 

1930, Wight 1930, Miller 1946, Deniset 1994). This may account for the relatively low 

average sign count (0.07 sign/m2) over ail untreated plots. W e s t  3 (July 1, 1996) also 

fds into this period of pre-dispersal, showhg an average sign count of 0.05 sipnlm2. This 

reasoning is consistent with the findings of Runnells (1985) who reports that the greater 

proportion of juveniles (Thonmys mipides) in a Saskatchewan population lave the 

materna1 bunow by the second week of July. Hmests 1 and 3 were very similar in t e m  

of total area sarnpled and timing of harvest as weil, howwer yield losses were greater in 

Harvest 1.  The Merences between average yield losses in the Harvests (27.8% and 

18.2%) may suggest that damages in yield plateau &er the stand reaches a specific gopher 

density (saturation point). Comparative yield losses on a younger alma stand may 

initiaily be greater (Harvest 1,27.8%) and then graduaily plateau (Hmests 2 and 3, 

18.2%) as the stand ages. This observation may also hply that after gopher removai in 

Year 3, the population took two yean to grow to a point of saturation. 

Assuming field saturation is met supportcd by the resuhs of the Hamm 2 yield mals. 

Samples were taken a f k  j u v d e  dispasai ( M y  17,1995) and showcd a higher sign 
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density (0.32 sign/m2). From this, the patent average yield decrease was expected to be 

greater than that of Hawests 1 a d  3; however, the resuhing loss was identical to Harvest 

3 (1 8.2%)). This may suggest that the jweniles left the study site in search ofu11occupied 
r+ 

territory, and the higher sign deasity was due to increased activity of the resident adults. 

Prior to this disperd, neonates are believed to ingest solid food at age 17 days in the 

matemal bmow and by 37 days are weaned and fadiiig independentiy (Andersen 1978). 

This initiai co~lsumption all uikes place in the matanal burrow, suggesting that the young 

use the existing burrow system to forage, producing mounds and other sign only when 

pushing up soil from the shorter lateral feeding N i n d s .  There is Iikely no major burrow 

construction at this the.  This was obsened in the small, concentratecl mounds seen 

during the Harvest 2 census count. For example, 15 of the 25 sign counts taken in plot SB 

(Appendix B) were srnaIl and concentratecl in a 4 m2 area of the plot, suggesting a lower 

impact on average yield. By 60 days, mutual intolerance neassitates separation 

(Andersen 1978, Runneils 1988, Deniset 1994), and the juveniles disperse. Since there 

was no observeci increase in yield loss during Harvest 2, the field may have been at 

saturation point, forcing the young to establîsh taritories outside the study site. in the 

process of disperd, momd formation may have incfeaseû initially (accou~~tkg for the 

larger sign deiisity), however not to a large enough cxtcnt to affect the field. 

In conclusion, the following suggestions have ban mrdt with respect to the relationship 

between gopher s i g  density and the rrsulting average a l f i  yield losses: 

Managcmcot S- fa  the Contmi ofNœthan Pacùet Gopks pr w ~ a m f o b a  69 



Sign d d e s  in Hawests 1 and 3 are indicative of a predisped pied for 
pocket gophers. 

Sign deasities in Harvest 2 suggest samples were taken duriag a post-dispasal 
pend. 

The rate at which a field becurnes saturated (reaches its highest density of 
gophers) depends on its location in relation to other gopher sourcesy stand density 
and soivwater conditions. 

Lower yield demeases observeci in -est 2 (with respect to the high sign count) 
suggest that the study site may have baa saturated with pocket gophers, forcing 
juvdes to leave the area in search of new territones. Once a field becornes 
saturated, juvenile dispersai has M e  & i  on a t f i  yield. 

Darnage in yield loss plateaus after the stand reaches a Specinc gopher density 
(saturation point). 

Intensive trap-ours (or the use of other control methods tbet remove large portions 
of the population) allow the rapid re-invasion of pocket gophers into alf" 
fields. Unoccupied burrows provide a ready made home forjwenile pocket 
gophers. 

Accurate linking of pocket gopher densities to particultir l d s  of yield loss can not be 

done at this tirne, howwer possible associations were discwsed. 

In summaryy yield losses in this study were caldatecl in tems of quantity in the math 

alone, and did not included losses due to machine damage, extra labour and forage quaiity 

losses. This measured yield loss is the nrst step in determining overd econornic losses, 

leading to more informecl choices of wntrol techniques. 



The rationale behind the establishment of a bufEer zone arowid H a  fields was to 

determine the d e s t ,  most &&ive zone ofdeterrence requked to kecp re-invading 

pocket gophers out of W a  stands. Sign (produced by re-hading gophers) wunts 

taken in bu&ied plots varied with both treatment and width. Although the buffers require 

Mer investigation to determine overd d f i e m e s s ,  the grassed 7.32 m wide and the 

rodenticide 7.32 m bu&n did show s o w  promise. These b&s resuhed in ody 9 and 5 

b s e r  breaches respectively, over a period of 41 days. Proubr's (1995) border control 

strategy, incorporating 20 m to 60 m strips of the edge of alfhb fields monitored and 

controlled by meam of trapping. was suc ces^ in intercepting 79% of the invading 

pocket gophers (ïkipides). In Alberta, this strategy proved to be more effective than 

any other control technique studied. 

With reference to the two most efféctive buffers in this study, we will discuss the 

practicality of a b u f k  zone in controhg pocket gopher re-invasion. 

A grasseci buffer strip around an alfiüni field is conjectwed to hction as a bker. due to 

the fact that >98% of the gopher's dia is forbs. Grass is d e d  in the zone to eliminate 

the potemial for soü erosion wbile providing no f d  for the gophas. 

- - 
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The 3 plots withui the grassed 7.32 m zone experiend a total of 9 breaches throughout 

the monitoring period. Randomiy positioned around two bigher density (5,18) and one 

(13) lower deiisty plots (Figure 11). this b& seerned somewhat &ective in keephg 

mound nurnbers down. Wth such a smali sample size for each treatment (3), the npid 

invasion of ody one plot in the sample wuld la nsuhs  completely. For this reamn, this 

study did not determine the &bctîveness of this b&er m e  with any degree of 

significance. 

Points to consider in detaminiag the practicality of a grassed strip in controUing pocket 

gopher re-invasion indude: 

( I )  loss cf harvesiable aIarfi due to buber esttMshment 

Idedly, b a e r  establishment should commeace during the fïrçi stand year and be 

maintaineci for stand duration, which averages approximately 6 years in MaDitoba 

(Entz et al. 1995). Each spring forage producen should trap out ali winter 

invaders within the field and monitor the b&er and field for the remainder of the 

season- 

For every hectare of a W a  on a field mounded by a 7.32 rn grassed buSer strip, 

0.05 ha will k incofporated in the grasd süip nsultiag in a somewhat lower 

harvest vaiue in the buffered areas. The costs of a grassed bu& snip are 

essentiaiiy the costs of g r a s  seedma plus labour in establishment. The total costs 

of contr01 over the Lifé of the stand depend on the number of mual harvests in-the 

6 year period. 



(2) potentiall ptob lems with germimïiion 

In this study, dry weather delayed seed germination, making &dent the obstacles 

afiiiiated wïth development- A lack of germination would basically Icave a 

cuhivated strip, leading to soii erosion and nutrient losses. As weii, additional 

seed and labour would be required to attempt more s u d  gaminetion 

52.1. Establithing a 7.32 m Rodenticide Buffer Strip 

Establishment of a rodmticide buEa strip wouici prove most & d v e  ifdeveloped at the 

time of seeding (any time pnor to initial infestation). This study administered two 

applications of rodenticide in the selected buffers, one in the fjrll (Gophacide@) pnor to 

monitoring and the second in the following s p ~ g  ( Q h t d ) .  The plots surromdeci by 

the 7.32 m rodenticide strips arhiited l e s  moud formations than m y  other zone. This 

could mggest that these zones were somewhat more effective in deterring gophers from 

the plot. With the lower sign count observed in the 3 rodenticide buffered plots, we wuld 

postulate that some gophers were k i k i  in thev attempts to cross the zone. 

Deteminhg the practicaiity o f  a 7.32 rn rodenticide strip in controlüng pocket gopher re- 

invasion depends on the following: 

(1) how many qpficutions are reqtîîred to keep the zone effective? 

(2) whaî prcdkct should be u s e d d  w h ?  

The research performed by Deniset (1994) on rodenticide ene*veness provided 

the bais  for the products chosen for the b&w trials. GopkciMP, a strychnine 

based poison, was found to be effective in nrll applications and Q u i n t d ,  
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containing cholecalcifèrol, was more d i v e  in spring applications due to its 

wata-cesistant qualïties. The costs ofa denticide strip wiii uitimateiy depend 

on the product used. The rodenticides used in tbis study represented both a 

higher-priad ( Q u m t d )  and Iowa- priced (Gophcidi )  product, allowing for 

a rational estimation of buffer establishment costs. 

B a d  on manufiacturers recommended application rates of 1.68 km for 

GophCrci&@ (S7.41fha) in the tàil and 3.36 kg/ha for Quiitto-S (S57-43ha) 

(Bo~tSoy 1995, pers. comm.) in the sprhg, the approxhate cost of 

treating a 7.32 m bufiêr is $0.37ha/year usiog Gophcide@. or S2.87Myear 

using QMntcd9. Once more, these costs do not include labour and machine wear 

(3) the alj&ia remuitts in the W e r ,  ths  t h  ts no los h peId 

This is benencial for savings in yield menue. howwer alfâb growth makes it 

dif6cult to detect fiesh mounding a* within the bder.  Grassexi and 

cdtivated strips allow for early rnound detection as the vegetation is less dense or 

absent. Monitoring the buffer throughout the season would likely take more t h e  

and be less accurate. 

5.2.2. Summary of Buffcr Zoie Effectiveness 

As with any method of pocket gopher control, the goal is to limit the degree of 

damage and subsequently maintain higher yklds in quantity and quality. The mount of 

W a  yieid saved by the establishment of a bu&r is unloown; however, based on the 

comparative yield reailts, it can be suggested that lowcr sign counts indicate bigher a l f ia  

yields. The amount of aop saved ushg these methods would obviously lower the costs 

associateci with b u f k  establishment. 



BuSers were rrsearched to detemine th& efftctiveness in slowing the invasion of pocket 

gophers h o  fields. AIthough the sîgn counts in the 7.32 m p s e d  and roddcide 

b&s were Iowa thaD those taken in the 0th bdered plots, we cannot make any 

definitive conclusions conaming the o v d  & î e n e s s  of a baer strip. The migration 

rates into these 7.32 m bufFered plots were not compareci to the rates seen in plots void of 

a buffer, during the same time of ycar. Further study is required to ver@ the &ectiveness 

of buffer strips as a pocket gopher control methoci. 

5.3 Objective 3: A prqiosed management slrategy fw dAe cmbd of nmtkem packet 
gophers 

AUàlfa is a perdal crop, planted in Manitoba for use as a forage. Average stand 

duration in the province is 6.5 years (Entz et al. 1995), during which the stand experiences 

fluctuating densities, peaking at year 2 to 3 (Mooney and J e e y  1994) and theD graduaiiy 

deciining- Pocket gopher populations foliow a similar trend in W a  fields: initial 

infestation, growth to peak capacity (aniration point), and finally population stability. A 

practical optimal strategy w d i  be based on the dynamics of both the alfalâi stand and the 

pocket gopher population over a 6 year tirne inteml (approxîmate average W a  stand 

duration in Manitoba). (Mooney and J&ey 1994) 

The results of the yield trials determiad that the average gopher-relateci yield loss on the 

shidy site was 22.9%, in the presence of 0.16 sien/m2. With refrnence to the yield 

discussion, the field unds study was considered to be at or nau the point of saturation 
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with pocket gophers. Applying these hdings (22.9!% avenge yield loss) to a standard 

average alfia& yield m e  fbc Manitoba (void of gopher damage) wiii aliow for the 

determination of gopher-relaieci Iosses over tirne. ûnce this is established, the wsts of 

various watrol techniques can be incorpomed imo the scenuio. In the absence of hard 

evidence, losses due to machine damage? kcreased laôour and lower quaüty will also be 

discussed, ailowing for a crude estimation of o v d  loss figures. These regiws can be 

used as management control guides for forage producers ruxoss the pmvince. 

5.3.1. Scenario One: Determining gopkr-rrlited lorsa in ~ a M "  yidd menue 

Successfully determuiiag the economic viability of a pocket gopher control technique 

requires an estimation of the cumulative gopher-related losses over the üfé of the stand. 

Using the resuits ofthe yield loss siudy and documented expected yields for slfjilfa in 

Manitoba (Mooney and Je- 1994), Figure 12 was deriveci. 

Based on a two-cut regime with no fertilller or irrigation, expected a M à  yields peak in 

years 2 and 3, gradudy declining as they approach year 5. The rate of initial pocket 

gopher invasion wül depend on several factors specitic to the field: location in relation to 

other ocnipied stands, soil type, and water conditions. In areas of bigh population 

densities, pocket gophers wili likely migrate imo the new stand during the first year of 

establishment. By the second W e s t  in year 1, the gopher-related losses may beoome 

evident, causing a decrease in total revenues. As the field reaches a point of saturation, 

observed in year 3 on the study field, losses kgin to plateau (dected in Harvests 2 and 3 



yield dSerentiaIs of 18.2%)- For esse in discussion, Figure 12 shows a constant 22.9@/. 

gopher-telated yiefd loss beginnllig at year 1.5 and continuhg to stand termination in year 

5. in a given forage field, actual alfiiltii yidd losses wiU fluctuate with the vcirying degree 

of pocket gopher actMty and density- As postulated in the yield Ioss discussion (Objective 

l), dispershg jweniies have essentially no on-going d i  on the yield in a satwated 

alfalfa field.. 

Tables 10 and 1 1 o d k e  the expected gopher-related yield losses in alfalni over a 5 year 

period when no gopher wntr01 meawes are undertaken. Accordhg to these average 

figures, the expected gophet-related Iosses are estimated at $36 1.65ha (S 1 74 1.1 0- 

$1 3 79.45) and m a i n  to yield dmeases ody. This figure can be considerd the lower 

endpoint on the range of "cost of no control" per hectare, over 5 years on a gopher- 

idesteci atfalfa field. If other costs were included (e i ,  machine damage, quality losses 

and labour), then costs and losses wodd increase. 

Table 10: Annuai returnslbcetarc of N' ' fa  in Manitoba, bued on a S year cyde 

YEAR - Average Revenue 



Figure 12: Avmge d f a a  yidds vs. gopba damigcd yidds ovcr a 5 y u r  stand 
duration 

4 

S 

TOTAL. 

*Manitoba expected alf& yields and prias based on an economic analysis by Mooney 
and J&ey (1994), Department of Agricuiturai Economics, University of Manitoba. 
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TOTAL: 

5.3.2. Scenario Two: The costs of rdminhte~g r  rodentkide 

Now that the value of cumulative gopher-related yield losses have been estimated, we can 

determine the practicality of admiaistering a control mahoci. Deniset's (1994) research 

on the effdveness of various rodenticides on alfalfa fields wiil provide the information 

aecessary for this scenario. Deniset (1994) recommended that Q u r i i f d  was the 

product of choice for s p ~ g  applications and Gophaci&@ was most & i v e  in the fd. 

There were no conclusions made on the timing or &guency of rodenticide aeatments in 

&alfa fields, however, this scenario win admiaister one annuai aiurnent of either 

Gophcide@ in the fkü or Q u i n t d  in the *ria& at the manufàcturer's recommended 

application rates. Both tmtments were &&ive in lowerhg pocket gopha numbas 

immediately d e r  application, although gopha aumbeis increased pst-treatment. Tbis is 
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Figure 13: Tbe dtcets of rodenticidt tirritment oa Malfa field 

illustrateci in Figure 13, with the rise in dàEa yield der  treament foilowed by a gradua1 

decline as populations buiid up again. Figure 13 shows the commencement of rreatment 

in year one, aAn the fint barvest, and continuing umil stand termination. Depending on 



personai choice and the degree of infestation in the fields, forage producers may choose 

dinerent treatment r w e s  (Appendsr E) with respect to timing and Eiequency of  

application. With rderemce to Figure 13, the costs ofapplying a rodenticide control are 

estimated as foiiows: 

Table 12: The cos& of a p p b g  8 denticide ovtr r S vea 
1 1 

Refer to Appendix E for prices. 

Table 12 provides an estimation of the wsts of applying rodenticides to an stand. 

The resdting cost of either S229.7Uba (Quimoxa) or S29.64nia (Gophacide@) over the 

five year period is lem than the overd yidd loss of $361 5 5 %  however treatment daes not 

eiiminate d gophers. Pocket gopher populations also rcbound somewhat between 

treatments, addiag an undetemhed yidd 10s. These resulting cosîs of rodenticide 

h h q a x n t  S h t q k s  fm the Cmtrd ofNartbar Packet û q k s  (TliUrnomys kIp0de.s.) in AgmUanitotxa 81 



treatment do not Uiclude machine r d  and labour. These unknown additionai costs, 

however, may be lowered when the savings in yield due to the reduction of gopher- 

related darnages are considemi. 

5.3.3. Scenario Tb=: The costs of  ciiltivating Ut stand 

Finaiiy, let us consider ailàvathg the stand every three years as a method of control. 

According to Entz et al. (1995). tfiis procedure may benefit not only in destroying 

pocket gopher populations, but also in providing optimum nirrogen accumulation and 

enhanced weed suppression. This sceriano assumes immediate reestablishment of the 

stand d e r  termination, with no crop rotation or cornpanion crops. Once more, initial 

gopher-related losses begin between the first aad second hanrests in year 1 and continue 

to year 3, at which point the stand is terminateci after the second cut. According to the 

assumptions in the first scenario, the stand is cultivated at or just prior to the pocket 

gopher saturation point. 

Table 13: Net menues over fwe yuis incorpomting matablishment as a control 
method 
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TOTAL: 
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Figure 14: Yidd losses occurrliig in rttod mrt.büs&ment 



The costs asmciated with reetaôlisbg a stand, $527.1 S b  ($1 74 1.10 - S 1 2 13-92), 

exceed those of the 0th- suggested controt techniques ova the 5 year stand duration. 

The estimated losSrna ($74.10) incorporated the costs of herbicide treatment, M a  Sad, 

labour and operathg costs (Bruneau pers. comm 1996). Once more, the costs of re- 

establishg the stand may fluctuate 4th  the prcxiucer. 

5.3.4. Deteminhg machine dimage losses 

One of the Wations of this study was acquiriag acwate  remrds ofmacbine damage 

costs incwed by producers on gopher-infésted fields. A method to accurately determine 

the degree of machine damage caused by pocket gopher active would be to compare the 

hancial records of forage producers in infesteci areas with those in gopher-fke localities. 

Farm hancial records wntain personal information that forage producers do not readily 

make public, and financiai records are not always accurately recorded, thus, this 

methodology may prove diflicuit. 

The Ste. Claude Pocket Gopher Coatroi Association (Midtoba), through consultation 

with its alfalfa producing members, wss able to provide an estimation of the extra (over 

and above typical machine wsts) costs put h o  machinery used on gopher-infesteci fields. 

These figures are not baseâ on hard data, but do provide insight for disaission and 

further study as 43.6% of forage producers consider machine damsge to be the gnatek 

loss associated with pocket gopher activity in Manitoba (Denket 1994). 



Bruneau (19%) cstimates $12-35hectare as the cost of machine damage due to pocket 

gophers annuaüy- Conditionas and m e r s  endure the most damage. Knives on the 

swathers duil far more qyickly due to mound formatons and have to be replaced twice as 

often at a cost of $200.00 per set, phis labour. 

Based on the yield losses recorded on the study site and the pocket gopher sign densities 

responsible for these losses, the three previous scenarios outline the cumulative costs 

associated with leaving the stand untreated, applying a rodenticîde, and re-establishhg 

the stand wery 3 years, over a period of 5 years. 

Table 14: The cos@ of managemeot options 

As mentioned, these wsts did not include machine damage, mil aosioa, quality losses, or 

. 
SCENARIO 

1 

1. NO CONTROL 

2. APPLYING A RODENTlCIDE 
ANNUALLY 

1 

3. RE-ESTABLISHING THE STAND 
EVERY 3 YEARS 

producer hstration. Detaniining the degree of yield l o s  per gopher (or gopher sign) 

COSTJHA (yiu) OVER STAlYD LlFE 
(5 -4 
36 1.65 

I 

229.72 (Quintoxb) 
29.64 (Gophacide@ 

527.18 

cannot be accurately estimated until a more satisfàctory census method is dweloped. 



Specific to the study site, yield losses in the presence of an average gopher sign of 0.16 

sign/mz, were S36 1 - 6 S h  annuaiiy over the life of the stand. This loss figure incorporates 

the cumulative e&cts ofpocket gopher damege on yield, as wdl as the dynamïcs of the 

aifialfa stand. 

Based on Table 14, applying rodenticide treatment to the field proved to be an 

economicaliy viable option on the snidy site- Costs may change on fields where gopher 

sign densities differ fiom our study site. Raestablishing the stand in year 3, on the other 

hand, coas forage producers even more than admïnistering "no cont~ol,'' as weM as 

increased soii erosion. This suggests tbat stand cultivation wouid not be a wise 

management choice. 

These suggestions, specific to the degree of damage on the study site, should provide 

famiers with a strategy to choose control options based on individual estimated gopher 

sign densities 



Chapter 6 

Summaty and Conclusions 

Investigating some of the wsts associated with pocket gopber eaMty and the practjcality 

of various control methods bas uncovered some interesthg conclusïoas with regard to 

gopher management strategies and the necd for mer research. 

Objedve 1 

Objective 1 set out to determine the reduction in aEW yield due to pocket gopher 

activity (consumption and damage), and whder this loss was economidy significant- 

Malfa plots maasged by means oftrappïng were sampled during thne harvest periods 

and compared to plots not managed b r  gophers. The resuhs indicated a 22.P! average 

yield decrease over the three hawests. This loss, due to pocket gopher coasumption and 

damage, should be considered economicdly s i g n i f i ~ .  Census counts were pefiormed 

on the untreated control plots to deteniiine the gopher density responsiile for the yield 

losses. Mounds and earth plugs on the untreated plots were flattenexi and left for 48 

hours. Upon returning to the plots, aii fiesh sign were wmed  and recordecl. S ig-  

counts over ail untreated alfdfi plots averagd O. 16 sign/m2. 

Objedive 2 

The results of the dectiveness of the bufSer zones in dowing the reinvasion rate of 

pocket gophen into aifkkfk fields as tested are UicoucIusive at this the .  Effktkeness 



was determined by monitoring bu&red plots for signs of gopher presence fier initial 

populations wae removed. B u S i  paformance was statistically anaiysed in relation to 

one another, resulting in no signiacanî diffaence between buffh types, widths or 

interactions of both. Tbis suggested that, under companble conditions, the buffers 

would perform at similsr levels of efiiciency. Of l aeatmeats and widths, the grassed 

7.32 m and the rodenticide 7.32 m wide b&s seemed rnost effiective in keephg gopher 

sign at a minimum. It is h o w n ,  however, ifthese two bu&r types significantly slowed 

the migration of pocket gophers into the plots, as no control plots were nin for 

comparative purposes. 

Objective 3 

Developing and promoting the use of a management sttategy for the wntrol of northern 

pocket gophers in forage crops was the primary objective of the project. Yeld losses 

redting fiom gopher-related damage on &alfa fields provideci some of the economic 

information required to develop a strategy to assist fànners in making wund management 

decisions. Applying these findhgs (22.9?4 yield loss) to a standard aveiage alfalfa yield 

curve ailowed for the daennination of gopher-celated losses over stand duration. 

Various wntrol techiques aad tbek associated wsts con be incorporateci hto this 

scenario, assisting producers in making sound management decîsions throughout the 

varying stages of stand dewlopmnt. 



Chapter 7 

Recommendadions 

The suggested strategy shouid be made active by forage producers to assist in 

making more informeci pocket gopher coarol decisions 

b Consultation with neighbouring producers and the municipaüty to discuss forage 

stand establishment schedules and long-term goals may assist in preventing large 

contiguous sources of gophers, Le., monocultures of &àEa forage production. 

Adjacency of hvourable habitat inevitably wntriiutes to rapid infestations and high 

pocket gopher densities, increasing yield losses and meking management more difncuit 

and costly. Making the "ideal" habitat less avaiiable and thus reducing source 

populations may be one management tool. 

b The yield trials provided the pretiniinary determination of the effects of pocket 

gopher activities on alfblfk yield. In order to present a more accurate account of actual 

yieid losses, it would be beneficial to shidy the progression of an alfalf'â field fiom stand 

establishment and document the losses over time as the gopher densities increase and 

stand deasity/produCtivity decreases. This would incorporaîe the cumulative efFécts of 

stand dynamics and gopher population dyaamics and actMty patterns over tiw. 

b As tested, the results of the e f f i e n e s s  of a buffa strip in slowhg the re- 
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invasion rate of pocket gophers iato alnilni fields were inconclusive and require fûrther 

research on their design and eff ieness.  

b The benefits of shorter alfalfa stand duratioru, and aitemative cropping, shouid be 

investigated that may have side bene& wntroiling gopher populations in alf8lfii stands. 

Much of the idionnation wiiectd on costs d a t e d  with pocket gopher 

activities has been observationai or estimateci. These resuits require support fiom data 

generated h m  m e r  empirical studies. Accurate accounts of losses to machinery, 

decreased a l l i a  qualay, and soil/water erosion shouid be compüed to aid ia more 

accurate determination of the total overail losses associatecl with pocket gopher damage. 

This will assist in fùrther management strategies. 

The establishment of an easy. accurate census method for pocket gophers in 

Manitoba, and the determination of home ranges. wouid greatiy bmefit forage 

producers. 

Premature cultivation of the stand as a meam of pocket gopher control should be 

re-considered by forage producas as it is the most costly contrd method and it 

contributes to soi1 erosion. 
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NPENDIX A: fIARVEST 1 DATA 





APPENDIX B: HARVEST 2 DATA 

JULY 1&20,199S 
YIELD: MAlYAGED PLOTS 

Totû m m  u i i p W  396d w c t  13 p b  





APPEM)IX C: HARVEST 3 DATA 

JüLY 1,1996 
YIELD. MANACED PLOTS 

T d  uu mmpkd: 31- ovrr 17 p h .  



PbtNmmbr CuoCaiC WMAHhUk m m  AlIiliYidd 
C d  PM cdgidlet) -1 -1 (l%h3 
30.42W) 

7A 3 11.90 3.89 O. 13 

4A 4 6.40 2.34 0.08 

4B 1 1330 3.89 O. 13 

SC 2 7.20 5.20 O. 17 

6C 2 4.40 3.69 O. 12 

7C 7 5.60 4.79 O. 16 

8C 4 3.40 3.37 0.1 1 

11C O 7.00 2.52 0.08 

3D O 1.60 O14 0.0 1 

4F O 2-00 _ 1.53 0.05 

13E O 2.60 1.87 0.06 

2F O 3 -00 - 1.81 0.06 

SF 1 2.60 2.03 0.07 

7F O 3 -70 2.90 0.10 

2G 1 4.40 1.73 0.06 

6G O 6.20 , 3.89 0.13 

136 O 2.90 1.31 0.04 

Total: 25 &B 518m' 47.00 0.09 k @ d  
( .Os signlrn9 



APPENDIX D: BREACH OF BUFFER DATA 

Gmaed Bdlir Zmes 

1) G r d  3.66m Biiner Zcmes 

2) Grassed 7.32m B&er Zones 



Rodentichk T d  BPiltr Zoaci 

1) Rodenticide 3.66m Brrner Zones 

2)  Rodenticide 7.32m M e r  Zones 



HIGH 

HIGH 

HIGH 

HIGH Trap of choia in 
Alberta, unknown m 
Manitoba 

unknown in Manitoba 

More succcssfiil in 
spring 8ppIicab-OQS 
duc tû Waua-tcsistSit 
qualitics @eaisct 
1994). 



méctivt in 
applicasicms@cniset 
1994). 
rn RE-INVASION 
WlLLOCCUR 

Succes secn in fd 

apphcaticms 

rn RE-INVASION 
WILLOCCUR 

** refer to Table 3 f& distribatcm 




