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Northern Po~ket Gopher 
Thom(mays wlpoicles 
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De$Cription.-The northern pocket gopher is a Tnther 5rnall, :;tocky 
animo!, its architecrure suirini it~ ec.ologicnl cole a~ ll bioi<Jgicalexcava· 
tion service. Total length is 200 to 230 mm and the sparsely-haired tail 
is 50 to 70 mm long. Adulrs weigh about 120 ro ISO grams. M11les lite 
somewhat larger than females, especially in cranial dimensiom. In our 
arE~, northern poc.ket gophcn are browni.,h in r.olor, grayi~h to medium 
brown on the Eastr..·m Slope and darker brown to nearly hlHt:k west 
of rhr Continental Divide. The unde[l:artS and tall arc paler in color 
than ili the back anJ thcv are more sparsely furred. The most distinc
tive feature of the animal$ is their large, yellowi~h-orangl· incisors, always 
in view becauk the: lips dose behind them. The cheekpouches cpen 
externAlly, rather than Into the mouth cavity, a11d they ore lined wirh 
fur. The limbs arc short and pov:erful and the forelhnbs lm' strongly 
clawed. Fic:ld Rt-co8"'icion.-Modctate size, short tail; exposed incisors; 
shallow burrows tnatkcd with ridge of earth, and with compicuous 
entrance mound,. 

Distribution an.d Habitat. --The northern pocket gopher is ;1 mammal 
of the Mountain West and the Northern Great Plains. In Colorado thb 
is rnostlv an animal of the mountains; other !lpecie~ of pocket gophen 
inhabit westem vAlleys and the eascrrn plains .. Nonhern pocket gopher~:> 
occur th.roughout Rocky Mountllir. National Parl in open situations 
witn well-drained soils. Pocket gopher~ inhabit all open hahlrRr..rypc.~~ 
in the Park, but rench greatesr abundance in meadows, where perennial 
(orb:s provide D rich food supplv. In ranchlands adjacent ro rhe Park, 
hayfield! are ftr/on:d habitat. l'o..~ket ;:o-phcrs also occur in gras5y parh 
and Ahl.we timberline. Their burrows art! l'onspicuous in the a.lpinc 
tundra abn2 Trail Ridge Road. 

Natural Histl~/· ·-Northern pocket gophers, known simply as "sophers" 
or sometimes as "m~lcs" (quite incorrect!~·, lx"Cause moles ;:art. itl$fO:C.ti
vore~ and do ncot occur in the mountains of Colorado), urc the most 
highly evnlllt~d hmrowers in our local (;u,ma. Only rarely lire they seen 
above ground. The externtil cer~ and the eyes an: greatly reduced, 
further adaptations to their digging behavior. Seemingly, no soU is too 
rocky, or hard, -.•r shallow for them. J have seen evidence ._,f !!ophc1s 
burrowini beneath the thin 5uhalpinc sod covrring a larj!c, flat rode. 
The scil-probably trapped from the wind by pioneer plam~-wRS h·~li 
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than 3 em deep. The sopher ~imply pushed its way alon,;: between rock 
and 3od, leaving an arch of turf overhead. As satisfactorv a burrow 
might have been built between a livingroom floor and a carpet; the 
effect was mU(:h tht. 'arne. n~ lips puree behind the [ncillors, so the 
mouth can be dosed while rocks and :;oil are cal'fit:d with thl! teeth. 
The burrow system of a pocket gopher may be over 150 meters in length, 
usually from 10 to 45 em below the surface. Thi& repr~:Scnts the 
excavation of nearly .3 tons of soil. Side tunnels 11nd chDmbers are filled. 
with food or feceli ur are used br ne5ting. Excess $Oil i& thrown out 
in characteristic )OO;Se mounds. Onlv rarely docs one find an obvious 
entrance, hKausc openings are plugged when not: in lt:;c. Abondoned 
burroWl! are ptL~mpted hy a varieoty of animals, including other rodents, 
~nlamandcra, m;.~:Js, snakes, an,J insetts. 

The diet consists exc:ht~ivclv of plant materiaL During the '!)ring tmd 
,;ummer, foliaae and stems are eaten, (orbs more than graS!;eo. Vegeta· 
tion 16 clippcu at night from around the mound, and it mAy be stored 
In subtcmmeon chamben. During the wint<.-r, the •mim~. subsib"t largely 
on root6, hulos, or rubers. Some foraging ot·.cut5 above grous\d iu snow 
tunnels, either on the surface of the soil, or in rh~ srwwpock itself. ln 
spring, C'ltlit t:h;;.mbers may be built high in the snowpack, because 
tunnels in the ground are saturated with melt·warer. Snow tunnels are 
packed with wil brought up from below ground. After snowmelt in 
!>pring, these &ittuous winter C.16tt (sometimes calied "gopher garlands" 
or "eskers")- which are 5 to 10 em aero~ and mav be several mctt•r:; 
in length -are conspkuous fearures of the mountain Lands~:ape. Th~ir 
presence supprl!sses the growth of some pbm species and thus influ
ence.:~! plant succc:~iun. 

Badgen and coyore~ <~xcavare pocket i4)phcrs and prey on them. 
Weasels all«) capture some and owls take a toll, especi;:tlly dispersin(! 
young, which tend co mow above ground. Tkk:;, mites, lice, and fleas 
;:~ffect poclcet aophcrs as they dCl rnost mammals. l:::ndopaTasitC$ include 
both nlvndworms and ntttworms. 

Under good condition.~, populati<.Jns rnav reach dr.n~itics o£ 50 cr more 
individuals per hectare (20 per acre). The soil in such situation~ mav 
be so completely undermined rhar it gives away underfoot. Often it 
is impl)t;6iblc to say where one burrow Rtops ami the next hegina. 
although underground there iE little or no ()Vt~rlap between ~JJjat:cnt 
gophers. Or1 rangelands and in ('Uitivatcd areas, e.~peda!ly whcrt natural 
predators have been limited by humans, pccket guphcn may he 5ig-
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nificant pest&. Their mound~ damage mowing equipment and liwstod: 
can be injured hy ~teppins into burrows. Sometimes gophcn burruw 
through ditchbanks, giving the rancher unsolicited ar.t:istanc~ with the 
irriearion program. However, they are vc:rv important asents in the soil
building process. Forrunatcly, pocket gophers (and all other wildlife) ha\lc free n:in in tht- National Park Lu perform their unique rol~ in 
the continual evolution of ecmystems. 

Adult pocket llOPhers breed in rhe sprill.l!, bc~inning as yearllng!. 
Manng occul'$ In April or May and three to ten (average, four to ~i:x) 
young an~ born in April or June. A single littet is produced each year. 
The young mature rapidly nnd arc above ground <t~ c~trly a~ late June. 
From July to September the young lellve rhc maternal burrow to establish residence on their own. 

St:lwd Re:Jerencr.s.-Hansen i1960); Hon~en and Ward (1966). 

F AMIL. y CASTO RID~- 8'EAVfK5 

There arc two living specie!; uf beaven, comprising o smgle Holarctic 
genus <CastM). The family i5 less diverse tnday than it once was: 14 
eJo:tim:t genera are known as fos~ils. 

Beaver 
Ca.swr canad~·mi~ 

Df.'ii.TiPtion.-The beaver i~ the l.<ttRcst rodent in Rocky Mountait) No.· 
rinmtl Park. and indeed, the l:m~esr in Nort.~ Anwric:a norrh of Panama. Adults are about a llictcr in tl~tallength, of which the broad, tl:tc tail 
comprise~ abour Olle-third. Large old rnnles may wei~h nvcr 25 l::ilo· 
gram~. The animals are a rich brownish color above, paling somewhac 
to golden brown bo:ucach. The dense underfur is g.-ayi.~h brown. The 
scaly, nearly ll>ik~ tail and feet ~<re blod ... Fidei Rec-ognition.- Lar"e sire, 
flat roil; sign: datn:~, lodges, waterw11ys, gno~~wcd tree ~rumps. 

Distribution arul Hahira c.-The ~aver ranges thtO'Jihout most of North Amerka north of M~xico, except for pllrt15 of the Arctic Slope, thc 
D~ Southwest, and ptninl5ular }1urida. Th1s i5 a familiar tnammal 
throughout Rocky Moumain N~trional PHrk, wheffvcr ~rma1'~'nt 
stre11tns of tnoderate grade provide IIU!table habitat. 

N<.ltural Hi.seory. -Certainly the beaver is among our mo~t f;uniliar and 
ru~cinotillg naliVI" Inllffilllllb. The fur irnde, \\'ith the beaver ~IS ll main
~tlly, wa~ rc'$pona;ible for the earh• exploration of much of Nvnh America. 
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MAPPING POCK!T GOPHER BURROW SYSTEMS WITH 
EXPANDING POLYURETHANE FOAM 

MARK FliL THAU6EA and DAVID ~ciNROY. Grgu;) LS-3, MS.UDS. los Ai..,._ Nltionll Lllbcratcry, Lo, AJ.mo~. NM 17546. 

Previous studies of small-mammal bur
row syr~tem configurations have bef:ln based 
primarily Oil meaSUrt~mentS of ground
o;urface soil casts (Reid et ol. 1066, Richens 
1966, Hansen and Morris 1968, Gunclt~r· 
son HJ76, Vlcek 1981). Howc"¥er, surface 
indications of burrow .~vstem dimensions 
are not adequate when. precise datu a.re 
needMd on burrow physiognomy. 

The impetus for this .study aroSI:! from 
the ueed to isolate buried ch~mical and 
radioactive waste from burrowing ~ni· 
rnals. ln a study of barrier ruaterial:s that 
inhibit burrowing by pm~ht gophers 
( Thomornus SJ>p.) into waste rnaterir.l, it 
was lle.cessary to map tunnel systems us a 
function uf depth 1111d soil type. We want
ed a mcthcld nf mapping burrow t;ystf!ms 
that would be e(~nnomical, portable, use
ful ln a variety of soil types, and give uc~ 
curate, IX"rllllluent rt>cords nf burrow c·o>n· 

J. WiJcll. Manage. 47(2):19&'3 

figumtions. This paper d~scribcs a method 
fur injecting an expanding pnlyurelhane 
foam to tnap burrow systems in situ. 

INJECTION APPARATUS 
The device used lo rnap burrow system.s 

was developed for injecting insulating 
fol\m into dosed building ~pa.c~ (FiK. J). 
The foam is initially in 2 compone11ts: an 
isocyanate and a resin. Frt!on added to 
these componeuts cause£ the foarn to ex
pand when rni.x.cd and eAIJUiif:l(i to air. 
Pressurized nitrng~n is used to force tnc 2 
components into a gun ss.sem bJy where 
mixing takes plat.'t'. The rflsulting fuam is 
cxpdled in a stream that, depending upon 
the nitro~f!n prtls.'mrc, c11n travd several 
maters in air . .Nitr,Jgtm prcssur~ nf about nO p.s.l. pmducc.d good results when map
pillg cxttmsive burrow syslems. The resl
nuc rcmainiug in the g,wl after an lu~
tion is flusht!rl from the no;a:le with a 
rnethyleu~ chloriJ~ solvcnl. Each com
poueut t.ml: bolus fi7.;':i kg "f chemical. J\ 
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SHORT COMMUNICATIONS 

Flg. 1. APPIFI'Iull uaal to ln}ec:l 1oam tnlo poockltt gophar bl.lrrcw ayttemc. The 1.11'111 we~ ctaceCIIn & truck tor tranapart to fi810 sites. 

yield of 9-18m3 of foam wsultli from 1-35 
kg uf the 2 che-micals. Yield varies with 
tempt.--raturc. aLrnusphcric pres_mre. and 
restrictions placed o)u the exp:nn<ling fL,am 
(e.g., si:~:e and shape of the bun-ow). \-Vheu 
we used Lht! foaming apparatus, lht! urn· 
bient uir tempt~rature was between 10 and 
32 C. Goutl results wflre obtained within 
this l~·rnperatur~ range. BC:K:uu:;e l!Oi! km
peraturcs vary less tlaan nir tcmfw.ratures, 
quality foam ca.sts L"m.Jid probably f)(': made 
in (~onsith:rably c:·older und warrn~r nbovc·
ground (!Oilditions thau wt• tt~llted. 

The enhre upparalu.~ WA~ mounted on 
a metal curt and weight'!'(l about 450 kg. 
A forklift was rt~•Iuirt':d to lift th~ assembly 
iuto a trud .. l'n •n•odmiz!~ <Wt~e~:sil>j)jtv t11 
fif'ld silt•s, a 4-,~Yh~l-drivc vchide was t~SC\l 
to transport tln~ apparalu~. 

The foam cornponcnls aud c~leaning sol
vent nrc pot~ntially hazardous H contact· 

ed by skin ur eyes. Therefore, safety gog
gle!i, ~loves, und protective clothing mtiSt 
be worn during the injection process. 

FIELD TESTING 
The foom UljediorJ apparatus was tested 

uncif!r R v:Hiety of natura 1 and ~xperinH~n
tal conditions invnlving sevtlral soil type~. 
fi'ifteen pocket goph~r tunnel systems oc
(!Urring under nulunll conditions were in
jecterl with foam to detenninc applic!abil
ity of the tedUliqu~ to different soil types. 
Tunnel systems were ~xamined in a sandy 
alluvium, a sandy-loam disturbed by 
lu~avy equipment, an UJHlisturbed .sandy
loam, and a grav~l. 

The apparatus also wa.~ tcsteJ in 4 dif
fe-rent soil profiles (60 em of top soil over 
bentonite clay, crushed tuff ta sandy.loam], 
gravt:l, m· cobble!-~nlvel) in 4 metal cul
vflrt~ (1.8 m diam, 2.1 m ht). One! po~kct 
goplaf'lr was placed in each (:ulvert: the go· 
phers were maintained for 4 months and 
then removed. The bunow system that 
had been constructed by each gopher w1u 
then injected with foam. Under natural 
(~cmditions no gophers were trapped in Lhe 
foo.n1 (~ast. We assumed that our distur
bance on the surface caused them to lea Vfl 
thejr burrows or to retr~:~at to a tunnel end 
and plug the pa5Sagc with 5oil. 
Th~ injection pw'~~urc tl1at provided 

t·he best results consisted of attaching a 
2.5-cm-cliamelcr Lygon hose, about 45 ern 
long, to the gun nozzle. Tunnt-1 sylltcms 
thai w~r,., observed tu branch near the en
trance point were injected separately lo 
hell it ate flllhll( of aH burrows. After in· 
st~rtl11g the h<>l'if! into 811 entrance, .soil was 
tr...rnped um\•nd the hose and entranr.c to 
prtlvent b.ad-.Oow nf the- foam. foaming 
of the tunnfll ~ystcm was c<mtiJ1lJL"<l uutiJ 
back-tlow o.- fuaw ~ruptions at TemoLe 
tunnrl r·nt n\rlt'l•s prevrntod furthor flow. 

After the fo:1m was injected, it expand
~Hd illlo an ~xact cast of the tunnel system 

J. Wildl. Mmage. 47(2):1983 
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and hardened in abo\lt 15 minuteN. The 
foam was thP.n excavuted manually with 
a shovel and trowel. Four to 8 man-hours 
were nOlq uired to inject, excavate, and 
reassemble each tunnel svsttml. Occ.asion
ally, a tunn~l cast cou1d ~ r~movoo intact, 
although breakage of a cast OC(.'IJrred fre
quf!ntly. Drokeu cast~ were easily rcassem· 
bled on the ground surface (using wire 
nxb for suppmt) tu pruviJc a 3-dhnen· 
sional model of the tunnel sy$t~m. 

The maximum len~th uf u single branch 
of a burrow mapped by the foaming tech
niqut! was J.') m. The maximum volume 
of an iujeclcd burrow sysle m was 0. 15 m" 
(10 r.m ni::~m X 19.1 m total leugth): the 
muxJmum depth of a burrow, ns meusured 
by th~ fnam t:ast, W'lS 1.5 m. 

Factors that limited the amount of tun
nel ~y~em that was map~ by u bingle 
injedil)n included (1) a plugged tunnel re
sultinJ; hom a cave-in or frum the digging 
by a gopher. and (2) increased viscosity of 
the fo:.~m us the ~XIJCinUiug and luudcuing 
pr(•.:.-.ess began. Excavation of the: ca.,t 
started at t~ turuat!l tmlr<mce and pro
ceeded along the path of the foam. When 
an end of a tunnel casl was cncow1tcrcd, 
the surrounding soll was el\cavated to de
tF.rminP. if the folfm had Tt!ached o shotl 
snil plu~ot or a tunnel end. Continuations 
of tunnel systems beyond the cast wt~re 
ulapped by re-injecting the remaining 
tunnel with fnom. ()pP.r.nting t!Xperienc~ 
5\lgj.(~liled Lhat a continuing tunnel system 
should be re-injected as socm as possible lo 
rt!duce tunnel cave-ins that would prevent 
further mappin~. 

Tl1c pcrfoa·mance of the foaming ap
paratus in ct·cating tunnel cast!! in all soil 
typeo; tm.'t!pl those containing rocks was 
excellent a~ jud."ed by the tlase of tunnel
cast excavation and rcasstlmhly. The tech
niqut! did nul ptltfonn well in gnwcl or 
cobble-gravel soil types because the rt!l
alivdy large pore spactl.'ll ~lt!twat!n tbt~ mch 
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Ag. 2. Foem out~ • packet gopher burrow in a natural, 
l8fldy atNitll toil Tl'l8 bulltlle In the upper ~ is from DAcll
lklw .. 1he lnillction point. 8101'11011 Chambers cll'l be -n ar 
tile bend in the 1ongeet bt'ar'd'l. The lorveet btanel'\ II llf)()ut 
8 m long. 

filled with foam (regardless of nitro~en 
pres.,ure). Thus, the exact dimensions of 
the pocket goph~r Lurrows wt~re ub
scured. 

Burrow syslmll!> in surface soiL sandy 
soil, and sandy·lnam wert! L~ompletely 
map~d in 3 dimcnsious by the foaUJ. All 
features of the burrow~ were tlJlparent 
from the t!ast, indudlng fooc!·5tora~e and 
ntlsl chambers (Fig. 2) .-

DISCUSSION 

The poly nrf'tlumP. fnam i ujccUon tech
nique provided a relatively t~asy, accurate 
method of mapping pocket ~uphcr bur
row systems. Ft~atures of the burrow!i that 
were reudilv identified or ml!a!lurec.l in
dudtld tlu: i1mgllJ, dl·ptli. ;1'10 voh.HIH' of 
the tunnel system as well ilS food-stnraKC 
aud nest chambers. 
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May 1982 price; for a gun, hoses. sol
vent tank, and pressure valves totaled 
about $2,000.00 (available from Olin 
Cherni('als, 120 Long Ridge Road, Stam
ford, CT 06904). Two fuH 67.5~kg tanks 
t-'OSt an additional $~~-On (also from Olin). 
About 6 rns of nitrogen is a.mple for 135 
Jcg of foam and can be ohtained locally 
for less than $20.00. A full set of tanks 
could map 60-120 burrow systems. 

The unit we used wa.<> the smallest of its 
kind available from the commercial Ioana 
industry. Smaller units arc rnAnufactured 
that are self-pres.suri;a~d, solvent-less, and 
disposablt:~ (available from Foam Craft 
Inc., P.O. Box 15.246, &rasota, FL 33579). 
Three si~es are a vail able wcighinl( l, 17, 
and 30 kg t'.ach. Foam yields {under ideal 
conditions, 11.ccording to Foam Craft) are 
0.0.24, 0.45, and 1.5 m3, with May 1982 
prices of $22.2.5, $2&'3.00, and $583.00, re
spediv~ly. 

These small, di,posable units are con
siderably more portable than the reusable 
system used lrl this study; however, their 
cost Is much higher (ll-35 times more
when considering only the cost of the foan1 
and 2.3-7 timtls more whe11 the initial t.•ost 
Hf thP. ~y~t~m we used i~ included). The 
ratio approaches the higher figure u.s more 
foam is used. 

We did nut use any light, disp<.JSable 

fonm units but bdicv(l the lal'ger sizes 
would be adequate f()r m.;apping burrow:c;. 
However. the relatively high cost of the 
foam must be considered when deciding 
whether portability is a higher priority 
than cost. Although this technique was 
tested only on pocket gopher burrow sys~ 
t~ms, we believe tlult it could l.>tl adaptod 
to map tunnel systems of other burrowing 
animals. 
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