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USE OF MULTI-OPENING BURROW SYSTEMS
 
BY BLACK-FOOTED FERRETS
 

Dean E. Biggins I 

AllSTKACI.-Multi-opening burrow systems c"nstrueted by prairie dogs (CyIlOl1lyS) ostensibly prO\~de escape roules 
when prairie dogs are pursued by predators capable of elltering l·he hurrows, such as blal'k-fUuted ferrets (Mustela nigtipes). 
or by predators that can rapidly dig into the t\lnnels, s\lch as American badgers (1axidea I«.ws). Because badgers also prey 
on ferrels. ferrel' might similarly henefit from multi-opening h"rrow systems. Using an air blower, white-tailed prai'ie dog 
(Cynolllys leucurus) hurrow openings were tested for c"nneetivity un plots occupied hy hlack-footed felTets and on 
randomly selected plols in Wyominl;. Sil;nifieanlly more connected opcnin?;s were found on ferret-occupied plots than 
on randum pluls. Connected openings might be due tu mudificatiuns by fen'ds in response tu plugging hy prairie do?;s, clue 
to selection hy ferret' for complex systems with multiple openin?;s that arc already nnohsirncted, or simply due tu felTets 
lingering al kill sites thai were lTIulti-opening systems selected by their prairie dog prey. 

RESlIMEN.-I.OS sistemas de madrigueras con enlmdas mltltiples construidus pur perrus lIanerus (Cynol1lys) aparente
mente sin'en t:umu nltas de eSl:ape para cuandu Ius persiguen depredadures que caben en las mndligucra.c;, tal como cl 
hmon de palas nC!.,'ras (Musleul nigripes), 0 para cuando hay deprcdadorcs que pueclen Cavar nipidamente hacia Ius 
l(m.,]es. tal como e1 lejc\n (Tm:idea tllXUS). Dehiclo a que los tejones larnhien malan hurunes. estus (,ltimus pudrian benell
ciarse de fomla similar de Ius sistemas de madrigueras con entradas ml,ltiples. Se utilizd un ventilador en las entrada, 
de las madri?;\leras de los perros lIanems de cola hlanca (Crr/WUlIIS /ew;ur",,) para prohar Sll coneetividad ell Ius elwunmtes 
oeupados por los hurones de patas negras y en otlm l'uadranles sclcceionados al azar en "Vyominl;. Sc encont..o un allmento 
significativo en el n(lInero de entrad,ts conectadas en los cuadrantes ocupados por hurolles cun rdad"n a los que se 
eseo?;icmn al azar. La concxic\n en las entradas podria dcbersc a un cambio hecho por los hmolles COIllO reS[Jllesta al 
tapunamiento de Ius perrus llaneros, a la seleecidn pur pmte de los hUI1Jlles de sistemas eomplejos con entrada., m(,ltiplcs 
que Sf; enClIcntran lihrcs de ohstruccioncs, 0 simplelllcntc a que los huroncs Sf: CJ.lIfX"lan llIl li~mpo ell don(lt:~ TmLtan u Stl presa 

y estus sun lugares eun sistemas de entradas multiples que su presa, d pelTU llanero, habia sclecdonado. 

Prairie dogs (Cynomys) often construct bur are difficult to detect (Biggins ct al. 2011), 
row systems with multiple openings to the sur Stromberg (1975) stated that fcrrets appeared 
face (Stromberg 197B, Hoogland 1995, Verdolin to select complex multi-opening burrow sys
ct al. 2008), These complex systems provicle tems. This statement was based Oil excavations 
potential benefits of ventilation (Vogel et aJ. of burrow systems by Sheets et aI. (1971), but 
1973) and routes of escape for prairie dogs Stromberg (1975) did not speculate about a 
when they are pursued underground by preda cause for such selection. 
tors, such as American badgers (Taxidea taxus), Ferrets were extirpated from the wild by 
long-tailed weasels (Mustel<1 frenata), and black 1987, when the remnants of a population liv
footed fcrrets (Mus tela nigripes) , Black-footed ing on a complex of white-tailed prairie dog 
felTets ("ferrets" henceforth) also might be ex (Cynomys leu{;urus) colonies near Meeteetse, 
pected to benefit from multi-opening burrow Wyoming, were captured for a captive breed
systems because they, too, use prairie dog bur ing program (Biggins et al. 2006c). Reintro
rows as refuge and are killed by badgers (Big duction of ferrets on white-tailed prairie dog 
gins et aI, 2006a, 2011). Although other preda colonies in Shirley Basin, Wyoming, in 1992 
tors (chiefly coyotes, Canis 11lt1"Um) have killed afforded an opportunity to investigate the usc 
many more radio-tagged feITets at reintroduc of multi-opening burrow systems by ferrets. It 
tion sites than have badgers (Biggins et al. is difficult to study this phenomenon on blaek
2006a), predation by badgers might be sub tailed prairie dog (Cynomys ludovcianus) habi
stantially underestimated because much of it tats because black-tailed prairie dogs tend to 
likely occurs belowgroulld where radio signals plug burrows used by ferrets (Hillman and 
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Linder 1973, Biggins et al. 2012a) and tend to 
remain active throughout the year (Hoogland 
1995). 

To test the hypothesis that ferrets favor use of 
multi-opening burrow systems, eounts of eOn
nected burrow openings were eompared for 
plots centered on burrow openings used by 
fenets and on randomly selected burrow open
ings on colonies. The study was conducted in 
October-November, after most white-tailed 
prairie dogs had entered hibernation; thus, 
observed burrow connectivity reflected con
nectivity as prairie dogs entered hibernation 
or reflected modification of burrow connectiv
ity by ferrets via digging. 

METHODS 

Radio-tracking for a separate study docu
menting movements and survival of ferrets re
leased into Shirley Basin (see detailed descrip
tion and map of study site in Biggins et al. 
1999) enabled immediate calculation of real
time ferret locations with program TRITEL 
(Biggins et al. 2006b). These locations were 
visited on the ground by use of handheld 
radio-tracking equipment to identify under
ground positions of radio-tagged ferrets, and 
locations were mark(~d with pin flags for sam
pling of the burrow systems after departure of 
the ferrets. 

In some cases, more than one burrow sys
tem occupied by an individual ferret was sam
pled. For a burrow to qualify for sampling, a 
ferret that was fre(~-ranging fi)r at Icast 3 days 
had to use the bun-ow system fill' at least one 
day. Some hUITOW systems were occupied for 
up to 3 days. Sampling was conducted during 
29 October-17 November 1992 on burrows 
used by ferrets during to October-II Novem
ber 1992, after most white-tailed prairie dogs 
had entered hihemation. Few prailie dogs were 
observed during the study. On similar white
tailed prairie dog habitat, 80% of radio-moni
tored prairie dogs becanlC inactive by 22 Octo
ber, and 96% were inactive by 2 November 
(Biggins et aI. 2012a). Lack of prairie dog acti
vity was advantageous because prairie dogs 
tend to plug the openings of burrow systems 
occupied by ferrets (Biggins et al. 2012a). 
Thirteen ferret-occupied burrow openings 
were sampled for 7 difterent ferrets (all young
of-year: 4 females, 3 males). These opcnings 
were compared to 13 randomly selected bur

row openings that were within 200 m of the 
ferret-occupied burrow and on the same 
colonies. 

Smoke has heen used to test connectivity of 
prairie dog burrows (e.g., Stromberg 1978) but 
was not used in this study due to the potential 
hazards to burrow occupants. Instead, a 37.7 
cc gasoline-powered backpack air hlower 
(Craftsman® Model 6,36796912) was used to 
pressurize the burrow systems, and feathers 
were used to detect air flow. The 5.1 em 
(inside diameter) blower tube was inserted 
-25 em into the focal burrow opening closest 
to where a ferret had been located under
ground. The tube was first encircled in plastic 
bags near the distal end to hold it in place, and 
soil was packed (above the plastic bags) 
between the walls of the burrow and the tube 
to create a seal. A search was then conducted 
to find all other burrow openings within 17 m 
of the focal burrow opening. It was notcd if 
any of these openings had excavations of soil 
with sign characteristic of ferret deposits 
(Clark et al. 19B4) or if any openings were 
reamed to large diameters with soil deposits 
characteristic of badgers (Eldridge 2004). The 
17-m radius resulted in a burrow-centered cir
cular plot of 0.091 ha, a plot size that would 
have included >90% of the connected bur
rows detected by Sheets (1970) in his study of 
prairie dog burrow systems. The blower was 
started and the burrow opening closest to the 
focal opening was checked for airflow by plac
ing feathers 10 cm into it and watching for 
feather movement. Detection of feather move
ment was enhanced by working on days with
out wind. Feather movement was not subtle in 
most cases involving connectivity; there was 
usually sufficient air flow to blow the feathers 
back out of the opening into which thcy were 
placed. Openings were sequentially tested at 
increasing distances from the focal opening, 
and those with airflow were plugged with 
bags and soil to increase air flow to openings 
subsequently tested. 

Distances between burrow openings con
nected by subsurface tunnels were recorded. 
These measurements underestimate lengths of 
connecting tunnels for 2 reasons. First, prairie 
dog burrow tunnels are 3-dimensional fea
tures that often follow circuitous routes in 
hoth vertical and lateral dimensions, descend
ing at times to >2 m deep (Sheets et al. 1971). 
Second, distances were measured from each 
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Hg. ). Numher of hurrow openings connected hy suhsur
fi,c., passages wilhin 0.09)-ha plots c.,nt.,r.,d Oil burrows 
occupied hy radiO-lagged hlaek-fooled ferrets (Mll-Stela 
nigripe.) and l1l1ll10mly sded.,d uun'ow op.,nings on whit.,
tailed pnlirie dog (Gynomys leucurus) colonics in Shirley 
Basin, Wyoming, October-November 1992. 

Ferret 

Ferret Random 

Fig. 2. Distances between hurrow openings connected 
hy sllhsllrtace pa«ages within O.O!J1-ha plots centered 011 
burrows occupied by radio-tagg.,d blaek-fool.,c1 ferrets 
(Mustelil n;gripe.) lind randomly selected burrow openings 
on white-tailed prairie dog (eynomys leucurll-S) cnlonics in 
Shirley Ilasin, Wyoming, Oelo},.,r-Nov.,mu.,r, 1992. 

connected opening to the nearest opening that 
exhibited airflow. When >2 openings were 
connected, the actual routes of subsurface con
nection may not have been between nearest
neighbor openings. Burrow openings were 
sketched and labeled with the distances sepa
rating thcm and with dcscriptivc notes on con
nections and other features (e.g., evidence of 

badger and ferret excavation, tracks). After 
sampling was completed, all bags and soil 
plugs were removed fi'om the burrow open
ings. Using Mann-Whitney U tests, statistical 
comparisons among felTet-occupied plots and 
random plots were made of (I) numbers of 
connected burrow openings, (2) total numbers 
of burrow openings, and (3) distances between 
connected burrow openings. 

HESULTS 

Radio-tagged ferrets that used the burrow 
systems in the sample had various types of 
prereleasc exp(;rience (see Biggins et al. 1999), 
but only one had occupied prairie dog bur
rows (in a preconditioning pen) before release. 
The sampled burrow systems were used by 
ferrets that had been tl'ee-ranging for 3 to 38 
days (X' = lU;6 days, SD = 8.91). Ferret
occupied burrow systems had 0-19 connected 
openings and random burrow systems had 0-9 
connected openings, with distributions that 
resulted in a significant difference between 
their ranked values (Fig. 1; Mann-Whitney 
test; X2) = 5.949, P = 0.015). The difference 
could not be explained by total numbers of 
burrow openings in plots, as these values were 
similar for ferret-occupied and random plots 
(Mann-Whitney test: X2) = 0.259, P = 0.611); 
moreover, there was a trend for slightly lower 
dcnsity of openings in the ferret-occupied 
plots than in thc random plots. The focal 
opening nearest the underground ferret loca
tion was connected to at least one additional 
opening on 11 of 13 occasions (84.6%), COrll

pared to 5 connections of 13 random openings 
tcstcd (38.5%). Overall, these 0.091-ha plots 
had a mean dcnsity of 105.9 burrow openings 
per ha (SD = 43.8), an estimate that is likely 
biased high because plots were centered on 
hurrow openings. Mean distance between 83 
connected burrow openings (n = 66 distances) 
was 3.,5 m (range 0.5-14.5 m) and was similar 
for both ferret-occupied plots and random 
plots (Fig. 2; Mann-Whitney test: X2 ) = 0.647, 
P = 0.421). 

Three badger-reamed bUlTows were encoun
tered in ferret-occupied plots and one in a 
random plot. Two ferret diggings wcre found 
in ferret-occupied plots comparcd to nonc in 
random plots. Both ferret diggings werc at 
!JUITOW openings that were not connected to 
other openings. 
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DISCUSSION 

The hypothesis that ferrets would favor use 
of burrow systems with multiple openings was 
supported despite 3 phenomena that might 
have reduced the power to detect differences. 
First, these captive-born ferrets were naIve, 
and their experiences in captivity coupled with 
the stresses of transport, release, and sudden 
exposure to a novel environment might have 
deterred rapid expression of predisposed bc
haviors. Second, thc few prairic dogs that 
might have remained active during the study 
could have plugged bunow systems occupied 
by ferrets. Third, some burrow openings ran
domly selected for sampling might have been 
used by fenets. The relative frequency of con
nections for randomly selected burrow open
ings (34.5%) was much higher than that re
ported by Stromberg (1978) for white-tailed 
prairie dog burrow systems (2.1%) on a colony 
without ferrets, suggesting that ferrets might 
have modified burrows that were randomly 
selected on Shirley Basin colonies (e.g. via 
digging; Eads et al. 2012), or that the Strom
berg smoke method was less sensitive than the 
leaf~hlower method at detecting connections. 

Estimates of overall density of bunow open
ings for the present study, although perhaps 
inflated by the burrow-centered plot techni<'jue, 
were within the range typical for white-tailed 
prairie dogs ill Shirley Basin (Orabona-Cerov
ski 1991) and at other Wyoming sites (Menkens 
1987); however, they were about 2 orders of 
magnitude greater than those reported by 
Stromberg (1978). The white-tailed prairie 
dog colonies studied by Stromberg (1978) and 
M(~nkens (1987) were in the same area (near 
Laramie, WY) and would not he expected to 
have such disparate attributes. 

At least some of the winter excavation by 
ferrets is thought to be related to hunting of 
hibernating prairie dogs (Clark et al. 1984). 
Hibernatinf!; prairie dogs probably sequester 
themselves into hibernation chambers by plug
ging underground openings to these cham
bers, but we cannot bc ccrtain that main con
necting tunnels are also plugged. Considering 
the large volume of soil excavated by ferrets 
(Clark 1989, Biggins et al. 2012a), however, 
some plugs on white-tailed prairie dog colonies 
might be rather long, suggesting plugging of 
main tUIlnels. In the present study, distances 
separating connected burrow opeIlings were 

Similar for ferret-occupied plots and random 
plots, suggesting that ferrets were not selec
tively clearing plugs from short tunnels that 
connected multiple openings within a single 
mound. There were no large diggings present, 
howevel; implying that these ferrets were not 
excavating tunnels with long plugs. 

Badgers have been observed to kill radio
tagged ferrets (Biggins et al. 2006a, Biggins et 
al. 2011). Presence of badger diggings in fer
ret-occupied plots prOVides additional evidence 
of the hazards they pose to ferrets. Supple
mental provisioning of experimentally relcased 
Siberiun polecats (Mustela eversmanii) with 
dead prairie dogs appeared to attract badgers 
(Biggins 2000), and remains of prairie dogs 
killed by ferrets may be similarly attractive. 
Although there was more badger sign encoun
tered in plots occupied by ferrets than in ran
dom plots, sample sizes in this study were too 
small to adequately assess attraction of bad
gers to ferrets or the fOITets' prey remains. 

During winter, it would not seem adaptive 
for fon-ets to linger in burrows £i-om which 
they excavate hibernating prairie dogs, because 
those burrows likely do not have escape routes 
(due to plugs made by the prairie dogs). Nev
ertheless. ferret dens in winter have been 
associated with presenee of ferret diggings 
(Richardson et al. 1987). Perhaps the risk to 
ferrets of occupying prairie dog hibernation 
bunows without multiple openings is reduced 
in midwinter due to inactivity of badgers dur
ing that season (Harlow 1981, Messick and 
Hornocker 1981), or perhaps sOllie of the exca
vations by fenets in winter are to modifY den 
sites to create multiple escape routes rather 
than to excavate hibernating prairie dogs. 

The proximate causes for multi-opening 
burrow systems occupied by ferrets in the 
present study are Similarly unclear. The con
nected openings might be due to modifications 
by ferrets in response to plugging by prairie 
dogs (Eads et al. 2012, Biggins et al. 2012a) or 
due simply to selection by ferrets for complex 
systems with burrows that are already open; a 
combination of the 2 seems plausible. Also, 
ferrets might be associated with such systems 
because their prairie dog prey mif!;ht prefer 
such systems (Biggins et al. 2012b) and the 
ferrets might remain with their kills. Regard
less of proximate eause, it seems that availabil
ity of escape routes for fenets pursued by bad
gers provides a selective advantage to ferrets 
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that use burrow systems with connected 
openings. 
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