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IMPORTANCE OF LUNAR AND TEMPORAL CONDITIONS FOR
 
SPOTLIGHT SURVEYS OF ADULT BLACK-FOOTED FERRETS
 

David A. Eads l ,3, David S. Jachowski1, Joshua J. Millspaugh l , and Dean E. l3iWns2 

AHsTIlACr.-I3lack-footed ferrds (Mus/e/a nigripes) spend most daylight hours undcrground in prairie dog (Cynu",y,) 
burrows and exhihit ahoveground movements primarily at night. Mounlight can influence the acLivity patterns of ferrets 
and, cDnsequently, might influence the efficiency of spotlight surveys used by biologists to monitor ferret populations. 
We related detection uf adull ferrets during pustbreeding spotlight surveys to lunar and temporal conditions. We most 
frequently located ferrets during surveys in which the muun breached the huriwn. The data suggested intersexual dif
ferences in response to moonlight. We located male feITels most frequently dming nights with gW.Jter muun illumination. 
but we did not deted a correlation hetween moon illumination and spotlight deleetion of female ferrets. In general, 
moonlight could facilitate aboveground navigatiun by ferrels. However, it seeulS activity under hright moonlight could 
be custly for female ferrets while they raise young. Deleetion of fcrrels alsu varied amung munths. \Ve detected female 
ferrets most frequently in August-September, when mothers increase hunting eAorts to acquire prey for growing 011'
spring (kits). Detection of adult fende !CrTets declined in Oetohel; when kits were likely independent uf thcir mother. 
We located male ferrels most frequently in September-Odober, when Tn"les might increase acLivity to monitor female 
ferrels and male mmpetitors. Consideration of lunar and ternporal influences and standardization of posthrccding surveys 
could enllilnce sHe-specific assessment of reintroduction success and across-site assessment of species rCCOVClY progress. 
'We suggest that postbreeding surveys for ferrets should be enhanced hy concentrating efforts in August-Septemher 
during moonlit nights when the moon is ahove the horizon. 

RESUMEN.-!.OS hurones de patas negras (Musteta lligripes) pasan la mayor parte de las horas del dia debajo de In 
tierra en madri!,'Ueras de perros lJaneros (CynOlny,). La actividad que exhiben sobre el suelo plincipalmente ocun-e de 
noche. La luz de Ia luna pUl,de influeneiar los patrones de aetividad de los hurones y, como eonseeuencia, podria afcetar 
la eficiellcia de las revisiones basadas en ",:fleetores que usan los biologos para monitorear las pohlaeiones dc hurones. 
Examinamos la rdaeion entre la probabilidad de detec:cion de hurones "dullos durante los monitoreos con refleetores y 
que fueron realizados despucs del periodo de al'areamiento con las condiciones lunares y temporales. Eneontramos 
hurones mas a rnenudo duntnte los rnonitoreos realizudos euando la luna salio sobre d horizonte. Sin Clnbargo, los datos 
sugirieron difcreneias entre sexos en la respuesta a la luz de la luna. Eneontramos hurones maehos nUls frecuentemente 
uurante la.s noches en lllS que hahiil ,nus luz lunar; sin clnhargo, no dctectarnos una corrclacion entre la ilurnin,H.:iOn 
lunar y la detcecion de hembras con cl uso de rcfleetoICs. En general, la luz de la luna podlia faeilitar la Olientaeion de los 
hurones sohre d sudo, pero pareee ser que la "dividad bajo una resplandeciente luz lunar podria ser costosa para 
los hurones hem bras Cjue tienen crias. La detecci6n de hurones tamhicn vario dependiendo del meso Detedamos 
burones hemhras mas freeuentemente en agosto y septiembre, euando las madres aumentan sus esfuerzos de eaza para 
obtener presas pant sus crias en desarrollo (kils). La deteccion de los hurones hembnts "dullas disminuyo en octubre, 
euando muy posihlemente las erias lograron independizarse de sus madres. Ubieamos con mayor freeueneia hurones 
machos en sepliernbre y odubre, Cjue es euando tal vez los machos aumentan su aclividad pant vigil"r a las hembr"s y a 
posibles machos eompetidores. La eonsideraeion de los efectos lunares y temporales asi como la estandarizacion de 
monitoreos despucs dd apareatniento podrian mejorar las evaluaciones en sitios partieulare, para lnedir el exito de las 
reintrodueciones y tamhien Ius evaluaciones entre sitios del progreso en la reellperacion de la espeeie. SugcIimos que 
deben mejorarse los monitoreos de los hurones despucs de su periodo de apareamiento eonccntrando los esfuerzos en 
agoslo y septiembre durante las noehes cuando hay luz de la luna y csta se eneuenlra POI' cneirua del horizonte. 

Nocturnal predators might hunt morc effi horizon) and the proportion of the moon illu
cicntly and be most active under certain lunar minated (Lima and Dill 1990, Caro 2005). Not 
conditiOns, suggesting the moon is particularly surprisingly, lunar conditions influence activ
important in nighttime predator-prey interac ity patterns of many prey species. However, 
tions. Indeed, risk of predation can depend on responses vary among and within species (e.g., 
the position of the moon (above or below the Lockard and Owings 1974, Kotler 1984). Some 
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prey species primarily reduce activity under 
bright moonlight (Kotler 1984, Brown et al. 
1988, Kotler et al. 1991, Topping et al. 1999, 
Y1i.inen and Brown 2007), while others increase 
activity under moonlight (Bearder et a1. 2002, 
13iebouw and Blumstein 2003) or respond vari
ably to moonlight, for instance, by season (Lock
ard and Owings 1974). Thus, it can be difficult 
to predict whether a species increascs or de
creases activity under moonlight or whether 
the species is relatively insensitivc to lunar 
eonditions (Prugh and Brashares 2010). 

Knowledge of the activity patterns of a klcal 
species under differing lunar conditions is of 
behavioral interest and conservation importance. 
For example, such knowledge can assist in opti
mizing efforts to monitor populations of endan
gered black-footed ferrets (Mustela nigripes) , 
which are primarily nocturnal carnivores. Spot
light surveys are the most commonly used tech
nique to monitor ferrets (Biggins et al. 2006a). 
Surveyors locatc ferrets via eyeshine and iden
tify individuals using PIT tags (Fagerstone and 
Johns 1987, Biggins ct al. 2006a) and dyc marks 
(e.g., Grenier et al. 2009, Jachowski et al. 2010, 
Eads et al. 2011a, 2011h), thcreby tallying num
bers of located ferrets. These data are used to 
estimate population size (Forrest et al. 1988, 
Grenier et al. 2009), information used to assess 
recovery success (sensu U.S. Fish and Wildlife 
Service 2006). However, the timing and effort 
spent accomplishing spotlight surveys vary 
among sites, which increases the difficulty of 
comparing population sizes among sites and, 
thus, assessing success of the ferret reintro
duction program. 

To facilitate studies and conservation of the 
ferret, an increased understanding of factors 
affecting detection of ferrets is needed (Biggins 
et al. 2006a). FC1TctS spend most nighttime hours 
underground in prairie dog (Cynomys) burrows 
(Biggins 2000). For population estimation, it is 
important to conduct spotlight surveys when 
aboveground activity of ferrets and, therefore, 
detection are most likely. Like other species, 
ferrets vary the timing of their aboveground 
movements according to lunar conditions. In 
Shirley Basin, Wyoming, 20 released ferrets, 
radio-tracked in September-December 1991, 
exhibited an increased number of activity bouts 
during "moonlit" nights (> 1.5 h with moonlight) 
relative to "dark" « 1.5 h with rnooulight) and 
"mixed" nights (l3iggins et al. 2011). This sug
gests that ferrets are more likely to he active 

aboveground and detected via spotlight during 
moonlit nights. However, this contention re
mains unverified via spotlight data. 

Monthly variation in activity would also he 
important in scheduling spotlight surveys for 
ferrcts. Indeed, ferrcts exhibit differing rates 
of aetivity among months (e.g., Biggins et al. 
1986), altering their activities relative to changes 
in prey requirements and, for adult females, the 
nceds of kits Gachowski 2007a). Thus, spotlight 
deteetion of felTets likely differs among months, 
perhaps bctwccn sexes. Monthly variation in 
spotlight detection has been discussed for fer
ret populations (Biggins et al. 2006a) but not 
quantified via repeated spotlight searches for 
individual adult felTets. 

In this study, we investigated 3 hypotheses: 
spotlight detection of ferrcts (1) is greatest dur
ing nights in which the moon breaches the hoIi
zon, (2) is greatest during moonlit nights with 
bright moonlight, and (3) vaIies among months 
and by sex. To investigate these hypotheses, 
we related spotlight detection of adult ferrets 
to survey-specific lunar and temporal conditions 
in the Conata Basin, South Dakota. In addition 
to investigating ferret ecology, we aimed to 
develop models to describe spotlight detection 
of felTets during the postbreeAling sea~on (J nne
October). If they predict dctection accurately, 
such models would aid in increasing detection 
of ferrets and, consequently, would facilitate 
efforts to estimate population sizes and assess 
recovery progress for the black-footed ferret. 

STUny AREAS 

The Conata Basin is a 29,OOO-ha, mixed-grass 
prairie complex in southwestern South Dakota. 
We monitored adult, wild-born ferrets inhabit
ing 2 black-tailed prairie dog (Cyrwmys lUlhwi
cianu~) colonies, hercin termed SC24 (227 hal 
and SC07 (452 hal. The colonies were primar
ily on the Buffalo Gap National Grassland, 
which is managed by the USDA Forest Service. 
These grasslands are predominantly covered by 
western wheatgrass (Pascopyru.m srnithii), blue 
grama (Bouteloua gracilis), and buffalograss 
(BrlChloe dactyloUMS). Each colony was bordered 
by badland buttes and seasonal drainages but 
was characterized by relatively flat terrain and 
low vegetation (various forbs) within colony 
boundaries. 

Ferrets werc first reintroduced to these 
colonies in 1997 (Livieri 2006). During ollr 
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study, 7 felTets inhabited SC24 in 2005 (17 JIUle
14 October) and 2006 (13 June--31 October), 
11 ferrets inhabited SC07 in 2007 (13 Junc-1O 
October), and 14 ferrets inhabited SC07 in 2008 
(11 Junc-27 September). for these respective 
years, female-to-male ratios were 4:3 and 5:2 
on SC24 (Jachowski 2007b) and 8:3 and 9:5 on 
SC07 (Eads 2009). 

METHODS 

Spotlight Surveys 

We searched for adult ferrets (kit data not 
included) via spotlight surveys (Clark et al. 
1984, Campbell et al. 1985, Bi~gins et al. 2006a) 
on nearly consecutive nights. We limited our 
data to surveys accomplished between midnight 
and 06:00 (MDT); survey effort was often spo
radic during other periods. Searchers drove an 
all-terrain or 4WD vehicle R-16 km . h-I (com
pleted 6--10 times per survey) on survey routes 
established to maximize coverage of the study 
colonies while minimizing overlap. We used 
high-intensity 240 BLITZ"! Lightforce spot
lights (lightforce Professional Lighting Systems, 
Australia) to detect ferret eyeshine. We limited 
disturbance of located ferrets by minimizing 
spotlight illumination upon observation. 

We identified ferrets via PIT tags (AVID 
Microchip ID Systems, Folsom, LA). A PIT
reader loop antenna circumscribed an occupied 
burrow opening and acquired animal-specific 
identification numbers as the tagged ferret 
emerged from the burrow through the antenna 
(Fagerstone and Johns 1987, Biggins et al. 
2006a). We identified non tagged ferrets via 
dyemarks (Grenier et al. 2009, Jachowski et al. 
2010, Eacls et aI. 2011a, 2011b). Thus, ferrets 
were identified to individual and sex. All 
females produced and raised kits. 

We limited our data to ferrets consistently 
located and identified throughout each field 
season. Specifically, we limited the sample to 
ferrets located ~30 times. Ferrets located <30 
times might have been transients or might have 
emigrated or died during the periods of study, 
suggesting the animals might not have been 
available for detection during some or many 
surveys. Ferrets located ~30 times might have 
also emigrated or died later in the field season, 
but the likelihood of either outcome is lower for 
these ferrets than for ferrets located <30 times. 
The final sample included many of the moni
tored adult ferrets (71.43% in 2005, 42.86% in 

2006 at SC24; 91.67% in 2007, 71.43% in 2008 
at SC07), indicating high probabilities of detec
tion at each site and aVailability of these ferrets 
for spotlight detection throughout the majority 
(or all) of each field season. 

Data Analyses 

We related the spotlight data to month, 
presence or ahsenee of moonlight, and moon 
illumination using generalized linear mixed 
models (GLMMs; McCullagh and Nclder 1989) 
via the "lme4" package in Program R version 
2.11.1 (R Development Core Team 2010). In 
each GLMM, we defined individual feuets as 
random effects. This approach is useful with 
nested data, such as our spotlight data with re
peated measures for individual ferrcts; GLMMs 
can account for potential interdependence (auto
correlation) of repeated measures for individual 
animals. GLMMs can provide different (ran
dom) intercepts, slopes, or intercepts and slopes 
for each individual felTet (Gelman and Hil12007, 
Zuur et al. 2009). In our modeling exercise, 
Akaike's information criteria (AIC; Burnham 
and Anderson 2002) indicated greater support 
for models with different intercepts. Thus, here 
we only discuss results for GLMMs that esti
mated unique intercepts for each ferret. 

We first related the spotlight data to month 
and presence or absence of moonlight. We de
noted individual ferrets as located (1) or not 
located (0) during each snrvey. Thus, the re
sponse variable was binomial (detection or 
nondetection) rather than numerical (numbers 
of detections). We assumed that ferrets not 
detected during a survey were alive and within 
the area surveyed because of cumulative detec
tions. We classified surveys according to the 
presence or absence of moonlight as moon 
surveys (above-horizon time of moon >0 h) or 
non-moon surveys using United States Naval 
Observatory (USNO) estimates of moonrise 
and moonset at Interior, South Dakota, a town 
26 km from the study colonies. Nightly cloud 
cover was often minimal. The moon-survey 
variable was included to investigate if pres
ence of the moon (i.e., moon above the horizon) 
was important in detecting ferrets. 

We used an information theoretic approach 
to model selection using AIC (Burnham and 
Anderson 2002). This exercise included linear 
(x), quadratic (x 2 + x), and pseudothreshold 
(e.g., log [x + 0.50] + x) forms of month 
(Franklin et al. 2000) and a linear effect of the 



182 WL':STEHN NOHTH AMEHICAN NATUHALIST [Volume 72 

moon-survey binomial variable. In addition to 
thcse covariates, we included sex as a main 
cffcct, and considcrcd condition x scx intcr
actions between moon-survey and sex (in case 
thc cffcct of moon-survcy varicd bctwcen scxcs) 
and between month and sex (in case monthly 
pattcrns of dctcction vmied bctween sexes). We 
fit all possible models. Han intcraction was 
includcd in a GLMM, thcn both tcrms wcrc 
includcd a~ main cffects (McCullagh and Ncldcr 
1989). We considcred models within 2 Ale 
units us competing (Burnham and Anderson 
2002). As outlined in the results, condition x 
scx intcractions wcrc supportcd, justifYing scpa
ratc asscssmcnts by scx. For cach sex, wc invcs
tigated all possible GLMMs and interpreted 
the most supported model. 

Wc conductcd a separatc, GLMM assess
ment for moon illumination. The previous 
GLMMs suggestcd that if the moon breached 
thc hOlizon during a survcy (constituting a moon 
survcy), fcrrcts of both scxcs wcrc morc likcly 
to be detected. So what is the likelihood of 
detecting a ferret during a moon survey with a 
particular amount of moonlight? For the moon 
illumination investigation, we limited data to 
those collected during moon surveys. Again, 
for cach survcy, wc dcnotcd fcrrcts as dctected 
or not detected (response variable). This re
stricted dataset included ferrets located ~30 

times during an entire fleld season but not nec
essarily located ~30 times during moon sur
veys. We classified each survey with a respec
tive moon illumination score derivecl as USNO 
estimates of the fraction of the moon illumi
nated over Interior, South Dakota, each survey 
night. We investigated linear and nonlinear 
limns of moon illumination (fi)Ilns above), a sex 
main effect, and a condition x sex interaction. 
We iuvestigated all possible models. A condi
tion x sex interaction was supported, again 
suggesting separate assessments by sex. We 
investigated all possible sex-specifk GLMMs 
and interpreted the most supported model for 
each sex. 

In each modeling exercise, we assessed sta
tistical significance of the most supported sex
specific models relative to intercept-only models 
using deviance ratio tests (a = 0.05; McCullagh 
and Nelder J989). In addition, we evaluated the 
predictive capabilities of the most supported 
GLMMs using k-fold cross-validation, a type 
of internal model validation. For each GLMM, 
we divided the data into 5 random subsets, 

each composed of training and testing sets 
(80:20 ratios of animal samples). We iteratively 
withhcld one subset, fit the most supported 
model using the training data, and used esti
mated coefficients to predict values for the train
ing and testing data sets. We separated pre
dicted values into 32 equal-interval bins scaled 
between the minimum and maximum scores. 
In all cases, the final bin contained no predicted 
values; thus, we simplified to 31. bins. We used 
Spearman's rank correlation to comparc thc 
frcqucncics by bin of predictcd values for the 
tcst data of each GLMM to the frequencies by 
bin of predicted values for the training data of 
respective GLMMs. For a spccific GLMM, sig
nificant, positivc Spcarrnarls rank correlations 
from k-fold cross-validation would indicate con
sistency in model fit with the differing random 
subsets of data, thus suggesting good model 
performance and an increased probability that 
the model predicts the phenomenon of interest 
(spotlight detection of ferrets). 

RESlILfS 

The overall data set included 1050 detections 
of 14 adult female and 1.0 adult male ferrets 
collected during 402 survey nights (1707 non
detections). We collected an average of 36.53 
(SD = 5.92) observations per adult female and 
35.75 (SD = 7.01) observations per adult male. 
Wc monitored 1 adult male and 3 adult female 
ferrets during 2 consecutive years. As outlined 
above, in model development, the repeated
measures GLMM accounted for potential inter
dependence of these samples ancl repeated 
measures for individual ferrets. 

In the first modeling exercise, the 2 most 
supported GLMMs (MIC = 1.97) included 
the quadratiC month effect, the main e!Tects 
for sex and moon-survey, the interaction be
tween sex ancl the quadratiC month effect, and 
the interaction bctwcen sex and moon-survey 
(Table 1). The condition x sex interactions sug
gested separate assessments by sex, so we sepa
rated the analysis by sex. !:<or each sex, wc 
interpreted the modcl with the lowest AlC value 
(Table 1). Deviance ratio tests indicated signifi
cance of the female (ratio = 83.54, df = 2, P 
< 0.001.) and male (ratio = 37.22, df = 2, P < 
0.001.) GLMMs, and cross-validation indicated 
good performance of each GLMM for all k-fold 
sets (all r, > 0.97 and P < 0.001.). Estimated 
varianccs for the random intercepts (d) were 
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TABLE 1. The first modeling exercise, which related spotlight detection of adult black-fooled ferrets (Mustda nigripes) 
to month and presence/absence of moonlight (Moon-survey) during spotlight surveys. Models arc generalized linear 
,nixed eRects models. The exercise involved ;nve.,tigation of models for the sexes combined using Akaike's infonnation 
eliterion (AIC) and, given support for interactions between sex and Ihe main effeds, separation of the analysis by sex 
and selection of sex-specific models that reduced Ale most. We present models within 5 AIC units of the most 
supported model and the intercept-only models. 

Sex Model strudure AIC <lAIC 

Both 

Females 

Month + Month2 + Moon-.,urvey + Sex + (Month + Montb2) X Sex 
Month + Month2 + Moon-survey + Sex + (Month + Month2) 

X $('J( + Moon-survey X Sex 
Month + Month2 + Sex + (Monlh + Moulh2) X Sex 
Intercept-only 
Monlh + Monlh2 + Moon-S\Jrvey 
log (Month + 0.05) + Month + Moon-survey 
Month + Month2 

3,557.77 
3559.74 

,1561.86 
3fifi7.llJ 
2067.83 
2068.77 
2069.78 

o 
Ui7 

4.09 
10933 

o 
O.!J4 
1.95 

Males 

log (Month + 0.05) + Month 
Intercepl-only 
Monlh + Month2 + Moon-sUlvey 
log (Month + 0.05) + Month + Moon-smvey 
Month + Month2 

2070.63 
2145.37 
1492.87 
1493.01 
1494.03 

2.80 
77.54 
o 
0.14 
J.J(; 

Intercept-ollly 1525.08 32.21 

0.80.,..--,---.,--.,---.,--,...---, 

• Females (P < 0.001)c 
o Males (P < 0.001)o 

:;:;
() 0.60 
Q)...... 
Q) 

o
o DAD 

£ 
-
:.c 
~ 0.20 
o 
L

0... 

0.00 -'-----..----.,--.,---.,--,...---' 

J..~.~: ~u.IX ~~~· ?~p.t.: ?~.t.: 
Litter-rearing Natal dispersal 

Fig. I. Esti'nated quadratic (:>:2 + ,.) month e/leets from 
general ired linear mixed models describing Ihe prohabilil)' 
of detecting adult female or male black-footed ferrets 
(Mllstela nigripes) via late-night, postbreeding spotlight 
surveys on 2 hlaek-tailed prairie dog ((,'ynnmys ludovi
c'it",us) colonies in the Conata Basin, South Dakota, 
2005-2001l. Estimated variances lor the random intel'
cepts were low; thus, we present fixed-effect population 
,nodels for female and male ferrets frolll Table 2. P values 
were derived from deviance ratio tests that compared the 
IIlost supported rnode1 for a sex to ao intercepl-only 
model for that sex (sec Tahle 1). 

low (female J = 0.02, male J = 0.01), sug
gesting similar intercepts for same-sex ferrets. 
Therefore, we describe sex-specific GLMMs 
that combined the random intercepb into a 

population-level intercept. We incrcasingly de
tected adult female fen'ets during June-August; 
however, detection declined in September
October (Fig. 1). We detected adult male ferrets 
less fi'cqucntly in July, relative to June; detec
tion increased thereafter (Fig. 1). We located 
adult female and adult malc ferrets most fre
quently during moon sUlveys in which the moon 
breached the horizon and less frequently dur
ing non-moon surveys (Table 2). 

The moon illumination GLMM analysis in
eluded 781 detections during 289 moon surveys 
(1227 nondctections). This data set included, 
on average, 27.06 (SD = 5.97) ohservations per 
adult female ferret and 26.75 (SD = 4.94) ob
servations per adult male ferret. 

The most supported GLMM included the 
quadratic effect fi)r moon illumination, the sex 
main effect, and the interaction behveell these 
variables (Table 3). We separated the analysis 
by sex. Again, for each sex, we interpreted the 
model of lowest Ale value (Table 3). Sex-spe
cifiC moon-survey GLMMs suggested different 
influences of moon illumination on detection 
of male and female ferrets. Estimated variances 
for the random intercepts were low (female 
J = 0.05, male J = 0.00), stimulating inter
pretation ofGLMMs with the random intercepts 
combined into a population-level intercept. The 
moon-survey GLMM for males included the 
linear illumination effect (Table 4); a deviance 
ratio test indicated significance (ratio = 5.89, 
df = 1, P = 0.024) and cross-validation indicated 
good performance for all k-fold sets (all r >s 
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TARI.E 2. (;eneralized linear mixed models of the quadratic main effeds of month, ,md linear clTeet of presenee/ 
absence of moonlight (moon [IJ vs. nOli-mOon survey [OJ) desc'ibing the prohahility of detecting adult fem,Je and male 
black-fi)oted ferrets durin/!; 102 late-nil!;ht, posthreeding spotlight sUlveys on 2 black-tailed prairie dog colonies in the 
Conata Basin, South Dakota, 2005-2008. 

Variable B SE Pr (> Izll 
Females Intercept -21.38 2.50 <0.001 

MOllth 5.22 0.64 <0.001 
Month2 -0 ..32 0.04 <0.001 
Mt)oll-survcy 0.24 0.12 0.047 

Males Intercept 5.00 2.60 0030 
Month -1.92 0.67 0.004 
Month2 0.11 0.04 ll.()()J 

J\1uun-survey 0.21 0.14 0143 

TARI.E 3. The second modeling c.xercise, which related spotlight detection of adult black-footed ferrets (Mus/eta IIi,f:dpes) 

to moon illumination during moon slllveys (i.e., spotlight slllveys during which the ,noon hreaehed the hllrizon). Models 
are generalized linear mixed elTects models. The exercise involved investigation models fur the Sexes combined usin/!; 
Akaike's inlClIlnation eliterion (A1C) and, given supp0l1 for inten'dions bt::lweeu Sex and the main elTects, separation of the 
analysis by sex and selection of sex-specific models th,'t reduced Ale most. We present models within 5 AIC units of 
the IllOSt supported model and the intercept-only models. 

Sex Model structure Ale .:lAIC 

Doth 

Females 

Males 

Illumillation + Illulllinalion2 + Sex + (Illu,ninalion + Ilhllnination2) x Sex 
Illumination + Illumination2 

Ill u,ninalion 
log (Illumination + 0.05) + Illumination 
Intereept-onl)' 
Illu.nination + IlIlJIninalion x Sex 
Intercept-only 
log (Illumination + 0.05) + Illumination 
IIIumillatioll + illllmillatioll2 

Illumination 
Illumination 
log (Illumination + 0.05) + Illumination 
Jllulllinalion + Illllmination2 

Intercept-only 

2681.14 0 
268.5.14 4.00 
2685.16 4.02 
2685.22 4.08 
261:\5.91:\ 4.84 
2686.00 4.1:\6 
1567.30 0 
1567.53 0.23 
1567.98 0.68 
156927 1.97 
1117.50 0 
1119.45 1.95 
11H).50 2.00 
1121.37 3.87 

TA.lJLJ:: 4. Generalized linear mixed models 01' the moon illumination (1.00 = full moon) main elTect deserihing the 
prohahility of detecting adult fem,J" (pseudothreshold funn) and ""Je 0inear limn) black-footed fends duting 289 h,le-llighl, 
postbreeding spotlight surveys Oil 2 black-tailed prairie dog colonies in the Conata Dasin, South Dakota, 200!')-2008. 

Variable B SE I'r (> Izl) 
Females Illtereept 

Illumination 
-1.90 

2.55 
0.76 
1.32 

0012 
0.053 

Males 
log (JlhnnillalilJlI + 0.50) x Illumination 
Intercept 
I1IlJ1nination 

-2.35 
-0.75 

0.47 

1.21 
0.13 
O.H.> 

0.053 
<0.001 

0.016 

0.96 and P < 0.001). We detected adult male 
ferrets more frequently on nights with greater 
moon illumination (Fig. 2). In contrast, for fe
male ferrets, there was little evidence of an 
effect of moon illumination on spotlight detection 
(ratio = 3.77, df = 2, P = 0.152; Tables 3 and 4). 

DISCUSSION 

In our study, spotlight detection of ferrets 
was more likely if the moon breached the 

horizon during a survey, suggesting felTets are 
aboveground more often and are detected more 
easily via spotlight during moonlit nights OlY
pothesis 1). These results are consistent with a 
telemetry study in which ferrets were more 
active during moonlit nights (Biggins et aI. 
2011). Like southern lesser galagos (Galago 
rnoholi) that use moonlight for navigation on 
the ground between trees (Bearder et al. 2002), 
ferrets might use moonlight during aboveground 
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Fig. 2. Estimated linear and pseudothreshold (log [x + 
0.50) + x) moon-illumination elfeets (1.00 = full moon) Ii-om 
gellt:ntlized lin~.ar rnixed models describing Ihe probability 
of detecting adult f(;mal" or mal" black-footed f"n"ts 
(Musteta nigripes) via late-night, postbreeding spotlight 
surveys on 2 blaek-hlued pmilie dog (Cyrwmys llUwvicumus) 
colonies in the Conala Rasin, South Dakota, 2005-200B. 
Estimated variances for the random intercepts were low; 
thus, we present fIXed-effect population models for femal" 
and male ferrets from 'Iabl" 4. P values were derived f"om 
deviance ratio tests that compared the most supported 
model for a sex to an intercept-only model for that sex (see 
Table 3). 

navigation between openings to prairie dog 
burrows (Biggins 2000). Physical and behavioral 
characteristics of the ferret might reduce pre
dation costs of activity under moonlight. For 
example, under moonlight, the ferret's buckskin 
and black pelage and black-tipped tail might aid 
in concealment (Venin 1987) and predator con
fusion (Powell 1982), respectively, and the fer
ret's facemask can reduce light reflection and 
thus facilitate visual acuity (Ortolani 1999; but 
see Newman et a1. 2OOS, Caro 2009, Stankowich 
et al. 2011). Also, ferrets spend the most time 
in areas where prairie dog burrow openings 
(i.e., refuge) are abundant (Biggins et al. 2006b, 
Livieri 2007, Jachowski et al. 2011, Eads et al. 
2011a, 2011b). 

In addition to the presence or absence of the 
moon ahove the horizon, the amount of illumi
nation is important in spotlight surveys of fer
rets (hypothesis 2). Biggins et a1. (2011) did not 
detect a change in aboveground activity by fer
rets with increasing moon illumination (sec also 
Wei et ai, 2002), suggesting the amount of moon 
illumination would not influence spotlight sur

veys. The Biggins et a1. (2011) telemetry study 
was primarily conducted to compare behaviors 
of M. nigripes and the closely related Siberian 
polecat (M. eversmanni), and dilferellees be
twcen sexes within these Mustela species were 
not investigated (Biggins et al. 2011). Our analy
ses suggested intersexual differences in spot
light detection relative to moon illumination. 
We located adult male ferrets most frequently 
during nights ofhright moon illumination; per
haps bright moonlight facilitates aboveground 
movement more than dim moonlight. Tn con
trast, our data failed to document a relationship 
between moon illumination and detection of 
adult female ferrets. Prey requirements of kits 
necessitate increased hunting by adult females 
relative to adult males with limited (or no) par
ental investment (Miller et al. 1996). In addi
tion, adult females must transfer prey to kits 
(Hillman 1968) or kits to burrows containing 
prey (Hillman 196R, Paunovich and Forrest 
1987, Jachowski 2007a), presumably increas
ing the females' need for aboveground activity 
relative to the more solitary activities of adult 
males. Such parental requirements might limit 
opportunities for response or mask responses 
of adult females to variation in moon illumina
tion. For example, adult female ferrets with 
kits might be active during dark, dim, or bright 
nights to acquire prey for kits, to move kits 
among den sites, and to socialize with kits at 
dcn openings (thus masking all effect of moon
light), whereas adult males are removed from 
parental rC(lwrements that mip;ht mask response 
to moon illumination. 

Ferret response to amount of moon illumi
mtion is a particularly difficult relationship to 
study because the proportion of the moon illu
minated is correlated with (1) time of moonrise 
and (2) proportion of the night with illumination 
by the moon, For example, small proportions of 
moon illumination are associated with short 
peJiods of moonlight during the night (and they 
occur ncar dawn and dusk), creating confounded 
interpretations of the effects of temporal peJi
ods of night, moon brightness, and duration of 
llloon illumination during night. The diHeJing 
duration of availahility of the moon at varying 
phases might influence our interpretation of 
preferences by the fen·ets. For studies of moon 
illumination, however, varying availability might 
not affect evaluations of diHerences between 
groups of animals because availability call bc 
assumed to equally influence both groups (e.g., 
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ferrets vs. polecats in the Biggins et al. 2011 
telemetty study discussed above and males vs. 
females in the present study). Nevertheless, 
changes in detection of ferrets, or changes in 
ferret activity that correlate with moon illumi
nation values herein and elsewhere should be 
interpreted cautiously..Furthermore, telemetry 
data reflect amounts and types of aboveground 
activity (movement vs. stationary; e.g., one loca
tion per ferret per 1.5.58 ± 0.35 min, Biggins 
2000), whercas our data reflect detection of 
ferrets abovcground via spotlight (interpreted as 
a proxy for activity). If intensive telemetry and 
spotlight data are collected in unison, and if 
additional measures arc used to adjust for dif
fering availability, additional insight might be 
gained into lunar influences on ferret activity, 
spotlight detection of fcrrets, and general spot
light survey efficiency (costs and benefits of 
telemetty in Biggins et al. 2006c). 

Biological requirements for ferrets differ 
.Ullong seasons and between sexes. For instance, 
during our study, adult female ferrets raised 
kits while adult males did not. Such differences 
might have implications fi)r spotlight surveys 
(hypothesis 3). We located adult female ferrets 
most frequently in August. As late August and 
September approach, young ferrets approach 
adult size but are often still dcpendent on their 
mother for f()od (Biggins et al. 1993, Miller et 
al. 1996). Adult female ferrets might increase 
hunting efforts to provide prey for nearly inde
pendent oHspring. In September-October, after 
the primary litter-rearing period, spotlight de
tection of adult femalcs declined. We attribute 
this decline to 3 fllCtors: (1) detection of adult 
females might be enIlanced when spotlighters 
detect kits exhibiting increased aboveground 
activity in August (Paunovich and Forrest 1987). 
A group eHect is indeed probable (Buckland et 
al. 2008); at times, we saw one or more kits, 
followed by detection of the associated mother. 
As kits become independent of their mother, 
their effect on dctection of their mother is ex
pected to diminish quickly. (2) Adult female fer
rets likely reduced overall activity as their kits 
becanle independent and prey requirements de
clined (prey requirements discussed by Biggins 
et al 1993). (3) Lastly, later in each field season, 
adult female ferrets might have exhibited more 
uniform activity throughout a night, rather than 
concenh'ating aboveground movements during 
early morning hours (01 :00--03:00; Biggins et al. 
1986). We concentrated surveys in late-night 

periods (midnight-06:00) and, consequently, 
could not investigate this hypotllCsis. Telemehy 
data suggest tcrrets exhibit more unifonn hourly 
activity in winter, and the early morning activity 
peak (01:00-03:00) becomes less pronounced 
(Biggins et a1. 1986). Thus, later in the field 
season, we likely missed adult female ferrets 
that were active before we started our surveys. 

We are tmable to distinguish between changes 
in detection rates of adult female ferrets that 
might be due to care of young and changes in 
detection due to a group effect (i.e., detection of 
kits that assists in detection of their mother), 
as both would be expected to occur somewhat 
synchronously. Chronologically, adult females 
might increase hunting eHorts from June to mid
August to feed developing kits, resulting in in
creased spotlight detection (Fig. 3A). By early 
July, as kits arc weaned and begin to eat more 
prairie dog meat, adult femalcs need to kill 
increasing numhers of prairie dogs, requiring 
more aboveground activity and, likely, more 
shifts among den sites, resulting in greater spot
light detection. Indeed, we most commonly 
observed adult females during August. How
ever, we most commonly observed kits above
ground with their 1Il0tllCrs in August, as well; 
therefore detection at that time should also be 
influenced by occurrence of ferrets in groups 
(Fig. 3B). The detection curve might be ex
pected to reach its asymptote in late August 
and early September, given that the growing 
kits require more food and group detection 
eflects become most pronounced (Fig. 3C). 
Thereafter detection might decline as kits be
come independent of tlleir mother, adult females 
hunt less, and the litter-rearing and group effects 
decline (Fig. 3D). The group eHeet would seem
ingly persist until the last litter of kits separates 
(Fig. 3E). Although we have hypotllesized plau
sible detection curves with and without the 
group eHect (Fig. 3), we carmot envision a prag
matic means of evaluating the relative strengtlls 
of tllese eHects. NevCIthcless, these hypothetical 
detection curves help explain the advantages of 
curvilinear forms of time (month) used in our 
statistical analyses. The quadratic fonn of time 
in our first analysis, for example, had consider
able explanatOlY power but remains all approxi
mation. The relationship between time and 
detection is likely more complex than a simple 
parabola. 

We detected adult male ferrets less fre
quently in July than in June, with increased 
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Fig. 3. Hypolhetical curveS fur the probability uf detecting adult female black-footed ferrets (Mus/eta nigrip",) during 
the posthreeding seasun. Curves colTeslxmd to hypotheses for (1) detection uf adult females with a h'rouP efieet (i.e., 
increased detection of adult females due to detectiun uf kits) and (2) detection of adult females withoul 'l group effect. 
These curves arc described in more detail in the text. 

detection thereafter. Adult male ferrets might Conservation and Management Implications
 
inerea~e activity in September-Octoher to moni

tor activity areas of female:> (Sandell 1989), to This study demonstrates that efforts to esti

establish or supplement scent marks (King and mate sizes of ferret populatiolls and to compare
 
Powell 2007), and perhaps to monitor or population estimates among sites would bene

exclude male ferrets, including kits (i.e., future fit from accounting for lunar and temporal
 
competition for mates). Indeed, evidence of influences on spotlight detection of ferrets. Al

prior residency advantages in ferrets (Biggins though across-site standardization is compli

et al. 2006b) and relatively low amounts of cated by intersite variation in climate, logistical
 
intrasexual space-use overlap (Livieri 2007, constraints (e.g., money and numbers of sur

Jachowski et al. 2010, Fagerstone and Biggins veyors), and physiographic features (e.g., rough
 
2011) suggest territorial behaviors. In addi vs. flat terrain), a generalized approach seems
 
tion, male ferrets might increase hunting efforts plausiblc. A recent spotlight-based method of
 
to gain mass before winter and the hreeding estimating ferret population size (Shirley Basin,
 
season (February-March; Miller et al. 1996). WY; Grenier et a1. 2009), if useful at other sites,
 
However, costs of gain in mass (e.g., reduced could provide a methodological template. As
 
speed and agility; King and Powell 2007) might demonstrated herein, managers should continue
 
create a trade-off. Additional factors (e.g., varia to conccntrate postbreeding surveys in August

tion in temperature, prey behavior, or abun September (Biggins et a1. 1986, :Fagerstone and
 
dance and so forth) might contribute to monthly Biggins 1986, Grenier 2008). At a finer scale,
 
variation in spotlight detection of adult malc our results suggest that survey eHorts should be
 
and adult female ferrets and are deserving of focused when the moon is above the horizoIl
 
future investigation. during moonlit nights and, if survey time is
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limited, between OLOO and 03:00 (Biggins ct 
al. 1986, Clark et al. 1986). 
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