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I ~ I ~ C ) I  t'utce of ptetiator species \ittled nrtloilg habtt'tts and nest stage. We ~noi~rtt t~cci  165 nest\ wtth tarnelas a11ri 
773 nests \ \ t tha~tt  canlet as dur lilg 1997-1 999, ,tnd tdentified pledcttot s nt 61 of 74 tiept eciatecl nests rrionitorecl h\ 
cameras. Zfodel selectlotl 1ndtcntec-1 the most support for 'I model with \epar,tte rates f o ~  piedatron b\ b1rd4, rnitr~-t- 
i~lals, and  wake\ 111 field anct forrst h6~b~tcjt%. Precl,it~on b\ snake\ .i\ns gredter thittl predatiotl h\ rnnrnrnals nnct blrdcl 
111 old field\, predatron b\ mamrnali (mostl\ raccoorl\ [l'tonutr lotor]) was gre~1tc.r than b~ sllnkct ctrlcl birds in for- 
est \\'? forirld little suppol t for the hrpothes~j that mon~torrng nest\ with camern\ affects prcddtxon Yests conltl 
not he asslgtlec-1 ~ e l t n h l ~  to a ptedator group bawd on the cond~tictn of the ne5t. We belle\e that Irno.r~lec1ge of the 
~ d e n t ~ t \  and  ahunditnce of dorn~nnnt predators 1x1 hablt'it ox lnrldscnpe i \  necessan to target conservation effort\ 
t o  leriuce nest predatlotl o~ to Interpret result\ of  r e\enrch on fnc tor4 affecting ne\t sric ces\. 
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Nest predation is the largest sonrcr of nlortality 
in birds (Ricklefs 1969) and can significantly affect 
the dernogl aphv of breeding songbird popula- 
tions (Donovan et al. 1995, Brawn ancl Robinson 
1996, Rogers et al. 1997). However, despite the 
acknowledged importance of nest predation and 
concern about apparent declines of migrant song- 
birds in North America (Askins et al. 1990. Askins 
2000), few studies have directly identified nest 
predators or determined their relatice importance 
(Thompson et al. 1999, Pietz and Granfors 2000). 

Landscape and habitat-patch factors affect lev- 
els of nest preddtion (Marzluff and Restarli 1999, 
Burhans et al. 2002, Thompson et al. 2002). For 
example, bird5 in fragmented forests (I>ono\an 
et nl. 1995, Robinson et al. 1995) and grasslnrrctr 
(.Johnson and 'Te'emplc 1990, M'inter and Faabttrg 
1999) can hale high levels of nest predation, but 
in other habitats or landscape\, fragmentation 
rnar have different (or no)  effect\ on nest precla- 
tion (Tewkrbnn ct al. 1998, Mar/lrtff nncl Restnni 
1999). l,andst dpe arltl hnbi tat cffccts on ric\t pre- 
dation ma\ be the resrtlt of 11ttnlerica1 or ftins- 
tlorldl responses hv predators, idtltt,tlgln few rttltl- 

ies have directly tested these responses (C;halfo~~n 
et a1. 2002). Some nest predatorr, however, have 
been shown to resporld to lantlscape and habitat 
factors (e.g., raccoons [Bowman and Harris 1980, 
King et al. 1998, Dijak and Thompson 20001 and 
snakes [Weatherhead and Charland 1985, Drirn- 
er  and Gates 1993, Mullirz et al. 19981 ) 

The identity of predntor species and how their 
inlportance varies with habitat and landscape fnc- 
tors must be known for managers and scientists 
to design effective conservation plan\ and place 
research o n  nest predation in the appropriate 
context (Marzluff et nl. 2000, He+e et al. 2001). 
d'ntil recently, the identity of nest predators was 
based or1 chance observntions of r\olated acts of 
nest 1" edation (Rest 1974, Volan 1978, Jainr\  et 
al. 1983), the appearance of depredated rleyts 
(Best and Statrffer 19801, or evidence from n lari- 
et> of devices n\ed at artificial nests. f'lasticine 
eggs (1)otlovan ct a]. 1997), litnir catc he1 s (Major 
199 1 1 ,  ~rnc k plntei, (Xngcl\tnrtl 1986), drltl rtill 
tnmeras (Vnjor 199 1 , I>ai~ielsor~ et al. 1997, Her- 
rtnnde/ et nl. 1997~)  hncc. bect~ ttsect t o  idei~tif) 
pr(~1~rtor\ nt nrtific in1 tlests. I Iocvecer, M hcthcr 
pt cclntctrs irlcn tificd ,-lt \ t t (  h IICCIL\ 'ire the s'1111c ~ i 5  
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fy nest predators (Brown et al. 1998, Tllompson 
et al. 1999, Pietz and Cranfors 2000). Due to the 
expense and labor required, these systems mostl! 
have bee11 used to identify nest predators on rel- 
atively sntall samples of nests. 

We used miniature video cameras with infrared 
illumie-iation to identie predators at songbird 
nests in old fields and forests and to estinlate 
predator- and habitat-specific predation rates. We 
used an infoi-mation-theoretic approach to 
detertnine support for our hypotheses that pre- 
dation differed by predator, between field and 
forest habitats, and between eggs and nestlings by 
comparing support for rnodels with 2-6 preda- 
tion categories (not depredated and depredated 
by 1-5 predator groups), with and without habi- 
tat and nest stage effects. We examined support 
for the hypothesis that camera monitoring did 
not affect nest survival by comparing support for 
models with and without a camera effect while 
controlling for other sources of variation (nest 
stage, species, year, interval length). Because nest 
condition has been used to infer the identity of 
predator species in the past, we also presented a 
summary of nest conditions after predation by 
different predator species. 

METHODS 

Study Site 
Our study used songbird nests in old fields and 

forest in 1998 and 1999, as well as nests in old 
fields in 1997 (Thompson et al. 1999). We locat- 
ed bird nests in old-field and forest habitats dis- 
tributed throughout the 920-ha Thomas S. Bas- 
kett Wildlife Research and Education Center 
(38"45'N, 92" 12'W) near Ashland, Missouri, USA. 
The old fields were 2.4-15.4 ha, and forest 
formed the matrix of the study area. Approxi- 
mately 60% of the area was mature, oak- (Qz~ur-cus 
spp,) don~inated forest, 16% sapling to pole-size 
red cedar ([?~nij?e?-zts virg.niana) and hardwoods, 
and 8% old fields. The st~rrotinding landscape was 
approximately 43% forest, and the balance was 
pasture and dispersed rural housing (F. R. Thomp 
son, Llniversitj of Ttifissouri, unpublished data). 

Field Methods 
1.Ve searched habitats on 1-5 dat intervals dur- 

ing 1 fila1~-30J~ily 1997-1999 and located nests by 
systematic searching of potential nest sites and 
behavioral cues from adult birds. Nest locations 
were marked with plastic flagging placed 23 m 
from the nest. We studied field sparrows (LYf~z~~lZc~ 

jiuszlla) anct indigo bufitiligs (P(~,cs~r2na qyanea) in 
the field habitat because the? are the most abun- 
dant nesting species. Nest densities were lower in 
forest habitat, so we used nest!! from a variety of 
species that nest near the ground: indigo bunting, 
Kentucky warbler (C)l"lororrzzs formor us), worm-eat- 
ing warbler (Hrlwzithp-ror vervtlivorzi~) , ovenbird 
(S~zurus auror.apzflur), wood thrush (HyZocichZa 
musl~lzna), Acadian flycatcher (Empidonax 
vi~~scpns), and Louisiana waterthl-ush ( S .  motc~ciZIa). 

We monitored nests wit11 cameras (camera 
nests) and without cameras (non-camera nests). 
Non-camera nests were monitored every 2-3 days 
u~itil fledging approached, at which time nests 
were monitored daily. Nests were considered suc- 
cessful and to have fledged young if we found the 
nest empty and heard nestling begging calls, or 
saw nestlings, parents carrying food, or parents 
chipping agitatedly nearby. Fates of nests in 
which we did not observe tliese activities were 
classified as unknown. Recordel-s at camera nests 
were visited daily to change videotapes, and nest 
fate was documented by the video cameras. 

Video systems consisted of a miniature video 
camera and a time-lapse video recorder in a weath- 
erproof case (Fuburnan Diversified, Inc., Seabrook, 
Texas, USA) and a 12-volt, deep-cycle marine bat- 
tery. The video camera and 6 infrared light-emit- 
ting diodes were in a camera housing that mea- 
sured 32 x 32 x 60 mm. The 950-nm infrared light 
was not visible to vertebrates and allowed us to film 
in total darkness. The camera housing was on an 
articulating arm and connected to the video 
recorder and battery by an 18-m cable. The camera 
housing and articulati~lg arm were covered by a 
sleeve made from green-camouflage material. The 
video recorder filmed 6 framesisec, or 114 the 
speed of standard VHS video, which allowed us to 
record for 24 hr on standard TI 20 VHS videotape. 

We attached each camera ancl articulating arm 
to a wooden stake made from a sniall dead 
branch found at the field site. We placed the 
stake 0.5-1.0 m from the nest and extended the 
arm so that the camera housing was approximate- 
ly 50 crn fi-orn the nest. The camera was located 
close to the lnest to provide adequate infrared 
illumination at night. M'e positioned the caritei-a 
to get the clearest view of the nest ~zithout alter- 
ing nest concealment, and as low as possible to be 
inconspicuous and to avoid creating a potential 
perch site. The ~ i d e o  recorder and battery u-ere 
placed 10-18 m from the nest. We changed the 
videotape daily and replaced the battery with a 
fully charged battery every 2-3 days. 
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!Ye rlsed 12 camera liystems to monitor up to 12 
nests simt~ltaneouslv. !tie monitored nests with 
canleras until a nest uas entirelv depredated, 
fledged, or  abandoned, after which we moved the 
camera setup to another nest. Videotapes from 
the day of a predation etent or suspected fledg- 
ing date wrere viewed in the lab to confirm nest 
fate and identie any predators. 

!Ye placed video cameras at nests after the lay- 
ing period to rninimi~e nest abatldonsnent due to 
disturbance. Despite this, we had numerous 
abandonments, particularly at indigo bunting 
nests. 111 1999, we tried to reduce abando~lment 
by placing cameras 8-10 rn from nests and mov- 
ing them 2-3 sn closer daily until they were 
0.5-1.0 rn from the nest. We assrlrned that nests 
were abandoned in response to cameras if nests 
were abandoned shortly after camera placeinent 
and no other stimulus (e.g., brown-headed cow- 
bird [&lolothr-us cct~r] parasitirm) occurred that 
could have caused abandonment. 

Analysis Methods 
We used an informatiotn-theoretic approach to 

determine support for lxlodels representing alter- 
native hypotheses concerning differences in nest 
predation by predator, habitat, ancl nest stage. 
We examined models with 2,4, or 6 predation cat- 
egories and with a habitat eliFect or habitat and inest 
stage effect (9 models; Table 1 ) . By comparing sup- 
port for models in which the response variable 
con~aisied 2 categories (depredated, not depredat- 
ed), 4 categories (depredated by bird, mammal, or 
snake, or not depredated), or 6 categories (depre- 

dated by passerine, raptor, raccoon, other mam- 
mal, or snake, or not depredated). we determined 
support for the hypotheses that predation differs 
among predator groups. By comparing models 
with and without the habitat effect, we determined 
support for the hypotheses that predation differed 
between habitats. We inclrxded nest stage in some 
models to control for its possible effects on preda- 
tion. 1% used multinomial logistic regression 
(Proc Logistic, SXS version 8.02) to estimate the 
models because it allows mt~ltiple category levels 
for the response variable. Models wit11 reduced 
numbers of predation categories essentially had 
the same response categories as the model with 6 
predation categories, but the covariates were con- 
strained to have the same coefficients for precla- 
tion categories that were "pooled." We used the 
counting process approach (Hos~ner and Lerne- 
show 1999) and analyzed the fate of each interval 
between nest checks, which allowed nest stage to 
change between ir~tervals. We calculated ilkaike's 
Information Criterion (AIC), MIC,  and Akaike 
weights (ut) to identify the best models (Burn- 
ham and Anderson 2002). The model with the 
smallest AIC; is the best approximating model for 
the data; Akaike weights represent the likelihood 
of a given model and evidence ratios can be con- 
structed as the ratio of weights for the 2 models 
being compared ( Burnham and Anderson 2002). 
Burnham and Arlderson (2002) recornmend 
assessing the goodness-of-fit of the global model 
in the set of candidate models. We performed a 
likelihood-ratio test comparing the global model 
to the model with no covariates as an assessment 

Table 1 Multrnom~al logistic-regress~on models for effects of habrtat and nest stage on predator-specrfic predatron of songb~rd 
nests in freld and forest habitats In Missouri, USA, 1997-1999 (n = 1,459) Models are ranked from best to worst based on 
Akarke's Informatron Cr~ter~a (AIC), delta (AAIC), and Akarke werghts (wf, AIC IS based on -2 k log likelrhood ( L )  and the number 
of parameters in the model jK) 

Model - Z i t )  K AIC l A l C  w 

4 predat~on categoriesa, habitatb 
4 predat~on categorres 
4 predat~on categor~es, habitat, stageC 
6 predal~on calegorres" habitat 
6 predation categorres 
6 predatron categories. hab~tal, stage 
2 predatron categoriese 
2 predation categor~es. habrlat 
2 predat~on categories, habrlat, stage 

a Response variable categor~es were depredated by (1) bird, (2) mammal, (3) snake, or (4) not depredated. 
Field and forest habitat 
Egg and nestl~ng stages 
Response variable categories were depredated by ( I )  passerrne, (2) raptor, (3) raccoon. (4) other mammal, (5) snake, or (6)  

not depredated. 
Response var~abie categories were (1) depredated or (2) not depredated. 
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Table 2. Binary loglslrc-regresston models for effects of camera. specres, and nest stage on predat1ona of songb~rd nests In fteld 
and forest tsab~tats in M~ssourt, USA, 1997-3999 in = 2.547). Models are ranked from best to worst based on Aka~ke's Informa- 
tion Crrterta {AIC) delta i ZAIG), and Akarke we:gMs (w), AIC rs based on -2 x log Irke11hooc-i (Lj  and the number of parameters 
In the model jK). 

Model K AIC w 

Speciesb. year, tntervalC 
Year, interval 
Species. staged, year, interval 
Camerae, specres, year, interval 
Stage, year, fnterval 
Camera, year, interval 
Camera, spectes, stage, year, interval 
Camera, stage, year, interval 

a Response variable categor~es were not depredated or depredated 
Fteld sparrow, ~nd~go bunt~ngs, and forest birds. 
Length of interval between nest checks 
Egg and nestling stages. 
With or wlthout video camera. 

of goodness-of-fit (Hosmer and L,ernesho-tv 2000'1. 
We calculated odds ratios ancl 95% confidence 
intervals for parameters in the best-srxpported 
rnodel as a measure of effect s ix ;  these estimates 
were conditional on that niodel being the best 
rnodel (Burnham and illldei-son 2002). 

We also determined whether the data ulpport- 
ed the hypothesis that nests monitored with carn- 
eras had different predation rates (all predators 
pooled) than nests monitored without cameras. 
We consictered models hased on the variables 
camera (camera or no-camera), nest stage (egg or 
nestling), year, and species (field sparrow, ilndigo 
bunting, forest birds; Table 2). We focused our clis- 
cussion of these models on camera effect because 
the other parameters are discussed in Burhan.; et 
al. (2002). The other parameters are included ill 
some models to control for their potential effect 
when interpreting the camera effect. M'c used the 
counting process approacl~ as above. However, 
because interval length bct~,veen nest cf~ecks var- 
ied for non-camera nests, M e  irlclridccl the inter-- 
vaI length as a covariate in ,111 tnlodeis to corrtrol 
for its effect. lire performed a lihclihood-ratio test 
and calculatecl odcli ratios a5 dew-ihrci above. 

We estimated dailv predator--5pecific predation 
rates arid 95% (:I, based on  the bc.\t-\upported 
muciels, using the gerierai nppn-oac1-i of hlitrfield 
(1961, 19'751 and Johnson ( 1979) ~ i t l l  PI og r~ tn~  
MICROhIORT (Hei5ev and Frrllcr 19855). "vlre 
report clailv, predator-specific predation r,ttes, as 
opposed to cimple percentages of nests depre- 
dated by different predator5 ie.g., Thompson et 
al. 1999, Pietz and <;ranfor\ 2000) heciir1ie thii 
approach accounts for differences irl obser-raticln 
days anxong nests ancl ti-eatmellts. Thc rlrrnlher of 

obrel-vation days was estimated for each nest 
from the day a nest was first observed active (with 
eggs or chicks) to the day a nest failed or fledged. 
The last observation day was usuallv directly ob- 
served at camera-monitored nests and therefore 
known. We estimated the last observation day for 
non-cantera nestc as the midpoint between the 
last d a y  the nest was checked and the previous 
visit when the nest was active. If nest fate was 
unknown at the last nest check, the number of 
observation days was the number of davs to the 
last clay the nest was known to be active. These 
procedures generally result in the least bias (John- 
son 1979, Manolis et al. 2000). Observation days 
for the period before a camera was placed at a nest 
were counted as a non-camera nest and not in- 
clrxclect in calculations of predatio~n rates for cam- 
era nests. Nest-success studies generally consider 
a nest srxccessful if it fledges 21 yourig (Martin et 
al. 1997). However, to estimate predator-specific 
predation mtes, we considered a tiect depredated 
if cideo rllo~litoring detected that 21 egg or chick 
wet e eaten, rernovecl, or killed by a predator. 

Nest str~dies have sometimes used field observa- 
tion of rnest col-tdition after predation to infer the 
predator species [Rest 1978). Because xire knew 
the icientitx, of preclators at camera nests, we sum- 
nrarired clhsertrationr of tiest condition after pre- 
chtion h r  5 predator grolrps. We placeit nests in 
5 catzgories based on field observations: rxndis- 
trlrberl (no damage to nest); hole in nest (nests 
with n hole in the nest cup); tipped (nests still 
hanging from the nest plant but at a lower 
angle); torn (the lining or sides were crushed or 
wholl> or partiall\ removed); aiid removed (corn- 
pletelv torn from the nest plant). Torn nests that 
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Table 3, ldent~t~es of predators vrdeotaped depredatrng song- 
b~rd nests In Missourr, USA, 1997-1999. 

Predator 
Habitat 

Field Forest 

Biack rat snake (Eliphe obsoleta) 18 3 
Prarrre ktngsnake jLamprr;ipelt!s cal!igaster) 6 7 
Blue racer 6 0 
Speckled kingsnake (Lampropeitls getulffs 

holbrook!) 1 1 
Sirfalls sp. I 0 
Unidenttf~ed snake I 0 
Raccoon 
Peromyscus sp. 
Long-tailed weasel (Mustela frenata) 
Fox squirrel (Sciurus n~ger) 
Unidentified mammal 
Barn owl (Tyto alba) 
Broad-wing hawk (Buteo platypterus) 
Unidentified raptor 
Blue jay 
Brown-headed cowbird 
Total 

to cameras. After tve modified our field methods 
in 1999 to move caineras close to ilests over 2-3 
days, only 1 indigo btrnting nest was abandoned. 

The likelihood-ratio test of the global model 
with 6 predation categories plus habitat and cam- 
era effects was signilicallt iX& = 594, 1' c 0.001 ), 
and we concl~ided that the model fit the data. 
Results of model selection supported our hypoth- 
esis that predation rates varied arnoing predators 
and habitat (Table I ). The 3 models with 4 pl-e- 
datiorl categories had ovemhelming support com- 
pared to all other models, especially models with a 
single predatioii ectimate. The 4 predation-cate- 
gory rnodel wit11 habitat had 1.8 times the support 
of the 4 predation-category model without habi- 
Vat. The pattern u7as similar for the 6 predation- 
category models. We found no strong support for 
the effect of liest stage; nevertheless, some model 
selection uncertainty existed. Support for the 4 
predation-category nlodel wit11 habitat was 4.2 
times as great as support for 4 predation-catego17 
model urith habitat and nest stage. The odds 

were also tipped were classified only as "to1-11." ratios for predation in fields versus forest ~7ei-e 
No eggshells remained at any of the nest sites. 0.53 (95% CI: 0.19 to 1.42) for predation by birds, 

0.55 (9594 CI: 0.12 to 2.45) for mammals, and 2,62 
RESULTS (95% CI: I .Ol to 6.76) for snakes, based on the 4 

We monitored 165 nests, 1,500 observation days, predation-category model with habitat. For exam- 
and 74 predation events wit11 cameras, and 272 ple, predation by snakes in fields was 101-67696 
nests, 2,022 observation days, and 79 predation (mean = 262%) of predation by snakes in forest. 
events without cameras. We observed 86 predation Based on model selection results, we estimated 
events in 1,686 observation days for field sparrows, daily predation rates for 3-predator groups in 
33 in 1,029 for indigo buntings, and 34 in 807 for field and forest habitats (Fig. 1) .  Predation by 
forest birds. For nests in the egg stage, we had 638 snakes was 3.6 tirnes greater than predation by all 
observation days with cameras and 1,421 without. rnamrnals in fields, and the 95% CI for sslakes did 
For nests in the nestling stage, we had 862 obser- not overlap the C:I for mammals or birds. The GIs 
vation days with cameras and 601 without. for predation by birds, mammals, and snakes in 

We identified predators (to class, genus, or spe- 
cies) at 61 of 74 ~rideo-monitored nests that were 
depredated (Table 3).  Eight of 61 observed pre- 
dation events in-colved partial brood fledging. 
Seven partial fledging events irsvolved snakes in 
which 1-3 11estlings survived; 1 was predation by a 
female coubird in which 2 of 3 nestlings survived. 

Video system failures occurred on 43 observa- 
tion days: howerler, onl) 8 of 74 predation events 
were not identified due to equipment problems. 
'I'he inost cornmon problem \\-as 1 0 ~  battery 
charge (25 days); other causes i~~cluded moisture 
in the recorder case, gnawed cables, or faulty 
cable connections. Five predation errellts were 
not identified because the camera  as knocked 
ova-, i~nproperly aimed, or too far from the nest. 
In 1997 and 1998, 17 of 128 nests, (mostly indigo 
bunting) were abandoned in apparent response 

Bird 
Mammal 
Snake 

- - - .  

Field 
F I ~ .  1 Dally predat~on and 95% GI of songbird nests rn freld 
and forest habitats, by predator groups, In M~ssoun, USA, 
1997-1 999. 
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Fig. 2. Daily predat~on and 95% CI of field sparrow (FISP), 
rnd~go bunting (INBU), and forest songb~rd (FORE) songb~rd 
nests monitored with w~thout video cameras In Missouri, USA, 
1997-1 999. 

forest habitat overlapped. Predation by snakes in 
fields was 3.6 times greater than predation by 
snakes in forest, and predation by rnamrnals in 
forest was 1.3 times greater than predation by 
rnarrilnals ill fields, tlicsugh corlfiderlce irltervals 
o-creulapped for both comparisons (Fig. 1 ) . 

The likelihood-ratio test of the global model 
with camera, species, stage, year, and interval 
length was only marginally significant (Xz = 1 1.2, 
I-' = 0.084). suggesting possible problems with 
model fit. We found no strong support for any 1 
rnodel examiniiig the effect of cameras; the top 4 
models all had weights of 0.1 14-0.277 (Table 3). 
lil'e found stronger support for a species effect 
than stage or camera effects; species occurred in 
3 of the top 4 n-rodels (year and intenral length 
were in all models). The odds ratio for the nests 
with cameras versus nests without cameras was 
0.914 (0.621-1.338) based on the model with 
camera, species, year, and interval length. Given 
the model selection uncertainty, that species and 
vear were in all 4 of the top models, and that we 
were primarily interested in the effect of cameras, 
we estimated daily predation using the model 
14th camera, species, year, and interval length. 

strate. A blue racer (C:cilubn- ronrlmrtor) was identi- 
fied as the nest predator in the only camera nest 
where we observed a hole in the nest; the snake 
emerged through the bottom of the nest cup to 
capttlre field sparrow nestlings. 

DlSCUSSlON 
tl'e co~lclrtde that iiest predation rates di&red 

among predators and habitats at our study site. 
Our conclusion was supported by the results of 
model selection, the odds ratio for snake preda- 
tion in fields versus forests, and by the estimated 
predation rates. We recognize that our predation 
estimates are somewhat imprecise, as indicated 
by wide CIS that often overlapped. We believe, 
however, that the estimates and CIS indicate bio- 
logically important differences (Fig. 1 ) , especial- 
ly since the model they are based 011 had strong 
support (Table 1 ) . 

Snakes were the dominant predator in our 
sttidy, followed by raccoons and then a diversity 
of other predators. Studies of nest success, and 
especially those examining forest fragmentation 
effects, have speculated on the potential impor- 
tance of blue jails, Arrrerican crows (Corvu~ 
bmr/zyrhynrhos), raccoons, skunks (ll.Iephitis spp.), 
opossums (I)idulphir virgnicznn) , and other medi- 
urn-sized mamrnals as nest predators (Wilcove 
1985, Small and Hunter 1988, Gates and Gysel 
1978). While we detected some of these preda- 
tors, none were as important as snakes in field 

T i p p e d  Removed 0 Undistu&& 

- 
Confidence intervals for all estiimateq overlapped, 
and difkrences between camera and non-camera 
nests varied among species and wars (Fig. 2). 

Nests that were depredated by snakes and 
passerine§ (blue jays [ f<~nnor2tta tnrifn!n] or cow- 
birds) tended to have the lowest nest disturbance 
oleraI1 (Fig. 3). Nests where raccoons 01 raptors 
f+,el-r identified as were often torn, F'g 3 Candltion nests predation preda- 

tors rdentif~ed w~th v~deo cameras rn fleld and forest habrtats 
tipped, or removed entirelj from the nest~ng sub- in Mtssour~, USA, 1997-3999. 
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habitats, and oril) raccoons were ntor e important 
than snakes in forest habitats. Based on our 
observations of snakes during rcr-tltine field\~orb 
on our study site, .;ndkes appear- inrxch more ahrriz- 
dant in field than ft>rest habitats (D. E. Rlxrh;irls, 
unpublished data). Snakes have been sr~spectecl 
as importa~it nest predators in old-field habitats 
(Best 1978. Nolan 1975, Zimmer~nan 19841, and 
some studies have documented snakes depredat- 
ing nests in these habitats (Best 1974, Kolan 191783. 
However, simply because predators are found in 
a given habitat does not mean that the5 depredate 
nests there. hlthough raccoons were common at 
grassland sites in Xorth Dakota, Pietc and Gran- 
fors (2000) identified a variety of small mammals 
as the maill predators in their video camera study 
and did not record raccoon predation. 

W1e found little evidence that cameras affected 
predation. Subs~antial model selection uncer- 
tainty existed among the 4 top models, incl~lding 
I with camera as a covariate, and fit of the global 
model was questioilable. In addition, predation 
estimates based on the best rnodel with camera 
effects showed inconsistent differences in preda 
tion rates bctwecn camera and ncs~l-carncra man- 

itored nests, and the odds ratio for camera was 
close to 1. 'We suggest that camera studies can 
proceed with at least some support that they clo 
not affect nest success any more t l~an tl-adition:~l 
visual monitoring. While Piet/ and Granfors 
(2000) found no significarit differences, they sug- 
gesteci that a tendency existed for lo~ver preda- 
tion at video- monitored nests, and hypotllesiced 
that nests with a high probability of predation ciid 
not survive long enough to become assigned to 
camera treatments. Buler and Hamilton (2000) 
found that natural nests inonitored with motion- 
detector cameras had lower predation. 

Some studies have used nest danlage to infer 
predator identity, assuming that snakes or wng- 
birds were predators when nests were intact and 
that mammals were predators when nests were 
disturbed (Best 1978). Misidentificatim of preda- 
tors based on nest evidence rnw occiir because 
(1)  different predators may affect a nest the same 
way, (2) the same predator r n q  afiect n nert in 
different wajs. or (3) several different pl-edators 
may visit a nest between tisih Irr recearcher\ iZAnr- 
ivi61-e 1999). Hernandez et al. 1 199701 ancl Pietx 
and Cra~ifors (2000) also foulid interspecific aitd 
intraspecific var-iability in evidertce left at nest sites 
and believed that evidence at tlie nest was not a 
good indicator of predator identity. Generallv, we 
found that nests depredated by raccoons and rap- 

tor\ were the mo\t highlv distr~rhed, hut raccoons 
did not al\cnv% di\ttlrb nests. Snakes Mere the only 
predator to crc~tte hole in the nest; however, 
orrh I of 38 ohrened \nirkes created a hole. In 
prcbiout ne4t-preciation \tudies, we noticed such 
hole\, ancl at least 1 ctther study (Best 1978) has 
mentioned thic, phenontenon. Overall. condition 
of the ne\t cotlld not be reliablt used to identifv 
a predator, or etren exclude any predator group 
(except perhaps raptors for nriclist~~rbed nests). 

Tlie practice of moving cameras gradually 
towarci the ne\t over n period of days resulted in 
ma111 fewer neit abandonments, particularly for 
indigo burltirigs (we also Thompson et al. 1999). 
Ui~fol trrnatelv, this practice also resulted in sev- 
eral irt\tance\ in which we could not identifjr 
predators due to the greater dis~ance of cameras 
from the nest. especially at night. Cameras are 
available, however, that can monitor nests at 
night at gredter distances. Video cameras usually 
succ essf-rxllv recorded predation events, and we 
are atvare of no other technique that will reliably 
identify predcttors at songbird nests. 

MANAGEMENT IMPLICATIONS 
Factors affecting nest success vary among stud- 

ies, and can include nest site (nest height, con- 
cealment), habitat-patch (type, patch size, dis- 
tance to edge), or landscape factors (composition, 
fragmentatioi~) . Researchers have speculated 
that this variation is the result of predator diver- 
sity and differences in pledator communities 
(Tewksberry et al. 1998, Marlluff and Restani 
1999, Thompson et al. 2002). We found evidence 
that the importance of predators can vary within 
and between ndjacent habitats in the same land- 
scape, even for the same or similar nesting 
species. Therefore, the importance of predators 
likel) may vart, arnorlg lalidscapes and geograph- 
ic are'ls a\ %%ell. We suggest that nny investigation 
oif factors nffecring nest predation should be 
rrnclertaken or interpreted with some kriowledge 
of the dominant predators. Ideally, this informa- 
tioii .r.trrould come from directlx monitori~ig nests, 
as in otrr strxdt. lout at a rninimrrrn should include 
rdentification of potential ne\t predators in the 
area, nrlcl preferdhlv some il~formation on their 
Ithri~~dancer in the hahita~l or landscapes studied. 
Studies of nest predation wltl be more informa- 
tive if factors affecting preddtion bt, specific 
predator.; are identified. Likewise, conservation 
effor~s to mitigate high rzest predation will require 
knowledge oi predators and predatol--specific 
manager~~extt. MThere predators are known, 
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aspects of the predator's natural history, as well 
predator responses to nest-site, habitat, and lancl- 
scape features can be considered in management. 
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