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ABSTRACT-We examined short-terrn trends irl relative abundance and species richness of breed- 
ing and wintering grassland birds before (1996) and after (1997 ,  1998) a prescribed burn in a 
mesquite-invaded, desert grassland at Buenos Aires National Wildlife Refuge, Arizona. We surveyed 
birds and sampled vegetation along 1-km line transects bisecting 14 ( 7  control, 7 burn) 25-ha 
plots located randomly within a burn and adjacent control unit. Following a spring burn that was 
moderate in intensity and patchy in areal extent, we observed that ground cover was affected more 
strongly by burning than mesquite (Prosopis) cover, smaller mesquite were affected more strongly 
by burning than larger mesquite, and mortality of mesquite was low. No change in total abundance 
of birds was detected on the burn unit following fire for either wintering or breeding birds; 
however, species richness of breeding birds decreased in the first year post-burn. During the 
breedkg season, n l o u r ~ ~ i ~ l g  doves (Zenaida m a ~ o u r a )  increased, whereas Botteri's sparrows (Aim- 
uphila bolla'i), Cassin's sparrows (Aimophila cassinii), and cactus wrens (Campylmhynchus brunnkcap 
illus) decreased in relative abundance following fire. During the wintering season, ladder-backed 
woodpeckers (Picoides sca1an.s) and vesper sparrows (Poopcetes gmmineus) increased and cactus wrens 
decreased in relative abundance following fire. Beyond species-level trends, we found stronger 
evidence of trends and greater magnitudes of relative change for breeding species associated with 
open grasslands compared to those associated with shrubs. The use of spring burns on the Refuge 
will likely improve conditions for open-grassland species that were historically more abundant by 
killing smaller mesquite and reducing mesquite recruitment. However, more intense and extensive 
fires will be required to reduce the presence of larger mesquite. Such fires would likely have a 
greater impact on birds associated wit11 shrubs, and consequently, a greater impact on the avian 
community as a whole. 

R ~ s u ~ ~ ~ - E x a m i n a m o s  las tendencias de corto plazo en la abundancia relativa y la riqucza de 
especies de aves de pastizal anidantes e invernales antes (1996)  y despues (1997 ,  1998) de una 
quema prescrita en nn pastizal desertico invadido por nlezquite en el Refugio Nacional de Vida 
Silvestre Buenos Aires, Arizona. Realizamos monitoreos de aves y nluestreos de vegetaci6n a traves 
de transectos lineares de 1 km de largo, cruzando 14 parcelas (7 de control, 7 quelnados) de 25 
ha seleccionados a1 azar en una zona quemada y en una unidad de control adyacente. Despues 
de una qllema en la primavera, moderada en intensidad e irregular en su extensi6n areal, obser- 
vamos que la cobertura del suelo fue mis afectada por el fuego que la cobertura de mezquite 
(Prosopis), 10s mezquites pequerios fueron mas afectados por el filego que 10s mezquites de mayor 
tamaiio, y la mortalidad de mezquites fue baja. No detectamos cambios en la abllndancia total de 
aves anidantes ni invernales en la zona incendiada; sin embargo, la riqueza de especies de aves 
anidantes disminuyo erl el primer aiio despues de la quema. Durante la temporada de reprod- 
ucci6n, las palorrlas huilotas ( 7 ~ n n i h  mamoura) se incrementaron, mientras que 10s zacatoneros 
de Botteri (Aimuphila bttcn'i), 10s 7acatoneros de Cassin (Azrr~uphila ca~siniz), y las lnatracas desfr- 
ticas (Campy1mhynrhu.r brunn~irapi l l~~s)  disminuyeron en abundancia rela~iva despufs de la quenla. 
Durante la Le~nporada invernal, 10s carpinteros listados (Piroiclrs scalaris) y los gorriorles coliblancos 
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(I'ooccctes p - ( z r r ~ i n e z ~ s )  se incrementaron, mientras que las rrratracas desirticas dismin~lyerorl ~ I I  aburl- 
dancia rrlativa despuCs de  la qllema. Mis alli de las te~ldcllcias a nivel d e  especie, encontrallloa 
mayor eviderlcia d r  las ~cndencias y mayores magriitudes cn cl cambio relativo de  las esprcies 
anidantes asociadas con pastizalcs abiertos en cornparaciv~~ con aqucllas especies asnriadas con 
matorrales. El uso de  qurrlias durante la primavera en el Refugio probablcmente mejorarj  las 
condiciones para especies de paslizalcs abiertos q ~ l e  hist6ricamel1te t'ue~.or~ nlas abundantes, al 
lnatar 10s mexq~~i tes  ma? pequeilos y ~.educir cl reclutamiento d e  mezquite. Sin cmbargo, se re- 
q~tcril-511 quemas mis  intensas y exte~lsas pal-a rcducir la presencia de  mezquites de  mayor tamafio. 
Llichas qucmas probablemente tendrlirl UII rnayor impacto en las aves asociadas co11 rnatorrales, 
y co~lsecucntcmente, un mayor impacto erl Pa con~unidad de  aves en general. 

Populations of' grassland birtls have tleclincd 
over the last quarter century at a rate greater 
than any other avian guild in North h e r i c ; ~  
(Knopf, 1994). Destrurtior~ ant1 degradation of 
native grasslands have been implicated as rna- 
jor causes in the decline (DeSantc and George, 
1994; Vickery et al., 1999). Irr the southwcstcrn 
IJrrited Statcs, dcscrt grasslands have been tle- 
graded subshrt~ially as a rcsult of overgrazing, 
drought, invasion of exotic specics, and fire 
suppression (Bahrc, 19'35). Before the arrival 
of Anglo-hr~er.ic:an set.tlers (ca. 1870), summer 
wildfires were extensive antl relatively Crcqucnt, 
occ~irring at least once every 10 years (Hum- 
phrey, 1974; McPherson, 1995). The subse- 
quent interruption of thc natural fire regime 
has contributed to pronounced structural, 
compositiorl;tl, antl Punctional changes to de- 
scrt grasslands (Bahre, 1991). No changc has 
been morc apparent than the dramatic in- 
crease of shrubs, primarily mesquite (Prosopis), 
in upland areas formerly do~ninated by native 
grasses (Humphrcy, 1974; Brown, 1994). 

These rr~esquit.e-invaded grasslands currently 
support a diffcrcr~t avian community than was 
present historically (Lloyd et ill., 1998). En- 
croachrr~errt oP mesquite scems to have facili- 
tated the movement of shr~ill-tlependcnt bird 
species into areas that were forrr~erly open 
grassl;~ncis (I.loyd, 1997). Species typical of 
more open grasslarids, such as Bottcri's spar- 
rows (Airnophila botterii) and Cassirl's sparrows 
(Aimophil(~ t:ns.tinii), arc now less common, ;tnd 
shrub-dependent species, such as black-throat- 
ed sparrows (Amnphispizn bilinentn) and Lucy's 
warblers ( V m i ~ ~ o r n  luciae) , currently domiriate 
the compositior~ and structure of thcse avian 
communities (Maurer, 1985; T,loyd e t  al., 
1998). 

In an effort to reverse these trends and pro- 
mote sclf-sustaining populations of grassIand 
birds, rilanagers at Buenos Aires National Wiltl- 

life Kefilge, Arizorla use spring prescribed 
I~urns to halt the spread of rnesquitc and rc- 
store areas of open grassland. Despire thc cm- 
phasis placetl on this management technique, 
relatively little is known about the potential im- 
pacts of prescribed burning on grassland birds 
(Herkert, 1994), and thus, the efficacy oP rcs- 
tor.ation ePPorts rcmains unclear. To atltlress 
these questions, we examined the effects of a 
spring prescribetl Ilurn in a mesquite-invaded 
grassland on the Keft~ge to tleterminc the di- 
rec.tion and magnitude of short-terrr~ trends in 
relative all~lndancc and species richness or  
breeding arid wintering birds following fire. 

METHODS AND M ~ ~ ~ ~ . ~ ~ l . s - . ~ t : t l r f / ~  Area-This study 
was conducted o n  B~tcnos f i r e s  National Wildlife 
Refuge ill the Altar Valley CJC southern Arizona. The  
46,937-ha Refilge was esbablislicd in I985 and pro- 
tects the largest, ungrazed grassland in thc state. Dc- 
spitc the recent protected status, RcCugc grasslands 
sufrer the effects of decades of' ove~.g~.nzing and fire 
suppr-ession; moreover, m e s q ~ ~ i t e  are well es~abliahcd 
in most upland arcas (Lloyd, 1997). Refuge nlallag- 
ers use prescr.ibccl burning to reduce rhe density of 
mesquite arld elreourage growth of native grasses. 
Starting in the early 1990s, approximately 5.700 ha 
of grasslands have been burllcd cach spring on a 5- 
year rotation schedule. 

Climatc in Altar. \!alley is semi-ar-id and tcmpera- 
turcs range from 44°C in summer to 1 3 ' C  in winter 
wit11 a ~rronthly mean of 17°C. Average al~llual prc- 
cipiba~ioll on thc valley floor is 300 mm. A r l ~ ~ u a l  prc- 
cipitatio~i is bimodal with a brief summer seas011 of 
localized t h u r ~ d e r s ~ o r n ~ s  and a longer winter season 
of widespread fi-onbal s~or l l~s .  

The study site was locatcd at an elevation of 1,100 
m in an upland area of' 111esqui~c-invaded grassland 
on the northern half of the Kcfugc. Ground cover 
was characterirred by a mix o f  pererlr~ial bunchgrass- 
es, sub - s l~ r~~bs ,  forbs, and large palcttes o r  barc 
groulld. Lchmann lo\regrass (Ilrnpo.ctis lehmrrnninna) , 
a fire-adapted spccics introduced from South Africa, 
was the dorll ir lal~~ grass. Common native grasses irl- 
cluded Arizona cot Lon top (Diprtirin rnlifmnirrr) . 
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gramas ( Tioutebua) , and three-awrls (Arislidn) . Snake- 
weed (Ci~ . t im~~in  snrothrae) and burrowccd (Isocoma 
lemuisecla) were the common sub-shrub spccics. 
Shrub cover was dominated hy velvet mesquite ( P w  
sqbis velulina), which comprised >90% of individual 
shrubs and varied in dcnsity from scatterrd individ- 
uals in upell grassla~lds to relatively dense stands of- 
ten associated wilh small washes and gullies. Somr 
mesquite trees were >5.0 111 in hcight; however, most 
mesq~iitr were small enough (<3.0 m) to be classi- 
fied as shruhs. 

ExpmirnenlalDesign--In spring 1996, we chose 2 cx- 
pcrinlcntal units, a 1,59&ha h ~ ~ r n  a r ~ d  a 1,818-lla 
co~ttrol, from a selection of fire management u ~ ~ i t s  
on thc Rclugc. We matched the control to the burr] 
unit based on similarities in size. topography, vege- 
tation structure and composition, and distances to 
major landscape features (e.g., mountains, reser- 
voirs, streams, and recent burrls). In addition, we 
selected experimental units wilh similar disturbance 
histories; both units had not beer1 grazed sincc 1985 
and had not been h ~ ~ r n e d  in the precedirlg 4 ycars. 
RcCugc rccords indicated that the control unit 
burrled oncc in 1992. 

Within eacl~ unit, we randomly located 7 2.5-ha 
plots (1,000 by 250 111) and bisected each plot with 
a 1-km loug crallsect along which birds were sur- 
veyed and vegetatior~ was samplcd. The treatment 
unit was burned on 1 April 1997. Becausc large 
washcs acted as firebreaks during the hurr~,  we spot- 
burlled several unalTected plots on 7 and 14 April 
1997. 

Because of the size of 111a11agclllcllt units on the 
Refuge, we c o ~ ~ l d  not intersperse cor~trol and burn 
plots. Thus, inferences aho~lt causal relatior~s be- 
tweerl bur11i11g and changes in bird abundanre must 
he viewed as tentative. F u r t h c ~ - ~ ~ ~ o r c ,  wc restrict our 
inferencrs to populations within the study arca be- 
cause experimental  nits were unreplicated. 

Fire Morudori~ig-One week hefore the prescribed 
burr], we ~x~easurcd tlic pre-burn load of s~~r face  fu- 
els hy collecting all grasscs, Corbs, subshrubs, and 
organic surface litter from within a 0.5-1x1~ arca at 4 
subsampling points located 5 m N,  S, E, and W fro111 
1 end-point oC 6 burn transects. In addition, we 
clipped 6 grass sa~nplcs (ca. 100 g) on the morning 
of the hurn to deter~nir~c the nloisturc content of 
the fine-fuel source. Samples were dried at 70°C lor 
48 11. 

Managers 011 t11c Rchige conduct spring pre- 
scribed burns u ~ ~ d c r  thc following prescription: tem- 
peratures of 21 to 35"C, relative humidity of 5 to 
25%, and winds of I6 to 40 kph. During the burn 
we ~rlcasured these variables hourly from an auto- 
matic weather station locatcd about 2-km southeast 
of the burn unit. In additior~, wc csti~natcd average 
and maximum values of'flame height and ratc of firc 
sprcad. 

V~getation Sampling--Followir~g thc burn, we esti- 
mated the arral extent of remrlant patchcs o l  vege- 
tation within the burn unit by ~ ~ o t i ~ ~ g  whethcr veg- 
ctation had been h ~ ~ r n e d  or unburr~ed at 40 points 
locatcd randomly within each hlirn plot. Usirig thc 
line il~terccpt mcthod (Canfield, 1941). we quanti- 
fied perceut covcr o l  grasses, forbs, s~~hsl i ruhs,  mes- 
quite, and bare ground in March 1997 (pre-burn) 
and March 1998 (post-burn). On each of the 14 
plots, we randorrlly selectcd 6 01- 21 metal stakes de- 
marcating the survey trarlsect, a ~ ~ d  lrom these stakes 
we extended a 20-m sample line i11 a 1.a11don1 dircc- 
lion. We measured hasal cover of grasses and lorbs 
and acrial cover of shr~ihs and subshrubs (Canfield, 
1941). 

Pif~eer~ n~onths after the hilrn (July I!WH), we 
rrleasured ~uesquitc density, structure, and fire dam- 
age from within 10 1U-111 radius quadrats placed at 
100-m intervals and at a ra~ldom distance (<60 m) 
perpendicular to the trallsects irl cach of the burn 
plots. We qr~antified the tola1 r~url~bcr of 111csquite 
within each quadrat, and for each ~ncsquitc wc uscd 
a graduated pole to record the maximurr~ 11eigllt (to 
the nearcst 0.5 m) of live or dead vegetation. Maxi- 
munl height of dcad structures (~lsually fire-killed 
limbs and twigs) was recorded as a rough estimate 
of the pre-bur11 hcight 01- the mesqi~itr canopy. 

We placed rrlesquile illto I of 3 height classes, 
<1.5 m, 1.5 to 3.0 m, and >3.0 111, and 1 of 4 fire- 
damage classes: no visihle effect of ti re, partial crown 
kill, col~~plclc  crown kill with respro~iting fiom base 
or stems, a r ~ d  crown and roots killed (DeAano et al., 
1996). We combined tire-da111ag.c classes 1 and 2 into 
a single category to der~ote ~r~esquite wit11 lcss severe 
darllagc and fire-damage classes 3 and 4 illto a si~lglc 
category to dcnotc mcsquite with more severe dam- 
age. 
Bird Si~rvq .cWe quantified species relative abun- 

dance, total relative abundance, and species ricllllcss 
Cur- brccding and wintering communities of glass- 
lar~d birds by surveying along 1-km line transects. 
Rirds were surveyed fol- 2 to 3 11 beginning 1/2 h 
after sunrise and typically 2 to 3 trarisects wcrc com- 
plctcd by a single observer during the morr~irig. As 
all iridcx o l  rclativc abundance, we recorded all vi- 
sual and audit01 y dctcctions of birds within a hand 
125-m wide on either side of thc transect. Observa- 
tions of raptors, bird flyovers, a11d flocks oC quail 
werc 1101 included in analyses. No surveys were per- 
formed durilig pcriods oC rain or strong wincis (>32 
kph). 

We surveyed hreedi~lg birds from I April to 30 
July with an average of 7 surveys per plot ill 1996 
(PI-e-burn) and 10 surveys per plot in 1997 and 1998 
(post-burn). Pro111 a prcvious study (Lloyd et al., 
1998). we knew that mesquite dcnsity influenced the 
distribution of hreeding grasslalid birds morc than 
any other vegetation variable on our study sitc. 
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'l't~ereforc: we classified hreedir~g species a priori 
into guilds (shrub-dependent o r  ope~l-grassla~lcl spc- 
cies) based otl thc importance of' shriths as a com- 
ponent ot  each spccics' habitat (see Lloyd e l  al., 
1998). We cor~sidercd grassland obligate (e.g., Bol- 
teri's sparrow>) and I I~ I I - sh rubdependen t  species 
(e.g., m o n r n i ~ ~ g  doves-Lenaidn rr~nl.,vura) members 
of the open-grassland guild. 

Wc surveyetl wintering birds from 1 Februal-y to 
YO Mal-ch with an average of' 6 surveys pcr plot in 
1997 (pre-burn) and 1998 (post-bunt). Bccausc win- 
tering sparrows oftcn formed miseti-species flocks, 
we estimated ~ k r e  size and species composi t io~~ of 
flocks with >5 individuals and analy7rd these data 
separately from the 1.e1alivc abundance data for will- 
tering species. 

Statistic01 A n o l y s ~ ~ M ' e  arlalyzcd relative abun- 
dance data for species that were widely distributed 
(present on >50% of plots). For b r e e d i ~ ~ g  species 
ttial showcd a clear intraseasonal peak ill dctcctabil- 
ity (>40%, diffcrcncc in frequency of observalions 
behveen April-May and June-July), we limited anal- 
yses to the time period with the greater number of 
observations. For each spccics, wc estimated a sea- 
solla1 mean vall~e of relative a l ~ u ~ l d a n c c  for both the 
co~ltrol  ant1 burn units using the avcrage number of 
obscrvations per plot (total 11~1111ber of observa- 
l io~~s/ lo ta l  number of survey ef 'f i~r~s).  

Befi)~.~. co~lducting analyseq, we e x a m i ~ ~ e d  residual 
plots of' hird and vegelation data for outlying values 
and assessed the need for ~m~~sfo~ .n ia t ions .  A square 
~ .oo t  transfol-mation +0.1 helped LO stabilize non- 
co~ls t : i~~l  var ia~~ces  in most of the data. N'c rcport 
untransf'or~ncd summary statistics (e.g., diff'ere~iccs 
in means, 95%1 cor~fidelicc intervals) in tables but 
used transformed data for analyses. M'e tested the 
l~u l l  statistical hypothesis that there we1.e I IO differ- 
ences ill rela~ivc abundance, species richness. and 
percent cover 011 ~ h c  burn unit verslls the control 
unit through titne. Usil~g a rcpcated measllres AN- 
OVA, we calcl~lated a Wilks' Lambda Fstatistic for 
wi~11i11-subjects, time by treatment i r~terac~io~is .  

U'e did 11o1 scl a lixcd significance level because 
P-vali~es provide a c o ~ ~ t i r ~ u o u s  measurement scale of 
the strength of evidence a ~ a i r ~ s l  a spccified nil11 hy- 
pothcsis (Cherry, 1998). <:onclusior~s were based o n  
the co~r~b incd  cvidence of Pvalnes fi-om hypo~licsis 
testing and r~~agllitudcs of change generated fiorn 
parameter estimates. To calculate magni~ildes of 
change in relative abundance a ~ ~ d  percent cover val- 
ues ovct- time, we first found the dil ' lere~~cc ill pa- 
rameter es~inialcs before and after the prescribed 
fire on the bur11 unit. To these values, we added cor- 
rection factors equaling the diffcrcnce in these pa 
ranlctcr estimates before and after ~k)e prescribed 
fire or1 l l ~ c  contl-ol unit. The  correctior~ faclor was 
~ ~ s e d  to accou~i l  for gcncral variability in grassland 
bird ahilndance through linlc across the study area. 

R~.srir.?-s-Bcfore the burn, surf;lc:r fuels av- 
eraged 3,361 kg/ha (SE = 926, n = 6) and 
moisture corlterlt of fine fuels was 28% (SE = 

1.3, n = 6). Durirlg thr burn, air temperature 
was 20°C (SD = 1.5, n = 9),  relative humidity 
was 37% (SD = 8.8, n = ! I ) ,  and winds were 32 
kph (SU = 4.8, . r ~  = 9) with gusts to 53 kph. 
Fire behavior wiis variable, but flame lengths 
avcragcd 1 m (maximurri 6 m), and the rate of 
fire spread avcraged 8 m/miri (rrlaximum 38 
m/min). 

I'egetution-AMthc)tlgl~ wc did not quantify 
vcgctation cover imrriedia~ely aftcr the burn, 
virtually all ground cover was tlestroycd and 
many snialler shrubs were top-killed in the 
path of the fire. Despitc thc damage, 28% (SE 
= 2.8, n = 7) of the burn unit was unaffected 
11y fire and variably-sized pocke~s ofvcgctation, 
ro~lglrly 5 to 100 m2, persisted. 

One yriir after thc fire, bare ground in- 
creased on the bur-n unit rclativc to the control 
by 12%; whereas, grass cover was rcduced by 
2H%, sub-shrub cover by 9296, arid rnesquitc 
cover Ily 49% (Tablc 1).  Although forb cover 
increased across the study area, the increase 
was substantially grealer. on thc control, result- 
ing in a rclative decrease of 500% on thc burn 
unit. 

One percenl (4 shrubs/ha, SE = 0.9, n - 7) 
of mesquite were killetl outright, 56% (164 
shrubs/ha, SE = 25.3, n = 7) wcrc topkilled 
1x11 I-esproutcd fi-om base or slerrls, 23% (64 
shrubs/ha, Sl? = 13.6, n = 7) showed evirlerlce 
of a partial crown kill, and 20% (63 shrubs/ 
ha, SE = 22.0, n = 7) appeared to be unaf- 
fected by the burn. Moreover, smallcr mes- 
quite suffcrcd proportionally greater damage 
than larger n~esquitc (Fig. I ) ,  and no mesc l~~i~e  
>3.5 rn was killed outright by fire. 

Breeding Birds-During 3 years of brccding 
bird survcys, wc detected 5,266 intlividuals of 
45 species. Black-throated sparrow was the 
most abundar~t arid widely distributed breed- 
ing species, accouritirig for- 24% of total sight- 
irigs. Othcr common breeding species, in or- 
der of decreasing rclative abund;urce, were 
eastern rne;~tlowlark (Sternella mugnu), Lucy's 
warbler, cactus wren (C~~,m1~lorhynrhus hnn,ei- 
cupillus), mourning dovt-, arid ash-throatcd fly- 
ciilrher (Myriarcl~us n'nerusrms) . 

We observetl an avcrage of 15 birds (SD .- 
4.3, n = 42) a r ~ d  7 species (Sn = 1.5, n = 42) 
pcr survey route during 3 years of breeding 
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TABLE 1-Perce~it segecalion rovcr and outconlcs of I-cpeated measures ANOVA (time by treatment in- 
teractions) on 14 (7 control, 7  bur^^), 25-ha plots becore and after a spring prescl-ibed bum on Buenos 
Aires National Wildlife Refuge, Ari~or~a.  GI-asses a i ~ d  Corbs wcrc measured basally and shrubs and sub-shrubs 
%.ere measlired aerially. 

Vegetatior~ Experirlterllal 1997 (pre-burn) 1!908 (post-h~~rn) 
cover urtic x (39 x ( Slq PI, 12 I' 

Grass control 3.35 (0.29) 2.93 (0.32) 7.98 0.02 
burn 2.81 (0.18) 1.61 (0.19) 

Forb' coi~trol 0.17 (0.04) 1.05 (0.15) 5.84 0.03 
burn 0.10 (0.04) 0.48 (0.06) 

Sub-shrub' cor~trol 2.41 (1.36) 2.91 (1.26) 42.19 <0.01 
bur11 6.20 (0.88) 1.02 (0.33) 

Mesqliitel control 6.67 (2.12) 7.18 (1.73) 3.58 0.08 
burn 8.16 (2.16) 4.66 (1.19) 

Bare ground1 control 87.98 (2.56) 86.51 (2.54) 11.35 <0.01 
hurn 83.74 (2.17) 91.97 (1.20) 

' Pstatistic and P-val~ie generated fiom square root 

bird surveys. N o  substantial charigr iri to~;il  
abundancc  of breeding birds was detected o n  
t l ~ e  1111r.n 11ni1 rollowing the  fire (F,,,, = 0.12, 
P = 0.88). Species ricl~rless declined 24% (1.8 
species/sr~r-vey route)  in the first year ~ x ) \ I -  
b u r n  a n d  14% (1.0 species/survey route) i r ~  
t h e  second ycar post-burn o n  the  b u r n  unit 
relative to the  control (F, ,, = 8.05, P = 0.01). 

T h e r e  were sufficient data  fo r  statistical arial- 
yses of t rends i n  relative abundance for 12  spe- 
cies of  brccding grassland birds, comprising 
85% of all hirvl observations (Tablcs 2 a n d  3). 

1. severe I 
lcss severe I 

mesquite height (m) 

Frc;. 1-Density ( j a r i d  Sh) oCvclvet mesquite (Pre  
.sopis vrl~~ltina) in 3 heighl classea that suffcred either 
severe fire-damage (killed outright or cop-killcd) or 
lcss severe firedamage (partial crowrt-kill or 110 vis- 
iblc damage) 15 months after a spring prescribed 
burn on 7 25-ha burn plots at h e n o s  Aires Natiorlal 
Wildlire Refuge, Arizona. 

trarisforllied data. 

Cornparetl lo pre-burn Icvcls, wc observed the 
following post-burr1 t r e ~ l d s  i r ~  relative abun- 
dance  o n  thc  b u r n  uni t  relative to  the control.  
Mour.nir~g doves increased 393% (1.4 birds per  
survey) in  the  first year pc~st-l~rlrn. Botteri's 
sparrows dccreased 288% (1.2 birds p e r  silr- 
vey) in  the  first year. post-burn a n d  229% (0.9 
birds pcr  survey) in the  second year pos t -b i~r r~ .  

Botteri's sp;irrow was the only specics to dis- 
appear f iom the  b u r n  uni t  with n o  ir~dividuals 
o l~served  during the  sccond year post-burn. 
Cactus wrens decreased 313% (0.7 birds per  
sl~rvey) in thc first ycar post-burn, a n d  Cassin's 
sparrows decreased 2177h ((1.7 birds per  sur- 
vey) in  the  sccond year post burn .  I n  addition, 
pyrrhuloxias (C:(~rtlinoll~.c .~inuatus),  loggerhead 
shrikes (Lanius ludovicinnus) , arid black-tliroat- 
e d  sl>;irrows tlisplayed changcs i n  relative abun- 
dance  fbllowing fire; however, we could n o t  
c la r i5  the  nature of  the  changes because of 
increased variability a n d  larger ohserved P-val- 
ues (Tablcs 2 a n d  3 ) .  Beyond species-level 
trends, analyses revealed strongcr cvidcncc of 
t rends  a n d  grea te r  magni tudes  of  relative 

change for  o lxngrass land  as compared with 
s h r u b d e p e n d e n t  species, especially in the firs1 
year post-burn (Tablc 3). 

Wintaing Birds-Duririg 2 years of wintering 
1,il-d surveys, we dctected 1,4'25 individuals, 57 
mixed-species flocks, a n d  28  species. Outside 

o r  flocks, vcsper sparrow (Pooecetes gravninms) , 
black-throated sparrow, eastern meadowlark, 
vcrdin (Aztnparus ,flavice@s), cactus wren, a n d  
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T~n1.r. 2-Results of brccding bird sllrveys (April to August, 1996, 1997, and 1998) showing differenres 
in mean relative abundance (burn unit - control unit). 95% confidence intervals, and outcolnes of repeated 
mcasures ANOL7A (time by 11-ealmcllt interactions) on 14 (7 control, 7 burn), 2.5-ha plots or1 Bucnos Aires' 
Natiollal UTildlife Refi~ge, Ari~c~lla. Burn occurred on 1 April 1997. 

1996 (pre -b~~rn)  1997 (post-burn) 1998 (post-burn) 

Spccics d 95%, CI d 95% (2 d 9 5 % C I  , ,  I' 
- Mourlling dove' 

Ash-~hroated flycatcher2 
('. . .'LC~US wren') 
Norther11 [r~ocking- 

bird 1 .'," 

1,oggerhead shrike2 
Lucy's warbler2 
Eastern meadowlark" 
Pyrrhuloxia2 
Blue grosbcakl~"" 
Botteri's sparrow2.:' 
(-. ~ . 1 S b l l l ' ~  . .' ~pdl.l .0~'~ 

nlack-throated sparrow 

' Scietltific names not mentiorled i r ~  LCXL: northern mockingbird ( M ~ I I I I L S  p01~ygloII~1.~) and blue grosbcak 
( Giirncc~ I . U L T U ~ ~ ~ I ) ~  

Fstatistic and P-value generated from square root transformed data. 
" l a te  season breeder; only June/Jllly dam used. 

Brewer's sparrow (Spirella hni~rn.) werc the We observed an avcrage of 9 birds (SD = 4.0, 
most frequently detected species. Vespel spar- n = 28) and 5 species (SD = 1.4, n = 28) per 
rows were observed in 70% of mixed-species snl-vcy route during 2 years of wintering bird 
flocks, Brewer's sparrows in fi0%, and white- surveys. Thcrc was no  substantial changc in to- 
crowned sparrows (Zonol?ir:/~.ic~ lrucophrys) in tal ahuntlancc (including individ~~als in flocks, 
16%. square root transformed, I; , , , ,  = 1.46, P = 

L 

TARI.F 3-Direction and magnitude of changes (cornparcd to 1996 pre-brim levels) in r-clative abundance 
of breeding species following a spring presrrihed bur11 ~ I I  Bucnos Aires National Wildlife Refuge, Ari7,ona. 
Species are listed in order of tlccreasing magnitl~de of chaligc in rclative abundance. 

Percent (absolute) ctlal~ge on burn unit 

Spccies 

Mourning dove" 
Cactus wren2 
Botteri's sparrow2 
Cassin's sparrow" 
Pyrrhuloxia4 
Loggerhead shrike4 
Black-throated sparrolvl 
Eastern meadowlark5 
Northern mockiilgbird5 
Blue grosbeak" 
Ash-throated flycatcher" 
Lucy's warbler" 

Guild assignment1 

G 
G 
G 
G 
S 
S 
S 
G 
S 
S 
S 
S 

1997 (1 year posc-burn) 

+393 (1.4) 
-313 (0.7) 
-288 (1.2) 
1 0 2  (0.8) 
- 107 (0.6) 
+14 (0.1) 
+43 (1.3) 
-54 (0.5) 
-8 (0.1) 

-29 (0.1) 
+ 8  (0.1) 

-12 (0.2) 

1998 (2 years post-burn) 

+260 (0.9) 
+I11 (0.3) 
-229 (0.9) 
-217 (1.7) 
-86 (0.5) 
+78 (0.5) 
+57 (1.7) 
-32 (0.3) 
+34 (0.4) 
+29 (0.1) 
+22 (0.2) 

-9 (0.2) 

I Guild assigr~rr~e~~t: S = shrub-dependent species; G = open-grassland species. I~iilial Ftest: ' P < 0.05, 
"0.05 < P <  0.10, 40.10 < P <  0.15, V P  0.15. 



TART.F. 4-Results of wintering bird SUJ-veys (February LO April, 1997 and 1998) showing differences in 
mean relative ahundance (burn unit - contrul ul l i~) .  95%) corlhdc~lcc intcrvals, mdgnitude and direction 
of changes (percent and absolute), and outcomes ut' ~ .epea~ed  Ilieasures ANOVA (tilnc by treatment intel-- 
actions) on 14 (7 control, 7 hurn),  25-ha plots on Buenos Aires Natiollal Wildlifc KcCugc, Arizona. Burn 
occurrcd on 1 April 1997. 

1997 (pre-bur.tl) 1998 (post-burn) Change on 
burn unit 

Sprcirs d 95% CI d 9 5 % C I  1997to1998 F,,,, P 

Ladder-backed woodpecker' 0.09 -0.11, 0.30 0.59 -0.03. 1.20 +261 (0.5) 5.88 0.03 
Cactus wren" -0.45 -0.93, 0.08 -1.04 -1.85, -0.23 -274 (0.6) 3.90 0.07 
Tmggerhrad shrikr 0.13 -0.20, 0.46 0.18 -0.36, 0.71 +14 (0.05) 0.04 0.83 
Eastern mradowlark" -1.03 -1.90, -0.16 -1.87 -4.01. -0.27 -150 (0.8) 1.32 0.27 
\Jerdin2 0.57 0.09, 1.04 0.35 -0.27. 0.97 -29 (0.2) 1.56 0.24 
Canyon towhee1 -0.07 -0.47, 0.32 -0.10 -0.46. 0.25 -16 (0.03) 0.02 0.89 
G1.asshoppcr sparrow'2 -0.76 -1.80, 0.28 -0.09 -0.18. -0.08 +I29 (0.7) 1.17 0.30 
Vesper sparrow -0.99 -2.53. 0.55 0.82 -0.33, 1.97 +68 (1.8) 3.30 0.09 
Black-throa~ed sparrow -0.40 - 1.37, 0.56 0.15 -0.52, 0.81 +42 (0.6) 1.15 0.30 
Brewer's sparrow -0.23 -1.14,0.68 -0.14 -0.51,0.22 +10(0.1) 0.04 0.85 
Flocks" -0.32 -0.85, 0.20 0.17 -0.07, 0.40 +I47 (0.5) 2.12 0.14 

' Scicntihc namcs not mentioned in test: canyon towhee (Pipilio fir.crtr.c) and grasshopper sparrow (Arrl- 
modrumus suvunnu~u~rn) . 

F-stat is ti^ and 11-value ge11era1t.d fro111 squarc root transfor~ncd data. 
"locks = groups with >5 irldividuals. h~slatistic and P-valuc gcncratcd from In transformed dam. 

0.25) or species richness (F,,12 = 0.73, P = 

0.41) of wintering birds on the burn unit as 
compared with thc control following firc. 

There were snfficient data ror statistical anal- 
yses of trends in relative aburldarlce for- I0 spe- 
cies of wintering grassland birds (Table 4).  
Compared to pre-burn levels, we observed the 
following pos1-11rlrn trends in relative abun- 
dilrice: ladder-barketl woodperkers irlrreased 
261% (0.5 birds per survey); vesper sp;irrows 
increased 68% (1.8 birds per survey); and cac- 
tus wrens decreased 274% (0.6 birds per sur- 
vey) OII 1 1 1 ~  hurn  unit. relative to the control. 
In addition, we observed a ch;~nge i l l  the rrl- 
ative abundance of mixed-species flocks on the 
burn unit following fire; however, we could not 
clarib the naturc of the change because of in- 
creased variability and a larger observed P-val- 
ue (Table 4). 

Disc~ss~o~-Effects of fire on wildlife pop- 
ulations and habitats vary with characteristics 
of the fire regirr~e including  he Crequency, sea- 
son, extent, and interlsity of burr~ir~g (Wllelarl, 
1995; DeBano et al., 1998). We observed a pre- 
scribed burn that was patchy in arcal extent; 
an outcome we attribute to the highly variable 
distrilx~tion of slu.face fuels (range 655 to 

6,435 kg per ha) and to the prcscncc of inter- 
vening washes that acted as rlattlral firebreaks 
during the burn. Moreover, the burn occ~11-red 
in thc carly spring when weather conditions 
were near thc lower limits of the Refuge's 
brlrnirlg prescription (i.e., cool and wet) and 
moisture content of fine frcels was relatively 
high. The combination of' weather conditions, 
Puel conditions, and firc behavior variables o b  
served during the burn were indicative of a firc 
of only moderate ir~terlsity (Whelarl, 1995; 
DeBano et al., 1998). 

Effects of the burn on the vegetation com- 
rrlurri~y were gellerally rnodcratc and of short 
drrr;~lio~l, ;III  oulc.olne typical oP fires that burn 
with lesser severity (DeBar~o et al., 1998). Mos~ 
ground cover was removed and many sm;lllrr 
nlcsquitc were top-killed in the path of the fire; 
lrowrver; perennial grasses and mesquite re- 
sprouted quickly a ~ ~ d  i r l  less tllarl 2 years 11re 
physiognomy of the burn unit resembled that 
of the control. Although difficult to compare 
directly because of differences in  measurement 
techr~iqrle, we 1)elievr ground cover was affect- 
ed more strongly by burning tharl sllr-rrb cover, 
especially in the first year post-burn. Sub- 
shrubs, for instancc, comprised a substantial 
portion oPground covcr on the burn unit and, 
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as with similar studies of fire in desert grass 
lands (Reynolds and Rohning, 1956; Cable, 
1967), were affected by fire m o k  strongly than 
other vegetation. 

Despite a nearly 50% reduction in mesquite 
cover, we found that mesquite mortality was 
low and smaller mesquite suffered proportion- 
ally greater fire damage than larger mesquite. 
This finding is consistent with previous re- 
search showing that smaller mesquite are more 
susceptible than larger mesquite to fire dam- 
age and mortality (Reynolds and Bohning, 
1956; Blydenstein, 1957; Cable, 1965). Because 
we did not collect pre-burn measurements of 
mesquite, we likely overlooked some smaller 
shrubs and seedlings that were killed by fire 
but were not evident during post-burn sam- 
pling. Therefore, we may have underestimated 
mesquite mortality, especially for mesquite < I  
m in height. 

The response of birds to fire is closely relat- 
ed to the kffect of fire on vegetation (McPher- 
son, 1995; W'helan, 1995). In our study, the 
prescribed fire was incomplete in its coverage 
and affected vegetation only temporarily where 
i t  did burn; we believe this outcome contrib- 
uted to the limited and ephemeral changes ob- 
served in the avian community as a whole. Spe- 
cies richness of breeding birds decreased-by 
nearly 25% in the first year post-burn, but un- 
like findings from similar studies of fire and 
birds in desert grasslands (Bock et al., 1976; 
Bock and Bock, 1992), we observed no sub- 
stantial change in total bird abundance follow- 
ing fire during either the wintering or breed- 
ing seasons. 

Instead, we detected primarily specieslevel 
trends in relative abundance that varied in 
both direction and magnitude. Previous re- 
search in desert grasslands suggests that the re- 
sponse of breeding birds to the effects of fire 
is closely related to the natural history require- 
ments of each species (Bock and Bock, 1992; 
Ganey et a]., 1996). For example, mourning 
doves, whose abundance increased after burn- 
ing during our study, prefer to forage on bare 
ground where excessive litter does not conceal 
food items (Mirarchi and Baskett, 1994) and 
are often associated with recently burned areas 
(Bock et al., 1976; Bock and Bock, 1988; Reyn- 
olds and Krausman, 1998). Cassin's and Bot- 
teri's sparrows, 2 species that decreased follow- 
ing burning during our study, prefer grass- 

lands with sufficient ground cover for foraging 
and nesting (Bock and Webb, 1984; Rising and 
Beadle, 1996; Webb and Bock, 1996), and both 
are reported to be affected adversely by burn- 
ing in the short term (Rock and Bock, 1992). 

Changes in relative abundance of wintering 
bird species also concurred with the general 
habitat affinities of each species. For example, 
woodpeckers are known to move into burned 
areas, possibly in response to the increased 
abundance or availability of insects that inhabit 
dead trees (Bendell, 1974; Horton and Man- 
nan, 1988; Breininger and Smith, 1992). Simi- 
larly, we found that relative abundance of lad- 
der-backed woodpeckers increased following 
burning. Vesper sparrows, whose abundance 
also increased following fire during our study, 
show a strong affinity for burned areas both in 
the winter (Bock and Bock, 1988, 1992) and 
during the breeding season (Petersen and 
Best, 1987; Pylypec, 1991). 

Beyond species-level trends, we found stron- 
ger evidence of trends and greater magnitudes 
of relative change for breeding species associ- 
ated with open grasslands. In general, the 
trends were more pronounced immediately af- 
ter the burn. This pattern was consistent with 
the observation that fire impacted ground cov- 
er more strongly than shrub cover, especially 
in the first year post-burn. With hindsight, it 
appears that several open-grassland species 
used mesquite to some degree as a component 
of their habitat on the Refuge (e.g., song 
perches for Cassin's and Botteri's sparrows; 
nest sites for cactus wrens). Nevertheless, most 
open grassland species use ground cover as 
their primary source for foraging and nest sites 
(Ehrlich et a]., 1988), or, as in the case of cac- 
tus wrens, are correlated negatively with in- 
creasing mesquite density (Maurer, 1985; 
Lloyd et al., 1998). 

In contrast, shrub-dependent species dis- 
pkdyed weaker evidence of trends and smaller 
magnitudes of relative change following burn- 
ing. This pattern may reflect the differential 
susceptibility to burning of mesquite in differ- 
ent size-classes. Following prescribed burning 
in a Texas grassland, fire appeared to have only 
a minimal affect on larger mesquite, a resource 
that was preferred for nest sites by mesquite- 
dwelling species (Renwald, 1978). During the 
current study, the majority of medium and 
larger-sized mesquite suffered no or only min- 
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imal structural darnage; thus, foraging and 
nesting opportunities for shrub-dependent 
species may not have been substantially re- 
duced. Other research indicates that fire has 
only a minimal effect on shrub-dwelling birds, 
especially when fires are less intense or incom- 
plete in coverage (Breininger and Smith, 1992; 
Fitzgerald and Tanner, 1992). 

Prescribed burns that are patchy in extent 
and moderate in intensity are not uncommon 
iri mesquite-invaded grasslands on the Refuge. 
In 1998, for example, an estimated 25% of the 
area within treated fire management units was 
unaffected by burning (R. Madsen, pers. 
comm.). Moreover, unlike the intense wildfires 
that historically burned during summer, fires 
on Refuge grasslands now occur in the early 
spring when weather conditions favor burns of 
lesser intensity. Although these burns are ca- 
pable of reducing mesquite recruitment (Bly- 
denstein, 1957; Humphrey, 1974), we believe 
that more intense fires will be required to re- 
duce the presence of larger mesquite. Such 
fires would likely have a greater impact on 
birds associated with shrubs (especially pyrrhu- 
loxias, loggerhead shrikes, and black-throated 
sparrows), and consequently, a greater impact 
on the avian community as a whole. 

Grassland birds that require adequate 
ground cover for foraging and nesting, includ- 
ing species of management concern like Bot- 
teri's and Cassin's sparrows, are likely to be af- 
fected negatively by spring burning in the 
short-term. Although some individuals may 
persist in recently burned areas by using rem- 
nant patches of habitat, many will be forced to 
relocate. Managers currently use a rotational 
system of burning that creates a mosaic of post- 
fire vegetation types across Refuge grasslands. 
Thus, habitat loss is localized and species that 
are displaced by fire may find habitat in adja- 
cent unburned areas, assuming it is unoccu- 
pied. Despite some short-term negative effects, 
we believe the continued use of spring burning 
will ultimately benefit opengrassland species 
by removing some of the invasive shrub com- 
ponent and restoring areas of open grassland. 
However, until prescribed burns are conducted 
under conditions favo~ing more intense fires, 
these changes will be slow to develop. 

Results fro111 this study contribute to our un- 
derstanding of the effects of fire on grassland 
birds, particularly those species inhabiting de- 

graded desert grasslands in the southwestern 
United States. We confirmed trends for several 
species of breeding and wintering grassland 
birds reported in other unreplicated fire stud- 
ies (Rock et al., 1976; Petersen and Best, 1987; 
Bock and Rock, 1988, 1992; Pylypec, 1991). In 
addition, we documented a broad pattern dur- 
ing the breeding season suggestive of a differ- 
ential susceptibility of open-grassland versus 
shrubdependent species to spring prescribed 
burning of moderate intensity. Future research 
should focus on clarifying observed relation- 
ships between bird populations and fire 
through the use of randomized expe~imental 
designs, move beyond tracking bird abundance 
to focus on measures of avian productivity, and 
examine the effects of burns of varying inten- 
sities and frequencies on grassland bird com- 
munities. 
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