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INTRODUCTTION

Cold fronms are formed when 2 cold-air mass
advances and move under 4 warmer air mass
{Elkins 1995}, In North Ameres and Europe,
the passayge of cold frons has been linked 1o
Increases in the passage rates of migratory
FAploes at migraton watchsites, with higher
numbers of maptors heing counred concur-
tendy with several days afier fruntal passape
(Lack 1963, Smuth 1985, Kerlinger 1905,
Allen o al 19903, Cold fronts are thought o
Bagilitate Fapeor movements by prooviding rail
winds s well as updrafis for migranes along
mauntin chains (Kethnger 19951, There aee
no studies dealing wich  the relationships
hetween cold fronts and maprar migration in
the Neatrapics, ind the aim of this study was
1o investgate the possibilicy of 4 similar phe-
nomenan in the region,

METHODS

I observed mugrating raptocs at @ watchsite
near & resesvoir on the ouskirs of the own
of Concepaon in the Departamentn de Sunt
Cruz (Provioca Mafla de Chivez) (16°08S,

G202, ar 250400 m a5, 270 km nocth-
cast-of Santa Cruz. Counts were made fram
0900 to 1700 hoon 70 days from 17 Seprem-
ber to 26 November 2001, uaing L2 x 50 hin-
oculars and @ 2060z Telescope, Records
were kept on data sheess modeled afier the
Hawk Migration Associstion of North Amer.
ica (HMANAY daily repore forms. Completed
datz sheets were senr o the HMANA
archives at Hiwk Mowntiin Sanctuary,

I nged Kolmogorov-Smirnoy  rests 1o
determine the normality of the da (Bednars
eral |99, Least signifieant difference teses
(L5, in comuncton with a one-way
ANOVA, modified from the ests performed
by Allen ef 2l (1996) and Bildstein (1998),
were performed o determine if the passage
rates (number of eaptors/h) of the four mase
abundant species vaded between the day ofa
cold frone passage and only the fellowing
eight duys, because there was only ane record
uf 3 cold frone within 11 days after fronel
passape

RESULTS

A totl of 121351 migritng rapoors regre-
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FIG. 1, Synopue weather map of 4 tepresentative cold fronz, fom the Admisismracion de Aempuertos ¥
Servicios Awsilizres 2 o Nivegacion Adres (AASANA) for 180 | on 12 Oiceabes 2001, The ne with the
neitthvward Facing points cepresents & cold frone. The “B" indicates an ares with low barometnc pressure,
the “A™ an area of high batomerzic pressure,

sendng 240 differcnt species was pecarded dur-  (Table 1), The four most abundanc species
ing 497 observation houss oo TU days of were the Mississippt Kite {Irfmia mussarpnien-
ohservation, with an average passage tate of a7 (7.4, the Black Vuloure (Caragys afra-
243 maptars/h. The species included krown iy (07%5), the Plumbeous Kite {I plhusbes)
ausrryl, intratropical and Mearctc migrants (0,235, and the Swallow-tatled  Kite
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FIG. 1. Passage rates of Black Vulures, Plumbeous Kites and Swallow-miled Kites at Concepoc,
Bolivia, bevween Seprember and Movemnber 2001, Passage rates aze expressed as a functon of the number
of days since the most recent cold front passed through the waich site. A 13D test in association with 1-
wiy AMOWVA determined significan: differences i the nember of rapeors/h as a functen of the number
oof days between the day of 2 frontal passape and the following days (F= 0,00}, Bars with the lester “3" are

significandy different from the others,

(B dsnaides forffeainr) (0,250,

Intervals smong 11 successive cold frones
ranged from | to 11 days, with 28% of all
fronts passing within 1 and 2 days, 36%
within & days, 27% within 8§ days, and 9%
within 11 days of the previous front (Fig 1),
The four most sbundant species showed sig-
nificant shifis in the magnitude of their pas-
sages as a function of the passage of cold
fronts (LSLY test in association with one-way
ANOVA: P < (L05). Significant changes in che
passage rates of the four species ocourred on
the days following a fronml passage. The four
species fell into two eesponse groups (Figs 2
and 3). Black Viltures and Plumbeous Kites
had their highest passage rates 7 to B days
after o fronml passape. Passage eates of Black
Vultures increased on the day following a
frontal passape, decteased on the 4% day, and
increased again on the 7 day. Passage rates
for Plumbeaus Kites were low an the 1% and
2™ days afier a fronwl passige, and subse-
quently increased from the 7% to the 9 days

afier a frontal passape. Peak passage rates for
Swallow-tailed  and Mississippi kites  took
place 1 to 3 days after 2 frontal passape, and
then decressed.

DISCUSSION

It is possible that the high passage rates of
Swallow-tailed and Mississippi kites berween 1
and 3 days afier u cold front passage and the
high passage rates of Black Vuloures and
Plumbeous Kites beroeen 7 and 8 days after
frontal passage resulted from rapidly changing
local weather conditions that ypify the pas-
sage of cold frones, combined with the differ-
ent asrodynamic flight capacites of the four
species and their migratory peography {shor-
versus  long-distance  migrants).  Long-dis-
tance migranes (Swallow-tailed and Missis-
sippi kites) differed in thelr responses feom
short distence migrants (Black Voltures and
Plumbecus Kites). Unfortunately, it is noe
possibie o determine if all ohserved Sweallow-
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FIG, 3, Passage mics of Missisaippi Kites at Con

repeinn, Bolivia, berween Septembet and November

2001, Passnge rites sré expressed a5 o fanction of the mamber of days since the most recent cold front
passed through the watch site. A LETH test in assocation with 1-way ANOVA decermined significant dif-
Fetences in the mumber of raptors/h a5 a function of the numbet of days between the day ofa frontal pai-
sage and the folicwing days (P = 0.01). Bars with the letter o™ are significantly diffesent from the others.

tailed Kires were Mearctic rather than Inteat-
ropical migrants,

Another passible explanation for the high
passage rates of Mississippi Kites between 1
and 3 days after cold front is that the fronts
are normally accompanied by strong raing,
which coindde with shundances of flying ants
(st spp). Kiees may rrack frontal passiges
to take advantage of these abundant prey spe-
cies (Davis 1993). The migraton of Blaclk
Viltures appears to depend on thermal activ-
ity. Black Vultures are well suited for migras-
ing in the fine weather that takes place
berween 2 and 6 days after a cold foot pas-
sage (Allen o af 1996), and thus can have high
passage rates on the 7% day aftera frontal pas-
sare. Owerall, the results of my study support
the general hypothesis (Mueller & Berger
1961, Allen ¢l 1996) that fronml passages
inerease the ikelihood of mptor migeatkon.
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