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CHAPTER 7

AVIAN HEMATOZOA IN SOUTH AMERICA: A COMPARISON OF 
TEMPERATE AND TROPICAL ZONES

K a t e  L. D u r r a n t , 1,4 J o n  S. B e a d e l l , 1 F a r a h  I s h t i a q , 1 G a r y  R. G r a v e s , 2 
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B r i a n  K. S c h m i d t , 2 C h r i s t i n a  G e b h a r d , 2 a n d  R o b e r t  C. F l e i s c h e r 1

1Genetics Program, National Zoological Park, 3001 Connecticut Avenue NW, Washington, D.C. 20008, USA;
2Division of Birds, Smithsonian Institution, National Museum of Natural History, Washington, D.C. 20013, USA; and 

3MP International Consultancy, Bexhill-on-Sea, East Sussex, United Kingdom

A bstra c t .—W e u sed  screen in g  tech n iq u es based  o n  p o ly m erase  ch a in  rea c tio n  (PC R ) to 
exp lo re  th e av ian  h e m a to z o a n  p arasites (Plasmodium spp . an d  Haemoproteus sp p .) o f tw o 
p re v io u sly  u n in v estig a ted  reg io n s o f co n tin en ta l S o u th  A m erica . C o m p ariso n s of trop ica l- 
zon e G u y an a an d  tem p e ra te -zo n e U ru g u ay  rev ealed  th a t o v era ll p rev a len ce  o f Plasmodium 
an d  Haemoproteus sp e cies d etected  in  a d iv erse  sam p lin g  of p o ten tia l h o sts  w as s ig n ifican tly  
h ig h e r  in  G u yan a. T h e  d ifferen ce  in  p rev alen ce  b e tw een  th e tw o g eo g rap h ic  zon es ap p ears to 
b e  a ttrib u tab le  to eco lo g ica l d iffe ren ces ra th e r th an  tax o n o m ic  sam p lin g  artifacts . D iv ersity  of 
h e m a to z o a n  h a p lo ty p e s w as also  h ig h e r  in  G u yan a. W e fou n d  no  re la tio n sh ip  b e tw een  h em a- 
to zo an  h ap lo ty p e  an d  h o st fam ily  sam p led  w ith in  o r  be tw een  reg ion s. W e fou n d  v ery  few  
Plasmodium and  n o  Haemoproteus h a p lo ty p e s sh ared  b e tw een  the tw o reg io n s, an d  ev id en ce  of 
g eo g rap h ic  stru ctu rin g  o f h e m a to z o a n  h a p lo ty p e s be tw een  th e tw o reg ion s. W e su g g e st th at 
a lack  of h e m a to z o a n  h ap lo ty p e  tra n sm iss io n  b e tw een  th e tw o reg io n s m ay  b e  a ttr ib u tab le  to 
th e m ig ra to ry  p attern s o f each  reg io n 's av ian  h o sts. Received 11 April 2005, accepted 21 November 
2005.

RESUMEN. — U sam os técn icas d e in v estig ació n  b asad as en  reacció n  en  cad en a  d e p o lím eros 
(RC P) p ara  e x p lo ra r h e m o p a rá sito s  av íco las (Plasmodium spp . y  Haemoproteus sp p .) en  d os 
reg io n es n o  in v estig ad as d e S u d am érica . L as co m p aracio n es d e la  z o n a  tro p ica l d e G u yan a 
y  d e la  zon a  tem p lad a  de U ru g u ay  rev e laro n  qu e la  frecu en cia  g en era l d e esp ecie s de 
Plasmodium y  Haemoproteus en co n trad o s en  u n a  m u estra  d iv ersa  d e h o sp ed ero s  p o ten cia les 
fu e s ig n ifica tiv am en te  m ás a lta  en  G u yan a. L a  d iferen cia  en  frecu en cia  en tre  las d os zon as 
g eo g rá ficas a p are n tem en te  se d ebe  a d iferen cias eco ló g icas qu e d eb id o  al m u estreo  taxon óm ico .
L a d iv ersid ad  de h em a to z o o s h a p lo típ ico s  fu e tam b ié n  m ás a lta  en  G u yan a. N o  en con tram o s 
u n a  re la c ió n  en tre  h e m ato zo o s h a p lo típ ico s  y  fam ilias de h o sp ed ero s m u estread o s d en tro  o 
en tre  las reg ion es. E n co n tram o s so lo  a lg u n os cu an to s h a p lo tip o s d e Plasmodium en  co m ú n  
en tre  las d os re g io n e s , p ero  n o  se  e n co n traro n  h a p lo tip o s d e Haemoproteus,  n i ev id en cia  de 
u n a  estru ctu ra ció n  g eog ráfica  d e h a p lo tip o s d e h e m ato zo o s en tre  las d os reg ion es. P o r lo qu e 
su g erim o s qu e la  au sen cia  d e tran sm isió n  de h a p lo tip o s d e h e m ato zo o s en tre  las d os reg ion es 
p u ed e ser a trib u id a  a los p a tro n es d e em ig ració n , p ara  cad a re g ió n , d e las av es h o sp ed eras .

H e m a t o z o a n  p a r a s it e s  (Plasmodium spp. 
and Haemoproteus spp.) are commonly found 
in blood smears from birds on every conti­
nent except Antarctica (Bennett et al. 1993). 
Hematozoan prevalence may differ between 
geographic locations, and climate may play an

4 E -m ail: d u rran tk @ si.ed u

important role in this difference by influencing 
the density of vectors or potential hosts or the 
ease of transmission. Comparison of hemato- 
zoan parasites of temperate and tropical zones 
may reveal differences related to climatic fac­
tors. For example, Ricklefs (1992), surveying 
results from analyses based on blood smears, 
found a 2.6x greater infection rate in temperate 
than in tropical zones. Temperate and tropical
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AVIAN HEMATOZOA IN SOUTH AMERICA 99

regions may differ in the types of disease vec­
tors that occur, or in the distribution and pat­
terns of movement of potential hosts during 
migration (Ricklefs et al. 2005).

Application of genetic techniques based on 
polymerase chain reaction (PCR) for screening 
avian hematozoan infections has resulted in a 
number of recent papers on regional surveys 
concentrating on a few areas of the globe: Africa 
(Waldenstrom et al. 2002), North America (Fallon 
et al. 2003, Ricklefs et al. 2005), and the Australo­
Papuan region (Beadell et al. 2004). Thus far, the 
South American continent has not been surveyed 
using these PCR-based screening techniques.

The new screening techniques are also uncov­
ering a wide array of phylogenetically varied 
lineages of avian hematozoa (Perkins and Schall 
2002). It has been proposed that the many newly 
discovered hematozoan haplotypes may corre­
spond to new species (Perkins 2000, Bensch et 
al. 2004). Haplotypes of hematozoa are often 
shared between geographic regions, carried by 
migratory birds as they travel between winter­
ing and breeding grounds (Waldenstrom et al. 
2002, Ricklefs et al. 2005). Migratory movement 
is generally between a tropical-zone winter­
ing ground and a temperate-zone breeding 
ground. Therefore, birds that are found in two 
disjunct geographic and ecological regions may 
be expected to share hematozoa with common 
haplotypes if conditions for transmission are 
met in each region.

Avian hematozoa were previously classified 
partially on the basis of the host taxon, and some 
species were believed to be host specific, par­
ticularly in the genus Haemoproteus (Atkinson 
and Van Riper 1991). If this holds, host species 
that occur in each of two separate geographic 
and ecological regions may be expected to share 
phylogenetically similar hematozoan parasites. 
Alternatively, hematozoan haplotypes found in 
many different host species may indicate host 
switching, or a greater range of host sharing 
than previously expected.

Our aims were: (1) to estimate avian hemato- 
zoan prevalence within and between two climatic 
zones, temperate and tropical, on the South 
American continent, using PCR-based screening 
methods; (2) to determine the phylogeny of the 
hematozoan haplotypes found in the two regions; 
(3) to explore host specificity of hematozoan hap­
lotypes within and between each region; and (4) 
to examine the degree of sharing of hematozoan

haplotypes between the two zones to determine 
the potential for transmission between regions.

M e t h o d s

Sample collection and processing.— T issu e  sam p les 
w ere  o b ta in ed  from  b ird s co llected  d u rin g  U .S. 
N atio n a l M u seu m  o f N atu ra l H is to ry  (U SN M , 
Sm ith so n ia n  In stitu tio n ) co llec tin g  ex p e d itio n s to 
G u y an a (1 9 9 4 -2 0 0 0 ) and  U ru g u ay  (2 0 0 2 -2 0 0 3 ). 
V o u ch er sp ecim en s fo r tissu es are in  th e U S N M  co llec­
tio n  (n u m b ers av ailab le  on  req u est). S am p les in  each  
reg io n  w ere  su b se ts o f th e to ta l n u m b er o f sp ecies co l­
lected  an d  w ere  ch o sen  to re flect a v arie ty  o f p o ten tia l 
h o sts  fo r av ian  h e m a to z o a , m o stly  p asserin es b u t also  
rep resen ta tiv es of o th er g ro u p s, su ch  as d o v es, par­
ro ts , an d  w aterfo w l. T axon om y  fo llo w s th a t u sed  on 
th e H an d b o o k  of the B ird s  o f th e W orld  In te rn e t B ird  
C o lle c tio n  w eb site  (see A ck n o w led g m en ts). Sam p les 
cam e fro m  m an y  lo ca tio n s an d  h a b ita t ty p es in  bo th  
reg io n s (Fig. 1). G eo g rap h ic  co o rd in ates  of each  loca l­
ity  a re  g iv en  in  Table 1. S am p les from  tro p ica l-zo n e  
G u y an a w ere  co llected  d u rin g  th e d ry  seaso n  (n = 184) 
o r tow ard  th e en d  of th e w et seaso n  (n = 11). Sam p les 
fro m  tem p e ra te -zo n e  U ru g u ay  w ere  co llected  d u rin g  
A u g u st-S e p te m b e r 2002  and  Ju n e -Ju ly  2003.

Som e b ird s co llected  in  U ru gu ay  h ad  th in  blood  
sm ears p rep ared  from  a sm all v o lu m e o f p erip h eral 
b lo od  for h em atozo an  d etection  (n = 141). Th ese sam ­
ples w ere  fixed  in  95%  eth an ol and  stained  w ith  G iem sa 
as d escribed  in G arn h am  (1966). B lo od  sm ears w ere 
scan n ed  u n d er a m icroscop e for 10 m in  at 4 0 0x m ag­
n ification . In  th is tim e lim it, ~20,000 eryth rocytes could  
b e  exam in ed , th e estim ate for p asserin es b e in g  455 
ery th rocy tes p er field  at th is m agn ification  (G ering  and 
A tk in son  2004). In ten se in fectio n s m ay h av e as m an y 
as one parasitem ia  p er 2,000 ery th rocy tes (G od frey  et 
al. 1987), w h ereas extrem ely  m ild  in fection s m ay hav e 
<1 p arasitem ia  p er 50,000 eryth rocytes (Jarv i e t al. 
2002); ou r m eth od  falls b e tw een  the tw o, striv in g  for 
m axim u m  efficiency. W e n o ted  the p resen ce or absen ce 
of parasitem ia  fo r each  in d iv id u al, b u t n o t th e in ten sity  
of in fection . E ach  h em atozo an  d etected  w as d ig ita lly  
p h otog rap h ed  u sin g  a N ik on  C oolp ix  4500 cam era and 
iden tified  from  th ese p h otos b y  M . P eirce  to genu s and 
sp ecies w h ere p o ssib le  u sin g  h em atozo an  m orp h olo gi­
cal ch aracteristics and  h o st taxonom y. A  su bset o f the 
sam p les w as exam ined  bo th  b y  b lood  sm ear analysis 
and  P C R -based  screen in g  tech n iqu es (n = 85).

W e ex tracted  h o st an d  p aras ite  D N A  fro m  th e tis­
su e sam p les u s in g  th e m a n u fa ctu re r 's p ro toco ls su p ­
p lied  w ith  D N easy  k its (Q iagen , V alen cia , C alifo rn ia). 
W e tested  th e qu a lity  o f each  D N A  ex tra ctio n  by  
am p lify in g  a sm all fra g m en t o f av ia n  cy toch rom e-b  
(cy t b) D N A  u sin g  p rim ers cy tb -2R C  an d  cy tb -w o w  
(268 b ase  p airs  [bp]) (D u m b ach er et al. 2003). This 
am p lifica tio n  w as su ccessfu l in  a ll cases.
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100 ORNITHOLOGICAL MONOGRAPHS NO. 60

F ig . 1. M ap  sh o w in g  p rev alen ce  at each  sam p lin g  lo ca tio n  for (A) tro p ica l-zo n e  G u y an a and  (B) tem p era te - 
zon e U ru gu ay. N u m b ers in  g ray  b o xes are sam p le  sizes too  low  for p rev alen ce  ch arts at certa in  sites. S ites are 
d esig n ated  b y  le tters th a t re fer to Table 1, w h ere  site  n am es and  site co ord in ates are g iven.
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AVIAN HEMATOZOA IN SOUTH AMERICA 101

Ta ble  1. Sam p lin g  sites from  F ig u re  1. L o ca lities  an d  la titu d e  an d  lo n g itu d e co o rd in ates 
fo r b ird  sp e cies sam p led  in  G u y an a an d  U ruguay.

C o u n try Site
N earest 
n am ed  loca lity L atitu d e L on g itu d e

G u yan a A B aram ita 07 °2 2 'N -6 0 ° 2 9 'W
B W aru m a R iv er 05 °3 0 'N -6 0 ° 4 7 'W
C H op e 06 °4 5 'N -5 7 ° 5 6 'W
D O n v erw ag t 06 °2 7 'N -5 7 ° 3 8 'W
E L in d en  H ig h w ay 06 °1 9 'N -5 8 ° 1 2 'W
F W iru n i R iver 05 °4 5 'N -5 7 ° 5 6 'W
G B erb ice  R iver 05 °4 0 'N -5 7 ° 5 3 'W
H S o u th  of C o rriv erto n 05 °4 6 'N -5 7 ° 1 1 'W
I W iw itau  M o u n ta in 02 °5 2 'N -5 9 ° 1 6 'W

J K arau d an aw a 02 °2 2 'N -5 9 ° 2 7 'W
K P arab ara  Sav an n ah 02 °1 2 'N -5 9 ° 2 2 'W
L A cara i M o u n ta in s 01 °2 3 'N -5 8 ° 5 6 'W
M U p p er E sseq u ib o  R iv er 01 °3 9 'N -5 8 ° 7 3 'W

U ru gu ay A B ella  U n io n -3 0 ° 1 9 'S -5 7 ° 3 7 'W
B C o lo n ia  P alm a -3 0 ° 3 0 'S -5 7 ° 4 5 'W
C T acu arem bo -3 1 ° 1 7 'S -5 6 ° 0 1 'W
D Q u eb rach o -3 1 ° 4 9 'S -5 7 ° 3 9 'W
E C o lo n ia  G u av iy u -3 1 ° 4 8 'S -5 7 ° 0 1 'W
F R io  N eg ro -3 2 ° 1 7 'S -5 5 ° 2 7 'W
G R io  B ran co -3 2 ° 1 7 'S -5 3 ° 4 7 'W
H Isla  d e L obo s an d  V isca in o -3 3 ° 2 2 'S -5 8 ° 2 0 'W
I C ard o n a -3 3 ° 4 7 'S -5 7 ° 2 0 'W

J C arm elo -3 3 ° 5 9 'S -5 8 ° 1 8 'W
K Isla  Ju n ca l -3 3 ° 5 9 'S -5 8 ° 2 2 'W
L C o n ch illas -3 4 ° 1 1 'S -5 8 ° 0 0 'W
M R och a -3 4 ° 2 9 'S -5 4 ° 2 0 'W
N L a P alom a -3 4 ° 3 9 'S -5 4 ° 0 7 'W

W e screen ed  ea ch  p o ten tia l h o st 's sam p le  m u ltip le  
tim es u s in g  d ifferen t p rim er sets d esig n ed  to am p lify  
Plasmodium and  Haemoproteus. S h o rt frag m en ts w ere 
in itia lly  am p lified  u s in g  each  of th ree p rim er sets: F 2/ 
R 2  (132 bp , m ito ch o n d ria l D N A  [m tD N A ] cy t b); 850F / 
1024R  (167  bp , m tD N A  C O III) (see B ea d e ll et al. 2004); 
an d  213F /372R  (160 bp , m tD N A  cy t b) (B ead ell and  
F le isch er 2005). P o ly m erase  ch a in  reac tio n s ty p ica lly  
fo llow ed  co n d itio n s d ev elo p ed  fo r "a n c ie n t"  D N A , to 
in crease  th e p ro b ab ility  of su ccessfu l a m p lifica tio n  of 
p o ssib ly  d egrad ed  sam p les o r sam p les w ith  low  lev ­
els o f p aras item ia  (F le isch er e t al. 2000). Sam p les th at 
p ro d u ced  u ltra v io le t-v is ib le  b an d s after e lectro p h o re­
sis o f th e P C R  p ro d u ct, in d ica tin g  in fectio n  w ith  one 
o r m ore  h em ato zo a , w ere  re-am p lified  w ith  p rim ers 
d esig n ed  to ta rg e t lo n g er frag m en ts o f m tD N A  cy t b: 
3 7 60F /4292R  (574 bp ); o r  a co m b in atio n  o f e ith er F1 or 
F3 w ith  4 2 9 2 R  (475 b p  o r  3 36  b p , resp ectiv ely ) (B ead ell 
et al. 2004 ); o r  F IF I/F IR I (423 bp ) o r  a co m b in atio n  of 
F IFI w ith  an o th er rev erse  p rim er (Ish tiaq  et a l. 2006). 
U se  o f m u ltip le  p rim ers th a t am p lify  a v arie ty  of 
h e m a to z o a n  m ito ch o n d ria l h a p lo ty p e s lik e ly  red u ced  
b ia s  tow ard  p aras ites from  a p articu lar reg io n  w ith in  
So u th  A m erica . In  ad d itio n , th e se n sitiv ity  of th e tests 
w e co n d u cted  su g g e sts th a t w e w ere  ab le  to  id en tify

in fectio n s th a t m ig h t h av e  low  o r variab le  lev els of 
p aras item ia  and  n o t b e  v isib le  o n  sm ears.

P olym erase ch ain  reaction  p ro d u cts th at p rodu ced  
th e larg est frag m en t fo r an  in fected  sam p le w ere 
pu rified  u sin g  Q iaqu ick  k its (Q iagen) and  b id irectio n ­
a lly  seq u en ced  on  an  A BI 3100 Sequ en cer (A pplied  
B io sy stem s, F oster City, C aliforn ia). Sequ en ces 
w ere  assem bled , align ed, and  ed ited  u sin g  the 
SE Q U E N C H E R , v ersion  4.1 (G ene C odes, A n n  Arbor, 
M ich igan ). T he seq u en ces returned  w ere  o f h ig h  qu al­
ity  and  th ere w ere  n o  gaps in  the resu ltin g  align m en ts.

To id en tify  th e g en u s of h e m a to z o a n  p re sen t 
(Plasmodium o r  Haemoproteus), w e u sed  b o th  the 
p h y lo g en etic  a lig n m en t of seq u en ces an d  th e resu lts 
o f a res tr ic tio n  en zym e test on  p o sitiv e  am p lifica ­
tio n s u s in g  th e 2 1 3F /372R  p rim er p a ir  (B ead ell and  
F le isch er 2005). T h is resu lted  in  id en tifica tio n  of 
th e g en era  of h e m ato zo a  in  m o st in fected  sam p les, 
in c lu d in g  m ixed  in fectio n s.

Phylogenetic analysis.—Sam p les w ith  sequ en ces 
>186  bp  lon g  w ere  u sed  to estim ate p arasite  p h ylo­
g en etic  relation sh ip s. O n e or m ore base d ifferences 
b e tw een  seq u en ces d efined  a u n iqu e hap lo typ e, and 
w e com bin ed  u n iqu e h ap lo ty p es from  bo th  reg ion s into 
a sin g le  d ata  set. W e recon stru cted  a p h ylog en etic tree
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102 ORNITHOLOGICAL MONOGRAPHS NO. 60

u sin g  a h eu ristic  search  m eth od , a d istan ce criterion , 
and  a K im u ra tw o -p aram eter ev o lu tion ary  m od el in  
PA U P* (Sw offord  1999). W e rooted  the tree w ith  m am ­
m alian  Plasmodium cyt-b seq u en ces (G enB ank acces­
sion  n os. A Y069614, A F069624, A F055587, A Y099051, 
A Y283019, and  A F069610), fo llow in g  the p h ylogen y  
d eveloped  b y  P erk ins and  Sch all (2002).

Statistical analysis.—Basic sta tis tics  w ere  p erfo rm ed  
u s in g  SP SS, v ers io n  10 .0 .5  (SP SS, C h icago , Illin o is). A 
S h an n o n  d iv ersity  in d ex  an d  its s tan d ard  d ev ia tio n  
w ere  ca lcu la ted  fo r th e b ird  h o st sp e cies sam p led  in  
each  reg io n  an d  th e h e m a to z o a n  h a p lo ty p e s d etected  
in  ea ch  reg ion , u sin g  th e p ro g ram  E ST IM A T E S, 
v ersion  7 .00 (see A ck n o w led g m en ts). T h e  Sh an n o n  
d iv ersity  in d ex  gave a cu m u la tiv e  estim ate  o f the 
d iv ersity  o f each  sam p le, g iv en  th e sam p le  s ize  and  
th e n u m b er o f in d iv id u a ls rep resen tin g  each  sp ecies. 
W e d esig n ed  a n e sted  a n a ly sis  o f varian ce (A N O V A ) 
u s in g  SA S, v ersion  8 .2  (SA S In stitu te , Cary, N o rth  
C aro lin a), to d eterm in e  w h e th e r  th ere  w as v aria tion  
in  p rev alen ce  am on g  h o st fam ily  g ro u p in g s. This 
w as d on e to acco u n t fo r th e p o ten tia l o f d ifferen tia l 
p rev a len ce  of in fectio n  am on g  v ariou s sp ecies w ith in  
each  fam ily  to d rive ap p aren t fam ily -lev el in fec­
tio n -p rev a len ce  d ifferen ces. T h e  n e sted  A N O V A  w as 
co m p o sed  o f th e p ro p o rtio n  o f in fected  in d iv id u a ls 
(a rcsin e-tran sfo rm ed  sq u are  ro o t o f th e n u m b er of 
in fected  in d iv id u a ls, d iv id ed  b y  to ta l n u m b er o f th at 
sp e cies sam p led ) n e sted  w ith in  h o st  sp ecies , and  sp e­
cies n e sted  w ith in  fam ilies. T h e  a n a ly sis  w a s sp lit 
b y  th e g en u s o f th e in fectin g  h em ato zo a , an d  on ly  
n o n -m ix ed  in fectio n s th a t w ere  p o sitiv e ly  id en tified  
as e ith er Plasmodium or Haemoproteus w e re  inclu d ed . 
O n ly  h o st fa m ilie s th a t w ere  w ell sam p led  (>10 in d i­
v id u als) in  ea ch  reg io n  w ere  in clu d ed  in  th e an aly sis .

R e s u l t s

Prevalence within regions.—In Guyana, we 
sampled 195 birds belonging to 53 species, 35 
genera, and 10 families; 82 (42.1%) of these 
birds were infected with a hematozoan (Table
2). Of non-mixed infections that could be posi­
tively identified to one genus or the other (n = 
54), 64.8% were Plasmodium and 35.2% were 
Haemoproteus, and there were significantly more 
infections by Plasmodium than by Haemoproteus 
(X2 = 4.74, P = 0.029). Prevalence did not vary sig­
nificantly across sampling sites within Guyana 
(X2 = 17.73, P = 0.060; see Fig. 1A).

In Uruguay, we sampled 322 birds, belong­
ing to 111 species, 89 genera, and 41 families; 
78 (24.2%) of these were infected with a hema­
tozoan (Table 2). Of non-mixed infections that 
could be positively identified to one genus or 
the other (n = 59), 81.3% were Plasmodium and

18.6% were Haemoproteus, and there were signif­
icantly more infections by Plasmodium than by 
Haemoproteus ( x 2 = 23.20, P < 0.001). The preva­
lence did not vary significantly across sampling 
sites within Uruguay ( x 2 = 11.90, P = 0.454; see 
Fig. 1B). We also found no difference in preva­
lence across sampling months in Uruguay (x 2 = 
4.69, P = 0.196).

Smear data: Uruguay.—Of 141 blood-smear 
samples from Uruguay, 4 (3%) were infected 
with hematozoa, 2 with Plasmodium, and 2 with 
Haemoproteus. This represents a much lower 
overall prevalence for the region than indi­
cated by PCR-based screening techniques. Of 
85 Uruguayan samples that were tested using 
both techniques, only 2 (2%) were detected as 
infected using blood-smear analysis, versus 22 
(26%) using PCR-based screening. Only one 
of the smear-based positives was also positive 
on PCR analysis, and both techniques identi­
fied the parasite as belonging to the genus 
Plasmodium. The other identified a Haemoproteus 
on the smear that was not amplified with PCR 
screening techniques.

Prevalence between regions.—There were 
significantly more hematozoan infections in 
Guyana than in Uruguay (x 2 = 18.06, P < 0.001). 
There were significantly more infections of 
Haemoproteus in Uruguay than in Guyana (x 2 = 
17.83, P < 0.001), but no highly significant differ­
ence in the proportion of Plasmodium infections 
between the two regions (x 2 = 3.59, P = 0.058).

There were 7 potential host species shared 
between the two geographic regions and an 
additional 13 shared genera, though with differ­
ent species in each region. Of this pool, 96 indi­
viduals from Guyana (41.7%) were infected with 
either Haemoproteus or Plasmodium. Guyanan 
birds that also had representatives at the generic 
level in Uruguay were infected with Plasmodium 
in 57.5% of cases, and with Haemoproteus in 25.0% 
of cases. Overall prevalence did not differ from 
that in Uruguay (n = 60), where 26.7% of shared 
bird genera were infected with a hematozoan 
parasite (x 2 = 3.61, P = 0.057). Haemoproteus in 
Uruguay was represented at a similar frequency 
as in Guyana: 25.0% (x 2 = 1.80, P = 0.180). The 
frequency of Plasmodium infections, comprising 
50.0% of infections in Uruguay, was significantly 
less than the frequency found in Guyana (x 2 = 
5.21, P = 0.02).

There were four well-sampled families of 
birds common to both regions (n = 8 to 57
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Ta ble  2. N u m b er and  p ercen tag e  of in d iv id u a ls in fected  w ith  ea ch  typ e of h e m a to z o a n  in  each  
sam p lin g  reg ion . P ercen tag es fo r ty p es o f in fectio n s in d ica te  th e p ro p o rtio n  o f to ta l in fectio n s 
th a t typ e co m p rised . "U n k n o w n  g e n e ra " refers to p aras ite  in fectio n s th a t co u ld  n o t b e  am p lified  
w ith  p rim ers o th er th an  F 2 /R 2  to p ro v id e  in fo rm atio n  o n  g en eric  statu s. M ixed  in fectio n s 
occu rred  w h en  th ere  w as m ore  th an  o n e  seq u en ce  retu rn ed  fo r an  in fected  in d iv id u a l or 
res tr ic tio n  en zym e tests  in d ica ted  th a t b o th  Plasmodium an d  Haemoproteus w ere  p resen t.

Total Plasmodium Haemoproteus

R egio n
sam p le

(n)

In fected
in d iv id u als

on ly  (sing le 
in fectio n )

o n ly  (sin g le  
in fectio n )

U n k n ow n
g en era

M ixed  
in fectio n s a

G u yan a 195 82  (42.1% ) 35 (42 .7% ) 19 (23.2% ) 12 (14 .6% ) 6  P /P

Total

U ru gu ay 322 78 (24.2% ) 48  (61 .5% ) 11 (14.1% ) 10 (12 .8% )

2 P/?
5 P /H
3 H /?

16 (19 .5% )

6  P /P
2 P/?
1 P /H  
0 H /?

Total________________________________________________________________________________________ 9 (11.5% )
a P = P la s m o d iu m , H = H a e m o p r o te u s , ? = either P or H.

individuals per family). The proportion of birds 
infected with hematozoa did not differ between 
regions, except for a greater prevalence of infec­
tion among Guyanan Cardinalidae (Fig. 2).

Prevalence across families.—Nested ANOVA 
showed that there was no variation in preva­
lence among the family grouping of sampled 
hosts for either Plasmodium or Haemoproteus 
infections in either region (Table 3).

Phylogenetics. —We detected 23 distinct hap­
lotypes of Plasmodium and 15 of Haemoproteus 
in the sample from Guyana (GenBank Acession 
nos. DQ241508-DQ241559, inclusive). We 
subsequently removed four of these (three 
Plasmodium and one suspected Haemoproteus) 
from the phylogenetic analyses, because the 
sequences recovered from 10 host individuals 
were only 91 bp long and their distinctiveness 
could not be affirmed when the sequences were 
compared with those from Uruguay. The mito­
chondrial haplotypes used in the phylogenetic 
analysis were detected in 60 host individuals 
(Appendix).

We detected 14 distinct haplotypes of 
Plasmodium and 7 of Haemoproteus in the 
sample from Uruguay. The mitochondrial hap­
lotypes were detected in 48 host individuals 
(Appendix). All sequences were of sufficient 
length (>186 bp) to be included in the combined 
data for both regions. There were no significant 
differences between regions in numbers of 
Plasmodium (x2 = 2.19, P = 0.139) or Haemoproteus 
(x2 = 2.91, P = 0.88) haplotypes detected.

The phylogenetic tree produced for both 
regions combined resulted in a single clade of 
31 Plasmodium haplotypes, and a single well- 
supported clade of 21 Haemoproteus haplotypes 
(Fig. 3). Some subclades were unique to one 
region or the other but were not well supported 
by bootstrap values. The well-supported clade of 
Haemoproteus haplotypes numbered 49-52 (Fig.
3) in Guyana may reflect an unequal sampling 
across families rather than a unique grouping, 
given that they appear to be restricted to the 
host family Columbidae, and fewer doves and 
pigeons were sampled in Uruguay (n = 8) than 
in Guyana (n = 28). Only three haplotypes (1, 23, 
and 31) were shared between the two regions, 
all Plasmodium. None of these occurred in the 
same host species in the two regions and, in 
some cases, they were not found in the same 
host family, which suggests that these may be 
highly generalized lineages of parasites (Table
4) . Shannon diversity indices indicate that 
diversity was higher in the Uruguayan sam­
pling of potential bird hosts but that diversity 
of hematozoa haplotypes was higher in the 
Guyanan sample (Table 5).

D is c u s s io n

Prevalence of hematozoan infection was 
significantly higher overall in Guyana. Genera 
and species common to both regions had 
higher rates of infection in Guyana than in 
Uruguay. This is in contrast to findings based
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F ig . 2. P rev alen ce  of h e m ato zo an  in fectio n  d etected  w ith in  selected  h o st fam ily  g ro u p s th at w ere sam p led  
in  each  reg ion . C h i-sq u are  tests  in d ica te  sig n ifican t d ifferen ces in  p rev alen ce  w ith in  fam ilies b e tw een  reg ion s. 
"U n k n o w n " refers to p aras ites th a t w ere n o t am p lified  b y  any  o th er p rim er th an  F 2/R 2, so th a t ass ig n atio n  of 
g en u s w as im p o ssib le  to do w ith  certainty.

Table  3. R esu lts  o f n ested  A N O V A s d esig n ed  to estim ate  th e e ffect o f the sam p led  h o st fam ily  on  th e p rev alen ce  
of Plasmodium and Haemoproteus lin eag e  in fectio n s for each  reg ion .

R eg io n
F am ilies

(n)

Sp ecies

(n)

In d iv id u a ls

(n) In fectio n

P ercen tag e  
of v aria tion  
attrib u tab le  

to  fam ily

P ercen tag e  
of v aria tio n  

a ttrib u tab le  to 
o th er so u rces F P

G u yan a 6 47 174 Haemoproteus 0.00 100.00 0.18 0 .97
Plasmodium 10.11 89.89 1.81 0.13

U ru g u ay 9 62 313 Haemoproteus 3.76 96.24 1.10 0.38
Plasmodium 9.82 90.18 1.70 0.12

on blood-smear analyses, in which birds from 
temperate zones showed higher rates of infec­
tion than birds in tropical zones (Ricklefs 1992). 
Our pattern is not conclusively carried through 
to the family level of organization for the host 
species; although all families well-represented 
in both regions displayed higher prevalence 
in Guyana, only the Cardinalidae showed 
significantly higher prevalence of hematozoan 
infection in Guyana. This may have resulted 
from a biased sampling regime in one region or

the other, so that potential host species of birds 
were missed in the region that displayed lower 
prevalence. However, because the Uruguayan 
sample of potential host species is actually 
more diverse than the sample from Guyana, 
this does not appear to be the case. The higher 
prevalence in temperate zones found by earlier 
researchers (Ricklefs 1992) may be an artifact of 
the blood-smear technique, in which infections 
are more easily detected when parasitemia lev­
els are high, whereas low-intensity infections
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F ig . 3. N eig h b o r-jo in in g  tree  cre a ted  w ith  a h e u ristic  search  m eth od  an d  a K im u ra  tw o -p aram eter ev o lu tio n ­
ary  m od el, ro oted  w ith  m am m alian  Plasmodium o u tgrou p s. B o o tstra p  (PA U P * " fa s t"  h e u ristic  search ) v a lu es =/> 
50%  are  in clu d ed  o n  re lev an t bran ch es. H ap lo ty p e  n u m b ers  are  p reced ed  b y  th e reg io n  in  w h ich  th ey  w ere  
d etected  in  (G  = G u yan a, U  = U ru gu ay, B  = b o th  reg ion s). H ap lo ty p es are  re la ted  to h o st  sp e cies in  w h ich  th ey  
w ere  fo u n d ; n u m b ers re fer to  th e n u m b er of sp e cies in  w h ich  h a p lo ty p e s w ere  d etected  (w h ere th ere  is >1 in d i­
v id u al p er sp ecies, n u m b er o f in d iv id u a ls fo llo w s th e back slash ).
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Ta ble  4. H o st fam ily, g en u s, an d  sp ecies b y  reg io n  fo r Plasmodium h a p lo ty p e s d etected  in  
b o th  reg ion s.

H ap lo ty p e R egio n F am ily G en u s Sp ecies

1 G u yan a E m b eriz id ae Dolospingus fringilloides
Icterid ae Icterus nigrogularis

chrysocephalus
U ru gu ay T ro glo d y tid ae Troglodytes aedon

23 G u yan a E m b eriz id ae Volatinia jacarina
Icterid ae Cacicus cela

haemorrhous
P sittacid ae Ara (Diopsittaca) nobilis

U ru gu ay E m b eriz id ae Zonotrichia capensis
F u rn ariid ae Cranioleuca pyrrhophia
Icterid ae Gnorimopsar chopi
P arau lid ae Basileuterus culicivorous

leucoblepharus
leucoblepharus
leucoblepharus

31 G u yan a C ard in a lid ae Cyancompsa cyanoides
Pitylus grossus
Saltator maximus

maximus
Icterid ae Cacicus cela

U ru gu ay Icterid ae Agelaius ruficapillus
P olio p tilid ae Polioptila dumicola

dumicola

Ta ble  5. Sam p le  sizes an d  S h an n o n  d iv ersity  in d ices (m ean s ± SD ) fo r b ird  h o st 
sam p les in  b o th  reg io n s an d  h e m a to z o a n  h a p lo ty p e s d etected  in  b o th  reg ion s.

R egio n Sam p le
In d iv id u a ls

(n)
S h an n o n  

d iv ersity  in d ex

G u yan a B ird  h o st sp e cies (n = 54) 195 3 .85  ± 0.01
U ru gu ay B ird  h o st sp e cies (n = 111) 322 4 .4 4  ± 0.01
G u yan a H e m ato zo an  h a p lo ty p e s (n = 34) 60 3 .3 7  ± 0.01
U ru gu ay H e m ato zo an  h a p lo ty p e s (n = 21) 48 2 .70  ± 0 .02

may not be detected in blood smears—in which 
case, PCR-based analyses may be more reliable. 
It may be that parasitemia levels as well as 
prevalence differ between the two zones and the 
difference in prevalence previously observed is 
actually reversed, with higher rates in tropical 
zones and lower in temperate zones.

Although seasonality of sampling may have 
affected our results, there were no temporal 
differences in prevalence nor evidence of a 
spring-time spike in rates of hematozoan infec­
tion in Uruguay. In Guyana, most samples were 
collected during the dry season, when density 
of mosquito vectors for Plasmodium is compara­
tively lower than during the wet season, yet 
hematozoan prevalence was still higher than in 
Uruguay.

The Uruguayan specimens that were examined 
using both PCR-based techniques and blood 
smears showed an approximately 10-fold differ­
ence in incidence of hematozoa, with PCR-based 
techniques detecting many more infections. 
Supposed differences in prevalence of infection 
claimed to be attributable to seasonality may be 
another artifact of the blood-smear technique, 
which may be biased toward high levels of para­
sitemia. Among avian hosts from American Samoa 
examined using both blood smears and PCR- 
based techniques, no infections were detected in 
the smears, whereas 59% of the sample showed 
infection using PCR-based techniques (Jarvi et 
al. 2003). Thus, PCR-based screening techniques 
should be superior for detecting low-intensity 
infections, regardless of seasonality.
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The overall prevalence of avian hematozoa 
detected using PCR screening techniques in trop­
ical zones is generally high: 41% in northeastern 
Australia and Papua New Guinea (Beadell et al. 
2004), 30% in Nigeria (Waldenstrom et al. 2002), 
42% in the Lesser Antilles (Fallon et al. 2003), and 
59% (Plasmodium only) in American Samoa (Jarvi 
et al. 2003). In host species sampled in temper­
ate zones, the infection rate is often lower: 22% 
in North America (Fallon et al. 2006) and 24% in 
Norway and Sweden (Hellgren 2005); however, 
exceptions exist in temperate North America 
(higher prevalence) when compared with the 
Caribbean (lower prevalence, Haemoproteus 
only) (Ricklefs et al. 2005). This apparent differ­
ence in prevalence is most likely attributable to 
a combination of factors. The habits of the host 
species must be taken into account; many migra­
tory bird species winter in tropical zones and 
breed in temperate zones, and the aggregation of 
individuals on wintering grounds may facilitate 
transmission of hematozoan parasites in tropi­
cal zones. Warmer, more humid climates may 
increase the density of Culex or other mosquito 
vectors of Plasmodium and facilitate transmission 
of this parasite in tropical zones.

The avian hematozoan haplotypes that we 
detected in tropical and temperate zones of 
South America were not limited to particular 
families of hosts, nor does prevalence of infec­
tion vary by host family. This is in accordance 
with recent research indicating that avian 
hematozoa are less host-specific than previ­
ously believed (Bensch et al. 2000, Ricklefs and 
Fallon 2002, Beadell et al. 2004 [Plasmodium 
only]) and that the identity of a host species 
may no longer be considered a valid criterion 
for identifying taxa of hematozoa (especially 
Plasmodium) in birds.

We found a marked lack of shared hema- 
tozoan haplotypes between the tropical and 
temperate zones, indicating that avian hema- 
tozoa have undergone different evolutionary 
processes in each region. There were only three 
Plasmodium haplotypes shared between the two 
regions, and they were found in several differ­
ent host species, genera, and even families. This 
indicates that these shared haplotypes are not 
restricted to a particular host and appear in the 
sample more commonly than the haplotypes 
restricted to one region.

Vector incompatibilities may also be operat­
ing between the two regions. Avian hematozoan

haplotypes may be carried between the two 
regions, but the vectors present in each region 
may not be able to transmit the parasite to a new 
host. Among Culex pipiens mosquitoes, Huff 
(1934) found individual variation in suscepti­
bility to infection by Plasmodium cathemerium 
and P. relictum. Those that were not susceptible 
were incapable of transmitting infection to new 
hosts. Similarly, Li et al. (2001) found that while 
Anopheles albimanus and A. freeborni mosquitoes 
were both susceptible to infection by "New 
World" strains of P. vivax, only A. freeborni was 
susceptible to infection by "Old World" P. vivax 
strains, limiting the transmission of that strain. 
Investigation of the different potential vectors 
of avian hematozoa present in Guyana and 
Uruguay could answer questions regarding 
geographic structuring of haplotypes.

The restriction of many hematozoan haplo­
types to one region might also be attributable to 
haplotypes not being carried between the two 
regions by migrants. Many avian hematozoan 
haplotypes appear to be transported between 
geographic locations by migratory birds 
(Ricklefs et al. 2005). Waldenstrom et al. (2002) 
detected many hematozoan haplotypes in their 
African sample that had also been detected in 
breeding populations of migratory birds in 
Europe. The Fennoscandian Bluethroat (Luscinia 
svecica) harbors hematozoan parasites that are 
transmitted both on its tropical southern Asian 
wintering grounds and its temperate European 
breeding grounds (Hellgren 2005). The austral 
migrant system that operates between temper­
ate and tropical zones in South America does 
not include many species that move between 
Guyana and Uruguay. Very few species that 
migrate out of temperate South America winter 
farther north than Amazonia (Chesser 2005). In 
addition, relatively few species of birds exhibit 
this pattern of migration. For example, 122 spe­
cies of South American passerines are austral 
migrants, compared with 211 species that are 
Nearctic-Neotropical migrants (Chesser 2005). 
Given the lack of movement of hosts between 
the two regions, geographic differentiation of 
the hematozoan parasite populations between 
these regions of temperate and tropical South 
America is not surprising.

This work could be extended by examining the 
hematozoan haplotypes of more South American 
austral migrant birds to investigate whether 
parasites are transmitted along migration routes
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and between wintering and breeding grounds 
as they are with other, better-studied migration 
systems, such as the Nearctic-Neotropical or 
Palearctic-Oriental systems.
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Plasmodium vivax. E m e r g in g  In fe c t io u s  
D is e a s e s  7 :3 5 -4 2 .

P e r k in s , S . L . 2 0 0 0 . S p e c ie s  c o n c e p ts  a n d  m a la r ia  
p a ra s ite s : D e te c t in g  a  c ry p tic  s p e c ie s  o f 
Plasmodium. P r o c e e d in g s  o f  th e  R o y a l S o c ie ty  
o f  L o n d o n , S e r ie s  B  2 6 7 :2 3 4 5 -2 3 5 0 .

P e r k in s , S . L ., a n d  J . J. S c h a l l . 2 0 0 2 . A  m o le c u la r  
p h y lo g e n y  o f  m a la r ia l  p a r a s ite s  re c o v e re d  
fro m  c y to c h r o m e  b g e n e  se q u e n c e s . Jo u r n a l  o f 
P a ra s ito lo g y  8 8 :9 7 2 -9 7 8 .

R ic k l e f s , R . E . 1 9 9 2 . E m b ry o n ic  d e v e lo p m e n t 
p e r io d  a n d  th e  p re v a le n c e  o f  a v ia n  b lo o d  p a r a ­
s ite s . P r o c e e d in g s  o f  th e  N a tio n a l A c a d e m y  o f 
S c ie n c e s  U S A  8 9 :4 7 2 2 -4 7 2 5 .

R ic k l e f s , R . E ., S . M . Fa l l o n , S . L a tta , B . S w a n so n , 
a n d  E . B e r m in g h a m . 2 0 0 5 . M ig r a n ts  a n d  th e ir  
p a ra s ite s : A  b r id g e  b e tw e e n  tw o  w o r ld s . P a g e s

2 1 0 -2 2 1  in B ir d s  o f  T w o  W o rld s : T h e  E c o lo g y  
a n d  E v o lu tio n  o f  M ig ra t io n . (R . G r e e n b e r g  a n d  
P. P. M a r ra , E d s .)  Jo h n s  H o p k in s  U n iv e r s ity  
P re ss , B a lt im o r e , M a r y la n d .

R ic k l e f s , R . E ., a n d  S . M . Fa l l o n . 2 0 0 2 . 
D iv e r s if ic a t io n  a n d  h o s t  s w itc h in g  in  a v ia n  
m a la r ia  p a ra s ite s . P r o c e e d in g s  o f  th e  R o y a l 
S o c ie ty  o f  L o n d o n , S e r ie s  B  2 6 9 :8 8 5 -8 9 2 .

S w o f f o r d , D . L . 1 9 9 9 . P A U P *: P h y lo g e n e tic  
A n a ly s is  U s in g  P a rs im o n y  (*a n d  O th e r  
M e th o d s) . S in a u e r  A s s o c ia te s , S u n d e r la n d , 
M a s sa c h u se tts .

W a l d e n s t r o m , J ., S . B e n sc h , D . K ib o i , D . 
H a s s e l q u is t , a n d  U . O t t o s s o n . 2 0 0 2 . C r o s s ­
s p e c ie s  in fe c t io n  o f  b lo o d  p a r a s ite s  b e tw e e n  
r e s id e n t  a n d  m ig r a to ry  s o n g b ir d s  in  A fr ic a . 
M o le c u la r  E c o lo g y  1 1 :1 5 4 5 -1 5 5 4 .

A p p e n d ix . H o st fam ily, gen u s, sp ecies , an d  G en B an k  accessio n  n u m b er fo r ea ch  seq u en ce  reco v ered  fo r all 
m ito ch o n d ria l h e m a to z o a n  h a p lo ty p e s in  F igu re  3.

H ap lo
type R egio n F am ily S c ien tific  n am e C o m m on  n am e

G en B an k
accessio n
n u m b er

1 G u yan a E m b eriz id ae Dolospingus fringilloides W h ite -n ap ed  S e ed eater D Q 241508
G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le
G u yan a Icterid ae Icterus chrysocephalus M o rich e  O rio le
U ru gu ay T ro glo d y tid ae Troglodytes aedon H o u se W ren

2 U ru gu ay E m b eriz id ae Poospiza lateralis R ed -ru m p ed  W arb lin g  F in ch D Q 241509
U ru gu ay Icterid ae Icterus cayanensis E p a u le t O rio le

3 G u yan a C a rd in a lid ae Cyanocompsa cyanoides B lu e-b la ck  G ro sb eak D Q 241510
4 G u yan a C a rd in a lid ae Saltator maximus B u ff-th ro a ted  S a lta to r D Q 241511
5 G u yan a E m b eriz id ae Emberizoides herbicola W ed ge-ta iled  G rassfin ch D Q 241512

G u yan a Icterid ae Sturnella militaris R ed -b re asted  B lack b ird
6 U ru gu ay Icterid ae Gnorimopsar chopi C h op i B lack b ird D Q 241513

U ru gu ay Icterid ae Gnorimopsar chopi C h op i B lack b ird
U ru gu ay Icterid ae Pseudoleistes guirahuro Y ellow -ru m p ed  M arsh bird
U ru gu ay T h rau p id ae Tangara preciosa C h estn u t-b ack ed  T an ag er
U ru gu ay T h rau p id ae Stephanophorus diadematus D iad em ed  T anager
U ru gu ay T ro glo d y tid ae Troglodytes aedon H o u se W ren
U ru gu ay T ro glo d y tid ae Troglodytes aedon H o u se W ren
U ru gu ay T ro glo d y tid ae Troglodytes aedon H o u se W ren
U ru gu ay T u rd id ae Turdus rufiventris R u fo u s-b e llied  T h ru sh

7 U ru gu ay Icterid ae Sturnella superciliaris W h ite-b ro w ed  B lack b ird D Q 241514
U ru gu ay Icterid ae Sturnella superciliaris W h ite-b ro w ed  B lack b ird

8 U ru gu ay E m b eriz id ae Embernagra platensis G reat P am p a F in ch D Q 241515
U ru gu ay E m b eriz id ae Embernagra platensis G reat P am p a F in ch

9 U ru gu ay Icterid ae Pseudoleistes virescens B ro w n  an d  Y ellow  M arsh bird D Q 241516
10 G u yan a A p od id ae Streptoprocne zonaris W h ite -co lla red  Sw ift D Q 241517
11 U ru gu ay R allid ae Aramides ypecaha G ian t W ood  R a il D Q 241518
12 U ru gu ay E m b eriz id ae Poospiza lateralis R ed -ru m p ed  W arb lin g  F in ch D Q 241519

U ru gu ay F u rn ariid ae Coryphistera alaudina L ark -lik e  B u sh ru n n e r
U ru gu ay F u rn ariid ae Limnornis curvirostris C u rv e-b illed  R eed h au n ter
U ru gu ay Icterid ae Gnorimopsar chopi C h op i B lack b ird
U ru gu ay M im id ae Mimus saturninus C h alk -b ro w ed  M o ck in g bird
U ru gu ay T h rau p id ae Stephanophorus diadematus D iad em ed  T anager
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A p p e n d ix . C o n tin u ed .

H a p lo ­

ty p e R egio n F am ily S c ien tific  n am e C o m m on  n am e

G en B an k
accessio n
n u m b er

13 G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le D Q 241520
G u yan a Icterid ae Cacius cela Y ellow -ru m p ed  C aciq u e

14 U ru gu ay C o lu m b id ae Leptotila verreauxi W h ite -tip p ed  D ove D Q 241521
15 G u yan a P sittacid ae Diopsittaca nobilis R ed -sh o u ld ered  M acaw D Q 241522
16 U ru gu ay T u rd id ae Turdus rufiventris R u fo u s-b e llied  T h ru sh D Q 241523
17 U ru gu ay T u rd id ae Turdus rufiventris R u fo u s-b e llied  T h ru sh D Q 241524
18 G u yan a A rd eid ae Agamia agami A g am i H ero n D Q 241525
19 G u yan a E m b eriz id ae Volatinia jacarina B lu e-b la ck  G rassq u it D Q 241526
20 G u yan a C a rd in a lid ae Saltator maximus B u ff-th ro a ted  S a lta to r D Q 241527
21 G u yan a A rd eid ae Butorides striatus G reen -b ack ed  H ero n D Q 241528
22 G u yan a C a rd in a lid ae Cyanocompsa cyanoides B lu e-b la ck  G ro sb eak D Q 241529

G u yan a Icterid ae Icterus cayanensis E p au le t O rio le
23 G u yan a E m b eriz id ae Volatina jacarina B lu e-b la ck  G rassq u it D Q 241530

G u yan a Icterid ae Cacicus cela Y ellow -ru m p ed  C aciq u e
G u yan a Icterid ae Cacicus haemorrhous R ed -ru m p ed  C aciq u e
G u yan a P sittacid ae Diopsittaca nobilis R ed -sh o u ld ered  M acaw
U ru gu ay E m b eriz id ae Zonotrichia capensis R u fo u s-co lla red  Sp arro w
U ru gu ay F u rn ariid ae Cranioleuca pyrrhophia S trip e-cro w n ed  S p in eta il
U ru gu ay Icterid ae Gnorimopsar chopi C h op i B lack b ird
U ru gu ay P arau lid ae Basileuterus culicivorous G o ld en -cro w n ed  W arb ler
U ru gu ay P arau lid ae Basileuterus leucoblepharus W h ite-b ro w ed  W arb ler
U ru gu ay P arau lid ae Basileuterus leucoblepharus W h ite-b ro w ed  W arb ler
U ru gu ay P arau lid ae Basileuterus leucoblepharus W h ite-b ro w ed  W arb ler

24 G u yan a Icterid ae Cacicus cela Y ellow -ru m p ed  C aciq u e D Q 241531
25 G u yan a C a rd in a lid ae Saltator coerulescens G rey ish  S a lta to r D Q 241532

G u yan a E m b eriz id ae Sicalis luteola G rasslan d  Y ellow  F in ch
G u yan a Icterid ae Sturnella militaris R ed -b reasted  B lack b ird

26 G u yan a Icterid ae Molothrus oryzivorus G ian t C o w b ird D Q 241533
G u yan a Icterid ae Molothrus oryzivorus G ian t C o w b ird

27 G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le D Q 241534
G u yan a Icterid ae Sturnella militaris R ed -b reasted  B lack b ird

28 G u yan a Icterid ae Sturnella supercilliaris W h ite-b ro w ed  B lack b ird D Q 241535
G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le
G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le
G u yan a Icterid ae Icterus nigrogularis Y ellow  O rio le

29 U ru gu ay A rd eid ae Ardea alba G reat E g ret D Q 241536
U ru gu ay S trig id ae Otus choliba T rop ical S c reech  O w l

30 G u yan a C a rd in a lid ae Cyanocompsa cyanoides B lu e-b la ck  G ro sb eak D Q 241537
31 G u yan a C a rd in a lid ae Pitylus grossus S la te -co lo red  G ro sbeak D Q 241538

G u yan a C a rd in a lid ae Saltator maximus B u ff-th ro a ted  S a lta to r
G u yan a C a rd in a lid ae Saltator maximus B u ff-th ro a ted  S a lta to r
G u yan a C a rd in a lid ae Cyanocompsa cyanoides B lu e-b la ck  G ro sb eak
G u yan a Icterid ae Cacicus cela Y ellow -ru m p ed  C aciq u e
U ru gu ay Icterid ae Agelaius ruficapillus C h estn u t-cap p ed  B lack b ird
U ru gu ay P olio p tilid ae Polioptila dumicola M ask ed  G n atca tch er
U ru gu ay P olio p tilid ae Polioptila dumicola M ask ed  G n atca tch er

32 G u yan a A p od id ae Chaetura spinicauda B an d -ru m p ed  Sw ift D Q 241539
G u yan a Icterid ae Psarocolius viridis G reen  O ro p en d ola
G u yan a Icterid ae Psarocolius viridis G reen  O ro p en d ola

33 G u yan a Icterid ae Psarocolius viridis G reen  O ro p en d ola D Q 241540
34 G u yan a Icterid ae Psarocolius viridis G reen  O ro p en d ola D Q 241541
35 G u yan a T h rau p id ae Lamprospiza melanoleuca R ed -b illed  P ied  T anager D Q 241542
36 G u yan a C o lu m b id ae Leptotila rufaxilla G rey -fro n ted  D ove D Q 241543
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A p p e n d ix . C o n tin u ed .

G en B an k
H ap lo - accessio n
ty p e R egio n F am ily S c ien tific  n am e C o m m on  n am e n u m b er

37 U ru gu ay Icterid ae Molothrus badius B ay -w in g ed  C ow b ird D Q 241544
U ru gu ay R allid ae Rallus sanguinolentus P lu m b eo u s R ail

38 U ru gu ay Icterid ae Pseudoleistes virescens B ro w n  an d  Y ellow  M arsh b ird  D Q 241545
U ru gu ay P icid ae Colaptes campestris C am p o F lick er

39 U ru gu ay Icterid ae Icterus cayanensis E p au le t O rio le D Q 241546
40 U ru gu ay T u rd id ae Turdus amaurochalinus C ream y -b ellied  T h ru sh D Q 241547
41 G u yan a C a rd in a lid ae Caryothraustes canadensis Y ellow -g reen  G ro sbeak D Q 241548

G u yan a C a rd in a lid ae Saltator coerulescens G rey ish  S a lta to r
42 G u yan a Icterid ae Psarocolius decumanus C rested  O ro p en d ola D Q 241549
43 U ru gu ay E m b eriz id ae Paroaria coronata R ed -crested  C ard in al D Q 241550
44 U ru gu ay H iru n d in id ae Tachycineta leucorrhoa W h ite -ru m p ed  Sw allow D Q 241551
45 G u yan a A p od id ae Streptoprocne zonaris W h ite -co lla red  Sw ift D Q 241552
46 G u yan a P sittacid ae Aratinga pertinax B ro w n -th ro ated  P arak eet D Q 241553
47 G u yan a E m b eriz id ae Paroaria gularis R ed -cap p ed  C ard in al D Q 241554
48 U ru gu ay C a rd in a lid ae Saltator aurantiirostris G old en -b illed  S a lta to r D Q 241555
49 G u yan a C o lu m b id ae Geotrygon montana R u d d y  Q u ail-D ov e D Q 241556
50 G u yan a C o lu m b id ae Columbina talpacoti R u d d y  G ou n d -D ov e D Q 241557
51 G u yan a C o lu m b id ae Columbina passerina C o m m on  G ro u n d -D ov e D Q 241558

G u yan a C o lu m b id ae Columbina passerina C o m m on  G ro u n d -D ov e
G u yan a C o lu m b id ae Columbina passerina C o m m on  G ro u n d -D ov e
G u yan a C o lu m b id ae Columbina passerina C o m m on  G ro u n d -D ov e

52 G u yan a C o lu m b id ae Columbina passerina C o m m on  G ro u n d -D ov e D Q 241559
G u yan a C o lu m b id ae Columbina talpacoti R u d d y  G ro u n d -D ov e
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