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ABSTRACT-Blood parasites have been known to cause morbidity and mortality in waterfowl, 
particularly in Canada geese (Branta canadensis). However, little is known about blood parasites 
infecting Ross' geese (Chen rossii) and greater white-fronted geese (Anser albifrons). This study 
examined wintering Ross' and white-fronted geese for blood parasites. Blood smears from 16 Ross' 

geese (13 juveniles, 3 adults) and 46 white-fronted geese (21 juveniles, 25 adults) collected in 

Kleberg County, Texas, during winter 1999-2000 were examined for blood parasites. Leucocytozoon 
simondi was found in 2 juvenile white-fronted geese; density of infection was <1 parasite/2,000 
erythrocytes. Additionally, 3 adult and 1 juvenile white-fronted geese had microfilaria. No blood 

parasites were observed in Ross' geese. We concluded that low prevalence and density of L. simondi 

gametocytes circulating in host blood precluded or greatly reduced transmission of this parasite 
on the wintering grounds in southern Texas. 
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RESUMEN-Se sabe que los parasitos de sangre causan morbosidad y mortalidad en aves acuaticas, 

particularmente en gansos canadienses (Branta canadensis). Sin embargo, se sabe muy poco sobre 
parasitos de sangre infectando gansos de Ross (Chen rossii) y gansos frente blanca (Anser albifrons). 
Este estudio examin6 gansos de Ross y gansos frente blanca durante el invierno para parasitos de 

sangre. Muestras de sangre de 16 gansos de Ross (13 juveniles, 3 adultos) y 46 gansos frente blanca 

(21 juveniles, 25 adultos) colectadas en el condado de Kleberg, Texas, durante el invierno de 
1999-2000 fueron examinadas para parasitos de sangre. Se encontr6 Leucocytozoon simondi en 2 
gansos frente blanca juveniles; la densidad de infecci6n fue <1 parasito/2,000 eritrocitos. Adicio- 
nalmente, 3 gansos frente blanca adultos y 1 juvenil tenian microfilarios. No se observaron para- 
sitos de sangre en ningun ganso de Ross. Concluimos que la baja frecuencia y densidad de ga- 
metocitos L. simondi circulando en la sangre de los ejemplares imposibilitan o grandemente re- 
ducen la transmisi6n de este parasito en los terrenos invernales del sur de Texas. 

Numerous studies have been conducted to 
determine factors affecting survival and re- 
cruitment of waterfowl in North America. One 
factor that might negatively affect waterfowl is 
blood parasites. At least 9 blood protozoan and 
2 microfilarid species have been reported from 
Canada geese (Branta canadensis) and snow 

geese (Chen caerulescens) in North America 

(Bennett et al., 1982). Morbidity and mortality 
in Canada geese have occurred on the breed- 

ing grounds from Leucocytozoon simondi infec- 
tions (Herman et al., 1975). Unfortunately, lit- 
tle is known about which species of blood par- 
asites infect other goose species or their impact 
on host individuals and populations on the 

breeding or wintering grounds. For example, 
no published studies have examined Ross' 

geese (Chen rossii) for blood parasites, and in 
the only study of white-fronted geese (Anser al- 

bifrons), 5 birds from California were examined 

(Wood and Herman, 1943). 
Vectors presumably are absent during winter 

in temperate regions, thereby breaking the in- 
fection-transmission cycle. However, Fedynich 
and Rhodes (1995) found high prevalence of 

Leucocytozoon smithi (100%) and Haemoproteus 
meleagridis (54%) during winter in a popula- 
tion of wild turkeys (Meleagris gallopavo) from 
South Carolina, suggesting continued trans- 
mission. Additionally, Atkinson et al. (1988) 
used sentinel turkeys to demonstrate that in- 
fections with H. meleagridis can occur year- 
round in warm climate areas, such as southern 
Florida. Geese wintering at the southernmost 
extension of their range might similarly be ex- 

posed to blood parasite infections if tempera- 
tures permit vector activity. To learn more 
about blood parasite infections during winter, 
we surveyed Ross' and white-fronted geese for 

blood parasites in southern Texas during win- 
ter 1999-2000. 

Geese were collected by shooting during the 

hunting season in Kleberg County, Texas, from 
3 November 1999 through 20 January 2000. 
Heart blood from each bird was used to make 
thin smears on 2 microscope slides within 10 
min of host death. Blood samples were collect- 
ed between 0600 and 1100 h to increase the 

probability of Leucocytozoon detection, as at 
least 1 species of this genus is known to dem- 
onstrate daily cyclic activity (Noblet and No- 
blet, 1976). Smears were fixed in 100% meth- 
anol for 1 min, air dried, and stained with Diff- 
Quik. Each smear was scanned 15 min (30 min 
for each bird) for blood parasites with a micro- 

scope at 1,OOOX magnification. Leucocytozoids 
were identified using the descriptions of Ben- 
nett and Squires-Parsons (1992). To quantify 
density of blood protozoa, 1 slide was selected 
(based on stain quality and density of eryth- 
rocytes appropriate for viewing) and 2,000 
erythrocytes were counted and examined in 20 
replicates of 100 erythrocytes each, following 
the recommendations of Godfrey et al. (1987). 
Although the protocols of Godfrey et al. 
(1987) were developed for Haemoproteus, they 
have been successfully applied to Leucocytozoon 
(Fedynich and Rhodes, 1995; DeJong et al., 
2001). No satisfactory techniques have been 

developed to estimate density of microfilaria 

using blood smears; consequently, only preva- 
lence data are reported for microfilaria. 

Sixteen Ross' geese (13 juveniles, 3 adults) 
and 46 white-fronted geese (21 juveniles, 25 
adults) were collected and examined for blood 

parasites; L. simondi was found in 2 juvenile 
white-fronted geese (Table 1). Density in each 
of the 2 birds was <1 parasite/2,000 erythro- 
cytes. Additionally, 3 adult and 1 juvenile white- 
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TABLE 1-Numbers of Ross' and white-fronted 

geese examined, numbers infected with blood par- 
asites, and parasite prevalence (%) in heart blood 
during winter 1999-2000 in southern Texas. 

Leucocy- 
Number tozoon Micro- 

Host species examined simondi filaria Total 

Ross' goose 
Adult 3 0 0 

Juvenile 13 0 0 

White-fronted 
goose 

Adult 25 0 3 (12) 3 (12) 
Juvenile 21 2 (10) 1 (5) 3 (14) 

Total 62 2 (3) 4 (6) 6 (10) 

fronted geese were infected with an unknown 

species of microfilarid. No blood parasites 
were found in the 16 Ross' geese (Table 1). 

Transmission of blood protozoa is depen- 
dent upon adequate numbers of susceptible 
hosts, vectors, and infective parasite gameto- 
cytes circulating in the blood. Although many 
susceptible waterfowl hosts occur in Kleberg 
County during winter, it is uncertain what po- 
tential vectors occur in this region or if they 
are active during winter due to the typically 
mild temperatures. Mean monthly ambient 

temperatures recorded in November 1999, De- 
cember 1999, and January 2000 at the nearest 
weather station (Kingsville, Texas) to our col- 
lection sites were 19.3?C (mean monthly min- 
imum/maximum range: 11.8 to 26.8?C), 
14.9?C (7.8 to 21.9?C), and 17.4?C (10.3 to 
24.4?C), respectively. These temperatures sug- 
gest that limited vector activity was possible. 

We could find only 1 insect survey that was 
conducted during summer in nearby Victoria 

County (Johnson, 1982). Of the dipteran fam- 
ilies known to transmit Haemoproteus, 
Plasmodium, and Leucotytozoon, numerous spe- 
cies of Culicidae, 2 species of Ceratopogonidae, 
and no Simuliidae were found (Johnson, 1982). 
However, none of these dipteran species have 
been implicated as vectors of waterfowl blood 

protozoa. Additionally, infective gametocytes 
were not readily observable as only 1 blood pro- 
tozoan (L. simondi) was found, which occurred 
at extremely low prevalence and density in 
white-fronted geese, and no blood parasites 

were found on smears from Ross' geese. A rep- 
resentative specimen of L. simondi was deposited 
in the Queensland Museum-International Ref- 
erence Center for Avian Hematozoa Collection, 
South Brisbane, Queensland, Australia; Num- 
ber G463709. 

Our findings are similar to those of other 
studies that examined blood parasites in ducks 

during winter (Kocan et al., 1979; Fedynich et 
al., 1993). Collectively, these studies support 
the notion that low prevalence and density of 
blood parasites during winter in temperate re- 

gions likely represents an adaptive strategy by 
parasites to limit production of gametocytes 
when vector density is insufficient to maintain 
the transmission phase of the host-parasite-vec- 
tor cycle (Greiner, 1991). 

Lack of blood parasites in Ross' geese was 

unexpected, as snow geese are infected with 
several species of blood protozoa and a micro- 
filaria (Bennett and Maclnnes, 1972). Both 
Ross' and snow geese often co-occur on the 

breeding grounds (Kerbes et al., 1983), provid- 
ing Ross' geese with the opportunity to be ex- 

posed to the same blood parasites as snow 

geese. Furthermore, our sample of Ross' geese 
had a high proportion of juveniles, which are 

thought to be more susceptible than adults 
(Wehr and Herman, 1954). It is possible that 
our sample size of Ross' geese, coupled with 

apparently low prevalence and density of blood 

parasites during winter in southern Texas, re- 
duced the probability of detection. 

It was evident in our study that the lack of 

gametocytes, or low densities of gametocytes 
circulating in host blood, precluded or greatly 
reduced the possibility of transmission on the 

wintering grounds in southern Texas. Conse- 

quently, health risks associated with protozoa 
inhabiting erythrocytes and leucocytes during 
the gametocyte phase of their life cycle were 
minimal for these 2 goose species wintering in 
southern Texas during 1999-2000. 

Financial support was provided by the Caesar Kle- 

berg Wildlife Research Institute. This is manuscript 
number 01-110 of the Caesar Kleberg Wildlife Re- 
search Institute. This study was approved by the Tex- 
as A&M University-Kingsville Animal Care and Use 
Committee, authorization number Y2K-6-3. 

LITERATURE CITED 

ATKINSON, C. T., D. J. FORRESTER, AND E. C. GREINER. 

1988. Epizootiology of Haemoproteus meleagridis 

288 vol. 48, no. 2 



June 2003 June 2003 

(Protozoa: Haemosporina) in Florida: seasonal 
transmission and vector abundance. Journal of 
Medical Entomology 25:45-51. 

BENNETT, G. F., AND C. D. MACINNES. 1972. Blood 

parasites of geese of the McConnell River, North 
West Territories. Canadian Journal of Zoology 
50:1-4. 

BENNETT, G. E, AND D. SQUIRES-PARSONS. 1992. The 

leucocytozoids of the avian families Anatidae and 
Emberizidae s.l., with descriptions of three new 

Leucocytozoon species. Canadian Journal of Zool- 

ogy 70:2007-2014. 
BENNETr, G. F, M. WHITEWAY, AND C. B. WOOD- 

WORTH-LYNAS. 1982. Host-parasite catalogue of 
the avian haematozoa. Occasional Papers in Bi- 
ology Number 5, Memorial University of New- 
foundland, Canada. 

DEJONG, R.J., R. L. REIMINK, AND H. D. BLANKESPOOR. 

2001. Hematozoa of hatch-year common mergan- 
sers from Michigan. Journal of Wildlife Diseases 
37:403-407. 

FEDYNICH, A. M., D. B. PENCE, AND R. D. GODFREY, JR. 
1993. Hemosporids (Apicomplexa, Hematozoea, 
Hemosporida) of anatids from the Southern 

High Plains of Texas. Journal of the Helmintho- 

logical Society of Washington 60:35-38. 
FEDYNICH, A. M., AND O. E. RHODES, JR. 1995. He- 

mosporid (Apicomplexa, Hematozoea, Hemos- 

porida) community structure and pattern in win- 

tering wild turkeys. Journal of Wildlife Diseases 
31:404-409. 

GODFREY, R. D.,JR., A. M. FEDYNICH, AND D. B. PENCE. 
1987. Quantification of hematozoa in blood 
smears. Journal of Wildlife Diseases 23:558-565. 

(Protozoa: Haemosporina) in Florida: seasonal 
transmission and vector abundance. Journal of 
Medical Entomology 25:45-51. 

BENNETT, G. F., AND C. D. MACINNES. 1972. Blood 

parasites of geese of the McConnell River, North 
West Territories. Canadian Journal of Zoology 
50:1-4. 

BENNETT, G. E, AND D. SQUIRES-PARSONS. 1992. The 

leucocytozoids of the avian families Anatidae and 
Emberizidae s.l., with descriptions of three new 

Leucocytozoon species. Canadian Journal of Zool- 

ogy 70:2007-2014. 
BENNETr, G. F, M. WHITEWAY, AND C. B. WOOD- 

WORTH-LYNAS. 1982. Host-parasite catalogue of 
the avian haematozoa. Occasional Papers in Bi- 
ology Number 5, Memorial University of New- 
foundland, Canada. 

DEJONG, R.J., R. L. REIMINK, AND H. D. BLANKESPOOR. 

2001. Hematozoa of hatch-year common mergan- 
sers from Michigan. Journal of Wildlife Diseases 
37:403-407. 

FEDYNICH, A. M., D. B. PENCE, AND R. D. GODFREY, JR. 
1993. Hemosporids (Apicomplexa, Hematozoea, 
Hemosporida) of anatids from the Southern 

High Plains of Texas. Journal of the Helmintho- 

logical Society of Washington 60:35-38. 
FEDYNICH, A. M., AND O. E. RHODES, JR. 1995. He- 

mosporid (Apicomplexa, Hematozoea, Hemos- 

porida) community structure and pattern in win- 

tering wild turkeys. Journal of Wildlife Diseases 
31:404-409. 

GODFREY, R. D.,JR., A. M. FEDYNICH, AND D. B. PENCE. 
1987. Quantification of hematozoa in blood 
smears. Journal of Wildlife Diseases 23:558-565. 

GREINER, E. C. 1991. Leucocytozoonosis in waterfowl 
and wild galliform birds. Bulletin of the Society 
for Vector Ecology 16:84-93. 

HERMAN, C. M., J. H. BARROW, JR., AND I. B. TARSHIS. 
1975. Leucocytozoonosis in Canada geese at the 

Seney National Wildlife Refuge. Journal of Wild- 
life Diseases 11:404-411. 

JOHNSON, J. W. 1982. A faunal study of the insects of 
the Rob and Bessie Welder Wildlife Refuge, in- 

cluding ecological notes. Unpublished M.S. the- 
sis, Texas A&I University, Kingsville. 

KOCAN, A. A., M. G. SHAW, AND P. M. MORGAN. 1979. 
Some parasitic and infectious diseases in water- 
fowl in Oklahoma. Journal of Wildlife Diseases 
15:137-141. 

KERBES, R. H., M. R. MCLANDRESS, G. E. J. SMITH, G. 
W. BEYERSBERGEN, AND B. GODWIN. 1983. Ross' 

goose and lesser snow goose colonies in the cen- 
tral Canadian Arctic. Canadian Journal of Zool- 

ogy 61:168-173. 
NOBLET, G., AND R. NOBLET. 1976. Periodicity of Leu- 

coctyozoon smithi gametocytes in the peripheral 
blood of domestic turkeys. Poultry Science 55: 
1088-1093. 

WEHR, E. E., AND C. M. HERMAN. 1954. Age as a factor 
in acquisition of parasites by Canada geese. Jour- 
nal of Wildlife Management 18:239-247. 

WooD, S. F., AND C. M. HERMAN. 1943. The occur- 
rence of blood parasites in birds from southwest- 
ern United States. Journal of Parasitology 29: 
187-196. 

Submitted 6 March 2001. Accepted 12 July 2002. 
Associate Editor was William H. Baltosser 

GREINER, E. C. 1991. Leucocytozoonosis in waterfowl 
and wild galliform birds. Bulletin of the Society 
for Vector Ecology 16:84-93. 

HERMAN, C. M., J. H. BARROW, JR., AND I. B. TARSHIS. 
1975. Leucocytozoonosis in Canada geese at the 

Seney National Wildlife Refuge. Journal of Wild- 
life Diseases 11:404-411. 

JOHNSON, J. W. 1982. A faunal study of the insects of 
the Rob and Bessie Welder Wildlife Refuge, in- 

cluding ecological notes. Unpublished M.S. the- 
sis, Texas A&I University, Kingsville. 

KOCAN, A. A., M. G. SHAW, AND P. M. MORGAN. 1979. 
Some parasitic and infectious diseases in water- 
fowl in Oklahoma. Journal of Wildlife Diseases 
15:137-141. 

KERBES, R. H., M. R. MCLANDRESS, G. E. J. SMITH, G. 
W. BEYERSBERGEN, AND B. GODWIN. 1983. Ross' 

goose and lesser snow goose colonies in the cen- 
tral Canadian Arctic. Canadian Journal of Zool- 

ogy 61:168-173. 
NOBLET, G., AND R. NOBLET. 1976. Periodicity of Leu- 

coctyozoon smithi gametocytes in the peripheral 
blood of domestic turkeys. Poultry Science 55: 
1088-1093. 

WEHR, E. E., AND C. M. HERMAN. 1954. Age as a factor 
in acquisition of parasites by Canada geese. Jour- 
nal of Wildlife Management 18:239-247. 

WooD, S. F., AND C. M. HERMAN. 1943. The occur- 
rence of blood parasites in birds from southwest- 
ern United States. Journal of Parasitology 29: 
187-196. 

Submitted 6 March 2001. Accepted 12 July 2002. 
Associate Editor was William H. Baltosser 

SUBTLE RECENT DISTRIBUTIONAL SHIFTS IN GREAT PLAINS 
BIRD SPECIES 

A. TOWNSEND PETERSON* 

Natural History Museum and Biodiversity Research Center; University of Kansas, Lawrence, KS 66045 
*Correspondent: town@ku.edu 

ABsTRAcT-Changes in geographic distributions of 5 bird species endemic to the Great Plains 
of North America were examined over the last few decades based on the United States Breeding 
Bird Survey. Examining the mean latitude of individuals of each species, 3 species showed signif- 
icant or near-significant northward shifts, and 1 a significant shift southward. Over all 5 species 
examined, colonization events were concentrated in the northern part of the distributions of the 

species; in 3 species, extinctions were concentrated in the southern part of the distributions of 
the species. The conclusion is that significant distributional changes have taken place, but they 
have been subtle, and might be associated with global climate change. 
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