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ABSTRACT

The American white ibis (Eudocimus albus), a common bird species in Florida, has become increasingly urban,
with many populations relying heavily on urban and suburban habitats, which may alter parasite transmission.
Parasites of ibis, especially haemosporidians, are understudied. Avian haemosporidia can have a wide range of
impacts on birds, including decreased reproductive success or increased mortality. Because southern Florida is
subtropical and has a high diversity of potential vectors for haemosporidia, we hypothesized that there will be a
high prevalence and genetic diversity of haemosporidia in white ibis. A total of 636 ibis from South Florida were
sampled from 2010 to 2022, and blood samples were tested for haemosporidia by examination of Giemsa-stained
thin blood smears and/or nested PCRs targeting the cytochrome b gene. A total of 400 (62.9%, 95% CI
59-66.7%) ibis were positive for parasites that were morphologically identified as Haemoproteus plataleae. Se-
quences of 302 positives revealed a single haplotype of Haemoproteus (EUDRUBO1), which was previously re-
ported from white ibis in South Florida and captive scarlet ibis (E. ruber) in Brazil. No Plasmodium or
Leucocytozoon infections were detected. Parasitemias of the 400 positive birds were very low (average 0.084%,
range 0.001%-2.16% [although only 2 birds had parasitemias >1%]). Prevalence and parasitemias were similar
for males and females (68% vs. 61.6% and 0.081% vs. 0.071%, respectively). Prevalence in juveniles was lower
compared with adults (52% vs. 67.4%) but parasitemias were higher in juveniles (0.117% vs. 0.065%). This data
shows that H. plataleae is common in ibis in South Florida. Although parasitemias were generally low, additional
research is needed to determine if this parasite has subclinical effects on ibis, if additional haplotypes or parasite
species infect ibis in other regions of their range, or if H. plataleae is pathogenic for other sympatric avian species.

1. Introduction

areas. Rapid urbanization of Florida may impact the health of urban-
dwelling wildlife and may alter the exposure of ibis and other wading

The American white ibis (Eudocimus albus) (Pelicaniformes: Thre-
skiornithidae) ranges throughout the southeastern United States,
Mexico, and Central America. In southern Florida, this medium-sized
wading bird is a year-round resident that historically breeds and for-
ages in wetlands, particularly the Greater Everglades ecosystem. How-
ever, the white ibis is now commonly observed foraging in urbanized

birds to pathogens and their ability to respond to infections, as is seen in
other avifauna (Delahay et al., 2009; Evans et al., 2009; Zylberberg
et al., 2013; Boal and Mannan, 2014; Cornet et al., 2014; Hernandez
et al., 2016). For example, white ibis in urban settings are becoming
habituated to inappropriate food handouts from humans (e.g., bread),
which may impact their health due to poor food quality. This
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habituation and increased use of provisioned food comes with trade-offs
and has been associated with changes in pathogen prevalence and
decreased immunity (Murray et al., 2018, 2021; Cummings et al., 2020;
Seixas et al., 2022). Finally, changes in habitat use and movement pat-
terns could also influence ibis exposure to pathogens and vectors. For
example, ibis that use urban habitats more during the non-breeding
seasons are more sedentary and tend to have longer non-breeding sea-
sons and shorter breeding seasons that begin earlier in the year
compared to ibis that primarily use wetland habitats (Kidd-Weaver
et al., 2020).

Avian haemosporidian parasites infect the blood cells of birds and
are transmitted by different groups of dipteran vectors (Valkiunas,
2005). The three most common genera in birds are Plasmodium, Leuco-
cytozoon, and Haemoproteus, which are transmitted by mosquitoes, black
flies, and biting midges or hippoboscid flies, respectively (Valkiunas,
2005). In natural hosts, avian haemosporidian infections are often
chronic and, although they are generally considered nonpathogenic,
decreased survival and fecundity, poorer post-breeding body condition,
and hindered mate selection have been documented (Wiehn et al., 1997;
Dawson and Bortolotti, 2000; Sanz et al., 2001). Importantly, research
on reed warblers (Acrocephalus arundinaceus) over a 25-year period
showed that birds with haemoparasite infections had significantly
decreased lifespans and lower lifetime reproductive success (Asghar
et al., 2015).

Few studies have been conducted on haemosporidians of white ibis,
but infections with Haemoproteus have been reported from both northern
and southern Florida and prevalence tends to be high in adult birds
(Forrester, 1980; Telford Jr. et al., 1992; Coker et al., 2017). These
studies morphologically identified the parasites as H. plataleae, a wide-
spread parasite of numerous Ciconiiformes and Pelicaniformes species
nearly worldwide. In addition, one molecular-based study found 1 of 4
white ibis from South Florida positive for a Plasmodium sp. (Bryan et al.,
2015). Genetic characterization of H. plataleae from a small number of
white ibis revealed only a single haplotype (called hWHIBO1 at the time)
(Coker et al., 2017). However, a higher diversity of parasites may occur
in ibis as Plasmodium elongatum (haplotye GRW06) and Plasmodium sp.
MYCAMEOQ2 have been reported from closely related Threskiornithidae
species (a roseate spoonbill (Platalea ajaja) and a glossy ibis (Plegadis
falcinellus), respectively) (Bryan et al., 2015; Coker et al., 2017). In
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addition, three novel Plasmodium lineages within the MYCAMPE(2
group (likely representing P. paranucleophilum) and one novel Haemo-
proteus lineage (PLATAJH1) have been reported from roseate spoonbills
in Brazil (Chahad-Ehlers et al., 2018).

The primary goals of the current study were to determine the prev-
alence, parasitemia, and genetic diversity of blood parasites in white ibis
in South Florida and determine how these factors varied by individual
demographic parameters. A high diversity of haemosporidia has been
reported in conspecific wading birds in the Order Pelecaniformes
(Family Ardeidae); therefore, we hypothesized that unrecognized di-
versity of blood parasites is present in white ibis. In addition, because
white ibis are using an increasing number of urban sites, we hypothe-
sized that parasite exposure would vary by habitat type.

2. Methods
2.1. Animal capture and sampling

White ibis were captured using a leg lasso or mist nets at sites in four
southern Florida counties from 2010 to 2022 encompassing urban and
natural areas (Table 1). At urban sites, birds were well habituated to the
presence of humans and in residential parks and neighborhoods, so these
birds were captured with leg lassos made of clear fishing line (Adams
etal., 2019). At rural sites, 12 m mist nests were positioned in a “V” near
the edge of water bodies or in shallow water and white, plastic flamingo
decoys were used to lure in flocks (Heath and Frederick, 2003).

After capture, the birds were placed in pillowcases prior to blood
sampling and no bird was handled for longer than 1 h. Age (juvenile
[collective term for 1, 2, or 3 yr old] or adult; based on plumage; Heath
et al.,, 2020), standard morphometric measurements (weight, wing
chord, tarsus length and width, and culmen length), body condition
(scale of 0.5=severely emaciated—5=obese) and ectoparasite loads were
recorded. Blood samples were collected from the jugular or metatarsal
vein. Two thin blood smears were prepared, dried on site, and fixed in
methanol within 24 h. Remaining blood was stored in heparinized tubes
(Microtainer, Becton Dickinson, Frankin Lakes, NJ) and kept on ice in
the field prior to being frozen at —20 °C. Although some birds can be
sexed based on skin color and morphology (Heath and Fredrick, 2006),
sex was determined using molecular methods as previously described

Sample size, prevalence of Haemoproteus plataleae detection, and parasitemia (median and range) for each of the sites in south Florida where white ibis (Eudocimus

albus) were sampled from 2010 to 2022.

Site County Parasite Prevalence Parasitemia (%)

No. Positive/No. Sampled (%) 95% Confidence Interval (%) Median Range
Wildlife Rehabilitation Center Palm Beach 1/1 (100%) 25.0-100.0 0.01 0.01-0.01
Wildlife Rehabilitation Center Lee 1/1 (100%) 25.0-100.0 0.004 0.004-0.004
Dreher urban park Palm Beach 41/63 (65.1%) 52.0-76.7 0.044 0.002-0.842
Urban park (DUP) Palm Beach 10/11 (90.9%) 58.7-99.8 0.037 0.004-0.22
Fisheating Creek Outpost Glades 0/1 (0%) 0.0-97.5 NA NA
Green Cay wetlands Palm Beach 27/44 (61.4%) 45.5-75.6 0.024 0.002-0.148
Garden Lakes business park Palm Beach 2/3 (66.7%) 9.4-99.2 0.075 0.05-0.1
Urban park (GP) Palm Beach 20/35 (57.1%) 39.4-73.7 0.023 0.002-0.27
Indian Creek urban park Palm Beach 55/82 (67.1%) 55.8-77.1 0.015 0.001-0.74
Juno Beach urban park Palm Beach 32/61 (52.5%) 39.3-65.4 0.030 0.003-2.16
Wildlife Management Area Palm Beach 5/11 (45.4%) 16.8-76.6 0.044 0.004-0.42
Kitching Creek Martin 8/15 (53.3%) 26.6-78.7 0.021 0.002-0.296
Lion Country Safari park Palm Beach 35/53 (66%) 51.7-78.5 0.019 0.001-0.48
Loxahatchee NE Palm Beach 11/16 (68.8%) 41.3-89.0 0.046 0.006-0.09
Loxahatchee Slough Palm Beach 8/12 (66.7%) 34.9-90.1 0.031 0.002-0.19
Loxahatchee Wildlife Refuge Palm Beach 6/7 (85.7%) 42.1-99.6 0.026 0.016-0.158
Lake Worth Palm Beach 15/30 (50%) 31.3-68.7 0.012 0.002-0.89
Urban park at Assisted Living Facility (PO) Palm Beach 17/21 (81%) 58.1-94.6 0.01 0.002-0.442
Strip Plaza parking lot (PP) Palm Beach 7/9 (77.8%) 40.0-97.2 0.009 0.005-0.163
Royal Palm urban park Palm Beach 0/4 (0%) 0.0-60.2 NA NA
Apartment complex (SM) Palm Beach 1/2 (50%) 1.3-98.7 0.007 0.007-0.007
Solid Waste site Palm Beach 89/140 (63.6%) 55.0-71.5 0.03 0.001-1.34
Park at industrial site (TT) 7/12 (58.3%) 27.7-84.8 0.058 0.002-0.092
Palm Beach Zoo Palm Beach 2/2 (100%) 15.8-100.0 0.26 0.12-0.4
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(Griffiths et al., 1998).

Additional information on the study sites and methods is available in
Hernandez et al. (2016), Kidd-Weaver et al. (2020), and Murray et al.
(2021). All capture and sampling techniques were reviewed and
approved by the University of Georgia’s IACUC (# A2011 08-018,
A2013-10-016, A2016 11-019, and A2019 10-009). This work required
permits from both the Florida Fish and Wildlife Conservation Commis-
sion (LSSC-11-00119F) and the U. S. Fish and Wildlife Service
(MB779238-0), and both permits required prior approval by an IACUC.

2.2. Blood smear analysis

Thin blood smears were stained with Geimsa stain per manufac-
turers’ directions (Dipquick, Jorgensen Laboratories, Inc., Loveland,
Colorado). Approximately 20,000-50,000 erythrocytes were examined
at 100x using a compound microscope (Olympus CH30, Olympus Op-
tical Co., Japan) as suggested by Godfrey et al. (1987) when anticipating
extremely low parasitemias. The parasites were morphologically iden-
tified using published descriptions and a dichotomous key (Bennett
et al., 1975; Valkiunas, 2005; Valkiunas and Iezhova, 2022).

2.3. Molecular detection and characterization

DNA was extracted from whole blood (10 pl) using a Qiagen DNeasy
blood extraction kit (Qiagen, Valencia, California) per the manufac-
turer’s instructions. A 480 base pair fragment of the mitochondrial cy-
tochrome b (cytb) gene of Haemoproteus and Plasmodium and a 478 bp
fragment of Leucocytozoon were targeted with a nested PCR: the primers
HaemNFI (5-CATATATTAAGAGAAITATGGAG-3) and HaemNR3 (5
ATAGAAAGATAAGAAATACCATTC-3') were used in the primary PCR to
amplify a 617 bp fragment (including primers) of all three genera
(Hellgren et al., 2004), and two separate secondary PCR reactions were
run using primers HaemF (5- ATGGTG-CTTTCGATATATGCATG - 3)
and HaemR2 (5- GCATTATCTGGATGTGATAATGGT - 3") to amplify
Haemoproteus and Plasmodium and primers HaemFL (5- ATGGTGTTT-
TAGATACTTACATT - 3) and HaemR2L (5- CATTATCTGGATGAGA-
TAATGGIGC - 3) to amplify Leucocytozoon (Hellgren et al., 2004;
Waldenstrom et al., 2004). All PCR reactions were run for 20 cycles
(primary reaction) or 35 cycles (for both secondary reactions) of 94 °C
for 305, 50 °C for 30 s, and 72 °C for 45 s in 25 pl volumes with 1.25 mM
dNTPs (Promega, Madison, Wisconsin), 3.125 mM MgCl,, 1.25 u
GoTaq® Flexi DNA polymerase (Promega), and 1.25 pM of each primer,
combined with 5 pl of DNA for the primary reaction or 1 pl of the pri-
mary product for the secondary reactions.

Products were visualized in 2% agarose gels stained with Gel Red
(Biotium Inc., Hayward, California). Amplicons were gel purified using
the Qiagen QIAquick gel extraction kit (Qiagen), and bi-directionally
sequenced at the Georgia Genomics Facility (Athens, Georgia) or GEN-
EWIZ (Azenta Life Sciences, South Plainfield, New Jersey). Consensus
sequences were generated using Geneious Prime (Dotmatics, San Diego,
California). Related sequences in the GenBank and the MalAvi databases
were obtained for comparison (Bensch et al., 2009).

DNA from a blood sample of a duck infected with Haemoproteus
nettionis and Leucocytozoon simondi was used as positive control in each
set of PCR reactions. DNA extraction, primary and secondary amplifi-
cation, and product analysis were completed in separate dedicated areas
to avoid and detect contamination. A negative molecular grade water
control was included in each set of extractions and every 10-12 extrac-
tions within larger sets. Additional negative water controls were
included in each set of primary and secondary PCR reaction sets.

2.4. Data analysis
Prevalence of parasite detection was calculated, with 95% confi-

dence intervals, based on year (2010-2017, 2022), sex, bird age class
(adult vs juvenile [further divided for a subset of birds into 1-3 years]),
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habitat type (natural vs urban as reported by Murray et al. (2018)),
season (fall, spring, summer), and body condition score (0.5-5). Body
condition was determined as defined in Murray et al. (2018) with the
addition of a 0.5 category for two ibis that were severely emaciated.
Seasons were defined as fall (non-breeding period from
October-December and January), spring (pre-breeding period from
February and March), and summer (breeding season from June-August).

Fisher’s Exact and ChiSquare tests were used to compare prevalence
across categories. Only results for birds with parasites detected were
used to compare parasitemia across the categories listed above. Logig of
the percent of red blood cells with parasites present was calculated for
each observation to correct for non-normally distributed data and one-
way Analysis of Variance (ANOVA) was used to compare the calcu-
lated values across categories. Post-hoc pairwise comparisons were
conducted using a Tukey adjustment for multiple comparisons. All an-
alyses were conducted in JMP® PRO version 16.0.0, with statistical
significance assessed at a = 0.05.

3. Results

Overall, Haemoproteus was detected in 400 of 636 (62.9%, 95% CI
59-66.7%) white ibis examined (Table 1). All parasites were morpho-
logically consistent with H. plataleae; the length and width of 50 para-
sites was 14.1 (12-14.8) x 4.8 (4.6-4.9) um and large numbers (>30) of
small to medium-sized granules were present in macrogametocytes
(Fig. 2) (Bennett et al., 1975; Valkiunas 2005; Valkiunas and Iezhova,
2022). These forms were clearly distinct from other parasites infecting
Pelecaniformes including H. pelouroi (i.e., we had no markedly irregular
irregular forms, our parasites had >30 pigment granules) and
H. herodiadis (our parasites had >30 pigment granules and our game-
tocytes were not thin). Most parasites were microhalteridial and hal-
terdial, but rare circumnuclear forms were also observed. Host nuclei
were typically displaced. A single H. plataleae-infected white ibis had, in
addition to many typical gametocytes, a few round forms. The white ibis
with the round forms only had a single cytb sequence that was 100%
similar to other H. plataleae sequences from other white ibis and rare
round forms have also been reported by de Mello (1937) from hosts in
India.

Prevalence varied by age class, with adults having significantly
higher prevalence (67.4%) compared to juveniles (52.0%, Fisher’s Exact
p = 0.0005, Table 2). Among juveniles, prevalence was lowest for 2 yr
olds (36.6%) (Table 2). Prevalence varied by year, with significantly
higher prevalence in 2016 (70.4%) compared to 2012 (45.2%) and 2017
(51.5%, ChiSquare p = 0.0086, Table 2). Prevalence also varied by
season, with significantly higher prevalence in ibis captured in the
spring (69.7%), compared to the fall (56.2%, ChiSquare p = 0.0066,
Table 2). Prevalence did not significantly differ based on sex, habitat
type, or body condition score.

Of the 400 samples with parasites detected, parasitemia was gener-
ally low and varied from 0.001% to 2.16% (Table 1, Table 2). There
were significant differences in parasitemia based on age, year, and
season (Table 2). Juveniles (birds <3 yrs of age) had higher parasitemia
compared to adults (p < 0.0001), and for the subset of juveniles that
were divided by year, the 1 and 2 yr olds had higher parasitemia
compared to 3 yr olds and adults (p < 0.02) (Fig. 1, Table 2). Across
years, parasitemia was significantly higher in 2017, compared to 2015
(p = 0.0362), and across seasons, parasitemia was higher in spring and
summer, compared to fall (p < 0.0001) (Fig. 1, Table 2).

A random set of 349 blood smear-positive birds were tested by PCR;
336 (96.3%) were PCR positive for the protocol that amplifies Haemo-
proteus and Plasmodium. High quality sequences were obtained for 302
(89.9%) of these samples. The sequences were identical and were a
100% match to Haemoproteus haplotype (hWHIBO1) that had been
initially detected in white ibis in South Florida (Coker et al., 2017) and
subsequently from a captive scarlet ibis in Brazil (EUDRUBO1) (Chagas
et al., 2017). Phylogenetically, H. plataleae grouped with, but was
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Table 2

Prevalence and parasitemia of Haemoproteus plataleae detected based on age,
sex, habitat type, year, and season for white ibis (Eudocimus albus) sampled in
south Florida from 2010 to 2022.

Parasite Prevalence Parasitemia (%)

No. Positive/No. 95% Confidence Median  Range
Sampled (%) Interval (%)
Age Class
Adult 294/436 (67.4) 62.8-71.8 0.02 0.001-1.34
Juvenile 93/179 (52.0) 44.4-59.5 0.06 0.002-0.74
Age
1yr 13/22 (59.1) 36.4-79.3 0.38 0.008-0.74
2yr 15/41 (36.6) 22.1-53.1 0.13 0.006-0.4
3yr 50/82 (61.0) 49.6-71.6 0.037 0.002-0.19
4+ 157/228 (68.8) 62.4-74.8 0.024 0.001-0.84
(adult)
Sex
Female 196/318 (61.6) 56.0-67.0 0.026 0.001-0.84
Male 100/147 (68.0) 59.8-75.5 0.027 0.002-0.89
Habitat Type
Natural 74/120 (61.7) 52.4-70.4 0.027 0.002-0.42
Urban 326/516 (63.2) 58.8-67.4 0.024 0.001-2.16
Year
2010 15/22 (68.2) 45.1-86.1 0.021 0.001-2.16
2011 1/4 (25) 0.63-80.6 0.225 0.225-0.225
2012 19/42 (45.2) 29.8-61.3 0.010 0.002-0.442
2013 59/90 (65.6) 54.8-75.3 0.030 0.002-0.890
2014 70/104 (67.3) 57.4-76.2 0.024 0.001-1.34
2015 36/62 (58.1) 44.8-70.5 0.022 0.002-0.158
2016 140/199 (70.4) 63.5-76.6 0.026 0.002-0.42
2017 53/103 (51.5) 41.4-61.4 0.066 0.002-0.842
2022 7/10 (70) 34.8-93.3 0.009 0.001-0.13
Season
Fall 113/201 (56.2) 49.1-63.2 0.01 0.002-1.26
Spring 189/271 (69.7) 63.9-75.2 0.036 0.001-1.34
Summer 98/164 (59.8) 51.8-67.3 0.054 0.001-0.890

distinct from, other Haemoproteus spp. and was in a sister group to
several sequences from South Korean hosts (Fig. 3). There was no evi-
dence of Plasmodium in the sequences (i.e., polymorphic bases) (Kistler
et al., 2013) and all birds were PCR negative for Leucocytozoon.

4. Discussion

To date, this is the largest study to genetically characterize and
morphologically identify haemoparasites in white ibis. Similar to pre-
vious studies, we detected a high prevalence of H. plataleae that was
confirmed genetically to be a single lineage across numerous white ibis
populations in South Florida. Because of the high prevalence and the low
parasitemia levels we detected, white ibis likely develop chronic in-
fections with H. plataleae (Forrester, 1980; Telford Jr. et al., 1992; Ste-
venson and Anderson, 1994; Dorn et al., 2011). Prevalence and/or
parasitemias were related to several factors including age, season, and
year but no differences were noted based on sex, habitat type, or body
condition.

Blood parasite diversity in the family Threskiornithidae, in particular
the ibis, appears to be low. Only two species of Haemoproteus have been
reported from the Threskiornithidae, H. plataleae and H. pelouroi. To
date, no Leucocytozoon spp. have been reported from the Threskiorni-
thidae, and an uncharacterized Plasmodium sp. has recently been re-
ported from a single white ibis from Florida (Bryan et al., 2015).
Haemoproteus pelouroi was first reported from the Hadada ibis (Bos-
trychia hagedash) and the African sacred ibis (Threskiornis aethiopicus) in
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1946 from West Africa. Numerous morphologic characteristics of the
gametocytes, even immature ones, can be used to distinguish H. pelouroi
from H. plataleae, which was first described from India in a Eurasian
spoonbill (Platalea leucorodia leucorodia) (de Mello, 1935). Although
H. plataleae has been reported from numerous hosts around the world,
Bennet et al. (1975) formally redescribed the species from the white ibis.
Based on morphologic identification, other hosts include the scarlet ibis,
saddle-billed stork (Ephippiorhynchus senegalensis), marabou stork (Lep-
toptilos crumeniferus), yellow-billed stork (Mycteria ibis), glossy ibis
(Plegadis falcinellus), red-naped ibis (Pseudibis papillosa), and Australian
white ibis (Threskiornis molucca) (Valkiunas, 2005). Thus, H. plataleae,
based on morphology, has been reported from five continents, which is
one of the widest distributions of any known blood parasite. However,
only the scarlet ibis has been genetically confirmed to be infected with
the same lineage we detected in the white ibis (Chagas et al., 2017).
Thus, genetic characterization of H. plataleae from hosts in the Americas,
Europe, Africa, Asia, and Australia is needed to determine if it is a
species complex in this wide range of hosts.

Only one previous study has genetically characterized blood para-
sites in white ibis. In that study, Coker et al. (2017) only detected a
single haplotype (hEUDRUBO1) of H. plataleae that was subsequently
reported from a captive scarlet ibis in a Brazilian zoo (it is unknown if
this bird acquired the infection in Brazil or elsewhere) (Chagas et al.,
2017). To date, this genotype has been found in several southern Florida
counties in this study (Glades, Lee, Martin, and Palm Beach) and we
have also detected it in Broward County (Yabsley, unpublished data);
however, morphologically similar parasites have been found throughout
Florida. White ibis are widespread in the southern United States, Central
America, and northern South America, so ibis from these regions should
be examined to determine if other species or haplotypes infect ibis in
other regions. The lack of Plasmodium infection in any of the >600 ibis
tested was surprising considering the positive ibis from Bryan et al.
(2015) was from Palm Beach County, which is where most of the ibis in
this study originated. Unfortunately, the sequence for this Plasmodium is
not available so the species is not known. If Plasmodium infections do
occur in ibis, the lack of detection in this study could be due to
short-term detectable parasitemia for this Plasmodium sp. in ibis
(although we sampled across multiple seasons and age classes) or rare
transmission of this Plasmodium sp. to ibis in southern Florida. Addi-
tionally, ibis migrate so the Plasmodium-infected ibis could have ac-
quired the infection at another site (Heath et al., 2020). Of note, several
Plasmodium spp. have been reported in sympatric wading birds and
many of these Plasmodium species have low host specificity, so changing
habitat use by ibis may alter their parasite exposure in the future
(Bensch et al., 2000; Coker et al., 2017).

The low parasitemia we detected supports that infection with
H. plataleae is a chronic infection or, less likely, that reinfections are
common (Forrester, 1980; Jarvi et al., 2003; Valkiunas, 2005). The only
previous study that reported parasitemia was Coker et al. (2017), who
reported data from only six white ibis of unknown age; parasitemias
were also low (0.004-0.575%). Low level, chronic infections have his-
torically been considered of little clinical consequence, but an increasing
number of studies have associated chronic blood parasite infections with
decreased survival and fecundity, poorer post-breeding body condition,
hindered mate selection, and decreased life span due to telomere
shortening (Wiehn et al., 1997; Dawson and Bortolotti, 2000; Sanz et al.,
2001; Asghar et al., 2015). Therefore, it is important to understand
factors associated with infection of white ibis with blood parasites, even
if they have not been associated with acute clinical disease, although the
latter has not been evaluated in chicks.

Age was a significant factor for both prevalence and parasitemia for
H. plataleae. The prevalence was highest in adults, which is similar to
data from Forrester (1980), Telford et al. (1992), Bryan et al. (2015),
and Coker et al. (2017); however, these studies sampled nestlings
whereas the juveniles that we sampled were older (after fledging).
Forrester (1980) found that only four of 40 nestlings were positive, and
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Fig. 1. Box plots of parasitemia values of Haemoproteus plataleae in white ibis (Eudocimus albus) sampled from South Florida from 2010 to 2022 by year (A.), season
(B.), and age (C. and D.). C. shows all ibis with general adult vs. juvenile age class designations and D. shows data for the subset of ibis that were aged to specific year
for juveniles (1, 2, or 3 yrs old). Years 2015 and 2017 were significantly different from each other, but both were similar to other years. For remaining figures, factors
that are differently colored are significantly different from each other. Note that the x-axis maximum varies between plots.

infections were only noted at a single site. Similar to prevalence, para-
sitemias were also associated with age and were highest in juveniles,
specifically the 1-yr-old and 2-yr-old groups. Combined, these data
support the hypothesis that ibis become infected soon after leaving the
nest, at which time they have relatively high parasitemias, then para-
sitemias decrease over time, and then after their first two years of life
they have developed chronic infections or are frequently re-infected.
Season was also significantly associated with prevalence, with white
ibis sampled in the spring being more likely to be infected than those
sampled in the fall. Prevalence was also higher in the spring compared
with summer. Similarly, parasitemia levels of H. plataleae were higher
during the spring and summer compared to fall. The reason(s) for this
increased prevalence and parasitemias are unknown but could be due to
several factors. Hormone fluctuations, in particular testosterone levels,
are often associated with increased infection risk; however, increased
testosterone levels have not previously been linked to increased sus-
ceptibility to haemosporida in birds or reptiles (Buttemer and
Astheimer, 2000; Oppliger et al., 2004). An increase in vector abun-
dance during the breeding season may cause an increase in prevalence,
but it could also be attributed to a decreased ability to clear infections
due to the stress associated with reproduction that begins during the
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spring season (Allander, 1997; Tschirren et al., 2003; Garvin and
Schoech, 2006). Furthermore, many species experience a phenomenon
termed “spring relapses,” which is synonymous to a seasonal idiopathic
increase in parasitemia, which could result in increased detection
(Valkiunas, 2005).

In this study, similar to Forrester (1980), we did not find a difference
in prevalence between male and female ibis sampled. In addition, we did
not find a difference in parasitemias between the sexes. In general, there
is most often a male bias in prevalence and/or parasitemia of blood
parasites compared to females which is often attributed to differences in
hormone levels, immunity, behavior, or other unknown factors (Zuk,
1996; Zuk and McKean, 1996). However, potential differences in blood
parasite prevalence between the sexes are highly variable by
host-parasite system. For example, a high prevalence of Haemoproteus
infection has been reported in male ruby-crowned kinglets (Regulus
calendula), white-crowned sparrows (Zonotrichia leucophrys), and Wil-
son’s warblers (Cardellina pusilla) (Rodriguez et al., 2021), but the
opposite has been reported for female house sparrows (Passer domes-
ticus) (Bichet et al., 2014), and there are numerous studies that failed to
find differences in prevalence between the sexes (Astudillo et al., 2013;
Popescu et al., 2020).
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Fig. 2. Typical Haemoproteus plataleae
stages from three infected white ibis (Eudo-
cimus alba) from South Florida. All ibis were
genetically confirmed to be infected with the
EUDRUBOL1 lineage. A-E, an ibis from Juno
Beach urban park; F, an ibis from Indian
Creek urban park; and G-L, an ibis from the
Solid Waste site. The latter bird had rare
round forms (K-L), which were absent from
other H. plataleae-infected ibis. Younger
stages (C, H, I) had a an evident ‘cleft’ be-
tween the gametocyote and erythrocyte
nucleus.

The long-term consequences of urbanization of white ibis pop-
ulations have only begun to be evaluated. One of our major ongoing
research questions is how the use of urban environments impacts the risk
of parasite and vector exposure for ibis and, ultimately, for sympatric
bird species. Ibis have only relatively recently begun to use urban parks
and suburban neighborhoods for foraging and possibly breeding. One of
our initial objectives was to use parasite assemblages or specific parasite
species as ‘biological tags’ to determine where ibis may be foraging,
roosting or breeding, similar to what has been done with parasites of fish
(Catalano et al., 2014; Gagne et al., 2022). Although the only parasite
we detected was H. plataleae and infection status was not associated with
habitat use, Teitelbaum et al. (2020) found that using GPS tracking data
from ibis during their non-breeding season, urban-urban and
natural-natural connections were strong and that ibis using urban sites
had the least-variable habitat use. They also found that a few ibis used
both habitats, suggesting that ibis were beginning to specialize in urban
vs. natural habitat use, which may result in altered pathogen and
parasite exposure in the future. For example, urban or suburban envi-
ronments may have increased or decreased numbers of vectors that may
impact pathogen transmission (e.g., West Nile virus, Seixas et al., 2022).
Specifically, H. plataleae, a member of the Parahaemoproteus subgenus, is
likely transmitted by biting midges (Culicoides spp.), which vary
significantly between habitat types (van Hoesel et al., 2020). Finally,
because ibis roost and breed in multi-species colonies that include some
species of conservation concern (e.g., wood storks (Mycteria americana),
roseate spoonbills, and others), another unknown is the importance of
ibis as maintenance hosts of H. plataleae to sympatric birds. Besides the
related scarlet ibis in Brazil, Coker et al. (2017) found a single infection
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in a green heron (Butorides virescens), but the outcome of this infection is
unknown. Surveillance for this parasite in these sympatric species,
especially chicks who are often more susceptible to disease, is
warranted.
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