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Abstract—Agricultural land use surrounding wetlands can infuence various aspects of amphibian ecology. Ampgdians in
the Southern Great Plains of North America exhibitaltered demographics and body size in playa wetlasdwith cultivated
watersheds compared to those in grassland watershed We identified metacercariae of the trematodeClinostomum
attenuatum in dominant playa amphibians and therefore examineg its prevalence between postmetamorphic individual
inhabiting wetlands in grassland and cultivated ladscapes. During 1999 and 2000, 5,6Bufo cognatus 9,565Ambystoma
tigrinum mavortium, and 49,373Spea multiplicatacaptured at playa wetlands were examined fo€. attenuatummetacercariae.
In general, metacercariae prevalence in amphibianavas 2-11 times greater in grassland than in croplah wetlands.
Metacercariae prevalence also was 2-13 times greaie 1999 than 2000. Land-use differences may belated to shortened
hydroperiods in disturbed cropland wetlands, whichmay interrupt the life cycle of C. attenuatum Yearly differences also may
be related to hydroperiod; annual rainfall was twotimes greater in 1999 than 2000. Our results suggfethat agricultural land
use may influence metacercariae prevalence in amgians on the Southern Great Plains, possibly througindirect effects on
wetland hydroperiod.

Key Words—agriculture;Ambystoma tigrinumamphibiansBufo cognatus; Clinostomum attenuatuBmea multiplicatatrematodes;
wetlands

INTRODUCTION negatively affect survival (Smyth and Smyth 19868jowever, if
metacercariae become encysted near limb buds ansrof
Cultivating landscapes around wetlands can infteendeveloping larvae (e.gRibeiroia ondatrag they can induce
community structure (Knutson et al. 1999), bodye i@ray and malformations and affect physiological function ¢Sens and
Smith 2005), diet diversity (Smith et al. 2004)datemographics Ruth 1990; Stopper et al. 2002). Metacercariaecldvinto
of amphibians (Gray et al. 2004a). In the South@reat Plains adults after their amphibian host is ingested byeaderbird or
of North America, changes in wetland hydroperiodoagated mammal, thus completing the trematode life cyctghfidon and
with agricultural cultivation have been reportedb® a primary Lunde 2005).
mechanism influencing amphibian populations (Gray at Playa wetlands are the dominant hydrogeomorplaitife (ca.
2004b; Gray and Smith 2005). Wetlands surroundgd 25,000 basins) in the Southern Great Plains, aedptimary
agricultural cultivation typically have shorter hhggeriods due to amphibian habitat in the region (Smith 2003). B#ayare
sedimentation (Luo et al. 1997; Gray 2002). Hyerapd depressional recharge wetlands with ephemeral pydiads and
duration can influence amphibians by affecting &hrvemergent hydrophytic vegetation (Haukos and Smifl932
development and survival (Denver 1997; Brady andfiths Hydroperiods in playas are a result of surface ffurfimm
2000). precipitation, basin volume and evapotranspiratiates (Luo et
It is hypothesized that agricultural land use o#tuence the al. 1997). Playas exist in a mosaic of agricultatdtivation and
prevalence of trematode metacercariae in amphilfilotsison et grassland on a nearly level plains landscape (Betieh 1989).
al. 2002; Johnson and Sutherland 2003). Digeriegimatodes  Most studies have linked increased prevalenceravhdtode
have a complex life cycle, and those known to infeaphibians metacercariae in amphibians to eutrophic conditionscattle
usually require the interaction of birds, snaild amphibians in a ponds (Johnson and Chase 2004), but few have emehto
wetland environment (Johnson and Lunde 2005). tAdekamine prevalence trends in natural wetlands saded by
trematodes exist in the digestive track of amplimigating birds, agricultural cultivation. We identified metacericar of the
where they produce eggs that are deposited inttamest via trematode Clinostomum  attenuatum (Cort 1913) in
defecation (Smyth and Smyth 1980). Trematode eggs postmetamorphic amphibians in the Southern Grean®(Miller
ingested either by aquatic snails or hatch into ileamiracidia et al. 2004), and examined metacercariae preval@meng
that infect snails (Smyth 1994). After developméntsnails, amphibians located in playa wetlands with grasslaard

mobile cercariae are produced that exit the mollaskl become cropland watersheds. We also compared metacescaria

encysted in amphibian larvae or adults as metadaecéPrudhoe prevalence between two years (1999 and 2000), muoth@ three
and Bray 1982). Encysted metacercariae can beelbda the amphibian species and two age classes.

epidermis of postmetamorphic amphibians (e@inostomum

attenuatum Miller et al. 2004), where they are not known to
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M ATERIALS AND M ETHODS

Species and Study SiteWe used three common amphibians
in the Southern Great Plains (Anderson et al. 1988)our
study: Great Plains toadB¢fo cognatusSay), New Mexico
spadefoot $pea multiplicataCope), and barred tiger salamander
(Ambystoma tigrinum mavortiumBaird). We captured
postmetamorphic amphibians using drift fence arfhlpitraps
at 16 playa wetlands (geographic extenf433\, 101°15'W-
34°44'N, 10213'W) located in agricultural cultivation and
grassland during 1999 and 2000 (Gray et al. 2004aplaya
was considered to be in a cropland and grasslamitd¢ape if its
watershed was primarily cultivated and intact grasspectively
(Gray et al. 2004b).

Grassland watersheds were composed mostly ofenatin
replanted grasses (= 74.9%, SE = 5.5). CottorGpssypium
hirsutum = 60.3%, SE = 5.4), WheaTrfticum aestivum =
6.9%, SE = 2.3) and Grain Sorghu®ofghum vulgare =
4.8%, SE = 1.4) primarily comprised cultivated |acabes.
Playa wetlands accounted for approximately 3.9% £S&3)
and 2.4% (SE = 0.2) of the surface area in ourlarzpand
grassland landscapes. Average study playa acieagassland
and cultivated landscapes was 11.5 ha (SE = 2@B9ahha (SE
= 2.4). Daily rainfall was measured at each plagtdand (Gray
et al. 2004b), and did not differ between land uS&sy and
Smith 2005).

Metacercariae Identification and Statistical Anatgs—We
enumerated all captured individuals by speciesaged(juvenile
[<1 yr] or adult [>1 yr]), and visually inspectetiem for C.
attenuatunmetacercariae. Metacercariae of this trematode ha
a predilection for the skin (subcutis, Sutherlaf8%), and could
be seen externally without magnification as suboetas

FIGURE 1. Subcutaneous metacercarial cyst€liostomum attenuatum

nodules (Fig. 1, Miller et al. 2004). These noduéwvays were
present in infected individuals (Miller et al. 2004 Species
identification of metacercariae was verified by ggoand

that could be seen externally without magnificatiorinfected Southern
Great Plains amphibians, U.S.A. Inset shows grlose-up of a cystin a
barred tiger salamandekrfibystoma tigrinum mavortigm

histological examination for a subsample of indiats (Miller
et al. 2004). We toe-clipped all individuals, aedaptures were Salamander 4 = 2.46-7.11,P < 0.01, Table 1). Although
not reexamined. A total of 5,621 Great Plains $p&565 barred Statistical differences were not detectéd=(1.37,P = 0.169),
tiger salamanders and 49,373 New Mexico spadefomse metacercariae prevalence was two times greateduft &reat
inspected forC. attenuatunmetacercariae over two years. WElains toads at grassland than at cropland wetlariditional
followed sampling procedures approved by Texas Tel@pnd-use prevalence trends were not apparent (Tiable
University Institutional Animal Care and Use Conteit  Metacercariae prevalence was 4-13 times greater in
Protocol #99843. amphibians in 1999 than 2000 for adult Great Plaga and
Prevalence of metacercariae in amphibiarjswas calculated both age classes of New Mexico spadefabt(2.18-7.95P <
as the number of amphibians with metacercarialscgtdivided 0-03, Table 2). Metacercariae also occurred tmesi more often
by the total capturedhy in each land use or year by species aﬂaj 1999 than 2000 for adult barred tiger salamaniigr statistical
age class (Bush et al. 1997). We tested for diffees ( = 0.05) differences were not detecte@ € 1.54, P = 0.124). No
in metacercariae prevalence between land uses |lgompys. differences appeared to exist with other year corspas Z <
grassland), years (1999 vs. 2000), and age clagsksdt vs. 0.45,P>0.65).
juvenile) using normalized-tests for proportions (Milton and Metacercariae prevalence was 3-17 times greataduft Great
Arnold 1995). Ifx = 0, we tested for differences in preferencBlains toad and New Mexico spadefoot than in juesndf these
using the Fisher's exact test. We tested for miffees in SPecies inhabiting grasslands playas and durin@ 189 3.0-
metacercariae prevalence among amphibian spedieg aschi- 4.92,P < 0.003, Tables 1-2). No differences were appanetht
square test for homogeneity. All tests were pentat using the other age comparisong € 1.91,P > 0.06). Also, no differences
SAS® system (Stokes et al. 2000). were detected in metacercariae prevalence amorm@sqez(z) =
2.16,P = 0.34).
RESULTS
Discussion
Metacercariae prevalence was 6-11 times greatamiphibians
at grassland playas than at playas with cultivaiatersheds for ~Land-use Effect—Metacercariae prevalence in amphibians
adult New Mexico spadefoot and both age classémwéd tiger was 2-11 times greater at grassland playas thamedands in
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TaBLE 1. Number &), sample size () and prevalencepf of Clinostomum attenuatumetacercariae in three abundant amphibian spaties
cropland and grassland playa wetlands in the SoutBeeat Plains of North America, 1999 and 2000.

Land use
Specie$ Agé Cropland Grassland
X1 Ny [)13'4 X2 N P2
GPT AD 5 1046 0.004 Aa 12 1230 0.009 Aa
JV 1 1447 0.001 Aa 2 1878 0.001 Ab
NSF AD 16 7331 0.002 Aa 28 1890 0.014 Ba
JV 138 37578 0.003 Aa 2 2390 0.001 Ab
BTS AD 1 796 0.001 Aa 11 1037 0.011 Ba
JV 2 2916 0.001 Aa 31 4771 0.006 Ba

IGPT = Great Plains toa@(fo cognatus NSF = New Mexico spadefodBiea multiplicaty and BTS = barred tiger salamand&mpystoma

tigrinum mavortiunm.
2AD = adult (i.e., > 1 year of age) and JV = juverile., < 1 year of age).

®Prevalence of metacercariae between land useswiitis followed by unlike uppercase letters aréedit P < 0.05) by normalized-tests for

proportions; Fisher's exact test was usegd=f0.

“Prevalence of metacercariae between age classén ailumns and species followed by unlike loweedasters are differen(< 0.05) by

normalizedZ-tests for proportions; Fisher's exact test wagl g = 0.

cropland landscapes. This trend may be relatedotger
hydroperiods in grassland wetlands. Hydroperiogition was
1.6 times greater at grassland wetlands than atamas with
cultivated watersheds (Gray 2002). Cropland pldyag shorter
hydroperiods due to sedimentation, which decretisgsvolume
(Luo et al. 1997, 1999). Previous studies sugtsdtthe natural
hydroperiod in grassland wetlands positively infloes
development of some larval amphibians, aquaticlsnand use
by waterbirds. Gray et al. (2004b) noted that dirssof larval
salamanders were 4.5 times greater in grasslagdspthan in
cropland playas. Anderson (1997) also found tlygiatc snail
densities tended to be greater in grassland weslanGreater
availability of water in grassland landscapes aisay attract
more amphibian-eating waterbirds (Smith 2003). sThthe
stability of the aquatic environment in grasslaridyps may
promote sustained occurrence of the three trematodes, and
facilitate completion of the trematode complex lifgcle (Smyth
and Smyth 1980; Fried and Graczyk 1997)

It is hypothesized that complex life cycles evodlveo
organisms could exploit transient resources (Willl880);
however, adequate time must be available to compéstch
developmental stage (Rowe and Ludwig 1991). Iremigic
trematodes, the hydroperiod of a wetland must hg Enough to
allow discovery and use by an infected waterbisdaleishment
of aquatic mollusks and larval amphibians, and &teae
transmission among the hosts. The threshold durafor
completion of theC. attenuatuniife cycle is unknown; however,
the minimum hydroperiod in our grassland wetlandss @8 d
(Matthew Gray, unpubl. data). Therefore, it appehiat water
must be present for at least 68 d in Southern GRdains
wetlands to influence positively the prevalenceCofattenuatum
metacercariae.

Another possible mechanism influencing land-usads is the

role than hydroperiod in influencing the life cyclef C.
attenuatunin our study wetlands.

Our land-use prevalence trends are contradictoryetent
studies (e.g., Johnson et al. 2002; Lannoo et @G3R which
suggest that trematode metacercariae are more conimo
agricultural wetlands. Johnson and Chase (200ppthesized
that wetlands associated with cultivation receiveatgr nutrient
run-off, which positively influences periphyton hmiass. This
may increase aquatic snail densities and thustresahore first
intermediate hosts for trematodes. Further, Kiese¢2002)
reported that agricultural pesticides can decreasghibian
immunocompetence and increase trematode infectBwven that
concentrations of agricultural chemicals appearbéo similar
between cropland and grassland playas (Venne eR(dl6),
hydroperiod may be most important in influencingtacercariae
prevalence in amphibians inhabiting playa wetlaras the
Southern Great Plains.

Year and Age Effects—Metacercariae prevalence in
amphibians was 2-13 times greater in 1999 than 2008arly
differences may have been influenced by annuafaigirwhich
increased wetland hydroperiod. Rainfall and playdroperiods
were 2 times and 1.3 times greater, respectivelyl999 than
2000 (Gray 2002; Gray et al. 2004b). Rainfall atao increase
nutrient loading in agricultural wetlands (Carpergée al. 1998),
which may positively affect metacercariae prevatericrough
indirect positive influences on snail abundancehii3on and
Chase 2004); yet as previously discussed, nutefetts may be
secondary to hydroperiod in playa wetlands.

Metacercariae prevalence was 3-17 times greatadutt than
in juvenile Great Plains toads and New Mexico sfmmas
located at grassland playas and during 1999. Qreat
metacercariae prevalence in adults may have beatedeto

application of pesticides in cropland landscag@svious studies greater exposure time to mobile cercariae, althougls
have reported that herbicides and insecticidesceedurvival of hypothesis needs to be investigated. Inasmucheagends were
eggs, miracidia and cercariae $thistosomapp. andFasciola only associated with grassland playas and 1999, hdnigm
gigantica (Igbinosa and Okafor 1988; lIbrahim et al. 1992gxposure time to trematodes may be especially itapbrin
However, Venne et al. (2006) reported that conediotns of wetlands with longer hydroperiods and during weyesars.
agricultural chemicals associated with croplandygdadid not
differ from grassland playas. Although Venne et(2D06) did Amphibian Conservation—Metacercariae ofC. attenuatum
not measure chemicals at the same playas that e#tearsduring have not been linked to amphibian malformations Narth
the same years, their lack of differences provioimes ancillary America (Gillilland and Muzzall 2002; Sutherland0&) unlike
evidence that agricultural chemicals may have mlalgss of a Ribeiroia ondatrae(Johnson et al. 2004). However, these two
trematodes have similar life cycles, including tise ofHelisoma
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TABLE 2. Number &), sample sizer), and prevalencep|) of Clinostomum attenuatumetacercariae in three abundant amphibian spetiabiting
playa wetlands in the Southern Great Plains ofiNArherica, 1999 and 2000.

Year
Species Agé€? 1999 2000
X1 Ny P1 X2 N P2
GPT AD 13 776 0.017 Aa 4 1500 0.003 Ba
N\Y, 3 3156 0.001 Ab 0 169 0.0 Aa
NSF AD 39 3006 0.013 Aa 5 6215 0.001 Ba
N\Y, 140 38659 0.004 Ab 0 1309 0.0 Ba
BTS AD 8 819 0.009 Aa 4 1014 0.004 Aa
Vv 28 6288 0.004 Aa 5 1399 0.004 Aa

IGPT = Great Plains toa@(fo cognatus NSF = New Mexico spadefodBiea multiplicaty and BTS = barred tiger salamandempystoma
tigrinum mavortium

2AD = adult (i.e., > 1 year of age) and JV = juverile., < 1 year of age).

3prevalence of metacercariae between years withia followed by unlike uppercase letters are difféi® < 0.05) by normalized-tests for
proportions; Fisher's exact test was usegd=f0.

“Prevalence of metacercariae between age class®n ailumns and species followed by unlike loweedasters are differen(< 0.05) by
normalizedZ-tests for proportions; Fisher's exact test wagl g = 0.
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Pathological changes may occur in amphibian hdses to
Clinostomumtrematodiasis. Miller et al. (2004) noted that
amphibians heavily infected with. attenuatummetacercariae
may be found near organs (e.g., liver, spleen)epraductive
structures. In these locations, they may negativefluence
survival and reproduction by causing mechanical atggnand
inhibiting function of the affected organs. Additally, Bello et
al. (2000) reported thatlinostomum detruncaturmay induce
lipid peroxidation in freshwater fish. It is pdsig that similar
oxidative-stress may occur with oth@linostomumspp. in other
intermediate hosts and warrants further investigatiin
amphibians. Finally, no controlled studies haverbperformed

(Miller et al. 2004). We thank the following peebr field and
editorial assistance: Josh Avey, Roberto Breneszab#th
iBurton, Alex Marshall, Jason Pautz, Celine PerelheRichard
Phillips, Richard Primack, William Redell, Scotttiag, Calub
Shavlik, and Clayton Smith. This paper has begraed for
publication as Journal Article T-9-1063 of the @gk of
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University.
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