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ABSTRACT: \Ve exam insed nnosqmlitd)flsh ( Gain-

/)u.Si(l hOlbrt�)Oki ) caught betweemi Jamiumary 1990
amid! Decemiiber 1991 fromii 24 sites in northern

Florid!a (USA), and! prese�’��edl specimens co!-

lected froni 32 sites throughsonmt Florida be-

tweemi 1930 amidl 1978, for presence of the larval
nemnatodle Eustrongylide.s ignotus. \Ve found 10

(42%) of the 24 recently-samiupled sites in

miorthermi and central Florida Isad at least omie
larval neniatode present in the fish; combining

these data with results of previous work, 11

(15%) of 75 recently sampledl sites thiroumghiout

Florida had at least one miemsiatodle. By corn-

parison, imi the miiumseimmui collections fish from
omi!v one (3%) of tue 32 sites had the msema-

tode, and none in miorthsern Florida.

Key words: Eustrongylides ignotus, mos-

quitofish, Gambusia /zolbrooki, Ciconiiformes,

wadimsg birds.

The nematode Eustrongtjiides ignotus

infects fish-eating ardeidi l)irds as its final

host, with o!igochuaetes acting as the pre-

sumed first intermediate host, amid a vari-

ety of species of fishi as time second inter-

muied!iate host (Spald!ing and Forrester,

1993; Spaldling et a!., 1993). By burrowing

thuroughu the stomachi wall of the bird and

into thie coelomnic cavity, the parasite often

causes hiemuiorrhuage, bacterial infection,

scar tissue formatiomi, loss of appetite,

slowed growth, and! often d!eathm, especially

in young birds (Spa!ding and Forrester,

1993). Spalding et a!. (1993) found thuat

mortality of young herons due to infection

withi E. ignotus camu be as high as 80% in

some breeding colonies studied. Eustron-

gylides ignotu.s is widlehy distributed in the

United States, amid epizootics have been

dlescribed from Delaxvare, Louisiana, Tex-

as, Florida, and California (Weise et al.,

1977; Roffe, 1988; Spalding et a!., 1993;

Franson amid! Custer, 1994).

Thue d!istrlbution and prevalence of the

parasite mumay be affected by surface water

quality. Hirshfie!d et a!. ( 1983) suggested

that high prevalences of E. ignotus in the

discharge of a power plant in Maryland

(USA) were associated with organic en-

richment, elevated year-round tempera-

tures, and consequent high densities of ol-

igochuaetes. Several authors have mioted the

importance of high oligochaete densities in

sites of high Eustrongylides spp. preva-

lence (von Brand, 1938; Cooper et al.,

1978; Crites, 1982; Measures, 1988). Mea-

sures (1988) concluded that conditions

which !ed to dense populations of oligo-

chaete intermediate huosts could set the

stage for epizootics of eustrongy!idosis.

The distribution of E. ignotus in fishes

in Florida has been linked with aquatic

habitats having disturbed soil, exogenous

nutrients, and high densities of ohigo-

chaetes (Spalding et al., 1993). Timus, po!-

hution of surface waters may affect the dis-

tribution and prevalence of E. ignotus in

fish in Florida.

One prediction arising from this huypoth-

esis is that the parasite should he found

more commonly mm areas of denser, pre-

sumably more polluted, human habitation,

and should therefore be more prevalent

now than in the past. In this paper, we

report on regional and historical differ-

ences in the distribution and prevalence of

E. ignotus.

Between January 1990 and December

1991, we collected 938 mosquitofish

(Gambusia hoibrooki) by dip net at 24

sites (X = 39.1 fish/site, SE = 22.3) in

north and central Florida, predominantly

in Alachua County. Although E. ignotus

may occur in a variety of fish species, we
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T,SBI.E 1. Comparisoms of proportions of sites wills one or nssore fishs imsfected with Eu,strongijlith’.s ignotus.

Ntnnnher
of sites

exannninied

Nunniser
of fish

exanininned

Prevalence
of infected

fish (�i )

Meant SI)) fish
exainninneti

per site

Percemst
of sites

infected

All Florida (1990-1991) 75 3,174 1.13 42.3 (34.0) 14.7

All Florida (1930-1978) 32 724 0.14 22.6 (7.9) 3.1

North Florida (1990-1991) 24 938 2.45 39.1 (37.3) 41.7

North Florida (1930-1978) 10 242 0.00 24.2 (9.5) 0.0

South Florida (1990-1991) 45 1,686 0.77 37.5(30.9) 2.2

South Florida (1930-1978) 22 482 0.23 21.9 (7.3) 4.5

rel)ort only pre�’alemuces foumud! imu niosqui-

tofish imi ami effort to standlard!ize our coni-

I)arisomls. This sPecies is ubiquitous in
Florida, kmiown froni 1)ast work to fre-

(Juemitly harbor larvae of Eustrongylides

Spp. , easy to capture imi large miumbers withi

cL dip-mmet, amid! broadily represemited! geo-

gra�)hically imi mnuseumuu cohlectiomis. Fishues

were killed by freezing, amid! thie entire

h)odly d!issected to search for larvae of Etis-

trongyli(/es ignotus. Dissected! fishes were

examnimie(l for larvae �vithm a bimuocular dis-

secting muiicroscope ( 10 to 30X ). Although

eustromigylid! larvae camimmot be idemitified to

species, we presumiued thiat all were E. ig-
flOtU5 hmsed! on time results of experimnental

infectiomus l)y Spalding and Forrester

( 1993). Samuiples were taken from all muiajor

�vetlamids amid streanis imu Alachima Coumuty,

an(l \V� imicludedl a variety of 1)0th pristimue

amid Imumnamu-altered sites. Voucher speci-

mens of larval estromuglid!s dlepositedl withu

the U.S. National Parasite Collection

(Beltsville, Maryland, USA) are USNPC

84898-00 and! 84900-0, imi collection SH

117-29.

\Ve also dissected! 724 speciniemis of G.

Imoibrooki preserved! imu alcohol at tue Flor-

ida Museum of Natural History 1mmGaimies-

ville, Florida. Thiese fishes were collected

fromn 32 sites throughout penimisular Flor-

idla between 1930 amid! 1978, imuclud!imig 10

fromuu Alachua County. Samples were re-

jected! if tue fish had amiy sigmus of decom-

1)ositiomi or drying. Up to 30 fishu were ran-

domly selected! and dlissected fromii eachu

saniple. Mean ± SE numbers of fishes cx-

anumued! per cohlectiomu site was 22.6 ± 7.74.

Ranges of latitudle amid! longitudle in both

recent and historical samplings was

25#{176}30’N, 80#{176}22.5’\\� to 29#{176}00’N, 83#{176}00’W

Fishier’s exact test (Siegel, 1956) was used!

to test for differences iii prevalences of

Eustrongylides spp. imi the recemit amid huis-

torical samples.

Between 1990 and! 1991 in Alachiua

County we foumid 10 (42%) of tue 24 sites

samuipled had at least omue fish carrying at

least one eustrongy!id larva (Table 1). We

found! 23 (2.5%) of 938 fish inJected.

Imu the 724 mnuseuni samnples fromn all of

F!orida, we found only omie (0.1%) fish imi-

fected; this was at one (3%) of tue 32 his-

torica! sites in Florida, foumid in Collier

County in 1952. Within Alachuua Coumuty,

the dates of mnuseum samples ranged fromn

1930 through 1963, and none of the 10

samples (242 fishes) contained E. ignotus.

In Alachiua County, this prevalence amuiomug

museum collections was significantly (P =

0.015) lower thiami in recent samples.

Comrmbmning our findings with the data

from Spa!ding et a!. (1993) from south and

cemitral Floridla, collected! between 1989

and 1990, the total for peninsular Florida

adds up to 11 (15%) infected sites found

in 75 recemmtly samnpledl sites. This 1)reVa-

hence in recently-sampled sites is signifi-

cantly (P < 0.05) greater thian thuat

sured from the historical samples thiroumgh-

out the state.

From these comliparisons, we propose

that historical pre�’alences of the parasite

are miiucim lower thamu those since 1989. It

is unlikely thuat thus latter result was an ef-

fect of a dlifferelitial detectability of E. ig-
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BOUVmER, L. F., AND B. WELLER. 1992. Florida in

the 21st century: The challenge of population

notus in preserved versus frozen speci-

mens. Althuough eustrongylid !arvae are

more apparent in frozen tissue because of

the red color, we encountered no difficulty

in locating parasites in forma!in or alcohol-

fixed fish from recent collections. Because

of the relatively large numbers of sites in-

volved in this comparison, we believe that

the differences found were not an artifact

of inadequate sampling effort.

We also propose that thue prevalence of

E. ignotus in G. hoibrooki is currently

much higher at sites in north Florida than

at southern Florida sites (42% versus 5%,

P < 0.001). Differences between regions

could be due to differential habitat suit-

ability. In subsequent analysis of the south-

ern Florida data, we found no E. ignotus

at sites with highly organic substrates.

Highly organic peats are typical of much

of the southern Florida landscape, where-

as soils in northern Florida are typically

dominated by quartz sands (Brown et al.,

1990). Explanations for this association be-

tween parasite and soil type are lacking.

Wading bird numbers have declined

throughout the state (Runde et al., 1991)

and thus cannot account for either the re-

gional or historical differences in preva-

lence.

We believe that differences in preva-

lences of E. ignotus between museum and

recent collections are most likely explained

by recent changes in habitat conditions,

since the comparisons were of the same

water bodies and in many cases, the same

sites. The higher prevalences of nema-

todes in fishes during the present period

could be explained by changes in water

and soil quality during recent history, be-

cause of the influence of these changes on

populations of the ohigochaete intermedi-

ate host (Hirschfie!d et al., 1983).

Although we did not measure water or

soil quality parameters at the sites we sam-

pled, we noted that the sites in which we

found E. ignotus in all cases also had some

obvious source of exogenous nutrients,

such as effluemut from residential or urban

septic systems, farm runoff, leaking mu-

nicipal sewage, and stormwater from ur-

ban lawn runoff. We found no parasites at

many other sites where a similar source of

nutrients was apparent. This pattern then

mimics that found by Spalding et a!.

(1993), and is evidence that there are oth-

er, unknown factors such as visitation by

wading birds, that are important in the dis-

tribution and prevalence of the parasite.

The strong relationship between nema-

tode occurrence and eutrophic condition

may help explain the difference between

historical and recent prevalences in Flori-

da. Many Florida aquatic habitats are nat-

urally oligotrophic (Brenner et a!., 1990),

and are likely to have been so during the

collection of many of the museum speci-

mens. Florida has experienced extremely

rapid growth in human population and

drastic changes in land use during the past

20 yr (Bouvier and Weller, 1992), which

has caused many water bodies to become

eutrophic. Wading bird behavior may help

to form a positive feedback loop in nem-

atode prevalence under these conditions,

because ciconiiform birds appear to be

strongly attracted to the high secondary

productivity typical of eutrophic and hy-

pereutrophic sites in Florida (Edelson and

Collopy, 1990; Hoyer and Canfield, 1990;

Frederick and McGehee, 1994). At pres-

ent, increasing nutrient inputs into Florida

waters is the most parsimonious explana-

tion for the increase in prevalence of Ens-

trongylides ignotus through time.
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