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Abstract: This field study examined the distribution among emergent plant stems of egg

clutches deposited by the amphibious Florida applesnail in four types of marsh in east central

Florida. Clutch density was highest along the edge of sawgrass marsh and zero in deep marsh.

Densities in maidencane and mixed shallow marshes were about one-third the density in saw-

grass. In all marsh types, clutches occurred preferentially on plants having broad stems that

generally exceeded 6 mm in diameter at water level. Substratum limitation for oviposition

increased with the frequency of narrow-stemmed plants, but stem height was rarely limiting.

The four marsh types did not differ in the protection available to clutches against variation in

water level. The plant species most used for oviposition were Cladium jamaicense, Crinum

americanum, Pontederia cordata, and Sagittaria lancifolia. Management of applesnail habitat

should favor a heterogeneous community of broad-stemmed emergent aquatic plants at mod-

erate density'.

The Florida applesnail, Pomacea paludosa (Say), is the largest fresh-

water snail of North America (Blatchley, 1932; Burch, 1982; Pennak, 1989).

It belongs to the tropical and subtropical family Ampullariidae. Its distri-

bution in peninsular and northern Florida makes it the northernmost species

of the genus Pomacea (Haldeman, 1845; Neck and Schultz, 1992). The
Florida applesnail is amphibious and has biphasic gas exchange: It not only

obtains oxygen from water by a gill, but it also inhales air at the surface by

its lung (Brooks and McGlone, 1908). Snails reach the surface of the water

by ascending the stems of emergent freshwater plants. At night during egg-

laying (oviposition) season, females continue the climb well above the sur-

face and lay clutches of large (3-6-mm) pearl-like eggs in a gelatinous mass

on the stem. After two or more weeks of embryonic development, juvenile

snails hatch and drop from the stem into the water below (Hanning, 1979).

A variety of non-living substrata are used for oviposition. Wallace and

co-workers (1956) found egg clutches on poles, rocks, boats, and soil banks.

Clench (1954) described rowboat hulls in Spring Creek, Florida, to be "plas-

tered with eggs ... in places over one inch thick." Turner (1996) found

clutches of applesnail eggs on concrete and metal culverts, on steel pilings,

and on the breast feathers of a floating, dead muscovy duck (Cairina mos-
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Fig. 1. Location of Blue Cypress Water Management Area (BCWMA) East

chata). Although these reports indicate the Florida applesnail to be nonse-

lective, the choices among natural substrata might be narrower. Wallace and

co-workers (1956), for example, noticed more clutches on emergent plants

with thicker stems {Cladium, Sagittaria, Typha) than on those with thinner

stems (e.g., Panicum). Their casual observation makes sense given the broad

foot and large size of the snail.

The purpose of this study was to describe the use of natural substrata

for oviposition by the Florida applesnail. Of particular interest were the

distribution of clutches among and within plant associations and the char-

acteristics of plants that make them suitable for oviposition by female snails

and for retention of clutches during embryogenesis. This information will

be useful for the effective management of Florida wetlands that hold pop-

ulations of Pomacea paludosa.

Study Area—The Blue Cypress Water Management Area (BCWMA) East is a freshwater

marsh at the northeastern corner of the intersection of Florida State roads 512 and 60, south of

Fellsmere and west of Vero Beach (Fig. 1). The marsh is owned by St. Johns River Water

Management District. Part of the area is reclaimed agricultural land. The marsh is bounded by

high levees, within which are deep perimeter canals. Water flows from the southeastern corner

to the northwest, where the marsh is hydrologically connected to BCWMA West. Dense stands

of Typha latifolia (common cattail) outline the marsh along the perimeter canals. Most of the
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tract is an extensive, shallow, oligotrophic marsh subdivided by low levees that are occasionally

breached between adjacent cells of the tract. Water depth generally is less than 1 m, and the

substratum is clean sand, sometimes overlain with sawgrass peat. District personnel have

mapped the plant associations for 1752 ha (about four-fifths of BCWMA East) based on aerial

infrared photography conducted in 1989 (Fig. 2). The plant associations are dominated by

emergent grasses (Gramineae) and sedges (Cyperaceae) (Fig. 3). Fieldwork of the present study

showed that the vegetation in some areas of the marsh has changed since the baseline data

were obtained and that boundaries and definitions of the plant associations are sometimes hard

to determine in the field. The BCWMA East marsh is used by a number of wading and other

bird species for roosting, nesting, and feeding. Notable among them are predators of the Florida

applesnail: Rostrhamus sociabilis plumbeus (Florida snail kite), Aramus guarauna (limpkin),

Quiscalus major (boat-tailed grackle), and Eudocimus albus (white ibis) (Snyder and Snyder,

1969; Kushlan, 1974; Nesbitt et al., 1974; Kushlan and Kushlan, 1975). The marsh is open to

recreational use, and the greatest (but unmeasured) impact of human recreation on the Florida

applesnail probably comes from the operation of air boats in areas of high clutch production.

Methods—The survey was conducted in 1992 and 1993 within the BCWMA East marsh.

The four plant associations, other than trees (276 ha), with the highest acreages were selected

for comparative analysis: maidencane (Paniciim) marsh (519 ha), deep marsh (399 ha), sawgrass

(Cladium) marsh (234 ha), mixed shallow marsh (233 ha) (Figs. 2, 3). Sites were chosen that

were representative of each plant association and that were suitable for application of the

sampling method. Where possible, more than one plant association was sampled in a general

location. As the summer drought of 1993 progressed, sampling was increasingly restricted to

the deeper western half of the tract. Sampling data for the sites are given in Table 1, and the

positions of most sites are plotted (Fig. 2). Coordinates for locations were determined by use

of a hand-held Global Positioning System unit (TransPak II, Trimble Navigation Ltd.).

Maidencane marsh, deep marsh, and mixed shallow marsh associations were sampled

along rectilinear transect lines. Transect lines were 25-100 m long. Clutch parameters (see

below) were measured within a 2-m-wide path along one side of each transect line. Parameters

of the plant association (see below) were measured within 3-10 quadrats taken at approximately

5-m (15-20-m for deep marsh) intervals along the other side of each transect line. Separation

of clutch transects and plant quadrats on opposite sides of a transect line eliminated the effect

of trampling from application of one sampling method on application of the other but allowed

paired comparisons of data at one site.

The sawgrass association was sampled along the irregular edges at which stands of saw-

grass met other plant associations (Fig. 3C). Curvilinear transect lines 24.8^14.7 m long were

laid, roughly outlining the sawgrass edge. Clutch parameters were measured along each transect

line to a depth of 1 m into the stand because preliminary surveys deeper into stands of sawgrass

indicated that clutches within dense stands were rare. Parameters of the sawgrass association

were measured within three quadrats, taken near the center and near the ends of each transect

to a depth of 1 m into the stand.

Reproductive activity of the snails was estimated at each site as the density of unhatched

clutches, representing the approximate clutch production of the previous 2 wk. The number of

eggs per clutch was counted. Water depth and the elevation of each clutch above the water

were measured as indicators, respectively, of the potential for stranding of hatchlings and for

submersion of clutches with changes in water level. Clutch-bearing stems were characterized

Fig. 2. Plant associations mapped within BCWMA East and locations ot' study sites.

Designations for 23 of 25 sites listed in Table I: maidencane (Panicum) marsh (P), deep marsh

(D), sawgrass marsh (S), mixed shallow marsh (M).
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Table 1. Sampling data for sites in BCWMA East. Transect widths were 2.0 m for all

locations except for all sawgrass marsh sites (1.0 m) and for mixed shallow marsh site 1 (3.0

m).

Site Transect No. of

num- length quad-

Plant association ber Date Coordmates (m) rats

Maidencane marsh 1 8/20/92 27° 41' 20.0" N 80° 38' 0.5" W 30.0 5

2 6/17/93 western third of tract 25.0 6

3 6/17/93 same as site 2 25.0 3

4 7/07/93 27° 40' 01.8" N 80° 36' 41.5" W 25.0 5

5 7/07/93 27° 39' 56.2" N 80° 35' 57.8" W 25.0 5

6 7/22/93 27° 40' 48.5" N 80° 36' 15.1" W 25.0 5

7 7/22/93 27° 40' 07.3" N 80° 37' 41.2" W 25.0 5

Deep marsh 1 9/30/93 27° 41' 12.1" N 80° 37' 48.0" W 80.0 5

2 9/30/93 27° 40' 44.9" N 80° 38' 02.6" W 100.0 5

3 9/30/93 27° 40' 15.3" N 80° 38' 10.0" W 100.0 5

4 9/30/93 27° 41' 19.0" N 80° 37' 08.9" W 100.0 5

5 9/30/93 27° 40' 52.0" N 80° 37' 29.8" W 100.0 5

6 9/30/93 27° 40' 30.7" N 80° 37' 32.4" W 100.0 5

Sawgrass marsh 1 8/20/93 27° 40' 57.9" N 80° 38' 15.6" W 41.2 3

2 8/20/93 27° 41' 26.9" N 80° 37' 47.7" W 44.7 3

3 8/28/93 27° 40' 21.2" N 80° 38' 19.2" W 42.1 3

4 8/31/93 27° 40' 59.7" N 80° 37' 24.4" W 24.8 3

5 8/31/93 27° 41' 30.1" N 80° 37' 08.9" W 25.0 3

6 8/31/93 27° 40' 39.0" N 80° 37' 26.0" W 25.0 3

Mixed shallow marsh 1 7/16/92 27° 41' 33.0" N 80° 37' 57.1" W 84.4 10

2 8/20/92 27° 41' 16.4" N 80° 37' 50.8" W 25.0 5

3 8/06/93 27° 41' 05.1" N 80° 37' 38.4" W 25.0 5

4 8/06/93 27° 40' 13.3" N 80° 38' 23.7" W 25.0 5

5 8/20/93 27° 40' 54.6" N 80° 38' 08.0" W 25.0 5

6 8/28/93 27° 40' 30.5" N 80° 38' 21.5" W 25.0 5

by species, stem diameter at the surface of the water, usable height for oviposition above the

surface, and number of clutches per stem.

Stem densities of emergent species in plant quadrats in maidencane, deep, and mixed

shallow marshes were estimated within a four-sided floating frame with inside dimensions of

1 m by 1 m. For sawgrass, a three-sided frame was pushed into the stand at water level. At

high stem densities, the quadrat was subdivided into halves or quarters. Representative stems

of each species of plant were selected to estimate stem diameter at the surface of the water and

usable height above the surface for oviposition. Water depth was measured near the center of

the quadrat. References used for plant identification and for names used herein were Stodola

(1967), Godfrey and Wooten (1979), Bell and Taylor (1982), Duncan and Duncan (1987). and

Taylor (1992).

The distribution of clutches among stems of emergent plant species was analyzed by chi-

square (goodness-of-fit) to test the null hypothesis that clutches were distributed in proportion

to the frequency of stems. The observed distribution of clutches on stems was determined from

the clutch survey conducted along one side of a transect line. The expected distribution of

clutches was estimated from stem densities measured in quadrats taken along the other side.

The test criterion was the tabulated value for chi-square at P = 0.05 for n - 1 degrees of

freedom, for which n is the number of plant species with emergent stems in the quadrats. Clutch
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Fig. 4. Clutches of Pomacea paludosa in mixed shallow marsh. A, on broad stem of

Pontederia cordata, with occasional narrow stems of Panicum hemitomon; B, on broad flower

spike of Sagittaria lancifolia, with numerous narrow stems of Eleocharis cellulosa.

size and clutch elevation among the plant associations were compared by model I one-way

ANOVAs.

Results—Sixteen taxa of emergent plant were encountered in plant

quadrats and clutch transects. Specimens of the genus Leersia and some
stems of Utricularia that lacked flowers were not identified to species. An
unidentified grass was rare and was not found after its first appearance in

samples. The floating-leaved Nymphaea odorata was included only for oc-

casional stems that were left emergent by declining water levels. The 16

taxa were clearly distinguishable as narrow-stemmed and broad-stemmed

plants based on stem diameter and morphology (Fig. 4). Narrow-stemmed

plants (e.g., the spikcrushes Eleocharis spp.) had stems of rather uniform

diameter (< 6 mm) from base to tip and arose from rhizomes individually

or in loose clusters. The broad-stemmed plants (e.g., sawgrass) narrowed
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Fig. 5. Frequencies of stems and clutches at BCWMA East. Black bars, frequencies of

emergent plant stems; white bars, frequencies of clutches attached to stems. Non-zero values

^ 1% are drawn at 1%. Circles: white, narrow-stemmed plants; black, broad-stemmed plants.

from wide bases (usually a tight cluster of stems) to their emergent tips and

had stem diameters of at least 6 mm.
The four plant associations varied widely in the presence and densities

of plant species (Figs. 3, 5). Maidencane marsh had a high density of mostly

narrow-stemmed plants (Table 2, Fig. 5). At the seven sites in maidencane

marsh, more than half the emergent stems were Panicum hemitomon (1-6

mm stem diameter), and one-third were Eleocharis cellulosa (1-4 mm) (Fig.

5). The broad-stemmed Sagittaria lancifolia accounted for only 7% of stems,

and nine other emergent species encountered had stem frequencies less than

5%. The six sites in deep marsh were sparsely vegetated (Table 2, Fig. 3)
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and contained only two species of narrow-stemmed spikerush (1—4 mm),
which were almost equally represented by stems (Fig. 5). Stem density was
moderate at six sites along the edge of sawgrass stands adjacent to mixed
shallow marshes of Nymphaea odorata, E. cellulosa, S. lancifolia, and Utric-

ularia vulgaris. The broad-stemmed Cladium jamaicense dominated numer-

ically. The other eight emergent species had stem frequencies less than 5%.
The six sites in mixed shallow marsh had the highest stem density of the

four plant associations. Eleochahs elongata (1 mm) dominated, followed by

S. lancifolia, Panicwn hemitomon, and the broad-stemmed Pontederia cor-

data. In addition, six species of emergent plant with stem frequencies less

than 5% were recorded from mixed shallow marsh.

Adult applesnails were rarely encountered in the field and never were

seen within transects or quadrats. The dark shells of the few that were seen

were visible against the bare sand of deep marsh, where adults were out of

reach of avian predators and out of their own reach of the surface for ovi-

position and, presumably, aerial respiration. Snail kites, when present, for-

aged successfully in more densely vegetated shallower types of marsh, where

casual human observation yielded no adult snails. Although no live adult

applesnails were seen within transects, their clutches were found in all tran-

sects of maidencane, sawgrass, and mixed shallow marshes (Table 2). No
stem in deep marsh bore a clutch of applesnail eggs, but nearby stands of

the other three marsh types held many unhatched clutches—evidence that

Pomacea paludosa was present and reproductively active in the vicinity

during the previous 2 wk. Clutch densities in maidencane and mixed shallow

marshes were similar (Table 2), and they varied similarly among transects.

Clutch density along the edge of sawgrass marsh to a distance of 1 m into

the stand was three times the density in maidencane and mixed shallow

marshes and was consistently high among transects. The four plant associ-

ations contributed differently, however, to standing crop of clutches of the

entire marsh because of their proportionate acreages: Standing crop in mai-

dencane marsh was more than twice that in mixed shallow marsh of equal

clutch density, and it was more than 20 times the more conservative estimate

(based on perimeter) of standing crop in sawgrass marsh (Table 2). Clutch

size did not differ among plant associations (Table 2; ANOVA, P = 0.130).

The distribution of clutches within two of three plant associations was

not predicted by the proportional occurrence of plant stems, and there was

a strong association of clutches with broad-stemmed plants (Figs. 4, 5). Chi-

square analyses revealed significantly skewed distributions of clutches

among stems at most sites in maidencane and mixed shallow marshes. The

distribution of clutches at all six sites in sawgrass marsh was, however,

proportionate to the frequency of plant stems (P > 0.05). In maidencane

and mixed shallow marshes, dominated by narrow-stemmed plants, clutches

occurred predominately on the rarer broad stems; in sawgrass marsh, dom-

inated by broad stems, clutches occurred again on the broad-stemmed spe-

cies but in proportion to their frequency (Fig. 5). In maidencane marsh, only
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12 clutches were borne on narrow-stemmed plants. The other 57 occurred

on Sagittaria lancifolia (mean diameter of clutch-bearing stems 10 mm),
Crinum americanum (18 mm), and Pontederia cordata (8 mm). In the one

maidencane transect for which the chi-square value was not significant, only

one clutch was found, and it was attached to a stem of the dominant plant

Panicum hemitomon. Six narrow-stemmed species comprised 63% of stems

in mixed shallow marsh but carried only one clutch; the other 86 clutches

were attached to the rarer broad-stemmed S. lancifolia (7 mm), Pontederia

cordata (8 mm), and C. americanum (21 mm). Chi-square values were sig-

nificant at four of six sites in mixed shallow marsh. At a fifth site, five

clutches were attached to S. lancifolia, which at this site was numerically

dominant (53.3% of emergent stems) over three narrow-stemmed species

that carried no clutches. At a sixth site, four of five clutches were attached

to S. lancifolia (5 1 .9% of emergent stems) and one to its narrow-stemmed

codominant Panicum hemitomon (47.7%). In sawgrass marsh, most of the

1 16 clutches were found on the broad (17-mm), outer, oldest or dead stems

that enshrouded the narrower, inner, younger, live stems of each culm of the

dominant Cladium jamaicense; and the rest were attached to S. lancifolia

(12 mm) and Pontederia cordata (11 mm).
The frequency of clutches deposited on pairs of adjacent stems and the

frequency of stems bearing two clutches increased with dominance of the

habitat by narrow-stemmed plants (Table 2). Paired stems consisted only of

narrow-stemmed species, single stems of which applesnails rarely used. The
patchy occurrence of rarer broad stems in maidencane marsh probably re-

sulted in the greater use of paired stems of Panicum hemitomon and Eleo-

charis cellulosa. The only use of paired stems in mixed marsh was of P.

hemitomon, and no paired stems were used in sawgrass marsh. Similarly,

the rarity of suitable broad stems in maidencane marsh might explain the

high incidence of repeated use of single stems (stems with two clutches) for

oviposition (Table 2). Two clutches per single stem was a less frequent

condition in mixed shallow marsh, and it was least frequent in sawgrass

marsh despite the high clutch density and low stem density (Table 2). In all

cases, paired clutches were found only on broad stems.

The four plant associations differed little in the protection offered to

clutches against variation in water level (Table 2). Although deep marsh had

the greatest depth, the lack of clutches gives it only the potential as a refuge

for adults during drought or drawdown. The other three plant associations

were much shallower, and the shallowest (mixed shallow and sawgrass

marshes) were similar in depth. In all three, depths measured in the quadrats

seemed to be good predictors of depths beneath clutches. Clutch elevations

above the water were numerically greatest in sawgrass marsh (Table 2), but

clutch elevations in all three types of marsh did not differ significantly

(ANOVA, P = 0.502). Clutches on narrow stems were attached much lower

than others. In maidencane marsh, clutch elevations averaged 105 mm (/;
=

7) on Panicum hemitomon and 69 mm (n = 6) on Eleocharis cellulosa
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despite the emergent heights of the stems to which they were attached (654

mm and 480 mm, respectively). The only clutch on a narrow stem in mixed
marsh was attached at 20 mm elevation on a stem of P. hemitomon of 160

mm emergent height.

Discussion—The densities of clutches in the present study (< 0.603

m -2
) were well within the range found by Owre and Rich (1987) in the

Everglades (0.06-1.27 m -2
). When clutch density is calculated for BCWMA

East based on estimates of standing crops in sampled plant associations, a

value for the mapped part of the marsh of 0.165 m 2
is obtained if clutch

density is assumed to be homogeneous in stands of sawgrass and 0.087 m~ 2

if clutches are assumed to occur only along the perimeter of sawgrass stands.

Applying the values of standing crop to the entire 1752-ha mapped area of

the marsh gives estimates of 2.9 X 106 clutches and 1.5 X 106 clutches,

respectively.

The distribution of clutches in the marsh is highly dependent on the

availability of proper substratum for oviposition. Broad-stemmed plants are

clearly used more often than narrow-stemmed plants for oviposition by fe-

male Pomacea paludosa. Wallace and co-workers (1956) also found clutches

more frequently on Cladium, Sagittaria, and Typha than on Panicum and

other narrow-stemmed plants. Applesnails encounter stems at the sediment

surface, and they probably climb stems that give a good footing. The Florida

applesnail has a broad foot, and the female must hold position on a stem in

air for one or more hours to deposit a clutch of 10 to 80 eggs one at a time

at intervals of 2-6 min (Couper in Haldeman, 1845; Hepler, 1974; Hanning,

1979). Furthermore, narrow stems are likely to bend under the weight of the

snail, especially during the aerial part of a climb. (Narrow stems might,

however, be usable by juveniles.) The biomechanical requirement for broad

stems is also indicated by the frequency (31%) with which clutches on nar-

row-stemmed species are deposited on pairs of stems and by the short dis-

tance above water level that the female climbs on narrow stems despite the

much greater emergent height of the stems. Broad stems are lacking in deep

marsh; and their availability in maidencane marsh is somewhat limited,

based on frequencies of clutches on paired stems and of stems carrying

paired clutches. In addition to their use for oviposition, broad stems probably

also are used by male and female snails to reach the surface of the water

for aerial respiration. The frequency of surface inspiration by Florida ap-

plesnails is known to be directly related to water and air temperatures and

inversely related to the concentration of dissolved oxygen (Beissinger, 1981

;

Cary, 1985). Further studies on locomotory biomechanics and on selection

of stems by diameter would be helpful in management, as would respiratory

studies similar to those already done on animals erroneously or questionably

identified as P. paludosa (McClary, 1964; Freiburg, 1971; Freiburg and

Hazelwood, 1977; see Turner et al., 1996).

Submersion of clutches in water slows embryogenesis, reduces the sue-
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cess of hatching, and increases embryonic mortality, although submersion

does not lead to predation by aquatic animals (Turner, 1994). Narrow stems

are inferior to broad stems in the resistance they provide a clutch to sub-

mersion by rising water level. Clutch elevations were similar among plant

associations probably because most clutches occurred on broad-stemmed

plants, on which the ascent by a gravid female was not limited by stem

diameter. In these associations, water rising at 1 1.8-14.8 mm/d would reach

mean clutch heights over a 2-wk period. Wyman (1875) roughly estimated

maximal clutch height as 2 ft, and Hanning (1979) measured mean clutch

height at 150 mm for 121 clutches.

Preliminary work by Turner and McCaffree (1994) indicates that hatch-

ling applesnails cannot survive more than 24-h exposure under dry condi-

tions and 96-h exposure on moist sand. Water depth below applesnail clutch-

es is not given in the literature. Based on depths measured in the present

study, plant associations seem to provide more resistance to stranding of

hatchlings on exposed substratum than to submersion of unhatched clutches.

The rate of drawdown over 2 wk that would have stranded the hatchling

snails from clutches standing at the time of this field study was 27.6 mm/d
in maidencane marsh, 25.0 mm/d in sawgrass marsh, and 23.8 mm/d in

mixed shallow marsh.

Diversity of the plant community in Florida marshes must be maintained

because oviposition and aerial respiration are not the only concerns in the

biology of applesnails; maintenance of a heterogeneous community is our

only insurance against human ignorance. We do not know, for example, the

ways in which plant associations provide refugia against predation on hatch-

lings and older juveniles. Natural diet is poorly known, and evidence cur-

rently supports the conflicting alternatives of macrophytic and microphagous

diets (Turner et al., 1996). The ability of snails to navigate along the sedi-

ment and among stems might differ as growth forms of plants and their stem

densities change. Stem density should not be high, for the apparent reduction

of clutch densities within monospecific stands of sawgrass {see below) in-

dicates difficulty in penetrating the stand by applesnails. Applesnails are not

limited by the height of emergent stems as much as the breadth of them.

Clutch elevation is limited by the tendency of female snails to climb, not

by the available height of the substratum. The towering stems of sawgrass

do not, therefore, give any advantage over other broad-stemmed plants in

resistance to submersion by rising water levels. Again, heterogeneity of the

plant community is the better choice.

The absence of clutches in deep marsh should not be interpreted as a

lack of suitability of this community as applesnail habitat. Although deep

marsh is not used for reproduction, it might provide a refuge for a remnant

of the applesnail population during drought or drawdown. Deep marsh also

serves as a corridor for recreational traffic and thus might reduce human
impacts on neighboring shallower marshes with high clutch production. Mai-

dencane marsh is valuable as snail habitat if it contains a moderate frequency
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of broad-stemmed plants. Management of the marsh should minimize the

acreage of maidencane marsh or encourage within it the growth of patches

of suitable plants for oviposition and aerial respiration by snails. Bacopa
and Utricularia seem to be favored submergent plants for applesnails (Kush-

lan, 1975) despite the apparent uselessness of their occasional, short, emer-

gent stalks for oviposition. Research on the role of these and other plants

as refugia, forage, and substrata for aerial respiration will help in developing

management plans.

At three times the clutch density of maidencane and mixed shallow

marshes, the edge of sawgrass marsh has the potential to hold a high pro-

portion of the standing crop of applesnail eggs. But clutch densities along

the perimeter of the stand do not reflect densities of the interior. Preliminary

data from air-boat transects into sawgrass stands in summer 1992 indicated

that clutches are rare in dense stands. Opportunities to probe beyond 1 m
in transects reported in this study did not reveal clutches farther into dense

stands of Cladium. The lower estimate of standing crop using perimeter of

sawgrass marsh is, therefore, probably more accurate than the higher esti-

mate using acreage. Based on reduced clutch densities and the general ab-

sence of snails from dense stands of sawgrass (Rader, 1994), broad expanses

of dense sawgrass might not favor applesnail populations; and management
of sawgrass as applesnail habitat should emphasize perimeter rather than
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