


2003, was 3.0 cm/sec. At this velocity, unimpeded hydrochory could move diaspores up to
2.6 km/day, but the velocity is inversely related to diaspore size according to the Law of
Momentum (m;v; = m,v,) (Table 8). If unimpeded, and coupled with adequate open water,
significant dispersal may occur even with an FDs, buoyancy of one or two days, and even

nonbuoyant diaspores could successfully disperse by hydrochory if attached to algal mats.

¢. Community perspective:

Of the 13 species in the germination assay analysis, 10 were in the frequency range
of common to abundant in the standing vegetation, and the dominant seedbank species were
also the dominant standing plant species. The strong seedbank-to-existing vegetation
correlation has not been observed in other published germination assay seedbank studies from
the northern Everglades (van der Valk and Rosburg 1997; Leeds et al. 2002; Smith et al.
2002; Miao and Zou 2009). The common species found in the northern WCA-2A Everglades
studies do not coincide with the common species found in this study. Only one to three
species are in common with two of these studies (van der Valk and Rosburg 1997; Leeds et
al. 2002) (Appendix E). In the present study, the correlation of standing vegetation with
seedbank germinations is more typical of disturbed short-hydroperiod wetlands than of those
with long and stable hydroperiods in a pooled marsh such as the northern WCA-2A
Everglades seedbank studies (Leck 1989).

Of the standing vegetation in the study area, 27 species are considered historic marsh
species (Smith et al. 2002; Loveless 1959) (Appendix E). The germination assay of this
Shark River Slough study contained seven species: Bacopa caroliniana, Cladium jamaicense,
Eleocharis cellulosa, Polygonum hydropiperoides, Rhynchospora tracyi, Sagittaria

lancifolia, and Typha domingensis that are considered historical species of Everglades marsh
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communities. Furthermore, Eleocharis cellulosa and Rhynchospora tracyi, are indicative of
more pristine habitats (Leeds et al. 2006) (Appendix E). The fact that these two species are
dominant in the germination assay and very abundant in the diaspore seed assay lends support
to the designation of this section of Shark River Slough as a relatively pristine habitat (Leeds
et al. 2006) (Appendix E).

In the germination assay analysis of this Shark River Slough study, Eleocharis
cellulosa and Rhynchospora tracyi constituted 64% of all germinations but were either absent
from, or weakly represented in, northern seedbank studies (Table 2, Appendix E). The only
seedbank analysis near the current study site was performed on soil collected north of the
Tamiami Trail in central WCA-3A (J. H. Richards and S. Coyne unpublished data). The
hydroperiod in that collection area is longer than this more southern Shark River Slough,
Everglades National Park site, and is maintained by levees constructed in the late 1960’s
(Craighead 1971). While 15 species were found by germination assay in their WCA-3A site,
only six species were in common with this study, a few kilometers to the south and south of
the Tamiami Trail. The two dominant species in WCA-3A, Nymphaea odorata and
Eleocharis elongata, did not occur in the current SRS study (Fig. 4). Instead, the three
dominant species were Eleocharis cellulosa, Sagittaria lancifolia, and Cladium jamaicense.
The percentages of total germinations of these three species were about eight times larger in
the current SRS study than in the WCA-3A study (Fig. 4). The variation in seedbank
composition between these two sites may also reflect differences in recent ecological trait
filtration due to various disturbances such as the anthropogenic manipulation of Everglades
hydrology in the Southern Everglades.

d. Seed viability and seedling emergence rates
The germination (seedling emergence) percentages for diaspores of dominant

Everglades marsh species (Cladium jamaicense = 18%, Eleocharis cellulosa = 16%,
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Pontederia lanceolata = 25%, Sagittaria lancifolia =29%) show that even fresh seed
germinate at a low rate (Sutton 1993; Chapter IV). In a sawgrass germination study only
4.8% of ungerminated sawgrass seeds were considered viable (Chapter IV). Thus, the usual
counting of intact sawgrass diaspores by seed assay analysis, and assuming that most have
potentially viable seeds, would therefore be erroneous for the Everglades. For example,
testing for the germination ability of intact diaspores in a northern Everglades seedbank study
resulted in germinations of only 1.3% of seeds (van der Valk and Rosburg 1997). However,
some seeds may not have been cued to germinate.

Sexual reproduction probably preceded the evolution of clonality, and clonal
propagation is most developed in species with long distance dispersal where clonal growth
follows initial recruitment (Eriksson 1992). Ecological trait filtration over the past 5,000
years, in the disturbance-prone Everglades ecosystem, has apparently favored functional traits
for clonal reproduction. This may explain the large number of nonviable seeds produced
among plant populations, but seed formation and germination is known to vary among
species, among populations, and among years (Bonis et al. 1995; Chapter IV).

Other factors in germination success include the age of seedbank seeds and allied
environmental chemicals. As seeds age, the germination rates of seedbank seeds often
decline, and the amount of decline varies among species (Fenner and Thompson 2005). For
example, Rhynchospora tracyi germination significantly decreases between 3 - 5 months post
burial, and certain nutrients and plant extracts also influence germination. Eleocharis
cellulosa germination significantly decreases in high P soils, and Rhynchospora tracyi
germination is significantly reduced by 7Typha extracts (Leeds ef al. 2006).

The mean germination density for this southern Everglades Shark River Slough study
is compatible with other seedbank studies made in WCA-2A of the northern Everglades. The

mean site germination density for this study was 486 seeds/m’, while the mean transect
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germination density for van der Valk and Rosburg (1997) in WCA-2A was 274 seeds/m” and
for Miao and Zou (2009) in WCA-2A the mean transect germination density for a more
pristine site was 497 seeds/m” and for a highly nutrient-enriched site the mean was 4643
seeds/m” (Appendix F). The germination densities from the current Shark River Slough and
WCA -2A seedbank studies are at the low end of the range expected for freshwater marshes.
The expected freshwater marsh range is 695 - 255,000 seeds/m® (Leck 1989).

Sawgrass ridges in the historical ridge and slough landscape are hypothesized to have
been maintained by the trapping of particles and floating litter by plants along sawgrass patch
edges. This newly accreted matter maintained the ridge in equilibrium with removal
processes (Larsen et al. 2007). Accordingly, the exposed new matter containing a seedbank
provided a site for germination as water levels seasonally declined. Sawgrass seeds, for
example, are known to germinate on grounded algal mats and on muck surfaces (van der
Valk and Rosburg 1997; Lorensen et al. 2000). Besides sawgrass, Rhynchospora tracyi and
Eleocharis cellulosa seeds germinate more effectively in saturated soil than in flooded soil
(Table 3) (Ponzio et al. 1995). Therefore, sawgrass patch edges provide the saturated soil
environment that is appropriate for the germination of the above species as water levels
decline.

CONCLUSIONS

Most Everglades seeds possess adequate buoyancy to be transported by flowing
water. Flow tests show that seeds can also move by rafting on periphyton (phycochory).
Wind and storm dynamics have demonstrated how seed-bearing periphyton can be forced
into sawgrass patch edges. The north Side of patches had the highest seed density. Patch
edge and -1m into the patch had the highest Edge seed density.

This study shows that diaspores of species considered dominant in the historic

Everglades are commonly caught by sawgrass patches. Seeds of three dominant species,
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Table 1. Location of the 10 seedbank study sites in Shark River Slough, ENP. Both latitude-

longitude and UTM methods of location are given for convenience. Observational notes of

hydrology, soil, and plant community are summarized.

Site # Lat. & Long. UTM Location Site Notes
I. 25°39.77°N| 17R 0524120.3 | Organic soil, dense Eleocharis cellulosa surrounding
80°45.58°W 2838367.5 | a tall sawgrass patch. Deepest water of all sites.
2. 25°40.10°N 17R 524253.0 | Organic soil; patchy Eleocharis cellulosa around tall
80°45.50°'W 2838976.8 | sawgrass patch.
3. 25°40.13°N 17R 524186.0 | Same as #2.
80°45.54°W 2839032.1
4. 25°40.21°N 17R 524319.5 | Same as #2.
80°45.46°W 2839180.0
5. 25°40.28°N 17R 524285.8 | Evidence of old tree isle burn; nearby exposed
80°45.48°W 2839309.1 | pinnacle rock and substrate organic overlain with
marl layer. Sparse spikerush surrounding a sparse
sawgrass patch. Surrounding area with much open
water
6. 25°41.50°N 17R 524348.6 | Substrate marl-organic. Evidence of old burn;
80°45.44°W 2841561.0 | pinnacle rock adjacent. Sparse saw-grass surrounded
by many 1-3 m dia. sawgrass patches. Limited open
water.
7. 25°41.53°N 17R 524465.5 | Marl-organic substrate with patches of sparse
80°45.37"W 2841616.6 | Eleocharis cellulosa & sawgrass scattered among
open water areas.
8. 25°41.64°N 17R 524716.0 | Adjacent areas with several small sawgrass patches;
80°45.22°W 2841820.0 | open water along west side. Substrate marly.
9. 25°41.64°N 17R 524214.3 | Pinnacle rock. Marl-organic substrate. Extensive
80°45.52°W 2841819.1 | open water in surrounding area with sparse spikerush
among tall sawgrass patches.
10. 25°41.89°N 17R 524046.3 | Same as #7. Extensive marl over patches of elevated
80°45.62°W 2842280.3 | bedrock. Patches of sawgrass among sparse
spikerush.
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Table 2. Summary of number of species by patch Sides and Edges with mean seed densities.

The absolute variation, C.V., reflects less variation by patch Side (58 — 66%) than by patch

Edge (42 — 80%). See Figure 2 for sampling details. Densities = seeds/m” + S.E..

Outer | Actual| Inner | Mean
Site # % # E N W Edge | Edge | Edge Site
Germ| Total| Spp. Side Side Side | (+Im) | (Om) | (-1m) | Den.
1 11 6.6 6/ 117.0 65.6| 188.9| 163.4 90.0{ 117.1] 370.5
+5.0 +53) +£7.1| +£73| +54] +£51| +34
2 11 6.6 4 208.9 29.8 88.3 77.8] 127.3] 1219 327.0
+4.5 +2.5| +£5.0| +44| +45| +45] +25
3 12 7.1 3 20.9 331.4 33.8 3331 174.9| 1779 386.1
+1.7 +89| +28| +2.8| +6.7| +80| +3.6
4 14 8.3 7 95.3 190.6 48.8 49.3| 114.7) 170.9| 334.9
+34 +86| +2.7| +2.8| +44| +82| +32
5 33 19.6 4 203.9 389.3| 265.7| 110.4| 450.3| 298.0| 858.7
+75 +87| +£8.1| +39| +82| +94| +4.7
6 12 7.1 3 115.9 167.4 53.6| 109.7 86.8| 140.4| 336.9
+5.5 +53] +45| +£51| +53] +£53] +£3.0
7 23 13.7 3 217.6 290.4| 282.6| 314.0| 315.4| 161.2| 790.6
+94 +93] +99| +11.2| £10.7| +49| +54
8 7 4.2 3 36.3 142.6 78.2 0| 113.7) 143.4, 257.1
+3.0 +6.7| +44 +50 +6.7| +2.8
9 22 13.1 6 156.0 259.9| 149.0 88.4| 239.4| 237.1| 5649
+7.1 +10| +3.8| +57| +84| +7.6] +4.2
10 23 13.7 6 335.7 133.5| 165.0f 157.6| 118.7| 3579| 634.2
+9.7 +57 £79| +£62| +58| £10.5| +4.6
Means | 16.8 -- 4.5| 150.8 199.7| 135.4| 109.9| 183.1| 192.5| 485.7
+0.5 +30 +37 +28 +28 +37 +25 +67
Medians 137 178 119 98 123 166 378
C.V. -- - 0.63 0.58 0.66 0.80 0.64 0.42 0.44
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Table 3. Summary of seedbank germination (seedling emergence) data by species. Site

numbers refer to list in Table I. Week of Germination is the number of weeks since the

germination assay commenced the third week of March 2003. Mean site germination densities

are given to show species preference under flooded and saturated substrate trials

Mean Site Mean Site
Species Site Germin. Week of Density Density
Presenc Site Germin. Flooded Saturated
e Substrate Substrate
Freq. (seeds/m* (seeds/m*
(%) +S.E.) +S.E.)
Eleocharis cellulosa 4,6,8,10,12,14,
Torr. 90 1-3,5-10 16,18,20, 24 110.0 +1.2 181.0 £ 1.5
Sagittaria lancifolia L. 4,6,8,10,
70 1-5. 8,9 14,16 26.5+0.5 19.1 +04
Cladium jamaicense
Crantz 60 1, 6-10 4,6,8,10,12 94 +0.4 32.8 +0.7
Rhynchospora tracyi
Britton 50 3,4,6,9, 10 4,6,8,10 2.6 £0.1 19.1 £0.6
Utricularia purpurea
Walter 30 1,45 | 6,12,14,24,26 14.5 £0.6 2.8 +£0.2
Typha domingensis Pers.
30 24,10 4,6,14,16 10.6 +0.3 53 +£0.2
Utricularia resupinata
B.D. Greene ex. 30 7,9,10 10,12,14,18 16.6 £0.4 2.8 +0.2
Bigelow
Bulbocystis ciliatifolia
(Elliott) Fernald 20 1,4 6,8,10,14 7.1 +£0.3 5.7 £0.2
Bacopa caroliniana
(Walter) B.L. Rob. 20 9,10 10,18 0 49 +0.2
Bacopa monnieri (L.)
Pennell 20 4,10 6,8 2.3 +£0.1 2.8 £0.2
Polygonum
hydropiperoides Michx. 10 2 6 0 33 +0.2
Utricularia biflora Lam.
10 5 16 2.9 +£0.2 0
Utricularia foliosa L.
10 1 8 3.8 £0.2 0
Totals - - -
206.6 +8.1 | 279.7 +13.6
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Table 4. Mean germination densities by patch Side, Edge, and Site. The 13 species are ranked
from high to low by site density. Coefficients of variation (C.V.) show a rather uniform

absolute variation for Side and Edge densities by species . Densities = seeds/m”+ S.E.

Outer Actual Inner
Species East North West Edge Edge Edge | Mean Site
Side Side Side (+1 m) (0 m) (-1 m) Density
98.6 116.2 75.9 66.2 120.8 103.7 290.7
Eleocharis cellulosa +1.7 +1.9 +1.5 +14 +1.9 +1.7 +1.0
7.0 16.3 22.5 15.0 21.1 9.4
Sagittaria lancifolia +04 +0.5 +0.8 +0.7 +0.7 +0.5] 456+0.3
6.0 21.1 15.1 3.2 11.5 27.5
Cladium jamaicense +0.5 +0.8 +0.6 +03 +0.6 +1.0] 422+04
16.6 5.2 2.6 2.3 16.8
Rhynchospora tracyi 0 +0.8 +0.3 +0.2 +0.2 +0.8] 21.7+0.3
7.2 5.6 6.7 7.9 3.2 8.3
Utricularia resupinata +04 +03 +04 +0.5 +03 +04| 194+0.2
2.8 9.8 4.8 4.8 12.6
Utricularia purpurea +0.2 +0.8 +04 0 +04 +0.8] 17.3+0.3
11.7 4.3 6.8 6.4 2.8
Typha domingensis +0.5 +0.3 0 +0.3 +04 +0.2] 16.0+0.2
2.5 7.8 2.4 3.2 4.6 4.9
Bulbocystis ciliatifolia +0.2 +0.5 +0.2 +0.3 +04 +0.3] 12.7+0.2
Bacopa monnieri 5.1 2.3 2.8
+0.3 0 0 0 +0.2 +02| 5.1+0.1
2.1 2.8 2.1 2.8
Bacopa caroliniana 0 +0.2 +0.2 +0.2 +0.2 0l 49+0.1
3.9 39
Utricularia foliosa +03 0 0 0 0 +03] 39+0.1
Polygonum 33 33
hydropiperoides +0.3 0 0 0 +0.3 0| 3.3+0.1
2.9 2.9
Utricularia biflora +0.2 0 0 +0.2 0 0 29+0.1
11.6 15.4 10.4 8.5 14.1 14.8
Mean Spp. +73 +8.6 +5.8 +5.0 +9.0 +7.7
Germinations by Site -
C.V. spp. 2.3 2.0 2.0 2.1 2.3 1.9 -
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Table 5. Total mean Site seed densities for nested categories in the 10 sawgrass patch sites.
Each Side was divided into 3 Sides, East, North, and West. These 3 Sides were then divided

into 3 Edge distances. Densities = seeds/m” + S.E.

SIDE & EDGE PATCH EDGE MEANS SIDE
Outer (+1m) Edge (0m) Inner (-1m) MEANS
EAST 29.2+2.2 60.5+4.0 61.1+4.0 150.8 +29
NORTH 479+3.7 854+43 66.7+4.5 199.7 + 37
WEST 333+3.6 37.34+3.0 64.8+3.5 1354 + 28
SITE
EDGE MEANS 109.9 + 28 183.1 + 37 192.5+25 DENSITY
485.7 + 67

65



Table 6. Summary of nested ANOV As for seedling emergence from soil samples taken

around sawgrass patches in Shark River Slough, ENP. The contributions of listed variables to

the overall variation in seed germination (seedling emergence) were determined. * = significant

at 95% level.
SOURCE OF VARIATION

df F p
Site 9,10.9 1.52 0.253
Side 2,18 0.621 0.549
Edge 2,18 5.58 0.013*
Hydrology 1,304 0.227 0.634
Trial 1,304 2.53 0.113
Site x Side 18,304 1.70 0.038*
Site x Edge 18,304 0.760 0.746
Side x Edge 4,304 1.09 0.362
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Table 7. Summary of diaspore assay analysis from 25 randomly selected soil samples.

The diaspore assay lists only intact diaspores (visibly complete) by mean density

(seeds/m”>+ S.E.). Intact diaspores were counted from a subsample (100 ml) of the soil

used for germination assays (not tray soil of post germination assay). For comparison, the

germination assay data is given for the same 25 soil samples, right. Small seed size and

lack of hard seed coat probably accounts for the lack of other than the three listed species

being found in the visual count.

Mean Intact Mean
Diaspore Assay Germination
Density Assay Density
Species encountered as intact seeds
Cladium jamaicense 210.0 + 50 6.7+34
Eleocharis cellulosa 75.6 + 51 36.4+10.2
Rhynchospora tracyi 84.6 + 36 I.1+1.1
Species only in seedling analysis
Sagittaria lancifolia - 3.1+8.5
Typha domingensis - 24+ 1.7
Utricularia purpurea - 3.0+22
Utricularia resupinata -—- 24+ 1.7
Other species 1.1+1.1
Samples with no seeds in analysis 8 (32%) 9 (36%)
Total Mean Density 370.1 + 82 56.3+13
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Table 8. Predicted hydrochorous dispersal distances of diaspores with different masses. The
law of momentum (m;v; = m,Vv,) is used with Hibiscus grandiflora as the reference species
(m;v;) for computing potential velocity of other taxa (v;,). FDsy = the days for 50% of tested
seeds to sink. Mean seed mass was computed from 25 or more seeds from at least three plants.
SPECIES MEAN MASS VELOCITY BUOYANCY

(mg/diaspore)  (cm/sec.) (FDs) days

A. By Species:

Sagittaria lancifolia 1.0 24 4% 4
Rhynchospora tracyi 1.9 13.2%* 3
Cladium jamaicense 2.7 9.0* 12
Hibiscus grandiflora (m;v;) 8.1 3.0 3
Rhynchospora inundata 13.7 1.8 30
Chrysobalanus icaco 547 0.04 30

B. Within A Species: sawgrass

(Data from Chapter I1I)

Lowest mass to germinate 1.1 22.2%
Largest mass to germinate 5.8 4.2%

C. By Life Form:
Graminoids 0.8 (median) 29.0* 3 (median)
Forbs 3.9 (median)  6.3* 15 (median)
Woody Temperate 18.4 (median) 1.3 4 (median)

* As the velocity exceeds 3.0 cm/sec., friction by the viscosity of water and plant stem
interference, begins to cause turbulence, slowing diaspore movement (Leonard et al. 2006).
Additionally, the shape of the diaspore can also influence hydrochory dynamics. The higher
velocities listed are therefore not realized. Surface matter, such as dead plant litter, algal mats,
and Utricularia spp., also impede the surface movement of materials, i.e., diaspores (Leonard et
al 2006). Changes in wind velocity and direction across the water surface will also contribute to
diaspore velocity (fetch dynamics) .
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Tamiami Trail (US 41)
Shark Valley Entrance (ENP)
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Figure 1. Location of study areas in the NW edge of Shark River Slough, ENP. An aerial view
(left) shows the sampling area vegetation pattern, patch orientation, and prevailing flow
direction (A = 20°). Only one sawgrass patch has the historic “teardrop” shape. The exact date

of the photograph is unknown but predates this 2003 study by a few years (Topozone.com).
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Figure 2. Sampling details of soil from sawgrass patches. a) General location of edge
sampling at each of 10 sawgrass patches. b) Detail of soil sampling at E, N, and W edges.
Each circle represents 500 cm’ of soil. 0 m = actual edge of sawgrass patch. The nested
sampling was thus 5 -500 cm’ soil samples (combined into one 2,500 cm’ sample) from each
of three edge transects (-1 m, 0 m, +1 m) x 3 sides of each patch (E, N, W) x 10 patches = 90

samples.
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Figure 3. Germinations by hydrology treatment. Weeks represents time since the

experiment began, 3" week of March 2003. Note that germinations from moist substrate

dominated in the early weeks.
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Species With 5+ Germinations, Ranked Low to High at ENP

Figure 4. Comparison of the ENP seedbank species composition with a study done a few km
north in flooded WCA-3A (J. H. Richards and S. Coyne unpublished data 1997). Only
Angiosperms with at least five germinations per species are included. The two WCA-3A
species at far left are common in longer flooded areas, while the two species (ENP) at far right

are common in less flooded (shorter hydroperiod) areas.
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CHAPTER 1V
FRUIT SIZE AND GERMINATION PROBABILITY IN THE DOMINANT
PLANT OF THE EVERGLADES, Cladium jamaicense Crantz
SAWGRASS ABSTRACT

Seeds can vary in size with respect to location within an infructescence, as well as
among plants, and within and between sites. Using a nested design, I evaluated fruits of
sawgrass (Cladium jamaicense Crantz) from three different infructescence locations among five
plants collected from each of ten sites in the Everglades. The fruits were tested for variation in
fruit size, seed germination ability, and potential viability by site, among plants, and among
locations within the infructescence. Fruit mass, fruit length, germination and potential seed
viability were all significantly influenced by site and by covariation of site with individual
plants (p < 0.050).

Fruit mass had a normal distribution (mean 2.7 mg), but germination ability and
potential seed viability were greater among larger fruits. The germination rate was low
(17.9%), and the proportion of potentially viable ungerminated seeds was even lower (4.0%).
The germination study took place under ambient conditions that coincided with the seasonal
Everglades dry-down and consequent winter temperature fluctuations.

KEY WORDS: sawgrass, germination, Everglades, seed size
INTRODUCTION

Environmental factors and maternal influences affect seed formation, maturation, and
germination ability (Gutterman 1992). Seed mass may, for example, vary by a factor of five
within a population, and this variation can be found within an infructescence or among fruits
sampled at the same location in an infructescence but at different times of the same or different

years (Fenner 1985; Baker 1972). Seed mass can also vary among individual plants at the same
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or different sites. This study evaluates variation in fruit size, germination ability, and seed
viability of sawgrass by site, plant, and position in the infructescence.

A number of environmental factors are known to affect seed development. Seeds may
be smaller when they develop under higher temperatures, when maternal nutrient levels are
low, when they form in low light conditions, at greater altitudes, and/or during droughts or
shorter growing seasons (Baker 1972; Fenner and Thompson 2005). Other environmental
factors affecting seed development include day length during seed development, light quality,
phosphorus levels, and temperature changes during seed maturation (Somers and Grant 1981;
Gutterman 1992). Especially among perennial species (Cardel 2004), seeds may also be smaller
or fewer in number when leaf area is lost to herbivory (Koptur et al. 1996). In general, seed size
is inversely related to latitude and altitude (Baker 1972; Moles and Westoby 2003).

In terrestrial plants, variation in germination ability has been documented within the
infructescence of the same plant, as well as among plants whose seeds matured under different
environmental conditions (DeViana 1999; Fenner and Thompson 2005). These environmental
influences modify the germination ability of seeds by changing seed coat thickness (Fenner and
Thompson 2005), polyphenyl content (low phosphorus increases polyphenyls, which decreases
germination ability) (Gutterman 1992), seed coat permeability (Fenner and Thompson 2005),
and seed coat resistance to fungi (Gutterman 1992). Seed set and seed size have also been
found to be resource limited (Fenner and Thompson 2005).

In the oligotrophic Everglades, symbiotic arbuscular mycorrhizal fungi (AMF) are
important in nutrient cycling. Sawgrass have AMF (Jayachandran and Shetty 2003). This
relationship with sawgrass roots transfers phosphorus from soil (most effectively from peat) to
sawgrass tissue and is possibly a factor in seed development, since increased P decreases

sawgrass germination (Jayachandran and Shetty 2003; Johnson 2004).
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Maternal influences known to affect seed development include location of seed within
the plant infructescence (largest seeds are frequently found proximally), age of the parent plant,
and position of seeds within the fruit (Gutterman 1992, Jakobsson and Eriksson 2000).
Variations in germination timing, brought about by maternal seed provisioning and
environmental cueing, are thought to provide the best survival strategy by spreading
germination over time. This variation is especially important in disturbance-prone
environments (Fenner and Thompson 2005) such as the Everglades.

Sawgrass is a dominant perennial sedge that covers about 70% of the Everglades, and
additionally ranges from Virginia west to Texas and south throughout the Caribbean isles to
Peru (Loveless 1959; Stewart and Ornes 1975; Godfrey and Wooten 1981). Although it
primarily reproduces asexually by rhizomes and dormant basal buds, and rarely by plantlets
produced erratically within the inflorescence (Miao ef al. 1998), sawgrass also produces seeds
(Brewer 1996). Ivey and Richards (2001) determined that sawgrass throughout the Everglades
has a relatively low genetic diversity, showed no significant variation among water
management units, and exhibited a 40,000:1 ratio of clonality to seed success.

In this study, I evaluated sources of variability in sawgrass fruits. Sawgrass fruits are
achenes, so one fruit produces one seed. Thus fruit variability is directly related to variation in
seeds. Fruits from different sites, from different plants, and from different parts of individual
plants were compared with a nested design to determine if they caused any significant variation
in fruit size and germination. Remaining ungerminated seeds were sectioned to assess what
proportion was filled with endosperm and thus were possibly viable but dormant.

MATERIALS and METHODS
a. Fruit sources and climate
Within the Koppen system of climate classification, South Florida is a tropical wet-dry

savannah (Aw) with an average temperature each month >17° C (64° F) (Strahler and Strahler
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