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ABSTRACT 
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I examined the impact of the exotic, invasive plant Old World climbing fern, 

Lygodium microphyllum (Cav.) R. Brown, on tree island plant and ant communities in the 

northern Everglades.   I selected 15 tree islands representing four groups: non-Lygodium 

islands, islands with low levels of Lygodium, islands with high levels of Lygodium, and 

disturbed islands impacted by people.  I used a variety of diversity indices to compare 

plant and ant data among habitats.  The ant communities studied included native and 

exotic species typical of south Florida. Tree island plant communities were consistent 

with descriptions from previous studies.  Plant species richness decreased with the level 

of L. microphyllum in the ground and midstory layers.  Abundance of native plants 

decreased with level of L. microphyllum in the ground, midstory, and overstory layers.  

Lygodium microphyllum did not affect ant communities suggesting that although it 

negatively impacts plant communities it can provide habitat for ants. 
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I. INTRODUCTION 

The vegetation in a habitat strongly influences insect communities.  Exotic plant 

species tend to host fewer insect species than adjacent native plants or even than 

individuals of the same plant species in its native habitat (Clouse 1999, Memmott et al. 

2000, Southwood et al. 1982).  Exotic plants affect environmental factors that influence 

insect diversity, such as microclimate.  Understanding effects of exotic plants is of great 

importance in Florida where around one-fifth of plant species found are exotic.  Recently, 

Lygodium microphyllum, Old World climbing fern, has surpassed other exotic plant 

species to become the most important threat to the greater Everglades ecosystem (Ferriter 

et al. 2001).  The purpose of this project is to examine the impact of L. microphyllum 

(Lygodium) on plant and ant diversity of tree islands in the northern Everglades.  Ants are 

an extremely important component of virtually all terrestrial habitats, dominating most 

invertebrate communities and influencing most other species present (Agosti et al. 2000, 

Holldobler and Wilson 1990). 

 Invasions of exotic plants can change geomorphologic processes, biogeochemical 

cycling, hydrological cycles, fire regimes, and the recruitment of native species 

(Macdonald et al. 1989).  Impacts upon recruitment of native plant species usually result 

in long-term changes in gross structure of affected ecosystems, often measured as a 

decrease in the species richness of the plant community through local extinction 
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(Macdonald et al. 1989).  Invasion by Lygodium exhibits these affects on tree islands in 

the northern Everglades (Brandt and Black 2000). 

Kourtev et al. (1998) found differences in soil properties between pristine habitats 

and habitats invaded by exotic plants in hardwood forests of New Jersey.  Specifically, 

the found habitats invaded by exotic plant species had soils with higher pH levels and 

thinner litter and soil horizons.  Invaded areas also had fewer oaks in the canopy and 

lacked an overstory of native shrubs present in uninvaded areas.  The authors proposed 

that differences between litter and soil properties could be due to the presence of 

earthworms, which were abundant in invaded sites and rare in uninvaded sites.  Although 

the differences between sites in the soil and litter properties, including arthropod 

communities, could not be conclusively attributed to invasion of exotic plant species, this 

study supported the theory that exotic plants alter native vegetation communities and in 

turn affect dependent arthropod communities.   

 Introduced plant species tend to host fewer species of phytophages, especially 

when introduced plants are not closely related to any native plants.  Strong et al. (1984) 

proposed three explanations, the habitat-heterogeneity hypothesis, the encounter-

frequency hypothesis, and the equilibrium theory of island biogeography, which 

considers physically and taxonomically isolated plants to be comparable to islands in that 

they are governed by the same population processes. 

 Clouse (1999) made a comparative study of the leaf litter fauna of an exotic 

Schinus terebinthifolius (Brazilian pepper) stand and native hammock and pineland 

habitats of Everglades National Park.  The native hammock habitat showed higher 

diversity within certain insect groups (Formicidae, Coleoptera, and other Hymenoptera) 
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whereas the S. terebinthifolius stand was more likely to have exotic ant species.  Clouse 

(1999) also concluded that S. terebinthifolius has different leaf litter characteristics than 

the native hammock habitats, which has thicker, softer, and drier litter composed of more 

leaves.  Clouse’s study comes closer to comparing effects of introduced plants on insect 

diversity.  However, a direct comparison between invaded and uninvaded areas within the 

same habitat is needed to help facilitate understanding of how the presence of an exotic 

plant affects insect communities. 

In a comparison of phytophage populations on a species of broom (Cytisus 

scoparius), Memmott et al. (2000) found higher diversity of phytophagous insect species 

in the plant’s native habitats than in exotic habitats.  However, Memmott et al. (2000) did 

not compare the characteristics of the insect communities present in habitats invaded by 

Cytisus scoparius with those present in uninvaded habitats.  It is possible that the insect 

community in the invaded habitat is naturally less diverse.  Understanding the native 

insect community is important when evaluating impacts of exotic plant species on native 

habitats.   

 

Lygodium Invasion   

 In the late 1980’s to early 1990’s Lygodium populations were reported at Arthur R 

Marshall Loxahatchee National Wildlife Refuge (Refuge), specifically in the north-

central portion of the Refuge (Bailey 2001).  Aerial surveys from 1995 revealed 

Lygodium occupied 7,300 ha on the Refuge, and by 2002 this area increased to greater 

than 19,000 ha (Thomas 2006).  
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Brandt and Black (2000) conducted a study quantifying the impacts of Lygodium 

on native tree island vegetation communities within the Refuge.  They concluded that 

infested islands have similar vegetation species richness to uninfested islands, but percent 

cover of native species was higher on uninfested islands for overstory, shrub, and ground 

cover layers.  Infested plots also exhibited a significantly lower evenness in the shrub 

layer and a lower diversity in the shrub and overstory layers.  Results from this study lead 

to several hypotheses about how Lygodium affects habitat conditions of tree islands on 

the Refuge.  

Typically, Lygodium blankets the center of tree islands by forming fern ladders 

that extend to the tops of trees and dense mats in the understory of tree islands (personal 

observation).  These dense mats consist of numerous individual fronds that block light to 

underlying vegetation layers.  Lygodium decreases the amount of native vegetation 

present and leads to the creation of more homogenous islands.  Over time these impacts 

can be expected to alter the related wildlife communities, including arthropod 

communities present on the tree islands. 

Tree islands invaded by Lygodium may host different insect communities because 

severe infestations create different habitat conditions.  The thick blanket of leaf litter 

created by Lygodium makes native plants inaccessible to many insects.  Therefore, insect 

species richness and evenness is expected to decrease in invaded habitats.  Infested 

islands should also support more generalist insect species, many of which are exotic, 

which are better able to adapt to alterations in the native vegetation community. 

Because most insects are directly dependent upon plants for food and shelter, they 

are often used as indicators of health of the vegetation community.  There are many 
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attributes that make ants, in particular, useful for biodiversity studies: many species of 

ants are present in the world and in most habitats (according to the Florida Gap Analysis 

Project there are 71 species of ants that have been collected in Palm Beach County, 

Florida (where the Refuge is located), and 41 of these species might occur in tree island 

habitats); ants make up a large amount of the biomass in almost every habitat; ants have 

stationary nesting habitats, which allow them to be re-sampled over time; and ants exhibit 

sensitivity to environmental change (Agosti et al. 2000, Florida GAP 2000, Perfecto and 

Snelling 1995).  During initial sampling conducted on the Refuge a majority of the 

arthropods collected above the litter layer were ants. 
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II. EFFECTS OF LYGODIUM MICROPHYLLUM AND DISTURBANCE ON PLANT 

COMMUNITIES IN THE NORTHERN EVERGLADES 

Introduction 

Exotic plant invasions can wreak havoc on native habitats, disrupting 

geomorphologic processes, biogeochemical cycling, hydrological cycles, fire regimes, 

and recruitment of native plant species (Macdonald et al. 1989).  Impacts upon 

recruitment of native plant species usually result in long-term changes in gross structure 

of affected ecosystems, often measured as a decrease in species richness of the plant 

community through local extinction (Macdonald et al. 1989).  Recently, Lygodium 

microphyllum, Old World climbing fern, has surpassed other exotic species to become the 

most important threat to native plant communities of the greater Everglades ecosystem, 

including tree island habitat (Ferriter et al. 2001).  In the late 1980’s to early 1990’s 

populations of L. microphyllum (Lygodium) were reported on Arthur R Marshall 

Loxahatchee National Wildlife Refuge (Refuge), specifically in the central and north-

central portions of the Refuge (Bailey 2001).  Aerial surveys conducted in 1995 revealed 

7,082 ha infested by Lygodium.  By 2003 this area grew to 19,425 ha, or approximately 

one third of the Refuge.   

Tree island habitat, which makes up approximately 20 percent of the Refuge’s 

interior, is one of the plant communities most affected by the invasion of Lygodium.  

Most tree islands are located in the northern portion of the Refuge and range in size from 

less than 0.1 hectares
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 to 125 hectares with 85 percent less than 0.13 hectares (Brandt et al. 2003).  Tree islands 

are slightly elevated areas where woody plants are able to colonize.  They form when 

mats of peat break away from the submerged peat layer and rise to the surface of the 

water, creating an ideal place for colonizing plants to establish followed by shrubs and 

trees (Brandt et al. 2000).  In the Refuge, tree islands typically contain swamp bay 

(Persea palustris) and dahoon holly (Ilex cassine) in the overstory, wax myrtle (Myrica 

cerifera), buttonbush (Cephalanthus occidentalis), and coco plum (Chrysobalanus icaco) 

comprise a dense midstory, and numerous ferns such as swamp fern (Blechnum 

serrulatum) and chain fern (Woodwardia virginica) in the ground layer.  Compared to 

other Everglades vegetative communities, tree islands have high plant species richness 

and provide habitat for wildlife including wading birds, raptors, alligators, turtles, deer, 

and small mammals (Brandt et al. 2003).   

Lygodium seems to have taken advantage of clearings within the tree islands 

created by a large-scale wildfire that occurred in the north-central region of the Refuge 

(Brandt pers. comm. 2001).  The densest infestations are present on tree islands in this 

area.  Typically, Lygodium blankets the center of tree islands by forming dense mats in 

the ground layer and fern ladders that extend to the tops of trees.  These dense mats 

consist of numerous individual fronds and block light to underlying vegetation layers.        

Two studies investigated the impacts of Lygodium on native plant communities 

and reported similar results.  Brandt and Black (2000) quantified impacts of extreme 

infestations of Lygodium (they chose infested islands with almost 100 percent cover of 

Lygodium) on Refuge tree islands.  This study concluded that highly infested islands have 

similar vegetation species richness to uninfested islands, but that percent cover of native 
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species was higher on uninfested islands for each and all of the overstory, midstory, and 

ground vegetation layers.  Infested plots also exhibited a significantly lower evenness in 

the midstory layer and a lower diversity in the shrub and overstory layers.  Clark (2002) 

reported similar results within cypress communities and also found differences in species 

richness.  Study plots that were never impacted by Lygodium had higher native plants 

species richness, coverage, and diversity than plots with extreme infestations of 

Lygodium.  Clark also investigated insect abundance and diversity within infested and 

uninfested plots and found significantly lower insect family richness in plots infested by 

Lygodium.  These studies show how intense infestations of Lygodium significantly impact 

native plant and insect communities and could disrupt the native communities on the 

Refuge.   

Research presented in this chapter focused on categorizing vegetation on study 

tree islands, testing the hypothesis that plant species diversity and plant structural 

diversity will be affected by Lygodium.  Four predictions were made:  1) tree islands 

infested by Lygodium would have similar species richness to uninfested islands, 2) tree 

islands infested by Lygodium would have lower evenness and diversity of native plant 

species than uninfested islands, 3) tree islands infested by Lygodium would have lower 

abundance of native plant species than uninfested islands, and 4) tree islands infested by 

Lygodium would have lower mean canopy height than uninfested islands.   

 

Materials and Methods 

The Refuge is located in western Palm Beach County, Florida (Figure 1) and 

consists of approximately 57, 324 hectares encompassed by Water Conservation Area 1. 
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In the 1940s, the Army Corps of Engineers turned this area into a water storage 

impoundment surrounded by levees to meet local agricultural and residential water needs.  

The impounded area is still dominated by native habitats, although their health and 

distribution were likely impacted by alterations in the hydrology of the Refuge.  Due in 

part to its status as the last remnant of the northern Everglades, the Refuge was 

established for the protection of wildlife and habitat resources in 1951.  Currently, the 

Refuge is surrounded by urban and agricultural areas and is adjacent to Water 

Conservation Area 2 to the southwest. 

 

Study Tree Islands 

 Fifteen study tree islands were selected, ranging in size from 0.04 to 0.12 ha.  

Five of these islands were included because they have been used for other studies and 

additional data is useful for Refuge management.  However, frequent use by researchers 

for scientific study caused formation of obvious trails and deep holes in their interiors.  

This disturbance may have impacted the structure of their vegetation communities.  

These islands were also chosen by those conducting earlier studies for their relatively 

sparse shrub layers making them easier to conduct research on (Brandt pers. comm. 

2003).  The remaining 10 islands were selected in the field.  Potential islands were 

inspected by driving around them in an airboat to look for areas of Lygodium.  If they 

looked satisfactory from the edge, a brief inspection of the interiors was conducted to 

assess the concentration of Lygodium.   

Initially, islands were divided into three groups of five: islands uninfested with 

Lygodium, islands infested with Lygodium, and disturbed islands used by researchers. 
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Uninfested and infested islands were located in the north-central part of the Refuge, 

where Lygodium occurs in the highest concentrations (Figure 2).  One disturbed island 

occurred in the same area, but the group of disturbed islands as a whole occurred along a 

hydrologic gradient from north to south.   

After vegetation sampling data were analyzed it became clear that uninfested and 

infested islands needed to be further divided because Lygodium was present on two 

uninfested islands and levels of Lygodium ranged widely on infested islands.  Therefore, 

islands were divided into four groups: islands uninfested with Lygodium (three islands; 

N1-N3), islands with low levels of Lygodium (four islands; LL1-LL4), islands with high 

levels of Lygodium (three islands; HL1-HL3), and disturbed islands (five islands; D1-

D5).  Basic information including size and location of these islands are included in Table 

1. 

 

Vegetation Sampling 

Structure and composition of each vegetation layer was sampled using a 

combination of plots and vertical line intercepts.  A transect was located through the 

middle of each island from the northern edge of woody vegetation, at zero meters, to the 

southern edge, and a series of plots and vertical line intercepts were established along the 

transect (Figure 3).  Using this method the entire length of each island was sampled; 

therefore, variation in species and structure due to changes in elevation or closeness to 

the island’s edge was described.  Sampling began at zero meters and continued every five 

meters.  At the southern edge of the island, the layout of plots and line intercepts was 
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reversed so that edge vegetation was described in two plots and there was limited overlap 

into the aquatic plant habitat.   

Two sizes of plots were used to sample three vegetation layers.  Ground cover 

vegetation was sampled within a one meter square plot with the transect line making up 

the western side of the plot (Figure 3).  Within this plot, all vegetation zero to one meter 

tall was measured as ground cover.  Vegetation occurring in midstory and overstory 

layers was sampled in a one by three meter plot created by extending the length of the 

original one meter square plot along the transect line.  Midstory vegetation was one to 

two meters tall, and vegetation in the overstory was measured above two meters.  Within 

each plot all species were identified and their percent cover was estimated.  The amount 

of the plot covered by each species was visually estimated and reported as one of six 

classes, according to the Braun-Blanquet method: 1= 0-1%, 2= 2-5%, 3= 6-25%, 4= 26-

50%, 5=51-75%, and 6= 76-100% (Mueller-Dombois and Ellenberg, 1974).   

Vertical structure was measured using the line intercept method beginning at zero 

meters and continuing every five meters along the transect.  At each sampling point a 7.1 

m level rod was extended into the overstory and the overall vertical percent cover within 

the ground, midstory, and overstory layers was recorded using the six cover classes listed 

above.  Species name and upper and lower bounds of any vegetation that came within 

2.54 centimeters of the level rod were also recorded.  Water or litter depth was recorded 

and canopy height was measured by recording the maximum height of the vegetation at 

each line intercept.    

Percent cover data referred to data collected using the plot sampling method and 

length referred to data collected using the vertical line intercept method.  Midpoints of 
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each cover class were used as the measure of abundance for the percent cover data and 

length was used as the measure of abundance for line intercept data. 

Statistical Analyses 

   Total species richness for each island was calculated using species lists from 

both plot and line intercept methods.  In order to confirm that islands were grouped 

correctly, mean percent cover of Lygodium was calculated for each island.  Richness, 

evenness, and Shannon’s index of diversity were calculated separately for both methods 

and within each layer of vegetation.  PC-Ord software was used to calculate evenness (E= 

H/ln S), and Shannon’s diversity index (H= -sum (Pi*ln(Pi)) where Pi = importance 

probability in element i, element i relativized by row total) for each plot and vertical line 

intercept (McCune and Grace 2002).  Evenness describes how N individuals are 

distributed among s species in a set of data and assumes a value between 0 and 1 with 1 

indicating all species are equally abundant (Magurran 1988).  Shannon’s diversity index 

was chosen because this method reduces the influence of rare species on resulting values, 

limiting affects of edge species and herbaceous plants that are not usually on Refuge tree 

islands.  Shannon’s index equals zero if all individuals belong to the same species, and 

increases in plots with more species representing a lower percentage of total cover 

(Brower et al. 1998).  Abundance of native plants was calculated separately for each 

sampling method using percent cover data and line intercept length.   

 Statistical analysis was conducted using SPSS software on results from diversity 

indices and abundance data (SPSS Inc. 2000).  Data were tested for non-normality using 

the Shapiro-Wilk test for small sample sizes.  If data were not normal ranks of sample 

populations were compared using non-parametric Kruskal-Wallis Analysis of Variance.  



 13

If data were normal parametric Analysis of Variance was used to compare means of 

sample populations.  Games-Howell was the post hoc test used to identify results with 

significant differences.  Differences among variances were tested using Levene’s test.  

The value of significance for all tests was less than 0.05.   

 

Results 

 Using data from both the plot and line intercept methods combined, 26 plant 

species were identified from the 15 tree islands (Table 2).  Uninfested islands had 18 

species, low level Lygodium islands had 17 species, high level Lygodium islands had 19 

species, and disturbed islands had 19 species.  Total species richness was similar among 

the four types of islands (Kruskal-Wallis, df = 3, P = 0.086).  Mean richness (± SE) for 

individual islands was 12.3 (± 1.7) species and ranged from ten to 15 species. 

 

Plot Method  

All 26 plant species were detected on the study tree islands using the plot method.  

Total richness for individual islands using the plot method ranged from nine to 15 species 

and was similar among the four island types (Kruskal-Wallis, df = 3, P = 0.063).  Mean 

(± SE) richness for individual islands was 11.9 (± 0.5) species.  

Mean abundance of Lygodium varied widely among the islands (Figure 4).   

Seven of 15 tree islands had Lygodium present in varying amounts.  Mean abundance 

(±SE) of Lygodium in the ground layer of infested islands ranged from 0.70 (±0.58) to 

44.17 (±14.00) percent.  Mean abundance in the midstory layer ranged from 1.63 (±0.80) 
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to 37.10 (±17.15) percent, and in the overstory layer mean abundance ranged from 1.13 

(±0.63) to 53.00 (±15.50) percent.      

Weighted means (Table 3) and arithmetic means (Table 4) for richness, evenness, 

diversity, and abundance of native plants were calculated.  Weighted means do not satisfy 

the assumption of independent values and were not used for statistical comparisons.  

Richness (Kruskall-Wallis, df = 3, P = 0.131; Figure 5), evenness (Kruskall-Wallis, df = 

3, P = 0.859; Figure 6) and diversity (Kruskall-Wallis, df = 3, P = 0.762; Figure 7) of 

native vegetation in the ground layer were similar among the four island types (Table 4).  

Abundance of native vegetation in the ground layer was significantly different between 

island groups (Figure 8).  Uninfested islands had significantly higher percent cover of 

native species than disturbed islands (Kruskal-Wallis, df = 3, P=0.028).  Midstory layer 

vegetation had similar richness (Kruskall-Wallis, df = 3, P = 0.105; Figure 9), evenness 

(Kruskall-Wallis, df = 3, P = 0.440; Figure 10) and diversity (Kruskall-Wallis, df = 3, P = 

0.164; Figure 11).  Among the four island types, abundance of native species was similar 

in the midstory (Kruskall-Wallis, df = 3, P = 0.377; Figure 12) and overstory (Kruskall-

Wallis, df = 3, P = 0.135; Figure 16) layers.  Overstory layer vegetation also had similar 

richness (Kruskall-Wallis, df = 3, P = 0.118; Figure 13), but evenness (Kruskall-Wallis, 

df = 3, P = 0.038; Figure 14), and diversity (Kruskall-Wallis, df = 3, P = 0.029; Figure 

15) were significantly higher on low level Lygodium islands than high level Lygodium 

islands.   
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Line Intercept Method 

Fewer species (21) were detected using the line intercept method than the plot 

method (26).  Total richness ranged from five to nine species and was similar among the 

four island types (Kruskal-Wallis, df = 3, P = 0.447). Individual islands had a mean (± 

SE) richness of 6.3 (± 0.3) species. 

As with data from the plot method, abundance of Lygodium varied widely among 

the islands (Figure 17).  Seven of 15 tree islands had Lygodium present in varying 

degrees.  Mean length of Lygodium in the ground layer ranged from 0 to 3.50 (±2.78) cm, 

the midstory layer ranged from 0 to 6.40 (±5.91) cm, and the overstory layer ranged from 

0 to 10.00 (±6.32) cm.     

 Weighted means (Table 5) and arithmetic means (Table 6) for richness, evenness, 

diversity, and abundance of native plants were calculated.  Weighted means do not satisfy 

the assumption of independent values and were not used for statistical comparisons.  

Within the ground layer, the four island types had similar richness (Kruskal-Wallis, df = 

3, P = 0.084; Figure 18), evenness (Kruskal-Wallis, df = 3, P = 0.215; Figure 19), and 

diversity (Kruskal-Wallis, df = 3, P = 0.144; Figure 20).  Abundance of native plants 

within this layer was significantly higher on low level Lygodium islands when compared 

to high level Lygodium  islands using Kruskal-Wallis Analysis of Variance (df = 3, P = 

0.043; Figure 21).  However, when Games-Howell Post Hoc test was used to determine 

which groups were different, there were no significant differences measured (df = 3, P = 

0.057).  The same is true of comparisons between richness of midstory vegetation, which 

was also significantly higher on low level Lygodium islands than high level Lygodium  

islands using Kruskal-Wallis (df = 3, P = 0.041, Figure 22), but Games-Howell showed 
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no significant differences (df = 3, P = 0.107).  Evenness and diversity of midstory 

vegetation could not be calculated for low level Lygodium and high level Lygodium 

islands because either zero or one species were measured in the line intercepts on these 

islands.  Uninfested and disturbed islands were compared using Mann-Whitney U test, 

which showed both evenness and diversity were significantly higher in uninfested islands 

(P = 0.036 for both indexes; Figures 23 and 24).  In the overstory layer, the four island 

types also had similar richness (Kruskall-Wallis, df = 3, P = 0.085; Figure 26), evenness 

(Kruskall-Wallis, df =3, P = 0.365; Figure 27), and diversity (Kruskall- Wallis, df = 3, P 

= 0.342; Figure 28).  Abundance of native vegetation was similar in midstory and 

overstory layers (Kruskall-Wallis, df =3, P = 0.090 and P = 0.086, respectively; Figures 

25 and 29). 

Uninfested islands had significantly higher canopy height than low level 

Lygodium  islands (Kruskal-Wallis, df = 3, P=0.021).  Mean (±SE) canopy heights are 

listed in Table 7.   

  

 Discussion 

 The presence of Lygodium did not consistently affect the species richness, 

evenness, diversity, or abundance of native plants on tree islands, regardless of sampling 

method used.  Overall plant species richness (26) was slightly higher than values reported 

in previous studies of tree islands on the Refuge (19, 20, and 21 species; Pope 1991, 

Brandt and Black 2001, and Brandt et al. 2003, respectively).  Four species found in this 

study, which were not present on lists from previous studies, are plants typically 

occurring in small numbers along edges of tree islands.  These include: Boehmeria 
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cylindrica,  Cladium jamaicense, Lachnanthes caroliniana, and Panicum sp.  The range 

of richness per island (ten to 15) was similar to values previously reported (nine to 13; 

Brandt et al. 2003).    

Significant differences in native plant species richness, evenness, diversity, and 

abundance between infested and uninfested islands did not occur as expected.  However, 

Figures 5 through 16 and 18 through 29, graphs of mean diversity measures in each layer 

show a common trend: a decrease in values from uninfested and low level Lygodium 

islands to high level Lygodium islands and disturbed islands, with disturbed islands 

having consistently higher values than high level Lygodium islands.  These results 

support conclusions made in previous studies; native plant communities are significantly 

reduced on islands with complete Lygodium infestations.  Differences between uninfested 

and low level Lygodium islands were not consistent, indicating that Lygodium infestations 

did not cause severe impacts to tree island plant communities in earlier stages.  Low 

values on disturbed islands indicate frequent use by people; even well-meaning 

researchers negatively affects plant communities.  As mentioned previously, research 

islands were originally chosen for their sparse midstory, therefore, the absence of these 

plants may be naturally occurring, but consistently lower values indicate all vegetation 

layers were affected.   

Significant differences between diversity measures occurred between uninfested 

or low level Lygodium islands and high level Lygodium islands in all vegetation layers, 

but results were not consistent between the plot and line-intercept methods.  The greater 

species richness in the midstory layer on low level Lygodium islands was due to the 

presence of Cephalanthus occidentalis, Myrica cerifera, Rapanea punctata, and Smilax 
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laurifolia, three species commonly growing in the midstory of healthy tree islands in the 

Refuge.  It would be expected that ferns, such as Osmuda regalis, that seem to be less 

hardy and require more specific amounts of light and humidity would occur less often on 

islands with high levels of Lygodium.  The absence of common woody shrub and vine 

species in the midstory layer suggests that mature Lygodium infestations have more 

serious impacts affecting vegetation that makes up the basic structure of northern 

Everglades tree islands.  

Abundance of native plant species was the only parameter found to be 

significantly different among the islands using data from the ground layer.  Upon further 

analysis of the data, it is apparent that differences in abundance values are due to the 

absence of native ferns on high level Lygodium and disturbed islands.  Abundance of 

species such as Blechnum serrulatum, Osmunda regalis, Nephrolepsis exaltata, 

Thelypteris sp., and Woodwardia virginica are two times as high on uninfested islands 

than on high level Lygodium or disturbed islands.  Frequent use of research islands for 

other studies has likely impacted ground layer vegetation by creating trails through the 

island and displacing naturally occurring plants.  However, on high level Lygodium 

islands the absence of these plant species may be due to Lygodium blocking light getting 

through to the ground layer vegetation and displacing naturally occurring plants.  Results 

suggest that native ferns are susceptible to disturbances associated with Lygodium 

invasions. 

Many of the values resulting from line intercept data had very high standard 

errors suggesting that the sample sizes were too small.  Because this method samples a 

very small area, many line intercepts are needed to be affective for sampling an area as 
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large as a tree island.  The number of line intercepts sampled per island ranged from four 

to ten and was determined by island size.  Employing a method on a larger scale, similar 

in size to the plots used, within the vertical structure would likely yield more reliable 

data.  The significant difference between the canopy height of uninfested islands and low 

level Lygodium islands was unexpected and does not agree with other data 

In previous studies of relationships between Lygodium and native plant 

communities (Brandt and Black 2000; Clark 2002) comparisons were made between tree 

islands with almost complete infestations and tree islands with no Lygodium present.  In 

this study the amount of Lygodium on infested islands ranged from almost total 

infestation to very small amounts.  The original intention for this study was to choose 

islands with almost total Lygodium coverage and compare them to islands with no 

Lygodium.  However, the method employed to select islands, which was driving around 

the perimeter of the island in an airboat looking for areas of Lygodium, did not give an 

adequate description of the concentration of Lygodium on the island.  As a result, islands 

were regrouped creating low and unequal sample sizes, which increases the likelihood of 

errors in statistical analysis.    

Ants are likely to respond to changes in vegetation community that impact the 

ants’ ability to nest, feed, and that alter temporal factors, such as temperature and 

humidity (Agosti et al. 2000).  Loss of native ferns suggests that Lygodium blanketing 

overstory vegetation is decreasing the amount of light getting to the ground layer, which 

would lead to lower temperatures occurring in the ground layer and could make these 

areas less hospitable to ant species dependent on higher temperatures to maintain colony 

activities.  In islands with higher infestations, Lygodium accumulates and displaces 
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naturally occurring vegetation with very thick mats of rachis and leaves.  In the ground 

layer this could decrease the mobility of ground-nesting ants and further affect temporal 

patterns.  In the midstory and overstory layers woody vegetation would be displaced 

decreasing available nesting habitat for arboreal-nesting ant species.  Changes would 

benefit opportunistic, highly adaptable ant species that are able to nest and feed under a 

wide range of environmental situations, such as the exotic species Solenopsis invicta.  

Although there are no specific ant-plant relationships in Everglades tree island habitat 

(where an ant species has evolved a symbiotic relationship with a plant species) loss of 

plant diversity would lead to loss of other insect diversity and abundance.  Other insects 

make up an important food source for many ants and loss of this resource would likely 

lead to a decrease in ant diversity and abundance. 

Results from this study indicate that in early stages of Lygodium infestations the 

native plant communities remain intact.  Identifying and treating infestations during these 

early stages would effectively protect the resource with minimal damage to the native 

plant community.  High levels of Lygodium infestation on tree islands negatively impacts 

native plant communities. 
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Table 1.  Size and location of study tree islands. 

Tree 
Island 

Size    
LxW (m) 

Latitude        
(d m.mmm) 

Longitude     
(d m.mmm) 

# Plant 
Species 

N1 34x24 26º 34.648’N 80º 18.640’W 11 
N2 34x19 26º 33.783’N 80º 20.028’W 11 
N3 30x20 26º 34.651’N 80º 17.860’W 12 
LL1 24x14 26º 35.344’N 80º 19.846’W 11 
LL2 24x20 26º 34.373’N 80º 19.857’W 14 
LL3 21x15 26º 35.310’N 80º 19.553’W 13 
LL4 21x18 26º 34.567’N 80º 20.025”W 14 
HL1 34x24 26º 35.679’N 80º 19.554’W 12 
HL2 30x20 26º 35.724’N 80º 19.581’W 15 
HL3 26x24 26º 35.172’N 80º 20.357’W 15 
D1 25x19 26º 29.398’ N 80º 18.172’ W 13 
D2 28x20 26º 28.959’ N 80º 18.077’ W 12 
D3 30x21 26º 30.865’ N 80º 18.852’ W 10 
D4 42x14 26º 26.381’ N 80º 16.593’ W 10 
D5 47x19 26º 33.350’ N 80º 19.843’ W 11 
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Table 2.  Plant species found on different tree island types.   

N = islands with no Lygodium microphyllum, LL = islands with low levels of Lygodium, 

HL = islands with high levels of Lygodium, and D = disturbed islands. 

*denotes exotic species 

Latin Name Common Name 
 N LL HL D Total # 

Islands n = (3) (4) (3) (5) 
Blechnum serrulatum swamp fern  3 4 3 5 15 
Myrica cerifera wax myrtle  3 4 3 5 15 
Persea palustris swamp bay  3 4 3 5 15 
Cephalanthus 
occidentalis buttonbush  2 4 3 4 13 
Ilex cassine dahoon holly  2 3 3 5 13 
Smilax laurifolia laurel greenbrier  3 4 2 4 13 
Peltandra virginica green arrow arum  2 3 3 4 12 
Woodwardia virginica chain fern  3 3 1 5 12 
Osmunda regalis royal fern  1 3 2 4 10 
Thelypteris sp. fern  2 3 3 1 9 
Cladium jamaicense sawgrass  1 3 2 2 8 
Lygodium 
microphyllum* 

Old World 
climbing fern   4 3  7 

Osmunda cinnamomea cinnamon fern   2 1 4 7 
Vitis rotundifolia muscadine  1 3 3  7 
Rapanea punctata myrsine  2 2 1  5 
Salix caroliniana Carolina willow   1 2 1 4 
Tillandsia sp. airplant  2   2 4 
Eriocaulon sp. hatpin  1  1 1 3 
Lachnanthes caroliniana Carolina redroot   2  1 3 
Boehmeria cylindrica false nettle    2  2 
Schinus terebinthifolius* Brazilian pepper    1 1 2 
Chrysobalanus icaco coco plum     1 1 
Nephrolepis exaltata giant sword fern  1    1 
Panicum sp. grass     1 1 
Sarcostemma clausum white twinevine  1    1 
Tillandsia usneoides Spanish moss  1    1 
Total Richness  18 17 19 19  
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Figure 4.  Mean abundance of Lygodium microphyllum per plot on study tree islands 

measured using the plot method.   

LL = low levels of Lygodium, HL = high levels of Lygodium. 
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Table 3.  Mean plot richness, evenness, diversity, and abundance (± SE) of native plants 

using the plot method for each group of study tree islands and within each layer of 

vegetation.   

Abbreviations as in Table 1. 

Vegetation 
Layer Measurement N LL HL D 

(n=20) (n=18) (n=18) (n=35) 

Ground 

Richness 3.35 ± 0.3 3.17 ± 0.3 2.44 ± 0.4 2.60 ± 0.2 
(Range) (1-6) (1-5) (0-6) (0-5) 

Evenness 0.54 ± 0.06 0.51 ± 0.07 0.48 ± 0.10 0.55 ± 0.06
Diversity 0.66 ± 0.09 0.64 ± 0.10 0.58 ± 0.13 0.59 ± 0.07

Abundance 43.13 ± 5.9 26.28 ± 7.1 11.75 ± 3.6 21.89 ± 4.0

Midstory 

Richness 2.65 ± 0.3 2.83 ± 0.3 2.06 ± 0.4 1.91 ± 0.21
(Range) (0-5) (1-5) (0-6) (0-5) 

Evenness 0.53 ± 0.07 0.56 ± 0.07 0.54 ± 0.11 0.45 ± 0.07
Diversity 0.60 ± 0.10 0.62 ± 0.08 0.53 ± 0.12 0.41 ± 0.06

Abundance 23.63 ± 6.6 20.81 ± 4.8 8.78 ± 2.5 14.87 ± 3.25

Overstory 

Richness 1.7 ± 0.21 2.00 ± 0.23 1.33 ± 0.28 1.51 ± 0.20
(Range) (0-3) (0-4) (0-4) (0-4) 

Evenness 0.30 ± 0.08 0.57 ± 0.09 0.20 ± 0.09 0.30 ± 0.06
Diversity 0.25 ± 0.07 0.50 ± 0.09 0.21 ± 0.09 0.28 ± 0.07

Abundance 44.80 ± 8.7 40.92 ± 5.4 20.53 ± 6.1 37.99 ± 6.3
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Table 4.  Mean richness, evenness, diversity, and abundance (± SE) of native plant 

species sampled using the plot method for each group of study tree islands and within 

each layer of vegetation.   

Abbreviations as in Table 1. 

Vegetation 
Layer Measurement 

N LL HL D 

(n=3)  (n=4) (n=4) (n=5) 

Ground 

Richness 3.37 ± 0.3 3.17 ± 0.1 2.47 ± 0.3 2.62 ± 0.4 
Evenness 0.54 ± 0.09 0.51 ± 0.02 0.48 ± 0.02 0.54 ± 0.09
Diversity 0.67 ± 0.12 0.64 ± 0.03 0.58 ± 0.05 0.59 ± 0.11

Abundance 43.44 ± 3.3a 26.98 ± 4.6ab 12.98 ± 6.5ab 22.72 ± 3.8b

Midstory 

Richness 2.68 ± 0.3 2.86 ± 0.3 2.09 ± 0.3 1.96 ± 0.2 
Evenness 0.53 ± 0.07 0.56 ± 0.05 0.53 ± 0.06 0.44 ± 0.07
Diversity 0.61 ± 0.10 0.62 ± 0.08 0.53 ± 0.04 0.42 ± 0.05

Abundance 24.74 ± 11.3 20.44 ± 3.3 9.48 ± 4.4 15.96 ± 3.3

Overstory 

Richness 1.7 ± 0.23 2.01 ± 0.09 1.30 ± 0.26 1.46 ± 0.25
Evenness 0.31 ± 0.08 0.58 ± 0.08 0.20 ± 0.01 0.29 ± 0.07
Diversity 0.26 ± 0.06ab 0.51 ± 0.05a 0.20 ± 0.04b 0.27 ± 0.07ab

Abundance 44.99 ± 3.0 40.95 ± 6.3 19.92 ± 4.9 38.51 ± 6.8
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Figure 5.  Plant species richness (S) in the ground layer of study tree islands measured 

using the plot method.   

Abbreviations as in Table 1. 
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Figure 6.  Plant species evenness (E) in the ground layer of study tree islands measured 

using the plot method.   

Abbreviations as in Table 1. 
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Figure 7.  Plant species diversity (H) in the ground layer of study tree islands measured 

using the plot method.   

Abbreviations as in Table 1. 
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Figure 8.  Abundance of native plants in the ground layer of study tree islands measured 

using the plot method.   

Abbreviations as in Table 1. 
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Figure 9.  Plant species richness (S) in the midstory layer on study tree islands measured 

using the plot method.  

Abbreviations as in Table 1. 
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Figure 10.  Plant species evenness (E) in the midstory layer of study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 11.  Plant species diversity (H) in the midstory layer on study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 12.  Abundance of native plants in the midstory layer on study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 13.  Plant species richness (S) in the overstory layer on study tree islands 

measured using the plot method.   

Abbrevations as in Table 1. 
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Figure 14.  Plant species evenness (E) in the overstory layer on study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 15.  Plant species diversity (H) in the overstory layer on study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 16.  Abundance of native plants in the overstory layer on study tree islands 

measured using the plot method.   

Abbreviations as in Table 1. 
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Figure 17.  Abundance of Lygodium microphyllum per line intercept on study tree islands 

measured using line intercept data.   

LL = low levels of Lygodium, HL = high levels of Lygodium. 
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Table 5.  Mean plot richness, evenness, diversity, and abundance (± SE) of native plant 

species sampled using the line intercept method for each group of study tree islands and 

within each layer of vegetation.   

Abbreviations as in Table 1. 

Vegetation 
Layer Measurement N LL HL D 

(n=20) (n=18) (n=18) (n=35) 

Ground 

Richness 1.00 ± 0.2 0.72 ± 0.16 0.50 ± 0.15 0.54 ± 0.12 
(Range) (0-3) (0-2) (0-2) (0-3) 

Evenness 0.15 ± 0.07 0.11 ± 0.07 0.05 ± 0.05 0.04 ± 0.03 
Diversity 0.13 ± 0.06 0.07 ± 0.05 0.04 ± 0.04 0.03 ± 0.02 

Abundance 5.75 ± 2.0 3.94 ± 1.0 1.11 ± 0.5 2.63 ± 0.73 

Midstory 

Richness 0.85 ± 0.2 0.67 ± 0.1 0.33 ± 0.1 0.51 ± 0.1 
(Range) (0-2) (0-1) (0-1) (0-2) 

Evenness 0.17 ± 0.08 0 0 0.02 ± 0.02 
Diversity 0.12 ± 0.06 0 0 0.01 ± 0.01 

Abundance 3.85 ± 1.3 4.61 ± 1.5 0.72 ± 0.4 2.74 ± 1.1 

Overstory 

Richness 1.35 ± 0.15 1.50 ± 0.19 0.78 ± 0.17 1.37 ± 0.14 
(Range) (0-3) (0-3) (0-2) (0-4) 

Evenness 0.29 ± 0.09 0.36 ± 0.09 0.16 ± 0.09 0.33 ± 0.07 
Diversity 0.21 ± 0.07 0.27 ± 0.07 0.11 ± 0.06 0.25 ± 0.05 

Abundance 1.96 ± 0.6 3.19 ± 0.5 1.05 ± 0.4 1.69 ± 0.3 
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Table 6.  Mean richness, evenness, diversity, and abundance (± SE) of native plant 

species sampled using the line intercept method for each group of study tree islands and 

within each layer of vegetation.   

Abbreviations as in Table 1. 

Vegetation 
Layer Measurement 

N LL HL D 
(n=3)  (n=4) (n=3) (n=5) 

Ground 

Richness 1.00 ± 0.2 0.71 ± 0.07 0.52 ± 0.12 0.53 ± 0.10 
Evenness 0.15 ± 0.03 0.11 ± 0.06 0.05 ± 0.05 0.03 ± 0.03 
Diversity 0.14 ± 0.03 0.07 ± 0.04 0.04 ± 0.04 0.02 ± 0.02 

Abundance 5.86 ± 1.5 3.86 ± 0.5 1.20 ± 0.5 2.41 ± 0.9 

Midstory 

Richness 0.87 ± 0.2 0.66 ± 0.1 0.33 ± 0.1 0.47 ± 0.1 
Evenness 0.18 ± 0.04a 0 0 0.02 ± 0.02b 
Diversity 0.12 ± 0.03a 0 0 0.01 ± 0.01b 

Abundance 3.90 ± 1.4 4.42 ± 1.4 0.69 ± 0.2 2.38 ± 1.0 

Overstory 

Richness 1.35 ± 0.04 1.47 ± 0.17 0.80 ± 0.12 1.39 ± 0.13 
Evenness 0.30 ± 0.06 0.35 ± 0.06 0.18 ± 0.11 0.34 ± 0.03 
Diversity 0.22 ± 0.04 0.26 ± 0.05 0.12 ± 0.07 0.26 ± 0.03 

Abundance 9.94 ± 3.1 15.75 ± 3.5 5.18 ± 1.3 8.52 ± 1.4 
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Figure 18.  Plant species richness (S) in the ground layer of study tree islands measured 

using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 19.  Plant species evenness (E) in the ground layer of study tree islands measured 

using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 20.  Plant species diversity (H) in the ground layer of study tree islands measured 

using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 21.  Abundance of native plants in the ground layer of study tree islands measured 

using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 22.  Plant species richness (S) in the midstory layer on study tree islands measured 

using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 23.  Plant species evenness (E) in the midstory layer of study tree islands 

measured using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 24.  Plant species diversity (H) in the midstory layer on study tree islands 

measured using the line intercept method. 

  
Abbreviations as in Table 1. 



 51

0

1

2

3

4

5

6

7

8

9

Island Groups

A
bu

nd
an

ce
 o

f N
at

iv
e 

Pl
an

ts
 (c

m
)

mean

N LL HL D

 

Figure 25.  Abundance of native plants in the midstory layer on study tree islands 

measured using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 26.  Plant species richness (S) in the overstory layer on study tree islands 

measured using the line intercept method.   

Abbrevations as in Table 1. 
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Figure 27.  Plant species evenness (E) in the overstory layer on study tree islands 

measured using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 28.  Plant species diversity (H) in the overstory layer on study tree islands 

measured using the line intercept method.   

Abbreviations as in Table 1. 
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Figure 29.  Abundance of native plants in the overstory layer on study tree islands 

measured using the line intercept method.   

Abbreviations as in Table 1. 
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Table 7.  Canopy height (±SE) in meters on study tree islands.   

Abbreviations as in Table 1. 

 N LL HL D 
Canopy Height (m) 5.82 ± 0.25a 4.49 ± 0.25b 3.32 ± 0.25ab 5.83 ± 0.25ab 

(range) (2.5-8) (2.1-6.5) (0-5.7) (2.5-8.5) 
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III. ANTS OF ARTHUR R. MARSHALL LOXAHATCHEE NATIONAL WILDLIFE 

REFUGE 

Introduction 

The Arthur R. Marshall Loxahatchee National Wildlife Refuge (Refuge; 57,324 

ha; Figure 1) in western Palm Beach County, Florida was established in 1951 and 

manages the northernmost remnant of the Everglades ridge and slough habitat.  In the 

1940s, the Army Corps of Engineers built levees on all sides of this area, converting it 

into a water impoundment zone (Water Conservation Area 1) to meet local agricultural 

and residential water needs.  Now, urban and agricultural areas surround the Refuge on 

all sides except to the southwest, where the Refuge borders Water Conservation Area 2.  

The impounded area is still dominated by native habitats, although their health and 

distribution were likely impacted by alterations in the hydrology of the Refuge.  Native 

Everglades communities found on the Refuge include sloughs, wet prairies, sawgrass 

stands, tree islands, and cypress swamp.  Recently, two exotic plants that have become a 

problem on the Refuge: Lygodium microphyllum (Old World climbing fern; Lygodium) 

and Melaleuca quinquenervia (paperbark tree).   

In the present study, I surveyed ants on tree islands and in other habitats of the 

Refuge to characterize the ant communities and evaluate the impact of exotic plants and 

other disturbances.  There are no previous ant surveys from the northern Everglades or 

from Everglades tree islands.  Research presented in this chapter focused on describing 

ant communities on study tree islands and other Refuge habitats using species richness.  



 58

Species richness was compared between habitats to determine differences in ant 

communities.  The purpose was to test the hypothesis that different ant communities are 

present in different habitats.  Two predictions were made:  1) native plant habitats would 

have significantly higher ant species richness than exotic plant habitats (Lygodium-

infested islands and Melaleuca stands) and 2) species richness of exotic ants would be 

significantly higher in exotic plant habitats.  An overarching goal of the study was to 

describe the ant fauna of the Refuge.   

 

Materials and Methods 

 
Habitat Types in the Refuge 

Tree islands, formed when shrubs and trees colonize elevated mats of peat, make 

up about 20 percent of the Refuge interior. These islands have relatively high plant 

species richness compared to other Everglades communities, and provide important 

habitat for many native vertebrates including wading birds, raptors, alligators, turtles, 

deer, and small mammals (Brandt et al. 2003). Most tree islands in the Refuge are 

“bayhead” islands that are generally small (<0.1 ha), but can range up to 125 ha (Brandt 

et al. 2003).  In the Refuge, bayhead tree islands typically have an overstory of swamp 

bay (Persea palustris) and dahoon holly (Ilex cassine), a dense midstory of wax myrtle 

(Myrica cerifera), buttonbush (Cephalanthus occidentalis), and coco plum 

(Chrysobalanus icaco), and an understory of native ferns, such as swamp fern (Blechnum 

serrulatum) and chain fern (Woodwardia virginica).   
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 Cypress tree islands, with almost monotypic stands of pond cypress (Taxodium 

distichum), occur in deeper water than bayhead islands, and have little to no vegetation in 

the understory. 

 The Refuge includes approximately 162 ha of cypress swamp, the last remnant of 

a vast cypress swamp that once ran along the eastern edge of the Everglades from Lake 

Okeechobee south to Fort Lauderdale.  The cypress swamp has an overstory of pond 

cypress (Taxodium distichum), a midstory of red maple (Acer rubrum), myrsine 

(Rapanea punctata), and cocoplum (Chrysobalanus icaco), and an understory of ferns, 

including giant leather fern (Acrostichum danaeifolium).   

 Exotic plant habitats include Melaleuca stands and Lygodium-infested tree 

islands.  Melaleuca stands, similar to cypress islands, are monotypic stands occurring in 

deep water with little to no understory vegetation.  Lygodium invades tree islands and 

cypress swamp habitats by smothering native vegetation.  Melaleuca quinquenervia 

usually invades ridge and slough habitat forming tree islands with dense monotypic 

stands. 

 

Study Sites 

 I surveyed ants at 29 sites in seven habitat types: three bayhead tree islands with 

no Lygodium (N1-N3), four bayhead tree islands with low levels of Lygodium (LL1-

LL4), three bayhead tree islands with high levels of Lygodium, five disturbed islands 

(D1-D5) that had been used in previous research projects and were located along a 

hydrologic gradient, four M. quinquenervia islands (M1-M4; approximately 0.07 ha), 

four cypress islands (C1-C4; approximately 0.07 ha), three sites within cypress swamp 
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(CS1-CS3), and three disturbed areas around Refuge structures (B1-B3) (Figures 30 and 

31). 

 Tree island habitats all occurred within the interior of the Refuge: bayhead islands 

L1-L5 and N1-N5 were located in the north-central part of the Refuge, where the 

concentration of Lygodium is the highest; bayhead islands D1-D5 were spaced along a 

hydrological gradient across the Refuge interior; M. quinquenervia islands were located 

in eastern and central areas, and cypress islands were located in the northeastern area.  

The remaining habitats occur outside the Refuge interior around human-made structures: 

three cypress swamp sites were near a boardwalk used by visitors, and three disturbed 

sites were located around two Refuge structures and the boat ramp. 

 
Sampling Methods 

 Ants were sampled on the 15 bayhead tree islands using four methods: visual 

survey, baiting, Berlese extraction of leaf litter, and vegetation beating.  In addition, I 

surveyed the other 14 sites using visual survey.  I identified all ants to species with help 

from Dr. Mark Deyrup from Archbold Biological Station in Lake Placid, Florida, and Dr. 

Stefan Cover from the Museum of Comparative Zoology at Harvard University. 

Sampling methods are described below. 

 Visual surveying was conducted by inspecting the vegetation, leaf litter, logs, 

and dead branches for ants, which were collected using an aspirator. Each site was 

surveyed for about two person hours (except for 0.5 hr at each building site). This method 

samples a wide variety of ant species with different nesting and foraging behavior. 

 Baits were placed along one transect running north to south and one running 

east to west through the middle of each island. Each bait station was comprised of a note 
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card folded in half with either a tablespoon of tuna fish in oil or a mini Pecan Sandie 

cookie placed in the middle.  Both bait types are widely recognized as attractive to ants 

and are commonly used for baiting (Wetterer pers. comm. 2001).  One of each bait type 

was placed at 3 m intervals starting at one edge of the island and ending at the opposite 

edge. After one hour, each note card, along with the bait and ants, was collected into a zip 

lock bag. This method targets generalist ants active within the ground layer. Results from 

this method were used to determine ant species richness and frequency on bayhead tree 

islands. 

 About 3.5 liters of leaf litter were collected from each of four randomly selected 

points around the interior. Each litter sample was placed in a Berlese funnel and left to 

dry for one week. Litter was weighed before and after drying to determine moisture 

content of each sample. This method was effective at capturing slow-moving, litter-

dwelling ants and species that are harder to see due to their small size and secretive 

habits. 

 At each site, one overhanging branch on each of five trees was hit twice with a 

two-meter pole, for a total of 10 beats per island. Dislodged invertebrates fell onto a sheet 

positioned under the branch and any ants were collected from the sheet using an 

aspirator.   

 

Statistical Analysis 

 Ant species richness was calculated using only the visual survey data because 

this was the only method used consistently at all sites.  All ant species were used to 

calculate total ant species richness (RT), then, species were divided into two groups 
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based on native or exotic status and terrestrial or arboreal nesting preference. These 

groups of data were used to calculate native species richness (RN), exotic species 

richness (RX), terrestrial nesting species richness (RG), and arboreal nesting species 

richness (RA).  SPSS software was used to conduct all statistical tests (SPSS Inc. 2000).  

Data were tested for non-normality using the Shapiro-Wilk test for small sample sizes.  If 

data were not normal ranks of sample populations were compared using non-parametric 

Kruskal-Wallis Analysis of Variance.  If data were normal parametric Analysis of 

Variance was used to compare means of sample populations.  Games-Howell was the 

post hoc test used to identify results with significant differences.  Differences among 

variances were tested using Levene’s test.  The value of significance for all tests was less 

than 0.05. 

 Sorensen’s coefficient of community (CCs = [2c/(s1+s2)] *100, where c = the 

number of species common to both habitats and s = the total number of species found in 

each habitat) was used to compare similarity in ant species between the habitats 

(Magurran 1988).  Sorensen’s index ranges from zero to one, with one indicating 100 

percent community similarity.  Similarities between habitat types were compared by 

calculating similarity values for each combination of habitats.  This method is only 

suitable for identifying gross patterns of association; statistical comparison is problematic 

because the similarity values are not independent (Agosti et al. 2000). 

 

Results 
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Habitat Comparisons 

 In surveys of 29 locations in eight habitat types using only the visual survey 

method, a total of 34 ant species were collected, including 20 native species, 14 exotic 

species,  16 terrestrial-nesting species, 13 arboreal-nesting species, and five species that 

nest in both terrestrial and arboreal habitats (these species were counted twice as both 

terrestrial and arboreal species during comparisons; Table 8).  Of the native ants, ten were 

arboreal-nesters, nine were terrestrial-nesters, and one species nests in both terrestrial and 

arboreal habitats.  Six of the exotic species were terrestrial-nesters, four were arboreal-

nesters, and  

four nest in both terrestrial and arboreal habitats.  Mean (±SE) RT was 8.3 (±0.6) and 

ranged from three to 14 species.  Mean (±SE) RN was 4.8 (±0.4) and ranged from one to 

nine species.  Mean (±SE) RX was 3.6 (±0.3) species and ranged from one to six species.  

Mean (±SE) RG was 5.4 (±0.4) species and ranged from two to ten species.  Mean (±SE) 

RA was 3.4 (±0.3) species and ranged from zero to seven species.   

 Comparisons of ant species from each habitat type generally yielded similar 

results, with bayhead tree islands habitats having the highest number of species, followed 

by Melaleuca stands and cypress islands having midrange values, and building sites and 

cypress swamp sites having the lowest values (Table 9, Figures 32 through 36).  Species 

richness values of cypress swamp sites were significantly lower than high level Lygodium 

islands and disturbed islands (except when comparing RX and RA, which were similar 

among all the habitats).  Disturbed islands also had significantly higher richness values 

compared to Refuge structures.   
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 RT on high level Lygodium islands was significantly higher than in cypress 

cypress swamp sites (Games-Howell, df = 7, P = 0.045).  RT was also significantly 

higher on disturbed islands when compared to cypress swamp sites and Refuge structures 

(Games-Howell, df = 7, P = 0.016 and P = 0.047, respectively).  RN was significantly 

greater on high level Lygodium islands than cypress islands and cypress swamp sites 

(Games-Howell, df = 7, P = 0.015, and P = 0.039).  RN on disturbed islands was also 

significantly higher when compared to cypress islands and cypress swamp sites (Games-

Howell, df = 7, P = 0.043, and P = 0.037).  There were no significant differences in RX 

or RA among the habitat types.  Within ground-nesting species, disturbed islands had the 

highest richness followed by high level Lygodium islands, low level Lygodium islands, 

and uninfested islands.  Disturbed islands had significantly higher RG than cypress 

swamp sites (Games-Howell, df = 7, P = 0.015).    

 Greatest similarity in species composition occurred between uninfested and low 

level Lygodium islands at 83.33 percent (Table 10).  The lowest value occurred between 

cypress swamp sites and building sites (12.50 percent with one species in common).  The 

four bayhead tree island habitats had the highest similarities with each other (with the 

exception of low level Lygodium islands, which had greater similarity when compared to 

Melaleuca stands than with high level Lygodium islands), followed by Melaleuca stands, 

then cypress swamp sites and cypress islands, and finally building sites.  

 

Total Species List 

 A total of 40 ant species were collected on the Refuge, using data from all study 

sites and all sampling methods.  Thirty-four ant species were added using data from the 
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visual method alone.  Six additional ant species were sampled using baiting, beating, or 

litter collection methods on uninfested, low level Lygodium, high level Lygodium, or 

disturbed islands (Table 11).  Because there were differences in collection effort among 

the habitat types these data were not used to make statistical comparisons, only to give a 

more complete description of the ant fauna occurring on the Refuge.  

 

 Discussion 

 The number and composition of ant species identified from the Refuge is 

consistent with what would be expected from a sub-tropical, forested environment.  The 

majority of species encountered were either native ants common to South Florida and 

Palm Beach County, or exotic ants common throughout Florida and the southern U.S.  

One exception is Camponotus sexguttatus, which had not been found in Palm Beach 

County previously.  The closest record for this ant is from Orlando, Florida, a tourist 

hotspot due to various amusement parks including Disney World.  One theory is that this 

ant was introduced to the Orlando area by foreign tourists, and this may explain how the 

ant got to the Refuge, which is somewhat popular with tourists (Wetterer pers. comm. 

2005).  Ferster and Prusak (1994) surveyed ants in parts of Everglades National Park to 

the south. The Florida Gap Analysis Project reported 71 ant species from Palm Beach 

County, and 41 species that occur in tree island habitats (Florida GAP 2000). Other lists 

of ants of Florida include records from Palm Beach County and may give some indication 

of ants present in the Refuge (Smith 1930, 1933, Wheeler 1932, Deyrup et al 1989, 

Deyrup 2003). 
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 About 43 percent of the ants found in the Refuge are exotic. This is slightly 

higher than the proportion of exotic species found in Everglades National Park (Ferster 

and Prusak 1994) and the Florida Keys (Deyrup et al. 1989), which both had slightly less 

than 40 percent exotic ant species. This study did not extend the ranges for any native or 

exotic species and no new species were discovered. Due to the mild tropical climate of 

Florida and the large amount of international commerce, large numbers of exotic species 

are characteristic of the Florida ant fauna. 

 The aim of this study was to describe ant communities present on the Refuge 

and to determine if ant communities differed among habitats.  The prediction that ant 

species richness would be significantly higher in native plant habitats than exotic plant 

habitats was not supported.  The prediction that species richness of exotic ants would be 

higher in exotic plant habitats was also not supported.  Ant species richness was similar 

among the four types of bayhead tree islands and species richness of Melaleuca stands 

fell in the midrange among the Refuge habitats.  These results suggest exotic plant 

infestations do not have major impacts on ant species richness within Refuge habitats; 

however, each habitat type was represented by only three to five sample sites.  These low 

sample sizes probably decreased the power of the comparisons and made significant 

results less likely.   

 Because there are no specific symbiotic ant-plant relationships within Refuge 

habitats, it may be that ants are more affected by other environmental factors, such as 

humidity, or structural characteristics of the habitat, rather than plant species diversity.  In 

addition to the similarity between bayhead tree islands and Melaleuca stands, the 

significant difference between RG on disturbed islands and cypress swamp sites helps 



 67

support this theory.  Cypress swamp sites had deeper water levels and have little habitat 

available for ground-nesting ants.  However, you would expect to see similar differences 

with uninfested and infested islands as well. 

 Cypress swamp habitats are shaded, high-humidity habitats, characteristics that 

may be moderately stressful to many ant species common in South Florida, which prefer 

more open areas (Holldobler and Wilson 1999).  Building sites are also likely to be 

stressful to ants and suitable only for ants adapted to living in and around structures made 

by people. These two habitats also occur outside of Water Conservation Area 1, which is 

buffered from human encroachment by a canal.  This may help explain why cypress 

swamp and building sites had lower ant species richness when compared to bayhead tree 

islands. 

 Clouse (1999), comparing leaf litter ant communities in exotic and native 

habitats of Everglades National Park found higher ant diversity in native hammock 

habitat.  However, he also found the exotic Schinus terebinthifolius (Brazilian pepper) 

stand had higher ant diversity than the native pineland habitat and attributes this 

difference at least in part to the fact that the pineland habitat has very little leaf litter 

present indicating that a general difference in habitat characteristics is more influential on 

ant species richness in this situation.  Clouse also describes the S. terebinthifolius stand as 

“extreme in size, intensity, and persistence”, which identifies a problem with the design 

of the present study.  As described in Chapter II, plant communities of the low level 

Lygodium and high level Lygodium bayhead tree islands exhibited a range in amounts of 

Lygodium rather than complete infestations.  Small variable sample sizes among habitat 

types also may contribute to a lack of statistically significant results. 
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 Melaleuca stands are almost monotypic stands of Melaleuca invading ridge and 

slough habitat but this habitat only exhibits significant difference in ground-nesting ant 

species richness compared to research islands.  Additionally, Melaleuca stands had 

approximately one-third to one-half the number of exotic ant species of bayhead islands 

and large numbers of native species (when compared to all but disturbed bayhead tree 

islands).  This is an interesting outcome that is hard to explain.  Two native ants occur 

exclusively on Melaleuca stands: Tapinoma sessile and Crematogaster atkinsoni.  

Tapinoma sessile is a common house-infesting ants and C. atkinsoni is known to nest in 

both fresh and saltwater marshes.   Crematogaster atkinsoni may be present in marsh 

habitats in the Refuge and found the deeper water habitat of Melaleuca stands suitable 

while higher and drier bayhead tree islands are not.  The exotic ground-dwelling 

Odontomachus ruginodis and Pachycondyla stigma are common on bayhead tree islands, 

but absent from Melaleuca stands probably because of the lack of leaf litter and ground-

nesting habitat.  However, other exotic species missing from Melaleuca stands are 

arboreal-nesters.   

 This study has produced a description of ant communities found in habitats of 

the northern Everglades.  These data are useful for understanding the ecosystem as a 

whole and give further insight into the diversity of this subtropical habitat.  Results 

suggest that ant communities remain intact during early invasions of Lygodium.  Future 

studies might further investigate ant communities of habitats invaded by Melaleuca, 

including quantifying plant species present.  Future studies might also improve upon the 

design of this project and compare bayhead tree islands containing little to no Lygodium 

with those that have severe infestations. 
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 In conclusion, the ant community of the Refuge is typical of subtropical 

forested habitats and for the most part contains native and exotic ants common to South 

Florida.  Bayhead tree islands and Melaleuca stands are the most species rich habitats in 

the Refuge while cypress islands, cypress swamp sites, and Refuge structures have the 

least number of ant species.  Ant communities seem to be little affected by the presence 

of exotic plants; differences are likely due to other environmental factors, such as 

availability of leaf litter or ground-nesting habitat.  As exotic plants continue to invade 

the Refuge and environmental changes increase, the need and opportunity for future 

studies also grow. 
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Table 8.  Ant species collected in visual surveys in each habitat type.   

A = arboreal-nesting, G = ground-nesting, N = islands with no Lygodium microphyllum, LL = islands with 

low levels of Lygodium, HL = islands with high levels of Lygodium, R = disturbed islands used by other 

researchers, M = Melaleuca quinquenervia stands, CI = cypress islands, CS = cypress swamp, B = 

disturbed areas around refuge structures and the boat ramp.  Numbers within each habitat type column refer 

to number of sites in which each species was found.   

Native species 
Nesting 
Habitat 

N LL HL D M CI CS B Total 
# 

Sites n = (3) (4) ( 3) (5) (4) (4) (3) (3) 
Camponotus 
floridanus G 3 4 2 4 4 4 2  23 
Pheidole 
floridana G 3 3 3 3 1  3  16 
Pseudomyrmex 
cubaensis A 3 3 1 4 2 1  1 15 
Pseudomyrmex 
ejectus A 3 2 3 1 3 2   14 
Aphaenogaster 
miamiana G 2 1 2 4 2 1   12 
Pheidole dentata G 3 3 3 3     12 
Cyphomyrmex 
minutus G 1 2 2 3    1 9 
Camponotus 
zonatus G 1 2  2 2    7 
Pseudomyrmex 
elongatus A 1 2  1 1    5 
Solenopsis 
(Diplorhoptrum) 
sp. G    3 1    4 
Tapinoma litorale A 1 1   1  1  4 
Brachymyrmex 
obscurior G        3 3 
Camponotus 
impressus A   1 1 1    3 
Plathythyrea 
punctata G/A  1  1  1   3 
Dolichoderus 
pustulatus A   2      2 
Camponotus 
decipiens A    1     1 
Crematogaster 
ashmeadi A      1   1 
Crematogaster 
atkinsoni A     1    1 
Hypoponera 
opacior G    1     1 
Tapinoma sessile G     1    1 
 Subtotal 10 11 9 14 12 6 3 3 20 
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  Table 8 continued.  Ant species collected in visual surveys in each habitat type. 

Exotic species 
Nesting 
Habitat 

N LL HL D M CI CS B Total 
# 

Sites n = (3) (4) (3) (5) (4) (4) (3) (3) 
Pheidole 
moerens* G 1 3 3 4 3 4  1 19 
Camponotus 
planatus* A 3 2 2 4 2  1 2 16 
Pseudomyrmex 
gracilis* A 1 4 1 3 4 1   14 
Odontomachus 
ruginodis* G 2 3 1 4  1 1  12 
Paratrechina 
guatemalensis* G 2 3 2 3 1   1 12 
Monomorium 
floricola* A 1  1 1  3 1  7 
Solenopsis 
invicta* G  1  1 1   3 6 
Pachycondyla 
stigma* G 1  3      4 
Tapinoma 
melanocephalum* G/A  1  1   2  4 
Technomyrmex 
difficilis* G/A      2  1 3 
Camponotus 
sexguttatus* G/A      1  1 2 
Cardiocondyla 
wroughtoni* A 2        2 
Tetramorium 
bicarinatum* G/A      2   2 
Pheidole flavens* G    1     1 
 Subtotal 8 7 7 9 5 7 4 6 14 

  
Total 

Richness 18 18 16 23 17 13 7 9 34 
 

 



 

 

Table 9.  Mean ant species richness (±SE) in each habitat using visual survey data. 

Abbreviations as in Table 1 

Index N LL HL D M CI CS B 
RT 11.3 ± 1.5abc 10.2 ± 1.2abc 10.7 ± 0.9ac 10.8 ± 1.1a 7.8 ± 1.1abc 6.0 ± 0.7abc 3.7 ± 0.3bc 4.7 ± 0.9bc 
RN 7.0 ±1.1ab 5.7 ± 0.6ab 6.3 ± 0.3a 6.4 ± 0.8a 5.0 ± 0.7ab 2.5 ± 0.5b 2.0 ± 0.6b 2.3 ± 0.7ab 
RX 4.3 ± 0.3 4.5 ± 0.5 4.3 ± 0.9 4.4 ± 0.5 2.7 ± 0.5 3.5 ± 0.3 1.7 ± 0.7 2.3 ± 0.3 
RG 6.3 ± 0.9ab 6.7 ± 1.0ab 7.0 ± 1.0ab 7.6 ± 0.7a 4.0 ± 0.4ab 4.0 ± 0.7ab 2.7 ± 0.3b 3.7 ± 0.7ab 
RA 5.0 ± 0.6 4.0 ± 0.9 3.7 ± 1.4 3.6 ± 0.9 3.7 ± 0.7 3.5 ± 0.6 1.7 ± 0.9 1.7 ± 0.9 
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Figure 32.  Total ant species richness (RT) at each habitat type.   

Abbreviations as in Table 1 
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Figure 33.  Native ant species richness (RN) at each habitat type.   

Abbreviations as in Table 1 
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Figure 34.  Exotic ant species richness (RX) at different habitat types.   

Abbreviations as in Table 1 
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Figure 35.  Ground-nesting ant species richness (RG) at different habitat types.   

Abbreviations as in Table 1 



 

 79

1

2

3

4

5

6

7

8

Habitat Types

A
rb

or
ea

l-N
es

tin
g 

A
nt

 S
pe

ci
es

 R
ic

hn
es

s (
R

A
)

mean

N LL HL D M C CS B

 

Figure 36.  Arboreal-nesting ant species richness (RA) at different habitat types.  

Abbreviations as in Table 1 
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Table 10.  Ant species similarity between habitats using visual survey data.   

Abbrevations as in Table 1 

Habitat Types N LL HL D M CI CS 
LL 83.33 -- -- -- -- -- -- 
HL 82.35 70.59 -- -- -- -- -- 
D 73.17 82.93 71.79 -- -- -- -- 
M 68.57 74.29 60.61 70.00 -- -- -- 
CI 51.61 45.16 55.17 50.00 40.00 -- -- 
CS 48.00 40.00 43.48 40.00 33.33 30.00 -- 
B 37.04 44.44 40.00 37.50 38.46 36.36 12.50 

 
 

Table 11.  Additional ant species occurring at study sites, nesting habitat, habitat type in 

which they were found, and sampling method used.   

Abbreviations as in Table 1 

* denotes exotic species 
 

Ant Species 
Nesting 
Habitat Habitat Type Method 

Aphaenogaster carolinensis G N, LL, HL, D baiting 
Cardiocondyla obscurior A N, D baiting, litter 
Hypoponera opaciceps G HL litter 
Hypoponera sp. G LL, D litter 
Pseudomyrmex simplex A D beating 
Strumigenys rogeri* G N, LL, HL, D baiting, litter 
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