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Project 81 - AN ASSESSMENT OF FOTENTIAL REINTRODUCTION SITES FOR THE
ATTWATER'S PRAIRIE CHICKEN - Lee Ann Johnson Linam - Texas Parks and Wildlife
Department, Wimberley, TX; Jon R. Purvis - Texas Parks and Wildlife Department, Austin, TX,
and Melisa J. Portis, M.D. Anderson Cancer Research Center, Smithville, TX.

ABSTRACT - Populations of Attwater's prairie chickens (Tympanuchus cupido attwateri) have
declined precipitously in the past several decadas, so that captive breading and reintroduction are
now being pursued as essential steps in the preservation of the species. This study examined
the habitat characteristics of three potential reintraduction sites for APC in the Gulf Coast Prairies
region of Texas during 1997 and 1998. Vegetation structure, brush density, vegetation canopy
cover and basal dominance, plant species richness, insect biomass and family richness, and
predator abundance were assessed at the Tatton Unit of Aransas National Wildlife Refuge, Mad
Island Marsh Presarve and Mad Island Wildlife Management Area, and the Hoskins Mound Unit
of Brazoria National Wildlife Refuge. Habitat type maps were constructed based on digital
photography and habitat patch characteristics were examined.

Coastal prairie was superior to salty prairie in providing prairie chicken habitat needs. Study site,
vegetation type, plant species richness, year, sample date, and management history were
significant in various models affecting insect biomass, vegetation structure, plant specias
richness, and brush density. The Aransas site met most habitat goals, but also supported the
highest predator populations. The Brazoria site provided the most habitat available, but was the
most highly fragmented and had the most woody encroachment. The Mad Island site provided
the least amount of habitat. As the only grazed site, it had the lowest brush density, but also had
insufficient grass structure. All sites may not provide sufficient insect productivity, and habitat
restoration in adjacent areas will likely be needed to provide minimum acreages for population
establishment and persistence.

SIGNIFICANT DEVIATIONS

Due to software problems statistical analyses have not been completed on GIS habitat patch
data. Further analyses are planned to assess the nature of the habitat edges present at these
study sites.

This project ariginally aimed to assess habitat patch characteristics on areas surrounding the
study sites, assess avidence of diseases of concarn to APC on the study sites, agsess
topographic features, analyze land-use trends, and address private landowner concerns. The
disease objective was dropped in response to suggestions from recovery team members and
TAMU researchers that such an assessment would not be feasible. Topographic features have
nat been assessed due to problems in obtaining necessary digitized files. Private landowner
concerns are being more effectively addressed by the Gulf Coast Prairies Initiative. Expanded
habitat assessments and assessments of land-use trends have simply proven to be beyond the
capability of this study, its time-frame, its funding, (and its primary investigator).
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INTRODUCTION

The Attwater's prairie chicken (APC) is a critically endangered species of the Texas coastal
prairie. Once estimated to number up to one million birds occupying six million acres of prairie
habitat, by the middie of the 20" century there was already concern about its long-term survival
{Lehman 1841). At the time the species was listed as endangered in 1987, 1,070 individuals
were estimated to occupy 234,082 acres (Lehman 1988). Population declines continued
throughout the final decades of the 20" century, as habitat was lost due to urbanization,
agriculture, and encroachment by native and exctic woody species (McKinney 1996). By 1990
populations had declined to less than 500 birds in three populations {USFWS 1992), and the
recovery team for the species initiated a captive breeding program. Eggs and isolated adults
were collected from the wild, and in 1993 the first APC chicks were produced in captivity
(USFWS, unpubl. reports),

The goal of the captive breeding program is three-fold—to provide a reservoir of genetic material
in case of extinction in the wild, to produce birds to supplement the two remaining wild
populations on the Attwater's Prairie Chicken National Wildlife Refuge and The Nature
Conservancy's Texas City Prairie Preserve, and to reintroduce APC into currently unoccupied
restored habitat. To date, captive-reared birds have been used to supplement the two wild
populations with moderate success. As the five captive breeding facilities increase thelr
production capabilities, the recovery team hopes to begin repatriation of former habitat with
captive-reared birds (T. Rossignol, pers. comm.).

Historically, reintroduction efforts with prairie grouse have achieved only limited success. Ina
review of translocation efforts, Snyder et al. (1989) found that only about one-third were
successful in the long term. Other analyses of reintraduction efforts have consistently shown that
habitat quality plays a major determining role in the ultimate success of reintroduction efforts

{Griffith et 1. 1989), and habitat assessments are a common precursor to reintroduction efforts



(Bishop 1687). Several features may be considered important in ranking habitat quality for prairie
grouse and other grassland birds, including (1) vegetational characteristics, such as species
compeosition, life-form, floristics, height, density, and dispersion; (2) abundance of insects and
other food sources; (3) predator abundance; and (4) habitat patch size, fragmentation, and edge
infiuences (Lehman 1941, Lehmann and Mauermann 1983, Jones 19863, Yeatter 1963, Evans
and Gilkert 1969, Robel et al. 1970a, Chamrad 1971, Kirsch et al, 1973, Kessler 1978, Cogar et
al. 1977, Cogar 1980, Horkel et al. 1981, Lawrence 1982, Buhnerkempe et al. 1984, Johnson and
Temple 1986, Morrow 1985, Toepfer 1988, Johnson and Boyce 1990, Mankin and Warner 1992,
Riley et al 1992, Burger et al. 1994, Lutz et al. 1994, Herkert 1994, Heske 1985, McKee 1885,
Pasitschniak 1995, McKinney 1996, Morrow et al. 1896, Peterson and SHivy 1896, Griffin et al,
1997, Bock et al. 1998, Merrill et al. 1998, Westemeier and Gough 1999, Jamison 2000, Niemuth
2000, Winter et al. 2000).

This study attempls to assess the sultability of three sites identified by the APC Recovery Team
as potential reintroduction sites. In addition, this study makes comparisons between the
suitabllity of various habitat types found on the sites and assesses the influence of management
history on habitat suitability. Specifically, the study seeks to assess which sites and habitats
meet the following habitat goals.

HABITAT GOALS

1} Vegetative structure
a) variable obstruction of vision in the range of 2 dm.
Several studies have shown that prairie grouse prefer a diversity in grasstand structure, with
sorme minimal screening cover required (Horkel et al. 1981, Jones 1963, Lehman 1941, Lutz
1994, Westemeler and Gough 19389, Momow 1986, Mormow et al. 1996). Obstruction of vision
is commonly used as a measure of grassland habitat structure (Robel et al. 1970). Several
studies have suggested that an OV in the range of 2 dm is optimal for APC (Morrow 1986,
1999, Cogar &t al. 1977, Horkel et al. 1881).



b} avallability of bare ground

Ground-dwelling birds require open spaces at ground level for movement within habitats,
This is especially true for hens and broods. Studies have shown a shift in preference for
open ground classes between seasons, with less open ground (8-25%,) preferred in winter
and spring, and more open ground (51-85%) selected in summer months (Morrow 1988).
Estimates of actual bare ground requirements vary with studies and techniques (Chamrad
1971, Kessler 1978, Cogar 1980, Morrow 1586); therefore this study will simply attempt to
document availability and variability of bare ground.

2) Vegetative composition

a} litter canopy cover <25%

b) woody canopy cover <5%

c) forb canopy cover >5%

d) non-Spartina grass canopy cover >25%
McKee (1295) identified the above habitat preferences in a study of greater prairie chickens in
Missouri. Her recommendations concur with cthers who have found that prairie chickens avoid
areas with high litter accumulation (Kessler 1878, Momow 1986, Westmemeier and Gough 1999).
and woody cover (Lehman 1841), while requiring habitat with some threshotd of forb and grass
cover. Morrow (1986) found selection of areas with higher forb abundance, while Cogar (1980)
found that forbs comprised 38% of the vegetative community in preferred habitats. Momow found
variation in grass cover classes selectively used, but identified a yearly preference for the 28-50%
cover class. Cogar found that grass species made up 58% of the vegetative community in
summer habitats. Although the Texas coastal prairie is characterized by inclusion of salty prairie
areas dominated by gulf cordgrass {Spartina spartinas), both Cogar and Lehman (1941) found

these habitats o be liHtle used in relation to their abundance,



3) Maximize insect abundance

Insects are Important in the diet of many prairie grouse, especially grouse chicks (Jamison 2000,
Lehman 1941, Peterson and Silvy 1986, Davis et al. 1580, Johnson and Boyce 1980, Jones
1963). Lehman found that insects made up 88.5% of the food volume of APC chicks in summer,
while Griffin (1998) determined that captive APC chicks consume 9-16 grams of insects daily.
Whila some researchers have found that insects comprise a smaller percentage of the diet of
adult APC in comparison to other grouse species (Cogar 1980), their contribution to the diet,
especially in the summer, is still significant. Kessler found insects in more than 70% of adult
droppings in the summer, while Lehman and Cogar found that they made up 29% and 7% of the
food volume, respectively. Morrow (1986) found that adult APC selected habitats more abundant

in insects in the summer.

Vegetative characters can be used as predictors of insect abundance. Haddad et & {2001}
found that insect abundance increased with plant biomass, plant species richness, and
abundance of certain forb species. Fire and grazing can also affect insect abundance (Chamrad
1971, Warren et al. 1987, Evans 1988), although effects vary with combinations of treatment and

time elapsed since treatment.

4) Minimize predator density

No research to date has identified predation of adults birds as a limiting factor for T. cupido
(Berger et al. 1963, Hamerstrom et al. 1965); however, numerous studies have found that
predation is the most important contributor to nest failure in ground-nesting birds {mult. Cit. In
Peterson and Silvy 1996 and Jamison 2000). In addition, predation is often implicated in low
survival of captive-reared birds. Numerous species have been identified as predators of APC or
their nests, including opassum {Didelphis virginianus), spotted skunk {Spifogale putorius), striped
skunk (Mephitis mephitis), raccoon {Procyon loter), coyote {Canis fatrans), various raptor species,
great-homed owt (Bubo virginianus), and snakes (Lehman 1941, USFWS 1892, M. Morrow pers.

comm.).



5) Maximize patch size & minimize edges

Many researchers have proposed optima iandscape composition for prairie chickens, usually
based on an estimate of minimum grassland cover required (Christisen and Krohn 1980, mult. cit.
in Toepfer 1988, Niemuth 2000); however, little analysis has been done to suggest exactly how
much habitat is needed to support a prairie chicken population. Lehman (1941) proposed that
good habitat could support one prairie chicken/acre, but did not suggest how many acres shouid
be required In a habitat bfock. Minimal conservation areas ranging from 520 to 1800 hectares
have been suggested (Toepfer 1888, Niemuth 2000, Kirsch 19874), although actual data from
Wisconsin demonstrate that about 5300 hectares supports viable greater prairie chicken
populations (Westmeier and Gough 1999). In fact, the Attwater’s prairie chicken recently { in
2000) disappeared from Refugio county, where at least 9355 hactares of habitat were still
estimated to exist in 1990 (McKinney 1968).

Despite the lack of knowledge of a minimum habitat threshold, much evidence has accumulated
regarding the deleterious effect of habitat fragmentation on grassland species. Nesting success
has been documented to be lower in small habitat patches (Burger et al. 1994, Horkel et al. 1978)
and near habitat edges {Pasitschniak 1995, Burger et al. 1994, Winter et al. 2000, Johnsen and
Temple 1986, Horkel et al. 1978). Grassland birds are also more abundant in larger, interior plots
(Herkert 1994, Bock et al. 1999), while predators are often more abundant near habitat adges
(Winter et al. 2000, Heske 1995). A few artificial nest studies have failed to document such edge
or area effects (Lutz and Sifvy 1980, Mankin and Warner 1992), but the overwhelming consensus
points to a need to maximize patch size and minimize edge for grassland bird survival, Herkert
(1994) suggested a minimal patch size ranging up to 55 hectares for some grassland songbirds,

while Kirsch et al. (1973) suggested patches of at least 65 hectares for prairie chickens.



STUDY AREAS

The study sites were selected based on discussions by the APC Recovery Team regarding
potential release sites based on at least partially publicly-owned properties. In addition, all three
sites have undertaken management in recent years to restore nafive coastal prairie habitat.

Aransas - The 7,000 acre Tatton Unit of the Aransas National Wildlife Refuge was acquired by
donation in 1967. The unit, located in Aransas county, contains approximately 2,000 acres of
prairie habitat (USFWS 1992), with the remainder in wetland and brushiand habitat. .The unit is
bounded on the north by privately-owned non-itrigated croptand, on the west by privately-owned
rangeland currently in a shrub-dominated community, and on the south and east by Saint Charles
Bay. APC were last seen on the Tatton Unit in 1991, when two chickens were recorded. Habitat

management currently consists of an aggressive bum program, including summer bums.

Brazoria - The 30,178-acre Hoskins Mound Unit was added to the Brazoria National Wildlife

_ Refuge in 1981 (USFWS 1892). The unit, located in Brazoria county, contains approximately
11,500 acres of prairie habitat in various stages of management (Miller, unpubl. data), with the
remainder in rice farming, old fields, and wetland habitat. The unit is bounded on the east by
Chocolate Bay, on the south by refuge wetlands, on the west by Austin Bayou and privately-
owned wetlands, and on the north by privately-owned rice fields and heavily-grazed rangeland.
APC were last seen on the unit in 1982. Habitat management consists of buming, taliow-removal

efforts, rice-faming, and haying of selected tracts.

Mac Island - This site is composed of the 7,281-acre Mad Island Wildiife Management Area
owned by Texas Parks and Wildlife Depariment since 1987 and the 7,048-acre Clive Runnells
Family Mad Island Marsh Preserve owned by The Nature Conservancy of Texas since 1993, The
site, located in Matagorda county, is comprised of freshwater to saline marshes, prairie habitats,
and rice-farming tracts. The site Is bounded on the west by privately-owned wetlands and rice

fields, on the north by privately-owned rice fields and shrub-dominated rangeland, on the east by



wetlands and bottorniands of the Colorado River, and on the south by the Infracoastal Canal.
Specific records do not exist regarding APC population estimates for the site; however, local
residents recall seeing prairie chickens throughout the 1670's. Habitat management consists of a
grazing program with imegularly scheduled deferrals, rice-faming, and a prescribed burning

program.

METHODS

Vegetation structure and insect abundance were assessed at each study site in Iate May through
early June, 1997 and 1898. At each study site, sampling locations were randomly selected to
represent the variety of prairie habitat types. A total of 24 locations were sampled at Aransas
NWR {(12in 1987 and 12 In 1998); 27 were sampled at Brazora NWR (14 in 1997 and 13 in
1998); and 24 were sampled at the Mad Island complex (12 in 1997 and 12 in 1998). GPS
readings were recorded at all sample locations.

Vegetation Measures - 1997: A 30 meter transect was established at each sample location.
Vegetation composition was sampled through line intercept readings taken at each 1-meter
interval along the transect. Because vegetation was difficult to identify to species during the
summer sampling period, hits were classed as cordgrass {Spantina spartinae), other grass, forb,
sedge, woody, bare ground or litter. Basal hlts were recorded as 3 measure of basal cover. The
nearest plant species was aiso recorded in order to better sample dominance of each plant class,
according to techniques used at APC National Wildlife Refuge {Mike Morrow, pers. comm.).

Brush density was assessed using a point-centered quarter method. The distance to the nearest
brush species in each quadrant was taken. Results were converted to density/hectare.

Viegetation structure was assessed through the use of a Robel pole (Robel et al. 1970b).
Readings were taken from both sides of the transect at the 10, 20, and 30 meter marks. Visual

obstruction was recorded to the nearest decimeter, and an average OV was estimated based on



the three sample points. A 1 m?quadrat was placed at the 0 meter mark to estimate % bare
grourd. The quadrat was also used to assess plant species richness. The number of different
species occurring in the quadrat were recorded.

Vegetation Measures - 1998: Sampling techniques were modified in 1998, In order to better
sample canopy cover of the different plant classes. A 30-meter transect was again established at
the random Jocation. A 1 m” quadrat was placed at the 10, 20, and 30 meter marks. At each
quadrat total cover was allocated among the categories described above and described as a
percent cover. in additien, “standing dead” was also recognized as a cover class. Resuilts were
standardized to cover classes described by Daubenmire (1958). Sampling techniques for brush
density, visual abstruction, and specles richness remained the same as in 1897, except that
species richness was determined for both one quadrat and for the resuilts of sll three quadrat
locations combined.

Insect Sampling: Insects were sampled used a standard 30 cm sweepnet, according to
accepted techniques {Cogar 1980, Evans 1988, Jamison 2000). At each location three transects
were swept, following along and perpendicular to the vegetation transect. The number of sweeps
were recorded, with a swing representing a swing to the right and to the left. In 1998 an effort
was made to standardize sampling to 75 sweeps at each location. Samples were placed in zip-
lock bags and transported back to the vehicle to be immediately placed on ice.

Insects {including arachnids and snails} were frozen and then sorted to family when possible.
Once sorted, the samples were freeze-dried at least 24 hours and weighed to the nearast 0.001
gram. Samples from all three transects at each location were combined in order to produce a
measurable mass at each location. Results were standardized to an estimated mase/100
sweeps. Resuits were analyzed for {otal insect biomass (all references to "Insect biomass” also
inciude dry weight of Arachnida), total Orthoptera biomass, Acrididae biomass, and Tettigoniidze

biomass, along with insect family richness.

140



Predator Abundance: Late afterncon diurnal raptor counts and nocturnzl predator counts were
conducted along roadways at each site in 1998, following techniques described by Morrow
(1986). Three counts were conducted at each site in late February-early March while driving {one
survey at Brazoria NWR also included a nocturnal count conducted from a marsh buggy). During
the diurnal counts all raptors and other potential predators were counted within alt visible areas:
however, during the nocturnal counts only potential predators seen in the roadway or road right-
of-way were counted because of variation in visibility between sites,

Habitat Mapping: 1995 Digital Orthographic Quadrangle {DOQQ) imagery was obtained for the
three sites. Initial delineation in ArcView 3.2 was based on onscreen interpretation and
interpretation of hard-copy 1995 aerial photography, with the exception of Brazoria, which was
previcusly classified by Miller. Ground-truthing was conducted in the field to confirm or modify
classifications. Vegetative transects conducted by Hays at the Tatton Unit were also referenced.
Prairie habitats were classified as coastal prairie (grass species ratio less than 1 part guif
cordgrass : 2 parts other prairie grass species); salty prairie {ratio greater than 2 pants cordgrass :
1 part other grass); mixed prairie (ratic between 1:2 and 2:1), or old fiefd (previously cultivated
habitats still in a weedy condition). Modifiers of wet or woody were applied where applicable.
Non-prainie areas were grossly classified as wetland, weodiand, cultivated, or other.  Total prairie
areas, average patch sizes, average perimeter to area ratios, and average diversity indices
{McKinney 1996} were calculated.

Statistical Analysis - Rank comparisons were used on all vegetation and Insect data due to non-
normail distributions. Wilcoxon scores were calculated for obstruction of vision (OV), plant
species richness, Daubensmire canopy coverage, insect family richness, and insect biomasses
and compared using the Kruskal-Wallls test. Point intercept vegetation data was compared using
Chi-Square analysis. Multiple Analysis of Vanances (MANOVA) were performed to assess the

effects of multiple variables on insect family richness, insect biomass, QV, plant species richness,
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and brush density. Additional MANOVA analyses were performed excluding the salty prairie
habitats. Insect data collected in this study were compared to data collected on the Attwater's
Prairie Chicken National Wildlife Refuge using ANOVA techniques. Results were considered
significant at the « = 0.05 level. Statistical comparisons have not yet been made on predator
density data or habitat patch data.

RESULTS

Habitat and Insect Characteristics by Vegetation Type

Each of the study sites (and indeed, much of the publicly-managed wildlife land in the Gulf Coast
Prairies and Marshes ecoregion) is found in an area where upland coastal prairie rapidly grades
into wetter salty praiiie. One of the purposes of this study was to determine whether these
different prairie types provide habitat of equal quality for APC, and therefore which vegetation
types should be considered in the final analyses, Each of the 75 sample localities was
characterized as one of four vegetation types at the micresite sampled—salty prairie, coastal
prairie, mixed praire, or old field, based upon the ratio of gulf cordgrass to other upland prairie
grasses and site use history, as described in the methods section.

Results of the habitat characteristics analysis by vegetation type are shown in Table 1 and
Figures 2 through 9. There were statistically significant differences between habitat types for
several variables, including obstruction uf vision, plant species richness, brush density, cordgrass
canopy and basal cover, other grass canopy and basal cover, forb canopy and basal cover,
sedge canopy and basal cover, insect family richness, total insect biomass, and Orthoptera
biomass. Models constructed using MANOVA techniques demonstrated that vegetation type
contributed significantly to the variation in obstruction of vision, plant species richness, brush
density, Insect richness, insect biomass, and Crthoptera biomass (Table 2).

The coastal prairie vegetation type provided the highest quality habitat—meeting all vegetation

and insect goals, with the exception of a slightly-lower than desired obstruction of vision. The
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mixed prairie habitat type met most goals as well, although measures of diversity and insact
biormass were lower at mixed prairie sites than at coastal prairie sites. Old field habitats providad
the highest insect biomass and insect family richness; however, these sites tended to be marginal
in the amount of grass cover and had the highest encroachment of woody species. Salty prairie
was the least suitable vegetation type sampled. Forb canopy cover, plant species richness,
insect family richness, and insect biomass were all lowest in salty praire. Although it providas

adequate structure, salty prairie seems uniikely to meet other habitat needs for APC.

Habitat and Insect Characteristics by Study Site

Results of the habitat and insect analysis by study site are shown in Tables 3 and 4 and Figures
10 through 21. Because of our findings that salty prairle constitutes a much Jower quality habitat,
site characteristics are presented both with and without salty prairie sampling locations included.
With salty prairie included (Table 3) there were statistically significant differences between study
sites for several variables, including obstruction of vision, brush density, vegetation canopy cover,
bare ground basal cover, litter basal cover, and insect family richness. The same variables were
significantly different between sites when salty prairie was excluded (Table 4). In addition, sedge
basal cover differed between sites, and insect blomass differed at a = .06. MANOVA models
indicated that study site —:‘:nntlibuta;d significantly to the variation in obstruction of vision, brush

density, insect richness, Insect biomass, and Orthoptera biomass.

The Aransas site met most habitat goals, especially when salty prairie was excluded. Average
obstruction of vislon approached 2 dm, and brush density was fairly low (Figs. 10 and 11).
Canopy cover classes met objectives identified by McKee {Figs. 14 and 15), and signficant open
ground at the basal area probably reflected the results of a vigorous bum program (Figs. 16 and
17). Insect blomass was highest at Aransas, ranging from 1.3 g / 100 sweeps when salty prairie
locations were included to about 1.5 g / 100 sweeps when sally prairie was excluded from the

analysls (Figs. 18 and 18).

13



The Brazoria site also met obstruction of vision goals; however, average brush density was very
high and average grass canopy cover did nct meet the goal of 25% (excluding Sparfing). These
shortcomings probably represent the influence of significant acreages of old field at Brazoria that
are in various stages of recovery to coastal prairie. Insect biormass at Brazoria was mid-way
between the other two sites at 1.10 - 1.20 g / 100 sweeps,

The Mad Island site differed from the other two sites in several variables—likely reflecting an
ongoing grazing program at the site that was rather intense at some sample locations.
Obstruction of vision averaged about 1 dm, well below APC habitat goals; however, Mad island
had the lowest brush density of the three sites. Non-Sparfina grass cover was somewhat low at
Mad Island, and, while litter was low in the canopy compasition, it made up a significant portion
{~40%)} of the basal hits. Insect biomass was lowest at Mad Island, at about 0.70 g / 100 sweeps.

Habitat Management

Although habitat management treatments were not manipulated in this study, data regarding
management history were gathered at each sample location and examined along with other
variables in the modeis generated by MANOVA. Results indicate that bum history may affect
structure (as reflected In obstruction of vision), plant species richness, insact family richness and
brush density (Table 2b). in mntr&st to some previous studies, this study did not detect an effect
of buming on insect biomass {Cﬁamrad 1971} ar forb density (Kessler 1978). The effects of
study area on structure, brush density, insect richness, insect biomass, and Orthoptera biomass
may reflect an effect of grazing, as Mad lsland was the only site currently being grazed.

Predator Abundance
Results of roadside predator sampling are presented in Table 5. Eight species of potential
predators on APC or their nests were recorded during diumal surveys in late aftemoon, including

four raptors, two wild camivores, one feral carnivore, and feral pigs. A total of eight potential
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predator species were recorded during nocturnal spotlight surveys, including opassum, three wild

carnivores, two feral carivores, feral pigs, and undetermined owl species.

Density results for diurnal raptors ranged from 0.65 km / raptor at Aransas to 2.45 km / raptor at
Brazoria. Density resulis for hoctumal camivores ranged from 5.06 km / camivore at Brazoria to
9.33 km / carnivore at Aransas. Density resuits for feral hogs ranged from 1.08 km / pig at
Aransas to no feral pigs seen at Brazoria. Densities of camivores were somewhat higher at all
sites when compared to densities of 22.5 km / predator recorded at APC NWR (Morrow 1986).
Direct comparison between sites is likely to be difficult, however, as the types of rcadways and
visibility varied greatly between sites.

Habltat Patch Characteristics

Current habitat type maps for Aransas and Mad lsland based on interpretation and ground-
truthing of DOQQ imagery (Figures 26 and 32) are presented in Figures 27 and 33. A current
habitat type map for Brazoria bazed on gru_und»tmthing of DOQQs (Figure 29) and updating
earlier mapping efforts by Miller {Figure 30} is presented in Figure 31. Summary statistics for
total habitat area and habitat patches are presented in Table 6 and Figures 22-25. Current
habitat is defined to include coastal prairie, mixed pralrie, old field, and moist coastal and mixed
prairies. it does not include salty prairie, woody prairies, or wetlands. Although croptands,
especially fallow rice fields, are used by APC (Lehman 1841, Kessler 1978), they are not included
in the habitat estimates at these study sites. An estimate is also made of potential habitat, which
includes current habitat plus woody coastal and mixed pralries that might be improved with

burning of brush removal.

Total habitat areas of all types are highest at Brazoria, the largest of the study sites (Fig. 22).
Approximately 4700 hectares of habitat are curently available there, of which 1530 hectares are
coastal prairie. Habitat potential is 5500 hectares. Aransas offers about 1800 hectares of current

habitat, including about 500 hectares of coastal prairie. Habitat potential at Aransas is 1900

15



hectares. The Mad lsland complex Includes about 850 hectares of current habitat, including 250

hectares of coastal prairie. Habitat potential is about 1300 hectares.

Mean habitat patch size is fairly constant at Aransas at 57 to 66 hectares (Fig. 23), and
approaches the minimal patch sizes recommended by Kirsch (1973). Patch sizes are
consistently much smaller at Mad Island, ranging from 17 to 28 hectares. Patch size is much
more variable at Brazoria, ranging from a mean of 20 hectares in coastal prairie to a mean of 83
hectares in old field. Perimeter to area ratios are alse much more variable at Brazoria, especially
for coastal pralrie (Fig. 24). This variability may be a reflection of more detailed habitat mapping
performed by Miller, rather than an indication of smaller habitat patches with more edge at
Brazoria. Further analysis of the juxtaposition of patches and types of edges is needed before
conclusions may be drawn. Lower diversity Indices (DI} at Mad island indicate that patches there
tend to be more regular and landscape-filling in shape {Fig. 25). Patches of mixed pralrie and old
field habitat at Brazoria and patches of old field habitat at Aransas tend to be less regular in
shape.

CONCLUSIONS AND RECOMMENDATIONS

1) The Aransas site met most habitat composition and struciure gaals, and was the most
productive site for insects. It appears that a summer bum program at this site has been
successful in restoting good APC habitat. Two concems may need to be addrasséd at this
site In ortler to improve it as an APC release area. First, this site had the highest measured
concentration of predatars. In addition, since tha completion of this study, an Aplomado
falcon (Faleo femoralis) release program has been initiated at the Tatton Unit. Predation
would need to be closely monitored during any APC releases. Secondly, although habitat
paich size is satisfactory at Aransas, total habitat svailable may be insufficient. The Tatton
Linit was once contiguous with a much larger patch of coastal prairie habitat (Figure 28;
McKinney 1§96}. If APC are released at Aransas, then efforts should be made to work with

adjacent landowners o reduce brush encroachment and restore coastal prairie habitat.
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2)

3)

4)

The Brazoria site has the greatest acreage potential for APC habitat, but faces some
management needs regarding woody species. The best coastal prairie habitats are cumently
fragmented from each other by unsuitable habitat, and the site is also dissected by major
roadways. This site may have the best long-term potential for APC establishment, especially
since some potential habitat exists north and east of the refuge, but intensive management
will be required fo bring habitat into condition and to maintain it.

The Mad Island complex failed to meet several of the habitat goals, including structure, grass
cover, and litter reduction. The lower biomass of vegetation on the site probably also
contributed to the lower insect biomass. If APC restoration were to take place at this site,
then grazing pressure might need to be reduced and fire used a {ittle more frequently to
reduce litter at ground level. In addition, fotal habitat area available at Mad Island might be
insufficient. APC released there might be able to make use of fallow rice fields during some
periods of the year, but efforts should also be undertaken with neighboring landowners to

improve native prairie habitats through grazing management and brush management.

The results of the insect sampling in this study add to some of the concerns that hava been
raised regarding camying capacity of remnant Texas coastal prairie, especially for APC
chicks. Blomasses recorded in this study in coastal prairie and old field habitats were similar
to biomasses sampled at APC NWR in the last two decades (M. Morrow, pers. comm.);
however, Griffin et al. (1998) suggested that insect levels at APC NWR were much less than
weights measured by Cogar in Refugio county in the 1970's and would be insufficient to meet
needs of growing APC chicks. This study does not shed any light on the causal factors
implicated by Griffin et al., such as red imported fire ants {Solenopsis invicta), cattle egrets
{Ardea ibis}, or pesticide use, but it does offer some management implications. As in
previous studies (Jones 1963, Haddad et al. 2001), insect productivity seems linked to forb

diversity. It may be possible to increase insect biomass by using disturbance to increase forb



diversity. Insect abundance assessments will have to be standardized and long-term, as this
study and others have shown that populations can fluctuate dramatically from one year to the
next (M. Morrow, pers. comm; M. Quinn, pers. comm.). It may be possible to monitor insect

productivity indirectly through monitoring forb abundance and diversity.

5) This study found a definite difference between different prairie types, with coastal prairie
supparting a more diverse forb and insect community and greater insect biomass than salty
prairie dominated by Spartina spartinae. Many of the publicly-owned wildlife areas are found
near coastal wetlands where salty prairie makes up a large proportion of the prairie habitat,
A new conservation emphasis may need to be placed an prairie habitat and AFC restoration
in more inland areas. In addition, given the limited acreage available in all these study sites
and the increasing consensus that large tracts may be necessary for the conservation of
prairie bird species, emphasis should continue on efforts to engage privats landowners in

praitie conservation and restoration.
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Table 1. Habitat characteristics of four vegetation types at three potential reintroduction sites for Attwater's prairie chicken, coastal Texas.

CoSTal  ¢oppry MG oy Sally Kruskal-
Prairie  prajje st Praitie  praifes¢ Prairie  prjrie 5¢ Old Field ojg oty Wallis
Avg Dev Avg Dev Avg Dev Avg 5t Dav P-value

Robeal {dm) 1.38 1.10 1.36 073 1.83 1.09 1.83 1.20 0.1485

Plant species richness { (1 m?) 0.42 224 7.80 2.60 528 2.68 8.88 225 <.0001

Plant species richness / (3x 1 m®) 16.11 491 13.25 3.85 917 501 15.29 4.15 0.0148

Brush density {/ha) 52.40 73.05 2783 2320 242.41 78167 938,52 210345 0.0003

% bare ground canopy cover 22.00 18.86 28.75 22.59 21.28 21.57 2540 2297

% litter canopy cover 6.11 7.52 5.54 .80 12.25 1512 4.28 551 0.1201

% standing dead canopy cover 10.33 1011 14.08 1018 4.58 525 15.29 1059 :

% vegetation canopy cover 56.56 14.08 53.34 16.43 61.58 19.70 68.86 12,18 05413
%condgrass canopy cover 5.68 6.04 21.18 787 4777 2158 337 E74 <0001
%sother grass canopy cover 3022 14.88 20.20 10.73 3.75 515 2347 7.30 0.0008
%forbs canopy cover 15.33 744 10.71 553 7.58 521 26.18 13.00 0.0310
%sedges canopy cover 5.34 6.04 1.25 1.76 1.82 4.01 13.49 864 0.0022
%woody canopy cover 0.00 000 0.00 .00 0.56 1.93 2.37 627 0.5919

Chl-square

basal hits - bare ground 37.78 28.10 28.57 43.70 0417

basal hits - litter 25.78 32.86 38.10 2370 0.0004

basal hits - vegetation J6.44 36.05 33.33 32.59 00893
bazal hits - cordgrass 289 12.86 23,38 1.1 <0001
basal hits - other grass 22.87 15.24 3.81 18.67 <0001
basal hits - forbs 511 5.71 8.19 4.81 07323
basal hits - sadges 578 524 0.895 10.00 0.0008
basal hits - woody 0.00 0.00 0.00 0.00

basal nearest = cordgrass 7.24 2662 57.43 2.15 < (001

basal nearest - sther grass 56.80 35.76 10.33 48,59 <0001

basal nearest - forbs 20.87 20.85 28.52 19.56 0.0856

basal nearest - sedges 15.98 16.67 .M 2859 = 0001

basal nearest - woody 0.00 0.00 0.00 0.00

KW

Insect famlily richness 18.58 4,74 19.50 502 8.60 404 20.09 o444 00109

Insects/100 sweeps (g) 1.10 071 0.90 090 043 039 173 1.27 0.0001

Orthopteral/100 sweeps (g) 0.60 0.50 0.60 0.87 0.20 0.31 1.20 1.23 0.0004

Acrididag/100 sweeps (g) 0.22 018 0.31 0.53 0.11 015 068 0.86 0.0232

Tettigonildaa/100 sweeps (g) 0.37 046 0.28 (L6t 0.08 020 0.50 0.54 0.0010




Table 2a. Best-fit models for sefected insect and habitat variables at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas. Table depicts P-values resulting from SAS GLM multiple analyses of
variance,

Plant
Insect Insect Orthoplera Structure Species Brush
Richness Biomass Biomass {OV} Richness Density
Model 1 - Structure
Overall Model 0.0002 <0001  <.0001
R 0.6050 0.6301  0.5368
Study Area 0.0115 a.0016 0.0133
Veg Type 0,0042 G.1282 0.1588
Year 0.0146 <0001 <0001
Julian Date 0.78086 0.2242 0.3871
Obstruction of Vision 0.7814 0.0174 0.2157
Flant Species Richness 0.0364 0.0013 0.0138
Brush density 0.1837 0.0906 0.0547
Model 2a - Vegetative Composition
Overall Model 0.6404 0.0521 0.1786
R? 0.6844
Study Area 0.0115
Veg Type 0.8032
Julian Date 0.6754
Obstruction of Vision 0.5002
Plant Species Richness1 . 0.5974
Plant Species Richness3 0.4719
Brush Density 0.0737
Dead Canopy Cover 0.8312
Vegetation Canopy Cover 0.9083
Cordgrass Canopy Cover 0.9070
Other Grass Canopy Cover 0.2851
Fort Cancpy Cover 0.0711
Sedge Canopy Cover 0.8075
Model 2b - Vegetative Composition without Salty Prairie
Overall Mode! 0.3953 0.0615 0.0268
R? 0.8738  0.8051
Study Area 00034  0.0020
Veg Type 0.9501 0.1533
Julian Date 0.2080 0.1160
Obstruction of Vision 0.2647 0.2058
Plant Species Richness1 0.0493 0.0303
Plant Species Richness3 0.4389 0.8858
Brush Density 0.0818 0.0278
Dead Canopy Cover 0.2766 0.1860
Vegetation Canopy Cover 0.2667 0.2042
Cordgrass Canopy Cover 0.3660 0.0911
Other Grass Canopy Cover 0.3656 0.4251
Forb Canopy Cover 0.1934 0.8381

Sedge Canopy Caver 0.9973 0.1152
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Table 2b. Best-fit models for selected insect and habitat variables at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas. Table depicts P-values resulting from SAS GLM multiple analyses of
variance.

Flant
Insect Insect Orthoptera Structure Species Brush

Richness Biomass Biomass (OV) Richness  Density
Model 3a - Management
Overall Model 0.0011 <,0001 =.0001 0.0013 =.0001 00001
R? 0.8128 06245 06125  0.3926 05146  0.4543
Study Area® 0.0888 06231 06719 00012 01055 0.0166
Veg Type 0.0010 0.0008 0.0023  0.1338 <0001  D,0O08
Year 0.0062 <0001 <.0001 03394 07838 (08975
JulianDate 0.4353 00332 00724 09735 0.0535 0.0531
Burm in last 1 year 0.6496 0.1751 016865 0.0005 0.6975 0.9163
Bum in last 2 years 0.3192 0.7075 0.5238 0.0200 00180 0.9025
Bumin last 3 years 0.7919 0.3401 D.2698 0.2621 0.1703 0.8048
Hayed 0.0812 0.0627 0.0714 0.5458 0.0528 0.5412
Model 3b - Management (without year)
Cwerall Model : 00002  0.0067 0.0031
R? 07078  0.5869 0.8187
Study Area* 00002 06405 0.0150
Veg Type 0.0325 0.0095  0.1200
JulianDate 0.3872 00382 0.2788
Burn in last 1 year 0.0013  0.3851 0.1432
Bum in last 2 years 0.0765 00138 0.1142
Burn in last 3 years 0.9221 0.0583 0.1985
Hayed 0.3555 0.0604  0.2785
Model 3¢ - Management without Salty Pralrie
Overall Model 0.0089 0.0014 0.0092
R? 0.5616 0.7973 0.7253
Study Area® 0.0042 0.0643 0.0445
Veg Type 0.2566 07078 0.3484
Year 0.0005 ot Inchuded not inchuded
JulianDate (.7938 0.4208 0.8138
Bumn in last 1 year 0.1358 0.0051 0.2350
Burmn in last 2 years 0.0165 0.5850 0.0308
Bum in last 3 years 0.0997 0.2434 . 0.0833
Hayed 0.0184 0.3B85 0.1184
Model 3d - Management including APC NWR data
Overall Model <.0001
R? 0.4310
Study Area* 0.2823
Veg Type 0.0026
Year =.0001
JulianDate 0485
Bumn in last 1 year 02239
Bumn in last 2 years 0.2404
Burm in last 3 years 0.3587

*reflects a management fype, since only Mad Island was grazed.
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Table 3. Summary vegetation and insect statistics at three potential reintroduction sites for Attwater's Prairie

Chicken, Texas Gulf Coast.

Aransas Brazora Mad Island P-value
MEANS stoEv  MEANS STDEv MEANS STDEV  Kruskal-Wallis

Robel {dm) 1.84 1.18 1.83 .98 1.04 0.89 0.0014

Species richness (1 m?) 7.83 2.65 7.85 3.65 8.21 232 0.8765

Specles richness (3 x 1 m?) 12.33 514 14,69 6.51 12.67 4,60 0.4363

Brush density (tha) 285.57 72788  500.35 1609.38 3200 2951 0.0004

% bare ground 2517 2120 15.82 18.42 30.50 2139

% litter 958 125 9.64 11.63 4,58 7.81 0.4860

% standing dead 10.00 105 13.80 834 7.08 7.89 :

% vegetation g8.00 1257 62.51 12.89 492.00 18.02 0.0051
%ecomigrass 21.22 2148 22.41 26.63 23.03 22.34 0.6281
Yother grass 2318 71758 17.46 12.47 11.72 11.19 D.2641
Seforbs 1592 1483 16.056 10.09 11.22 520 0.5029
“sedges 5.82 8.27 8.51 6.68 3.03 5,89 0.5032
Yowoody 1.94 500 0.08 0.28 0.00 0.00 01173

Chl-aguare

% hits - bare ground 50.28 32.88 24.44 <.0001

%% hits - litter 12.22 33.10 40.56 <0001

% hits - vegetation 37.50 34.05 35.00 0.7181
% hits - cordgrass 7.22 6.67 10.00 0.2220
% hits - other grass 18.89 14.52 15.11 0.3245
% hits - forbs 5.28 5.48 5.28 0.9893
% hits - sedges 6.11 7.38 3.61 0.0873
% hits - woody 0.00 0.00 0.00

°% nearest - cordgrass 14.44 20.64 2117 0.0645

% nearest - other grass 47.78 3743 43.75 0.0823

% nearest - forbs 18.44 231 23.08 0.4474

% nearest - sadges 19.72 18.57 11.82 0.0404

% nearest - woody 0.00 0.00 G.00

; - Kruskal-Wallls

Ingect family richness 15.80 4.62 20.65 56T 16.78 4.35 0.0102

Insects/100 sweeps (g) 1.30 1.28 1.08 0.80 0.64 0.43 0.1422

Orthoptera00 sweeps (g) 0.9% 1.20 0.58 057 0.29 0.28 0.1287

Acrididael/10D sweeps (g) .45 073 0.30 0.45 0.18 015 0.5878

Tettigoniidae/100 sweeps (g) 0.52 0.69 0.27 0.34 0.12 0.18 0.0737
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Table 4. Summary vegetation and insect statistics at three potential reintroduction sites for Attwater's Prairie Chicken,

Texas Gulf Coast Results exclude data from salty prairie vegetation type.

Mad Island -

Aransas - without Brazoria - without  without salty
salty prairie salty prairle prairle P-value
MEANS STDEV MEANS STDEV  MEANS STDEV  Kruskal-Wallis

Robel {dm) 1.74 1.25 177 066 100 099 0.0061

Species richness (1 m?} 847 230 919 275 894  zo2 0.5017

Species richness {3 x 1 m?) 13.13 4.58 17.30 4.19 1471 435 0.1676

Brush density {/ha) 143.76 23431 60596 182032 28.18 2486 0.0052

% bare ground 2795 22e4 1642  17.35 3025 2172

% litter 713 a1 6.73 7. 343 g.22 0.8222

% standing dead 12.38 12.00 18.47 5.69 1000 g.07 :

% vegetation 69.75 1269 59.77 B.74 48.00 1542 0.0060
Yecordgrass 7.91 prr 10.90 9.97 10.85 1138 0.5501
%other grass 3257 13.07 2120 1111 1833 1008 0.0744
%forbs 18.00 17.1% 18.67 837 13.52 4.38 0.8248
%sedges 8.3z 9.23 7.90 7.04 18 &t 03544
%woody 2.08 587 0.10 0.32 0.00  oo0 0.3456

Chi-square

% hits - bare ground 50.81 3545 23.33 <.0001

% hits - litter 12,73 29.08 41.11 =,0001

% hits - vegetation IBET 3545 35.56 0.0140
%5 hits - cordgrass 5.15 3.03 593 0.6970
% hits - other grass 19.39 18.48 20.00 0.2169
% hits - forbs 5.45 4.85 519 08353
% hlis - sedges 6.67 8.09 444 0.0023
% hits - woody 0.00 0.00 0.00

% nearest - cordgrass 10.30 .09 13.67 0.6778

% nearest - othar grass 49.09 47 64 54.00 0.0523

% nearest - forbs 20.61 21.73 18.89 0.0103

% nearest - sedges 21.52 23.36 13.33 =.0001

% nearest - woody 0.00 0.0Q 0.00

Kruskal- Wallis

Insect family richness 16.92 3.68 21.37 4.50 18.14 318 0.0132

Insects/100 sweeps (g) 1.53 1.33 1.31 0.75 072 050 0.0561

Orthoptera/ 00 sweeps (g} 147 1.27 0.72 0.58 034 o029 0.0710

AcrididaeM 0D sweeps (g) 0.53 0.50 0.37 0.48 0.18 018 0.5811

Tettigonlidae/100 sweeps (g) 0.62 0.74 0.34 0.36 0.14 018 0.0663
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Figure 1. Locations of current Attwater's prairie chicken populations and potential reintroduction study site:



Obstruction of Vislon by Vegetation Type
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Figure 2, Obstruction of Vision {OV) mean values of four vegetation typas at three potential reintroduction sites
for Attwater's prairie chicken, coastal Texas.
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Figure 3. Mean brush density for four vegetation types at thres potential reintroductions sites for Attwater's
prairie chcken, coastal Texas.



Plant species richness / (1 m%)

Figure 4. Mean plant species richness f m? for four vegetation types at three potential reintroduction sites for
Aftwater's praife chicken, coastal Texas.
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Figure 5. Canopy composition of four vegetation types at three potential reintroduction sites for Attwater's praire
chicken, coastal Texas.
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Percent Basal Cover by Vegetation Type
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Figure 6. Percent basal compasition of four vegetation types at three potential reintroduction sites for Attwater's

prairie chicken, coastal Texas.

Plant Basal Dominance (Nearest Neighbor) by Vegetation Type

100%%

0%

% Dominance

. .

Coastal Mixed Praie Sally Praiie  Old Field
Prairia -

Vegetation Type

M basal nearest - sadgés
basal nearest - forbs

basal nearest - other |
grass '

B basal nearest - cordgrass

Figure 7. Percent composition of nearest plant to point intercepts in four vegetation types sampled at three

potential reintreduction sites for Attwaler's prairie chicken, coastal Texas.
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Insect Family Richness by Vegetation Type
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Figure 8. Insect family richness by vegetation type at three potential reintroduction sites for Attwater's prairie
chicken, coastal Texas.

Insect Biomass by Vegetation Type
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Figure 8. Insect biomass in four vegetation types sampled at three potentlal reintroduction sites for Attwater's
prairie chicken and in two vegetation types at the Attwater Prairie Chicken National Wildlife Refuge, coastal

Texas.
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Obstruction of Vision by Study Site
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Figure 10, Mean Obstruction of Vislon (OV) values at three potential reintroduction sites for Attwater's praire
chicken, coastal Texas. Results depict means bath including and excluding salty prairie vegetation type.

Brush Density {/ha) by Study Site
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Figure 11. Mean brush densities {(#ha) at three potential reintroduction sites for Attwater's prairie chicken,
coastal Texas. Resulis depict means both including and excluding salty prairie vegetation type.
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Plant Species Richness by Study Site
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Figure 12. Mean plant species richness / m? at three potential reintroduction sites for Attwater's prairie chicken,
coastal Texas. Results depict means both including and excluding salty prairie vegetation type.

Insect Family Richness by Study Site
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Figure 13. Mean insect family richness / 100 sweeps at three potential reintroduction sites for Attwater's prairie
chicken, coastal Texas. Results depict means both including and excluding sally prairie vegetation type.
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Canopy Composition by Study Site
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Figure 14. Canopy compositicn at three potential reintroduction sites for Attwater's prairie chicken, coastal
Texas.

Canopy Composition by Study Site, excluding Salty Prairie
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Figure 15. Canopy composition at three potential reintroduction sites for Attwater's prairie chicken, coastal

Texas. Results excluda salty prairie vegetation type.
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Percent Basal Cover by Study Site
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Figure 16. Percent basal composition at three potential reintroduction sites for Attwater's prairie chicken, coastal
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Figure 17. Percent basal composition at three potential reintroduction sites for Attwater's prairie chicken, coasta!
Texas. Results exclude salty prairie vegetation type.
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Plant Basal Dominance - Nearest Neighbor
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Figure 18. Percent composition of nearest plant to point intercepts at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas.,
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Figure 19. Percent compaosition of nearest plant to point intercepts at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas. Results exclude salty prairie vegetation type.
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Figure 20. Mean insect biomass {dry weight in grams / 100 sweeps) at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas.

1.80

Insect Biomass by Study Site, excluding Salty Pralrie

1.60

1.40 4

1.20 4

1.00 4

0.80 +—

0.60 -

Grams [ 100 Sweoops

0.40 1

0.20 -

0.00 -

Aransas

Mad Island

Study Site

B Insects/100 swee;-:-n;{g)

& Orthoptera/100 sweeps
(9)
B Acrididae/100 sweeps (g)

[ Tettigoniidae/100 sweeps
(9)

Figure 21. Mean insect biomass {dry weight in grams / 100 sweeps) at three potential reintroduction sites for
Attwater's prairie chicken, coastal Texas. Results exciude salty prairie vegetation type.
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Table 5. Results of roadside predator surveys at three potential reintroduction sites for Attwater's prairie chicken,
coastal Texas.

Aransas Brazoria Mad Island APC NWR

DIURNAL

Km surveyed 28 54 69

*Northern Harrier 38 11 28

*White-tailed Hawk 4 5 3

*Red-tailed Hawk 8 9

*Uniknown buteo ; 1 8

Meriin 1
- American Kestrel 2 8 S

Dark-shouldered Kite 3

Caracara 5

Striped Skunk 3

Bobcat 3

Feral cats 1

Feral pigs 26 8

Kmfraptor* 0.85 2.45 1.5

Km/carnivore 9.33 54 23

Km/feral pig 1.08 na 11.5

NOCTURNAL

Km surveyed 28 60.7 69

Opossum 3 1

Raccoon 1 3

Striped Skunk 1 1 5

Coyate 1 4

Feral cats 1

Feral dogs 2

Unknown 1

Feral Pigs 24

Owls 3 1 1

Kmi/camnivore** 8.23 5.06 7.67 225

Kmiferal pig na na 2.88

Km/owl 9.33 60.7 89

*these four were the only raptors considered to be predators on APC.
*inciudes opossums; APC NWR data also includes amadillos.
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Table 6. Attwater's prairie chicken habitat patch characleristics at three potential reintroduction sites, coastal
Texas.

Arangas Brazoria Mad Island

Total Study Area (ha} 2069 13876 5464
Coastal Prairie
Total area (ha)} 476 1531 254
Number patches 8 75 2]
Mean patch area (ha) 59 20 28
Std. dev. 87 40 53
Mean P/A ratio 0.0091 0.2335 0.0225
Std. dev. 0.0048  1.5682 0.0176
Mean Diversity Index 1.4843 1.70568 1.4646
Std. dev. : 0.3182 0.9721 0.3434
Mixed Prairie ;
Total area {ha} 511 715 486
Number patches g 15 18
Mean patch area (ha) 57 48 27
Std. dev. 59 40 27
Mean P/A ratio 00094 0.0154 0.0131
Std. dev. D.0050 0.0075 0.0051
Mean Diversity Index 16095  2.4622 1.4778
Std. dev. 04340 1.1144 D.3296
Old Field
Total area (ha) 780 2235 34
Number patches 14 a7 2
Mean patch area (ha) 86 83 17
Std. dev. 108 125 16
Mean P/A ratio 0.0169 0.02654 0.01389
Std. dev. 0.0074 ©.02204 0.00841
Mean Diversity index 2477 21944 1.2471
Std. dev. 1.333¢ 1.4183 0.0780
All Current Habitat*
Total area (ha) 1825 4658 946
All Potential Hablat*
Total area (ha} 1522 5464 1268
Cropland {Rice)
Total area {ha) 0 456 814

*Includes all currently suitable habitat, including wet prairie. Excludes sally prairie.
"Includes woody prairie which could be made suitable with habitat management. Excludes salty prairie.
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Figure 22. Total area of all habitat types at three potential reintroduction sites for Attwater's prairie chicken,
coastal Texas.
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Figure 23. Mean patch size of different vegetation types at three potential reintreduction sites for Attwater's

prairie chicken, coastal Texas.
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Mean Perimeter to Area Ratios by Habitat Type and Study Site
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Figure 24. Mean perimeter to area ratios of different vegetation types at three potential reintroduction sites for
Attwater's prairie chicken, coastat Texas.
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Figure 25. Mean diversity indices (Mckinney 1986) of three different vegetation types at three potential
reintroduction sites for Attwater's prairia chicken, coastal Texas.
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Figure 26. Aerial photography of the Aransas study site. DOQQ 1995 image.



Aransas NWR - Tatton Unit
Current Vegetation with Sampling Points
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Figure 27. Classification of potential Aftwater prairie chicken habitat based [ | Tatton.shp
on DOQQ 19985 image - Aransas NWR, coastal Texas.




Aransas NWR - Tatton Unit
Surrounding Habitat 1990 vs. 1955
(from McKinney 1996)
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Figure 28. Aransas NWR - Tatton Unit and surrounding hdbitat in 1990 in Aransas and Refugio
counties, Texas. From McKinney 1996,



Figure 29,

Brazoria NWR - Hoskins Mound Unit
1995 DOQQ
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Figure 30.

Brazoria NWR - Hoskins Mound Unit

Potential Vegetation
(from Miller 1983)
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Figure 31.

Brazoria NWR - Hoskins Mound Unit
Current Vegetation
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Figure 32. Mad ISIand Complex
1995 DOQQ
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Figure 33.

Mad Island Complex
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Appendix 1 - Habitat data by sampling location



Aransasga7

Site ANA] ADZA[ ADIA] ADMA] ADSA| ADEAT ADTA| AOBA] ADBA] ATDA[ AT1A] AlZA]
Date §7-05-30] 97-05-00| §7-05-30| 67-05-30| BT-0B-12| B7-06-12 §7-06-12) WT-08-12] er-07-10 97-07-10] w7010 970710 19T
Habitat type coastal| cosstal| comstal| oldfield|  mix mix| cidfietd] cidfied| caneid| ciateld]  me  eaity|  MEANS|STDEV
Robel{dmy | 1] — 1] 076 05 18] 083 051 15 T | T ) 1.11] 0.451751
| peuies riohrwes (t m2) 14 8 8 8 ] gl 8 7 8 11 8| 6] __ 6.58] 2.193308
|Emecis nenoss i3 x 1wy na na na na| na nal nal na na naf, nal na “najna
Brushdensityha) | 154] 13| 348 340| 196 1521 248] na| 446 102| 114] 114  &7.40] 87.3811
% bare ground | sae1 5 seow dO] e 459 65 5| ess B 7555 56 e 50 e 30 [ S0 = 30| S10 ay_qgi 18.93835
] i i !
hits - bare ground _ S| B 1 [ A e 10| e | B 10 i 2 14| 8] 21 15 14 50.27778] :
hits - liiter ] B E 1] 2 ] 15 ] ] T 13 ¥ z 2 12.22222
hits - vepetation = 5E] 11 5] t2 e ] 12 7l 12 9 B[ 13 14 37 st
L8 = VG |
" hits - cordgrass_ oI HE T [ 3 5[0 0 [} 5 8] 7.222222
hits - other grass [ B T 15 B 4] 4 4 4 ] 6| 5 4] 1680885
" hits - forbs 4 2 1 4 i 0 Fli=ak 1 0 2 1| 5.277778]
_ hits - sedges 0 1 Rl B FTH 3 1 7 1] (] e ol BATII1Y]
hits-woody 1 4 {]u o) o] 0 0 o o 0 o o 0 ]
naarest - cordgrass 4 1 aE‘ ol 8 6 o o 0 4| a4l B[ 144444
nearest - other grass 16 17 215 | i 1 1| ] 7 % ] 20 18] 8 10] 47.77774
nearest - forbs ] e e e e e k) [ [T, §| 2] 1944444
nearest - eedgas St | ool 2 | FR 1 [ 3 iR 8 1 18 T ] 2 0| 18.33333
naarest - woody ¥ 4] 0 1] 1] 1] ] 0 0 [1] )
Sweeps 73 BT P ] Py e ) e 5 P ) By ] ] B T a5
lingsct famlly richness 18 na 19 20| 2D 15 nai na 17 297 na 18.57 | 2.070187
linsects/100 sweeps {g] | 213] 1s80[ 128] 213] 063 302] 4.35] 4.20] 1.34] 2.85 1.57 2.27| 1.208587
[Orthopleralino sweeps g} 1.94] 120| 095 0.70] o040 282] 404] 362| 056 247 1.31 1.82] 4.255567
Acrididae/100 sweaps [g) 017] 0323] D22| DO04[ 011 047 170] 2.79] 0.15] 206 0.51 0.77| 0.952574
| Tattigonlidac/100 sweeps (g) 1.77] 097] 073| 064 0.28] 235] 210] 082 041 035 | 080 1.02} 0.715103]
i | i 1
¥rs. sinca last bum 05 05] 05 05 2 | e 3 e ] | e >3 1 HEEEE] R
BurnType L WIN] WIN| WIN] WIN] BUMI SUM SUM| SUM| SUM |
¥rs. since last hayed LY MA NA T NA  NAT _ NA ___HA NA HA MNA MNA|  NA
Digturbance in last 1 yr? ¥ Y Y i N ¥ [ N e N Y Ml ¥
Disturbance in lagt Z yra? i Ti ¥ i Y Y| g N Y N Y|y ¥
Disturbancea In last 3 yrs? ¥ ¥ i ¥ Y Y Y SHERY N Y |y
Gurrentiy grazed? | ] B B T B N N N M N N N i
Froviously cultivated? N N Nk ¥ N N Y Y] ¥i Y N N 1|




Aranzsashe

She ADS01| ABBO2| ASH03] ASBD4]  ADB05]  ABDBOB|  ADBO7|  AGG0B]  ASB0S]  ADBI0]  ADB11] AGE1Z |

Date 96-05-26 36-05-29 960526 98-05-26 $6-05-15 BE-06-18 36-06-18 S8-08-18 B8-07-07 90707 E8-07-07 S-07-07 1938)

Habltat typa ol Feid coastl coastal sattyl  oided] ok fierd coastal salty a6y mix) el fimid saty]  MEANE|STDEV

FRobel (dm) 57 2B 37 1.3 1.9 17 1.1 28 28 21 21 29 58] 1.234449

Spacids dehrecs (1 m7) ] 10 11 3 10 & 6 4 g 3 10 5 7.08| 293748

Spacien fEchness (321 m2) 10 10 12 6 18 10 20 5 18 _B 16 13 12.33] 5140452

{Brush density {/ha) [T 48.3 248 3480 746 17,1 47.8 18.3 160 35.5 60 14.1] 456.38] 963.53058

% bare ground 4 4 1] 40 2 22 37 3 15 5 12 5 12.42] 1370772

(% litter 8 17 13 0 0] 0 0 a1 o 17 0 7 8.58| 12.55865)

% standing dead 2 2 8 0 28 28 1] 7 2 23 8 12 10.60] 1057441

% vegetation 88 T i 60 Fi'] £0 &3 45 (=] 55 80 (5] 63.00] 12.81335
%ecordgrass 1] 15 7.3 3833333 4] 0| 14.66667 45 53 2% 0.33 54 21.22] 21.48314
"eother grass 18.2 4B 53 0 27| 16.66667] 37.33333] 0.666667 12] 27.33333 B 5] 23.18] 17.58261
Weforbs 48 10 a7 15 15| 21.66667] 10.33333 2 15] 1.666667| 41.68867 7| 15.92] 1483134
%sadges B2 5 13 0 28] 11.66687] 0.666667] 0.333333 3 [i] 5 0.00 5.82| 8.288931
Sewoody 16.6 0 0] 6.688667 0 0 o] 0 0 0 ] 0 1.94] 4.950027

[ 78 7 60 70 i) 63 48 a3 55 80 BB|  68.08| 12.88028

Sweeps - 38 33 3 38 75 i 75 75 75 75 75 75

insoct famlly richness 2 12 12 11 13 19 nal na B 12 nal na] _ 13.38] 4.855156

Insects/100 sweeps (g) 0.85 0.31 0.28 a7 023 1.28 0.24 om 047 0.21 0.70 044 0.41] 0.363864

[Crthoptera100 sweeps (g) 0.40 0.07 0.14 £.01 0.00 1.04 0.14 0.00 0.00 0.08 047] Q.31 022] 0.204381

Acrididael 100 sweeps (3] 0.19 0.04 0.02 0.00 0.00 065 0.14 0.00 0.00 0.05 0.47 031 0.16] (0.214806

Teitigoniidaci100 swesps (g} 0.19] 003 0.13 0.01 0.00 038 0.00 0.00] 0.00 0.03 0.01 0.00 0.07| 0.116217)

¥15. since last burn Z 2 2 1 7 2 1 >4 1| ONK 1] UNK

Burn Typs SUM SUM 5L WiN] __ su SUM WiN SUM Wi

¥rs. since last hayed NA MA NA NA NA MNA, MNA, hA NA, NA

Disturbance In last 1 yr7 N N N ¥ ¥ N Y] N Y Y

[Gisturbance in fast 2 yre7 ¥ ¥ ¥ | Y ¥ ¥ N Y Y

Disturbance In iast 3 yrs7 Y ¥ Y ¥ K Y ¥ N ¥ ¥

Currantly grazed? N 1] N Y] N N N N N N N N

Proviousky cultivatad? ¥ N N N i ¥ N N N N Y N




Brazoriady

Sito BCO1[ BCO3] BCO4| BCDS| BCI0| BFOT| Broz|  Bros| Br10]  BS01] Bo02|  BS03]  Bo04] BS10
Data . ST06-28| 9708-11] 67-011) SeeeT| 0712 9T06-11] 6706-11| ST06-7| wr-7-12] ST-06-11] ST06-1| 07-0628| 970529| 810742 tedT :
Hahitat Type cosstsi| coms| costl] comstal| coastsl| oldfieis] cidfeid| oldfeid| ol feid i saty salty saty] coastil]  MERNS|STOEV
Robel (dm) 29 18] 24 12| 058 13 18 24 26 16] 083 27 15 13| 1.78[ 0.723588
Spacies richness {1 m2) ] R 8 ] 5 10| 10 13 5 10] 4 4 IE=EH 6| 7.00| 3.637412
Spacies richness {3x 1 md) ma  naf na na na|  nal na na nai e na nal  na na 0.00|na
Brush density (fha) 352] 188 259 22| 25B| 518/ T30[ 855 G264 25 14 158 1881 78.8] 728.75| 2177.304]
% bare ground i [i]] 5 10 (1] a0 na 50 3] 0 50| =nae= B0 wse 0 15] 10 16.43] 2213738
hits - bare ground SR 7 | w10 17 9 12 11520 4 K 8| BT 1 H S n Y
hits - litter 18 10 2 9 4 3 0 18 23 7 2B 20 19 2| 3390
hits - vegetation S | D 11 121 4] 18 10 8 6 15 =Ty [ 0] 34.05 |
hits - cordgrass 0 1 2[ 1 d 1} I §| davem 0 ) T 6| T | poarm e 0 &7
hits - cther grass o e 3| s 4 5 7 4 o] 4 4 2 - | 0 o 10] 1452 _
hits - forbs 0 2{ s} ] 2 1 [ Y] F] ) L | ] 2 0, 5a8] =
hits - sedges 2 3 3 | o 8 4 5 2 2 ol 1] 0 0 o 738
hits - woody ] 0 0 Qg 0 0 0 e 0 o o ol 0 0 0.00]
nearsst - cordgrass = | | 4 4 [ ] ] 0 [\ T 14 8 23 i 2064
nearost - other grass 18 13] 14 7 [ 1B 14] 13] 12! L T ol 0] 17 3743
nearest - forbs 3 [ EERET) iy 4 5 6 4 10 7 15 4 7 8| 2321 T
nearest - sedges Fi 4 7 2] 18 8 5 13] B 2 1 0 [} 3| 1857
Rearest = Wobdy e | U O s O et 0 | Soa O eves) O] ot 0| e | s O s | Somhes 1| e (] e 0| s O| g 1 s 0,00 o
At Aok 75 75 75 66! gf 75 75 75 B3 75 75 75| 7S 83
insact family richness S | 20 ) S 23 | Gt 20 19] 18] 28 x 18 20 ZT|NA NA AT 18] 1807 579119
Insects00 eweeps (g} 093] 40| 264] 025 245] 207 112] 036 =232] 075 108 014 005 0.8 1.18| 0881163
Orthopteraf1 00 swaaps (g) 039 103 150 015 068 126 047] 016] 154] 008 033 000] 000 080,  0.61 0553588
Acrididaa/{00sweeps(g) |  003] 051] 0714] 041 045 107| 037 000 048] 008] 020, 000 000 048]  0.23] 0.300835
Tattigonildae/100 sweeps (g) _ 038 052 135 004 054 020 00] 076] 1.07] 000 002 000 000 012 0.32| 0.424091
Yrs. since last bum =3 2] 038 |3 1 1 3 21>3 =EEEIER >3 E 3
Burn Type =R R | T
¥rs. since [ast hayed 1iNA NA _[NA 1[NA  [NA NA 1[NA NA ~[NA NA _ INA T
Disturbance In Ist 1 yr? i N Y N [Yasss Y, ki Nassus Y N N |N N iN |
Disturbance In last 2 yrs? N Y Y N MY i N Y N N ] N N
Disturbance In last 3 yrs? N Y X N N Y Y Y Ya N N N N Y =]
Currently grazed? N N N N N ___IN N N N [N N N N TP =
Previously cultlvated? N N N N [ Y ¥ ¥ Y N iN iN N N i




Erazori

age

BSEOS

Site B9601] BOG02[ B9603| Bos04 E9806] BOB07| B9BUS| Bos08] B9s10] BOB11] BUsI2| BUBI3
Data 9&-&8;04 ?_E_-P-E-Ol 98-05-04] 9-08-04| 93-08-0d4| o8-05-19| 9B-08-18] s80619 EE:OB-W 98-07-01] #8-07-01 56-07-01| 980701 1998
Habitat type mafly|  saity| comste| cldfied| odBed mix|  coastal]  oid eld saily|  coastl] mix]  mix| odbed| MEANS|  STDEV
Robel {dmj) 24] 28 1.8 1.1 12| 075 083 I 1.5 1 3.3 38| =208 .21
Specios fehnesa {1 m2) _ il 1 Fl el 11 12| =3 7 4 sy 11 12 8.77 3.58
Spectes nehnass (3x1mz) ] 12 ¥t 21 15 16 24 15 a4 B[ 125 8l 23] 1468 6.51]
Brush density (fha) __J__1e] 373 175 18s|  188| 13.5| 484| 2212 104 85| 253] 518] 566 264.38] 59142
% bare ground = 7 1 TR 23 0] 20 3 0]  23[483333 11 3] 13.85] 1446
o littar : 15| 2 15 7 0] 0 7 15| Emme41] 1 0] 3.23333 18 9.64]  11.53]
% standing dead _ 16 0 <] 18 5 17 17 18] 3 15| 0[21.6667 18] 13.90 8.34)
% vegetation 62 97| 48 60 721 53 56 64| 56 61516667 74 60|  6251]  12.89]
| %cordgrass 36 65]8.33333]  10] 13.3333] 25 0| 0[51.3333] 2.33333] 16.6657| 26.3333 5] 2241 2563
“%,other grass 15 0] 11.6667 20| 16.6667] 16.6667| 21| 326667 0 38 15136.3333] 4]  17.46] 1247
S%forbs 8] 2] 25| 166667 20| 11.3333| 266667 20| B2 17| 16.6667 | 6.66667| 36.6667]  16.05| _ 10.09
 %hsedges 3 [ 1]13.3333 22 0] 8.33333] 11.3333| 2.66667| 3.66667|  3.33) 2.66667| 13.3333 6.61 6.68]
%woody 0 0 o 0 0 DG 0 o| 0 0 0 1] 0.08 0.28
62 97 48] 60| 72 53 561 B4 58 611 51.6667 74 60 B251[ 1289
Swesps 75| TS 7h| S Bi75 75 75 75 75 75| 75 75 :
Insect family richness ina na 8 1B 28 23na na a2 19 e 25 a2t 20.00 5.81
insects/100 sweeps {g) I _026] 021 1.5 064 | __08s] 129] 122] 008 125[ 281 068/ 068  0.96 0.72
Orthoptera00 sweeps (g) | 048] 013] 055 048 072] 030 078] 000] . 068 230 0.14] 024 0.54 0.61
Acrididael100 sweeps {g) 0.02]  0.00] 000 0.8 0.58] 048] 000] 000] 047 208 000 017 0.31 0.59
Tettigoniidae/100 sweeps {g) 0.15] 013] 043 0.7 . 013 009 o078 000; 021 024 04 007 0.22 0.21
Yrs.since lastburn 1 1} 1 1 AR 3 4 i 0.3 S
Bum Typs . : = . f )
Yre. since last hayed na ina na___na na 2| 2| Z|na na ing ina na
Disturbance in last 1 yr? A he =1k ¥ \i Y N N N ¥ iy N N B
Disturbance in last 2 yrs? Y Y ¥ ¥ Y Y N N N Y]y ¥ AT
Disturbanca in last 3 yrs? Y YEEBRY. Y, Yi Y N Y N Y ¥ ¥, Yhss— T
Currently grazed? N N N N IN IN N N N N N N N =
Proviously cultivated? N N N ¥ ¥ N N Y iN K N N ¥




Mad sleqT

Sita AT MOTA  [MO2A  |MO3A  [MO4A [MOS  [MO6  [MO7  [MOB MO8 [M10_ M1l [M12
Date " 197-05-31|97-05-31/97-05-31/97-05-31{97-06-14|97-06-14|97-04-14|97-06-14|07-07-11/97-07-11]97-07-11|97-07-11] 1947
Habitat Type saty  |coastal |mix coastal |coastal |coastal |coastal |mix mix saty [coastal [saty |[MEANS |STDEV |
{Robei (dm) 13| 042] 083 0O 4.1 15 1 1.7 15 13] 067 18 1.35] 1.026032
Spectes richness (1 m2) 5] 13 8 10 8 9 10 il 7 a 1 ] B.92| 2274586
Spaciss richness (3x 1m2) | Lt ki i R
Brush density (fha) 131]  286] 962 111 40| 515] 119 503] 259 233l 148] 331 42.91| 36.38707
% bare ground 5 Gk 50| 50 ol 15 20 5 15 50 40 5|  21.67| 20.03784
hits - bare ground 5 | T B 3 3 6] 3 5 7|18 13| 24.44444
hits - litter 13] 13| ssmaE 8 3 20 16 8 20] 17 13 8 9| 40.55556|
hits - vegetation 12| 18 9 7 11 18| 7] 8 10 8 8 35
i ] |
_ hits - cordgrass WEI NN | Saeo B ke Bi 0 1| 2| 2 2 2| T 0 5{ el

hits - other grass 2 ] 6 8 4 8l 8 ] ] 1 6] 1] 1641111
_hits - forbs E 1 2 3|essd 0 0 3 0 3 2z #3 25277776 e

hits - sedges 1 Pl ] 0 2 1 3 2 1 0 0 ol ag11111]

hits - woody o o 0 Y] 0 [ ] o o 0 o L [1
nearest-cordgrass | 17| . 3l 10 0 T[unesses 5 A Tk 11 11| 21.16667 7
hearest - other grass | 18] 13 24 18 17 13 " 12 4 220 4 43.75
nearest - forbs 5 4 4 6 3 T ] B ) ] 5! 14| 23.08333 |
nearest - sedges 4 ] 3 0 10 T 3 6 Al eena 2 2] 1] 11.81867 )
nearest - woody o 4] Djes=man I]i 4] 0 0 ] o 0 4] 0 3
Sweepa EEre ] ESER. L) -, PR o) P [T ) e v [y ) Ry ) P ) [t ) oy -]
Insgct family richness '____ ________ 8 18[ma ina 20[na 24lna | 16 18[na na 17.00] 5.329185]
Insects/100 sweeps (g) | 068 08B 06| 123 077 o059 18 101} 051 078 1.5 087 0.92] 0.402247
{Orthoptera/100 sweeps {g) 045]  018] 048] 075 054 0.2] 091 075 027 023] 051 022]  043] 025791
Acrididael100 sweeps (g) 002 008] 01 053 022] 003 042] 028 0415 0.1 038 ©0d7]  0.21] 0.163642
Tettigoniidae/100 sweeps {g) 0.43 011 0.08 0.12 0.32 017 048 0.45 Q.12 0.11 0.08 0.02] 0.2 016561

]

¥rs.since lastbum e Z 1=5 5 |>5 >5 >5 >2 1|enz E
Bum Type S SPR FALL  |SUM SUM
¥rs. since last hayed NA NA, NA NA  INA NA NA NA NA NA HA NA
Disturbanceinlast1yr? N |N N Y N N _ N N N N Y N 8l
Disturbance In last 2 yrs? Y N Y N N N N N N N ¥i Vi
Disturbance In last 3 yrs? Y. N Y anamnlYasessiN N N N N UNK. |Y Y %
Currently grazed? RO | e ) Y Y Y Y Y Y, Y b Y ¥ Y i
Previgusly cultivated? N N N N N N N N N N N N




MadlsleSG

Sita IMSB01  |MSBOZ  |MSBO3  [MBS04  [MSSO05  [MoSDS  [MBA0Y  |MEB03  [MSE09 [mSB1D  [MBB11 IMGBI2

Date 96-06-12 [88-06-12 |96-07-15 [96-06-23 |96-06-12 |66-06-12 [06-07-15 |98-06-23 |08-06-23 |GA-07-15 |96-06-23 [98-07-15 | 1888
Habitet typer imix imix coastal  |mix  |salty salty saity galty ccastal  |mix ety coastal  |MEANS [STDEY
Robel (dm) I 1.7] 05 025 0.75 033] 0083 19] 058 0.33 0.7 15| 0083 073 063
Species richness (1md) 7 ] T 7 8 " 4 g B 4 10 750 224
Specien richness {3x 112} 17 5 FEE 7 B 12 14 10 21 15 g 16 1287 460
Brush density (fha) 111 15.6] = 62 1T et 36.2 328 i57] 128 111 111] 163 17.3] _ 21.08] 1639
% bara ground 4 39/ 51 &7 34 35 25| Fi 49 22 22 52 39.33 19.62
% littar pr] 2 (1) ) 19 7 1] 1] 0 o 5 1] 4.58 7.81
% standing dead 28 2| . H| 13} 5 2| e b B 22 8 0 2] 708 7.59
% vegetation 46 57 Ml 200 42 ] L 21 30 70 73 46| 4900 18.02
“cordgrazs 15| 28.66667 0; 6.666667] 28.33333 30 55| 13.33333 0 25 73| 3.333333|  23.03] 2234
“tother grass 9| 22.33333 __25] 4| 3333333 1| 7.333333| 0.666667] 11.33333 30 0| 26.666687 11.72 11.18
%forbs 18 8| 18.33333| §.333333] 10.33333 11] 11.66867 7 11 15 0 L K- 5.20
weedges 4 0 0.67) 1 1] 14 0 0 1666667 E 0 o 303 5.89
Yewoody 0 0 =] 0 0! (1) ) ¥ 0 0i [} 0 000 0.00
' 46 57 44 20 42| 56 74 21 30 70 73 46|  48.00 18.02
| S | ] .: i |
Swesps T | S 751 75 75| NS 75 75| 75 T B 75 75 75
insact family richness 18 17 na na na ina Ra SR 14/na na___ ina 16.33] 2.08
Insacts/100 sweaps (g) 071 0.27 0.12 0.21 0.53 el  ox 0.38 030 ods 011 034 020
Orthoptera/100 sweeps (&) 0.41 0.05] ey 0.02 0.06 022 03i 0.00 0.4 0.11 0.00 001 042 0.14
Acrididael100 sweeps (g) 0.24 0.08] 0.00 0.04 022 031 0.00 o011 010 0.00 000  0.10 0.11
Tettigoniidae/100 sweeps (g) 0.17 000 T ©000f 000 0.00 0.00 0.00 0.00] 0.0t 0.00 0.00 0.02 0.4s
Yrs. sinca last burn 2[>5 e | PR 1 T 3|5 e 2 1[>5 1E §
Burn Type SUM | isuM TFAIL [FALL [SUM sUM_ [SUM } SH |
Yrs. since last hayed NA NA —~ [NA  [NA NA NA HA NA NA NA NA NA
Disturbance infast T yr? N [y I Y Y | Y armaasY, N e b N
Disturbance in tast 2 yra? Y e [ Y Y Y ¥ MY Y N |
Disturbance in last 3 yrs? |YiwmaR| NS Y ¥ Y Y Y Y N Y Y L |
Currently grazed? __ ~ Y v ki ¥ Y Y Y YARSRaY ¥ ¥ = ey [
Praviously cultivatad? N N N N N N ] N N N N iN




Appendix 2 — Detailed habitat patch characteristics



Table 1. Area summaries (in square meters) for habitat patches at Aransas NWR, Tatton Unit.

VEGTYPE COUNT| AVE_AREA] SUM_AREA[ MIN_AREA] MAX_AREA[STDDEV_AREA VAR_AREA
Coastal Prairie 8 504966 4759728 150 1765604| 673245 453259227296
Coastal Prairie - Woody 1 71387 71387 71387 71387| 0 0
Livestock area 7 9706 67845 3321 22123 607 48690603
Mixed Prairie 9 567491 5107422| 411 1530312 587365 344997107568
Mixed Prairie - Wet 1 485852 485852 485852 485852 0 0
Mixed Prairie - Woody 4 34904 139616 22430 58769 16663 277662086
Mixed Praiie-Woody, W | 1] 135180 135180 135180 135180 0 0
Oid Field - CP 4| 418080 1672322 31909 642309 267143 71365230968
Oid Field - CP, Woody 2 118025 238050 71166 166884 67683| 4581035818
Oid Field-MP 2 360202 738404 109489] 628915 367289 134901303480
Old Field - SP e | 134879 260758 94658 175100 58882 3235509246
Old Field - SP, Woody 1 352200 352200 352200 352200 0 0
Old Field - Weedy 3 430564 1291691 42720 1194963 662013| 438260962492
Cld Field - Weedy, Wet 2 1936396 3872791] 48129 3824662 2670412 7131089719051
Oid Field - Wet ] | B 529430 323439 323439 323430 SEQ] 0
Old Field - Woody 1 34876] 34878 34876 34876 0 ; 0
Salt Marsh 4 1490418 5061674 146] 3487420 1456006 2119953423812
Salty Prairie 7 233409 1633865 97855 573728 1683394 26697613110
Salty Prairie - Wet 3 289156 B67467 70884| 574864 258666 66908171328
Salty Praiie-Woo | 1 33751] 33751 33751 33751 FPR0 S0
Salty Prairie - Woody, W 5[ 204211 1021056 109 B06558] 243318 59204192042
Tidal Flat 4 66751 267004 35090 111597 36403 1325152567
Woody 5 68156 340782 2511 223155 88383 7811516299

TOTAL [ 29586261 : 7




Table 2. Perimeter summaries {in meters) for habitat patches at Aransas NWR, Tatton Uinit.

VEGTYPE COUNT |AVE_PERIME [SUM_PERIME |MIN_PERIME |MAX_PERIME[STDDEV_PER |[VAR_PERIME
Coastal Prairie 7 4177/ 29239 1046 8976 2997 8982907
Coastal Prairie-Woody | 1] 1364 1384]  1384] 1364 0 0
Livestock area 7 381 2740 233 609 145 21110
Mixed Prairie MER 7 4791 33540 967 8791] 3175 10078957
Mixed Prairie - Wet 1 7479 7479 7479 7479 0 0
Mixed Prairie - Woody 4 948| 3781 691 1219 244 50729
Mixed Prairie - Woody, Wet | 1 2620 2620 2620 e e =0
Old Field - CP 4 5489 21876 793 7736 3163 10007016
Old Field - CP, Woody 2 2069 4138 1975 2163 133 17658
Old Field - MP P T T T BAST2 (R 6999 3838 14730610
Old Fleld - SP 2 2823 5646 2131 3515 979 957999
OldField-SP,Woody | 1 3816 3816 3816 BEOE16| BRESEERE 0 0
Old Field - Weedy 3 5269 15808 127 13394 7037] 49518575
Old Field - Weedy, Wet 2 21843 43685 1494 42181 28777] 828125428
Old Field - Wet 1 3377 3377 3377 3377 0 0
OldField-Woody | 1 1004 1004] 1004 1004 0 0
Salt Marsh 3 11988 35865 10320 14221 2011 4043180
Salty Praire 7 2067/ 20978 2148 5808 1333 1776787
Salty Prairie - Wet 3 4603] 13809 1507 .B7e8| 3761 14143650
Salty Prairie - Woady 1 698] 69| 698 688 0 0
[Salty Prairie - Woody, Wet 4 4012 16047 585 7913 3048] 9279202
Tidal Fiat 4] 1404 5075 880] 2231 590 347983
Woody 5 1433 7165 195 4145 1558 2427381




Table 3. Perimeter to area ratios for habitat patches at Aransas NWR, Tatton Unit.

VEGTYPE COUNT [AVE_P_A'[MIN_P_AMAX_P_A[STDDEV_P_A [VAR_P_A
Coastal Prairie 7] 0.0081] 0.0044]  0.0188 0.0048]  0.0000
Coastal Prairie-Woody | 1] 0.0191] 0.0191[  0.0191 0.0000]  0.0000
Livestock area 7| 00460 0.0275| 0.0708 0.0169]  0.0003
Mixed Praiie | 7] 0.0084] 0.0054] 0.0185 0.0050]  0.0000
Mixed Praitie - Wet 1] 0.0154] 0.0154] 0.0154 0.0000]  0.0000
Mixed Prairie - Woody 4]  0.0294] 0.0184] 0.0380] 0.0077|  0.0001
Mixed Praifie - Woody, W | 1] 0.0104] 0.0194] 0.0194 0.0000]  0.0000
Old Field - CP 4] 0.0159] 0.0120] 0.0248 0.0060]  0.0000
Old Field - CP, Woody 2] 00211] 0.0118]  0.0304 0.0132]  0.0002
Old Field - MP 2| 0.0128) 00111] 0.0144 0.0023]  0.0000
Old Field - SP 2| 00213] 00201 00225  0.0017| 0.0000
Old Figld - SP, Woody 1} 0.0108] 0.0108] 0.0108 0.0000]  0.0000
[Old Fieid - Weedy 3| 0.0205| 0.0112] 0.0264 0.0081]  0.0001
Old Field - Weedy, Wet 2| 00210 00110 0.0310 0.0141]  0.0002]
OldFigld-Wet | 1] 0.0104| 0.0104] 0.0104 - 0.0000]  0.0080
Old Field - Woody 1| 00283 0.0288] 0.0288 ~0.0000]  0.0000
SaltMarsh 3] 0.0073] 0.0041] 0.0102 0.0031|  0.0000
Salty Pranie | 7] 0.0147| 0.0103] 0.0233|  0.0045 0.0000
Salty Prairie - Wet 3| 0.0175] 0.0153] 0.0213 0.0033]  0.0000
Salty Prairie - Woo 1] 0.0207] 0.0207] 00207 _0.0000]  0.0000
Salty Prairie - Woody, W 4| 0,0196] 0.0130]  0.0268 0.0064|  0.0000
Tidal Flat 4| 0.0240] 0.0200] 0.0303 0.0048|  0.0000
Woody 5| 0.0342] 0.0188] 0.0777 0.0246|  0.0006




Table 4. Diversity indices for habitat patches at Aransas NVWR, Tation Unit.

IVEGTYFE ~ |COUNT |AVE DI |MIN DI [MAX DI |[STDDEV_DI [VAR_DI
Coastal Prairie 7| 1.4943] 1.1574] 2.0514 0.3182 0.1013
Coazstal Prairie - Woody 1] 1.4398] 1.4398] 1.4398 0.0000] 0.0000
Livestock area 7] 1.1822) 1.0813| 1.3482 0.0948| 0.0090
Mixed Prairie 7| 1.6095] 1.1937] 24197 0.4340| 0.1884
Mixed Prairie-Wet | 1] 3.0268| 3.0268| 3.0268 0.0000| ©.0000
Mixed Prairie - Woody 4| 1.4673| 1.2575| 1.8699 0.2796| 0.0782
Mixed Prairie - Woody, W 1] 2.0098] 2.0098] 2.0098]  0.0000] 0.0000
Old Field-CP__ : 4] 2.3261]| 1.2503] 2.7228 0.7479| 0.5153]
Old Field - CP, Woody 2| 1.8253| 1.3637, 2.2870 0.8529] 0.4282
Old Field - MP 2| 1.9148] 1.3398] 2.4898]  0.8132] 0.6612
Old Field - SP 2| 2.1816] 1.9536/ 2.3605 0.2841] 0.0865
Old Field - SP, Woody 1] 1.8140] 1.8140] 1.8140 0.0000| 0.0000
Oid Field - Weedy 3| 21855/ 1.5381| 3.4565 1.1008] 1.2117
Old Field - Weedy, Wet 2| 4.0035] 1.9213] 6.0858 2.9447] 8.6715
Old Field - Wet 1| 1.6753] 1.6753| 1.6753 0.0000] 0.0000
OldField-Woody | 1| 1.5168] 1.5168] 1.5168 0.0000; 0.0000
Salt Marsh ; 3| 2.5653| 2.1544| 289t 0.3773 0.1423
Salty Prairie 7| 1.7978] 1.5078| 2.1964] 0.2483| 0.0616
{Salty Praitie - Wet i 3| 2.3239| 1.5971| 3.2698] 0.8576| 0.7355
Salty Prairie - Woo 1] 1.0719] 1.0718| 1.0719 0.0000] 0.0000
Salty Prairie - Woody, W 4] 2.2008] 1.1263] 2.8661]  0.8282| 0.6858
Tidal Flat |4 1405 1.3253] 1.8836]  0.2322| 0.0530
Woody 5| 1.5278 1.0988! 2.4755 0.5533] 0.3062

Diversity Indices are calculated as DI = TP / 2 (Ar)*?, based on McKinney 1996,




Table 5. Area summaries (in square meters) for habitat patches at Brazoria NWR, Hoskins Unit.

VEGTYPE COUNT [AVE_AREA [SUM_AREA [MIN_AREA [MAX_AREA [STDDEV_ARE [VAR_AREA
CP 76| 204172 15312868 0] 2172830 ~ 405648] 164551081262
CP - Wet 24 66116| 1586788 1570] 1000318 203876] 41565358551
CP - Woody 10]  439318] 4303182 28075| 1277264]  447074] 198874760245
CP-Woody, Wet | 1| 49113 49113 46113 49113 0 0
HSM 317| 107305 34015587 B 5852454 456241| 208156187301
AT 44|  73245] 3222778 1635 564942 133148| 17728351672
LSM |7 130 71es0| 9318429 518 2645353 258743 66047830852
ME s 15| 476408) 7146128] 57150 1377517 400738| 160581024008
MP - Wet 1 186811 186811] 186811 186811 0 0
MP-Woody | 1 10665 10685 10665 10665 0 ezl
OF SRS 17|  1070748] 18202719 2697| 4987092 1458043| 2125889053668
OF-CP | 2] 1504704] 3189408 1174705 2014703 593968| 352798351082
OF - CP, Wet 3 7074 21221 6224 8039 913 833958
OF - MP, Wet _ 1] 264288]  264208]  264208) 264298 0 [}
OF - Wet 4] 167858 671432 5242 399282 1608928| 28875885838
OF - Woody ; 19] 186988 3552780 0 852851]  286003| 82313259092}
OF - Woody, Wet | 3 17532 52596 4476 35228 15892 252565324
oW 78 82333]  64219%6] 8 1819219 317193] 100611276386
Rice v 3] 797161  2391483]  355231] 1301586 476268 226831627298
Rice - Woody 1] 2172638 2172639] 2172838] 2172639 () 0
SA 59 72688) 4288580 134] 453610 82557| 6815679885
SP 80 158200 12656018 0l 2281047 385760| 148810734673
SP - Wet 4 89023! 276132 5066/ 171351 74478 5546698482
SP - Woody 1 169965 169965 169965 168965 0 0
Wetland | 147 59157] 8696069 0 658625  118574] 14059741427
Wetland - Woody 5 62007 310035 15114 122591 45833] 2100631030
Woody 2 89194 178388 23222 155165 93298 8704475777
Unclassified 17 313| 5328 1 2478 504 352542
TOTAL 138763432/




Table 6. Perimeter summaries (in meters) for habitat patches at Brazoria NVWR, Hoskins Mound Unit.

VEGTYPE COUNT |AVE_PERIME [SUM_PERIME |MIN_PERIME [MAX_PERIME [STDDEV_PER |VAR_FERIME
CP 75 2339 175441] ] 23818 3773| 14234663
CP - Wet 24 1073 25743 157 8851 1832 3357930
CP - Woody 10 4599 45994/ 1015 14021 4155] 17263503
CP - Woody, Wet 1 1157 1157 1157 1157 0| B 0
HSM 317 1859 589333 18 111285 7318 53571014
1A 44 1431 62977 163 7878 1893] 3581678
LSM 130] 1466 190542 83 25015] 2756 7586708
IMP 15 6067 90999 1804 18388 5109 26099563
MP - Wet 1 2605 2605 2805 2605 DiETm 0
MP - Woody SR G0 BN 618 619 G B | P 0
OF 17| 8821 149950 198[ 58734 14468 209384170
{OF-CP_ i 2| S ia12058] 25916 8205 ATTA0[ 0 6721| 45171923
OF - CP, Wet 3 456 1367 __368|_ 574 107 11432
OF -MP, Wat | 1 5111 5111 5111 5111] 0 0
OF - Wet 4 4586 18744 272]_ 11365 4898| 23087259
OF -Woody | 19| 1947] 36897 1 6451 1917 3676185
OF - Woody, Wet 3 556 1669 27T | Eaa 932 338 114248
oW 78 1203 93820 15 15675 2623] 6880701
Rice 3 3821[ 11484] 2621 5179 1288 1854240
Rice - Woody 1 7359 7350] 7359 7359 0] ]
SARI 59 1744 102881} 60 8516 1759 3003545
| SPaas B AERERa 2277 ) 182176 1 22006 _ 36824] 13133795
SP - Wet 4 1877 7508 312 3837 1671 2792293
SP - Woody 1 1869 1869 1869 1868 0 0
Wetland 147 1747 256808 1 16325 2883 8313657
Wetland - Woody 5] 2416 12078 537 4568 1829 3346319
Woody 2 3620] 7239 685 6544 4136] 17106284
Unclassified 17 217] 3681 5 1345 324 105236




Table 7. Perimeter {0 area ratios for habitat patches at Brazoria NWR, Hoskins Mound Unit.

VEGTYPE COUNT [AVE_P_A [MIN_P_A [MAX_P_A [STDDEV_P_A [VAR_P_A
CP 75| 0.2335| 0.005388) 13.616438 1.5682|  2.4503
CP - Wet 24| 0.0498| 0.008848| 0.099895 0.0237| _ 0.0006
CP - Woody 10| 0.0208| 0.006507 0.058085 0.0158]  0.0003
CP - Woody, Wet 1] 0.0236| 0.023561] 0.023561 0.0000]  0.0000]
HSM 317] _ 0.1162| 0.006395] 2.687148 0.2627| _ 0.0690
1A | 44| 0.0448| 0.009880] 0.099559]  0.0250|  0.0006
LSM 130]  0.0778 0.006456| 0.252306 0.0568]  0.0032
MP 15| 0.0154] 0.005971| 0.031571 _0.0075]  0.0001
MP - Wet 1] 0.0139] 0.013944| 0.013%44 0.0000] _ 0.0000|
MP - Woody 1] 0.0580] 0.058045 0.058045 0.0000]  0.0000
OF 17| 0.0210] 0.004657| 0.073533 00201 0.0004]
OF-CP 2| 0.0084] 0.008087| 0.008742 0.0005]  0.0000|
OF - CP, Wet 3] 0.0639] 0.058824| 0.071412 0.0067|  0.0000
OF - MP, Wet | 0.0193] 0.019338| 0.018338 0.0000] _ 0.0000|
OF - Wat 4| 0.0328[ 0.022041| 0.051931 0.0131] _ 0.0002
OF - Woody 19]  1.9964[ 0.006161] 23.944444 5.9120  34.0618
OF -Woody, Wet | 3] 0.0413| 0.026457| 0.061828 _0.0183]  0.0003
ow | 78] 0.2231] 0.003761| 1.994277 03367 0.1133
Rice 3] 0.0063] 0.004987| 0.007379 0.0012]  0.0000|
Rice-Woody | 1|  0.0034] 0.003387| 0.003387 ~0.0000]  0.0000
SAEE= 58|  0.0452| 0.009299| 0.443188 0.0576]  0.0033]
SP 80| 0.5734| 0.004992| 39.529412 4.4247| 195776
SP - Wet 4| 0.0369| 0.022395] 0.061529] 0.0172]  0.0003
SP-Woody | 1] 0.0110] 0.010987] 0.010887 0.0000]  0.0000
Wetland 147|  0.3252| 0.007347| 35.800000 3.2784| 10.7477
Wetland - Woody 5| 0.0378] 0.034480| 0.043517|  0.0035]  0.0000
Woody | 2| 0.0361] 0.029929] 0.042176 0.0087|  0.0001

i 17| 1.5600] 0.072935| 4.372800 1.2070] 1.4568




Table 8. Diversity indices for habitat patches at Brazoria NWR, Hoskins Mound Unit.

VEGTYPE COUNT |AVE_DI [MIN_DI [MAX_DI STDDEV_DI [VAR_DI
o ] 75| 1.7058| 1.0283] 7.4920 0.9721| 0.8450
CP - Wet 24| 1.4215] 1.0329] 2.4964 0.4531| 0.2053
CP-Woody | 10] 1.2074| 1.3758] 3.1091 0.5419| 0.2037
CP - Woody, Wet 1| 1.4730] 1.4730] 14730  0.0000] 0.0000
[HEM 317|_1.7276| 1.0118] 12.9778 1.0843| 1.1756
1A 44| 1.6686] 1.0345] 3.3936]  0.5784| 0.3346
LSM 130] 1.9264] 1.0278] 4.7688 0.9143| 0.8359
MP 15| 2.4822] 1.1687| 52625]  1.1144] 1.2418
MP - Wet 1 1] 1.7001] 1.7001] 1.7001]  0.0000] 0.0000
MP - Woody | 1] 1.6910] 1.6910] 1.8910 0.0000] 0.0000
OF 1~ 17| 2.0626| 1.0678| 7.4182 1.5189] 2.3071
OF -CP | 2| 2.8989| 1.8513] 3.5484 1.1986| 1.4367
OF - CP, Wet 3] 1.5199| 1.3081| 1.8062]  0.2570| 0.0661
OF -MP. Wet | 1! 2.8048| 2.8046] 28046 0.0000] 0.0000
OF - Wet 4| 2.8554| 1.0606] 5.0736] 1.7825| 3.1773
OF -Woody | 19| 1.7832| 1.1376] 3.5464 0.8018| 0.3622
OF - Woody, Wet | 3] 1.2373] 1.1441] 1.4008 0.1421| 0.0202
oW 78| 2.0401] 1.0222] 6.6291 1.0884| 1.1846
Rice 3] 1.3191] 1.2058] 1.5109] 0.1670] 0.0279
Rice-Woody | 1| 1.4085! 1.4085] 1.4085 0.0000] 0.0000
SA 50| 1.8717| 1.0612] 5.3224]  0.8398/ 0.7052
SP 80| 1.8097| 1.0138] 4.9262 0.8421] 0.7092
SP - Wet 4| 1.9586| 1.2354| 2.7472 0.8361| 0.6991
SP-Woody | t] 1.2790 1.2780[ 1.2790 0.0000] 0.0000
Wetland 147] 1.9361| 1.0188] 5.9871 1.0808| 1.1682
Wetland - Woody 5] 2.5301| 1.2332] 3.6696 1.1899] 1.4150
Woody s 2| 2.9865| 1.2866| 4.6865 2.4041] 5.7797
Unclassified 17| 3.9530] 1.0242[ 18.3200 4.3064] 18.5451

Diversity Indices are calculated as Di = TP / 2 (An)'%, based on McKinney 1996.



Table 9. Area summaries (in square meters) for habitat patches at Mad tsland Marsh Preserve and Mad Island Wildlife Management Area.

VEGTYPE ___|COUNT |AVE_AREA |[SUM_AREA [MIN_AREA [MAX_AREA [STDDEV_ARE [VAR_AREA
Coastal Prairle 9] 281985 2537866 5578]  1651510| 525724 276386240976
Coastal Prairie - Wet_ 2]  709346]  1418692] 489913] 928779 310325] 96301689561
Coastal Prairie - Woody 2|  602877| 1205754 98722| 1107032 712083| 508345086654
Coastal Prairle - Woody, Wet 1 352573  352573| 352573 352573 0 e 0
Livestock Area i AU 8508 25793 5515 11688 3086 9524709
Livestock area e 1 34418 34418 34418 M418] o 0
Mixed Prairie_ 18] 270124 4862231 37764 941304  270921] 73398033937
Mixed Prairie - Wet |4 166655 666620 53981 241734 87880 7722818400
Mixed Prairia - Woody 7 221313 1549194) 10110 965340) 339305, 115127578308
Oid Field | 1 54185] 54185 54185 54185 0] ¥ o
Old Field - Weedy | 1] 282202  282292| 282292 282202 e 0] 0
Oid Field - WWoody 11 118265  118265] 118265 118265 BE0 = 0
Residential 3 18611} 49834] 11526 21747 5111 26119286
Rice 5| 1227345 8136726] 212567 2280021 799126 638602774074
Salty Praife 18]  348771| 6277870 5640| 2016158] 503917 253932283550
Salty Prairie - Wet 13| 250848) 3258421 13252 762310 219142] 48023231217
Salty Prairie - Woody 5|  201702] 1008512] 16842 401480] 182877 33443956033
Salty Prairie - Woody, Wet 1 26008] 26006 26006] 26006 o 0
Wetland | 12| 1977356 23728268 72548] 15479264 4355724 18972335329496
Wetiand - Woody 3| 234598 703795 91838 472126 207100] 42880337277
Woody T ] 115392 346176 25305 271876 136036 18505682935
TOTAL f 54643490




Table 10. Perimeter summaries {in meters) for habitat patches at Mad Island Marsh Preserve and Mad Island Wildlife Management Area.

VEGTYPE COUNT [AVE_PERIME [SUM_PERIME [MIN_PERIME [MAX_PERIME |[STDDEV_PER |[VAR_PERIME
Coastal Praiie | @ 2433 21898 386 10482 3150 9918424
Coastal Prairle - Wet 2 7866 15732 4696 11036 4483 20094985
Coastal Prairie - Woody 2 7828 15657 2677 12880 72868 53082612
Coastal Prairie - Woody, Wet 1 6923 6023 6923 6923 0| 0
Livestock Area 3 385 1154 276 478 102 10346
Livestock area 1 881 81| 83 881 S ) 0
Mixed Prairie 18 2547] 45841 826 5192 1472 2166631
Mixed Prairie - Wet 4] 2091 8364 o18] 3031 10268] 1052875
Mixed Prairie - Woody 7 73] 8810] 0 5050 1853] 3432753
Old Field 1 4075| s 1075 1075 1075 0 EE ]
Old Field - Weedy 1] 2244 2244] 2244 2244 0} 0
Old Field - Woody 1 2255 __2255] 2255 2255 0 0
Residential 3RSl 1632 432 667 118 13855
Rice 5 4791 23055 2542 7083 1662 2763586
Salty Prairie 18] 3111 56003 344 9189, 2839 6963741
Saity Prairie - Wet 13 2640 34316 457 5531 1639 26884771
Salty Prairie - Woody 5 2395 11975 782 4516 1598 2554360
Salty Prairie - Woody, Wet | EXEae s 1183 1193 193] 1193 _ 0 0
Wetland 12 7570 90838 1743 38549 10262] 105315956
Wetland-Woody | 3 an4 11141 1444 7389 __3212] 10318440
Woody 3l 2505] 75151 0 6890 3810 14519781




Table 11. Perimeter to area ratios for habitat patches at Mad Island Marsh Preserve and Mad Island Wildlife Management Area.

VEGTYPE |COUNT |[AVE_P_A [MIN_P_A |MAX_P_A [STDDEV_P_A [VAR_P_A
Coastal Prairie | 9| 0.0225 0.006347| 0.063793 0.0176]  0.0003|
Coastal Prairie - Wet | 2| 0.0107] 0.009586| 0.011882 0.0016]  0.0000
Coastal Prairie-Woody | 2| 0.0184] 0.011725| 0.027113 0.0108]  0.0001
Coasfal Prairie - Woody, Wet 1] 0.0196] 0.019636] 0.019636 0.0000]  0.0000
LivestockArea | 3| 0.0458] 0.040908 0.050106 0.0046; 0.0000
Livestock area 1] 0.0256| 0.025608| 0.025609 0.0000]  0.0000
Mixed Prairie 18] 0.0131] 0.005368| 0.024086] 0.0051,  0.0000
Mixed Prairie - Wet 4| 0.0133] 0.011072| 0.016964 0.0026]  0.0000
Mixed Prairie - Woody 7| 0.0123] 0.000000| 0.058194 0.0219]  0.0005
Old Field S T 1] 0.0198] 0.018841] 0.019841 0.0000|  0.0000
Old Field - Weedy 1] 0.0079] 0.007947] 0.007547 0.0000]  0.0000
Old Field - Woody 1 0.0181] 0.019066! 0.019068 __0.0000]  0.0000
Residential 3] 0.0334] 0.030661] 0.037491 0.0036]  0.0000
Rice 5/ 0.0058| 0.003107] 0.011958 _0.0037]  0.0000
Salty Prairie 18] 0.0206| 0.004232] 0.060988 ~0.0148]  0.0002
{Salty Prairie - Wet 13|  0.0157| 0.004564] 0.037503 0.0085|  0.0001
Salty Prairie - Woody 5| 0.0247| 0.008800| 0.064262] 0.0233]  0.0005
Saity Prairie - Woody, Wet 1| 0.0459| 0.045666| 0.045866 0.0000]  0.0000
Wetland 12|  0.0148[ 0.002480| 0.058698] 0.0162]  0.0003
Wetland - Woody | 3] 0.0170] 0.010323] 0.025134 0.0075]  0.0001
Woody 3| 0.0167] 0.000000] 0.025343 0.0145]  0.0002




Table 12. Diversity indices for habitat patches at Mad island Marsh Preserve and Mad Island Wildlife Management Area.

VEGTYPE COUNT [AVE_DI [MIN_DI [MAX_DI [STDDEV_DI [VAR_DI
Coastal Prairie 91" 1.4646| 1.1260] 2.3009 0.3434] 0.1178
Coastal Prairie - Wet 2] 2.5615] 1.8927| 3.2303 0.9458| 0.8946
Coastal Prairie - Woody 2| 2.9417] 2.4031] 34802  0.7616] 0.5801
Coastal Prairie - Woody, Wet 1] 3.2890| 3.2890] 3.2890 0.0000| 0.0000
Livestock Area 3| 1.1712] 1.0497| 1.2476 0.1084| 0.0113
Livestock area 1| 1.3402] 1.3402] 1.3402]  0.0000| 0.0000
Mixed Prairie 18| 1.4778] 1.1059| 2.2477| 0.3296| 0.1086
Mixed Prairie - Wet 4] 14282) 1.1119] 1.7796]  0.3355] 0.1126
Mixed Praiie - Woody | 7| 0.6505| 0.0000] 1.6506 0.8140] 0.6626
Old Field 1] 1.3029] 1.3029] 1.30290 0.0000{ ©0.0000
Old Field - Weedy 1] 14912 1.1912] 1.1912 0.0000] 0.0000
Old Field - Woody 1] 1.8496] 1.8406] 1.8496 0.0000] 0.0000
Residential 3] 1.1932] 1,1354] 1.2755| 0.0732| 0.0054
Rice et 5, 1.3268] 1.1569] 1.5552 0.1492] 0.0223,
Salty Prairie 18] 1.7121] 1.1173] 2.9006]  0.5158] 0.2662
Salty Prairie - Wet 13| 1.5870] 1.1240] 2.5921 0.4281] 0.1833
Sally Prairie - Woody 5| 1.7313] 1.3022| 2.3505 0.4698| 0.2207
Salty Prairie - Woody, Wet 1|_2.0865] 2.0865] 2.0885]  0.0000] 0.0000
Wetland S 12| 2.0741] 1.1325] 5.0718 1.0559] 1.1148|
Wetland - Woody | 3| 2.0904| 1.0800| 3.0336 0.9736] 0.8479
Woody | 3l 1.6121| 0.0000] 3.7277 1.9142] 3.8641

Diversity Indices are calculated as DI = TP / (Ar)"?, based on McKinney 1996.
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