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Executive Summary 
Prescribed fire is widely applied for habitat management in coastal ecosystems. Fire management plans 

typically list a variety of objectives for prescribed burning, including succession management, promotion of native 
flora and fauna, providing habitat for species of importance, wildfire risk reduction (fuels management), as well as 
reduction and/or prevention of invasive species. In most cases, the information needed to determine the degree to 
which management objectives are met is not available. This study sought to provide an assessment of key objectives 
of fire management at the U.S. Fish and Wildlife Service (USFWS) Texas Mid-coast National Wildlife Refuge 
Complex. The main purpose of this work was to provide information and recommendations that will support Region 
2 of the USFWS in the conduct of their fire and habitat management activities in the Western Gulf coast region. 

There were four main components of this project: (1) a historical analysis of the role of fire in this ecosystem, 
(2) the development of standard methodology for assessing and monitoring fire effects in this system, (3) an 
evaluation of the effects of prescribed burning on the habitat being managed, and (4) an evaluation of the effects of 
burning on select fauna of special concern. A team of researchers, including some from the U.S. Geological Survey 
(USGS), Southeast Missouri State University, and Louisiana State University were involved in the various 
components of this project. Extensive support by USFWS personnel, both at the Texas Mid-coast National Wildlife 
Refuge Complex and in the Regional Office (Region 2, USFWS), was a key component in this work. Data from the 
three years of this study were combined with the results of previous USGS studies performed at the site to 
strengthen our conclusions. 

Historical Analysis 

An analysis of the history of the region indicates that human-caused fires were an integral part of the landscape 
prior to extensive European settlement in the region. It is likely that many of the habitat features of this region have 
been modified and maintained by Native American burning practices over hundreds, if not thousands of years. Early 
European explorers reported a landscape that appears to have been substantially different from the one encountered 
today. With few exceptions, writers referred to a landscape of vast prairies of luxuriant grass filled with flowers and 
abundant in wildlife. One of the primary components of the modern landscape, eastern baccharis (Baccharis 
halimifolia L.),was not mentioned in the records of early botanical explorations that we read, suggesting that its 
abundance in coastal prairie is of recent origin.  

Records suggest that early European pioneers continued the Native American practice of regular burning coastal 
grasslands. Large-scale fires that burned for days across the landscape were commonly reported in the early 1800s. 
The introduction of herds of cattle (Bos spp.) in this period is widely noted, however, and it appears that the most 
dramatic changes to grassland habitat took place following 1836 when Texas became independent of Mexico. 
During the period from 1836 to 1860, the population of Texas increased from an estimated 33,000 to 600,000. 
Accompanying the increase in the human population was a dramatic increase in cattle. Writers who witnessed the 
changes that took place from the early 1800s through the mid 1800s noted the major changes to the natural 
landscape associated with grazing. The replacement of native prairie vegetation by shrubs and species of disturbed 
ground was found clearly recorded in the historical documents of the period. It was also noted that extensive grazing 
led to a great reduction in fire in the landscape as heavy growths of grass were replaced by sparse vegetation and 
invading shrubs. Thus, it would seem from these records that the most dramatic change to the fire regime of the 
coastal region during the 1800s was a reduction in the importance of fire associated with heavy grazing.  

The historical records seem to support the current management practice of the USFWS to use frequent fires for 
the purpose of maintaining or recovering a grass-dominated ecosystem in areas that were formerly prairie and 
marsh. Further, it would seem that contemporary shrub populations in many areas are not representative of the 
historical prairie landscape and their reduction is justified. 

Fire Monitoring Methodology 

A protocol of monitoring habitat changes by using plot-based sampling appears to be suitable both for research 
purposes and important for routine monitoring. Protocols developed for intensive assessments are sufficiently 
flexible to permit adaptation for specific objectives. Of greatest importance in this study was the finding that an 
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adequate method for measuring fire characteristics that are relevant to habitat management is needed. For this 
reason, we developed an inexpensive and easy to use electronic system for measuring fire temperatures that can fill 
this void. This system, referred to as the “Firelogger”, is capable of providing a continuous record of fire 
temperatures during burns and can be deployed and recovered with little effort. This system appears to be of 
substantial value for quantifying fire characteristics and units have now been distributed to the fire teams in Region 
2 of the USFWS. 

The Effects of Burning on Habitat Conditions at the Texas Mid-coast 
National Wildlife Refuge Complex 

The elements of this investigation were to (1) develop a baseline vegetation database, (2) evaluate the 
effectiveness of burning on reducing densities of the shrub eastern baccharis, and (3) evaluate the potential for fire to 
be used in managing the invasive tree Chinese tallow (Triadeca sebifera (L.) Small). Over 200 species of flowering 
plants were encountered in our surveys of prairie and associated wetlands. A digital database of these species, 
including illustrations and life history information was developed. This database should provide useful information 
for further studies and assessments of the Texas Mid-coast National Wildlife Refuge Complex (TMC). This 
database is available from the USGS in compact disk form.  

Controlling Baccharis with Fire 
Results from vegetation assessments indicate that fire is an effective method for temporarily reducing baccharis 

growth. Data from 58 burns at the TMC in which baccharis was present were collected. These data provide for a 
thorough evaluation of short and long-term responses of baccharis to burning. Fire nearly always results in topkill 
for baccharis plants exposed to heating. However, conspicuous in these results is the finding that mortality rates are 
widely variable. For those plants that resprout, regrowth of shoots can be rapid. Thus, we found that in some cases a 
year following burning baccharis had recovered a great fraction of its preburn stature and original density. We also 
found that in other cases, mortality was very high and long-term reductions in baccharis were achieved by burning. 

To provide a more complete picture of baccharis responses to burning, additional data were obtained from a 
previous study of fire effects at the Aransas NWR. When all data (from Aransas NWR and the Texas Mid-coast 
NWRs) were combined, 88 burns in which baccharis occurred could be included in our analyses. Exaamination of 
the frequency distribution of responses revealed that mortality following a fire tends to be either very high or very 
low, with intermediate levels of mortality being the least common outcome. The reasons for this variable outcome 
are not known and for the time being we must conclude that the response of baccharis to burning is probabilistic 
(i.e., a matter of chance instead of predictably deterministic).  

Examination of a variety of factors revealed that the probability of an effective burn (defined as one in which 
mortality of baccharis was greater than 50%) is three times higher during growing season burns than in dormant 
season burns. Thus, while season of burn does not consistently predict baccharis mortality, it greatly improves the 
chances of a successful burn. A number of other factors were examined, including fuel load, fire severity, fuel 
moisture, soil moisture, and preburn baccharis height and density. Only soil moisture was found to influence the 
probability of a successful burn. Burns conducted when surface soil moistures were less than 40% had a probability 
of success of 90%, while burns when soils were wet had only a 10% probability of success. The available data upon 
which conclusions about soil moisture are based are somewhat limited, and this finding deserves further study to 
determine its general applicability. 

Given the probabilistic nature of baccharis’ response to fire, the monitoring of baccharis densities (not heights) 
will be very important for an efficient fire program. It may be, for example, that frequent repeated burning will be 
needed to bring population levels under control. However, it is typically a single burn out of several that has the 
desired effect of reducing baccharis densities. Monitoring will permit management to apply the needed number of 
burns to achieve their goals without either over or  underestimating the number and frequency of burns required.  

Controlling Chinese Tallow Trees with Fire 
Chinese tallow was also found to be impacted by burning, though complete mortality is largely restricted to 

very small plants and resprouting is to be expected. Top kill can be achieved in even the largest tallow trees if fuel is 
sufficient. However, the ability of tallow to suppress fuel beneath its canopy means that only isolated trees can be 
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successfully managed using fire. In prairie areas where fire has not been applied frequently, increases in tallow can 
be dramatic and this makes it clear that frequent burning, again in combination with monitoring, will be needed to 
prevent major invasions of tallow. Once closed-canopy tallow stands have established, fire will be ineffective 
without the use of additional methods such as chemical or mechanical treatments.  

Fire Effects on Select Fauna  

Prairie Grassland Birds 
Grassland birds are among the most imperiled group of birds in North America. An extensive survey of prairie 

grassland birds conducted at the TMC recorded several species of conservation concern, including Henslow’s 
sparrow (Ammodramus henslowii Audubon 1829), LeConte’s sparrow (Ammodramus leconteii Audubon, 1844), 
Lincoln’s sparrow (Melospiza lincolnii Audubon, 1834), grasshopper sparrow (Ammodramus savannarum Gmelin), 
Sprague’s pipit (Anthus spragueii Audubon, 1844), as well as several other species. Four of the species encountered 
were found in sufficient numbers to allow estimation of population densities and to permit us to examine their 
relationships to habitat conditions. These four most common species included LeConte’s sparrows, savannah 
sparrows (Passerculus sandwichensis J. F. Gmelin, 1789), sedge wrens (Cistothorus platensis Latham, 1790), and 
swamp sparrows (Melospiza georgiana Latham, 1790). LeConte’s sparrows and sedge wrens are of particular 
interest because they have been identified as high priority species in need of conservation attention by Partners in 
Flight, a public-private partnership dedicated to protecting birds not covered by other initiatives.  

Surveys were conducted at 183 transect segments stratified within management units that had been burned 
within 1 year, within 2 years, or within 3 years. Five management units in each year-since-burn category were 
studied. An intensive analysis of habitat characteristics was conducted along with the bird survey to permit an 
evaluation of the habitat conditions under which species are most commonly found. Results indicated that LeConte’s 
sparrows are most commonly associated with prairies burned within the past 2 years. It was further determined that 
they were less likely to be found in sites with heavy vegetation. Sedge wrens, in contrast, were uncommon in 
grasslands that were recently burned and were most likely to be found in the 3-year-since-burn prairies. 
Correspondingly, they were most often associated with high-density vegetation. Savannah sparrows were those that 
were most highly associated with 1-year-since-burn conditions and where vegetation was sparse. Finally, swamp 
sparrows were equally likely to be found at any of the locations sampled and appear to be generalists in this habitat.  

Rails and Their Behavior 
Over two winter seasons, 112 individual rails were captured and banded, including 86 yellow rails (Coturnicops 

Gray 1855), 10 black rails (Coturnicops Gray 1855), 9 sora rails (Porzana carolina  Linnaeus, 1758), 6 Virginia rails 
(Rallus limicola Vieillot, 1819), and one clapper rail (Rallus longirostris Boddaert, 1783). Recaptures of yellow rails 
were sufficiently common within a year to indicate a high degree of winter site fidelity for this species.  

Rails were also monitored by using radio telemetry to evaluate their behavioral responses. Data collected in this 
fashion were used to estimate home range sizes and to gain insights into their potential behavioral responses to fires. 
Previous reports have indicated that under some circumstances, rails are susceptible to being trapped during 
prescribed burn operations, resulting in their mortality. Thus, there is interest in understanding their behavioral 
repertoire in more detail. 

Sixteen yellow rails were monitored for their movements by using radio telemetry. The average home range 
size estimated from a total of 270 observations was 1.16 hectare. Further, it was found that yellow rails were most 
commonly associated with areas dominated by saltgrass (Distichlis spicata (L.) Greene) and gulf cordgrass 
(Spartina spartinae  (Trin.) Merr. ex A.S. Hitchc.). Also, 12 rails, including 7 yellow rails, two black rails, two 
Virginia rails, and one sora rail, were followed during two separate burn events.  

Telemetry indicates that yellow rails were most often associated with dense, short vegetative cover. Shallow 
water conditions have been suggested to be important to habitat use by yellow rails. In this study, however, only 
41% of yellow rail locations were flooded. Further, radio telemetry revealed that after an area dried out, yellow rails 
did not move to a new location, suggesting that other factors help regulate their habitat usage.  

Because of logistical difficulties, limited data were obtained on the direct responses of rails to fire and, in 
particular, mortality from fire. No direct mortality of rails from fire was observed in this study. For the cases where 
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birds were tracked for the longest period, their ability to survive fire was documented. Several yellow rails relocated 
to adjacent unburned habitat the day after they presumably encountered a burn, indicating survival of the fire. In 
addition, one sora rail was found alive under a clump of burned gulf cordgrass while one Virginia rail was observed 
coming out of the ashes following a burn. 

Overall, we do not yet have sufficient information to draw broad conclusions about the direct mortality risk fire 
poses to rails. It is clear that they have the capability to escape in some cases and to survive in the face of fire in 
others. While direct mortality from fire was not observed, indirect mortality that was due to predation was noted. 
Raptors attracted to fires were observed pursuing fleeing birds and remains indicated that at least some rails were 
killed by predators in conjunction with burns.  

Implications for Management 

Historical records support the presumption that prairie grasslands in the region were characterized by luxuriant 
growths of grasses and a generally low density of shrubs. No records of eastern baccharis, the dominant shrub 
species in the Texas gulf coast, were made by early botanical explorers in this region. Based on this and other 
historical information, if the agency’s goals include managing for the purpose of preserving historic features of the 
natural landscape, efforts to reduce baccharis levels would support such a goal. While there is no fixed density of 
baccharis that can as yet be established as a set target, the goal of maintaining an open grassland with scattered 
shrubs seems appropriate.  

Examination of changes in shrub densities over time in this study suggests that the burn program at the TMC is 
resulting in an overall reduction in woody cover for targeted areas. At the same time, it is clear that success is not 
uniform and that efforts are not always rewarded with positive results. A continuation of the recent focus on growing 
season burns for prairie habitat would seem advisable. At the same time, we expect that frequent, repeated 
applications of fire will be required for areas with high densities of shrubs if those densities are to be reduced 
substantially. Once densities are reduced to the point that prairies have a predominantly grassy character, less 
frequent burning should be sufficient. The use of routine monitoring for shrub densities may prove very helpful for 
the efficient use of fire to control habitat structure by allowing fire teams to target sites most in need of burning. 

The continuous invasion of prairie habitat by Chinese tallow trees poses a severe problem for the management 
of the TMC. In the absence of burning, colonization and canopy development are rapid, suggesting that vigilance is 
required to avoid resorting to intensive chemical applications.  

Prairie grassland birds vary in their association with prairies based on the number of years since they were 
burned. LeConte’s sparrows were found in this study to be less common in prairies burned more than two years 
previously. Other important species, such as sedge wrens were most common in prairies burned more than two years 
previously, while savannah sparrows were most closely associated with prairies burned within the past year. It 
would seem clear from these results that a mosaic of successional habitats in the landscape is required to maintain a 
diversity of grassland birds. 

Overall, an average burn frequency of approximately every 3 years may be ideal for prairie habitat that is not 
badly overgrown with woody vegetation. Evidence suggests that an important part of the effect of burn frequency on 
habitat use is related to the density of herbaceous vegetation. Thus, variations in regrowth rates for vegetation may 
suggest either greater or lower burn frequencies for particular locations. 

Despite the fact that direct mortality of rails during winter marsh burns was not observed in this study, it would 
seem that caution to avoid trapping birds during such burn operations is advised. Further work will be needed to 
determine with greater confidence whether certain types of firing procedures create a greater risk of mortality for 
these birds. 
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Effects of Prescribed Fire in the Coastal 
Prairies of Texas 
By James B. Grace1, Larry K. Allain1, Heather Q. Baldwin2, Arlene G. Billock3, William R. Eddleman4, 
Aaron Given4, Clint K. Jeske1, and Rebecca Moss1 

Abstract 
Prescribed burning is widely applied, though in many 

circumstances the full range of its ecological effects is 
undocumented. This study provides an assessment of some 
of the effects of fire management in coastal grasslands in 
Texas. These studies were conducted primarily at the U.S. 
Fish and Wildlife Service (USFWS) Texas Mid-coast 
National Wildlife Refuge Complex (the TMC), though 
additional data from other locations in the region are also 
presented. There were four main components of this 
project: (1) a historical analysis of the role of fire in this 
ecosystem, (2) the development of standard methodology 
for assessing and monitoring fire effects in this system, (3) 
an evaluation of the effects of prescribed burning on the 
habitat being managed, and (4) an evaluation of the effects 
of burning on select fauna of special concern. Historical 
records suggest that both Native Americans and early 
Europeans contributed to widespread burning in the region 
and that settlement and the introduction of large cattle 
herds have been associated with reduced fires and 
increased shrub dominance. Data from a large number of 
burns shows that the response of the shrub eastern 
baccharis to fire is highly variable, but burning during the 
growing season and under drought conditions improves the 
chances of controlling baccharis. Chinese tallow was also 
found to be sensitive to burning, though complete control 
is largely restricted to small or isolated plants. Surveys of 
grassland birds found that LeConte’s sparrows were most 
commonly associated with prairies burned within the past 
two years, that Sedge wrens were most likely to be found 
in the 3-year-since-burn prairies, Savannah sparrows were 
most highly associated with 1-year-since-burn conditions, 
and swamp sparrows were equally likely to be found at 

any of the locations sampled. Rails were also monitored by 
using radio telemetry to evaluate their behavioral 
responses. Data collected in this fashion were used to 
estimate home range sizes and to gain insights into their 
potential behavioral responses to fires. Collection of 
sufficient data to draw broad conclusions about the direct 
mortality risk that fire poses to rails was not possible. Still, 
it is clear that rails have the capability to escape in some 
cases and to survive in the face of fire in others. While 
direct mortality from fire was not observed, indirect 
mortality that was due to predation was noted. Raptors 
attracted to fires were observed pursuing fleeing birds, and 
remains indicated that at least some rails were killed by 
predators in conjunction with burns. Overall, an average 
burn frequency of approximately every 3 years may be 
ideal for prairie habitat that is not badly overgrown with 
woody vegetation. Evidence suggests that part of the effect 
of burn frequency on habitat use is related to the density of 
herbaceous vegetation. Thus, variations in regrowth rates 
for vegetation may suggest either greater or lower burn 
frequencies for particular locations. 

Introduction 
Prescribed fire is widely used as a method of habitat 

management in coastal grassland ecosystems (Wade and 
others, 2000). For many natural communities in North 
America, fire has been a major feature of the disturbance 
regime since before the beginning of the Holocene Epoch, 
which began some 10,000 years ago (Pielou, 1991). While 
fire frequency has been shown to vary with climatic shifts 
(Clark, 1990), it has been estimated that in recent times 
fire return intervals have ranged from between 1and 10 
years in coastal areas to between 35 and 100 years in 
desert regions (Brown and Smith 2000). In part, because of 

1 U.S. Geological Survey, National Wetlands Research Center, 700 Cajundome Blvd., Lafayette, LA 70506 
2 IAP World Services, National Wetlands Research Center, 700 Cajundome Blvd., Lafayette, LA 70506 
3 University of Louisiana, Department of Biology, Lafayette, LA 70504 
4 Southeast Missouri State University, Department of Biology, Cape Girardeau, MO 63701 
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the historical importance of fire and the fire-adapted nature 
of many native communities, prescribed burning is 
commonly used to mimic the effects of the natural fire 
regime on habitat conditions. 

Fire is commonly used, along with other 
management practices, to achieve management goals such 
as habitat restoration, fostering native fauna and flora, and 
fuel/hazard reduction. The specific conservation goals of 
different U.S. Fish and Wildlife (USFWS) refuges 
typically vary, though the overall objective of maintaining 
or restoring ecological integrity applies to most situations. 
While fire most commonly acts to maintain native habitat 
structure as well as to promote the availability of food for 
fire-adapted members of the community (Smith, 2000), 
adverse effects such as wildlife mortality, the spread of 
invasive species, reduction of habitat suitability, and 
habitat degradation (e.g., through soil erosion), are known 
to occur in some circumstances. At present, our 
understanding of the impacts of prescribed fire activities 
on habitat and wildlife is, in most cases, inadequate to 
evaluate the question of whether burning practices are 
optimal for a particular set of habitat objectives. Within 
this context, the challenge for USFWS refuges is to use 
prescribed fire to promote their conservation objectives 
without inadvertently creating long-term, adverse effects. 
Since most refuges typically represent complex landscapes 
of habitat units, the effects of fire programs must be 
considered at the landscape level. The need for a landscape 
perspective is especially true where management programs 
seek to simultaneously achieve a variety of objectives.  

As per the Federal Wildland Fire Management Policy 
Report (www.fs.fed.us/land/wdiap.htm), which applies to 
all Department of the Interior (DOI) as well as U.S. 
Department of Agriculture (USDA) wildland properties, 
Federal land managers are being asked to develop 
•	 fire management plans for all areas subject to wildland 

fires, 
•	 research programs that provide a sound scientific basis 

for the integration of wildland fire into land-use and 
resource management,  

•	 collaborative fire research programs to improve the 
predictive understanding of wildland fire and its 
relationship to ecosystem dynamics, and to strengthen 
the technological capabilities and organizational 
framework necessary to sustain the role of fire in natural 
ecosystems, and 

•	 an assessment process for determining the probability of 
success and/or failure associated with the use of 
prescribed fire and evaluating potential positive and 
negative consequences. 

These requirements represent a substantial challenge for 
the management of USFWS refuges and suggest an 
important partnership role for the scientific capabilities of 
the U.S. Geological Survey (USGS) as well as other 

Federal and State agencies, universities, and 
nongovernment organizations. 

The overall objective of this project was to conduct 
research and scientific assessments of the ecological 
effects of fire in order to support Region 2 of the USFWS 
in their prescribed burning program. Because the multitude 
of unanswered questions greatly exceeded available 
resources, this project focused on those issues most critical 
to current operations at select refuges. At the direction of 
the USFWS Region 2 Office, the fieldwork associated with 
this project was conducted at the Texas Midcoast National 
Wildlife Refuge Complex (hereafter referred to as the 
TMC). This refuge complex contains both a wide range of 
habitats, from wetlands to upland prairie, as well as a wide 
range of environmental conditions. A considerable amount 
of background information had already been gathered, as 
our research team had worked there for several years 
before this project.  

The research conducted in this project focused on 
several major problems. Through consultation with 
USFWS personnel, we attempted to tackle some of the top 
concerns facing the land management staff. In assembling 
this report, we also have incorporated considerable 
information from our other related studies. By using a 
broad approach to the topic, therefore, we organized this 
report around four broad questions: 
(1) What is the history of fire in this landscape? It is 

generally believed that Gulf Coastal Plain ecosystems, 
including those along the Texas coast, have been 
shaped by a history of frequent fire. Unlike many other 
areas of the country, a historical description of the 
occurrence of wildland fire in the Texas gulf coast 
region does not exist. As part of this study, a historical 
analysis was conducted to determine what is known 
about the role of fire in this area and human influences 
on the fire regime. 

(2) What standard methods should be used and/or 
developed to provide for assessment and monitoring of 
fire effects on habitat? An immediate question that we 
faced had to do with the methods to be used for fire 
effects evaluation in this study. At the same time, a 
goal was to employ methods that could be applied by 
USFWS personnel in subsequent studies, both at this 
site and at others. The focus of the methodology work 
was on techniques for monitoring fuels, fire 
characteristics, and habitat responses. Additional work 
has related to innovative methods of data analysis that 
enhance our ability to extract meaningful 
interpretations from complex field data. The emphasis 
in this report will be on the first of these two 
methodological efforts. 

(3) What are the effects of prescribed burning on the 
habitat?  Central goals of the USFWS burn program 
include succession and habitat structure management, 
which involve creating targeted impacts on vegetation. 
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The broad objective of fire management is to simulate, 
to some degree, the natural disturbance regime 
(periodic wildfires). The purpose of doing so is to 
provide habitat for the native flora and fauna and to 
create a range of habitat structure in the landscape that 
promotes the diverse character of the coastal 
ecosystem. The TMC is distinctive in that it includes 
both extensive coastal marshes and a considerable 
amount of coastal tallgrass prairie. Reduction of woody 
plants is one key objective of the fire program at the 
TMC as it relates to both wetlands and uplands. While 
a number of woody species occur there, eastern 
baccharis (Baccharis halimifolia L.) is by far the most 
common woody species and is the primary target of 
much of the burning program as it relates to uplands 
(and to some degree for wetlands as well). A previous 
study has shown that burning has variable effects on 
eastern baccharis and that much could be done to 
improve the success of the burn program in managing 
this species. In addition to assessing the effectiveness 
of the burn program in meeting its desired goals, the 
role of fire in controlling or fostering select invasive 
plants was also considered. 

(4) What are the effects of prescribed burning on select 
avian taxa of concern?  Two major concerns about 
burning and avifauna were addressed in this study. The 
first has to do with grassland birds. Grassland birds are 
considered to be one of the most imperiled groups in 
North America. An obvious contributing factor to this 
trend is the loss of grassland habitat, which has, more 
than any other ecosystem type, been replaced by 
agriculture. Another contributing factor is reduced 
habitat value for the remaining habitat caused by a loss 
of its natural characteristics. Prescribed burning in 
coastal grasslands, especially in the coastal prairie 
community, is designed to create conditions favorable 
for grassland birds of special concern. In the Texas 
Midcoast region, of special interest is the LeConte’s 
sparrow, which is globally rare but locally common in 
good habitat. To address the issue of how burning 
influences grassland birds, studies were conducted to 
look at their occurrences in areas with different burn 
histories and to evaluate their movement patterns. 

The second part of the work concerns yellow rails. 
Rails are secretive and tend to hide instead of flush in 
the face of danger. It has been reported that rails have 
sometimes been known to die in burn operations 
because they were unable to escape from the fire. Little 
is known about either the occurrence of rail species at 
the TMC or their behavior. To address these issues, a 
study was conducted to learn more about their behavior 
and to determine their reactions to fire. 

The Texas Mid-coast National 
Wildlife Refuge Complex 

The TMC (fig. 1) is located in the western gulf coast 
region. The refuge complex consists of three refuges and is 
part of the National Wildlife Refuge System. At present, 
the TMC comprises Brazoria, San Bernard, and Big Boggy 
refuges. Together, these three refuges represent an 
important preserve for coastal wetlands and uplands in the 
Texas midcoast region. Over 300 bird species, as well as 
numerous other fauna, are protected in the TMC. Located 
at the end of the Central Flyway for waterfowl and along 
the flight corridor for migrating Neotropical songbirds, the 
TMC is a vital resource in the Nation’s system for 
protecting wildlife. Habitat types that occur within the 
TMC include salt, brackish, and freshwater marshes, 
sloughs, ponds, coastal prairies, and bottomland.  

The Brazoria NWR was established in 1966. In 1991, 
an additional 11,605 ha (28,655 acres), known as the 
Hoskins Mound Unit, was added, bringing the total to 
16,546 ha (40,854 acres). Brazoria contains several 
thousand hectares of prairie that have never been plowed 
(though they have been subjected to intense grazing), as 
well as several thousand acres previously tilled, but now 
fallow and are recovering their flora and fauna. These 
holdings, along with smaller pieces of coastal prairie 
located at San Bernard and Big Boggy NWRs, make the 
TMC one of the most important locations for the 
preservation of the endangered coastal tallgrass prairie 
ecosystem. Less than 1% of this native ecosystem remains 
intact, and very little of what remains is under permanent 
management for preservation. The coastal tallgrass prairie 
can be thought of as comprising two types, upland 
(bluestem) prairie and salty prairie. Salty prairie is both 
more common and more resilient than upland prairie. The 
primary method of management for both prairie types is 
regular prescribed burning.  

The San Bernard NWR was first established in 1968 
and its more than 16,000 hectares (40,000 acres) are 
largely composed of coastal marsh habitat. While its 
management objectives are diverse, waterbirds are a 
primary concern. Wetland management, including the use 
of prescribed burning, is commonly practiced. Upland 
grassland and shrubland habitat are managed primarily by 
burning, while some other upland habitats at the refuge are 
being managed for forest recovery. This refuge is 
important to a wide variety of species, including grassland 
birds and Neotropical migrants. 

The Big Boggy NWR is a more recent acquisition, 
and totals some 4,860 ha (12,000 acres) of coastal habitat. 
In addition to salt, brackish, and fresh marshes, Big Boggy 
NWR contains several hundred acres of coastal prairie and 
abandoned agricultural fields. It is of prime importance as 
a rookery and also a haven for colonies of shorebirds. 
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Figure 1. USFWS National Wildlife Refuges and 
Ecological Services (ES) Offices in the western gulf 
coast region. This research was conducted at the Texas 
Mid-coast National Wildlife Refuge (NWR)Complex, 
which includes the circled refuges. 

San Bernard NWR 
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season of burn. For this analysis, growing season burns 
were classified as those occurring from May through 
October. Based on the observation that only 5 of 24 burns 
resulted in greater than 50% mortality in dormant season 
burns, the probability of a so-called effective burn was 
estimated to be 21% for this season. Likewise, the 
observed 49 of 64 growing season burns that produced 

TMC 
effective burns results in an estimated probability of 76%. 
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Figure 10. Frequencies of effective reductions of baccharis 0 
(mortality > 50%) during winter versus summer burns. 
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burns out of the total conducted during that season. Percent Mortality 

20 

0 

A number of things differ between the growing and 
dormant seasons that could contribute to differences in the 
probability of mortality. There was no evidence that the 
characteristics of the fire (percent of plot burned, fire 
severity) differed between dormant and growing season 
burns. Similarly, there was no evidence that season of burn 
was confounded with fuel conditions in a way that might 
obscure contributing factors. 

The one environmental factor that was found to relate 
to mortality was soil moisture. While there were several 
examples where mortality was high under conditions of 
high soil moisture, overall, mortality was more likely to be 
high when soil moisture was low. Out of a total of 19 cases 
where soil moisture data were available, the probability of 
an effective burn was 90% when soil moisture was below 

combined 
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Figure 9. Baccharis mortality responses at the Texas 
Midcoast National Wildlife Refuge Complex (TMC), 
Aransas National Wildlife Refuge Complex, and with data 
from both sites combined. 

40% and only 9% when greater than 40%. The majority of 
the soil moisture data was from growing season burns. 
Thus, soil moisture differences do not appear to be a major 
cause for growing season effects, though they could act in Despite the high degree of variability in baccharis 

responses, the probability of high mortality was found to 
be strongly related to the season of burn. Figure 10 
illustrates the magnitude of difference in the probability of 
observing a mortality greater than 50% as a function of the 
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concert. 

















Table 1. Morphological measurements of rail species on the Texas Mid-coast National Wildlife Refuge Complex 
during the winters of 2002-03 and 2003-04. YEAR = yellow rail; BLRA = black rail; VIRA = Virginia rail; and 
CLRA = clapper rain. ξ = mean; SD= standard deviation. 

Morphological   YERA (n = 86)  BLRA (n = 10)    SORA (n = 9)  VIRA (n = 6)   CLRA (n = 1) 
measurements ξ ± SD ξ ± SD ξ ± SD ξ ± SD 

Body weight (g) 50.7 ± 7.6 37.4 ± 4.8  74.8 ± 17.7 77.8 ± 15.5 295 
Wing cord (mm) 84.4 ± 3.7 75.4 ± 2.1 103.2 ± 2.9  99.8 ± 4.3 159 
Culmen (mm)   12.9 ± 1.0 13.7 ± 1.5  19.1 ± 1.1  35.7 ± 2.6 61 
Tarsus (mm)   24.1 ± 1.6 23.6 ± 1.5  32.4 ± 2.7  33.2 ± 2.6 53 
Tail (mm)  33.2 ± 2.5  34.8 ± 1.9  48.1 ± 2.3  41.3 ± 4.8 68 

Table 2. Wintering site fidelity of rails on Texas Mid-coast National Wildlife Refuge Complex during the winters of 
2002-03 and 2003-04 using a system of classification by Robert and LaPorte (1999), where “repeats” = same site, 
same year; “returns” = same site, different year; “displacements” = same year, different site; and “recoveries” = 
different year, different site. YEAR = yellow rails; VIRA = Virginia rail. 

Species   Banding Recapture  Classification 
    date   date   system  
YERA   01/25/03  02/12/03  Repeat 
YERA   01/25/03  04/05/03  Repeat 
YERA   02/12/03  03/34/03  Repeat 
YERA   03/22/04  04/14/04  Repeat 
VIRA   01/28/03  2/15/04  Return 

Table 3. Results of yellow rail (YERA) radio telemetry locations at the Texas Mid-coast National Wildlife Refuge 
Complex and analysis of home ranges (mean = 1.16 ha) during the winters of 2002-03 and 2003-04. 
YERA Transmitter No. of   Home range 
ID no.  frequency  locations  in ha 
SL3   166.094  8   0.99 
SL4   166.343  22   0.77 
SL6   166.177  23   1.29 
SL7   166.740  19   1.11 
SL8   166.169  19   0.07 
SL9   166.329  19   0.97 
SL10  166.281 7   0.66 
SL12  166.593  16   0.91 
SL13  166.714 8   0.87 
SL21  166.714 7   0.96 
CR22  166.653  16   0.50 
CR25  166.614  18   2.21 
CR26  166.740  18   0.88 
HR23  166.631  22   3.86 
HR27  166.302  24   1.07 
MP24  166.454  24   1.47 






















