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ABSTRACT 

 In 2011, wildfires burned 1.6 million acres in Texas, an unprecedented wildfire 

frequency, extent, and intensity attributed to several years of below average annual 

precipitation.  High profile fires, such as the Oasis Ranch Fire (Kimble County, Texas), 

underscore the lack of knowledge in the effect and mitigation of large-scale wildfires on 

stream communities in arid and semi-arid regions, which typically support a diverse and 

endemic fauna limited to one or a few streams and highly susceptible to local 

perturbations.  Purposes of this study were to conduct a literature review of wildfire 

effects on stream communities from regions where wildfires are common (i.e., Northwest 

USA, Australia), quantify abiotic and biotic responses within stream communities, and 

develop a framework to predict community responses relevant to arid and semi-arid 

regions of western gulf slope drainages of New Mexico and Texas.  The framework also 

provides testable hypotheses, which can be validated with independent replications when 

wildfires occur within the western gulf slope drainages.  Among 63 published and non-

published articles, abiotic and biotic responses of aquatic communities following a fire 

ranged from relatively minor habitat and community changes initially, short term, and 

long term to relatively major habitat and community changes initially and up to 20 years 

post-fire.  Magnitude of change was associated with precipitation timing and amount that 

transported sediment, woody debris, and nutrients into the stream, which affected stream 

morphology, macroinvertebrate communities, and fish communities.  Among systems 

with major habitat changes, biotic effects generally included an increase in tolerant 
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macroinvertebrates and decreases in fish abundances and densities.  However, abiotic 

environments and biological communities were resilient through time and returned to 

pre-fire conditions.  The framework was applied to two fires, one (Canon Ranch Fire, 

Pecos River drainage) located 5 km from the stream in which no detectable abiotic and 

biotic responses were detected and another (Oasis Ranch Fire, Colorado River drainage) 

located adjacent to the stream in which sediments and charred woody debris entered the 

stream but no biotic responses were detected.  Literature review and framework provide 

natural resource managers with proactive and reactive management options.  

Management options can be used, when feasible, to mitigate large-scale fire effects on 

stream communities, especially those that support endemic, threatened, or endangered 

fauna.   
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CHAPTER I 

CONCEPTUAL FRAMEWORK TO ASSESS THE EFFECTS OF WILDFIRE ON 
AQUATIC SYSTEMS IN SEMI-ARID AND ARID REGIONS OF THE WESTERN 

GULF SLOPE DRAINAGES 
 

 

Introduction 

 

 Understanding the effects of fire on aquatic communities lags behind that of 

terrestrial communities.  Published literature is generally limited to quantifying adverse 

effects of fire on aquatic habitats and biota with only a few studies attempting (Bisson et 

al. 2003; Rieman et al. 2010) to understand fire and fire effects as a natural, and perhaps 

necessary, component of the aquatic ecosystems.  Following an upland or riparian fire, 

aquatic habitats are inundated with sedimentation (Ryan et al. 2011) and large woody 

debris (Minshall et al. 1989), leading to changes in nutrient inputs (Earl and Blinn 2003), 

riparian vegetation (Dwire and Kauffman 2003), stream morphology (Eaton et al. 2010; 

Kozlowski et al. 2010), warmer water temperatures attributed to reduction in canopy 

cover (Rosenberger et al. 2011), and other physio-chemical parameters (Mahlum et al. 

2011).  Aquatic biota responses include shifts in macroinvertebrates (Hall and 

Lombardozzi 2007; Malison and Baxter 2010), fish occurrences and abundances, and 

trophic interactions (Dunham et al. 2007; Sestrich et al. 2011).  Habitat effects and biotic 

responses are not consistent among fires.  Effects and responses are immediate or 

delayed, depending upon fire severity and size, time until the next precipitation event, 

and fire proximity to the stream.  Disturbances, such as fire and post- fire runoff, create 

spatially patchy habitats (Townsend 1989), but short-term habitat changes and biotic 

shifts might be necessary in maintaining biotic integrity, similar to terrestrial habitats and 



 

2 
 

biota.  Terrestrial animals associated with early, mid and late serial stages (i.e., habitat 

heterogeneity; Pianka and Goodyear 2012) will recolonize burned areas as vegetation 

recovers over a serial sequence.  Species became fire-specialists from their ability to use 

those habitats created by repeated fires (Fox 1982; Smith 2000).   

Among published studies, abiotic and biotic responses to fire effects are reported 

in aquatic systems in the Rocky Mountain region or Pacific Northwest (60%) and 

montane region of Southwest (17%) USA, Australia (10%), Canada (5%), Mediterranean 

climates of California (3%), the Appalachian region (3%) and Spain (2%).  Studies 

typically are conducted within coldwater communities and with salmonids (Burton 2005), 

though a few are conducted with non-salmonids (Rinne and Carter 2008) and in more 

xeric ecoregions.  Applicability of the reported abiotic and biotic responses to other 

physiographical areas, such as arid and semi-arid regions of western gulf slope (WGS) 

drainages of New Mexico and Texas, is unknown, but I predict that the effects of 

wildfires are likely similar.  Specifically, I predict that aquatic organisms will shift 

according to habitat responses to the fire, both temporally and spatially.  However, 

aquatic systems responses within arid and semi-arid regions might noticeably differ from 

other regions, in that vegetation biomass is much lower in grasslands and desert shrub 

regions, slope is generally much less, precipitation and therefore runoff are less, streams 

and rivers receive greater influences from groundwater and many support endemic fauna 

in isolated populations with low probabilities of recolonization if extirpated.  In addition, 

increasing aridity associated with climate change during interglacial periods is 

progressing northeastward along the western gulf slope drainages, decreasing fire 

potential in western regions and increasing fire potential in the eastern regions of the 
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WGS (Krawchuk et al. 2009).  Recent high profile fires within the WGS, such as the 

Oasis Ranch Fire (near Junction, Texas), and Canon Ranch Fires (near Fort Stockton, 

Texas), underscore the need to understand and quantify the positive and negative 

influences of fires on aquatic systems.  

In order to identify similarities and differences between published accounts and 

the WGS, I compiled and reviewed relevant literature on the effects of wildfire on aquatic 

community response.  From this I identified co-variables that influence the effects of fires 

on aquatic systems and developed a conceptual framework with testable hypotheses to 

assess effects in arid and semi-arid regions of Texas.  Unpredictable disturbance events 

such as fire can be difficult to study due to logistical restraints and costly to develop 

manipulative studies; however, hypotheses generated from existing body of knowledge 

can be developed a priori and tested opportunistically and repeatedly.   I demonstrated 

how the conceptual framework can be used by applying stated hypothesis towards two 

stream communities that had fires within their watersheds in 2011 and tracked 

community responses for up to one year. Additional testing, when available, will enable 

adequate replication and refinement of the complex interactions between wildfire and 

aquatic systems within the WGS.   

 

Methods 

The literature review consisted of database and internet searches for peer-

reviewed and gray literature.  A total of 115 manuscripts were selected and grouped into 

primary literature (reported results of novel studies), secondary literature (new synthesis 

with results of others), and tertiary literature (compilation of previously reported data).  
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Primary literature was retained and identified by fire type, wildfire or prescribed fire.  I 

retained only primary literature that reported effects of wildfire and not prescribed fire.   

A total of 63 manuscripts (Appendix A) were retained for further assessment.  Available 

information was quantified by abiotic and biotic responses among three time periods:  

initial (< 3 months post- fire), short (4-11 months post- fire) and long term effects (> 1 

year post- fire).  Co-variables, such as fire severity and proximity, were noted when 

necessary, with fire effects either measured against reference sites or data collected prior 

to the fire.  Assessment methodologies (i.e., sampling design) for the two case studies are 

contained within each case study.   

 

Results 

The most common habitat response reported among 51 studies was sediment (26 

of 58, 45%), followed by large woody debris (40%), channel morphology (31%), water 

quality (29%), water temperature (26%), and stream discharge (19%).  Periods of 

observations ranged from immediately to 20 years following a wildfire.  Among 24 

studies, 22 published accounts documented effects on macroinvertebrate communities 

and 17 documented effects on fish communities.  Periods of observations ranged from 

immediately to 14 years following a wildfire.  

 

Habitat responses  

Among the 26 studies reporting sediment responses, 24 (96%) reported sediments 

increased in streams, one reported no difference in sediments, observed only during the 

short term, and one reported less stream sediments during the long term, attributed to 
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high discharge and scouring between the period of observation and the fire.  Among 

studies with sediment increases, all reported sedimentation initially (N = 14) and short 

term (14), and 10 studies (77%) reported sedimentation long term (13).  Sedimentation 

was associated with heavy precipitation events following fires in 53% of the initial period 

of observation.  Among long-term studies, five studies provided repeat assessments 

across periods of observations; two of the five (40%) reported no evidence of 

sedimentation in the long term after reporting sedimentation initially and in the short 

term.  Evidence of sedimentation lasted up to 11 years following a fire. 

Among 23 studies reporting woody debris responses, 10 (43%) reported woody 

debris increased in streams, nine reported no change in woody debris up 2 to 6 years after 

the fire, and five reported decreases in woody debris more than a year after the fire, 

attributed to channel scouring flood events.  Increases in woody debris were reported 

initially (N = 2), short term (3), and 5 reported increases in woody debris over the long 

term.  Long term increases in woody debris were attributed to the decay of fire killed 

trees that later fell and enter the stream.   

Among 19 studies reporting channel morphology response, 89% noted changes in 

channel morphology after a fire.  These changes included increases in riffles and gravel 

bars, changes in stream gradient, increases and decreases in bankfull width, bank 

incision, and bank stability.  These responses were observed initially (N = 10), short term 

(7), and long term (7).   Evidence of bank stability was reported for up to a year after the 

fire (N = 2).  Channel morphology responses were attributed to precipitation events in 8 

(44%) of the studies and occurred up to 2 years following the fire.   
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Among 17 studies reporting water quality responses, 10 studies (59%) reported 

increases in phosphorus and nitrogen levels.  Elevated phosphorus and nitrogen levels 

persisted up to 5 years.  Four studies reported decreases in dissolved oxygen 

concentrations and three studies reported increases in ammonium up to one year after a 

fire.  Three studies did not detect changes in water quality short or long term.  Water 

quality responses were attributed to ash and smoke deposition, fire-fighting retardant, and 

runoff from burn areas.  Two studies reported increases in cyanide in the aquatic system 

and mercury in the tissues of fishes.  

Among 15 studies reporting changes in water temperature, 12 studies reported 

increases in water temperature initially (5), short term (4), and long term (9).  Water 

temperatures returned to pre-fire conditions one year to 20 years after a fire.  Increases in 

water temperatures ranged from slight (<1°C) to 5°C and were related to fire severity, 

stream order, riparian vegetation consumption, and extent of scouring and channel 

morphology response. 

Among 11 studies reporting stream discharge responses, seven (64%) studies 

reported increases in discharge and four (36%) reported no detectable change.  Increases 

in discharge were reported initially (N = 4), short term (5), and long term (4), and were 

attributed to increases in overland flow rate related to reduction in upland and riparian 

vegetative cover following a fire.    

 

Community responses 

Twenty two studies reported macroinvertebrate responses relating to taxa richness 

(13 of 22 studies; 59%), density (13; 59%), trophic shifts (7; 32%), abundances (5; 23%), 
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and biomass (7; 32%).  A common theme among 15 studies was an increase in dipterans 

(Chironomidae, Simulidae, and Tipulidae), oligochaetes, and ephemeropterans (Baetis) 

and associated decreases in taxa richness (N = 9), changes in relative abundances (5), and 

increases in densities (5) and biomass (4) within the macroinvertebrate community.   

These collective changes reported occurred initially (2), short term (7), and long term 

(12), persisting up to 10 years after the fire.  In addition, decreases in macroinvertebrate 

density (7) and biomass (3) were observed in areas subject to ashing and post- fire 

scouring, initially (2), short term (6) and long term (4).  Two studies reported decreased 

macroinvertebrate densities in the short term, followed by increased densities during the 

long-term period.  Likewise, one study reported decreases in macroinvertebrate biomass 

in the short term, followed by increases during the long term.  One study reported no 

change in density or biomass of macroinvertebrates with observations occurring during 

the short and long term.  Another study reported a decline in taxa richness during short 

term, but taxa richness increased to pre-fire levels within 22 months post- fire.  Three 

studies reported no change in taxa richness.  Among all studies, trophic shifts generally 

favored collector-gathers, scrapers, and shredders.  One study reported no changes in the 

trophic levels of macroinvertebrates, likely linked to frequent disturbances in the study 

stream.   

Seventeen studies reported fish community responses.  All studies reported 

responses by salmonids initially (N = 9), short term (6), and long term (14) with four 

studies including responses of cyprinids, catostomids, and cottids.  Among initial period 

of observation, 66% (6 of 9) reported fish mortalities, extirpations, and decreases in fish 

densities, biomass, and abundances, associated primarily with debris flows following a 
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precipitation event.  Among short term period of observation, four of six studies reported 

depressed fish densities with one associating moralities with additional debris flows, 

whereas two studies reported redistribution of fishes within the affected stream reach and 

increases in fish densities and biomass.   Among 14 studies reporting long term period of 

observation, seven studies documented the return of or surpassing pre-fire levels in fish 

densities and abundances, six studies reported depressed densities and abundances of 

fishes, and one study documented persistent fish mortalities attributed to continual debris 

flow up to two years post- fire.  Three studies documented changes in food sources with 

one noting a shift in rainbow trout diets from zooplankton to phytoplankton and two 

reporting a shift from allochthonous to autochthonous.  

 

Predicted habitat and community responses in arid and semi-arid regions 

From the literature review habitat and biota responses among initial, short term, 

and long term periods are conceptualized and summarized in Figure 1.  Magnitudes of 

positive and negative responses were greatest during the initial period following a fire, 

followed by a trajectory toward pre-fire conditions within months, years, and even 

decades, depending on the response variable.  Magnitude of responses and time period of 

recovery are dependent upon additional factors as well, such as such as fire severity, 

proximity to the aquatic system, hydrological condition (i.e., timing and duration of 

precipitation events and flow pulses), upland vegetation, watershed and stream slope, and 

departure from historical fire regime.  Nevertheless, the conceptual model provides 

testable hypotheses to validate the likely relationship between wildfires and arid and 

semi-arid aquatic habitats and biota through time, while allowing the addition of new 
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response variables.  As future opportunities arise, the conceptual model is the theoretical 

framework to quantify abiotic and biotic responses, thereby providing independent and 

replicated observations.  To illustrate the applicability of the model, I applied the 

framework to two recent wildfires within watersheds of the Edwards Plateau.  Both 

watersheds contain streams with perennial flows from springs of the Edwards Aquifer 

and each contain spring-associated fishes that generally occur in the clear and 

stenothermal waters of spring outflows.   

  

Case Study 1:  Oasis Fire, Kimble County, Texas 

The Oasis Fire started on 26 April 2011 and was contained 10 May 2011, burning 

about 10,000 acres of dormant brush, hardwood slash brush, and tall grass 

(http://inciweb.org/incident/2196/; accessed 24 October 2013).  Less than 1 km of 

riparian corridor along the South Llano River was burned (Appendix B).  Sedimentation 

and charred woody debris was noticeable in the ravines upland from the river and within 

the river, evidence of precipitation events washing sediment into the river.  Pre-fire fish 

community structure was documented by Curtis (2012), which provided three seasons of 

fish occurrence and abundances from two sites within the South Llano River.  Post- fire, 

the two sites were sampled initially (within one month on June 2011), short term (six 

months), and long term (one year), using the same protocols as Curtis (2012).   Specific 

to Llano River, I predicted that densities of the fish community would be less 

immediately following the fire as a response to predicted changes in the abiotic aquatic 

environment and that densities and relative abundances of the spring associated fishes 

(i.e., Dionda nigrotaeniata, Notropis amabilis, Etheostoma lepidum, and Percina 
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carbonaria) would be less at least initially and during the short term but recovering to 

pre-fire levels during the long term.     

Abiotic and biotic variables and confounding effects (i.e., precipitation events) 

were quantified through time.  A total of 460 mm of precipitation was recorded between 

the fire event and the long term sampling event (Figure 2a).  Total precipitation was 20 

mm before the initial sample, 170 mm before the short term sample, including a 63 mm 

event two months before the sample, and 270 mm before the long term sample.   Abiotic 

environment (i.e., dissolved oxygen, water temperature, conductivity, percent of large 

woody debris, and pH) and geomorphic units (availability of riffle, run, and pool habitats) 

were within seasonal levels.   Percentage of silt substrates increased from 13% (pre-fire) 

to 22% initially, 10% short term, and 46% long term, percentage of algae increased from 

5% (pre-fire) to 10% initially, 0% short term, and 40% long term, and percentage of 

aquatic macrophytes increased from 8% (pre-fire), 15% initially, 14% short term, and 

20% long term.  Density of the fish community was within mean and 2 standard error 

(SE) of pre-fire density initially, higher than pre-fire mean and 2 SE in the short term, and 

lower but within pre-fire mean and 2 SE in the long term (Figure 2b).  Density of spring-

associated fish community was higher than mean and 2 SE of pre-fire density initially 

and within pre-fire density and 2 SE during short and long term (Figure 2c).  Relative 

abundance of spring fishes was greater than mean and 2 SE pre-fire abundances, less than 

pre-fire abundances during the short term, and within pre-fire abundances during the long 

term (Figure 2d).   

Abiotic and biotic responses were related to model predictions (Figure 3).  

Overlaying precipitation events with timing of fire and sampling, it is unlikely that the 
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initial sample was influenced by direct fire effects or precipitation-induced sedimentation 

effects.  As such, abiotic and biotic responses during the initial period were dropped from 

further consideration.  Increases in silt substrates, percent algae, and percent aquatic 

macrophytes and observed changes in the density and relative abundances of sensitive 

fishes (spring-associated) and tolerant fishes (inversely related to sensitive fishes) 

corresponded in part to predictions.  As predicted, greater amounts of percent silt 

substrate were observed in the South Llano River post- fire but the timing did not 

correspond as predicted.  Highest amount of silt substrates were observed in the long 

term and not in the short term.  Percent algae and percent macrophytes were greater than 

pre-fire levels in the long term.  This could be attributed to fire effects (i.e., higher 

amounts of sedimentation and increases in nutrients), although seasonality (i.e., greater 

solar radiation and length during June in both initial and long term) is also an explanatory 

factor in observed increases.  Densities and abundances of tolerant and sensitive fishes 

conformed to predictions short term and long term, though the exact mechanism of short 

term changes is not clear.  Sedimentation is expected to regulate ratios of tolerant and 

sensitive taxa, but sedimentation (i.e., inferred from percent silt substrates) was lower in 

the short term than in pre-fire and long term.      

 

Case Study 2:  Cannon Ranch Fire, Terrell County, Texas 

 The Cannon Ranch Fire ignited by lightning on 11 April 2011 burning 

approximately 63,500 acres through tall grass and mixed tall grass and scrub before it 

was contained on 20 April 2011 (http://www.inciweb.org/incident/2167/; accessed 30 

October 2013).  The fire occurred upland to Independence Creek, at a distance >5 km 
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from the creeks margin (Appendix C).  At the time of sampling (18 November 2011; 7 

months after the fire occurred), no evidence of sedimentation or charred materials was 

observed in the creek.  In fires located a distance from a stream, I predict that deposition 

of nutrients from smoke and ash initially and runoff eventually would be detectable.  

However, 2011-2012 precipitation was <20 mm, reducing the likelihood of precipitation-

induced runoff, and riparian vegetation along stream margin is abundant, thus reducing 

overland flow from transporting nutrients into the stream.  As such, I predicted that fire 

effects in Independence Creek would be minimal and likely undetectable.  Pre-fire fish 

structure community was quantified by Watson (2006).  I used the same sampling 

protocols to assess community structure of the Independence Creek within reaches likely 

affected by fire sedimentation.    

Changes in Independence Creek fish communities between pre-fire and post- fire 

were assessed with Renkonen’s Similarity Index (RSI), SR=∑ minimum (p1i,p2i) (Balmer 

2002).  Sensitive species were spring-associated Cyprinella proserpina, Dionda 

argentosa, Etheostoma grahami, Notropis amabilis, and tolerant species were Cyprinella 

venusta and Gambusia; (Bonner et al 2005, Kollaus and Bonner 2012).  Sensitive fishes 

were 81% similar within riffle habitats and 52% similar within run habitats between pre- 

and post- fire.  Tolerant fishes were 98% similar within riffle habitats and 94% similar 

within run habitats.  As predicted, occurrence and abundance of sensitive fishes as 

measured by RSI differed between pre- and post- fire conditions; however, observed 

differences were likely not attributed to a fire effect based on the lack of evidence to 

suggest sediments from the burned region reached the stream and natural variability with 

the Independence Creek fish community (Watson 2006).   

i 

l 
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Discussion 

Abiotic and biotic responses of aquatic communities following a fire ranged from 

relatively minor habitat and community changes initially, short term, and long term to 

relatively major habitat and community changes initially and up to 20 years post-fire.  

Magnitude of change was associated with precipitation and runoff timing and amount that 

transported sediment, woody debris, and nutrients into the stream, which affected stream 

morphology, macroinvertebrate communities, and fish communities.  Among systems 

with major habitat changes, biotic effects generally included an increase in tolerant 

macroinvertebrates and decreases in fish abundance and densities.  However, abiotic 

environments and biological communities were resilient through time and returned to, 

and in some instances surpassed, pre-fire conditions often among studies reporting 

sufficient length of records.   

Abiotic and biotic responses in aquatic systems were similar to those in terrestrial 

systems.  Fire directly alters terrestrial vegetation structure and composition and animal 

communities via mortality or movement (Quinn 1979) and indirectly affects animal 

communities by extended but temporary changes in vegetative structure (Briani et al. 

2004; Santos and Poquet 2010).  Fires burn with varying severities creating habitat 

heterogeneity, both spatially and temporally.  After a fire, as the vegetation grows and 

goes through early, mid, and late serial stages, animal communities associated with those 

serial vegetative communities also change (Letnic et al. 2004).  Amidst those species 

associated with the progressing serial communities, are tolerant taxa, able to use a variety 
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of habitat parameters often spanning multiple serial stages, and sensitive taxa associated 

with particular habitat requirements often within one serial stage.  

Aquatic abiotic and biotic responses to fire reported herein is likely similar for 

arid and semi-arid aquatic systems within western gulf slope drainages.  The 

unpredictable nature of wildfire occurrence and location often precludes manipulative 

testing of the effects of wildfire on aquatics.   Assessing effects of prescribed fires is 

more feasible, but the value of prescribed fires as a surrogate for wildfires is debatable 

(Arkle and Pilliod 2010).  As such, the conceptual model with a priori hypotheses will 

provide focused objectives for repetitive opportunistic testing when a wildfire occurs.  

Due to the complexity of both wildfires and aquatic systems, repeated measurements of 

the covariates and aquatic community response are necessary to adequately validate the 

conceptual framework.  Continued temporal assessment of fire effects in unique semi-

arid and arid environments including differing covariates will allow for quantitatively 

assessing the parameters influencing fire effects in aquatic systems and reevaluating the 

applicability of the conceptual model.   Conceptual models, such as the one proposed 

herein, are used effectively to assess risk and benefit assessments among various wildfire 

and logging effects on salmonids in the Rocky Mountain region (O’Laughlin 2005), as 

well as studies incorporating climatic and herbivore influences on the effects fire timing 

and interval have on woody recruitment and grassland recovery (Fuhlendorf et al. 1996). 

Initial testing of the conceptual model with two case studies produced mixed 

results.  Covariates, such as fire severity and size, proximity to the aquatic system, 

hydrology, fire regime, upland vegetation, and current land use, can influence realized 

effects.  The Cannon Ranch Fire had little, if any, affect upon sedimentation and channel 
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morphology within Independence Creek or upon the riparian corridor of Independence 

Creek, which acts as a buffer to further minimize fire effects.  The fire’s distant proximity 

to the creek ( >5 km), regional aridity (i.e., low number of precipitation events), and 

baseflows provided primarily by spring discharge collectively minimized biotic effects 

upon the fish community up to 7 months post- fire.  These findings are consist with 

knowledge of intact riparian zones acting as buffers to streams (Naiman and Decamp 

1997) as well as fire effects becoming most pronounced in arid environments with high 

amounts of precipitation (Lyon and O’Connor 2008).  The Oasis Fire burned a portion of 

the South Llano River riparian corridor, and precipitation events and subsequent overland 

flow (> 60 mm precipitation) carried sediments and debris into the river.  Abundances of 

tolerant and sensitive fishes partly conformed to our predictions, but overall none to 

minor biotic effects were observed.  Tentatively and with recognition to various 

covariates associated with each fire, I attributed resiliency of both systems to baseflows 

supported by voluminous groundwater discharge that likely minimize fire effects.   

Minimizing effects of groundwater discharge also were noted in the Yellowstone Fire of 

the 1980s in which streams with baseflows supported by groundwater discharge diluted 

factors associated with the fire (Minshall et al. 1997).   

Applicability of my proposed conceptual model is intended to span current and 

future climates within the arid and semi-arid regions of the western gulf slope drainages.  

However, the conceptual model will likely need to be adjusted according to climate 

heterogeneity across the western gulf slope drainages.  With aridity increasing along a 

northeast to southwest to gradient and expanding towards the northeast into the future 

(Cook et al. 2004), western gulf slope drainages of Texas and New Mexico have 
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increasingly less water (Cook et al. 2004; Seager et al. 2007; Woodhouse et al. 2010) 

thereby decreasing fuel loads ultimately leading to decreases in occurrence of wildfires 

(Marlon et al. 2012) along the western edge of the drainages, whereas increasing 

flammability of fuels and therefore greater frequency of fires along the eastern edge with 

increases in cycles of drying (Krawchuk et al. 2009; Moritz et al. 2012).  Increase of fire 

frequency along a northeast trajectory is not a new phenomenon.  Among past climates, 

changes in vegetation composition in northeast Texas were observed within declining 

forests of Quercus and Betula species around 3,500 years before present (BP) associated 

with low fire frequency and promotion of the Pinus spp. over the last 3,000 years BP 

(Albert 2007).  Projected decreases in fire frequency might be positive for reducing initial 

negative effects; however, longer term effects might be detrimental to inputs of nutrients 

inputs and stream channel heterogeneity.  Collectively, quantifying fire influence along 

the western edge of the gulf slope drainages will further our understandings of how 

changes in climate, fire frequency, and fuel loads (i.e., vegetation type and biomass) will 

influence the future fire regime along the eastern border along with changes in how fire 

effects influence the abiotic and biotic environments of aquatic communities.   

Within the WGS, over 40% fish species are imperiled due to several perceived 

threats but ultimately selected because of the zoogeographical processes restricting them 

to isolated areas (Hubbs et al. 2008).  Combine limited range distribution along with 

wildfire and subsequent abiotic effects lasting longer than an initial effect, some fish 

populations can be highly susceptible to localized extirpation, and in some cases 

extinction among a few fishes that are restricted to only one water body.  Habitat 

connectivity can be fragmented, which would inhibit rates of recolonization of areas with 
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localized extirpations (Brown et al. 2001; Propst et al. 2008; Rinne and Carter 2008; 

Rieman et al. 2010).  Collective effects could be greater in systems already stressed by a 

suite of existing anthropogenic modifications (Rieman et al. 2003).  Consequently, 

resource managers have options to mitigate and minimize fire effects on sensitive aquatic 

communities within the western gulf slope drainages.   

Available options include proactive management and reactive management.  

Proactive management includes prescribe burns and brush management (Agee and 

Skinner 2005; Beche et al. 2005) within the watershed of the stream or water body.  

While fire is a natural component of the WGS, changes in the historical fire regime may 

increase potential for negative or unnatural responses of an aquatic system to fire.  

Restoration of historical fire regimes and fuel loads through management of brush and 

implementation of prescribed fires alleviate potential negative unnatural effects (Knapp et 

al. 2005).  In Texas, combination of brush management and prescribed fires restore areas 

converted to mesquite or juniper scrubland back to historical grasslands (Ainsley and 

Jacoby 1986; Fuhlendorf et al. 1996).  Reactive management includes erosion and 

sediment control (Wagenbrenner et al. 2006; Prats et al. 2013) following a fire.  In post-

fire rehabilitation of burned areas, erosion and sediment controls have been used to 

minimize runoff and increase soil and stream bank stability using techniques such as: 

reseeding of native vegetation, mulching, hydromulching, and check dams (Robichaud et 

al. 2000; Robichaud et al. 2009).  However, it should be noted that little research has 

been conducted assessing the results of rehabilitation efforts in the semi-arid and arid 

regions of the Western United States (Eiswerth and Shonkwiler 2006).  Both proactive 

and reactive options are viable to minimize fire effects under special circumstances but 
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with at least one caveat.  Despite potential negative effects on aquatic communities, long 

term benefits of infrequent nutrient pulses are not fully known.  Infrequent nutrient pulses 

have been thought to contribute to complex interactions in biotic communities (Yang et 

al. 2008; Malison and Baxter 2010).  Long term nutrient pulses associated with wildfires 

should be eventually quantified as part of the assessment to determine need to manage 

and mitigate wildfire effects on imperiled aquatic taxa.
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Figure 1. Conceptual framework of abiotic and biotic wildfire effects in the semi-arid and arid regions of the 
western gulf slope drainages. 
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Figure 2.  Precipitation in Junction, Texas for May 2011- June 2012 and responses of 
fishes in the South Llano River to the Oasis Fire.  (a)  Cumulative precipitation in 
Junction, Texas for May 2011- June 2012, the year after the Oasis Fire (contained in May 
2011).  Arrow indicates cumulative precipitation (mm) at time of sampling (b)  Density 
(N/m2) of all fishes at sampling times in the South Llano River post- fire.  (c)  Density 
(N/m2) of spring fishes at sampling times in the South Llano River post- fire.  (d)  
Relative abundances of spring associated fishes at sampling times in the South Llano 
River.  
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Figure 3.  Cumulative precipitation in Fort Stockton, Texas for the March 2011- April 
2012, the year after the Cannon Ranch Fire (contained in April 2011).  Arrow indicates 
cumulative precipitation (mm) at time of sampling. 
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Figure 4.  Conceptual framework with responses from case studies related to literature synthesis predictions. 
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Appendix B 
 
 

 
 
Map of Oasis Fire in proximity to the South Llano River in Kimble County, Texas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

43 
 

Appendix C 
 

 

 
 
Map of Cannon Ranch Fire in proximity to Independence Creek in Terrell County, Texas.
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