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5.1 DEFINING WILDFIRE SEVERITY AND STREAM-RIPARIAN
BIOTIC RESPONSES

Wildfire is an important natural disturbance that has consequences for both

structural and functional characteristics of riparian and stream ecosystems

(Resh et al., 1988; Gresswell, 1999; Verkaik et al., 2013a). More than 20 years

of studies now point to a diverse array of responses by stream-riparian organ-

isms and ecosystems to wildfire. Ecological responses vary along gradients of

fire characteristics, including severity, extent, frequency, time since distur-

bance, and hydrological context (Agee, 1993; Arkle et al., 2010; Romme

et al., 2011), among others. Although high-severity fire can result in major

changes to stream and riparian areas, including erosion and sedimentation,

opening of the riparian canopy, inputs of large wood to the stream channel,

and changes in water temperature and chemistry, low-severity fire may have

little to no effect (Jackson and Sullivan, 2009; Arkle and Pilliod, 2010;

Malison and Baxter, 2010a; Jackson et al., 2012) (Figure 5.1). Stream-riparian

biota respond both directly to wildfire as well as indirectly via wildfire-induced

changes in physical habitat (Arkle et al., 2010). Land managers often work to

keep high-severity fire out of riparian zones using a suite of techniques,

including fuel reduction (removal of trees and understory vegetation through

mechanical thinning and/or prescribed fire) and suppression (Stone et al.,

2010). However, stream and riparian organisms often are highly adapted to

disturbances, including floods, drought, and wildfire (Dwire and Kauffman,

2003; Naiman et al., 2005), and dynamic fire regimes that operate over time

and space may be important in maintaining the integrity and biodiversity of

linked stream-riparian ecosystems (Bisson et al., 2003).
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This chapter focuses on the effects of wildfire, across a gradient of sever-

ity, on organisms and processes in linked stream-riparian ecosystems. To

address the range of wildfire effects, we concentrate on probable influences

of wildfire on both abiotic and biotic characteristics across multiple levels

of ecological organization (from individuals and populations to communities

and ecosystems). Rather than presenting a complete review of the literature,

we describe in relative depth examples of responses associated with each level

of ecological organization. We also focus our discussion on the influences of

wildfire severity and how these may vary over time, drawing principally on

empirical evidence from the North American West, where much science, as

Unburned Low-severity Moderate-severity High-severity

FIGURE 5.1 Wildfire can be conceptualized along a gradient of fire severity, from unburned to

high-severity burned. In riparian zones, wildfire severity is typically determined by assessing

changes in both the tree canopy as well as understory vegetation. Low-severity wildfires are

commonly characterized by intact riparian canopy and patchy and incomplete burning of understory

vegetation, whereas high-severity wildfires typically burn the canopy and remove most if not all

understory vegetation. The photos presented here represent unburned to high-severity burned ripar-

ian zones along low-order streams in Yosemite National Park (top) and the River of No Return Wil-

derness in central Idaho (bottom) between 3 and 11 years after fire. They illustrate some of the

common responses to wildfire, including erosion and inputs of large wood (Grouse Creek, low-

severity burned 3 years earlier; Buena Vista Creek, high-severity burned patch (foreground) 11 years

earlier with moderate-severity burned area in the background; Tamarack Creek, high-severity

burned 3 years earlier). Spatial patterns of fire severity can be highly heterogeneous in riparian

zones; therefore differences between low-, moderate-, and high-severity burned areas are often dif-

ficult to distinguish, especially as time since fire increases. (Photos by Breeanne K. Jackson (top

row) and Rachel L. Malison (bottom row)).
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well as resource management uncertainty and public dialogue, has been cen-

tered on the costs and benefits of wildfire (Pyne, 1997, 2004; Hutto, 2008).

Moreover, we afford particular attention to fire-food web dynamics because

food webs are a valuable window into the structure, function, and productivity

of linked stream-riparian ecosystems (Wallace et al., 1997; Power and

Dietrich, 2002; Baxter et al., 2005) and can provide spatially and temporally

integrated perspectives on the effects of wildfire (e.g., Mihuc and Minshall,

2005). We conclude with a broad discussion of the potential importance of

high-severity wildfire for biodiversity, conservation, and management of

stream-riparian ecosystems.

Importance of Stream-Riparian Ecosystems

Even though aquatic ecosystems make up only about 2% of terrestrial land-

scapes, they are disproportionately relied on by humans for numerous natural

resources (Postel and Carpenter, 1997). Streams and riparian areas act as con-

duits, reservoirs, and purification systems for fresh water (Sweeney et al.,

2004). Riparian zones sustain unique communities of organisms, contributing

>50%, on average, to regional species richness values (Sabo et al., 2005),

and a disproportionate number of threatened and endangered species rely on

aquatic and riparian habitats (Carrier and Czech, 1996), as do many organisms

that provide food, medicine, and fiber to humans. In addition, these areas are

valued as scenic and used for recreation.

The influence of wildfire as an agent of natural selection has resulted in a

suite of organisms that exhibit apparent adaptations that make them resistant

or resilient to wildfire, and riparian and aquatic organisms are no exception.

Because riparian zones are transitional areas (or ecotones) between aquatic

and terrestrial habitats, a diverse array of animals are associated with riparian

corridors, ranging from aquatic (fish, benthic invertebrates) to amphibious

(frogs, salamanders) to terrestrial (riparian birds, mammals, and reptiles), each

exhibiting responses to wildfire that vary across gradients of fire severity

(Box 5.1, Figure 5.2).

Despite their importance, riparian areas have been degraded worldwide, and

in some regions the majority of riparian zones have been lost altogether. For

BOX 5.1
Examples of stream-riparian animals that may benefit from high-severity wildfire

(1) Immediate impacts may be negative, but stream invertebrate abundance and

biomass frequently increase in the short to midterm following fire (Minshall,

2003; Verkaik et al., 2013a), and the production of emerging adult insects

(i.e., aquatic insects that emerge from the water as winged adults) can increase
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as well (Mellon et al., 2008; Malison and Baxter, 2010a). Such increases may

be accompanied by reductions in species diversity and dominance by insects

that are habitat and trophic generalists, are drift-dispersers, and have multivol-

tine (havingmultiple generations per year) life cycles (e.g., Chironomidae, Bae-

tidae) (Mihuc and Minshall, 1995; Minshall et al., 2001b). Climate and

hydrologic context following wildfire may mediate mid- to longer-term

impacts, however; for instance, Rugenski and Minshall (2014) reported

increases in both invertebrate biomass and diversity in wilderness streams of

Idaho more than 5 years following severe wildfire during a period of time

characterized by reduced peaks in spring floods.

(2) Despite a long-standing assumption that high-severity wildfire has negative

effects on stream fishes, in many cases immediate effects on fishes seem slight

or recovery of populations occurs rapidly (Rieman et al., 1997; Sestrich et al.,

2011), and there is mounting evidence of numerous indirect, positive effects

on fish populations that may follow severe wildfire. For instance, the pulse in

invertebrate production that can follow severe wildfire (Malison and Baxter,

2010a; also see Chapter 6) may provide increased food resources to fish. Even

whenwildfire is followedby scouring debris flows thatmay, at least temporarily,

extirpate fish from a local stream reach (Howell, 2006), the combination of

increased downstream transport of sediment and large wood that creates and

maintainsessential habitat (Bigelowetal., 2007), and increasedexportofdrifting

invertebrate prey from such tributaries (Harris et al. In press), may lead to net

positive effects on fishes in recipient habitats. The pulse of natural erosion/

sedimentation that can occur soon after high-severity fire can be associated

with increases in native fish populations by �3 years after fire (Sestrich et al.,

2011), possibly partly a result of enhanced spawning grounds.

(3) Streams and their adjacent riparian zones provide important foraging habitat

for insectivorous bats (Seidman and Zabel, 2001; Russo and Jones, 2003; Fukui

et al., 2006), where aquatic insects that emerge from streams as adults can com-

prise themajority of bat diets (Belwood and Fenton, 1976; Swift et al., 1985). The

combinationof increasedemergenceof streaminsects and removal of the riparian

canopy following high-severity fire may provide bats with better foraging con-

ditions (Malison and Baxter, 2010b; Buchalski et al., 2013) (see Box 5.2 for addi-

tional details and Chapter 4 for a similar discussion of bat use of burned areas).

(4) Many birds that principally occupy riparian areas also rely on trees burned

by fire (i.e., snags) for nesting cavities. For example, in the western United

States, Lewis’s woodpeckers (Melanerpes lewis), a cavity-nester and an aerial

insectivore common in riparian zones, have been called “burn specialists”

because they tend to be abundant in both recent (2-4 years after fire) and

older (10-25 years after fire) high-severity burns (Linder and Anderson, 1998;

Vierling and Saab, 2004). Lewis’s woodpeckers and other aerial insectivorous

birds can also benefit from increases in emergent insects and other aerial

insect prey (e.g., Bagne and Purcell, 2011) following high-severity fires (see

Chapter 3).
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example, in California’s Central Valley, approximately 99% of historic riparian

zones have vanished as a result of land-use changes (Khorram and Katibah,

1984). These impairments are largely caused by a legacy of ecosystem degra-

dation, fragmentation, and loss, as well as the expansion of nonnative species.

In addition, although wildfire may be less frequent in riparian versus upland

areas, fire disturbance may be more severe in riparian areas given the greater

accumulation of fuel that may occur between wildfire events (Everett et al.,

2003). Within this context, wildfire is generally viewed with a mix of concern

and optimism. On the one hand, there are concerns about the implications of

higher water temperatures and increased erosion and sedimentation for conser-

vation of sensitive species and protection of ecosystem services. On the other

hand, wildfire can be important in both maintaining biodiversity and ecosystem

function (e.g., Arkle and Pilliod, 2010) and has been investigated as a potential

restoration technique (e.g., Blank et al., 2003).

FIGURE 5.2 Common stream and riparian organisms that may interact with high-severity wildfire

(clockwise from top left): Baetidae mayfly, larval form; Baetidae mayfly, adult form; Tetragnathi-

dae spider; cutthroat trout (Oncorhynchus clarkii); western red bat (Lasiurus blossevillii); Sierra
garter snake (Thamnophis couchii); and, at center, Lewis’s woodpecker. (Illustrations by Madeleine

Ledford.)
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5.2 STREAM-RIPARIAN AREAS AND WILDFIRE SEVERITY

Although wildfire occurs across landscape types (e.g., forests, grasslands,

deserts), understanding its role in shaping stream-riparian ecosystems is partic-

ularly critical given the important ecosystem services they provide. Notably,

stream-riparian ecosystems differ from upland environments in moisture

regime, topography, microclimate, vegetation, soils, and productivity

(reviewed by Pettit and Naiman, 2007), and these differences can influence

characteristics of wildfire. Fire severity in riparian zones is influenced by a

number of factors including aspect, valley entrenchment, structure and compo-

sition of riparian vegetation, and stream size (Van de Water and North, 2011).

The latter is of particular importance because wide riparian zones, characterized

by a cooler, wetter microclimate, can act as a buffer against wildfire and

therefore as a refuge for fire-sensitive species (Pettit and Naiman, 2007).

Conversely, steep and highly entrenched streams with narrow riparian zones

often are characterized by more dense fuels than their adjacent upland forests

(Van de Water and North, 2011). In these cases, stream drainages can act as

conduits for fire. For instance, there is evidence from montane ecosystems that

riparian zones burn with equal or even greater frequency than upland forests

(Van de Water and North, 2010, 2011) and that the extent of fire in riparian

zones is highly correlated with the extent of fire in the uplands (Arkle and

Pilliod, 2010).

5.3 TIME SINCE FIRE MATTERS

In addition to varying with wildfire severity, responses of both organisms and

ecosystem processes may differ in the short term (days to months) versus longer

term (years to decades) following fire. Immediate and short-term (days to 1 year

following wildfire) changes in riparian systems caused directly by wildfire may

be short-lived, but their effects can persist over longer time periods. Direct

effects of fire on soils and vegetation, for example, can influence the quantity

and quality of water in these systems long after the fire (Shakesby and Doerr,

2006). Interactions between wildfire and flooding generally result in patchy and

temporally variable responses that can persist for months to decades (Pettit and

Naiman, 2007). For example, the first rain event following wildfire can be of

particular importance in determining to what extent erosion and sedimentation

occur. In the midterm (often described as 2-10 years after fire), there may be an

increase in primary productivity both within the riparian zone (plants) and in the

stream (benthic algae and macrophytes) as a result of increased light penetra-

tion. Conversely, stream reaches burned by low-severity fire may not differ

from unburned streams in these respects within the short to midterm

(Jackson and Sullivan, 2009; Malison and Baxter, 2010a). Over the long term

(>10 years), stream-riparian responses to high-severity wildfire are generally

irregular and do not necessarily follow a direct succession. In addition,
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wildfire regimes are largely driven by climatic factors that vary greatly from

year to year, resulting in stochastic fire-return intervals (Agee, 1993). Thus

the long-term consequences of wildfire for stream-riparian organisms and

ecosystem processes can be highly idiosyncratic and difficult to predict (see

details in Section 5.5).

5.4 SPATIAL SCALE MATTERS

Another important dimension determining stream-riparian ecosystem respon-

ses to wildfire severity is spatial scale. At the local scale (i.e., 101-102 m),

fire can effect processes such as removal of canopy (Jackson and Sullivan,

2009), mobilization of nutrients, erosion and sedimentation (Wondzell and

King, 2003), and channel stability (Benda et al., 2003). At the catchment scale,

fire can influence the timing and magnitude of runoff (Meyer and Pierce, 2003);

the composition and structure of upland and riparian vegetation species (Dwire

andKauffman, 2003; Jackson and Sullivan, 2009); the local climate (Rambo and

North, 2008); and the selection of habitat by organisms such as birds (Saab,

1999), bats (Malison and Baxter, 2010b; Buchalski et al., 2013), and fishes

(Rieman and Clayton, 1997; Dunham et al., 2003). Patches of open canopy,

large-wood accumulation, sedimentation, and bank erosion that shift over time

create habitat mosaics that can result in nonlinear responses by aquatic and ripar-

ian organisms (Arkle et al., 2010). This highlights an important question of scale

when it comes to assessing the effects ofwildfire of varying severities on stream-

riparian areas. Nearly all studies attempting to assess the effects of wildfire on

stream-riparian ecosystems have been focused at relatively small spatial scales

and over relatively short time periods; understanding the cumulative effects of

wildfirewill require investigations of patterns that propagate through stream net-

works over longer periods of time (Benda et al., 2004; Burton, 2005). The impor-

tance of riparian areas as conduits for organisms and refuges for biodiversity

(Sabo et al., 2005), combined with the upstream-to-downstream connectivity

quintessential to stream ecosystems (Hynes, 1975; Freeman et al., 2007), suggest

that riparian responses towildfire have implications that extend from riverscapes

to landscapes.Regardless, the lackof investigations across spatial scales points to

an important uncertainty regarding our attempts at synthesis presented below.

Studies are needed to address this gap in understanding the effects of wildfire

severity.

5.5 RESPONSES TO A GRADIENT OF WILDFIRE SEVERITY:
EVIDENCE FROM THE NORTH AMERICAN WEST

Responses to wildfire severity can be grouped into abiotic (physical and

chemical) and biotic (individual organisms, populations, communities, and

ecosystems).
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Physical Responses

In areas of low water volume, stream temperature can increase by several

degrees during and immediately following (days to weeks after) high-severity

wildfire (Hitt, 2003). Over longer time periods (months to years), the loss of

riparian vegetation and reorganization of the streambed resulting from postfire

shifts in channel geomorphology following severe wildfire can result in alter-

ations to the heat budget of streams. Loss of shade and increased solar radiation

result in higher stream temperatures (Dwire and Kauffman, 2003; Pettit and

Naiman, 2007). The magnitude of temperature change is influenced by the

severity of the fire, the total length of stream exposed, changes in riparian veg-

etation, and the degree of channel reorganization; some streams show little

response and others warm considerably (Royer and Minshall, 1997; Dunham

et al., 2007). Isaak et al. (2010) compiled a temperature database for a

2500 km river network in central Idaho to evaluate the effects of climate change

and wildfire on stream temperatures. They found that within wildfire perime-

ters, stream temperature increases were 2-3 times greater than basin averages,

with radiation accounting for 50% of the warming.

Physical responses of streams and riparian zones, such as alterations in

hydrology and channel morphology, tend to be persistent effects of wildfire,

with immediate responses that can last for decades after the fire event.

For example, significant erosion and deposition of fine sediments in stream

channels frequently follow high-severity fire (Wondzell and King, 2003).

High-severity fire often consumes a significant portion of aboveground vege-

tation in the riparian zone and adjacent side slopes (Dwire and Kauffman,

2003). In addition, consumption of the litter layer and obstructions to overland

water runoff, such as downed logs, conversion of organic material to small-

particle ash, and the development of hydrophobic soils (DeBano, 2000;

Doerr et al., 2003), can collectively contribute to reduced infiltration capacity

of soils and the potential for increased overland flow, surface erosion, scouring

of stream channels, and deposition of fine sediments (Wondzell and King, 2003;

Shakesby and Doerr, 2006; Vila-Escale et al., 2007). Under some circum-

stances, wildfire may be followed by debris flows—liquefied landslides

that reorganize channels, export large wood, and can scour streambeds to

bedrock (Miller et al., 2003; Wondzell and King, 2003; May, 2007). These

and other physical disturbances that can accompany high-severity wildfire

may extend and change the trajectory of the postfire recovery of stream eco-

systems. Whereas the local effects of the wildfire-debris flow combination

may lead to simplification of in-stream structure and morphology that may

exert negative effects on some stream organisms, this process also delivers

sediment, wood, organic matter, and nutrients important to the complexity

and character of downstream habitats (e.g., Benda et al., 2003; Harris et al.

In press).
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5.6 CHEMICAL RESPONSES

High-severity wildfires that consume the forest floor can considerably alter the

magnitude and timing of overland flows, erosion, and solute delivery to streams

(Williams and Melack, 1997; Seibert et al., 2010). Nutrients, contaminants, and

organic compounds become concentrated after fire and can bind to fine sedi-

ments, thus increasing their transport into streams and elevating exposure to

fishes and aquatic invertebrates (Malmon et al., 2007). Partial combustion of

riparian vegetation into ash that increases soil ammonium concentrations and

results in increased stream nitrogen concentrations (Wan et al., 2001) is also

a common in-stream response to wildfire (Minshall et al., 1997; Williams

and Melack, 1997; Bladon et al., 2008). Patterns of stream phosphorus concen-

trations following wildfire are less consistent, with evidence largely pointing to

a brief (often returning to prefire conditions within a few weeks to a few

months) but marked increase (e.g., Spencer and Hauer, 1991; Hauer and

Spencer, 1998; Earl and Blinn, 2003) or to no change (Minshall et al., 1997;

Stephens et al., 2004). Overall, increases in nutrient delivery from the upland,

combined with greater light penetration and higher temperature, may prompt

elevated in-stream primary productivity, with consequences for communities

and food webs (Betts and Jones, 2009: see “Food-Web Dynamics,” below).

In contrast to physical responses, chemical responses to wildfire generally

have shorter-lived consequences (Minshall et al., 2003), largely because annual

runoff often increases in the first couple years following fire (Moody and

Martin, 2001). For example, Hall and Lombardozzi (2008) found that the Hay-

man Fire, one of the largest wildfires in Colorado history (>50-70% of the burn

area was classified as moderate- to high-severity fire), altered water tempera-

ture and dissolved oxygen concentrations, as well as concentrations of nitrate,

phosphate, and mineral salts, in stream water over the 2-year postburn period.

Because of the variability in climate, local topography, and burn characteristics,

among other factors, chemical responses to moderate- and high-severity fires

can be highly variable; some streams return to baseline conditions within weeks

following fire (Earl and Blinn, 2003), whereas other streams (or chemical con-

stituents) show changes for multiple years (Hauer and Spencer, 1998; Mast and

Clow, 2008). Effects of low-severity fires on stream chemistry seem to be slight

and typically do not persist beyond the first year (Stephens et al., 2004; Bêche

et al., 2005). Though results of most studies suggest fire-driven shifts in chem-

istry are relatively ephemeral, such work has focused on the expected, pulsed

delivery of materials from the land that follows fire. By contrast, and unlike

research in the forested uplands (e.g., Smithwick et al., 2005; Koyama et al.,

2010), there has been virtually no investigation of the mid- to long-term changes

in biogeochemical processes that may accompany the more persistent changes

in stream conditions or the biota that occupy riparian soils and streambed

sediments.
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Immediate Effects on Individuals

Responses to wildfire at the level of individual organisms are largely behavioral

and physiological, and they occur in immediate to short time periods following

fire. Highly mobile animals, such as birds and mammals, can move to unaf-

fected areas away from high temperatures and smoke. Some terrestrial animals,

including large ungulates like elk (Cervaus elaphus) and bison (Bison bison),
have been observed taking refuge in streams while wildfires are actively burn-

ing the upland (Allred et al., 2013). Though amphibians with in-stream life

cycle stages can lack the mobility to survive or move long distances in response

to physical or chemical changes that might accompany wildfire (Gresswell,

1999; Pilliod et al., 2003), some species can move to wet areas and/or burrow

to avoid high temperatures during wildfire. Although specific examples from

the North American West are sparse, in Australia, the anuran Hyperolius niti-
dulus can detect the sound of wildfire and seek refuge in wet areas (Grafe et al.,
2002); American toads (Bufo americanus) were found partially buried in mud

following a prescribed fire in Iowa (Pilliod et al., 2003); and Vogl (1973) dis-

covered partially burned leopard frogs (Rana sphenocephala) and bullfrogs

(R. catesbiana) in a wetland following a fire in Florida. There is some evidence

that lethal temperatures and/or changes in stream water chemistry during or

shortly after wildfire can lead to mortality of fishes and benthic invertebrates

(Bozek and Young, 1994; Rinne, 1996; Rieman and Clayton, 1997; Howell,

2006). Even the direct, immediate effects of wildfire on benthic invertebrates

are often negligible (Minshall, 2003), however, and these effects on fishes

can also be quite variable. In some cases, fishes can be temporarily extirpated

by the direct effects of high-severity fire (e.g., increased temperature, dissolved

gases), especially in smaller streams (Dunham et al., 2003), but they often

recover within weeks to months (Sestrich et al., 2011).

In-Stream Biotic Response: Populations and Communities

The impact of wildfire on benthic invertebrate communities varies with fire

severity and over time (Minshall, 2003). Following the first large postfire run-

off, invertebrate richness may decline. Communities may recover to prefire

conditions 1-2 years following wildfire, but a common pattern observed in

many settings is that community composition shifts toward an increase in the

relative abundance of disturbance-adapted taxa (Mihuc and Minshall, 1995;

Minshall, 2003; Verkaik et al., 2013a). For example, in the short term following

the Mortar Creek Fire in central Idaho, disturbance-adapted taxa were more

dominant, but total taxa richness converged with that of reference streams

toward the end of a 10-year study (Minshall et al., 2001a). In streams in the same

region, Malison and Baxter (2010a) found that benthic insect assemblage com-

position continued to vary with fire severity 5 years following wildfire, and

stream reaches that experienced high-severity fire had the greatest biomass
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of insects like midges (Chironomidae) and Baetidae mayflies. Invertebrate

communities in streams may also shift following fire in terms of dominant feed-

ing traits. Many disturbance-adapted taxa that flourish after fire are also feeding

generalists (Mihuc and Minshall, 1995), but, again, changes may be influenced

by the state of riparian vegetation. For instance, following the Jesusita Fire in

southern California, shredders (which frequently rely on shredding leaves that

fall into streams) were more abundant in streams draining unburned basins than

those that burned but retained a riparian canopy, and they were completely

absent from basins where the riparian canopy was removed by fire (collec-

tor/filterer insects dominated in these streams) (Cooper et al., 2014). Therefore,

although species composition and feeding guild representation within benthic

invertebrate communities vary along gradients of fire severity and extent

(Arkle et al., 2010), in the years to decades following fire the number of taxa

may remain fairly consistent (Verkaik et al., 2013a).

Negative effects on fishes may last for months to years following high-

severity fire if elevated stream temperatures create stressful conditions, as

can be the case for salmonids near the southern margin of their range (e.g.,

Beakes et al., 2014), or if stream reaches also are influenced by debris flows

that may occur after wildfire (Dunham et al., 2007). Fishes adapted to cold-

water habitats may be particularly sensitive to elevated temperatures that can

occur during and in the few years following high-severity wildfires (Sestrich

et al., 2011) and can last 10 years or more (Gresswell, 1999; Isaak et al.,

2010; Sestrich et al., 2011). High water temperatures after fire have been linked

to reduced density of salmonids in the American Southwest (Rinne, 1996),

Rocky Mountains (Isaak et al., 2010), and California (Beakes et al., 2014)

because these fishes are especially dependent on cold water for spawning

and juvenile rearing. For example, Sestrich et al. (2011) found that pools in

reaches of a western Montana stream burned by high-severity fire were

2-6 °C warmer in summer months in the year following fire and that the density

of native westslope cutthroat trout (Oncorhynchus clarki lewisii) was negatively
correlated with the percentage of the catchment burned with moderate- or

high-severity fire at 1 year after fire. This may be a result of increased bioen-

ergetic demand, as demonstrated in the study by Beakes et al. (2014), who found

that steelhead trout (O. mykiss) biomass was reduced in pools under canopy

gaps 1 year after a fire in southern California. On the other hand, from 1 to

3 years after fire, Sestrich et al. (2011) found higher proportions of

moderate- and high-severity fire were associated with increases in populations

of native fishes.

Shifts in temperature associated with climate change may exacerbate short-

term spikes in water temperature caused by fire, which may have additional

consequences for fish populations. Stream temperature increases as a result

of climate change resulted in the reduction of spawning and rearing habitat

for bull trout (Salvelinus confluentus) by 8% to 16% each decade in one study

area in central Idaho; fire, at least temporarily, contributed to reductions in
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spawning/rearing habitat, though population levels were not recorded, so the

extent to which or whether fire actually reduced bull trout in burned areas is

unknown (Isaak et al., 2010). Because recovery of fish populations following

fire may be influenced by recolonization of burned stream reaches from nearby

unburned or low-severity burned reaches, drainage connectivity, ecosystem

size, and timing of life-history events such as spawning may interact with fire

severity to influence population recovery (reviewed by Dunham et al., 2003).

For example, endangered gila trout (O. gilae) in NewMexico are especially vul-

nerable because they live in small, isolated streams currently experiencing a fre-

quent high-intensity fire regime (Propst et al., 1992).

Evidence regarding potential effects on the composition of fish assemblages

is relatively sparse. Fishes like endangered salmonids in streams of the North

American West have relatively specific habitat needs, and if they are occurring

in systems close to the edge of their range or those that are already degraded and

fragmented, then they may be the most vulnerable to fire or associated distur-

bance and warming temperatures (Dunham et al., 2003; Isaak et al., 2010;

Beakes et al., 2014). On the other hand, direct investigations of fish community

composition responses have been few and the results rather equivocal. For

instance, studies in Idaho and Montana found little evidence of persistent, neg-

ative effects of even severe wildfire on salmonid fish assemblages (e.g., Neville

et al., 2009; Sestrich et al., 2011). That effects of severe wildfire might facilitate

invasions of nonnative fishes has also been posited (Dunham et al., 2003). In

streams of western Montana, Sestrich et al. (2011) found no evidence of

increases in abundance of or invasion by eastern brook trout (Salvilinus fonti-
nalis) after wildfire, but this hypothesis must be more widely tested.

Scouring flows that can result from high-severity wildfire can temporarily

extirpate invertebrates, fishes, and amphibians (Verkaik et al., 2013a). For

example, Vieira et al. (2004) found that the first 100-year flood event following

the 1996 Dome Fire in NewMexico reduced benthic invertebrate density to near

zero. Within a year, however, benthic invertebrate density recovered to prefire

levels, largely because of recolonization by those that disperse as larvae. Many

fishes require relatively stable bed conditions with specific sediment class sizes

for spawning; therefore, depending on the timing of fires, floods, and spawning,

fish may be more or less affected by erosion and sedimentation. Amphibian

populations like the California newt (Taricha torosa) are similarly affected if

preferred oviposition sites are filled with sediment (Gamradt and Kats, 1997).

Over longer time scales (multiple years to decades) following wildfire,

responses by stream organisms can be quite divergent, and this variation

may be associated with the severity of wildfire and the trajectory of both stream

and riparian habitat recovery. As described above, recovery within months to a

few years is commonly observed among both invertebrate and fish populations,

and debris flows in the early postfire time period may later be associated with

increased native fish populations (Sestrich et al., 2011). Over longer time

periods (multiple years), however, both groups may exhibit more interannual
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variability in stream reaches that have experienced high-severity wildfire than

in those that burned with low-severity wildfire (Arkle and Pilliod, 2010).

Annual variability of populations is largely linked to floods and droughts

(Robinson et al., 2000; Arkle et al., 2010; Verkaik et al., 2013b). For example,

in the Big Creek watershed of central Idaho, benthic invertebrate populations

fluctuated annually; shifts were correlated with a combination of sediment,

large wood, riparian cover, and benthic organic matter along a gradient of fire

severity (Arkle et al., 2010), suggesting an interaction between fire severity and

flooding in driving benthic invertebrate variability. On the other hand, in set-

tings where drought is prevalent and accompanies wildfire, the effects of stream

drying on aquatic organisms may outweigh most variation associated with

fire severity, as has been observed in Mediterranean and Australian stream eco-

systems (Verkaik et al., 2013b; Verkaik et al. In press). In any case, understand-

ing the net consequences for stream organisms will likely require investigations

that encompass not only different time scales but also responses at the scale of

entire stream networks—studies that, thus far, are lacking.

Riparian Community and Ecosystem Responses

Because of the pervasive influence of riparian plant composition and structure

on a host of ecosystem responses, the influence of wildfire on riparian plant

communities has received broad attention and highlights the importance of dis-

turbance for driving the composition and structure of stream-riparian commu-

nities. Riparian plants are highly adapted to disturbance (Naiman et al., 2005).

In most cases this disturbance is flooding, and in certain biomes it is drought and

fire (Pettit and Naiman, 2007). Therefore, riparian plant species often possess

distinct life-history traits such as stump sprouting, seed banks, and clonal regen-

eration that allow them to withstand fire or recover quickly following even

severe wildfire. For example, plants in riparian forests often exhibit higher

foliar moisture content than upland plants, even within the same species

(Agee et al., 2002), which can result in patches of lower fire severity and lower

plant mortality (Kauffman and Martin, 1989, 1990). Tree species common to

riparian areas in mountainous areas of the North American West, such as pon-

derosa pine (Pinus ponderosa), western larch (Larix occidentalis), and coast

redwood (Sequoia sempervirens), have thick bark that protects them from

mortality during low-intensity ground fires (Miller, 2000). Low- and moderate-

severity fire can stimulate clonal regeneration of quaking aspen (Populous tremu-
loides) (JonesandDeByle,1985;Rommeetal., 1997;Bartos andCampbell, 1998),

and aspen trees that are top-killed by high-severity fire are stimulated to produce

numerous root suckers (Schier, 1973; Keyser et al., 2005). Many riparian shrubs,

including alder (Alnus spp.), birch (Betula spp.), currant (Ribes spp.), rose (Rosa
spp.), and snowberry (Symphoricarpos spp.), sprout from stumps, root crowns,

and belowground stems following fire (Adams et al., 1982; Stickney, 1986;

Miller, 2000; Kobziar and McBride, 2006) (Figure 5.3).
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Species composition and taxonomic richness of riparian vegetation varies

along a gradient of low- to high-severity wildfire, and the trajectory of commu-

nity response tends to not follow a predictable succession. One year following a

prescribed fire in the Sierra Nevada, Bêche et al. (2005) observed a reduction in

species richness of riparian vegetation. Five years following the Diamond Peak

wildfire in central Idaho, however, Jackson and Sullivan (2009) found species

richness of riparian vegetation did not vary across stream reaches characterized

as unburned, low-severity burned, and high-severity burned. In addition, that

study found riparian vegetation community composition did not differ between

unburned and low-severity burned reaches, whereas high-severity burned

reaches exhibited greater relative density of sun-loving species like blue elder-

berry (Sambucus cerulean) and red raspberry (Rubus ideaus). Moreover, herba-

ceous cover within high-severity burned reaches was dominated by invasive

cheat grass (Bromus tectorum), which has been associated with increased fire

frequency and rate of spread (Mack and D’Antonio, 1998).

The structure and composition of riparian vegetation is thought to be closely

linked to recolonization dynamics of riparian invertebrates following high-

severity wildfire, both in terms of species composition and when they recolo-

nize. Bess et al. (2002) found that the total number of riparian arthropod species

was similar before (n¼80) and 9 months after (n¼79) a high-severity fire in

New Mexico. Of the original 80 species, 30 had not recovered, but 29 species

FIGURE 5.3 Riparian vegetation at Goat Creek, a tributary of Big Creek in central Idaho, 10 days

after a moderate-severity fire (August 2006). In the foreground (and throughout the background),

water birch (Betula occidentalis) sprouting among stumps can be seen.
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that had not been recorded in the 3 years before the fire had appeared. Similarly,

Jackson et al. (2012) found that 5 years after wildfire the taxonomic composi-

tion of terrestrial invertebrates falling into streams differed between those that

flowed through reaches burned by high-severity wildfire versus those that had

experienced low-severity wildfire. However, these investigators observed the

total number of taxa was consistent across burn types. Therefore, although spe-

cies turnover seems to be common following high-severity wildfire, richness

may remain similar.

Given that vegetation and habitat structure are critical factors that drive hab-

itat selection in birds, wildfire in riparian zones can have substantial influences

on bird communities as well. Some guilds, such as aerial insectivores, have been

found to generally favor burned areas (Kotliar et al., 2002; Russell et al., 2009),

potentially as a response to improved foraging conditions following reduced

canopy cover and increases in flying arthropods and emergent aquatic insects.

Cavity nesters (i.e., those that nest in sheltered chambers versus open-cup nests)

also are thought to respond positively to wildfire, in part because the dense

stands of snags (dead trees) created by wildfire provide important nesting sites

(Saab and Powell, 2005; Saab et al., 2009), although time since fire and fire

severity influence these patterns (Chapter 4). Some bird species specialize in

habitats burned by high-severity fires (Hutto, 2008; refer to Box 5.1). In man-

aged forests of the Sierra Nevada of California, riparian-associated birds

increased in abundance <6 years following low-severity prescribed fire

(Bagne and Purcell, 2011). On the other hand, ground-nesting red-faced war-

blers (Cardellina rubrifrons) and yellow-eyed juncos (Junco phaeonotus)
avoided nesting in riparian areas burned by low-severity fire 1-2 years follow-

ing fire in southern Arizona (Kirkpatrick and Conway, 2010). The timing of fire

may also be a particularly important factor for birds; spring burns, for example,

can interfere with breeding activities (Kruse and Piehl, 1986). Thus, responses

of bird communities to wildfire seem highly variable, benefitting some groups

more than others.

Primary and Secondary Production

To understand the effects of wildfire on ecosystem processes, considering its

effects on rates of both primary and secondary production is critical. At present,

inferences regarding these effects must largely be drawn from studies that have

measured indices of productivity, principally snapshots of the biomass of pro-

ducers like streambed algae or consumers like invertebrates. Algal biomass fre-

quently increases over the short to midterm after severe wildfire, likely because

of increased light penetration into streams through canopy gaps combined with

altered nutrient inputs (Robinson et al., 1994; Minshall et al., 1997; Spencer

et al., 2003). One year following the Jesusita Fire in southern California, pools

and riffles where the riparian canopy had been removed by fire exhibited 85%
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more cover by filamentous microalgae than unburned or reaches with intact

canopy (Cooper et al., 2014). In the 2 years following the Diamond Peak Fire

in central Idaho, chlorophyll-a values and periphyton ash-free dry mass was sig-

nificantly higher in burned streams (Rugenski and Minshall, 2014). Similarly,

in the only direct measure of primary productivity of which we are aware, dur-

ing the year following a fire in Alaska, Betts and Jones (2009) observed rates of

gross primary productivity of aquatic periphyton were double those in unburned

sites. If elevated temperatures or light inputs persist (as may occur if fires are

severe and riparian canopies remain open), this pulse of aquatic productivity

may endure as well, but this remains to be evaluated.

If wildfire leads to increased in-stream primary productivity, this may in

turn contribute to higher rates of secondary production by benthic invertebrates,

and such responses may be mediated by fire severity. For example, Malison and

Baxter (2010b) found that benthic invertebrate biomass was fivefold greater in

stream reaches that had been burned by high-severity wildfire 5 years earlier

compared with low-severity burned sites. Based on the same study they reported

that rates of emerging adult insects produced in reaches burned with high-

severity fire were three times higher than those in unburned reaches or those

burned with low-severity fire (Malison and Baxter, 2010a). Although a similar

pattern of elevated emergence was observed following fire in Washington

(Mellon et al., 2008), the generality of these observations has not been evalu-

ated, and, remarkably, no study to date has measured annual rates of inverte-

brate production in response to wildfire.

Food-Web Dynamics

Food webs in streams and riparian zones are linked to one another via the

bidirectional fluxes of materials and organisms. If increases in primary and

secondary productivity do follow severe wildfire this may have far-reaching

consequences for organisms at higher trophic levels in stream-riparian food

webs (what Malison and Baxter, 2010b refer to as a “fire pulse”). For example,

fishes have been shown to selectively forage at the confluence of mainstem riv-

ers and smaller tributaries that have been burned by high-severity wildfire in the

past 5-10 years. Presumably this is a result of greater export of benthic inver-

tebrate prey originating from those tributaries (Koetsier et al., 2007); a recent

study showed that, indeed, tributaries disturbed by fire and associated debris

flows export more invertebrate prey than those that were unburned, and fish

exhibit a preference for confluences within these disturbed streams (Harris,

2013). In addition, as emergent adults, stream insects are heavily relied on as

food resources for riparian consumers like birds, bats, and spiders (reviewed

by Baxter et al., 2005). For example, in central Idaho, Malison and Baxter

(2010a, 2010b) not only observed amplified emergence from sites

that burned with high severity, they also found that the abundance of riparian
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web-building spiders from the family Tetragnathidae was two times higher in

reaches burned by high-severity fire. Conversely, Jackson and Sullivan (In

press) found that Tetragnathidae density was not significantly different in

stream reaches of Yosemite National Park (Sierra Nevada, California) affected

by low-severity fire compared to those affected by high-severity fire within the

past 3-15 years. This result was largely linked to climate; sites that experienced

more annual precipitation supported a greater density of riparian spiders.

From the riparian zone to the stream, high-severity wildfire can alter the

magnitude, composition, and timing of inputs of leaf litter and terrestrial inver-

tebrates. Jackson et al. (2012) found that leaf litter inputs (dry weight) to streams

5 years after the Diamond Peak wildfire in central Idaho were 2-6 times greater

in unburned reaches and 1.5-2 times greater in low-severity burned reaches

compared with high-severity burned reaches where the riparian canopy was

removed. In addition, inputs of terrestrial invertebrates were as much as four

times greater to unburned reaches and two times greater to low-severity burned

reaches compared with high-severity burned reaches. The importance of terres-

trial invertebrates as prey items for fish has been demonstrated in detail (Allan,

1981; Wipfli, 1997; Piccolo and Wipfli, 2002; Allan et al., 2003; Carpenter

et al., 2005), and high-severity wildfire may alter these subsidies. It seems,

however, that synchronized stimulation of in-stream primary and secondary

productivity by high-severity wildfire combined with changes to habitat

structure can result in a net neutral, or even beneficial, effect on in-stream

and riparian consumers (Box 5.2, Figure 5.4).

BOX 5.2
The effects of wildfire on riparian habitat are expected to influence insectivorous bat

distributions, foraging, and population dynamics. In forested systems, rivers create

spatial gaps in dense forest vegetation, allowing echolocating bats to forage effec-

tively directly over river channels, with comparatively low activity within or

beneath the forest canopy (Power et al., 2004; Ober and Hayes, 2008). Riparian

trees and snags also provide important roosting habitats for multiple riparian bat spe-

cies (Brack, 1983; Fleming et al., 2013). Fire-induced changes in riparian and bot-

tomland vegetation structure therefore could have significant effects on both bat

habitat and energetics. For example, Buchalski et al. (2013) found that, in mixed-

conifer forests of California, some bat species preferentially select moderate- and

high-severity burned areas for foraging, likely facilitated by reduced vegetation den-

sity and increased availability of prey and roosts after fire.

Rivers and their adjacent riparian zones also provide important foraging habitat

for insectivorous bats (Seidman and Zabel, 2001; Russo and Jones, 2003; Fukui

et al., 2006), where aquatic insects that emerge from the stream as adults can
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comprise the majority of bat diets (Belwood and Fenton, 1976; Swift et al., 1985).

Higher aquatic insect availability is often implicated as the mechanism driving

observations of higher rates of foraging activity within riverine landscapes compared

with upland habitats (Swift et al., 1985; Brigham et al., 1992). For example, Fukui

et al. (2006) showed that bat activity along a Japanese stream significantly decreased

after aquatic insect emergencewas experimentally reduced. Hagen and Sabo (2012)

found that seasonal river drying in extremely arid climates resulted in the disappear-

ance of both aquatic insects and bats. Thus, because wildfire has the potential to

profoundly alter aquatic insect emergence, terrestrial consumers such as riparian

insectivorous bats (Sabo and Power, 2002; Paetzold et al., 2005) may also be

affected. For instance, Malison and Baxter (2010b) observed the greatest number

of bat echolocation calls at stream sites influenced 5 years earlier by high-severity

wildfire, suggesting that fires of different severity may have different effects on

stream-riparian food webs via fire-induced changes in stream secondary productiv-

ity and subsequent aquatic insect emergence. Food availability also has been shown

to be related to individual health: It can mediate stress levels in bats with seasonally

fluctuating resources (e.g., aerial insects) (Lewanzik et al., 2012). Thus, although the

exact nature of the responses may be species-specific, high-severity wildfire is

expected to have strong effects on riparian bats through both direct and indirect

mechanisms.

FIGURE 5.4 Potential effects of high-severity wildfire on aerial insectivorous bats in riparian cor-

ridors in the short to midterm (1-10 years following fire, although in some cases longer) under open

canopy conditions. Solid arrows represent food web pathways; dashed lines represent indirect

effects of wildfire via changes in habitat.
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The dynamics of linked stream-riparian food webs integrate wildfire effects

over both short and long time scales and across communities and ecosystems.

The importance of riparian leaf litter, woody debris, and other plant material

entering the stream from the riparian zone has a long history of study and appre-

ciation (Vannote et al., 1980; Gregory et al., 1991). Aquatic sources of energy

moving into riparian zones (e.g., via adult aquatic insect emergence, through

flood pulses, and through movements of other organisms) and terrestrial-

aquatic feedback loops also has received increasing attention (reviewed by

Baxter et al., 2005). However, the role of wildfire with respect to these linkages

is just starting to be described (Spencer et al., 2003; Malison and Baxter, 2010b;

Jackson et al., 2012).

5.7 BIODIVERSITY, CONSERVATION, AND MANAGEMENT

Wildfire creates heterogeneous habitat conditions in space and time that may be

important to the maintenance of native biodiversity and to the function of

stream-riparian ecosystems. As we have summarized, whereas some organisms

and processes may be negatively influenced by severe wildfire (at least on short

time scales), many seem to be resilient over longer time periods. Indeed, stream-

riparian ecosystems often are characterized as “dynamic mosaic[s] of spatial

elements and ecological processes” (Ward et al., 2002). The creation and trans-

formation of habitat patches and the facilitation of ecological functions in

streams and rivers is largely driven by disturbance: foremost flooding, but also

drought, ecosystem engineers (e.g., beaver (Castor canadensis)), and severe

wildfire, as well as a host of human disturbances (e.g., dams, land use, and cli-

mate change). The importance of flooding for the maintenance of ecological

function and biodiversity of stream-riparian ecosystems has been demonstrated

in detail and can result in high habitat and species turnover compared with those

in other ecosystems (Sullivan and Watzin, 2009; Tockner et al., 2010). For

example, flooding creates and maintains a spatial mosaic of habitats that in turn

foster diverse webs of interacting species (Junk et al., 1989; Stanford et al.,

2005; Bellmore et al., 2014), and homogenization of flow regimes by dams

and other means has been shown to greatly reduce global biodiversity (Poff

et al., 2007). Similarly, because fire regimes are predictable over evolutionary

timescales, it seems likely that alterations in the magnitude, frequency, timing,

and extent of historic fire regimes will have consequences for stream-riparian

biodiversity. Indeed, as has been the case for terrestrial ecosystems, a scientific

consensus regarding the importance and, in many instances, benefits of wildfire

to stream-riparian organisms and ecosystems seems to be emerging (Chapters 3

and 4), but at present there are at least two challenges to reaching such gener-

alities that deserve consideration.

First, there remains a prevailing assumption that, although wildfire may

have some ecological benefits, management of low-severity wildfire (or pre-

scribed fire in its stead) should be preferred because it could represent a
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“goldilocks” condition, wherein such benefits might accrue while avoiding the

perceived risks of high-severity fire. As we have summarized, the ecological

effects (including various potential benefits) of high-severity wildfire in

stream-riparian ecosystems do not seem to be mimicked by either low-severity

wildfire or prescribed burning (e.g., Jackson and Sullivan, 2009; Arkle and

Pilliod, 2010; Malison and Baxter, 2010b), which calls into question this

assumption. On the other hand, interactions between severe wildfire and other

sources of natural (flooding, drought, natural impoundments like debris jams)

and anthropogenic disturbance (invasive species, postfire logging, channel

alteration and impoundments, introduction of nutrients and contaminants)

might have cumulative or even exponential effects on stream-riparian ecosys-

tems, as have been described for other combinations of multiple stressors

(Ormerod et al., 2010). For instance, connectivity in riverscapes (Fausch

et al., 2002) is likely important in mediating the local effects of severe wildfire

on communities of native organisms; if waterways are disconnected by large

patches of unsuitable habitat, organisms may not be able to redistribute follow-

ing wildfire (Gresswell, 1999; Dunham et al., 2003). Studies that explicitly

evaluate how the sign and magnitude of responses to high-severity wildfire

may differ with scale and in the context of other environmental stressors

are needed.

The second, and perhaps even more difficult, challenge is that, just as

science is beginning to provide some understanding of the ways in which wild-

fire of varying severity may affect ecological function, the entire context

for such relationships is being altered by a changing climate. In western

North America, climate change has been linked to recent increases in wild-

fire frequency and extent (Whitlock et al., 2003; Whitlock, 2004;

Westerling et al., 2006, 2011a, 2011b) (but see Chapter 9). This has been

accompanied by changes in the trajectory of regional vegetation states

(Allen and Breshears, 1998; van Mantgem et al., 2009), and some have

hypothesized that many of the assumptions regarding the resilience upon

which existing fire ecology paradigms rest may now be poorly founded

(see Davis et al., 2013 for a review). This highlights the need to understand

how wildfire characteristics and recovery patterns of terrestrial vegetation over

time mediate responses of stream-riparian ecosystems. Yet, proportionately

few studies explicitly evaluate how these might be influenced by its severity,

and most investigations have focused on short-term responses, with far fewer

studies of mid- to longer-term dynamics (i.e., >2-3 years after fire; Romme

et al., 2011; Rugenski and Minshall, 2014). Such investigations are needed

to inform the adaptive management of landscapes and riverscapes under a

changing climate.

A variety of management actions has been designed and used to mitigate

the effects of severe wildfire on stream-riparian ecosystems, but the impact

of these mitigation efforts is not always positive. For example, the use of pre-

scribed fire as a tool to manage riparian ecosystem condition is increasing
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(Stone et al., 2010), but because prescribed fires typically differ from wildfires

in severity, timing, frequency, and extent (McIver et al., 2013), their influence

on riparian and aquatic systems remains an open question (Boerner et al., 2008;

Arkle and Pilliod, 2010). In addition, methods used during fire suppression

efforts can have negative effects on stream-riparian ecosystems. For example,

the use of fire retardants around aquatic systems has led to the mortality of

aquatic organisms (Gaikowski et al., 1996; Buhl and Hamilton, 2000;

Gimenez et al., 2004) and is therefore banned by firefighting agencies, but con-

struction of fire lines within drainages continues. In some cases fire lines can

facilitate the introduction of invasive species and be a significant source of

chronic sediment delivery to streams following wildfires (reviewed by

Beschta et al., 2004 and Karr et al., 2004).

Postfire management has the potential to be more disruptive to stream-

riparian ecosystems and have longer-lasting consequences than high-severity

wildfire itself (Beschta et al., 2004; Karr et al., 2004); therefore, any postfire

management that does not mitigate the effects of suppression activities should

be avoided, including planting with nonnative seeds, construction of debris

dams, and postfire logging. Debris dams often are insufficient at ameliorating

soil erosion and end up in stream channels following storms, where they impede

the movement of organisms and disrupt flow. Mechanical disruption of soils,

which often occurs as a result of postfire logging, increases chronic erosion

and the deposition of fine sediments (McIver and Starr, 2001; McIver and

McNeil, 2006), and soil compaction in forests can persist for 50-80 years

(Quigley and Arbelbide, 1997), which may exceed the duration of effects from

high-severity wildfire. Even dead vegetation provides soil stability; snags are

important habitat for riparian organisms, and large wood is a significant and

ecologically important structural element of stream-riparian ecosystems

(Gregory et al., 2003). Thus postfire logging may reduce the quality of

stream-riparian habitat in multiple ways. Whereas postfire management should

be used with caution, prefire restoration of stream-riparian ecosystems might

reduce potential negative effects of severe wildfire (Beschta et al., 2004); such

efforts might include surfacing, stabilizing, and removing legacy roads; dis-

couraging grazing in riparian zones; and restoring fluvial connectivity.

Finally, as we have described in this chapter, the effects of wildfire on

stream-riparian ecosystems operate over gradients of severity, space, and time

and across levels of ecological organization. For example, although there are

likely to be winners and losers at the individual and population levels in the

short term and over relatively small spatial scales, community- and

ecosystem-level responses seem to be more neutral or positive, are longer lived,

and tend to operate at relatively larger spatial scales. Therefore, management of

stream-riparian ecosystems in landscapes that experience high-severity fire will

benefit from a holistic perspective that takes into account heterogeneous

responses over space and time.
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5.8 CONCLUSIONS

Wildfire plays an important role in shaping the structural and functional char-

acteristics of stream- riparian ecosystems. Though these ecosystems represent

a small portion of the total landscape, they are a disproportionately vital source

of natural resources, and understanding how wildfire may influence them and

the ecosystem services they provide is critical. Riparian forests differ from

upland forests in moisture regimes, microclimate, soils, topography, and veg-

etation and can act as conduits of wildfire, burning with equal or even greater

frequency than upland forests. Many of the diverse organisms associated with

riparian corridors, ranging from fishes and salamanders to birds and reptiles,

are generally adapted to disturbance. Given that wildfire in particular has been

a historic source of disturbance in many of these ecosystems, it is likely to be a

key driver of biodiversity. Wildfire can impact streams and riparian zones at

the individual, population, community, and ecosystem levels. Its effects vary

with fire severity, time since fire, and the spatial scale of the fire. High-

severity wildfire can have very different effects than low-severity wildfire,

suggesting that a mosaic of fires of different severity may be necessary to

maintain ecosystem function. Immediate and short-lived impacts such as

increased stream temperatures can have negative effects on individual organ-

isms and populations, although evidence generally suggests that their recovery

is rapid, and there may be countervailing positive effects such as increased

food availability for fishes, bats, and birds in aquatic-riparian environments.

Long-term effects of wildfire are mediated by climate and can be irregular

because of variation in site-specific physical characteristics. In addition, the

impact of wildfire may depend not only on fire severity but also on the spatial

scale (both total extent and patchiness) and timing of the fire, as well as the

degree of hydrologic connectivity. Streams and riparian zones are highly

connected pathways in landscapes; disruption of this continuity or impairment

or loss of other natural features (e.g., modified riparian zones) as a result of

human activities could lead to more detrimental effects of fire in these con-

texts. Because of the linked nature of stream-riparian ecosystems, and the

disturbance-adapted organisms and food webs that characterize them, the role

of wildfire in these ecosystems is likely essential to managing biodiversity and

conservation across the landscape. Further research is needed in the following

areas to better understand and predict the effects of fire severity in stream-

riparian ecosystems and inform management: (1) investigations of fire-

severity effects over larger spatial scales and longer time periods that integrate

fire extent, patchiness, and continuity; (2) descriptions of interaction effects

between fire and other sources of both natural and anthropogenic disturbance;

(3) analyses of the ability of prescribed fires to emulate wildfires and provide

ecosystem benefits; and (4) longer-term studies that integrate changes in

fire regimes, vegetation, precipitation, and temperature resulting from climate

change.
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