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Introduction (slides 1-3)
· Very basic introduction to fire’s role in the environment and how it interacts with basic ecosystem elements
· This program is not about management (we usually tend to focus on the human and fire relationship)
· John Muir was one person who truly appreciated fire and its function (read quote from his observation of fire between Middle and East Forks). He talked of it burning with passionate enthusiasm. His description has that same enthusiasm.
· Can we find that enthusiasm? Can we look closely at the evidence of past fires? Can we appreciate current fire activity and what it might teach us about forest interactions?

The Role of Fire (slide 4)
· Fire—a disturbance that initiates change—affects the composition, structure, and pattern of vegetation on the landscape. Disturbance is necessary to maintain a diversity of living things and processes.
· Fire’s most obvious function in landscapes is to create and maintain a mosaic of different kinds of vegetation. This includes size, composition, and structure of patches, as well as connectivity (linkages and flows) among patches.
Causes (slide 5)
· Lightning – Records show that lightning starts more than 6,000 fires each year in the United States.  
· Native Americans – California Indians probably molded the Sierra landscape with fire for more than 3,000 years. 
· Both human and natural ignitions occur today.
Fire Regimes (slides 6-7) 
· Are all fires the same? No. Fires vary in frequency, season, size, and effects. 

· However, general patterns occur over long periods. Scientists have defined these patterns of burning into categories called fire regimes. Essentially, an area’s fire regime tells you the “character” of fires that occur there.
· Descriptions of fire regimes are general because of fire’s tremendous variability over time and space. Nevertheless, the fire regime is a useful concept because it brings a degree of order to a complicated body of knowledge.
· Regime information is often based on fire scar data. Most scientists agree that the fire history information from scars is conservative (from all kinds of trees). Since not every fire will leave a scar, there were probably more fires than are represented in the record.
· There are four general fire regimes:
1. Understory (applies to forest and woodland vegetation types) —Fires are generally not lethal to the dominant vegetation and do not substantially change the structure of the dominant vegetation. Approximately 80 percent or more of the aboveground dominant vegetation survives fires.

2. Stand-replacement (applies to forests, shrublands, and grasslands) – Fires kill or topkill aboveground parts of the dominant vegetation, changing the aboveground structure substantially. Approximately 80 percent or more of the aboveground dominant vegetation is either consumed or killed as a result of fires.
3. Mixed-severity (applies to forests and woodlands) — Severity of fire either causes selective mortality in dominant vegetation, depending on different species’ susceptibility to fire, or varies between understory and stand replacement. 

4. Nonfire — Little or no occurrence of natural fire. In regions where decay is constrained by dry and cold climates, fire plays a dominant role in recycling plant debris. In warmer, moist climates, decay plays the dominant role.
Ecosystem Elements (slides 8-12)
Plant response to fire is a result of the interaction between severity of the fire and characteristics of the plants in the fire, both their inherent resistance to injury and ability to recover. Vegetative response to individual fires can vary substantially depending on the fire, existing vegetation, site conditions, and postfire weather.
· Mortality, Resistance, and Recovery – Plants are either going to die or resist the fire. In either case, they will go through a recovery stage characterized by: 
· Sprouting is a means by which many plants recover after fire. Shoots can originate from dormant buds located on plant parts above the ground surface or from various levels within the litter, duff, and mineral soil layers
· Seedling establishment is affected by the amount of seed present and conditions required to induce germination and provide a favorable environment for initial seedling growth. Seeds come from:
· dispersed from surviving plants (usually trees)

· dispersed from off of the burned site
· fire stimulated seed within the seedbank

· developed on plants that resprouted after the fire

Animal – Most animal species respond predictably to the passage of fire. However, these responses vary widely among species and are influenced by fire season, intensity, severity, rate of spread, uniformity, and size.
· Immediate response to fire may include mortality, injury, and escape – Season of burn is often an important variable in animal mortality. Burning during nesting season appears to be most detrimental to bird and small mammal populations. While non-burrowing mammals and most birds do leave their habitat while it is burning, many return within hours or days (they escape). 
· Long-term animal response to fire is determined by habitat change, which influences feeding, movement, reproduction, and availability of shelter. Animal communities have evolved in the context of particular fire regimes and show patterns of response to fire itself. Habitat changes influence animals more than the fire itself.
· Emigration (to leave) – Animals may leave the area permanently as soon as fire is detected. Others emigrate because the food and cover they require are not available in the burn.

· Immigration (to enter and usually become established) – Many animals are actually attracted to fire, smoke, and recently burned areas. Most birds and mammals that immigrate in response to fire are attracted by food resources.

Soil – The physical, chemical, and biotic properties are all affected by fire. Burning can cause changes in physical characteristics like organic horizons, water repellency, infiltration capacity, porosity, temperature, various erosional processes, and sedimentation rates (the latter two are often considered most important). Increased fire severity generally increases the amount of change in these factors. Nitrogen, due to its volatilization at low temperatures, is most readily lost during fire and is usually considered the most important. Burning usually results in declines in soil invertebrates and fungi while microorganisms such as bacteria increase in abundance.  
Water – Fire affects the quantity of water in streams, its chemistry, and its physical and biotic characteristics. Fire, or the lack of fire, has also affected nutrients, turbidity, buffering capacity, water temperature, and other water characteristics. Increases in streamflow discharge rates also frequently occur following fire due to the combustion of vegetation and soil litter layers which decreases interception while increasing overland and subsurface flows. Changes in the fire regime or the simple occurrence of a fire can alter the flux of nutrients associated with water. Following fire this alteration is usually manifested as increased nutrient flows through the aquatic system. Sediment yields are usually greatest in the first years following a burn and decrease as protective vegetation reestablishes and litter accumulates.
Life Zones (slide 13)
· Foothills

· Mixed Conifer – continuous forest 

· Subalpine – patchy forest 

· 352,000 acres bare rock
· Approx. 475,000 burnable vegetation

· You will notice differences in plant and animals adaptations from zone to zone because of regimes
Foothills
Description (slide 14)
elevation range (500 - 5,000 ft.)

mild, wet winters & dry/hot summers
Fire Regimes (slide 15) 

· Understory (oak woodland) – Oaks commonly experience low intensity, surface fires with flame lengths of 8-10 inches. Fire in this vegetation type is not carried by the trees, but rather by the understory fuels. Fire cycle is every 10-17 years.  
· Stand-replacement (Chaparral) – notorious for its frequent, fast-spreading, stand-replacing fires. Fire cycle is every 30-100 years. Annual and perennial herbs flourish after fire in chaparral, along with seedling and resprouting shrubs. Herbs are gradually eliminated as the dense overstory of large shrubs matures (DeBano and others 1998). Burning maintains a diverse mixture of species. 
Resprouters (slide 16)
· Oak woodlands and chaparral are characterized by species that resprout vigorously after fire; 
· blue oak – (Quercus douglasii) – It is deciduous and responds to fire-caused damage by epicormic sprouting (beneath the bark) or basal sprouting (from the base). A study here in SEKI showed epicormic sprouting increased as the percentage of crown scorching increased. Blue oaks have thinner bark than coast live oak and are more likely to be top-killed in a high intensity fire.
· Chamise –  very flammable
· flannelbush – (Fremontodendron californicum) well-adapted to recurring fires with abundant seed production, prolific sprouting and rapid growth.
Seed Germinators (slide 17)
· Many species have seed that germinates best after being heated by fire (DeBano and others 1998).
· Whiteleaf manzanita – (Arctostaphylos vicida)  The seeds can survive soil temperatures in excess of 280 degrees Fahrenheit (138 oC) and still germinate. This species does not resprout.
· Deerbrush (Ceanothus integerrimus)
· chia (smoke germination)
· California poppy 

· golden eardrops
Effects on Animals (slide 18) 

· Emigrate

· Bewick’s wren – they like enclosed chaparral canopies
· Immigrate

· Bobcats –they feed in recent burns and young chaparral 

· Mule Deer – Browse productivity in chaparral increases dramatically during the first 4 to 6 years after burning but declines thereafter.
· Deer Mouse – (Peromyscus maniculatus) leave initially because of loose ash and lack of food, but quickly return for insects and seeds, burrow mortality is low, less likely to be found in mature chaparral
· Scrub jay – (Aphelocoma californica) I observed grasshoppers
Mixed Conifer

Description (slide 19)
· elevation range (5,000 – 9,000 ft.)

· warm, dry summers
· cold, wet winters
Fire Regimes (slide 20)
· Understory – Fires typically burned these forests at average intervals of 3 to 25 years. The understory fires characteristic of Sierra mixed conifer and ponderosa pine forests maintained open structures with little accumulation of debris on the ground (Kilgore 1981; Weaver 1974). Understory fire maintained dominance by pines and giant sequoias, with understory species. In the absence of fire, less fire-resistant species, including white fir and incense cedar, invade and develop into dense, tangled patches of young trees.

· Mixed Severity - Fires were variable in frequency and severity. Mean fire intervals were generally longer than those of understory fire regimes and shorter than those in stand-replacement fire regimes. The uneven burning pattern in mixed fire regimes was probably enhanced by mosaic patterns of stand structure and fuels. Thus, past burn mosaics tended to increase the probability that subsequent fires would also burn in a mixed pattern. 

Resprouters (slide 21)
· Black oaks – (Quercus kelloggii) When fires do occur, black oaks have an advantage over conifers because they can resprout basally and grow quickly. In a conifer forest, black oaks have a problem with the lack of disturbance, such as fire. Without fire to open holes in the canopy, conifers will overtop and shade out the black oaks. In many areas of the Sierra Nevada, you can see black oak skeletons under conifers such as white fir. 

· Fireweed  and bracken fern (Epilobium angustifolium and Pteridium aquilinum) – both can produce significant numbers of sprouts after high severity fires because many buds far below the surface can survive even severe fire 
· Mountain misery (Chamaebatia foliolosa) resinous and highly flammable so it carries surface fires. It is an important element in ground fuel load. Sprouts from root crow and rhizomes following top-kill
Seed Germinators (slides 22-25)
· Greenleaf Manzanita – (Arctostaphylos patula) Seeds of this species are stimulated to germinate by fire. It will also resprout.
· Gooseberry and currant - Fire stimulated germination has been documented for hard-seeded genera including Ribes
· Red fir (Abies magnifica) (higher elevation mixed conifer) – Fire cycle is 30-50 years. Analysis of lightning fire occurrence in Yosemite National Park shows that, on a per acre basis, the California red fir forest type there experiences more lightning ignitions than any other vegetation type, but the fires are mostly small (van Wagtendonk 1986). Fires normally spread slowly and are seldom very destructive because of the nature of surface fuels and the prevalence of natural terrain breaks. Red fire has thick bark and is fire resistant. The needles and branch tips are resistant to fire.

· Sequoia – thick bark, thrive on reduced competition, cones and seeds, seedlings, groups are remnant hot-spots, four guardsmen might be from a downed burning log (deep hot ash pit)
Effects on Animals (slide 26)
· Immigrate

· Insects – Bark beetles are attracted to stressed trees. Food resources for predatory insects. Momochamus and Melanophila are wood-boring that come to mate and lay eggs. Have infrared and smoke detectors. Trachykele opulentia (Beetle Rock) lays eggs in fire scars of conifers.
· Woodpeckers – immigrators for food source. Woodpeckers feed on bark beetles. Field sampling in recent burn areas found bark-foraging species preferred these recently burned areas: northern flicker, white-headed woodpecker, hairy woodpecker, Williamsson’s sapsucker, and black-backed woodpecker. The latter was only observed in recent burns which appear to be critical habitat for its presence. 

· Red-Tailed Hawk – fire kills nest trees, but snags good for perching, prey visibility, attracted to smoke and fire, observed feeding on fleeing grasshoppers

· Black bear – food is enhanced, insects make food
Subalpine

Description (slide 27)
· Elevation range (9,000 - 11,000 ft.)

Fire Regime and Responses (slide 28) 

· Understory – high frequency of lightning, but small fires, and long intervals
· Foxtail pine, lodgepole pine, Western white pine – Trees are not very fire adapted. The cambium layer of thin-barked trees such as lodgepole pine and subalpine fir is usually dead beneath any charred bark
Effects on Animals (slide 29) 
Similar to plants at this elevation, not many animals have fire adaptations. (Marmot and Bighorn Sheep are examples)
Human Responses (slide 30)
· Attraction and use

· Fear

· Desire to control

· Understanding and co-existence 

Conclusion (slide 31)

Our society’s current understanding of fire is probably far from John Muir’s “passionate enthusiasm,” but it is important for us to continue researching fire’s ecosystem function.
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Activity Sheet

1. Name the four general fire regimes.

2. Describe the natural fire regime for the district where you work.

3. How are the plants and animals in your area affected by fire (or lack of fire)?

4. In your district, when and where were the last fires?

5. What objects on the landscape can you use to help visitors observe and understand the story of fire?
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