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4 - On above-ground anthropods

Modifications of litter quantity and vegetation structure consecutive to burning

process involve several microclimate alterations at the soil surface (temperature, luminosity,

moisture) which can modify environmental functioning. Arthropods integrate these adjustments very

well; so that an exhaustive analysis of their number and of variation in their organisation

structure would give good information on the immediate and long term effects of burning on

above-ground environment.

Two complementary methods were used. The first consisted in settlement of sets of

ten pitfall traps, both in burnt and in adjacent cleared plots. This method was used during the

first summer after the technical interventions were carried out at the experimental sites, and after

wild fire in the Trets forest. The traps, filled up with a preserving liquid (picrate),

intercepted the surface moving fauna. The second trapping method consisted in dung-baited pitfall

traps for flying insects, the taxonomic group collected depending on the type of lure used. Three

standard traps for dung beetles were used in each experimental plot during two consecutive years

after each prescribed winter burning. Each seasonal trapping period lasted one or two weeks.

Table 5 shows that modifications did occur in the moving fauna consequently to a

prescribed winter burning. Total number of organisms diminished by half, and their general

organisation was modified. However the global faunistic composition was not altered. Both

heliophilous and phytophagous insect groups were favoured, as they either feed on young plant tissue

or they oviposit inside burned wood. It is the case of locusts, bugs and buprestids. On the

contrary, the microclimate changes due to partial removal of leaf litter damage many predatory and

detritivorous groups. This is the case for ground beetles, rove beetles, crickets and pill

millipieds (i.e. Glomeris marginata). Abundance of black snake millipedes (Iulus) both in hurnt and

cleared plots reveals their high migratory activity from the edges of the fuel-breaks. However,

they seem to avoid partly burnt areas.

It is of particular interest to examine the case of moths which were scarce in burnt

plots but abundant in the cleared plots. These insects were trapped as caterpillars and probably

fell down from the trees onto the ground. One may question whether the burning process had an

influence upon tree insects. At least, the environmental changos did not at all affect other

Arthropods, such as Arachnids.

There is some interest to examine the effects of a controlled burning on the

structure and organisation of a specific insect guild, as that of dung beetles. All the species

have indeed similar feeding habits but show different responses to microclimate and to site

openness.

In some cases, i.e. plots in the Quercus pubescens forest of Artigues and Olliprcs, a

controlled winter burning was shown to affect significantly the level of Scarabeid populations only

while a short decrease of the most forestal or hygrophilous species was observed. Tt was the case

of Onthophagus coenobita and verticicornis. On the other hand, an increase of the most xeric and

heliophilous species (i.e. Q. lemur)was registered.

Figure 8 shows that, after two months, the curves representing the insect number

distributions (Motomura log-linear model). respectively in the burnt and cleared plots. became

parallel and very close to each other; in the same way, the values of "m" (Motomura's constant)

were very similar (0.751 and 0.784 respectively). One year later, the differences between burnt

and cleared plots were still significant, but less important.

Wild fire in a forest is very different. Despite the fact that one year after the

fire took place more organisms could be trapped in the burnt areas than in the unhurnt, fauna

appeared to be strongly unbalanced. In the unburnt forest, the soil surface moving fauna is indeed

mostly constituted of woodlice, millipedes, cockroaches, crickets, rove beetles and arachnids (80%

of total trapped organisms). Most of them arc detritivorous or predatory groups linked to leaf

litter (Table 6). One year after the fire, most of the groups limited to leaf litter, except the

arachnids, had greatly decreased. The heliophilous and phytophagous groups replaced them, arriving

simultaneously with the newly growing plant species. The most common insects were lOClIsts, plant

bugs and buprestids as in controlled hurnt plots.
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5 - On soil cellulolyse activity

Cellulose samples (without ash cellulose paper), enclosed in wire bags, were

deposited in the soil (5 cm depth) of studied plots. In all cases, loss in weight of cellulose

samples was faster in prescribed burnt than in cleared plots (fig. 9).

Cellulose degradation is mainly due to soil microorganisms. Stimulation of their

activity may be due to several causes:

• burning may reduce food resources for microorganisms but may also

stimulate plant growth and rhizosphere activity by ash deposition.

• the amplitude of soil microclimatic variations is emphasized by the

reduction of the litter; this may stimulate microflora activity.

6 - On soil organic matter

No difference was found in soil organic matter and soil nitrogen (0-10 cm) between

prescr~bed burnt and cleared plots during two years after treatment. In contrast, compared with

unburnt forest levels (12-18%) lower rates of soil organic matter and nitrogen were measured in the

burnt area during one year after the wild fire in the Trets forest (8-11%).

7 - On soil mesofauna

Soil mesofauna (mites and spring tails) are unable to escape from disturbances Qnd to

shelter themselves from new mesologic conditions. Thus, it is usually admitted that microarthropod

numbers depend on resources level, and community structure on climatic conditions. They therefore

give information on changes in soil environment conditions caused by valuable fires.

In April 1985, 9 months after the Trets wild fire, soil arthropod populations were 20

times less numerous than in unburnt forest. This means that wild fire must have caused immediate

mortality for a great number of soil arthropods. They therefore give valuable information 011

changes in soil environment conditions caused by fires. Afterwards, pioneer groups ("r-selected"

organisms), able to develop their populations from a small number of survivors especially increased.

Thus, one month later the rate of increase of springtail populations was 30% for cryptostigmatic

mites, 50% for endeostigmatic and 150 to 200% for prostigmatic mites (numerically important in open

sites)~

Controlled winter burning did not induce such a mortality. On the contrary, 2 months

after fire, edaphic populations were more numerous than in the cleared plot at Artigues.

Afterwards, differences between prescribed burnt and cleared plots decreased and 8 to 10 months

after treatment, these differences were no longer significant (fig. 10). At this time, there was

no difference in community structure between the two plots.

Litter mesofauna was more directly affected by prescribed burning than soil mesofauna

and remained unbalanced longer. Thus, 17 months after the Artigues burning, populations density

was still greater than in cleared plot and community structure was different. So, a greater

proportion of springtails and cryptostigmatic mites was registered than in the cleared plot and, on

the contrary, a lower rate of insect larvae (fig. 11).
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CONCLUSION

1 - Prescribed burning versus wild fire

The similar measures carried out during the same period after prescribed burns and

wild fire showed that:

• Prescribed fires only concerned the understorey and a part of the soil

litter while wild fire affected the whole forest community and the total

forest floor.

• Heat from prescribed fires did not affect soil organic matter and soil

nitrogen as observed after wild fire in the Trets forest.

• Consequently, these prescribed fires did not fundamentally change

community structure, understorey specific composition and soil microclimate

which contrasts with the heavy consequences observed after the Trets

wild fire on the same ecosystem components. Disappearance of trees with, as

a consequence, lack of leaf litter for several seasons, bare and

unprotected soil and total openness of the site, modify the functioning of

the ecosystem and the inter-relationship between its associated edaphic and

surface soil fauna.

2 - Prescribed burning versus scrub clearing

French Mediterranean fuel-breaks are generally scrub cleared every 3, 4 or 5 years,

(studied understorey is resulting from this repeated treatment). The same measures carried out on

these particular forest communities after prescribed fire and clearing showed that:

• The recovery rate of understorey was slightly different after burning and

clearing : grasses were generally more depressed after burning than after

clearing; on the contrary, shrub vegetation recovered faster in burnt than

in cleared plots. However, there were fundamentally the same pretreatment

communities that tended to recover and the observed differences in recovery were

mostly due to iuitial composition rather than to treatment.

• Scrub clearing did not affect soil litter but prescribed fires partly

burnt this litter. Soil microclimate fluctuations, mainly surface soil

temperatures, were slightly greater in burnt than in cleared plots and may

be due to a reduction in depth of the litter layer. This may have

important effects on biological processes in these soil horizons;

thus, mineralization of cellulose was increased in burnt plots; decay rate

of leaf litter and accumulation patterns of soil litter were modified after

burning.

• Microclimatic changes appear to be the major cause for the main

disturbances observed after the burning event in surface soil fauna and

litter mesofauna.

Repeated prescribed fires would probably have other consequences on the forest

ecosystems hy cumulative losses of volatile elements, by reduction in the content of organic matter

in the surface soil with detrimental eftects on soil physical characteristics, and by reduction of

food supply of the litter and soil fauna and microflora. If prescribed burning is used in the

management of forests to reduce fuel and prevent wild fires, the impact of repeated low intensity

fires on these factors has to be studied.

On the whole, these prescribed fires led to a depression of grasses and emphasized

shrub growth, making future grazing problematic. Thus, it seems that fires used to facilitate

grazing could induce more and more successive fires. Further studies are needed about the effects

of grazing pressure on the recovery of forest understorey after successive burning.
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SUMMARY -

Some groups of the soil microflora, especially aerobic free living nitrogen fixers,
were enhanced by the fire. The others remained at the same level as in unburnt areas.

Forest floor mesofauna populations were affected by fire and depending on groups,
duff heating and duff consumption, their recovery 7.asted from six months to three and a half yeoN;.
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Short term effects of prescr1:bed burm:nG experiments aarried out in P.
pinaster stands in the N.W. of Spain on fuels; soil nutrients, soil microflora and

forest floor mesofauna were studied. -1
Fire intensities range from 21 to 420 Kw.m. The mean maximum temperature reaorded

on the litter duff interface was 40BoC; the temperature was greater than 60°C for about 5 minutes
(mean value). On the duff-soil interfaae, 59° was reached and 21°C was measured 2,5 cm below the
top of the mineral soil.

Fires consumed 32 per cent of the total fuel and 55 per aent of the available fuel.
TWo years after the fires, the total fuel was practically equal to the preburn load but the
available fuel represented 64 per cent of its initial load.

Changes in soil (O-5am layers) nutrients were very small. Soon after the fires a
little increment for the organia matter content, a small drop in pH and an increment in K, ca, Mg
and P were deteated. Nitrogen content was practically equal to pre-fire level. TWo years later,
all the nutrients remained at the same initial level, except for Ca which was 65 pel" cent highel"
than before burning. The organic matter per cent was a little smaller than before fire but pH Was
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INTRODUCTIOK

Many very destructive wild fires have been affecting the North W<'st of Spain in

In 1985 more than 100,000 ha of forested and unforested lands were burned in

Galicia. Because of this region's mild temperature and high precipitation

tion, reforestation has one of the fastest growing rates in Europe, including very fast growing

rates for some understorey species too.

Fuel accumulation has become a problem. especially in many forest plantations.

Pinus pinaster has been the main species for reforestation. Even though most of its stands remain

very dense, its open canopy lets light and water reach the ground level. Consequently, some shrub

species such as Ulex Erica australis, E. arborea, and Rubus sp., which are basically components of

the seral communities of heathlands existing before the pine plantations, can continue to develop

fairly well under P. pinaster closure.

For many years there has been a policy of total exclusion of fire and grazing so that

necromass and biomass have accumulated to a high level. Prescribed burning and grazing are now

being \'ested on an experimental scale as a means to reduce fuel load, decrease fire hazard, to

enhance palatability of vegetation regrowth, and to create microhabitats for domestic and wild

animals.

*Departamento de Investigaciones Forestales. Lourizan - Apartado 127, 36080 PONTEVEDRA, Spain.
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This paper summarizes some preliminary data about short term effects of prescribed

fire on soil nutrients, biomass and necromass loading, and soil microflora and mesofauna populations

in P. pinaster stands in Galicia.

STUDY SITES AND METHODS

Six locations were selected for this study. Two of them were in Pontevedra

province, on soils derived from granitic bedrock. The area has a mild Atlantic climate with an

annual mean temperature of 15°C., 1600 mm of annual precipitation, and one month of drought (sensu

Gaussen). Pteridium aquilinum cinerea, and Daboecia polifolia were present. The other four

sites were in Lugo province. Two of them are in the SE corner, on soil with schist parent material

in a Mediterranean climate area, receiving about 850 mm of annual rainfall and three months of

summer drought. Chamaespartium tridentatum is the dominant shrub species in the understorey.

Arbutus unedo, (istus populifolius, Cistus psilosepalus, Lavandula stoechas and Phyllirea sp. are

other common species. Finally, the other two sites are situated in the province's central plateau

(Terra cha'), on hydromorphic soils with a conglomerate bedrock. The area has a mean annual

temperature of about 11°C, 1100 mm of rainfall and approximately two months of drought. Major

understorey woody species are Ulex gallii, Erica australis, Chamaespartium tridentatum, Calluna

vulgaris, Erica arborea and Rubus sp. The overstorey species in all cases is Pinus pinaster, more

than 30 years old, with densities of 800 to 1600 trees per hectare.

Six plots were set up in each location, three for burning and the other three for

control. Plots were quadrangular, from 900 to 1300 square metre in size. Prior to the first, a

fuel inventory was carried out on the plots to be burned. A two-stage (systematical and random)

ranked sampling (McINTYRE 1952) was used for biomass sampling and dead and down fuels. Thirty six

samples per plot were selected and a 1 square metre quad rat was used to collect the fuel at each

sampling point. This was classified by composition, oven dried, and weighed. Fuel was separated

into biomass and dead and down material. The litter was separated, and twigs, limbs, bark portions,

logs, and cones were weighed by size classes in I, 10 and 100 hours time-lag fractions, i.e. dead

fuel fractions with I, 10 or 100 hours of time-lag. Fuel sampling was completed with a duff

inventory. A 25 x 25 cm quadrat was used on a systematically selected point inside each square

metre plot. After the litter was picked up, duff was removed, air dried, sieved to segregate small

stones, oven dried, and weighed. A subsample was burned in a muffle furnace to calculate the

mineral soil particle weight and recalculate the real organic duff weight. Fuel inventories were

repeated immediately after the fires, and two years later, for the eighteen burnt plots.

Before the fires, fifty soil cores, 0-5 cm in depth and 8 cm in diameter, were

removed from plots to be burned, following a grid over the plots. Each ten collected cores were

bulked to give five composite samples per plot. More samples were collected close to the

preceding points immediately after the first, and also two years later. The samples were air

dried, then passed through a 2 mm sieve, and pH was measured (1:2.5 soil-water mixture). Total

Nitrogen was determined by Kjeldahl semimicro; exchangeable potassium, calcium and magnesium were

determined by atomic absorption spectrophotometry.. Available phosporus was determined by Bray-2,

and organic matter was determined by the Walkey and Black method. Analyses were carried out

immediately after burning, and two years later.

Three sites were selected for the soil microflora study. One site (Cerponzones), on

a granitic substrate, had plots burned in a moderate low linear intensity range (60 - 105 Kw/m).

The other (Vilacha'), on a schist bedrock, was burned with a moderately high level of intensity

(400-600 Kw/m). The third site (Pedrido), on a soil derived from conglomerates, was burned with a

moderately low intensity (60 - 105 Kw/m). At each location, two burned and two unburned plots were

chosen. Control plots were selected at random. The criterion for selecting the burned plots was

that they were to have two levels of fuel consumption. These plots were seasonally sampled after

the fires for two years. Eight samples per plot were randomly taken and were bulked to give one

composite sample per plot. A previously sterilized metal cylindrical soil sampler (5 cm depth and 8

cm diameter) was used.
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Litter was removed, and duff and the first centimetres of soil were collected. Soil containers

were also sterilized, and the samples were taken to the laboratory in a portable refrigerator. The

microorganism populations were determined using the Pochon and Tardieux (1962) suspension-dilution

plate counting method. Selective solid or liquid culture media were used, except for the total

microflora where yeast extract broth (ACEA 1981 and 1985) was chosen. Czapeck-Dox agar medium for

fungi and soil-agar extract for bacteria were used. Wilson's solution was utilized for algae.

Pochon and Tardieux's media were used for aerobic and anaerobic nitrogen fixed free living

organisms, starch decomposers, anaerobic cellulose decomposers, pectin decomposers, protein

decompoaers, and ammonifiers. Alexander and Clark's method was used for Nitrosomonas and

Nitrobacter, Focht and Joseph's for denitrifiers, and, finally, Eggins and Pugh's for aerobic

cellulose decomposers.

Forest floor and soil samples (0-5 cm depth) were taken periodically for mesofauns

population countings on each site. Depending on the site, from to to four plots were sampled.

Fifteen samples per plot were randomly collected with a metal 625 square cm (25 x 25cm) quadrat, and

the litter, duff, and soil layers were separately taken from the field, packed, placed in

Berlese-Tullgreen funnels, and the animals were extracted into an alcohol-water mixture. Depending

upon the sites, these samples were taken at different times after the fires. At two of the sites,

the samples were taken immediately, six months, and one year after burning. At the rest of the

sites samples were collected one and two years after the fire. On all sites, plots were sampled

three years after the fires. The specimens kept in the alcohol vials were observed with a

stereoscopic microscope and grouped into Collembolans, total Acari, Acari immatures, Diptera larvae,

Coleoptera larvae, and Thysanoptera. Poduromorpha within Collembolans and Cryptostigmata and

Mesostigmata within Acari were separated.

Data on fuel moisture contents, meteorological conditions, fire behaviour and

temperature distribution during prescribed burns were recorded. For each plot, twenty samples for

moisture content of vegetation, litter 1h, IOh and 100 h fuels, duff, and soH (0-5 cm depth) were

collected immediately prior to the fires. Air temperature and relative humidity were measured

every ten minutes during the fires. Wind velocity and direction, at 1.50 m height for 10-minute

periods, were also recorded in the stand. Flame lengths were estimated by comparing them with

stakes, and taking pictures during the fires. Rate of spread was calculated from the time the fire

needed to run a known distance between stakes in a 6 x 6m grid on the plot; a mean value was

obtained.

Temperatures were measured with chromel-alumel thermocouples connected to a recorder;

from three to six points per plot were measured. At each point, three thermocouples were set up.

One of them (0.8 mm diameter) was positioned at the litter-duff interface, another (0.8 mm diameter)

at the duff-soil interface, and the third (3.18 mm diameter) was located 2.5 cm below the top of the

mineral soil.

Fires were carried out between winter 1982 and spring 1984. The ignition t"cbnique

was basically heading fire. In some cases, a backing fire was used. Linear intensity was

calculated from flame length (BYRAM 1959).

RESULTS AND DISCUSSIONS

Some data on the fire behaviour during the burning can be seen in Table I. In

general, air temperature, humidity, and wind velocity were pretty low. The vegetation moisture

content was very small, probably because most of the fires occur during the dormant season of the

plant. On the other hand, litter had a high moisture content. It is to be noted that in some

cases the duff had a rather low moisture content; soil moisture content iu the same cases was low.

Broad ranges of spread rate and linear intensity were obtained. The intensity varied from low to

moderately high.
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TABLE 1

FIRE BEHAVIOUR, METEOROLOGICAL CONDITIONS AND FUEL MOISTURE

CONTENT FOR PRESCRIBED BURNING EXPERIMENTS

Meteorological data Interval Mean value

Air temperature (OC) 6.00 - 18.00 12.50

Wind velocity (m.s-1) 0.09 - 1.16 0.60

Air reI. humid (percent) 45.00 - 70.00 58.00

Moisture content Interval

(percentage)

Mean value

Vegetation

Litter

Twigs (1 h time 1ag)

Duff

Soil (0-5 cm)

64

12

27

3~

17

99

36

39

275

53

78

27

36

141

33

Behavi0ur parameters Interval Mean value

Rate of spread (m.min-1) 0.20 - 2.7

Flame length (m) 0.30 - 1,25

Linear inteusity (Kw. m-1) 21 420

0.60

0.74

38

Temperatures during the fires were very variable (Table 11). Mean data show that

the leth"l temperature (60°C) was reached at the duff-soil interface only for 2'; lethal

te.l'1peratures were achieved for about 5' at the litter-duff interface. There were many differences

relat~d tu varying characteristics, but the moisture content appears to be an important variable

that affects duff aud soil heating. As far as soil is concerned, the average maximum temperature

2.S c~ below the duff-soil interface was only 21°C.

TABLE II

TEMPERATlJRES DURING PRESCRIBED FIRES

-Nean values frolP the mean data of eighteen experiments-

PLACE

Lit ter-Duff

INITIAL TEMP (QC) MAX.TEMP (OC) TlME,T>60°C

interface

Duff-Soil

interfacp

11.6 + 1.2

11.5 + 1.2

408 +

59 +

104

27

4.88' +

1. 93' +

1.41' 3.17' + 0.94'

1.10' 1.25' + 0.81'

2,~ enl llndersoil 11.3 + 1.3 21 + 4,3 4" + 7" 0.6" + 1.8"
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In Fig. I, fuel reduction by the fire and the short term change in the fuel

components loadings are shown. The mean total fuel load is about 41 tonnes/ha. The duff makes up

47 percent of this amount. The litter (fresh and partially decomposed) and biomass represent 43

percent of the total fuel; and the vegetation is 11 percent.

Immediately after the fires, the reduction was similar for biomass (55%) and fresh

litter (55%), and greater than the reduction for 0-5 mm diameter dead fuels (50%). The fire

consumed 32% of the total fuel, but considering the sum of the biomass, fresh litter and 1 hour

time-lag dead fuels as a "rough" estimation of -the available fuel consumption was at least 55%. If

partially decomposed litter is included as available fuel; the consumption was 47 percent.

Anyway, this reduction is important for diminishing the intensity of a potential wild fire oVer this

area. The other dead fuels suffered lesser changes. The 6-25 mm in diameter dead fuels decreased

at around 29 percent. No change was detected for the 26-75 mm and 14 percent for partially

decomposed litter. Duff consumption was low (17 percent).

HOUGH (1965) measured a reduction in the biomass, after prescribed burning, of 65

percent of the initial load on one site, and from 58 to 62 percent on other sites. VEGA et al.

(1983) found a slightly larger reduction in brush and fine fuels, and reductions of 67 and 41

percent respectively for the litter and duff layers were reported by SACKETT (1980), and between 40

and 60 percent for fuels less than or equal to 5 mm in diameter. These values are similar to thos~

obtained in our burnings. He also measured a reduction of from 24 to 46 percent for fuels from 6

to 25 mm in diameter and from 45 to 54 percent for those of 25-75 D@ from 6 to 25 mm in diameter and

from 45 to 54 percent for those of 25-75mm. He reported a reauction from 14 to 47 percent for

larger woody fuels.

Two years after the fires the total fuel is practically equal to the preburn load;

however, the available fuel represents 64 (or 84) percent of its initial load. The biomass is 49

percent of the amount before burning, the fresh litter 68 percent; and the finest dead twigs

(0-5 mm) have practically rebuilt to their preburn level, leaving the 6-25 mm fuels still reduceti.

A marked increase can be observed for the load of the other dead fuels. This increment varies from

61 percent for the fuels within 26-75 mm in diameter to 72 percent for partially decomposed litter.

VEGA et al. (1985) found the same trend for two years after pr"scribed fi res in Gal icia and the same

effect has been reported by toTT! (1960), GORDON (1967) and BRENDER (1968). Finally, duh recovery

was also very fast, and after this fire the quantity was similar to that before burning.

Soil analysis data are summarized in Fig. 2. Sec'n after the fires, an >ncrement for

the organic matter content was detected, probably due to charcoal resid"e er organic compound

condensation coming from the duff. Two years later, the organic matter content is a little smal1~J­

(1 percent) than before the fires. Nitrogen is practically equal to pre-fire levels. A small

drop in the pH was found immediately after the fires. Conversely, it was a little higher twe year~

later. Potassium, calcium, magnesium, and phosphorous were higher soon after the fires. ThL

major relative increment was for the calcium (169 percent) and magnesium ('if pt-reent), but two yeaI',

later, all the nutrients remained at their initial level, except calcium which was I)') percent higher

than before burning. Thus the trend for calcium can be verified as heing retained at a higher

proportional level than magnesium in the burned soil, and magnesium a higher proportional level than

potassium.

In other prescribed burnings in Galicia, VEGA~. (1983) onc year atte! fires did

not find significant differences in levels of these nutrients, on burnt plots compared with control

plots. On other sites, different authors have found similar short term results for nutrient

contents (METZ~. 1961, WELLS 1961, CHRISTENSEN 1977, ST. JOHN & RUNDEL 1976, HOllERING et a1.

1966, REGO et a1. 1983, 1987, McKEE 1982). In anether study, HUNT & SIMPSot, (1985) reponed a

significant decrease in the potassium, SOdium, and organic carbon orl very poor soils in AustrHJia.

III this study, mean seasonal values fro", two years ot soil microflora dnalyses sho"

that there were no significant differences in the number of micro-organisms in anyone group hetween

burned and unburned plots in Pedrido. Significant changes (at p < 0.05) were dptccted fer total

rnicroflora, bacteria, fungi, aerobic free living nitrogen fixers, starch decornpc)sers, aD<! IJ€ctin

dccomposers, between one of the burnt plots and its control in Cerponzones (Fig. 3), the populatlolls

being greater on the burnt plot.
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These differences were found on a plot burned with a lower intensity, but more litter and duff were

consumed in it.

In Vilacha there was a significantly higher number (p < 0.1) of bacteria, aerobic

Nitrogen fixers, and ammonifiers on both burnt plots than on unburnt plots

(fig. 3).

This increment in the number of aerobic Nitrogen fixers on two sites agrees with

other findings (LUNT 1951, REMEZOV 1941, FOWELLS & STEPHENSON 1933, GIL 1982, GRICAL & McCOLL 1977,

VIRO 1974). This increase could be related to the pH elevation because Azotobacter is very

sensitive to it, and it appears to be one recovery response to the nitrogen lost by heating. VEGA

~. (1983) found that these microorganisms show a trend, although not a statistically significant

one, towards higher populations over prescribed burned areas than unburned ones.

Other authors have also found increases in the total microflora after wild fire

(ARCARA et al. 1975, GIL 1982, VELASCO et al. 1986) or prescribed burning (TOLEDO 1987).

BERRY (1978) did not observe differences between areas treated with periodic

prescribed burning for 50 years, and JORGENSEN & HODGES (1971) and VEGA!!-!!. (1983) found the same

thing •• Also, increases in bacteria were reported after prescribed burning (WRIGHT & TARRANT 1957,

AHLGREN & AHLGREN 1965, NEAL!!-!!. 1965, NEAL !!-!!. 1965, MARGARIS 1977).

It has been generally reported that the number of fungi decrease after fire (NEAL !!
al. 1965, NISSEN 1976, MARGARIS 1977, ARCARA!!-!!. 1975, GIL 1982, VELASCO

!!-!!. 1986) in relation to the increase of pH, but some authors (JORGENSEN & HODGES 1971; VEGA !!
al. 1983) did not find significant differences. In this study, there were no significant

differences on two sites, and an increase was detected in Cerponzones on one burnt plot, perhaps

because the pH increment was not important enough to affect the fungi adversely.

Increases in starch decomposers and ammonifiers agree with trends found by DUNN et

!!. (1979), VEGA et al. (1983), and GIL (1982).

Forest floor mesofauna was affected by the fires due to the litter consumption, duff

heating and partial consumption. On the sites sampled soon after the fire, populations of all

groups were reduced for the litter and duff layers on the burnt plots, as compared with the

controls. Though maximum temperatures during the fires were not very high on the duff-soil

interface, lethal temperatures were reached for several minutes on the litter-duff interface, so

that mesofauna populations in the duff suffered the impact of the wave of heat. Generally, samples

on recently burned plots showed that live animals moved into the first cm of soil, probably to take

refuge from the adverse conditions in the remaining duff, especially the temperature and water

content. This was also observed by METZ & FARRIER (1971) on areas burned with prescribed fire, and

by MANSILLA!!-!!. (1985) on sites affected by wild fire.

On the other hand, soil animals appeared not to be affected by the fires and the

level of populations was the same for burned and unburned plots, immediately after the fires.

Recovery time was different among the groups studied (Table Ill). But differences

are not obvious when data are grouped by linear intensity levels or percentage of litter and duff

weight consumed (see first part of Table Ill). It appears that a better definition in the lower

ranges exists if some measurement of the relative litter and duff consumption is taken into account

along with the temperature gradient inside the duff. Both parameters affect the original

populations; one fire can be very fast so that a high temperature can be reached on the duff top,

but consumption can be small. On the other hand, a glowing combustion probably will not reach a

very high temperature peak, but duff consumption can be important. Furthermore, for the effect on

microfauna, perhaps the absolute peak temperature is not the only main variable. Tenlperature

gradient appears more meaningful. So we considered the percentage of little and duff consumed

multiplied by the mean maximum temperature reached on the littler-duff interface, divided by the

initial duff depth for each plot.
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FIG. 3: CHANGES IN 0 • 5 cm SOIL AND DUFF LAYER
MICROFLORA POPULATIONS FOLLOWING PRESCRIBED
BURNING (MEAN VALUES FROM SEASONAL ANALYSIS FOR 2 YEARS AFTER BURNING)
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TABLE III

RECOVERY TIME (YEARS) OF SOME FOREST FLOOR LAYER MICROFAUNA ORGANISMS AFTER

PRESCRIBED BURNING BY A) LINEAR INTENSITY, B) DUFF CONSUMPTION AND HEATING

A) Linear intensity (Kw/m)

High Moderate Low

Group 420 - 630 250 - 300 21 - 125

Collembola (Total) 3 3 0.5 - 3

Poduromorpha 3.5 3.5 0.5 - >3

Acari (Total) 2.5 2.5 0.5 - 3

Cryptostigmata 2 2.5 0.5 - 3

Mesostigmata 3.5 2,5 - 3.5 0.5 - 3.5

Immature Acari 1,5 1,5 0.5 - 1,5

Diptera larvae 1,5 1,5 0.5 - 2

Coleoptera larvae 3 >2 3 0.5 - 3

Thysanoptera 3 2 3 0.5 - 3

*~ Litter and duff consumption and heating

High Moderate Low

Group 120 - 220 19 - 45 3 - 16

Collembola 3 0.5 3 0.5

Poduromorpha 3.5 0.5 - >3 0.5

Acari (Total) 2.5 0.5 3 0.5

Cryptostigmata 2 0.5 3 0.5

MesostigmatH 3.5 0.5 3 0.5 - >2

Immature Acari 1,5 0.5 0.5

Diptera larvae 1.5 0.5 2 0.5 2

Coleoptera larvae 3 0.5 - >2 0.5 - >2

Thysanoptera 3 0.5 2 0.5 2

* See text for this measurement

In the case of the higher range of heating and/or consumption, the total nunlller of

Acari appears to reCOVer before that of Collembo1a. Within Col1emhnla, Poduromorpha take l.~ years

to rebuild their initial level, being a heat sensitive group. Within Acad. the abundallt

Cryptostigmata need less time than Mesostigmata, which are predators, to equal popu1atjoll~ in the

unburned plots. Perhaps the decrease in the phytophagous populations induces" reduction in the

predators, which in addition have H longer reproduction cycle. It is surprising how fast the

years.

immature acari recover to a level similar to the control populations.

Diptera and Coleoptera larvae, show a different recovery time for Lhe higher range of

duff heating/consumption. Diptera larvae need only 1 1/2 or 2 years, hut Coleoptera larvae,

Thysanoptera exhibit a similar recovery time pattern to the Co1eoptera larvae.

These above data appear to agree with other data from METZ & FARRIER (1971). The'

found that 3.5 years were necessary for the mesofauna recovery on periodically burned plots. RE(:(1

~. 1983, 1987, (this volume) have reported from 3 to 4 years, depending on groups. (;ILLON et

aI. (1987, this volume) give a shorter time while ATHIAS BINCHE et aI. (1987, this volume) fouod a

generally longer recovery time, but their data are from areas burned with wild fires. Pr"hahly

although the total number of animals has recovered after this period, changes in the specific

compositions and interspecific relations could remain for a longer time.
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CONCLUSIONS

Some short term effects of prescribed burns have been studied for two or three years

after the fires in pine stands in Galicia. Total fuel was reduced by the fires, but special

Soil exposure was nil, and the duff layer

significance is that its architecture was altered; though its recovery is fast, the available fuel,

two years after the fire, is less than before burning.

remained, protecting the soil in all cases.

Only small changes were detected for the nutrients in the 0-5 cm soil layer soon

after burning. Two years later, these changes were minimal.

Some groups of the soil microflora populations were enhanced by the fire and their

activity increased. Others remained at the same level as on unburned areas.

The forest floor mesofauna populations can be altered immediately after fire, and,

depending on groups, duff heating and consumption; their recovery period can last for six months to

three and a half years.

immediately after fires.

Soil mesofauna appeared not to suffer any change in their populations even
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Prescribed fire effects on soils and vegetation
in Pinus ginaster forests in northern Portugal.

A. REGO*
H. BOTElHO*
S. BUNTING**

SUMMARY - The importance of fire in the Mediterranean Basin is stressed and influence
of man in relation to fire is discussed. A succession diagram in deciduous oaks

climax series is proposed. and the successional role of pine forests is analysed. It is concluded
that pine forests evolved. in many cases. with fire. but not necessarily with destructive crown
fires. More frequent light underburning is natural in various pine ecosystems. This natural
process can be replaced by prescribed burning in the management of pine forests. The uce of
prescribed fire in Pinus pinaster forests of northern Portugal is discussed from the first accounts
dating back to 1836 to the experimental fire management programme started in 1982. Research on the
ecological effects of prescribed fire showed that soil fertility and tree growth are not
significantly affected; understory vegetation is very well adapted to fire. and forage quality and
productivity are enhanced. Recommendations for the use of prescribed fire are suggested.

KEYWORDS : Prescribed fire. fire management. Pinus pinaste~'. ecological effects.

INTRODUCTION FIRE IN THE MEDITERRANEAN BASIN

Fire has been a very important factor fashioning numerous vegetation types throughout

the world. Its antiquity is clear: fire is probably as old as terrestrial vegetation (KOMAREK

1973). However, the action of fire has been particularly stronger in regions with a Mediterranean

type of climate because of the existence of a hot and dry season and the dominance of sclerophyllous

vegetation that is highly flammable and combustible due to the preponderance of species with a high

content of resins or essential oils (TRABAUD 1982, CASTILLO 1985). The influence of man is of

extreme importance in those regions. Old and permanent human settlements established "natural

barriers" to fire such as agricultural fields or roads (TRABAUD 1981). Also fire fighting

operations contributed to a reduction of the burnt areas. However, man causes fire, directly or

indirectly, and natural fires lightning are of minor importance at present, representing in the

Mediterranean Basin only 2.4% of the burnt area. This complex influence of man explains that for

the past 25 years in Europe the number of fires has increased while the burnt area remained about

the same or slightly diminished (LE HOUEROU 1981).

Thus, fire which has been the principal natural force in the biological evolution of

the Mediterranean Basin is now transformed into an artificial force through its use by man (TRABAUD

1981).

*Forestry Department of the University of Tras-os-Montes e Alto Douro (UTAD) , VILA REAL,

PortugaL

**Range Resources Department, College of FWR, University of Idaho, MOSCOW, Idaho, USA.
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MAN AND FIRE

Man's ancestors probably arrived in the Mediterranean region about one million years

ago but until fire was mastered, man's impact on vegetation and environment was very slight (LE

HOUEROU 1981). The conquest of fire by Homo erectus took place between 500,000 and 400,000 B.P. (LE

HOUEROU 1981, CASTIlLO 1985) or about 300,000 B.P. (PERLES 1977) making it possible to improve the

techniques for hunting and gathering. Man has voluntarily used fire for hundreds of thousands of

years, he has transported it and preserved it without knowing how to "create" it. This important

event took place only some 40,000 to 50,000 years ago (TRABAUD 1982). Domestication of animals took

place between 12,000 and 7,000 B.P. but 6,000 years ago, Neolithic peoples still depended largely on

hunting. They must have noted that the animals they fed upon were attracted by burnt zones and

therefore fire has been used extensively. The nomadic agriculture that followed included the use of

fire before or after tree felling, then reclamation and cultivation. Documentation on the use of

fire is available in historic books as the Bible and the Talmud (NAVEH 1974) or the Iliad and the

Georgics (LIACOS 1974). But fire, already used by prehistoric man to defend or to pillage

territories, was also extensively used as a war weapon in various periods of the later European

history. Nowadays, fire has been less and less used for its traditional purposes (land reclamation,

etc.). There is an exception for shepherds who continue to light fire to promote the growth of new

shoots of palatable species (TRABAUD 1981), especially in less developed areas as in Portugal and in

uther southern European countries.

In Portugal there are documents on the use of fire that date back to the Xllth

century. The negative consequences of fire on erosion in the Modego River Basin in central Portugal

were known hy the XVth century when laws were enacted to eliminate the use of fire near rivers

(NF.VES 1981). Currently forest wild fires burn an average of 43.7 thousand hectares per year, about

I percent of total forest and shrub land area. This value is higher than the average for

Mediterranean Europe as a whole, with almost 0.3 percent (LE HOUEROU 1981). Fires burn forest at a

rate superior to the normal afforestation capacity (SILVA 1981). This last decade was considered to

be "exceptional" with severe extensive forest fires. This is probably related to the buildup of

fuel in the understorey resulting from the abandon of grazing and harvesting for fuel and livestock

litters after the drift from the land in the sixties (SILVA 1984). Therefore from the point of view

of wild fire hazard reduction and improvement of grazing in forest, prescribed burning of the

understorey has potential in the management of these vegetation types.

FIRE IN RELATION TO PINE FORESTS

Climax vegetation of northern Portugal, transitional hetween the mediterranean and

temperate zones, is dominated by the deciduous oaks Quercus rohur and Quercus pyrenaica

(BRAlTN-BLANQUET et al. 1956). These forests were extensively replaced by conifers, mainly Pinus

pinaster, that withstand more frequent fires and are among the most flammable ecosystems in the

region (TRABAVD 1981). For example, Pinus halepensis forests represent about one third of the area

burned in Greece, Spain, France, and Italy even though this type of forest occupies only 17%, 7%,

4%, and 3% of the forest areas in the four countries respectively (LE HOUEROU 1981). In Portugal

Pinus pinaster forests represent more than half of the area burned, but occupies only 30% of the

total forest and shrubland area. In other words Pinus pinaster forests burn almost twice as easily

as the average for all forest and shrub lands in Portugal. Therefore, it is important to understand

the successional relationships and the seral position of pine forests in relation to fire (Fig. 1).

After a wild fire, pioneer grasses and shrubs together with tree seedlings colonize

the site. If a new fire occurs every 10 to 15 years the community evolves to a shrubby stage

(GlTILLEN cited by RICO 1978) where the Ericaceae are dominant (BRAUN-BLANQUET et a1. 1956, CASTILLO

1985). More frequent fires result in the perpetuation of an herb stage.
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If a wild fire occurs every 25 to 35 years the pine stand is mature and has fertile

cones (GUILLEN cited by RICO 1978) that often open during fires, disseminating seeds that find

mineral soil, abundant nutrients and weak competition, which facilitates establishment. At that

fire frequency pine forests may perpetuate themselves indefinitely (TRABAUD 1981).

Clearly, if fire frequency is of one hundred years or more, and if seed source is

available, primeval oak and chestnut forest can reestablish (GUILLEN cited by RICO 1978). However,

if a fi.re occurs in mixed oak-pine stands, fire temperatures can be sufficiently higher under pines

to ensure elimination of the oaks in the vicinity of adult pines (WILLlAMS ON & BLACK 1981). In that

case, succession is interrupted and thus, at a fire frequency of less than 100 years the community

evolves to a fire climax dominated by pines.

This discussion so far assumes that all forest fires are destructive to crown fires.

However, in similar pine forests in other parts of the world this is not the case. In Pinus

ponderosa forests of North America for example natural underburning by light and creeping surface

fires with a variable frequency of 5 to 20 years is known to have been of extreme importance

(BISWELL 1973, HALL 1977, DAVIS et al. 1980, WRIGHT & BAILEY 1982).

To ensure the stability of pine forest ecosystems, adequate management (natural or

artifi~ial) is necessary (CASTILLO 1985). Natural underburning can be replaced by prescribed

underburning in the management of pine forests. This is the ecological rationale for the use of

prescribed fire in northern Portugal pine forests.

HERB STAGE

SHRU B
STAGE

PINE
FOREST

( L1NAX
OAK
FOREST

••••~ Natural process occurring over time

~ Light to moderate fire

..tfd1tJIJf" Severe fire. Return to herb stage

Fig. 1 Forest succession in deciduous oak climax series adapted from CASTILLO (1985)

using the succession diagrams of DAVTS et al. (1980).
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THE USE OF PRESCRIBED FIRE

For a long time in Europe, policies of fire exclusion and suppression were

implemented. Natural fire was replaced by grazing and cutting of understorey vegetation in the

maintenance of low understorey fuels. A new equilibrium was reached. \/ith the decrease of

harvesting because of emigration and the prohibition of grazing in fore"ts until 1974, that

equilibrium was lost in Portugal. Prescribed fire seems to be the wise way to restore more natural

conditions in the pine forests (BISWELL 1973), as it is a very effectiVE' tool in decreasing wild

fire hazard. In Pinus ponderosa forests KALLANDER et al. (1955) and WE)~ER (1957) showed a 94 and

90 percent reduction in the areas burned by wild fires on previously burnt communities.

In Portugal the first account on the use of prescribed fire in Pinus pinaster forests

dates back to 1836 when Friderico Varnhagen, an officer responsible for the management of government

forests wrote that "after the pine forest is 20 years old there is a safe way to prevent it from

being burned by summer wild fires : burning the pine litter in dry winter days will not damage the

tree roots, and if that operation is repeated anrually there will be no danger of summer wild fires

that damage the roots and kill the pines. ( ••• ) The pine stands that get used to seeing their floor

burned annually grow much faster and the benefit is great in every sense". He further elaborates on

some of the most important principles for the technique of prescribed underburning : "it is obvious

that for a safe operation, even in wintertime, the pine forest should not have tall shrubs in the

understorey. ( ••• ) The burn must be done with appropriate winds, and fire should be lit on the

opposite side of the wind".

This pioneer of prescribed fire was completely forgotten, and prescribed fire was

almost unknown in Portuguese forestry until Dr. Edwin KOMAREK came to Po·rtugal in 1976. A very

important step in the history of Portuguese silviculture was then made (:HLVA 1984). After that,

some attention was paid to prescribed fire in Portcgal. At the same tim.~ prescribed burning began

to be studied in Spain (VEGA 1981) and fuel management plans were started (VELEZ 1985).

The research efforts on the effects of prescribed fire concentrated on areas

considered important by scientists and land managers :

(I) the effects of fire on the productivity, structure and diversity of the plant and

animal communities:

(c) the effects of fire on litter accumulation, decomposition, and nutrient

concentration (KICKERT et al. 1976, AGEE 1982).

THE BASIC HYPOTHESIS

An experimental fire management programme was started in northwestern Portugal under

the initiative and responsibility of Eng. MORElRA DA SILVA and at his request research on the

ecological effects of prescribed fire was undertaken. Dr. Stephen BUNTING came to Portugal in 1982

to help to initiate research. The results of this study are presented in detail in REGO (1986).

The hasic hypothesis was that prescribed fire could he introduced as a management

tool in Portuguese forests to achieve the following objectives :

I. Reduce wild fire hazard

2. Improve forage quality and quantity.

This should be done without significant detrimental consequences on soil, understorey

communities, and tree growth rates.
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CONCLUSIONS OF THE RESEARCH

From the previous sections, it became apparent that fire was an important natural

factor in stabilizing pine forest ecosystems and that the active fire suppression policy and the

lack of adequate management resulted in building up an excess of fuel in the understorey which

caused devastating crown fires.

This research concluded that there were various effects of prescribed fire on the

forest surface soil. A decrease in the organic matter content was the single most important effect

causing similar decreases of the closely positively related chemical parameters : available K,

Cation Exchange Capacity, and the exchangeable cations Mg, K, and Na. Conversely there was an

increase of the negatively correlated soil pH. Calcium content was also increased by fire, while

total nitrogen and available phosphorus were not significantly altered by fire. Soil mesofauna was

harmed by fire. Recovery of collembola took 3 years while oribatei seem to depend upon the

reconstitution of organic matter to recover fully.

Frequency of understorey plant species was almost unaffected by fire while vegetation

cover tended to regenerate the preburn species at different frequency rates. The nutritional

quali~y of Chamaespartium tridentatum, the most abundant shrub species, was enhanced by fire. A

short-lived increase in cellulose and hemi-cellulose, a corresponding decrease in lignin, and a

longer-lived increase in protein (1.5% increase approaching the preburn level after 4 years) and

digestibility were observed.

It was also apparent from the study that the use of prescribed fire did not cause any

relevant effects on tree growth rate.

In summary, this research concluded that the introduction of prescribed fires of

light intensity did not significantly affect soil fertility or tree growth; understorey vegetation

is fairly well adapted to fire and recovers quickly without major modifications of floristic

composition; and forage quality and productivity are enhanced by fire. Reduction of understorey

fuel probably result, if prescribed burning is applied to large enough areas, in a significant

reduction of wild fire hazard.

Simultaneous research on the relation of bark beetles to prescribed fire showed that

burning would favour beetle attack on old dense stands where beetles were already present at lower

levels. Therefore, it was concluded to avoid burning in those situations (CABRAL Personal

Communication). This was one important consideration that must be taken into account in future fuel

management plans.

It is important to note that the conclusions of this research cannot be extended

beyond the limits of the study. They can safely be applied to the Pinus pinaster forests of the

study area and for the fire intensities applied. The conclusions can \Jrobably be further extended

to the mature pine forests of northwestern Portugal with light to moderate preHcribed fires.

Another important consideration is that fire frequency should be aetermillec in

relation with the specific site char~cteristics and the relative importance of the various

objectives to achieve with prescribed burning in these multiple-use forests. However, natural

underburning in similar areas (at a frequency of 5 to 20 years) and the traditional fire practices

by shepherds in the region (with a frequency of 3 to 7 years) suggest that prescribed fire could he

used every 5 to 7 years as suggested by BISWELL et al. (1973) for pine forests in the Uuited States.

This recommendation for the use of prescribed fire in portuguese pine forests is

probably going to find some resistance among many forest managers that are uneasy about the

possibility of an effective and safe use of prescribed fire. However it is important to stress

again that fire is a part of the ecology of the pine forests regardless of what man may wish or

attempt to do about it. In the absence of prescribed burning, wild fires will occur (KILGORE J972).

The studies conducted demonstrate the ecological soundness of prescribed fire as a

management tool in Portuguese forestry and I hope that forest managers will finally agree with the

clever Finnish proverb : "fire is a bad master but a good servant" (VIRO 1974).
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