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There are two articles on the ecological effects of 
forcst firc in thc Dccember 1977 issue of this journal 
that nITcr an opportunity tll rai~e what ~cem~ to u~ 

a widcspread problcm in fire-ellects literature. It is 
that ecologists often appear to lack a clear under
standing of fire behaviour and its importance to the 
sound intcrprctation of fire elTects. 

The fIrst paper. by MacLean and Wein (1977), 
shows how quantity alld distribution of nutrients 
varics with age since fire in two series of stands, one 
jack pine and the other hardwood. We have com

. ments on the concept of fire intensity and on the 
quantity of forest floor organic matter removed by 
fire. 

On page 572 appears the sentence, 

Since forest fires in this region generally kill the trees 
but usually do not consume them completely, differ
cnces in fire intensity (reflected in different amounts 
of the s!anding tree biomass consumed) and in the 
prefire stand conditions llI:1y result in a wide variety 
of forest floor weights. 

The difficulty we see with this statement is that forest 
fires do not consume live-standing trees or any sig
nificant portion of them, and this is or ought to bc, 
it seems to us, common knowledge among people 
dealing with forest fire. Crown fires may consumc 
the foliage and perhaps thc fine twigs, but this is only 
a few percent of total live biomass. Therefore, if 
there is wide variation in forest floor weight due to 
the fircs themselves, then the explanation will have 
to be sought in some other aspect of fire behaviour. 

On page 576 of the same paper is a sentcnce read
ing in part, "The questions of major importance 
include the relation of that rather nebulous entity 
'fire intensity' to nutrient volatilization ..." It seems 
to us that, far from being nebulous, fire intensity is 
a very specific entity indeed. It must of course be 
defined, because more than one use has been made 
of the term. In Canada at least, fire intensity gener

'Papers by Maclean and Wein (Can. J. For. Res. 7: 
562-578. t977) and James and Smith (Can. J. For. Res. 7: 
(;66-679.1977). 

'Research Scientists, Canndian Forestry Service, Petawawa 
Forest Experiment Stalion, Chalk River, anI., Canada. 

ally mcans 'energy output rate per unit Icngth of fire 
front.' with recommcndcd 51 unils of kilowatts pCI' 

metre. It is obtaincd (in these units) by multiplying 
together rate of spread in metres per second, fuel 
consumption in kilograms per square metre, and heat 
of combustion in kilojoules per kilogram and 
then replacing kilojoules per second by kilowatts. 
Whether fire intensity thus quotcd is the appropriate 
parameter for correlation with any particular ecolog
ical efi'ect is up to the authors to decide. In the 
prcsent paper, concerned with nutrient redistribu
tion and forest Iloor weight following fire, the most 
relevant parameter is probably just the weight of 
forest floor consumed by fire. Being mainly a func
tion of dryness in depth, it may be somewhat inde
pendent of fire intensity, which is a compound func
tion of both rate of spread and fuel consumption. 
Fire intensity, on the other hand, is more appropriate 
for correlation witb direct effects on trees. In the 
prcsent paper, all fires were apparently intense 
enough to kill the original stands. 

We have used the term 'forest floor' above to in
clude all organic matter lying on top of thc mineral 
soil, i.e., the L, F, and H layers. We were, however, 
confused by the authors' discussion of these mate
rials. On page 572 is the statement that "the forest 
floor was separated into the unincorporated litter 
(L layer) and the humus (F + H) layers," and 
Table 5 prescnts wcights of the L layer only. Some 
of thesc values arc large enough to suggest that more 
than recently fallen undecomposcd material is in
volved. The F + H layers are then described in 
Table 7 by depth only, but not wcight, so that values 
of total forest floor weight are not givcn. It seems to 
us, therefore, that the authors have no basis for a 
comparison of their data with sevcral published 
forest floor weights (pagcs 572 and 573). 

With respect to firc bchaviour, on page 572 ap
pears the sentence, "We postulate that differences 
in fire intensity, prefire tree sizc, and postfire weather 
conditions contributed to thc observed litter varia
tion." It seems to us impossible that fire behaviour 
could have anything to do with subsequent variation 
in litter weight. since by its very definition litter is 
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recent undecomposed material. Furthermore any 
fire intense enough 10 kill one stand and produce 
another would normally consume the litter com
pletely. Rather, it is variation in the remaining F + 
H material that might be expected after fire. Such 
variation depends mainly on its moisture content at 
time of fire (Van Wagner 1972a) and can be judged 
reasonably well in a relative sense by the long-term 
moisture codes of the Canadian Fire Weather Index, 
namely the Duff Moisture Code, Drought Code, or 
Buildup Index (Anonymous 1976). These can be 
calculated for past fires jf weather data are available. 
Whether any of the prefire F + H material renlUins 
intact decades later could only be established by a 
search for discontinuity within the present layer. 

The second paper we refcr to is by James and 
Smith (1977) and deals wilh the immediate effects 
of fire on the biomass and nutrient content of a 
stand of aspen. The fires were set and observed by 
the authors. We have comments on the authors' 
methods of fire description and on the parameters 
of fire behaviour that might he relevant in such a 
stUdy. 

Four experimental fires were conducted and are 
described in the authors' Table J, page 669, in terms 
of temperature and duration. We question whether 
fires can be satisfactorily described by temperature 
for the following reasons. (1) True temperature 
measurement, especially in small flames, reCluires 
very small, fast-reacting sensors. Otherwise, the 
sensor will (n) have insumcient time to reach an 
equilibrium temperature and (b) would even then 
register a low value because of radiation loss to the 
surroundings (Walker and Stocks 1968). (2) The 
whole temperature field in space and time is needed 
for adeCluate description and cannot be Cluoted in a 
simple manner. (3) There is no easy way of relating 
ecological effects to fire temperatures. Maximum 
temperatures in most forest flames are about ROO 10 

Iooooe and occur in a single burning pinc necdle as 
readily as in a crown fire. The maximum tempera
tures listed in Tahle I are prohahly all below the 
level at which flame can exist at all, suggcsling that 
the sensors were too coarse for the fires in question. 
The result is that all we really know about these fires 
is that, according to the authors, they were too gentle 
to kill the trees. By far a better parameter for the 
authors' descriptive purposes would be the fire in
tensity as defined earlier in this discussion. 

The second difficulty lies in the description of 
burn duration in terms of seconds per sCluare metre. 
Such duration cannot be Cluoted as time per unit 
area because fire moves as a band of finite width. 
Rather the only valid parameter of duration is the 

length of time required to pass a given point, the so
called 'residence time.' It has the single dimension 
time and can either be measured directly or calcu
lated by dividing the width of the burning strip by 
the fire's rate of advance. We suspect that the au
thors' burn duration may actually be the reciprocal 
of rate of advance, namely 0.031 m/s on the aver
age. If the authors had in addition measured the 
quantity of forest floor consumed, by weight-sam
pling before and after, they would then have had, 
along with an estimate of heat of combustion (Van 
Wagner 1972b), the reCluired three factors for cal
culation of fire intensity, a valid fire description that 
could be readily interpreted by others and that would 
correlate well with tree damage. They would also 
havc had, in the weight of fucl consulTlcd, a lTlcasure 
of fire behaviour directly related to the quantity of 
nutrient ashed by fire and without which the ob
served postfire nutrient increases in the foliage have 
no basic independent variable to relate to. 

Finally, we believe that whenever experimental 
fires are burned. proper weather records should be 
kept and the relevant codes and indexes of the Cana
dian Forest Fire Danger Rating System quoted. Only 
in this way could the burning conditions be dupli
cated or understood by others. The same applies to 
the burning conditions of known past fires if such 
data are available. 

These comments are not made in a spirit of nega
tive criticism, but rather in the interest of promoting 
proper attention to fire behaviour on the part of 
ecologists studying fire effects. There is no doubl 
that the effects of fires are greatly dependent on 
thcir behaviour and Ihat such work will not assume 
its full potential unless fire behaviour is correctly 
analysed and discussed. The science of fire hellaviou'r 
is well-developed in Canada, and literature and ex
pertise are available. We hope that ecologists work
ing on forest fire clrccts will increasingly make use of 
it. 
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