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ABSTRACT / One reach of a northern California stream, 
burned by intense wildfire in 1979, was studied to monitor 
changes and recovery from the fire. Benthic 
macroinvertebrates collected three weeks and one to four, 
six, eight, and 11 years following the wildfire were used to 
assess stream condition and compared to samples from a 
reach of a nearby unburned stream. Transportable 
sediment was measured 11 years following the fire. The 
fire was also used as a worst case example to compare 
results with a standard cumulative watershed effects 
assessment methodology. 

Benthic invertebrate density and taxa richness of the 
burned reach were both low compared to the unburned 
reach three weeks after the fire. Mean density was 
significantly higher in the burned reach in the three years 
following the fire, while taxa richness was significantly 

lower in the burned reach over the same time period. 
Higher density and lower richness in the burned reaches 
persisted throughout the study period but were not 
significant after three years. Mean Shannon diversity of the 
burned reach was significantly lower than that of the 
unburned reach for each year of the study, although 
absolute differences diminished throughout the t 1-year 

study period. 

Transportable sediment was significantly higher in the 
burned reach than the unburned comparison. Pearson 
correlations between sediment and biological metrics were 
weak. Although the correlation between invertebrate 
diversity and a measure of watershed disturbance 
(equivalent roaded acres) was high (r = 0.95) for the 
burned watershed, the measure appeared to be a poor 
indicator of cumulative effects on stream condition. The 
measure (ERA) was poorly correlated with invertebrate 
diversity in the unburned reach and, while the ERA 
calculations indicated substantial recovery, biological and 
physical measures indicated recovery of the burned 
stream reach was incomplete. 

Recovery o[  macroinvertebrate comnlunities from 
both natural and anthropogenic disturbance has re- 
ceived increased attention (Yount and Nicmi 1990, 
Wallace 199(}). Both the ecoh)gica[ role of  disturbance 
in stream systems (Vogl 1980) and the response of  
Commt,nities to watershed and channel aherations 
have been well docunlented. (;enerally, benthic coin- 
munities are thought to recover slowly from activities 
thai aher slreani habitat, [)tit understanding of  recov- 
ery from habitat alteration is hampered by a lack of 
long-term studies (l,ikens 1984). 

Numerous researchers have speculated thal of all 
wildland disturbames, wildth-es may pose the severest 
threat to stream systems of forested watersheds (e.g., 
Anderson and others 197(3). Large areas o[ a water- 
shed may be burned, with indiscrmfinate effects on 
Sensitive lands, such as streamside areas and steep or 
Unstable slopes. Many wildfires occur under  fuel 
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moisture and weather conditions that can result ill 
extreme fire intensities, may remove protective 
groundcover,  aud cause hydrophobic soil conditions. 
Increased water yield from reduced transpiration and 
intihration usually fi)tlows such fires. Intense wild- 
fires that burn a high percentage of  a watershed (typ- 
ically low-order streams) present the greatest poten- 
tial for long-term effects on stream systems (Minshall 
and Brock 1991). 

A better understanding of  stream response to wi ld-  
f i re  effects is importam for several reasons. Recovery 
of stream systenls and the duration of effects is argu- 
ably more important than the magnitude of the initial 
change. If  wildfire does represent a worse-case situa- 
tion, then documentation (if the long-term response 
to such events can serve as a valuable reference point 
from which to compare the response of streams to 
other disturbances. 

Benthic macroinvertebrates hav'e been used exten- 
sively to assess both the omdit ion of  aquatic systems 
and effects of different management activities on 
those systems (Rosenberg arid Resh 1993). Benthic 
invertebrates otTer the adwmtages of being abundant 
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Figure 1. I,ocalion of  Williams and Water Trough ('reek Watersheds, approximale sampling sites and Williams wildfire 
I)ou ndary. 

in most streams, having relatively hmg aquatic life 
stages and being sensitive to change (Gaufin 1973). 

The objectives of  this study were to use the macro- 
invertebrate community of  a burned reach to assess 
changes over time, using a nearby unburned stream 
reach to supply reference conditions. Because diltcr- 
ences in tire macroinvertebrate samples from the two 
reaches persisted over lime, transportable sediment 
was collected in both reaches as a measure of  in-chan- 
nel sediment 11 years following the fire. A final objec- 
tive was to compare macroinvertehrate response to 
walershed recovery as predicted by a cumulative- 
ettects model commonly employed by the US Forest 
Service in forests of  California (USFS 1990). 

History and Setting 
Williams Creek drains a 825-ha watershed, ranging 

in elevations from I100 to 180t) m at the northern 
extent of the Sierra Nevada mountain range, .just 
north of the town of  Greenville, Calilornia in the Plu- 
mas National Forest (Figure 1). Parent geoh)gic mate- 
rial is paleozoic metavolcanic, from which Kinkle and 
Deadwood soils are derived. Erosion rates of  these 
soils are moderate or high, depending on the slope, 
which ranges from 20% to 70%. The watershed lies in 
the transient snow zone, and averages 100 cm of pre- 
cipitation annually. Pretire vegetation was typical 
west-side Sierra Nevada mixed coniferous forest 
(Kimmens 1987). At the headwaters, Williams Creek 

is a high-gradient ( -5%)  bedrock-dominated chan- 
nel. It has a transitional moderate-gradient ( -3%)  
section with lower elevation stream reaches in a lesser" 
gradient ( -2%)  channel. The reach selected tor sam- 
pling was in the lower-gradient section of  the stream, 
where possible changes in secliment and flow from the 
wildlire might be most evident. 

In September of 1979, a hmnan-caused wildfire 
burned 95% of the drainage in less than 6 h. Firelight- 
ers estimated the rate of spread at 2000 m/h. Fire 
intensity was rated as high on two thirds of  the burn. 
Areas on the fringe of the tire had moderate to h)w 
tire intensities. The stream channel in the lower two 
thirds of the watershed was irrtensely burned. Almost 
all the streamsidc vcgetation was killed by the fire, 
which burned hot enough to consume much of  the 
large woody debris in alluvial channel reaches. 

Most of  the intensely burned areas of tbe water- 
shed were saDage logged during the year following 
the tire. Roughly 10% of the area was harvested using 
tractor systems, 30% with helicopters, and 50% with 
suspended cable logging. Prior to logging, grass was 
seeded on approximately 168 ha and (lead polcs 
felled on about 42 ha. 

Subsequent monitoring documented vegetative re- 
sponse and channel enlargement. Postfire ground- 
cover monitoring of  24 transects throughout  the burn 
averaged 53% bare ground immediately after the fire. 
Regrowth of vegetation steadily reduced the amount 
of bare gr()und on the transects; groun(tcover aver- 
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aged 85% when last measured in 1985. Channel cross- 
sectional area increased by about 20% in the four 
years fi)llowing the fire, but had re turned to immedi- 
ate postfire (p re runof f  event) cross-sectional areas six 
years fi)llowing the fire (Roby 1988). 

Rationale and Methods 

Responses of  the Williams (]reek stream reach 
were compared  with those from a stream reach in 
Water Trough  Creek, which drains a 520-ha water- 
shed. Water T rough  Creek is the nearest perennial 
stream to Williams Creek and lies about 3 km to the 
west. Water Trough ,  like Williams Creek, drains por- 
tions of  Keddie Ridge, has similar elevations and cli- 
matic characteristics, is composed of the same geo- 
logic mmerial and soils, and supports  the same 
vegetation types. Channel gradient at the sampled 
reach is 2%. 

Benthic invertebrate samples were collected in the 
early fall using a Surber  sampler  (0.09m 2, • 1.0-mm 
lnesh) from both Williams and Water T rough  creeks 
annually from 1979 to 1983 and in 1985, 1987, and 
1991. Four samples were taken at each site in 1979, 
1983, 1985, and 1987. Six samples were collected in 
1980, 1981, and 1982. To  evaluate sample variation 
more completely, 16 samples were collected in 1991. 
Each year, samples were collected f rom the same two 
Stream reaches. The  channel was stratified into pool, 
run, and riffle units, and samples randomly selected 
from riffle habitat types met (by eye) the following 
criteria: substrme size (gravel-small cobble), water 
depth (4-10 cm) and velocity (>0.3 m/see). 

Aquatic insects were keyed to genus (Ephemer-  
optera, Odonata,  Plecoptera, and Trichoptera)  or 
family (Coleoptera, Diptera, Lepidoptera).  Other  in- 
vertebrates were generally keyed to order,  ln torma-  
tion was expressed in terms of  density, number  of  
taxa, number  of  Chrironomidae,  dominant  taxa, and 
Shannon diversity for each sample (except for 1983). 

Differences between stream reaches and within 
years in diversity, density, and number  of  taxa were 
tested using a t test. Variance in diversity values was 
examined with a two-way fixed-effects ANOVA 
(Kleinbaum and Kupper  1978), using year and 
Stream as factors. Within-stream diversity value dif- 
ferences were assessed using a modified Tukey's  mul- 
tiple-comparison procedure  (Kesehnan and Rogan 
1978). An index of  similarity (Odum 1971) was used 
to compare  taxa in the two streams. T h e  relationship 
between biological metrics and transportable sedi- 
ment was quantified using a Pearson correlation. A 

Spearman rank correlation was used to evaluate the 
relationship between a watershed disturbance index 
(ERA) and stream-reach Shannon diversity, as the in- 
dex values could not be expected to have a normal 
distribution. 

In 1990, transportable sediment (Erman and Ma- 
boney 1983) was ineasured by catching sediment  30.5 
cm, 61 cm, and 91.5 cm downstream of  each inverte- 
brate sample site. Material was collected in 10.2-cm- 
diameter  metal cans placed on the stream bot tom as 
each Surber  sample was collected. After  large rocks 
were cleaned and removed from the sampler  frame, 
the substrate was disturbed to a depth of  8 cm for 1 
min. Coarse-grained material caught in the Surber  
net was also collected and included as transportable 
sediment. 

The  method of  cumulative watershed effects as- 
sessment prescribed for use in the Pacific Southwest 
Region of  the US Forest Service (USFS 1990) was 
used to describe the degree  of  watershed disturbance 
in the study watersheds. The  method accounts for all 
types of  watershed disturbance in a common distur- 
bance unit, the equivalent roaded acre (ERA). Coeffi- 
cients are applied to different  disturbance types to 
equate each disturbance to that of  a road. In this 
study, a coefficient of  0.25 was used for tractor-logged 
areas, 0.10 for cable-logged areas, 0.05 for areas 
logged with helicopter yarding, and 0.25 for areas 
burned by wildfire. Watershed disturbance levels in 
ERA units were calculated for each year invertebrates 
were collected and expressed in ERA as a percent o f  
watershed area. A 25-year linear recovery was as- 
sumed for all disturbances. 

Results 

Diversity 

Diversity values fi'om the Williams (;reek stream 
reach samples increased over the l l -year study pe- 
riod. The  lowest mean diversity value was sampled in 
1980, one year following the wildfire. The  correlation 
between year and diversity was significant (P < 0.05, 
r = 0.866), Mean diversity of  samples f rom the Water 
T rough  (]reek stream reach was also positively col're- 
lated with year (P < 0.05, r = 0.768). Recovery of  the 
Williams Creek reach, using the Water T rough  reach 
as a reference standard appeared  incomplete, as 11 
years following the fire, sample diversities from 
Williams Creek remained significantly lower (P < 
0.05) than those from Water T rough  (;reek. Diversi- 
ties were significantly lower in the Williams Creek 
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Table 1. Number of samples, mean Shannon 
diversity, and 95% confidence interval for difference 
between means for Williams and Water Trough 
creeks, 1979-1990 

Shanncm diversity 95% CI 

Samples Waler Williams-Water 
Year (N) Will iams Trough Trough 

1979 4 1.79 2.64 
198(7 6 1.65 2 . 4 5  
1981 6 1.78 2.66 
1982 6 2.25 2.46 
1983 4 2.21 2.78 
1!785 4 2.22 2.70 
1987 4 2.37 2.77 
1990 16 2.45 2.92 

- 1.30, -0.40) 
- 1.06, - 0 . 5 5 )  
- 1.22, - 0 . 5 4 )  
-0.58, -(7.12) 

a 

- (7 .77 ,  -0.19) 
-(7.67, -0.14) 
-(7.46, -0.24) 

"Individual sample diw'rsities not availaMe. 

reach than the Water Trough  Creek reach in every 
year tlrat samples were collected (Table 1). 

The samples collected fi-om Williams Creek in 
197(.) had the lowest density (mean 24 organisms/re') 
and numher of  taxa collecled (Tahles 2 and 3; mean 9, 
total 15) o t any  year for either stream. Diversity at tiffs 
time, and one year following the tire, was 33% lower 
in the Williams Creek reach than the Water Trough  
reach. By the end of tire study, mean diversity of  
Williams reach samples was 16% lower than those 
from tile Water Trough reach (Figure 2). 

Diversity values from both reaches tluctuated over 
lime. In Williams Creek, diversities in 1980 werc sig- 
nificantly lower (1' < 0.05) than diversity in 1(`182- 
1990. The multiple-comparison procedure found 
1987 and 1990 as being significantly different from 
1981; 1982 and 1985 were signiticamly lower than 
1990. In Water Trough Creek, diversity was signiti- 
cantly lower in 1980 and 1982 than 199() (modified 
Tukey's test P < 0.05). Within-reach between-years 
variability was greater in tire hurned reach than the 
unburimd Water Trough reach. 

Density 

Mean density of organisms increased from 1979 to 
1982 in tire Williams (:reck reach and then declined 
through the remainder of  the study (Tahle 2). Al- 
though the calculated wdue o1' mean density was 
greater in the burned reach each sampling year ex- 
cept 1979 (Figure 2), tile difference was significantly 
higher (1' < 0.05) only in 1980-1982. 

Mean density values for individual years showed 
more variation in the Williams Creek reach lhan in 
the Water Trough Reach. The muhiple-comparison 
procedure indicated that the mean density in 1980 

was less than 1981 in Water Trough  (_:reek. Mean 
density was less in 1979, 198(1, 1985, and 1990 Ihan in 
1982 in Williams (:reek. Mean density was also found 
to he greater in 1981 than in 1979 in Williams (]reek. 

Taxa 

More taxa were f'(mnd in the Water Trough Creek 
reach in every year sampled except 1980, when the 
Williams Creek reach had 28 and Water Trough 
reach 24 mxa (Table 3). The mean nu,nher oftaxa per 
sample was significantly lower (1 '<  0.05) in tire 
Williams Creek reach in only 1979 and 1981. The 
lower diversity values in tire Williams Creek reach are 
due lo higher density of  a few taxa (Chironomidae, 
Baetidae, Hydropsychidae) and a slighlly lower num- 
ber o1 taxa. 

Mean number o[  taxa was more variable in the 
Williams Creek reach than in the Water Trough 
reach. The utah(pie-comparison procedure tkmnd the 
mean for 1(.181 and 1990 to be different than 1980 
and 1982 in Water ' l ' rough (]reek. The mean number 
of taxa was different in 1979 than all other years ex- 
cept 1980 in Williams Creek. The mean also differed 
between 1980 and both 1(.182 and 1990 in Williams 
Creek. 

Correlation of Biological Metrics with Sediment 
and ERA 

Transportable sediment (collecled only in 19(.10) 
was signilicantly higher in the Williams Creek reach 
(mean 439 g/sample) than the Water Trough Creek 
reach (262 g/sample). There  were no strong correla- 
tions I)etween tire amount  of  transportable sediment 
collected and individual sample diversity, density, 
taxa richness, or number of  Chironomidae lot the 
Williams (]reek reach. The correlation between Ihe 
number of Chironomidae a n d  transporlahle sediment 
in the Water Trough Creek reach (0.69) was tile 
strongest found (Table 4). 

Mean diversity for each year was negalively corre- 
lated with corresponding ERA watershed disturbance 
values for Williams (]reek ( -0 .893 Spearman value). 
The correlation between Water Trough  diversity and 
ERA values was much weaker (Spearman value of 
-0.071 ). 

Similarity 

The similarity of  taxa lists from the Williams and 
Water Trough Creek stream reaches is high (Table 3), 
with taxa unique to either stream representing a small 
percentage of  their populations after 1979. The last 
three sample years had the highest similarity values, 
hut a linear regression (Kleinhaum and Kupper 1978) 
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Table 2. Indices of invertebrate samples from Williams (Will) and Water Trough (WT) Creeks, 1979-1990 

Mean den.sity Mean taxa Dominant taxon 
(N/0.1 rnU (N/0.1 m 2 (% of population) 

Year Will WT Will WT Will WT 

1979 24 64 9 b 23 I' Ci~ugm,da (37) Chironomidae (13) 
1980 120" 40" 14 17 Chironomidae (42) Hydrol}sychidae (18) 
1981 216" 96" 18 b 26 b {;hironomidae (32) Chironc, midae (16) 
1982 328" ,t8" 19 24 Chironomidae (34) Chironomidae (17) 
1!183' 240 64 Chironomidae (27) Hydropsychidae (15) 
1985 88 56 17 22 Chi,onomidae (33) (:hirc, nomidae (12) 
1987 lq6 80 211 24 ( :hirtmomidae (21 ) H ydroF, sychidae (16) 
1990 72 56 21) 23 (:hironor, ndae (21) CinygmuN (13) 

"Significant dilliwcnce in densily between s l r e a m s  (P < 0 .05 ) .  

I'Signil]cant difference in # o1 taxa belwccn streams (P < 0.05). 
' Individual sample counts not availal)le. 

Table 3. Index of similarity, S (Odum 1971), for Taxa a and ERA values (as percent of watershed area) from 
Williams and Water Trough creeks, 1979-1990 

Taxa (N) ERA (%,) 
Taxa in 

Year Williams Walcr Trough common (N) S Williams Water Trot,gh 

1979 15 31 15 0.65 18.2 3.8 
1980 28 24 19 0.73 18.0 3.6 
1981 31 37 18 0.60 17.4 3.5 
1982 32 34 21 0.64 16.8 3.4 
1983 h 16.2 3.3 
1985 3 1 254 28 t).86 15,0 3.1 
1987 30 34 24 I).75 13.8 2.8 
1990' 41 50 38 0.80 11.9 4.2 

;'Tolal taxa from all samples (difl},'rs slightly from Table 1 mean mxa/sample). 
hlndivkhml invertel)rale sampk' dam not availalfle tin" 1983. 
'Sample size = 16. 

Table 4. Correlation of transportable sediment with 
invertebrate community indices, Williams and Water 
Trough creeks, 1990 (Pearson coefficients) 

Williams Water Trough 

l)iversily -0.415 -0,371 
l)ensity (Nfm v) -0.012 0,568" 
Chironomidae (N/m e) 0.3't3 0.697" 
Taxa (N) 0.082 0.270 

:'Signil]c;mlly different than zero. 

indicated that thc t rend  for increas ing n u m b c r  of 

Common taxa over t ime was not  significant  ( P <  
O.O95). 

Discussion 

Effects of Wildfire 

Due to the u n p l a n n e d  na tu re  of their  occurrence,  
the effects of  wildfires on watersheds and  stream sys- 

terns arc diff icuh to study, a hhough  several research- 
ors have d o c u m e n t e d  effecls o f  in tense  wikll i re  on 
forested watersheds that appea r  similar to Williams 
Creek. We found  significantly inore  t ranspor tab le  

sed iment  in the Williams Creek reach than the Water  
T r o u g h  reach. Significant increases in sed iment  pro- 
duct ion tollowing wildfire have been repor ted  by 

I telvey (I980),  Campbel l  and  others  (1977), P, ich 
(1962), and T i e d e m a n n  and  Klock (1974). Much of 
the sediment  increase was a t t r ibuted to channe l  
sources hy Rich (19621 and  l telvey (1980), who also 
d o c u m e n t e d  increases in stream discharge following 
wildfire. 

We found  significant  d i l te rences  in the macroin-  
ver tebrate  communi t i e s  collectcd Trom b u r n e d  and 
u n b u r n e d  stream reaches that persisted l h r o u g h o u t  
the study period, hnpac ts  of wildfire on stream biota 
have not been studied as extensively as the physical 
changes discussed above, lx)tspeich and  others (1970) 
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Table 5. Shannon diversity values (H) and number in dominant taxa as a percent of total number of 
individuals from other streams in Plumas National Forest 

Dominant 
Year taxa Samples 

Stream sampled (% ol total) (N) H Reii~rence 

Lights Creek 1!175 25.0 4" 2.51 Erman and others (1!177) 
Lights (;reek 1982 17.0 4 +' 3.(10 Erman and Mahoney (1983) 
l+ights Creek 1990 31.1 4" 2.72 Fong (1990) 
Upper Taylor Creek 1975 22.9 4" 2.78 Erman and others (1977) 
Soda Creek 1987 12.8 6 ~' 2.67 Roby (1988) 
Middle Mill (;reek 1983 28.6 4' 2.40 Schuhz (unpublished) 
Middle Mill (:reek 1984 22.1 4' 2.26 Schultz (unpublished) 
Middle Mill (]reek 1985 29.3 4' 2.59 Schultz (unput)lished) 

+'Modified surber 0. I m ~. 
bl)ouble surber 0.18 me. 
'Surber 0.09 m 2. 

found little change in the invertebrate community t"ol- 
lowing an Alaskan wildfire. Albin (19791 compared 
hurned and unburned tributaries to Yellowstone 
Lake and found higher diversity, higher number  of 
Chironomidae, and lower density of  organisms in the 
unburned stream. In both cases, sampling stations 
were some distance downstream of the burns. Rich- 
ards and Minshall (1992) compared the invertebrate 
communities of  ten streams tributary to the Middle 
Fork of the Sahnon River, five which had been 
burned by wildfire. They tk)und significant differ- 
ences between the burned and unburned streams in 
terms of  species richness and taxa present. 

Watershed and Stream Recovery 

The recovery of lotic macroinvertebrate communi- 
ties from different forms of environmental stress has 
been extensively documented (e.g., Cairns and Dick- 
son 1977, tlynes 1960) and recently summarized by 
Wallace (199(I). In general these studies indicate that 
stream organisms are well adapted to quick recovery, 
and a long (>2 year) duration of  effects was limited to 
cases of  habitat alteration, in a comprehensive review 
of stream recovery case studies, Niemi and others 
( 1991) found 23 instances in which recovery of macro- 
invertebrate communities had taken longer than 18 
years. These disturbances included mining (where 
toxics were present), stream channelization, and tim- 
bet" harvest. In only two cases was there documenta- 
tion of  recovery from timber harvest impacts taking 
more than five years. 

Fewer studies have addressed the recovery ot  
burned flJrested watersheds. Lyon (1976, 1984) re- 
ported that native vegetation had increased 12 years 
fl)llowing a western Montana fire and had been re- 

placed by young pine stands 21 years after the fire. 
Tiedemann and others (1979) reported erosion rates 
did not return to prefire levels until len years fi)llow- 
mg wildfire, while Helvey (1980) noted a decrease in 
sediment production ten years tk)llowing wildfire, as- 
sociated with natural channel stabilization and in- 
creased upslope infiltration. Helvey (1980) expected 
it would be 40-50 years before the runoff  regimen 
returned to prefire conditions. As watershed condi- 
tion strongly influences channel condition (Hynes 
1975), a hmg recovery period from wildfire might be 
expected for the streams ot  burned watersheds. 

The Will Fire subjected Williams Creek to both 
short- and hmg-term changes as described by Min- 
shall and others (1989). Short-term changes included 
increases in stream temperature, flow, and nutrients, 
which have been documented by many researchers, 
notably Schindler and others (1980). Long-term 
changes included increased sediment production, in- 
creases in both large and small organic debris, and a 
shift in the type and amount  of  leaf litter as described 
by Minshall and others (1989). 

The response of  the invertebrate community of  the 
Williams Creek reach (Figure 2) appears to reflect 
both these short- and long-term changes. Initial 
changes were fairly dramatic, with community simi- 
larity, density, taxa richness, and Shannon diversity 
all significantly different between the burned and un- 
burned reaches. Taxa richness fi)r the burned reach 
was significantly lower in 1979 than in all subsequent 
sample years except 1980. These changes may be due 
in part to lethal temperatures caused by the fire. Par- 
tial recovery of  the invertebrate community appears 
to have occurred quickly, with no difference between 
the burned and unburned reaches after one year in 
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Figure 2. DiiTercnce in mean values between 
Williams and Water Trough Creeks as percem 
of WaTer Trough for three biotic indices 
through time. 

terms of  community  similarity, and after three years 
in terms of density and taxa richness. More subtle 
long-term changes are indicated by the signiticant d i f  
ferences in diversity between the burned and un- 
burned reaches that persisted throughout  the I 1-year 
Study period. The  diversity is a function of  higher 
density and h)wer richness in the burned reach rela- 
tive to the control. Enrichment f rom elevated temper-  
atures and nutrient supply appears  the likely mecha- 
nism responsible [or these differences. 

This response is generally consistent with that an- 
ticipated by Minshall and Brock (1991), who specu- 
lated stream recovery from the Yellowstone Fires 

would be broken into rapid and then sh)wer stages 
following initial suppression of  biotic index values fol- 
lowing wildtire. Studies of  biotic stream recovery 
from disturbances other than wildfire show a similar 
trend. Erman and others (1977) found macroinverte-  
brate diversities of  streams logged without protective 
buffer  strips were about 25% lower than those of  com- 
parable unlogged streams one to three years follow- 
ing harvest. Erman and Mahoney (1983) studied the 
same streams (seven to ten years after  logging) and 
found diversities ahout 10% beh)w comparable  un- 
logged streams. Fang (1990) revisited the same 
streams (15-17 years after logging) and found no dif- 



598 K.B. R0by and D. L. Azuma 

terence between the logged and unlogged streams. 
Anderson  (1992) followed the recovery of  st rcams ]el- 
lowing Ill<.+ erUl)lion of  Mt..SaiHl Helens. l ie  l<mnd 
tie;it rel)e;tlcd sediment flows re tarded l+ecovery ill 
A p e  (:allyOII. In ( : learwalcr  (:reek. rapM recovery o f  
species richness occur red  For the I~tst lour  years Iol- 
lowing the erut)lion, with a slower recovery ratle there- 
altcr. Murphy  and 1 lall ( 198 I) Iound  macroinverle-  
t)rate c<m+m u nil ies in logged sccon(l-g]owl h sl)ea]ns 
silnilar to those of  old-~yowlh l<>rcsts 12-35 years t<d- 
lowing harve.st. 

Very lilllc con-q)arittivc inlortnat ion on rct:ovcry <d 
slrcatn l+iota fl-otn wildlife effects is ;tvailabh.:. Rich- 
ards and Minshall (19<.) ')) <:<mchtd{'<t the Imrned  
streams o1 Ihc MMdle t;ork Sahnon River had not 
recovered live years rollowing wildt]vc. 

This study g;tt_tgcd rcsponse o t  at rcach of  Williams 
( :reek against c<mtlilions in a rca{:h e l  Walcl  T r o u g h  
(:reek and assumed thatt ditl~.wences I)etwcen the two 
reaches was duc  Io the wildtire and std>scquent sal- 
vaRc opcr:ltitms and not simt)ly natural  v;lrialion, l)c- 
spitc lhc lack <)tprcfire data, wc m;tkc this assutnl)tiou 
duc t<~ the similarity o f  the basit~s in Icrms o |  their 
natural chara<::lcrislit:s including hasin size, precipita- 
lion+ geology, soils, aSl)CCl and the t indings o f  o ther  
rcscarchers.  T h e  I)iotic indicators used to assess recov- 
ery did nol remain ct:,tlstant in the Walcr  ' l ' rough  
( : reck reach..";uch variation in hcnlhic r 
has hecn shown in many st udics (McElravy and ot hers 
1(.}8,!}, l+aml)crti 1992) and is; to bc expeclcd in dy- 
Hal]li{: sys;lClllS Stlbiccl Io l l a l l l l a l  evc t l l s  sHch ; is 

drought and flood. No prcl ] rc samples were token 
tr<ml ei lht 'r creek; 1979 sampling was conducted ,t 
t~.:w wceks fol lowing thc thc. Sampling of  odlev I'lu- 
,has Nali<mal I"orcsl SI reams wit h similar char;tclcris- 
tics (Erman and others 1(.t77. Evnum and Mahoney 
1983, F+mg 1990, Roby 1(.t88, Schuhz t, npuldished) 
('l'alflc 5) sh<)w thai u);lcr<~h'Jvr c<mmnmitics 
o f  similar tmdislurt)ed streams gem:rally have Shan- 
n<m diversilies in Ihe 2.5-'+,.<] rangc+ suppor t ing  the 
content ion that lower diversities in Williams ( : reek are 
1.he rcsuh o1 wildlhe and not tlalt|ral variation. It 
should also bc tmtcd lhat in November  I(.+7(.}, l ,~cavy 

rain lhe day after a r<md-oiling project in lhc Water  
T r o u g h  (:reek watershed rcsuhcd in .,{:Olll;:llltin;ll+Oll 
o[' the {reek. This event may explain reduced dcnsity, 
rich hess, and diversil y oF Ihe I <.}8(I sam t)linR t iom 1 hc 
Water  T r o u g h  {:reek reach. 

Minshall and P,r,eu:k {1991) i)oslulated lhal the ex- 
Ie111 Ot" wi ldt]rc effects on thc I:,cnthit: {:ommul~ily is 
deF, endcnl upon walershed size (efteels are dilul,~'d al 
large scales) and the imeusi',y of  the life. As Williams 
(:reek is a low {sccoud) -o,dcr  stream that had ,i high 
F, ercentagc oF ils walcrsh,t'd Imrned intensely, scw~rc 

disrupdons oI the benl hic community oF the satnplcd 
Ycach migh! I:,c cxpcclcd.  (:cvtamly, tlm impacts Io 
Williams Creek appea r  more  sevcre and t:crtainly ex- 
tend tcmpotal ly much Iotlgcl + lhaH t:ltanges in tltc 
seven logged vc,lchcs (relative m controls) studied 
over a sin+il/u tithe scale by EYman and others  (1977), 
l 'hman and Mahotmy ( I ~.)b+~,~), and l"oHg (1990). 

It seems likely the incotnplctc recovery o f  the in- 
ver te l}ra tc  {:oVllltltlllily is, ;-I r e suh  <)1 incotnl)lete stream 
channel  arid w;ttcrshed recovery and that Ihc differ- 
cn{ :c  in Ycspons,." I)clwec,i the Williams (hcek  rcach 
and thc more  ,t:<)tnl}lete recoveries referenced for sil- 
vicull ur;tl activities is duc  to the severity o f  the I]rc and 
its rcsuhant  hnpacts to both the walelshcd and the 
rcach. ' l 'hc di[fi.~rencc in t ransportable  scd imem I1 
yc,u-s following wildfire SUpl)OVts this contenl ion.  ;is 
does the l i lcrature on watershed response to wildfire 
quoted  earlier. Incomple te  watershed Yc(:<)very and 
tt'alIS])()l-I el" ill<,T<2ascd s c d h n e n l ,  w+ItCl', nu t r i c t l t s ,  a n d  
organic material to lhe channel  shotdd be rct lcclcd in 
the invcrlcbratlC communi ty .  

Many <>1 the physical strcatn system c<>mpoYtenls 
(canopy cover, channel  stability, subs+rate cmbcdde-  
hess) oF Williams (:reck, including the sampled reach, 
appear  to have recovered there rapidly than the in- 
vertel}rate cotntnunity.  ( :hannel  cross sections had re- 
turned  It) immcdia tc  post fire cross-sectional area by 
1985 (Roby 1988), but o ther  physical parameters  were 
not mcasurcd.  Obviously, dclcr tninat ion o t t h c  cause 
<d dclaycd vec~vcry cam best I)c made by c<mtinued 
re<mitering of  lhc slrcam c<)mmtmily aloug whh ex- 
panded  tneasurctncnt  o f  physical l:mramelers. 

Cumulative Watershed Assessment 

' i 'hc l'acilic So+it hwesl Region o t thc  Foresl Servicc 
has used at disttLrl)atnce ar systcm based on 
cquivalenl r<mded acres (ERA) :is a key methodo logy  
in ,matysis o f  cumulative w;tlershed effects. +Fhis pro- 
cc<lurc has Imcn used extcnsively on nati<mal t () lests  
thv<mgh<mt (:alilovnia. A basic vcrsi<m o f  this meth-  
odoh)gy atssumcs itlct 'cllteHtitl r e c o v e r y  o v e r  ;_t 9~)-yetll 
period. We used this method  to compare  the<n-etical 
Williams (:reek walershed rec+~vcry with reach re- 
sp<msc ;is indicated by Shah+ran diversity o f  the inver- 
tebrate cOmnlunit y. 

Sh,ttmon divcrsity and ERA were closely correlated 
tbr Williams (:reek, Imt not tor W;.ttcr T r o u g h  Creek. 
' [ 'hc strcllgt h o l t h  is rc.lal kmship is questionahlc,  how- 
ever. T h e  diversity <fl Ill<_' samt)led reach invertebrate 
c<)m,nunities oF hoth Williams and especially Water  
T r o u g h  (]reek ]]ucltlalcd o v e r  the course o t l h e  sludy, 
t rending  generally upward  over time, F~crhaps due l<) 
droughl - re la ted  slable, h>w-t]ow r ow:Y lhc 
lasl two sampling pcviods. When this "natural"  v;.tria- 
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tion was a c c o u n t e d  | o r  by c o m p a r i n g  samples  f ron l  
the creeks  in t e r m s  e l  per 'cent  d i f f e r e n c e  (ral he r  t h a n  
ahso lu te  values)  ( F i g u , e  2), the  Wil l iams Creek  reach  
showed  little if any  recovery  over  the  lasl seven  years  
of  the  san lp l ing  period. 

T h e  1990 ERA va lue  for  the  Wi l l iams  C r e e k  water-  
shed was jus t  u n d e r  12r162 Typ ica l  " th resh t l ld"  values ,  
used to prescr i l )e  a "sale"  level o f  w a t e r s h e d  d i s tu r -  
bance,  :ire o f t en  set at a b o u t  lhis level ( Ih resho ld  v;ll- 
u e s  vary  with wa t e r s h ed  sensi l ivi iy)  a n d  wou ld  be 
close Io 12% to t  a wa t e r s h ed  with Wil l ianls  Creek ' s  
geologic, clhn;itic,  a n d  l o p o g r ; i p h i c  ch ;nac ter i s l ics .  
Whi le  this ERA va lue  n l igh i  classify :l w a l e r s h e d  :is 
being in "aCCCF, table"  c o n d i l i o n ,  ac tua l  i n s t r e a m  con-  
di t ions ,  :is i nd i ca t ed  by both  t r ans l )o r i ah l e  s e d h n e n t  
and lhe inver tebra te  COl l l l l l t ln i iy  o f  the sampled 
reach,  a p p e a r  to lie less Ill;in des i red ,  with r ecovery  
i n c m n p l e l e .  

T h e r e  are numerous  re:tsons fo r  the d iscrepancy 
between the pred ic l i ve  nnd in -channe l  i l ' ldical(ns. Use 
0 f  an ERA-h<qsed a(:coUi l l i l ig o f  watershed d is iu r -  
I)ance hi  lh is  cnse ;~isstliileS that the prh~:u 'y changes 
f rom Ihe w i l d t i re  wi l l  be io sedi i l len l  ~illd wa le r  del iv-  
ered io the channel .  (]h~tnges Io o ther  processes, 
namely slreaIYl p r o d u c l i v i i y  and t) iohlgical interac- 
tions, may be domi l l~ l l l l ,  lhtlS obscur ing  I ] ( iw ; ind sed- 
iment e l f  eels. W i l d f i r e  effecls nlay l i l ) l  t)e adequately 
ref lected by ll le i i lnt)er-I)ased d i s l u r b a n l e  coef / ]c ien ls  
used in lhe  analysis. ERA is an  in s l an l , i neo t t s  ind ica-  
t ion e l  past a n d  present w a t e r s h e d  activities (Reid 
1993) and does not reJ]ecl cft72(ts thai i l i : ly he delayed 
Over t i lne. 1;urther, the ;ISStll l lpti l) l i  i l l  ]ilit'~il lCcovel+y 
inade in the ERA analysis appears 1o I)e ~i m,ljor short-  
co l l l i l ig .  T h e r e  is a need to r  add i l i ona l  sludies lha l  
relale C|l~tllllel cond i l i on  IO wl i le rshcd d is lu rbance 
models to con i i nua l l y  cl~e(:k a s s u m p t i o n s  o f  cttlYtti];l- 
rive w a l e r s h e d  ; i s s e s s n l e n l  l l l e t h o d o h ) g i e s .  
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