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+ EXECUTIVE SUMMARY 

We postulate (Minshall et . al. 1989, Minshall 
and Brock 1991) that the effects of the 1988 fires on 
stream ecosystems m Yellowstone National Park can 
be partitioned into (1) immediate . effects arising 
directly from the fire (e.g., increased temperatures, 
altered water chemistry, abrupt change in food 
quality) and (2) delayed impacts resulting from the 
removal and eventual successional replacement of the 
vegetative cover. Some of these delayed effects are 
pri~rily physical disturbances associated with 
increased runoff. These are likely to exert their 
maximum impact within the first few years after fire. 
In addition, longer-term alterations associated with 
the removal and recovery of riparian and upland 
terrestrial vegetative cover and consequent alteration 
of food resources and retention capacity in the stream 
may be expected (Likens and Bilby 1982, Molles 
1982, Minshall et al. 1989). 

In order to determine the immediate effects and 
to provide a basis for evaluating subsequent long-term 
changes, samples of the stream biota and 
measurements of environmental conditions were 
obtained ~fore and after the Initial, major runoff 
period. The measurements made during these two . 
periods are repeated at annual intervals (each August) 
over the following four years (1989-1992) in order to 
document conditions during the anticipated early 
recovery phases in the streams (Bormann and Likens 
1979; Arno 1980; Schimpf et al. 1980; Boerner 

1982; Arno and Gruell 1983; Amo et al. 1985; 
Stickney 1985, 1986; Waring and Schlesinger 1985; 
Crane and Fischer 1986). This will provide a 
quantitative record of the first five years following 
the yellowstone fires and permit an initial test of our 
hypotheses concerning the temporal responses of 
major stream ecosystem parameters to wildfire in 
Yellowstone (Minshall et al. 1989). 

Based on the existing conceptual framework in 
stream ecology (Vannote et al. 1980, Cummins et al. 
1984, Minshall et al. 1985, Minshall 1988, Resh et 
al. 1988) that major differences among streams in 
terms of intensity of the effect and rates of recovery 
from fire will occur as a result of stream size and 
watershed slope and aspect. Besides affecting the 
timing and rate of runoff, slope and aspect 
significantly influence the type and density of riparian 
and upland vegetation. We have concentrated our 
efforts on streams of 1st through 4th order because 
few, if any, streams above 4th order in yellowstone 
National Park were directly affected by the fires. 
The sites selected for this study were chosen in 
September 1988, through aerial and ground 
reconnaissance of all of the major 1988 fires in 
Yellowstone, in collaboration with senior staff 
members of the U. S. Fish and Wildlife Service 
(Yellowstone Office). Each burned stream type 
chosen is replicated at least three times to provide 
generality to our findings and to avoid problems 
arising from pseudoreplication. However, .the total 
number of burned-stream sites studied is arbitrarily 
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limited to 18 to meet time and budget constraints. 

The thrust of this study is to examine hypotheses 
relating to stream ecosystem behavior in the early 
stages of recovery from fire. We have centered on 
changes in the structure of the biotic community and 
food resources, . in chemical composition of the water 
(including potentially limiting nutrients), and in 
physical habitat conditions. Focus is on the 
measurement of producer (algae) and consumer 
(mainly invertebrate) standing crops and · general 
chemical properties (alkalinity, hardness, specific 
conductance, pH) and major nutrient (PO 4, NH4, 

N03) consti~ents of the water. These serve as 
indices of the responses of stream ecosystems to fire. 
However, general environmental features 
(temperature, discharge, current velocity, substratum 
composition) also are being characterized. In 
addition, five permanent channel cross-section 

. transects and photopoints are resurveyed each year. 

Most of our methods are routine in stream 
ecology and are described in detail in standard 
reference source8 (Weber 1973, Greeson et al. 1977, 
Lind 1979, Merritt and Cummins 1984, APHA 
1985). Methods for sampling invertebrates are 
described in detail by Platts et al. (1983). In addition 
to total standing crops, the algal and invertebrate 
communities were examined in terms of species 
richness, dominance, and diversity and the 
invertebrates evaluated in terms of principal 
functional feeding groups (Merritt and Cummins 
1984, Cummins and Wilzbach 1985). 

Although the effects of fire have been evident in 
the preceding years of this study, the streams could 
be characterized as being largely on a "fast recovery 
track" (sensu Minshall and Brock 1991). However, 
1991 was marked by at least two major runoff events 
which caused major physical upheavel to all of the 
streams in burned watersheds located on moderate to 
steep gradients. These disturbances are expected to 
be reflected by declines in the biotic components and 
serve as important "resets" in the recovery process 
(Minshall et al. 1989, Minshall and Brock 1991). 

Most high gradient burned . streams displayed 
major changes (cutting or filling) in channel cross­
section morphology in 1991 while low gradient 
burned streams and reference streams remained 
relatively constant. Data on the degree to which 
stones on the channel bed are buried by fine 
sediments ( = embeddedness) suggest a pulse of fme 

sediments moving ftom the burned watersheds intO 
the headwater streams and then gradually into the 
larger bum streams over time. Mean substrate size 
decreased in 1st through 3rd order streams following 
1988 and remained low through 1991, also indicati.tig 
the input of fine sediments within the study reaches. 
The coefficients of variation for current velocity 
dramatically decreased in most bum streams over 
time, while remaining unchanged in reference 
streams, suggesting the establishment of more 
homogeneous habitat conditions as a result of the 
fires. Maximum stream temperatures have either 
increased the first year following the wildfires then 
subsequently decreased in 1991 or have remained 
elevated above prefire values. Changes in major 
water chemistry are more variable among and largely 
restricted to smaller (1st-2nd order) than foUnd in 
larger burned streams; a trend that continued in 1991. 
Ortho-phosphorus levels increased in the high 
gradient burned sites in 1989 and subsequently 
decreased through 1991. In contrast, nitrate values 
tended to increase in most bum sites by 1989 and 
remained high through 1991. 

Periphyton chlorophyll ! levels decreased in 
1989 from rather high levels in 1988 in all bum and 
reference streams except for 4th order ,Soda Butte. 
The relatively high chlorophyll ! values in 1988 
simply may be due to the time of sampling .(October 
vs. August). Chlorophyll .! levels increased in 1st~ 
2nd, and 3rd order bum sites in 1990 from 1989 then 
decreased again in 1991, probably as a result of 
scouring by storm flows. Chlorophyll values 
remained low in 4th order bum sites from 1989-
1991. 

Periphyton AFDM values also were higher in 
1988 than other years for most sites, reflecting the 
high chlorophyll! values. AFDM values essentially 
remained unchanged in 1991 in 2nd and 3rd order 
bum sites, and 2nd and 4th order reference sites. 

The AFDM (biomass:B) to chlorophyll ! (C) 
ratio .indicates the degree of autotrophy at a site. The 
sites that experienced increased AFDM in 1991 also 
displayed high B/C ratio's suggesting a lower degree 
of autotrophy at these sites. The B/C ratio remained 
relative low in 2nd and 3rd order bum sites and 2nd 
and 4th order reference sites. 

Transported organic matter was · sampled and 
quantified in two size categories: Coarse (CPOM) 
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and fine (FPOM) particulate organic matter. This 
material also was characterized qualitatively. CPOM 
levels increased in all bum sites in 1991 from 
previous years, and being most pronounced in 2nd 
order bum sites. CPOM levels also were higher in 
1991 in reference sites, but not to the degree 
displayed in bum sites. As with CPOM values, 
FPOM values dramatically increased in bum streams 
in 1991. FPOM values increased only slightly for 
reference streams in 1991. These higher values in 
1991 over previous years for both CPOM and FPOM 
may be attributed to higher overall flows and 
respective flow events. The higher CPOM and 
FPOM values for bum streams relative to reference 
streams reflect increased overland input in bum 
catchments from these flow events in 1991. 

The . percent charcoal of CPOM increased 
substantially in 1991 in the bum streams, also 
suggesting overland input of organics during high 
flow events. The percent charcoal of CPOM 
remained low in respective reference streams. The 
percent charcoal of FPOM also increased in 1991 in 
bum and reference streams. Results for macro­
invertebrates are not completed for 1991, but will be 
presented in the 1992 Annual Report. 

+ LITERATURE CITED 

American Public Health Association. 1985. 
Standard methods for the examination of water 
and wastewater. APHA, New York. 

Amo, S. F. 1980. Forest fire history in the 
Northern Rockies. J. Forestry 1980:460-465. 

Amo, S. F., and G. F. Gruell. 1983. Fire history 
at the forest-grassland ecotone in southwestern 
Montana. J. Range Manage. 36:332-336. 

Amo, S. F., D. G. Simmerman, and R. E. Keane. 
1985. Forest succession of four habitat types in 
western Montana. U.S. Forest Service Gen. 
Tech. Rep. INT -177. 

Boerner, R. E. 1982. Fire and nutrient cycling in 
temperate ecosystems. BioScience 32:187-192. 

Bormann, F. H., and G. E. Likens. 1979. Pattern 
and process in a forested ecosystem. Springer­
Verlag, New York . . 

237 

Crane, M. F., imd W. C. Fischer. 1986. Fire 
ecology of the forest habitat types of central 
Idaho. U.S. Forest Service Gen. Tech. Rep. 
INT-218. 

Cummins, K. W., G. W. Minshall, J. R. Sedell, C. 
E. Cushing, and R~ C. Petersen. 1984. Stream 
ecosystem theory. Verb. Int. Ver. Limnol. 
22:1818-1827. 

Cummins, K. W., and M. A. Wilzbach. 1985. 
. Field procedures for analysis of functional 
feeding groups of stream macroinvertebrates. 
University of Maryland, Contribution 1611, 18 
p. 

Greeson, P. E., T. A. Ehlke, g. A. Irwin, B. W. 
Lium, and K. V. Slack (eds). 1977. Methods 
for collection and analysis of aquatic biological 
and microbiological samples. Techniques of 
Water-Resources Investigations. U.S. Geol. 
Surv. 322 p. 

Likens, G. E., and R. E. Bilby. 1982. Develop­
ment, maintenance, and role of organic-debris 
dams in New England streams, p. 122-128. In: 
Swanson, F. J., R. J. Janda, T. Dunne, and D. 
N. Swanston (eds.). Sediment budgets and 
routing in forested drainage basins. U.S. Forest 
Service Gen. Tech. Rep. PNW -141. 

Lind, 0. T. 1979. Handbook of common methods 
in limnology. 2nd edition. C. V. Mosby Co., 
St. Louis. 199 p. 

Merritt, R. W., and K. W. Cummins (eds). 1984. 
An introduction to the aquatic insects. 2nd 
edition. Kendall/Hunt Publishing Co., 
Dubuque, Iowa 722 p. 

Minshall, G. W . . 1988. Stream ecosystem theory: a 
global perspective. J. North Am. Benthol. Soc. 
7:263-288. 

Minshall, G. W., and J. T. Brock. 1991. Antici­
pated effects of forest fire on Yellowstone 
stream ecosystems. In: Keiter, R. B., and M. 
S. Boyce (eds.). Greater Yellowstone's future: 
man and nature in conflict? Yale University 
Press. 

3

Robinson and Minshall: Effects of the 1988 Wildfires on Streams of Yellowstone National

Published by Wyoming Scholars Repository, 1991



238 

Minshall, G. W., I. T. Brock and D. A. Andrews. 
1981. Biological, water quality, and aquatic 
habitat responses to wildfire in the Middle Fork 
of the Salmon River and .its tributaries .. Final 
Report USDA Forest Service, Ogden. 122 p. 

Minshall, G. W., I. T. Brock, and J. D. Varley. 
1989. Wildfires and YellowstOne's stream 
ecosystems: a temporal perspective shows that 
aquatic recovery parallels forest succession. 
BioScience 39:707-715. 

Minshall, G. W., K. W. Cummins, R. C. Petersen, 
C. E. Cushing, D. A. Bruns, I. R. Sedell, and 
R. L. Vannote. 1985. Developments in stream 
ecosystem theory. Can. I. Fish. Aquatic Sci. 
42:1045-1055. 

MoUes, M. C., Jr. 1982. Trichopteran communities 
of streams associated with aspen and conifer 
forests: long-term structural change. Ecology 
63:1-6. 

Platts, W. S., W. F. Megahan, and G. W. Minshall. 
1983. Methods for evaluating stream, riparian, 
and biotic conditions. U. S. Forest Service 
Gen. Tech. Rep. INT -13.8. 70 p. 

Resh, V. H., A; V. Brown, A. P. Covich, M. E. 
Gurtz, H. W. Li~ G. W. Minshall, S. R. Reice, 
A. L. Sheldon, J. B. Wallace, and R. Wissmar. 
1988. The role of disturbance theory in stream 
ecology. I. North Am. Benthol. Soc. 7:433-

.455. 

Schimpf, · D. I., I. A. Henderson, and I. A. 
· MacMahon. 1980. Some aspects of succession 

in the spruce-fir forest zone of northern Utah. 
Great Basin Nat. 40: 1-26. 

Stickney, P. F. 1985. Data base for early postfire 
succession on the Sundance Bum, northern 
Idaho. U.S. Forest Service Gen. Tech. Rep. 
INT-189. 

Stickney, P. F. 1986. First decade plant succession 
following the Sundance forest fire, northern 
Idaho. U.S. Forest Service Gen. Tech. Rep. 
INT-197. 

Vannote, R. L., G. W. Minshall, K. W. Cummins, 
I. R. Sedell, and C. E. Cushing. 1980. The 
river continuum concept. Can. I. Fish. Aquatic . 
Sci. .37: 130-137. 

Waring, R. H., and W. H. Schlesinger. 1985. 
Forest ecosystems: concepts and management. 
Academic Press, Inc., New York. 

Weber, C. I. (ed.) .1973. Biological field and 
laboratory methods for measuring the quality of 
surface waters and effluents. EPA-670/ 4-73-
001 U.S. Environmental Protection Agency, 
Cincinnati. 53 p. 

4

University of Wyoming National Park Service Research Center Annual Report, Vol. 15 [1991], Art. 45


