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ABSTRACT: A pipeline rupture during the winter of 1993 released an 
undetermined amount of refined fuel into a small stream on the Flathead 
Indian Reservation in Montana. A screening-level bioassessment was 
performed in conjunction with supporting sediment and water analytical 
chemistry, to provide a preliminary evaluation of the effects of the spill 
and subsequent remedial response actions on the benthic community. 

A variety of community-level metrics were compared to the habitat 
scores to evaluate the biological condition of each station sampled rela-
tive to the reference, thereby isolating effects related to contaminant 
release from those due to background habitat conditions. A comparison 
of taxa richness and Ephemeroptera.Plecoptera: Tricoptera (EPT) In-
dex values from March 1993 to March 1994 indicated partial recovery at 
the rupture point after intensive soil cleanup and remediation activities. 
Approximately one year following the spill, the rupture point exhibited 
60 and 75 percent recovery respectively in taxa richness and EPT Index. 
At farther downstream stations, ^15 and <10 percent recovery in taxa 
richness and EPT Index respectively were observed. 

The U.S. Environmental Protection Agency (EPA) Rapid Bio-
assessment Protocols for Macroinvertebrates incorporate three differ-
ent methods for determining water quality in wadeable streams and 
rivers, and are considered qualitative and semiquantitative sampling 
techniques for assessing the health of benthic macroinvertebrate com-
munities.9 The Rapid Bioassessment Protocols were developed to pro-
vide the states and EPA regions with a practical technical means for 
conducting cost-effective biosurveys in small to moderate-sized lotie 
systems. The three basic components of the protocols are assessment 
of water quality and physical characteristics, habitat assessment, and 
biosurvey. The biological assessment involves integrated data analyses 
of both functional and structural components of the macroinvertebrate 

1. Present address: Water Resources Department, City of Colorado 
Springs, 703 E. Las Vegas Street, Colorado Springs, Colorado 80903. 

communities, through the use of descriptive metrics. The guidelines 
described in the protocols provide a means of detecting water quality 
and aquatic life impairments and assessing their relative severity. 

Previous biosurveys conducted at inland oil spills have assessed the 
impact to the macroinvertebrate communities, but none have used the 
rapid bioassessment approach. Information generated from rapid, 
cost-effective assessments (as via the rapid bioassessment approach) is 
valuable to oil spill cleanup response managers in making decisions 
about the most appropriate cleanup strategies to minimize the long-
term impact to the affected water body. 

Methods 

Spill site. The Camas Creek oil spill site is located in Sanders 
County, Montana, within the boundaries of the Flathead Indian Reser-
vation. The site is situated on Camas Creek Road, which extends west 
from Highway 382 to Rainbow Lake. On January 14,1993, a release 
was identified of an undetermined amount of one or more of the 
following products: gasoline, diesel fuel, and JP-4 jet fuel. The release 
occurred due to a rupture in a buried pipeline approximately three meters 
from the western bank of Camas Creek. This pipeline carries petroleum 
products from Billings, Montana, to the State of Washington. 

Camas Creek, a tributary of the Flathead River, originates in moun-
tainous terrain at Rainbow Lake, flowing southeast to a prairie, where 
it is diverted and used for livestock and irrigation. 

The rupture area was remediated by extensive removal of the con-
taminated soils, after the stream had been diverted around the rupture 
site using large-diameter corrugated culvert pipe. The stream was 
diverted for several months while cleanup progressed. The original 
channel was reconstructed after the pipeline repair was complete and 
the pipeline buried. 

Biotic and abiotic sampling was conducted initially by EPA and 
subsequently by the Confederated Salish and Kootenai Tribes' 
(CS&KT) Water Quality Program. 
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Figure 1. Camas Creek spill site, Sanders County, Montana 

Initial EPA Sampling Strategy. On March 23,1993, a total of nine 
sampling stations were used along the Camas Creek drainage. Five of 
these stations had been previously established by Tribal personnel and 
were designated by the letters A, D, E, F, and G (Figure 1). Four 
additional sites were established by EPA personnel and were identified 
by numbers (Stations 1, 2, 3, and 4). These additional stations were 
added to provide better resolution for determining the extent and 
magnitude of contamination as well as benthic community response. 
Station A was located upstream of the pipeline rupture and served as a 
reference (being an unaffected area) for this study. 

Surface water sampling. Surface water samples were collected for a 
variety of analyses—Target Compound List (TCL) volatile organic 
compounds (VOCs), total petroleum hydrocarbons (TPH), and petro-
leum fingerprint (PF)—at all stations except Station 3, which was only 
used for benthic sampling. 

Temperature, pH, conductivity, dissolved oxygen (DO), oxidation-

reduction potential (ORP), and salinity data were collected in situ 
using a Hydrolab Surveyor II™. 

Sediment and soil sampling. Sediment was collected at all stations 
except 1 and 3. Soil from the excavated area near the pipeline was also 
collected. The samples were submitted for the following chemical 
analyses: TCL VOCs, TPH, PF, total organic carbon (TOC), and grain 
size analyses. 

Benthic sampling and habitat assessment. Benthic macroinvertebrate 
samples were collected at eight stations along Camas Creek in accor-
dance with the EPA Rapid Bioassessment Protocol (RBP) III (Table 
l).9 This protocol specifies that, at each station, two 1 square meter 
(m2) areas of stream bed (one fast riffle and one slow riffle) be dis-
turbed by kicking the substrate to dislodge macroinvertebrates. The 
dislodged organisms are then washed by the current into a 500 micron 
(μπι) D-net, which is held immediately downstream of the disturbed 
area. These two samples are then composited and fixed. 

Table 1. Benthic macroinvertebrate community structure analyses, Camas Creek spill site, 
March 23-25, 1993 

Analysis 
Total 

abundance! 
Taxa 

richness2 
EPT Index3 

A 
20 
26 

24 
9 

2 
0 

0 
0 

3 
0 

0 
0 

D 
7 

4 
1 

Station 
4 

15 

10 
2 

E 
75 
5 

21 
5 

F 
25 
9 

10 
1 

G 
119 

14 
1 

1. Total number of individual specimens within a sample. 
2. Diversity increases with increasing numerical value 
3. Total number of distinct Ephemeroptera, Plecoptera, and Trichoptera taxa 
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Table 2. Benthic macroinvertebrate habitat assessment, Camas Creek site, March 23-25, 1993 
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Parameter 
Habitat 

score! 
Percent of 

reference 

A 
157 

2 
106 

68 

3 
133 

85 

Station 
D 

148 

94 

4 
112 

71 

E 
81 

52 

F 
34 

22 

G 
45 

29 

1. Habitat assessment performed as per U.S. EPA RBP as modified by Barbour and Stribling1 

In addition, the protocol specifies that one sample of coarse particu-
late organic matter (CPOM) be collected at each station. This sample is 
collected by hand and consists of a representative composite of the 
available substrates (such as leaves, twigs, and other detrital materials) 
found at each station. CPOM sampling was conducted at six of the 
eight benthic sampling stations. Samples were not collected at Stations 
F and G due to an absence of suitable CPOM substrate materials. 

Benthic habitat assessment. Benthic habitat evaluation was con-
ducted at each macroinvertebrate sampling station. The RBP habitat 
evaluation procedure, as refined by Barbour and Stribling, was em-
ployed.1 This procedure entails assigning a numerical score to 12 
habitat parameters, based on visual evaluation. The parameters in-
clude bottom substrate, embeddedness, flow or flow diversity, canopy 
cover, channel alteration, bottom scouring and deposition, pool/riffle 
or run/bend ratios, lower bank channel capacity, upper bank stability, 
bank vegetation or grazing pressure, streamside cover type, and 
riparian zone width. The scores for each parameter are summed to 
provide a single station score, which is reported as a percent of the 
reference. Habitat score increases with habitat quality. 

This calculation was used to determine the habitat quality at each 
station relative to the reference station (Table 2). 

Laboratory sample processing. The kicknet samples were processed 
using a quarter subsampling procedure, in which the entire sample was 
placed in a gridded tray and one-fourth of the sample was randomly 
removed for further processing. The subsample was then sieved with a 
number 35 sieve (500 μιη). All macroinvertebrates retained on the 
sieve were removed for taxonomic determinations. Each specimen was 
taxonomically identified to the lowest practical level, usually genus. 
High-resolution taxonomic identification of Chironmidae (nonbiting 
midges), Oligochaeta (segmented worms), Hirudinea (leeches), and 
Mollusca (bivalves and gastropods) was not emphasized, since the 
taxonomy is labor-intensive and was not required for a screening-level 
assessment. 

The CPOM samples were sieved in their entirety with a number 35 
sieve and specimens were enumerated by functional group. Functional 
group analysis was performed using the method described by Cummins 
and Wilzbach.3 

Subsequent CS&KT Water Quality Program sampling strategy. A 
total of 25 benthic macroinvertebrate samples were collected between 
June 1993 and April 1994, as were one set of surface water and 
sediment samples. General habitat observations were made, including 
a healthy riparian area characterized by deciduous vegetation, an 
abundance of allochthonous material in the stream, and minimal visi-
ble evidence of autochthonous production. However, oil was still visi-
ble in some areas of the stream in April 1994. 

Surface water and sediment sampling. Surface water and sediment 
samples were collected by the CS&KT Water Quality Program at 
Stations A, B, C, D. and Engineered Channel on April 25,1994, for 
TCL VOC and TPH. 

Surface water and sediment contamination 
VOCs. The April 25, 1994, TCL VOC data, including tentatively 
identified compounds (TICs) for surface water indicated minimal re-
sidual surface water contamination. This is consistent with the previous 
findings of minimal TCL VOC contamination and VOC TIC contam-
ination (by benzene, indene, and naphthalene compounds), restricted 
to the vicinity of the Engineered Channel. 

The April 25, 1994, TCL VOC data for sediment indicate minimal 
residual contamination by TCL compounds, except for 1,3,5-
trimethylbenzene near Station B (215 μg/kg). In March 1993, the 
dominant TCL VOC contaminants included 1,2,4,-trimethylbenzene, 

p & m-xylene, o-xylene, 1,3,5-trimethylbenzene, toluene, and 
naphthalene. Concentrations of these contaminants were >3,500 
μg/kg in the vicinity of the CS&KT Engineered Channel, typically 
>300 μg/kg near CS&KT Station D, and below detection levels down-
stream of CS&KT Station D. Minor VOC TIC contaminants included 
benzene and indene compounds, which were distributed similarly to 
the TCL VOCs. 

Based on the VOC data it has been determined that most of the 
volatile contaminants are no longer present within the study reach. 
This is likely attributable to several factors, including downstream 
transport, losses to the atmosphere through volatilization, and spill 
control/remedial activities. 

TPH. The April 25,1994, TPH data (Table 3) for sediment indicate 
that only Station B has substantial residual oil contamination (10,000 
u,g/g petroleum hydrocarbons). Trace concentrations were detected at 
Stations A and C at below the quantitation limit. Petroleum hydrocar-
bons were not detected at Station D or the Engineered Channel. The 
finding of detectable TPH at Station A is consistent with the 1993 EPA 
sampling, in which 26.7 μg/g TPH was detected. In that study it was 
concluded that the petroleum hydrocarbons at Station A were attribu-
table to naturally occurring compounds. This conclusion was based on 
the upstream location of Station A, the absence of visible oil, the 
absence of detectable VOCs, and the lack of an oil fingerprint sugges-
tive of oil contamination. 

These data indicate that most residual stream contamination consis-
ted of petroleum hydrocarbons adsorbed to the sediment near CS&KT 
Station B, at concentrations as high as 10,000 μg/g. 

Benthic sampling. Benthic macroinvertebrates were sampled, by 
CS&KT staff, at some or all stations on four dates: June 15, 1993; 
August 31,1993; December 1,1993; and March 8,1994. These sam-
ples were collected using a 1-minute kicknet technique that involved 
mechanically dislodging macroinvertebrates through 45 seconds of 
rubbing the rocks upstream of a dip net, followed by 15 seconds of 
kicking the streambed with the dip net. A total of 25 benthic macroin-
vertebrate samples were processed. 

Table 3. Total petroleum hydrocarbon data for sediment, Camas 
Creek site, March 1993 and April 1994 

Station 
A 
Engineered channel 
Bor 1 
Cor 3 
D 
D.5 
4 
E 
F 
G 

Total petroleum 
hydrocarbons ^g/g) 

EPA 
March 1993 

26.7 

457 
NS 

575 
NS 

107 
<32.1 
<39.8 
<33.4 

Total petroleum 
hydrocarbons ^g/g) 

CS&KT 
April 1994 

9(J) 
<210 

10,000 
180 

<610 
<67 
NS 
NS 
NS 
NS 

NOTE: Values reported as not detected (ND) are shown as less 
than (<) the value of the detection limit; J = estimated value (be-
low quantitation limit); NS = not sampled on this date 
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Results 

March 1993. The results of the habitat assessment are given in 
Table 2. A comparison of the benthic communities at each sampling 
location is presented in Table 1. 

Benthic community response. The oil spill and/or subsequent cor-
rective actions appear to have dramatically affected the benthic com-
munity from the pipeline through Station 4. The reach from Station E 
through Station G, and presumably continuing downstream, appeared 
to have been minimally affected. A combination of several factors may 
have been responsible for the degradation of the benthic community 
from the pipeline rupture site through Station 4. These factors include 
direct toxicity of the fuel, indirect toxicity resulting from a dissolved 
oxygen deficiency caused by oil slicks, and hot water washing of the 
stream. Furthermore, Station 2 was likely affected by the reduction in 
water flow caused by a stream diversion to facilitate cleanup activities. 
Delineation of the longitudinal extent of the affected area was some-
what confounded by a strong divergence in habitat type occurring in 
the vicinity of Station 4. 

The reach upstream of this station is characterized by a high gradient 
and coarse substrate bounded by a predominantly coniferous forest. 
The reach downstream of this station is low gradient, decreasing in 
substrate particle size, with an open canopy. This downstream reach 
was also heavily used for stock watering. The benthic habitat scores of 
Stations 2,3, D, and, to a lesser degree, Station 4 were comparable to 
the reference (Station A). Thus, it was acceptable to directly compare 
the benthic communities at these stations. It should be noted that, 
although the percentage of reference value of Station 2 was relatively 
high, the habitat was dramatically altered by the diversion of most of 
the stream flow around this station. The habitat quality of Stations E, 
F, and G was less than or equal to 52 percent that of the reference 
station. These low-gradient, cattle-degraded stations would not be 
expected to support a benthic community similar to the reference. This 
factor, which is unrelated to the fuel spill, was considered in interpret-
ing the macroinvertebrate data. 

The benthic community upstream of the fuel spill was characterized 
by high abundance and taxa richness, and supported several sensitive 
Ephemeroptera: Plecoptera: Tricopteram (EPT) taxa. In spite of com-
parable habitat, the community downstream of the spill from Station 2 
through 4 was characterized by low abundance and richness and sup-
ported few EPT taxa. Abundance, richness, and the number of EPT 
taxa increased at Station E, while habitat quality rapidly decreased. 

These metrics most clearly demonstrate the effects of the diesel fuel 
spill and/or associated factors upon the benthic community. The area 
between the pipeline and some point between Stations 3 and D was the 
most heavily affected reach. No specimens were collected in the kick-
net samples from Stations 2 and 3, and only seven specimens (a 99 
percent reduction relative to Station A) were collected at Station D. 
Furthermore, taxa richness at Station D was reduced by 83 percent 
compared to Station A at 4 and 24 taxa respectively. 

Functional Analyses. Collector-filterers were the dominant func-
tional group at Station A due to the abundance of bivalves (Sphae-
riidae), whereas collector-gatherers were dominant or codominant at 
Stations D, 4, F, and G. Shredders were dominant at Station E due to 
the abundance of amphipods (Monoporeia sp.). Predators and 
scrapers were minor components at all stations except Station D. At 
this station, they were major components, representing 28 and 36 
percent, respectively. However, these percentages were calculated for 
a sample of only seven specimens. 

Sediment chemistry. The TPH data for sediment (Table 3) indicate 
petroleum hydrocarbon concentrations of <610 μ /̂g at all stations 
except Station B, which had 10,000 μg/g. A comparison of gas chroma-
tograms (fingerprints), reviewed in Table 4, indicate that the spilled oil 
most strongly resembled a diesel fuel. 

Several TCL VOCs were detected in sediment. With the exception of 
1,3,5-trimethylbenzene at Station B (215 μg/kg), all downstream TCL 
VOC concentrations were <20 μg/kg. In addition, Station B sediment 
contained several tentatively identified compounds (TICs), reported 
as possible hydrocarbons, at an estimated total concentration of 
<20,000 μg/kg. 

Benthic macroinvertebrates. The benthic community metric values 
are reported in Table 1 and are derived from either a single sample or 
the mean of two replicate samples. Community structure is reviewed 
further below by sampling event. 

June 15,1993. Total abundance at Station A was 228 and ranged 
from 11 to 29 at downstream stations. Taxa richness at Station A was 18 
and ranged from 3 to 7 at the downstream stations. The EPT Index was 
10 at Station A and ranged from 1 to 4 at the downstream stations. 
Stations C and D consistently had the lowest values of the above 
metrics. 

August 31,1993. Total abundance at Station A was 177 and ranged 
from 39 to 444 at the downstream stations. Taxa richness at Station A 
was 21 and ranged from 8 to 12 at the downstream stations. The EPT 
Index was 13 at Station A and ranged from 2 to 5 at the downstream 
stations. The marked increase in total abundance at Stations B and C 
was predominantly due to a proliferation of Chironomidae. Further-
more, at Station C, Chironomidae abundance was 41 in one replicate 
and 516 in a second replicate. 

December 1,1993. Only one station, Station D, was sampled on this 
date due to ice cover at the other stations. Station D total abundance 
was 198, taxa richness was 9, and EPT Index was 4. 

March 8,1994. Total abundance at Station A was 106 and ranged 
from 5 to 123 at the downstream stations. Taxa richness at Station A 
was 19 and ranged from 2 to 12 at the downstream stations. The EPT 
Index was 12 at Station A and ranged from 1 to 9 at downstream 
stations. 

Community structure after one year. Comparisons of taxa richness 
and EPT Index after approximately one year revealed substantial 
increases in taxa richness and EPT Index in the Engineered Channel 
(Figures 2 and 3). Some increases in taxa richness and EPT Index were 
also observed at Station B, and negligible changes were observed at 
Station D. Station C could not be evaluated because an analog did not 
exist in the March 1993 study. 

One year comparisons based on total abundance were not made 
because this metric is highly sensitive to the methodological differences 
between the initial and followup studies. 

Discussion 

Previous studies have found that substantial oil spills effectively 
eliminate most benthic fauna,5'12 and even minor releases of diesel fuel 
can reduce total abundance and taxa richness.8 Similarly, the EPT 
Index value declined by 89 percent between Stations A and D, from 9 
taxa to 1 taxon, a Rhyacophila pupa (an immobile life stage). 

The metrics suggest that the community at Station 4 was also adver-
sely affected by the fuel spill and/or associated factors. Relative to 
Station A, total abundance, taxa richness, and EPT Index were re-
duced by 99, 58, and 78 percent respectively. 

The community at Station E appeared to have been partially or 
completely unaffected by the spill, considering the habitat shift from 
shaded mountainous to open prairie terrain. Total abundance and 
EPT Index reached their highest downstream values of 755 individuals 
and 5 taxa, respectively. Furthermore, taxa richness was only slightly 
lower than Station A at 21 taxa. These values are strongly comparable 
when viewed in the context of the reduced habitat quality. 

Downstream of Station E, these metrics suggest a change in commu-
nity structure characterized by reductions in total abundance, taxa 
richness, and EPT Index. This was most likely a response to the 
substantial reduction in habitat quality. Also, minimal community 
level effects were observed upstream (closer to the spill) at Station E. 

Functional analyses of kicknet and CPOM samples were confounded 
by low total abundance at Stations 2 (CPOM only), 3 (CPOM only), D, 
and 4, and the unavailability of CPOM at Stations F and G. The shift in 
habitat type downstream of Station 4 further hindered interpretation 
of these data. It should be noted that CPOM samples were not col-
lected using a standardized area or level of effort, and thus total 
abundances are not directly comparable. 

In the kicknet samples, the dominant functional group at Station A, 
collector-filterers (predominantly Sphaeriidae), appeared to have 
been nearly eradicated from the downstream stations of comparable 
habitat type (Stations D and 4). Collector-gatherers generally in-
creased in contribution at all downstream stations, excluding Station 
E, which was dominated by shredders {Monoporeia). 

In the CPOM samples, the shredder contribution was substantially 
reduced at all downstream stations. The absence of shredders in the 
reach from pipeline through Station 4 likely results from adsorption of 
the fuel to the CPOM. Toxicants can readily adsorb to CPOM, affect-
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Table 4. Petroleum characteristics data for sediment, Camas Creek site, March 1993 and April 1994 (see Figure 1 for station locations) 

Location 
(station) March 1993 EPA field observations Fingerprint comments 

April 1994 CS&KT 
field observations 

Fingerprint 
comments 

Control station above rupture habitat. 
No odors or sheens present. Wooded 
riparian habitat with dense shade. 

B Immediate rupture area. Strong petro-
(1) leum smell of diesel oil-like fumes. 

Obvious kill of streambank vegeta-
tion. Emulsified oil entrapped under 
rocks and cobble. 

2 Downstream from rupture site. Riffle 
pool present under rocks and in 
streambeds. Strong petroleum odors 
present. 

D Below underflow siphon dam. Petro-
leum odors present. Sheens created 
upon disturbance of stream bottom 
during sampling procedure. 

D.5 Not sampled. 

Located at edge of upper elevated pas-
tureland. No odors or sheens 
present. 

Located in pastureland, in area that 
shifts from glide pool to riffle run 
stream habitat. Some odors and 
slight sheens present. 

Located in prairie. No riparian cover 
present. No odors or sheens present. 

Farthest downstream location sampled. 
No riparian cover present. No sheens 
or odors present. 

No oil match, but contains peaks nor-
mally attributed to naturally occur-
ring organics. 

Matched to a No. 2 fuel oil. 

Matched to a No. 2 fuel oil. 

Matched to a No. 2 fuel oil, with a 
slight weathering obvious. Loss of 
some n-chain hydrocarbons. 

Not sampled. 

No oil match, but contains peaks nor-
mally attributed to naturally occur-
ring organics. 

No oil match, but contains peaks nor-
mally attributed to naturally occur-
ring organics. 

No oil match, but contains peaks nor-
mally attributed to naturally occur-
ring organics. 

No oil match, but contains peaks nor-
mally attributed to naturally occur-
ring organics. 

No detectable 
odors or sheens 
present. 

Reconstructed 
stream channel. 
No odors or 
sheens present. 

Visible petroleum 
staining on rocks 
and sheens pres-
ent. Detectable 
odors present. 

Visible petroleum 
staining and faint 
odors present. 

No detectable 
odors or staining 
on stream 
bottom. 

Not sampled. 

Not sampled. 

Not sampled. 

Not sampled. 

No oil match, but 
contains peaks 
normally attrib-
uted to naturally 
occurring 
organics. 

No oil match, but 
contains peaks 
normally attrib-
uted to naturally 
occurring 
organics. 

Matched to a No. 2 
fuel oil with 
weathering. 

Matched to a No. 2 
fuel oil 
weathered. 

No oil match, but 
contains peaks 
normally attrib-
uted to naturally 
occurring 
organics. 

Not sampled. 

Not sampled. 

Not sampled. 

Not sampled. 

ing the microbial community of the shredders directly.9 The reduction 
in shredders at Station E is likely a function of the habitat shift. The 
River Continuum Concept theorizes that the contribution of shredders 
generally decreases in response to a decreased input of riparian organic 
matter and a consequent increased dependency on instream produc-
tion.11 

Data analysis. Several community-leveL metrics, including total 
abundance,2 taxa richness,3 and EPT Index,4 were employed to evalu-
ate the ecological condition of each downstream station relative to that 

2. The total abundance metric is the total number of individual speci-
mens collected in a given sample. This measure provides a coarse 
measure of standing crop. This value typically decreases in response to 
toxic Stressors.5 

3. The taxa richness metric represents the total number of distinct taxa 
(usually genera, in this study) collected in a given sample. The values of 
this metric are typically reduced in response to toxic Stressors.5 

4. The EPT Index metric is the total number of distinct taxa (usually 
genera, in this study) belonging to the Orders Ephemeroptera, Plecop-
tera, or Trichoptera. These are considered to be the taxonomic groups 
most sensitive to toxicants. The values of this metric are typically 
reduced in response to toxic Stressors,5,7 including oil spills.4 

of the reference (Station A). These data were compared to those 
generated during the EPA site investigation as well as similar studies 
from the literature. In addition, since a habitat assessment was not 
performed during the CS&KT benthic sampling events, it was neces-
sary to assume that the habitats sampled were similar to permit com-
parisons between stations. This assumption was based on a habitat 
assessment performed within this reach during March 1993, which 
indicated similar habitat throughout. If the habitat had been substan-
tially altered by stream cleanup or reconstruction activities, the as-
sumption of habitat comparability would be inaccurate. 

Conceptual model of stream recovery. The following conceptual 
model of benthic community recolonization after the spill and channel 
reconstruction was created to aid in data interpretation. The benthic 
community in the reach from the spill site through CS&KT Station D 
was virtually extirpated as a result of direct and indirect toxicity as well 
as stream diversion associated with the winter 1993 spill. 

Following the initial extirpation, progressive spatial recolonization 
of the denuded reach (recolonization of the most upstream areas first, 
followed by that of increasingly downstream areas) was likely initi-
ated.10 There are four main sources of benthic macroinvertebrate 
colonizers for denuded stream habitats: drift, aerial migration, up-
stream movement, and movement up from within the substrate (the 
hyporheic zone). Williams and Hynes found drift to be the dominant 
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Engineered Channel 
Sampling Station 

■ i March 25,1993 m March 8,1994 ] 
Figure 2. Comparison of taxa richness values for March 1993 and March 1994, Camas Creek site 
(March 1993 values are from a two-replicate, composite sample, and are based on areal sampling [1 m2]; 
March 1994 values represent either a single sample or the mean of two replicate samples, and are based 
on temporal sampling [1 min]) 

recolonization mechanism for denuded stream substrate.13 Pontasch 
and Brusven found drifting Ephemeroptera (particularly Baetis spp.). 
and Chironomidae to be the dominant early colonizers following a 
gasoline spill.10 These drifting taxa are reportedly common early colo-
nizers of streams following natural and anthropogenic perturbations.6 

Pontasch and Brusven concluded that, because the downstream com-
munity had been extirpated, the potential for upstream movement 
recolonization had been effectively eliminated. 

The conceptual model predicts that the denuded channel of Camas 
Creek is most likely to be recolonized in a downstream progression and 
primarily by drifting taxa. Since the stream flow was diverted around 
the spill area immediately following the spill through the time neces-
sary for channel reconstruction, the first area to be recolonized would 
have been Station B. Moreover, in the Engineered Channel, any 
individuals surviving the spill or any postspill colonizers were likely 
removed or dispersed by the spring 1993 stream reconstruction activ-
ities. 

Following completion of the Engineered Channel and flow diversion 
through it, recolonization in this most-upstream area would have been 
most intense, slowing recolonization of the reaches farther down-
stream. As the Engineered Channel became recolonized, the down-
stream stations should have begun to receive more drifting colonizers, 
and progressive recolonization would continue, until, ideally, all sta-
tions reached parity with the reference, provided the habitats were 
comparable to those found in the 1993 EPA study. 

The following is the conceptual progression of abundance, taxa 
richness, and EPT Index metrics during recolonization of Camas Creek 
based on study stations: 

• Prespill 
A = Engineered Channel = B = C = D 

• Immediately after spill 
A>D>C>B>Engineered Channel 

• Postspill and before Engineered Channel reconstruction 
A>B>C>D>Engineered Channel 

Engineered Channel 
Sampling Station 

m March 25,1993 m March 8,1994 

Figure 3. Comparison of EPT Index values for March 1993 and March 1994, Camas Creek site (March 
1993 values are from a two-replicate, composite sample, and are based on areal sampling [1 m2]; March 
1994 values represent either a single sample or the mean of two replicate samples, and are based on 
temporal sampling [1 min]) 
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• Following Engineered Channel reconstruction 
A>B>C>D>Engineered Channel 

• Progressive spatial recolonization shortly after opening of the Engi-
neered Channel 
A>Engineered Channel>B>C>D 

A = Engineered Channel>B>C>D 
A = Engineered Channel = B>C>D 

A = Engineered Channel = B = O D 
• Complete recovery 

A = Engineered Channel = B = C = D 
Observed recovery. Because of the likelihood of seasonal influ-

ences, in addition to community recovery processes, metric compari-
sons were made between the March 25,1993, and March 8,1994, data. 
These comparisons offered the opportunity to compare analogous 
stations about one year following the spill and during the same season 
as the EPA study. 

A comparison of taxa richness and EPT Index values from March 25, 
1993, and March 8, 1994, indicated partial recovery at the CS&KT 
Engineered Channel and Station B (Figures 2 and 3). Approximately 
one year following the spill, the formerly denuded Engineered Chan-
nel area exhibited 60 and 75 percent recovery in taxa richness and EPT 
Index respectively. Similarly, Station B exhibited 20 and 10 percent 
recovery in taxa richness and EPT Index. At the farther downstream 
stations, ^15 and <10 percent recovery in taxa richness and EPT 
Index, respectively, were observed. 

The observed rate of recovery is somewhat slower than that reported 
by Pontasch and Brusven.10 One year following the Wolf Lodge Creek 
gasoline spill, they found approximately 65 and 75 percent recovery in 
taxa richness and EPT Index respectively in the most heavily affected 
areas. 

In spite of the high residual TPH concentration in Station B sedi-
ment (10,000 μg/g), the benthic community did appear to be recover-
ing. This too is consistent with the Wolf Lodge Creek study, where 
areas with residual sediment-trapped petroleum hydrocarbon contam-
ination were recolonized at about the same rate as areas mechanically 
disturbed (raked) to release the contamination. 

Based on the available data, it appears that the benthic community is 
recovering and that this recovery was occurring in a progressive spatial 
manner consistent with the conceptual model. Early recolonizers were 
Baetis spp. and Chironomidae, and the most upstream area (Engi-
neered Channel) is closest to complete recovery. If the observed trend 
continues, as the Engineered Channel reaches parity with the refer-
ence, Station B, then Station C, and finally, Station D will likely be 
recolonized. 

Conclusions 

• The benthic community was drastically affected by the March 
1993 spill. 

• The 1994 data suggest that residual petroleum hydrocarbon con-
tamination is restricted to the sediment in the vicinity of Station B 
and can be as high as 10,000 μg/g TPH. In addition, there is little 
indication of substantial residual VOC contamination in sediment 
or surface water. 

• Overall, the benthic community appears to be undergoing a pro-
gressive spatial recovery. As of March 8,1994, taxa richness and 
EPT Index for the Engineered Channel were approaching parity 
with the upstream reference (Station A) and had substantially 
increased since March 1993. Modest increases in taxa richness and 
EPT Index for Station B, relative to March 1993, were also ob-
served. Negligible changes in these metrics, compared to March 
1993, were observed at Station D. Station C could not be evalu-
ated relative to March 1993 because the area had not been sam-
pled then. However, during the bimonthly sampling, taxa richness 

and EPT Index were always greater than or equal to values of 
Station D. 

• At its current progression, the benthic community of the oil-
affected reach will likely recover to near its prespill state. 
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