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Abstract

Aquatic biological diversity in Pacific
Northwest (PNW) forests was examined after two
disturbance types: natural (flooding with and without
associated debris flows); and anthropogenic (canopy
removal). Within the region two multi-decade studies on
aquatic insects in western Oregon establish the likely upper
ends of forested stream richness, with richness values of
≈300 taxa collected at Berry Creek and 449 taxa within a
small watershed (Lookout Creek, 6400 ha). Therefore,
compared to intensively studied sites, at least 100 to 200
species have not been documented at these sites. We
examine disturbance impacts on assemblage richness in the
PNW with data from three studies characterized by similar
levels of sampling and taxonomic effort. Rare species were
important contributors to richness, as 20 to 30% of taxa
within each study area were found at only one site. Mature,
clearcut, high flow, and debris flow disturbance states were
compared. Ephemeroptera (p=<0.001) richness increased
after debris flows and high flows, and Chironomidae (p=0.04)
increased after debris flows and clearcutting. Site variability
was high, with assemblage structure weakly clustered by
disturbance severity as debris flow disturbance
(characterized by both streambed and canopy removal)
mostly separated from high flow and clearcut disturbances.

Keywords Debris Flow, Disturbance, Flood, Forest,
Harvest, Macroinvertebrates, Stream

1. Introduction
Maintaining biological diversity in managed landscapes is
a stewardship challenge for forest managers. As a general
rule, stewardship usually focuses on specific species (driven
by endangered species regulations) that are not a measure of
biological diversity. Examination of whole communities of
more speciose-stream benthic invertebrate species will
provide a qualitatively different and better test to understand
stream networks in managed landscapes. These landscapes

experience infrequent very large storm events and systematic
canopy removal disturbances. Within a landscape, stream
length consists mostly of small streams. These headwater
and low-order streams provide habitat that supports a large
number of species, many of which are not found anywhere
else in the river system, and thus enhance biological diversity
of the entire watershed [1,2]. Long-term studies of the
invertebrate fauna in a single first-order German stream have
identified over 1,000 taxa, many of which are micro-fauna
living in the hyporheic zone with connections to ground
water [3]. Meyer et al.[1] estimated the macroinvertebrate
diversity for three fishless first-order streams in the southern
Appalachian Mountains to be just under 300 taxa. Because
the non-insect taxa are less intensively studied and therefore
have less robust taxonomic clarity, the authors suggested that
the true richness of the streams may be twice their reported
estimates.
Larger flora and fauna are well documented in temperate
forested landscapes. However, not much is known about the
occurrence or diversity of some groups of organisms [4],
particularly smaller ones such as bryophytes and certain
invertebrates. This is due in part to the fact that many species
occupy less-sampled habitats (e.g., headwaters, hyporheic
zones) and many ecological studies do not examine taxa at
the species level. In some instances, such as with Diptera,
taxa are often not identified past family level [1]. Despite the
lack of specific knowledge for some taxa, riparian systems
(stream and forested buffer) are legally designated as being
important to maintaining biological diversity in managed
forests [5]. Biological diversity of riparian systems in
managed forests is poorly understood, but because aquatic
systems support a largely unique suite of flora and fauna
their contribution to overall diversity is crucial [6].
Forested landscapes change through time with
disturbances [7,8]. Reoccurrence intervals (RI) for various
disturbances in the Pacific Northwest (PNW) vary by
hundreds of years. Stand replacement fire RI is 300 to 500
years in moist westside PNW forests [8], debris flow RI is
≈150 years in the Oregon Coast Range [9], and Douglas-fir
harvest RI is <100 years. Forest harvest occurs most
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frequently, and in a spatial scale that includes the entire
watershed in some cases. Modern forest practices have been
implemented to minimize current impacts and will provide
the most benefit when mandated riparian buffers mature [10].
In larger streams where riparian forests were removed at first
harvest, it will require centuries for a new forest to provide
both adequate shading and large-wood loading [11,12].
Shading becomes effective sooner as streams decline in size,
so stream conditions can recover more quickly in lower order
systems.
We assess disturbance types with a biological measure –
taxa richness. We hypothesize that four disturbance
treatments will evidence increasing severity in the following
order: (1) mature (M) sites were forests more than 50 years
of age and neither physical habitat nor thermal conditions
were changed; (2) clearcuts (CC) had the entire canopy
removed (no remaining shady corridor, but stream bed was
not disturbed), changes in thermal conditions have been
reported in similar conditions [13,14]; (3) high flow (HF)
sites had bed material extensively rearranged and flooded
banks, while riparian vegetation remained largely intact [15];
and (4) debris flow (DF) sites had bed, banks, and much of
the canopy removed with a subsequent partial deposition of
new bed material, but with about 25% bare bedrock as well,
extensive changes in both physical habitat and thermal
conditions occurred [15]. All of the disturbed treatments had
intact forest remnants situated upstream from the disturbance,
which we assumed would provide sources for subsequent
colonists. We hypothesized that canopy removal (treatments
2 and 4) would increase both autochthonous energy sources
and temperature, and lead to higher densities and richness
relative to the maturing forest. Whereas high flow would
decrease richness due to deleterious disturbance of the
streambed (no change in insolation), the debris flow increase
due to insolation would be partially counterbalanced by the
extremely negative effect of stream and bank removal.
To examine disturbance type and macroinvertebrate
response in the PNW, we set a macroinvertebrate benchmark
of the approximate upper richness one could expect from
wadeable streams. We then contrasted macroinvertebrate
responses to two types of disturbances using three existing
datasets: large storm events that (1) created high water flows
and (2) induced debris flows in southwestern Washington
State and the upper Calapooia River, and (3) small stream
responses to timber harvest in the Oregon Coast Range. We
investigated the assemblage responses at both family and
species levels.

2. Methods
Two intensive studies provided an estimate of the likely
upper limit of local richness in western Oregon. The first
used a variety of methods, including extensive emergence
trapping over a period of 25 years [16]. That site, Berry
Creek, was located in the foothills on the eastern slope of the
Oregon Coast Range. At HJ Andrews Experimental Forest,

the 6400 ha Lookout Creek watershed in the Cascade
Mountains, researchers used various collection methods for a
decade in three small streams to develop a species list [17].
We compared aquatic insect assemblage composition and
richness in three previous studies (Figure 1) that used similar
methods and taxonomic efforts to create four disturbance
types from three datasets. The three studies were: (1) an
Oregon Coast Range study focused on impacts of timber
harvest (18 sites) [18]; (2) a debris flow study in third-order
streams of the Calapooia River (4 sites) where all sites were
disturbed by either high flow or debris flow [15]; and (3) a
debris flow study in the Chehalis watershed (11 sites) in
southwestern Washington following a large storm. From
those studies we selected four sites for each disturbance
category: mature (M; >50 yrs since harvest); clearcut (CC;
mean 2.5 yrs post harvest) from the Coast Range study; and
high flow (HF) and debris flow (DF) sites from the
Calapooia and Chehalis watersheds (8 yrs and 2 yrs post
disturbance).

Figure 1. Relative location of two multi-year study locations [Berry
Creek (1), HJ Andrews (2)] and three short-term study areas [Chehalis (3),
Coast Range (4), and Calapooia (5)]

Richness in these studies with standard sampling effort
was compared to the two multi-year intensive studies. In this
study we focus only on aquatic insects whose taxonomy is
better developed, which allows more complete estimation of
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species richness. In each study three surber (325 μm mesh)
samples were collected in three riffles in late spring or early
summer. For this analysis the three separate
pseudo-replicates were combined. Because taxa richness was
our primary analysis metric, we attempted to identify all taxa
to species (with some unavoidable exceptions for difficult
taxa or early instars) with identifications of full samples or at
least 1000 individuals from a sample. Given the range in
density, we tested for a positive relationship between
richness and abundance with Pearson’s correlation
coefficient, r. The family Chironomidae was targeted for
special effort and many taxa were identified to species.
Differences in richness on the full assemblage and on the
five major taxonomic categories Ephemeroptera, Plecoptera,
Trichoptera, Chironomidae, and Other Taxa (includes the
other Diptera and Coleoptera) among disturbances types
were tested with Analysis of Variance (p<0.05) (One-way
ANOVA, proc GLM, SAS 9.1). Recognizing the proven
relationship of sample size and richness we acknowledge
some probable influence on richness metrics; metrics based
on percent of total were also used for comparisons. We
evaluated the role of highly abundant taxa with two metrics:
percent abundance of top three and top ten taxa. The two taxa
groups that responded most strongly, various chironomid
taxa and the genus Baetis spp., were calculated separately
and differences were tested with Analysis of Variance
(p<0.05) (One-way ANOVA, proc GLM, SAS 9.1).
Community organization of the five taxonomic categories at
the 16 sites was analyzed with Hierarchical Agglomerative
Cluster Analysis [19]. Richness values were square
root-transformed and analyzed using Flexible beta (-0.25)
linkage and Sorensen distance methods. Analysis was
performed both at full species separation resolution and at
the five broader taxonomic categories.
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3. Results
Two comprehensive studies on aquatic insects in western
Oregon are available, with richness values of ≈300 taxa [16]
and 449 taxa [17] (Table1). We used these values as the
probable upper ends of richness and focused on the role of
disturbance in influencing richness in our three study areas,
which each include at least two of the treatments. In the three
projects measured, richness was 159, 165, and 192 taxa at
Calapooia, Chehalis, and Coast Range, respectively, with
individual site richness ranging from 52 to 90 taxa.
Infrequent species were important contributors to richness in
each project, as 20 to 30 % of taxa within each site were
found at only one of the locations. Total richness for all sites
combined in those projects was about half that of the Berry
Creek and HJ Andrews small watersheds.
The two well-studied areas have different contributions of
the major aquatic insect orders (Table 1). The studies were
conducted in different settings. Berry Creek is in the eastern
Coast Range foothills with more deciduous vegetation, while
Lookout Creek at the HJ Andrews is in the Cascade
Mountains and was primarily under coniferous cover. The
Cascade location had a higher percentage of Trichopterans,
whereas Diptera and Coleoptera were richer at Berry Creek.
With reference to the disturbance sites, relative contributions
of taxonomic categories were similar except for two
categories. The percentage of Ephemeroptera taxa was
higher at flood-related disturbances, and fewer Trichoptera
were found at disturbance locations compared to the more
intensively sampled sites.
Total richness was partitioned in the disturbance studies
into five taxonomic categories, revealing differences among
disturbance types (Table 2). Two responses are apparent.
Ephemeroptera responded strongly (p <0.001) to flood
related disturbances (HF and DF). Chironomidae richness (p
= 0.04) was higher at CC and DF disturbance sites.

Table 1. Relative Contributions (percent of total) of Common Aquatic Insect Orders at Two Intensive Locations and Three Disturbance Study Areas
(Notes: disturbance studies Diptera are listed with number of Chironomidae in parentheses; Hemipterans were not included in disturbance study taxonomy)
Coleoptera

Diptera

Ephemeroptera

Hemiptera

Megaloptera

Odonata

Plecoptera

Trichoptera

Berry Creek

11

48

8

3

1

1

12

17

HJ Andrews

4

39

10

2

<1

2

14

30

13

42(30)

11

NA

<1

<1

20

13

Calapooia

9

41(32)

21

NA

<1

<1

16

11

SW Washington

12

43(27)

23

NA

<1

<1

13

9

Intensive Studies

Disturbance Studies
Coast Range

Table 2. Comparison of Richness Treatment Means of Five Major Taxonomic Categories across Disturbance Categories
Treatment Means

Mature (M)

Clearcut (CC)

High Flow (HF)

Debris Flow (DF)

p

All taxa

53.5

70.8

69.4

88.8

0.002

Ephemeroptera

6.0

8.5

14.5

18.3

<0.001

Plecoptera

11.7

12.0

11.3

12.5

0.95

Tricoptera

8.0

8.5

10.3

10.0

0.71

Chironomidae

16.5

27.3

18.0

29.5

0.04

Other

11.3

14.5

15.3

18.5

0.17
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Table 3. Comparison of Treatment Abundance with Emphasis on Impact of Highly Abundant Taxa, Chironomids, and Baetids
Treatment Means

Mature (M)

Clearcut (CC)

High Flow (HF)

Debris Flow (DF)

p

Site Abundance (max)

648(915)

893(1123)

2151(5044)

3167(6697)

0.22

% Top 10 of Abundance

62

63

76

74

0.23

% Top 3 of Abundance

37

39

50

62

0.01

28

21

41

30

0.06

5

13

10

22

0.24

% Abundance Chironomid taxa
% Abundance Baetis spp.

1

1

1: percentages in top ten most abundant taxa in sample

Scaling the disturbance response to percent contribution of
abundance avoided the effect of richness alone. Abundance
treatment means ranged from 648 to 3167 individuals (Table
3). Although not significant, the means were surprisingly
suggestive of larger numerical sample sizes in the high flow
and debris flow sites. Taxa richness within individual sites
was not strongly influenced by number of individuals
collected (Pearson’s r = 0.27). Differences in abundances
among treatments appear to be inflated by a few highly
abundant taxa (i.e., Simulium spp., Baetis tricaudatus,
Micropsectra spp., with dominance of Tvetenia bavarica gr.
only at the high flow sites). This was seen in the differences
with percentages in abundance of top three taxa at high flow
and debris flow treatments.
The analysis of assemblages at full taxonomic resolution
clustered along regional groups outweigh any disturbance
signal. However, when analyzed at a broader taxonomic
scale (major orders and Diptera family Chironomidae)
treatment-based differences were observed in the
hierarchical agglomerative clustering (Figure 2). Except for
two sites, M2 and HF4, the assemblages clustered into two
larger groups. The uppermost cluster of five sites from the
Coast Range sites was distinct from the second cluster of
nine sites. Within that second cluster there was a distinct split
between three DF sites and the other six sites (Figure 2). The
next separation was geographically based on three M and
two CC sites from the Coast Range (two of the CC sites
subsequently paired with the HF samples). Three of the DF
samples were subsequently grouped together in the
non-Coast Range branch. The most dissimilar site (M2) had
low Chironomidae richness, while HF4 had the most
Trichopterans and the fewest Plecopterans.

Figure 2. Hierarchical Agglomerative Clustering of Sites within Four
Disturbance Treatments

4. Discussion
We did not expect our localized study site richness to
approach the richness levels in the multi-year efforts at Berry
Creek and Lookout Creek. Those intensive studies estimated
the upper limit of how many species can inhabit a site in the
Coast Range and Western Cascade ecoregions. Total
richness for all the sites in the three projects examined herein
was about half of the HJ Andrews (449 taxa) and Berry
Creek (≈300 taxa) totals. These data suggest that the
individual site sampling intensity we used failed to encounter
about 200 resident species. Our sampling targeted riffle
habitat and occurred only once during the late spring, versus
the more intensive studies which included multiple gear
types (emergent and drift sampling) and multiple seasons
that allowed a more comprehensive sampling. For example,
both Progar and Moldenke [20] and Banks et al. [21] found
more Chironomid taxa in spring. In one Oregon Cascades
study 40% of emergent species were captured at only one of
five streams (each with five replications) [22]. In the Oregon
Coast Range study, 196 taxa were collected but 43 were
found at only one of 18 sites within 40 km2 study area [18].
Interestingly, eight years after disturbance related to the Mt.
St. Helens volcanic eruption richness was high (200 species)
but most taxa were uncommon [23]. Rare taxa may be the
main biological basis of disturbance responses. After a
physical change, taxa that were rare in pre-disturbance
conditions may find post-disturbance conditions better suited
for their habitat requirements.
Disturbance research typically focuses on a single
disturbance, given the random nature of disturbances such as
debris flows. We needed to capitalize on existing datasets
with similar sampling methods for our analysis. Our study
showed that different disturbance types and severity elicited
differences in assemblage response. Overall total richness
differed across disturbance types, although the assemblage
differences were most evident in two taxonomic categories:
Ephemeroptera and Chironomidae. However, the responses
suggested that different fundamental process caused separate
responses. One important difference among these
disturbance types is the extent of change. Clearcuts lost
canopy, debris flows lost channel roughness and canopy, and
high flow disturbances had at least a rearrangement of the
substrate. In both clearcuts and debris flows the loss of
canopy results in immediate increases in insolation and
therefore probably increases stream temperature [15,24] and
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overall instream production [25]. The change in insolation
benefits any taxa better suited to warmer conditions and
influences metabolism, including the rate of maturation of
instream biota. Increases in degree days might have had a
stronger impact on multi-voltine taxa such as many
Chironomid species [26,27]. In contrast, higher
Ephemeroptera richness after debris flow and high flow
disturbances may be due to dispersal to newly formed
habitats and subsequent population growth [28].
Post-disturbance studies of debris flows in Washington and
Oregon also reported a strong response of Chironomidae and
the Ephemeropteran genus, Baetis [29,30]. Drifting
Ephemeropterans were early and successful colonizers in
newly formed physical habitat after a debris flow [29].
Because flighted dispersal limits recolonization by
particularly weak flyers like these two groups [31], rapid
colonization would be more likely to result from upstream
drift.
Both faunal richness shifts and possibly higher total
densities following all three types of severe disturbances are
rather surprising in their amplitude. We hypothesize that the
increases in richness after disturbance are probably not from
taxa that colonized from a distant watershed, but from
species that colonized from less-impacted locations
upstream. We cannot prove that the respondents were local
because presumably they were in unusual and unsampled
microhabitats that only an intensive pre-disturbance
sampling could have revealed. Community structure
post-disturbance is characterized by both dominance of only
a very few species (with 56% of the total abundance
comprised of the top three species compared to only 38% in
mature and clearcut areas) and higher community richness.
Each of the disturbances changed assemblage characteristics
that, while probably transitory, suggest these disturbances
elicit landscape-scale variability in biological diversity,
perhaps not through recruitment of new taxa to the altered
habitat, but rather through creating habitat conditions for
opportunistic local species.
From a recovery perspective, the high flow sites retained
their canopies, so their ultimate storm recovery trajectory
should be both fundamentally different and shorter than the
debris flow sites, where channels and much of the
pre-existing riparian system were excavated and deposited
downstream [32]. In addition, the disturbances have created
a current and future deficit of large wood [33]. Because the
riparian forest is strongly linked to instream biology [34,35],
the current lack and subsequent development of a riparian
forest will probably dictate the available habitats in the
riparian system. Comparing debris flow disturbance to
clearcutting, the altered physical conditions and displaced
organisms caused by debris flows exerted more impact on
macroinvertebrates in headwater systems [36]. The clearcut
disturbance of canopy removal causes change to instream
water quality, particularly water temperature [24,37], but
little of the physical instream impacts of high flows and
debris flows. Because clearcut disturbance impacts were
variable, they may be more remediable through management
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practices than the disturbance of high flows and debris flows.
Near-term similarities between high flow and debris flow
disturbances should change as the riparian forest rebounds in
the high flow disturbance versus the initiation of
revegetation along the debris flow disturbance [38].
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