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Resistance of aquatic insects to a low-flow disturbance: exploring
a trait-based approach
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Abstract. Low-flow disturbances are predicted to increase in frequency and intensity because of climate
change and extensive human water withdrawal, but the effect of decreased flow on aquatic insect
communities is not well understood. I explored the resistance of aquatic insects to reduced flow by creating
an experimental low-flow disturbance that diverted ~40 to 80% of the water in 3 replicate streams for 2
summers. I sampled the aquatic insect community in control and treatment reaches before and during the
3-mo water diversions. I used a trait-based approach to analyze the data because traits have the potential to
increase mechanistic understanding and predictive capabilities. The analysis focused on 6 traits:
desiccation resistance, maximum crawling rate, armoring, size at maturity, rheophily, and habit.
Community trait composition underwent strong seasonal shifts, but few consistent responses to reduced
flow were observed. The 2 trait states that did appear to confer increased resistance were high crawling
rate and armoring. These trait states can provide protection from predators. Thus, biotic interactions might

be important during low-flow disturbance.
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Stream ecosystems frequently experience natural
hydrological disturbance from droughts and floods,
and climate change is expected to increase the
frequency of these events (Arnell et al. 1996). Streams
also are undergoing anthropogenic disturbance as a
result of dam construction, water withdrawal, and
stream channelization (Rosenberg et al. 2000). Pre-
dicting the susceptibility of stream communities to
these disturbances is a major challenge. Trait-based
approaches are advocated as a way to increase
predictive capabilities because their use allows gen-
eralization across sites with disparate taxonomic
composition (Poff 1997, McGill et al. 2006, Violle et
al. 2007). The habitat templet hypothesis (Southwood
1977, 1988, Townsend et al. 1997) predicts that the
biological traits of an organism will match environ-
mental conditions. As the environment becomes more
extreme, the species traits should become more
similar and should be those that confer resistance to
the disturbance (Poff 1997, Statzner et al. 2001).

Traits usually are measured at the individual level
and are used comparatively across taxonomic group-
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ings (McGill et al. 2006). A trait can have multiple
states or modalities. For example, the trait, size at
maturity, can have 3 states: small, medium, and large.
Commonly used traits include morphological, phys-
iological, and life-history characteristics. Aquatic
insects differ substantially in body size, mobility,
habitat preferences, and life histories, and are an ideal
group with which to test the utility of a trait-based
approach because their traits are strongly related to
local environmental variables (Richards et al. 1997,
Horrigan and Baird 2008).

Trait-based approaches are not new to stream
ecology. For example, aquatic insect functional feed-
ing groups are widely used and have been influential
in stream theory (Vannote et al. 1980). Applications of
trait-based approaches are increasing as investigators
use traits to explore variation in aquatic insect
distribution along longitudinal gradients (Finn and
Poff 2005, Ilg and Castella 2006) and across varying
climatic and disturbance regimes (Townsend et al.
1997, Bonada et al. 2007b, Diaz et al. 2008). Most
studies compare across spatial scales, but a few have
addressed temporal responses to disturbances (Vieira
et al. 2004, Griswold et al. 2008). I examined the
temporal response of individual trait states to low-
flow disturbance. Potential advantages of a trait-
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based approach are increased predictive and explan-
atory capabilities, improved mechanistic understand-
ing, and insight into functional and ecosystem
responses (McGill et al. 2006).

Trait-based approaches have been tested for bio-
monitoring applications (Charvet et al. 2000, Dolédec
and Statzner 2008, Tullos et al. 2009) but are relatively
unexplored in the context of environmental-flow
management. Minimum environmental-flow require-
ments are being developed for streams worldwide in
response to increased water demand and climate
change (Postel et al. 1996, Richter et al. 2006). Effective
environmental-flow requirements require detailed
knowledge of the relationship between flow regimes
and stream community structure, and a trait-based
approach may generate relationships with greater
transferability across sites than a taxonomy-based
approach.

Shifts in the magnitude of flow should affect a
variety of aquatic insect traits. A number of mecha-
nisms, including shifts in habitat availability, physi-
ological tolerances, and behavioral responses of the
insects, may drive trait-state responses to reduced
flow. Horrigan and Baird (2008) found several traits,
including crawling rate, rheophily, and thermal
tolerance, that were sensitive to flow at a large
biogeographic scale. Reduced flow often leads to
decreases in overall habitat availability and an
increased proportion of pool habitat. These changes
would favor insects with the ability to move as habitat
contracts, e.g., insects with a high crawling or
swimming rate or burrowers, and insects adapted to
the warmer temperatures and lower O, levels of
pools. In contrast, aquatic insects associated with riffle
habitats decline during low-flow disturbances (Cas-
tella et al. 1995, Boulton 2003). Flow reduction also
changes the importance of biotic interactions. Protec-
tion from predators is likely to be especially important
in low-flow conditions because the relative abun-
dance of predators increases as flow decreases (Miller
et al. 2007, Walters and Post, in press). For some trait
states, the expected response to low flow is unclear.
Statzner and Béche (2010) predicted that the frequen-
cy of larger insects would increase because of release
from high flow, but Townsend et al. (1997) argued
that smaller insects are generally more resistant to
disturbance and better able to use interstitial refugia.

I used a trait-based approach to evaluate the
resistance of aquatic insects to reduced flow. I
experimentally diverted water from streams to create
a low-flow disturbance and measured traits (desicca-
tion resistance, maximum crawling rate, armoring,
size at maturity, rheophily, and habit). I developed
predictions of the expected response or each trait state

TaBLE 1. Hypothesized effects of reduced flow on the 6
focal traits.

Trait Hypothesis

Desiccation resistance 1 insects with ability to survive
desiccation

Maximum crawling rate 1 insects with high crawling
rate (>100 cm/h)

1 armored insects (heavily
sclerotized or cased)

1 small insects (<9 mm)

Armoring

Size at maturity

Rheophily 1 insects preferring
depositional-only habitat
Habit 1 burrowing insects

to low-flow disturbance (Table 1). My objective was to
determine which traits might be useful for predicting
the effects of water withdrawal on stream communi-
ties.

Methods
Study sites

The study streams were in Yale-Myers Forest, a
3213-ha mixed-hardwood forest in Windham and
Tolland counties, Connecticut. I used 3 stream sites:
the outlet to Paine Pond (lat 41°5537”N, long
—72°08'59"W), the east branch of Lead Mine Brook
(lat 41°57'44"N, long —72°1009"W), and the west
branch of Lead Mine Brook (lat 41°57'18”N, long
—72°09'52"W). All streams were 2"%-order perennial
streams with watershed areas ranging from 1 to 5 km?.
In each stream, I identified and marked a represen-
tative 200-m section that was 1 to 3 m wide and 5 to
15 cm deep, with a pebble—cobble substrate and a
pool-riffle morphology.

Water diversion

Water diversion took place during 2 summers (12
June-3 October 2006, 20 June-19 September 2007). In
each stream, I split the study section into 2 adjacent
100-m-long reaches. I used wooden weirs to direct
flow into pipes and diverted water around the lower
(treatment) 100-m reach. I left the upper (control) 100-
m reach undisturbed.

I obtained continuous records of stream discharge
from water-level loggers that recorded stream stage at
30-min intervals throughout the course of the exper-
iment. I used Hobo water-level loggers (U20-001-01;
Onset Computer Corporation, Bourne, Massachu-
setts), which also logged water temperature, in most
streams, but I used Global Water WL16 water-level
loggers (Global Water Instrumentation, Gold River,
California) in 1 stream in 2006. In this stream, I
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measured water temperature twice a month at
midday at 2 points in each 100-m reach.

I measured discharge throughout the summer at
2 transects/reach. At each transect, I measured
width, depth (5 measurements), and water velocity
(4 measurements; Global Water flow probe FP101;
Global Water Instrumentation). I multiplied water
velocity by transect area to obtain discharge (m?/s).
I constructed stage-discharge curves for each reach
(y = ax”; R? range 2006: 0.90-0.97, 2007: 0.90-0.98) and
used them to convert water-level data to discharge.

Insect community composition

I sampled insect community composition in control
and treatment reaches in May (before water diversion
started) and in August (after water diversion had
been occurring for 2 mo). I placed a WaterMark
Surber sampler (0.09—m2, mesh size = 0.5 mm;
Aquatic Research Instruments, Hope, Idaho) at 3 sites
each in riffle and pool habitat in each reach. I used a
random number table to choose sites with the
constraint that the distance between same-habitat
sites was >20 m. I disturbed all substrate within the
sampler to a depth of 5 to 8 cm to dislodge insects into
the net and placed each sample in a plastic bag with
70% ethanol. 1 sorted insects within 24 h and
identified them using keys in Peckarsky et al. (1990)
and in Merritt and Cummins (1996). I used family-
level identifications because some insects were too
small or damaged for reliable genus-level identifica-
tion. When possible, specimens also were identified to
the genus level.

I assigned trait states to each family using data
published by Poff et al. (2006). I assigned trait states to
families on the basis of the most common genus in
each sample. Family-level taxonomic resolution pro-
vides comparable metrics of community structure to
species- and genus-level resolution for freshwater
benthic macroinvertebrates (Bowman and Bailey
1997, Gayraud et al. 2003). When trait information
for a family was not available, I excluded the family
from the analysis. This practice led to the exclusion of
10 families (630 individuals of >45,000 collected).

I used the results of previous studies of traits and
hydrologic disturbance (e.g., Townsend et al. 1997,
Griswold et al. 2008, Horrigan and Baird 2008) to
decide which traits to use. I chose 6 traits that were
not highly phylogenetically correlated and that
covered life history, mobility, morphology, and
ecological characteristics (Vieira et al. 2006): desicca-
tion resistance, maximum crawling rate, armoring,
size at maturity, rheophily, and habit. Habit refers to
an aquatic insect’s mode of existence and includes

[Volume 30

skaters, swimmers, clingers, sprawlers, climbers, and
burrowers (Merritt and Cummins 1996).

Data analysis

In each 100-m reach, I scaled pool and riffle insect
samples by the availability of pool and riffle habitat. I
determined the area of riffle and pool habitat based on
the mean values from the 2 habitat surveys that were
conducted closest to the time of insect sampling. I
conducted habitat surveys at 10-m intervals along the
100-m stream reach by measuring the width and
depth of the stream reach and making a visual
estimate of % pool and % riffle habitat. For each
habitat type, I multiplied the density of each family
with a given trait state by the mean area of available
habitat. I summed the values for pool and riffle
habitats to obtain the total abundance of insects with
that trait state for the 100-m stream reach. I used the
relative abundance of each insect trait-state grouping
for all data analysis.

I did all statistical analyses in R (version 2.10.1; R
Development Core Team, Vienna, Austria) and
judged statistical significance at p < 0.05. For each
trait state, I used a linear mixed-effect model to test
for differences in relative abundances of trait states
among diversion (treatment vs control reaches),
month (May [before diversion] vs August [during
diversion]), and month X diversion effects. I included
stream identity as a random factor. The effect of
interest was the month X diversion interaction
because it tested whether the treatment reaches
responded differently than the control.

I used discharge records for Mt. Hope River, a
nearby stream gauged by the US Geological Survey
(USGS) since 1940, to put the discharge values into an
historical context (USGS National Water Information
System database). The relationship between Mt. Hope
River summer flow and flow in the control reaches
was a power relationship, y = ax”, for all 3 streams (R?
= 096, R*> = 093, and R* = 0.96). I used these
relationships to estimate historical discharge and low-
flow indices for the study streams. I used summer Q
values (% time that a discharge was equaled or
exceeded from June to September) as a low-flow
index (Gordon et al. 2004).

The 2 years differed greatly in terms of stream flow.
August 2006 was the 10™-wettest and August 2007
was the 3"-driest August on record for Mt. Hope
River (67-y record). I used a linear mixed-effect model
to test for differences in relative abundances of trait
states among year (2006 vs 2007), month (May vs
August), and year X month effects to assess the effects
of natural variation between years. I included stream
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TaBLE 2. Mean daily discharge, standard deviation in daily discharge, and mean water temperature for each stream reach and
the % difference between the control and treatment reaches as a result of water diversion. The calculations exclude the 1% mo of
diversion when the diversion levels were still increasing and the last 2 to 3 d when preparations for take down were occurring. In

2006, the data covers 12 July to 30 September and in 2007, it covers 20 July to 16 September.

2006 2007
Variable Stream Control Treatment % change Control Treatment % change

Mean daily 1 0.0194 0.0034 —82% 0.0053 0.0023 —57%
discharge (m>/s) 2 0.0267 0.0141 —47% 0.0035 0.0019 —46%

3 0.0319 0.0183 —43% 0.0055 0.0023 —58%

Standard deviation 1 0.0087 0.0053 —-39% 0.0056 0.0026 —54%
of daily discharge 2 0.0130 0.0109 —16% 0.0040 0.0015 —63%

3 0.0214 0.0171 —20% 0.0057 0.0035 —-39%

Mean water 1 19.8 18.3 —7% 18.7 17.2 —8%
temperature (°C) 2 19.3 18.8 —3% 18.5 16.8 —9%

3 19.2 18.9 —2% 17.5 17.3 1%

identity as a random factor. The year X month
interaction was the effect of interest because it tested
whether responses differed between a high-flow
(2006) and a low-flow (2007) year.

Results
Water diversion

My goal was to divert as much water as possible
without dewatering the stream completely. The weirs
diverted ~40 to 80% of the water in each stream
(Table 2). The standard deviation in discharge was
reduced in all streams, with greater reductions in 2007
than in 2006 (Table 2). 2007 was a very dry year so
water was diverted to the point at which the stream
was a series of disconnected pools. In 2006, summer Q
values for mean daily flow (12 July-30 September) in
the control reaches were 21.4 to 25.9, whereas in the
treatment reaches they were 43.8 to 90.0. In 2007,
summer Q values for mean daily flow (20 July-16
September) in the control reaches were 75 to 97.9, and
in the treatment reaches they were 96.8 to 99.8. The
difference in Q values between years reflected the fact
that 2006 was a wet year, so despite an equivalent
amount of diversion, flow levels were greater in 2006
than in 2007. Water diversion was accompanied by a 1
to 9% decrease in water temperature (Table 2),
probably because diversion increased the proportion
of groundwater in the stream.

Trait states

In the diversion experiment, none of the traits
analyzed showed a significant month X diversion
effect, but some traits differed between months
(Table 3, Fig. 1A-L). The relative abundance of insects
with a high crawling rate increased and the relative

abundance of insects with a small size at maturity
decreased between May and August in 2006 and 2007
(Fig. 1C, D, G, H). In 2007, the relative abundance of
desiccation resistant and armored insects increased
between May and August (Fig. 1B, F). In 2006, the
relative abundance of armored insects was signifi-
cantly higher in treatment than in control reaches
(Fig. 1E).

In the interannual comparison, the relative abun-
dances of insects with desiccation resistance, high
crawling rate, and armoring were affected by year,
month, and the year X month interaction (Table 4,
Fig. 2A—C). The relative abundances of aquatic insects
with these trait states increased between May and
August and the increase was greater in 2007 (the low-
flow year) than in 2006. In all 3 cases, the direction of
the response matched expectations (Table 1). The
relative abundance of insects with small body size
decreased between May and August (Fig. 2D).
Rheophily and habit were not affected by year,
month, or their interaction (Fig. 2E, F).

Discussion

Trait-based approaches have intuitive appeal be-
cause they can provide a mechanistic link between
pattern and process (Verberk et al. 2008). They may
offer insight into behaviors that enable individuals to
resist low-flow disturbance, and they provide the
generality required to make comparisons and predic-
tions across differing sites.

I used an experimental approach to test for causal
links between relative abundances of trait states and
flow. Water diversion reduced flow by ~40 to 80% in
2 summers, but the month X diversion interaction did
not significantly affect the relative abundance of any
trait state. Month did significantly affect trait compo-
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TabLE 3. Analysis of trait-state response to experimental flow reduction in 2006 and 2007. The F-values and p-values for the mixed-effect linear model are

shown for month (May [before diversion] vs August [during diversion]), diversion (control vs treatment reach), and the month X diversion interaction. The month

X diversion interaction tested for the effects of flow reductions. Values significant at the p = 0.05 level are indicated in bold.

2007

2006

Month X diversion

Diversion
6 =398, p =009 Fig

Diversion Month X diversion Month
Fi6=035p =058 F;4=460p=0.08 Fie=030,p=060 Fye=D5.66p
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6 =

/

0.05 F;

57.36, p < 0.01 Fy,
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6 =
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0.87 Fig=153,p =026 Fig=010,p =076 Fig
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P = 0.50 Pl,ﬁ = 50.26, 14 < 0.01 F1,6
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P
, P

0.08,p = 0.79 F,
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213,p = 019 Fig
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057,p = 048 I

Fie= 0.66, p = 0.45

Fie
Fie6
Fie
Fie

Small size at maturity

Desiccation resistant
High crawling rate
Depositional only

Armored
Burrowing habit
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sition, a result suggesting that strong seasonal shifts in
trait composition may have obscured responses to
flow. Alternatively, measureable responses to flow
might not occur until some threshold is passed. If
conditions in both control and treatment reaches were
above (or below) the flow threshold in a given year,
then relative abundances of traits might not differ
between them. For example, in August 2006, the
relative abundance of insects with a high crawling
rate was higher, but more variable, in treatment than
in control reaches (Fig. 1C), but in August 2007, a low-
flow year, the relative abundance of crawlers was
high in both treatment and control reaches (Fig. 1D).
This pattern could have occurred if flow was so low in
2007 that both reaches were affected. In contrast, in
August 2006, the relative abundance of armored
insects did not differ between treatment and control
reaches (Fig. 1E), but in August 2007, the relative
abundance of armored insects was higher in treat-
ment than in control reaches (Fig. 1F), suggesting a
shift at very low flow levels. These subtle patterns
were apparent because of the natural difference in
flow between the 2 years.

The analysis of the experimental water diversion
data was based on the assumption that the diversion
did not have effects beyond the annual scale. The
treatment reaches were connected to undisturbed
stretches of stream, so dispersal probably allowed the
community to recover during the winter between the
2 diversion periods. I also controlled for lagging
experimental effects by comparing trait composition
between years and by focusing on differences
between control reaches. In control reaches, the
relative abundances of insects that were resistant to
desiccation, had a high crawling rate, or were
armored increased more from May to August in
2007 (low-flow year) than in 2006 (high-flow year)
(Fig. 2A—C). These changes in control reaches suggest
that the responses probably occurred over a spatial
scale larger than the study reaches. In all cases, the
direction of the response matched the hypothesized
effect of low flow on trait composition. In contrast to
predictions, the relative abundance of small insects,
insects preferring depositional habitat, and burrowing
insects did not differ between years in control reaches
(Fig. 2D-F).

Overall, the significant effects observed in control
reaches between low- and high-flow years combined
with the subtle patterns in the data from the diversion
experiment suggest that high crawling rate and
armoring confer some resistance to reduced flow.
However, the response of the desiccation-resistant
trait state is less clear. The relative abundance of
desiccation resistance was higher in control reaches in
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burrowing habit (K, L) before water diversion started (May) and while water diversion was ongoing (August) in 2006 (A, C, E, G,

I, K) and 2007 (B, D, F, H, J, L).
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TaBLE 4. Analysis of trait-state response to years with differing flow regimes. The F-values and p-values for the mixed-effect
linear model are shown for month (May vs August), year (2006 vs 2007), and the month X year interaction. The month X year
interaction tested for different responses between high- and low-flow years. Values significant at the p = 0.05 level are indicated

in bold.

Month

Year

Month X year

Desiccation resistant
High crawling rate
Armored

Small size at maturity
Depositional only
Burrowing habit

FI,G = 12.63, p= 0.01
F1,6 = 94.61, p < 0.01
Fig = 2830, p < 0.01
Fie=43.92, p < 0.01
F1,6 = 143, p = 0.28
Fi6=1.63,p =025

Fi6
Fie

F 1,6
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FI,G = 13.26, p= 0.01
F1,6 = 55.48, p < 0.01
Fio=8.90, p = 0.02

Fi6=084,p =039
Fie =035, p = 058
Fi6 =042, p = 0.54

the low-flow than in the high-flow year, but the
increase was small and no response was observed
during the diversion experiment. The study streams
are perennial, and the trait state might have been too
uncommon among the insects found in these streams

to detect a measurable response.
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retreating water to avoid stranding (Stanley et al.
1994). Burrowing also enables organisms to avoid
desiccation, but I found no evidence that the relative
abundance of burrowers shifted. I did not sample the
hyporheic zone, but in a study similar to mine, James
et al. (2008) sampled the hyporheic zone and did not
see shifts in the abundance, vertical distribution, or
community composition of hyporheic macroinverte-
brates. Dewson et al. (2007) did an extensive literature
review and found no studies in which use of the
hyporheic zone changed when flow decreased. The
ability to burrow has been linked to desiccation
resistance for crayfish and aquatic insects in intermit-
tent streams (Boulton and Stanley 1995, Acosta and
Perry 2001), but this trait does not appear to be
important for aquatic insects in perennial streams.

The increase in relative abundance of armored
insects during low flow suggests that the importance
of biotic interactions might increase as flow decreases.
Armored organisms, such as cased caddisflies, expe-
rience high mortality during floods because their
heavy cases increase the probability of being washed
away (Wootton et al. 1996). However, during low
flow, armoring can be advantageous because it
provides protection from predators. Aquatic insects
with moderate-to-strong armoring predominated in a
study of dry-season communities in California
streams (Béche et al. 2006). Biomass of predatory
insects increased in my study streams when flow was
reduced (Walters and Post, in press), and density of
predators increased in response to low-flow distur-
bance in other studies (Extence 1981, Miller et al.
2007). The increased relative abundance of insects
with a high crawling rate also might have been a
response to increased predation, because a high
crawling rate increases the ability of organisms to
escape predation.

In contrast to predictions, I found no evidence that
the relative abundance of insects with depositional-
habitat preference changed in response to low flow.
This result was surprising because the proportion of
depositional habitat in a stream increases as flow
decreases (Stanley et al. 1997, Bunn and Arthington
2002), and aquatic insects that prefer riffle habitats
often decline during low-flow disturbance (Castella et
al. 1995, Boulton 2003). Insects that prefer depositional
habitats probably are adapted to the lower water
velocities and decreased O, levels of depositional
habitats and, as a result, are more resistant to low-
flow disturbance. James et al. (2008) also found that
flow reduction did not affect the abundance of
common pool macroinvertebrates. Their study was
similar to mine in that flow reduction was not
accompanied by an increase in water temperature.

Perhaps warmer water temperatures and lower O,
availability rather than reduced flow, per se, are the
factors that determine how insects with depositional-
habitat preference respond to low flow (Miller et al.
2007). Physiological tolerances, e.g., O, demand, are
assumed to be the drivers of responses to reduced
flow, but in cases where flow is altered without
substantial alteration of water temperature or O,
availability, other factors, such as predation, may be
more important.

The relative abundance of insects with small body
size decreased sharply between May and August, but
did not respond to flow reduction. In the context of
my study, size referred to average size at maturity for
the insect family and was not related to insect growth
during the summer. However, measurement of
individual insects suggested that, for some families,
average size within a family did decrease when flow
was reduced (Walters and Post, in press). Size
probably is a more important trait for resilience than
for resistance of communities to low-flow disturbance
because small size and the ability to reproduce
quickly would allow organisms to recolonize dis-
turbed habitats rapidly (Townsend et al. 1997,
Rapport and Whitford 1999). Size also may be
important for resistance to other types of disturbance,
such as floods.

Some investigators advocate a trait-based approach
to understanding disturbance and steam communities
(Bonada et al. 2007a), whereas others conclude that
traits and taxonomy have equal explanatory power
(Finn and Poff 2005, Heino et al. 2007). In my study, a
trait-based approach did not appear to offer more
insight or predictive capability than a more-tradition-
al taxonomic analysis of the same streams (Walters
and Post, in press). The utility of a trait-based
approach should be greatest when taxonomic groups
vary greatly among sites or in situations when the
available data are insufficient to make predictions
regarding specific taxa. The lack of strong support for
a trait-based approach in my study could be a
consequence of its small geographic scale or consid-
eration of the wrong suite of traits. Variation in
taxonomic composition was limited, and many of the
focal trait states made up only a small proportion of
the community.

The trait-based approach also will be less effective if
assumptions underlying the approach are not met.
Trait-based approaches are based on the habitat
templet hypothesis, which suggests that harsh condi-
tions associated with low-flow disturbance will lead
to high similarity among communities (Southwood
1988). In contrast, in a few studies (mine included) of
low-flow disturbance in streams, greater taxonomic
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similarity has been found among high-flow than
among low-flow communities (Griswold et al. 2008,
Walters and Post, in press). Higher (nonflood) flow
levels also constitute environmentally challenging
conditions and distinct suites of traits or taxa are
associated with these conditions (Statzner and Béche
2010). Trait composition of low-flow communities
could differ because as a stream reach dries, the
community becomes fragmented and isolated in
separate pools with differing environmental condi-
tions and community trajectories (Stanley et al. 1997).
This results in increased habitat heterogeneity, de-
creased habitat connectivity, and stochasticity in
community assembly.

Trait-based approaches are a promising direction
for biomonitoring efforts (Dolédec and Statzner 2010).
My results do not indicate a suite of traits that will be
useful in environmental flow management, but they
do eliminate a few obvious choices, such as small
body size and preference for depositional habitat. My
results suggest that the most promising traits are
those that are linked to predator resistance (high
crawling rate and armoring). Linking species traits to
environmental drivers has the potential to increase
understanding of the resistance and resilience of
communities to disturbance, but seasonal shifts in
trait-state composition, indirect effects (e.g., increased
predation), high variability in community responses,
and the potential for flow thresholds make a priori
prediction of appropriate traits challenging.
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