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Abstract
Studies of stream macroinvertebrates traditionally use sampling methods that target benthic habitats.

These methods could underestimate biodiversity if important assemblage components exist outside of the
benthic zone. To test the efficacy of different sampling methods, we collected paired reach-wide benthic
and edge samples from up to 10 study reaches in nine basins spanning an aridity gradient across the
United States. Edge sampling targeted riparian-adjacent microhabitats not typically sampled, including
submerged vegetation, roots, and overhanging banks. We compared observed richness, asymptotic rich-
ness, and assemblage dissimilarity between benthic samples alone and different combinations of benthic
and edge samples to determine the magnitude of increased diversity and assemblage dissimilarity values
with the addition of edge sampling. We also examined how differences in richness and assemblage compo-
sition varied across an aridity gradient. The addition of edge sampling significantly increased observed
richness (median increase = 29%) and asymptotic richness (median increase = 173%). Similarly, median
Bray–Curtis dissimilarity values increased by as much as 0.178 when benthic and edge samples were com-
bined. Differences in richness metrics were generally higher in arid basins, but assemblage dissimilarity
either increased or decreased across the aridity gradient depending on how benthic and edge samples were
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combined. Our results suggest that studies that do not sample stream edges may significantly underesti-
mate reach diversity and misrepresent assemblage compositions, with effects that can vary across climates.
We urge researchers to carefully consider sampling methods in field studies spanning climatic zones and
the comparability of existing data sets when conducting data synthesis studies.

Studies of stream macroinvertebrates require thoughtful
matching of research questions and sampling methods (Jackson
et al. 2019; Callisto et al. 2021). For fundamental questions,
such as how macroinvertebrate assemblages change across envi-
ronmental gradients, collection methods should strive to sam-
ple entire assemblages to enable the detection of drivers of
composition. Alternatively, for biomonitoring applications, col-
lection methods should target a subset of common taxa with
limited mobility, long lifespans, and known responses to
stressors that will signal environmental impairment (Rosenberg
and Resh 1993; Rehn et al. 2007). Despite differences in targets
and goals, macroinvertebrate studies commonly rely on
established biomonitoring protocols for collecting primary data
or conducting data syntheses. This preference for standardized
methods over customizing approaches to address specific
research questions can introduce biases, potentially distorting
results and leading to erroneous inferences.

Established methods for sampling stream macroinvertebrates
involve collecting benthic material across a study reach, but
diverge in the extent to which different microhabitats are sam-
pled (Rosenberg and Resh 1993; Jackson et al. 2019; Ligeiro
et al. 2020; Callisto et al. 2021). In traditional quantitative
approaches, a specific microhabitat is targeted with the goal of
reducing inter-sample variability and increasing sensitivity (Resh
and McElravy 1993; Rehn et al. 2007). In other bioassessment
approaches, multiple microhabitats, such as riffles, runs, and
pools, are sampled to represent a larger proportion of the
macroinvertebrate assemblage (Resh and Jackson 1993; Gerth
and Herlihy 2006; Blocksom et al. 2008). In general, these
methods focus on benthic microhabitats (e.g., Ode et al. 2016),
but some protocols have expanded sampling to include other
often overlooked microhabitats, such as snags, vegetated banks,
and submerged macrophytes (e.g., Massachusetts Department of
Environmental Protection 1995; Florida Department of Environ-
mental Protection 1996).

Focusing on benthic habitats alone when sampling aquatic
macroinvertebrate assemblages could negatively bias sample
collection (i.e., underrepresenting or overrepresenting certain
assemblage members). Special concern may arise in the con-
text of non-perennial streams (Larned et al. 2010; Acuña
et al. 2014; Datry et al. 2014b), where key macroinvertebrate
species exist outside the traditionally sampled benthic zone
(Stubbington et al. 2017). Cycles of flooding and drying are
common to these systems, causing stream habitats to shift
from lotic (flowing) to lentic (non-flowing) to dry states
(no surface water), with associated faunal changes (Boulton
et al. 1992; Stanley et al. 1997; Bonada et al. 2007; Dewson
et al. 2007). During non-lotic states, these systems require

macroinvertebrate sampling methods that can accommodate a
broad range of habitats, including those lacking substantial
flow (Gerth and Herlihy 2006; Blanchette and Pearson 2012;
Yeardley et al. 2020). Stream drying and reach fragmentation
also cause the proportion of edge microhabitat to increase rela-
tive to the benthic area. Edge microhabitats are riparian-adjacent
stream microhabitats not typically sampled using standard
aquatic macroinvertebrate methods. They encompass various
features such as submerged vegetation, roots, rocky stream mar-
gins, and overhanging banks and are known to harbor unique
faunas (Moore 1987; Parsons and Norris 1996; Blanchette and
Pearson 2012). Consequently, edge microhabitats may be partic-
ularly important in arid systems where flow intermittency
increases the value of sampling edge habitats to gain a complete
picture of aquatic macroinvertebrate assemblages.

Stream edge sampling becomes increasingly important
when estimates of biodiversity at the reach scale are utilized in
large-scale analyses across datasets because data compatibility
is critical (Cao and Hawkins 2011). In recent years, advances
have been made in our understanding of the effects of aridity
and flow intermittency on the biodiversity of aquatic inverte-
brate assemblages by comparing independent data sets col-
lected from different climatic regions (Datry et al. 2014a;
Crabot et al. 2020; Vander Vorste et al. 2021). When benthic
sampling methods are similar across data sets, the implicit
assumption is that each data set adequately represents reach-
scale biodiversity for its study. If benthic sampling methods
systematically underestimate the number of taxa in arid-land
stream reaches by excluding their dynamic edge habitats
(Blanchette and Pearson 2012), then large-scale comparisons
across climatic zones may become problematic.

Here, we ask: (1) to what magnitude does sampling of
edge microhabitats increase our estimates of reach-level
macroinvertebrate richness and community dissimilarity?
and (2) do any observed effects of including edge samples
with benthic samples vary geographically across an aridity
gradient? To address these questions, we compared paired
samples collected from the same reach using an established
method for benthic sampling (Ode et al. 2016) and a method
combining benthic and edge microhabitat sampling (Eppehimer
et al. 2020). Samples were collected from replicate reaches across
basins spanning nearly the entire East–West climatic aridity gra-
dient across the United States. For each reach, we calculated dif-
ferences in macroinvertebrate richness and composition
between paired samples. To determine if the effects of edge sam-
pling vary with aridity, we tested for relationships between
paired sample differences in taxon richness and assemblage com-
position and aridity. We hypothesized that sampling edge
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microhabitats would significantly increase the number of taxa
detected and change the composition of macroinvertebrate
assemblages. We expected that the effects of edge sampling
would be greater in more arid than in more mesic locations
where edge habitat should be periodically abundant and species
are accustomed to episodic drying.

Materials and procedures
Study basins, reaches, and aridity gradient

We established nine study basins across the United States
spanning a wide range of aridity conditions (Fig. 1; Supporting
Information Fig. S1; Supporting Information Dataset S1). Within
each basin, we selected ten 150 m study reaches that were
wadeable, minimally impacted, and separated by a minimum
Euclidian distance of � 1 km. Using the Global Aridity Index
and Potential Evapotranspiration Climate Database (Zomer
et al. 2022), we determined the mean aridity index value from
1970 to 2000 for each reach (Supporting Information Fig. S2;
Supporting Information Dataset S1). Reach aridity index values
ranged from 0.17 to 1.31, with lower values corresponding to
arid conditions and higher values corresponding to mesic
conditions.

Sample collection, processing, and identification
We collected benthic macroinvertebrates following a modi-

fied version of California’s Surface Water Ambient Monitoring
Program protocol (SWAMP v2; Ode et al. 2016). At each reach
within each basin, we collected two samples: (1) a reach-wide
benthic (RWB) sample (following the SWAMP protocol) and
(2) an edge sample (Eppehimer et al. 2020). Samples were not
collected if the stream reach was completely dry.

For RWB sampling, we collected and composited 11 benthic
subsamples from across each 150 m reach. Starting down-
stream and proceeding upstream, we selected subsample loca-
tions every 15 m, alternating channels left, center, and right
(25%, 50%, and 75% of the wetted channel width, respec-
tively). For streams > 30 cm wide and > 5 cm deep, we col-
lected benthic samples using either a 500 μm mesh D-net or
Surber sampler. In two cases, for streams < 30 cm wide or
< 5 cm deep, we used a mini-Surber sampler. In reaches with
appreciable flow, nets were placed immediately downstream
of the subsample collection area such that dislodged material
would flow downstream and be captured by the net. In cases
of stagnant water or dense vegetation, we continuously moved
the net through the areas while collecting. Each subsample
collection area was one net-width long and wide (i.e., for a
0.3048 m wide net, the area sampled would be 0.0929 m2).
Within each subsample collection area, we cleaned all sub-
strates larger than a golf ball into the net and set it aside. For
larger rocks or bedrock, we thoroughly scoured the rock surface
with our hands. When possible, we agitated the top � 10 cm of
substrate. If a subsample location within reach was dry, no sub-
sample was taken. At each reach, we recorded the total number
of subsamples collected and the device used for sampling, all-
owing for the calculation of the total area sampled.

For edge sampling, we used a 500 μm mesh D-net to take
and composite five sweeps (� 0.33 m2 each) along each
reach’s wetted edge in riparian-adjacent microhabitats. We
targeted submerged vegetation, roots, rocky stream margins,
and overhanging banks, spacing sweeps roughly evenly
across the 150 m reach. The goal of the edge sampling was to
detect taxa present in the reach missed by RWB sampling.

Fig. 1. Map of basin locations and mean aridity index from 1970 to 2000 (Supporting Information Dataset S1) across the United States (30 arc-second
resolution). We chose basins spanning a wide range of aridity conditions from arid to mesic (range of reach values: 0.17–1.31; Supporting Information
Fig. S2).
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Following both RWB and edge sampling, we field elutriated
and stored samples separately in 95% ETOH, which was rep-
laced at least once within 24 h or until the color was stable.

In the laboratory, we examined a minimum of 500
macroinvertebrate specimens per sample type per reach. After
visually assessing specimen densities, we used a Folsom plank-
ton splitter to produce subsamples (hereafter, “splits”) that we
thought would contain at least 500 specimens, processing addi-
tional splits if we found fewer than 500 specimens. For samples
with less than 500 specimens total, we processed the entire
sample collected. We then identified specimens to genus-level
for insects and to order- or family- for non-insects using avail-
able keys (Thorp and Covich 2001; Stewart and Stark 2002;
Wiggins 2015; Merritt et al. 2019; Tennessen 2019).

Prior to analyses, we adjusted counts for each taxon from
each sample based on the split processed in the lab to estimate
the number of individuals in an entire sample (e.g., we
adjusted a count of 15 individuals for a ½ sample split to 30).
In addition, we sorted through any available unprocessed rem-
nant material (i.e., unsorted splits) and identified any large
and rare taxa not found in the processed split(s). Counts for
these specimens were added unadjusted to RWB and edge
counts that had been adjusted based on the lab split
processed. For RWB samples, we also adjusted counts for each
taxon by dividing them by the total area sampled during RWB
sampling at each reach (e.g., for an area sampled of
0.8361 m2, we adjusted a count of 10 to 11.96 and rounded
up to 12 individuals m�2). Finally, we created a “combined
sample” from RWB samples and edge samples using a “plus
one” method (Supporting Information Dataset S2; Eppehimer
et al. 2020). The “plus one” method assumes that most of the
assemblage is in the benthic zone, and so it heavily weighs
the RWB sample in creating a combined sample. Taxa that
were detected in the edge sample but not the RWB sample
were added to the RWB sample with an abundance count of
one regardless of the number of individuals present in the
edge samples. This approach allows those edge-only taxa to be
considered in overall reach-scale diversity and composition
analyses, but does not weigh them as heavily in abundance-
based considerations (Eppehimer et al. 2020). We focus on
this “plus one” combination method in main text analyses,
but we considered alternative combination treatments in addi-
tional sensitivity analyses (Fig. 2).

Data analysis

Observed taxon richness
For each reach, we determined the number of taxa observed

in RWB and combined (“plus one”) samples (Supporting Infor-
mation Dataset S3). To determine the effect of edge sampling
on richness, we subtracted values of the observed richness of
RWB samples from those of combined samples. Because abso-
lute (gamma) richness values varied across basins, we scaled dif-
ferences in richness between sample types by calculating
percentage increases in richness in combined samples vs. RWB

samples. Depending on the distributions of the data, we ran
one-sample t-tests or Wilcoxon signed-rank tests to determine if
percentage increases in richness were significantly greater than
zero for all basins together and for each basin individually.

Asymptotic taxon richness
For both RWB and combined samples, we calculated esti-

mated asymptotic taxon richness values using the ChaoRichness
function (Chao 1984, 1987) from the R package iNEXT
(Hsieh et al. 2016; R Core Team 2020; Supporting Informa-
tion Dataset S3). As for observed richness, we subtracted the
taxon richness of RWB samples from those of combined sam-
ples, scaled increases in richness as percentages, and ran one-
sample t-tests or Wilcoxon signed-rank tests as appropriate.
We assessed the sensitivity of analyses of asymptotic taxon
richness to the “plus one” method by also running analyses
with combined sample counts that were created by summing
all abundance counts from RWB and edge samples (hereafter
the “sum” combination method; Fig. 2; Supporting Informa-
tion Dataset S4).

Composition
We tested for differences in the taxonomic composition of

combined and RWB samples by calculating Bray–Curtis dis-
similarity between sample types for each reach (Supporting
Information Dataset S3). For all dissimilarities across basins
and those from each basin individually, we ran one-sample t-
tests or Wilcoxon signed-rank tests. We assessed the sensitivity
of these results to the “plus one” method by also running ana-
lyses with combined sample taxa counts determined by the
“sum” method and by converting compositional matrices to
presence/absence data (hereafter “presence/absence” combina-
tion method; Fig. 2; Supporting Information Dataset S5).

Relationships between richness, composition, and aridity
For richness, we used linear regressions to assess how arid-

ity was associated with differences between RWB and com-
bined samples. For percent increases in observed and
asymptotic taxon richness, we used reach aridity as a predictor
and percent increases in observed and asymptotic richness as
responses. To evaluate regression assumptions, we visually
inspected plots of residuals, calculated Cook’s D, and reran
analyses without high-influence data. For asymptotic richness,
we evaluated the sensitivity of trends in percent increases by
also testing for relationships using linear regression with taxa
counts determined by the “sum” method.

To assess trends in differences in assemblage composition
of RWB and combined samples with aridity, we ran beta
regressions with aridity as a predictor and Bray–Curtis dis-
similarity as a response in the R package betareg (Ferrari and
Cribari-Neto 2004; Cribari-Neto and Zeileis 2010; Simas
et al. 2010). We used beta regression because it can be
used to model variables that assume values in the standard
unit interval (0, 1). We fit beta regressions with and without
variable dispersions and chose the best model based on a
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log-likelihood test. We also ran beta regression with taxa
counts calculated using the “sum” and “presence/absence”
methods.

Assessment
Observed richness

Significant percent increases in observed taxon richness were
found for combined samples relative to RWB samples for all
basins together and for each basin independently (Fig. 3A).
Increases in observed richness ranged from 1 to 27 taxa
(median = 12; Supporting Information Dataset S3), whereas per-
cent increases in observed richness ranged from three to 129%
(median = 29%).

Asymptotic richness
Significant percent increases in estimated asymptotic taxon

richness overall and for each basin independently were found
when comparing the combined to RWB samples (Fig. 3B). Esti-
mated increases in asymptotic richness ranged from 1 to
774 taxa (median = 87 taxa), whereas estimated percent
increases in asymptotic richness ranged from 3% to 1488%
(median = 173%). We also found significant increases in esti-
mated asymptotic taxon richness overall and for all basins
using the alternate “sum” method, except for basin WPLP (t-test
p = 0.069; Supporting Information Fig. S3). Changes in asymp-
totic richness ranged from �64 to 132 taxa (median = 14 taxa),
whereas percent changes in asymptotic richness ranged from
�53% to 188% (median = 31%). Negative values represent
cases where the estimated combined sample asymptotic rich-
ness was less than that of the RWB sample alone.

Differences in taxonomic composition
Small but significant differences in taxonomic composition

overall and for each basin independently were found when com-
paring RWB and combined samples (Fig. 3C). Bray–Curtis

dissimilarities ranged from0.000 to 0.103 (median = 0.005). Signif-
icant compositional differences overall and by basin were also
observed using the alternate “sum” and “presence/absence”
methods (Supporting Information Fig. S4). Utilizing the “sum”
method, Bray–Curtis dissimilarities ranged from 0.015 to 0.529
(median = 0.174; Supporting Information Fig. S4A), whereas using
the “presence/absence” method dissimilarities ranged from 0.017
to 0.393 (median = 0.128; Supporting Information Fig. S4B).

Relationships between richness, composition, and aridity
Percent increases in observed and asymptotic richness

between RWB and combined samples were largest in arid
basins and decreased in more mesic basins (Fig. 4A,B). How-
ever, using the alternate “sum” method, we did not find evi-
dence for any relationship between asymptotic richness and
aridity (Supporting Information Fig. S5). These results were
insensitive to high-influence data.

Assemblage dissimilarities determined using the “plus one”
method were smallest in arid basins and increased in more
mesic basins, but changes were small (Fig. 4C). Using the alter-
nate “sum” and “presence/absence” methods, we found the
opposite trend: assemblage dissimilarities were largest in arid
basins, decreased in more mesic basins, and changes were
large (Supporting Information Fig. S6A,B).

Discussion
The addition of stream edge sampling to an established RWB

sampling protocol had significant effects on the characteriza-
tions of macroinvertebrate assemblage structure. Adding edge
sampling resulted in median increases in observed and asymp-
totic richness of 29% and 173%, respectively. Significant differ-
ences in assemblage composition were found using different
sampling methods, with median dissimilarity values increasing
by as much as 0.178. Differences in richness significantly
increased with or were unrelated to aridity, whereas differences

Taxon RWB Edge
Taxon A 10 0
Taxon B 0 10
Taxon C 10 10

Taxon RWB Combined
Taxon A 10 10
Taxon B 0 1
Taxon C 10 10

Taxon RWB Combined
Taxon A 10 10
Taxon B 0 10
Taxon C 10 20

Taxon RWB Combined
Taxon A 1 1
Taxon B 0 1
Taxon C 1 1

Example data

“plus one”
method

“sum”
method

“presence/absence”
method

Fig. 2. Diagram showing the methods used to combine reach-wide benthic (RWB) and edge samples for sensitivity analyses. The top table in the figure
shows example data collected from a study reach (a set of paired RWB and edge samples). The three tables below show how we used the “plus one,”
“sum,” and “presence/absence” methods to combine RWB and edge data into a “combined” sample type. Comparisons in analyses were based on RWB
and combined samples, but combination methods employed varied by analysis type based on expected sensitivity.
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in assemblage composition both increased and decreased with
aridity depending on how edge and benthic samples were
combined. Collectively, our results demonstrate that targeted
sampling of stream edge microhabitats can have significant
effects on diversity and compositional metrics for aquatic
macroinvertebrate assemblages and that those effects can
vary with aridity.

Sensitivity analyses revealed that estimates of asymptotic
richness and assemblage dissimilarities were sensitive to the
method used for combining RWB and edge samples. Of note
were some cases where the estimated asymptotic richness of the
combined sample was lower than that of the corresponding

Fig. 3. Significant increases in observed richness (A), asymptotic richness
(B), and Bray–Curtis dissimilarities (C) between RWB and combined (“plus
one” method) samples for each basin. Boxplots are colorized by the average
mean aridity index of all reaches within basins, whereas data points are color-
ized by individual mean reach aridity index values. All data—treated together
and by basin—are significantly different from zero (all p < 0.05).

Fig. 4. Relationships between mean basin aridity index and percent increase
in observed richness (A), percent increase in asymptotic richness (B), and dif-
ference in Bray–Curtis dissimilarity between combined (“plus one” method)
and RWB sample types (C). Trends in both percent increase in observed rich-
ness and asymptotic richness were insensitive to removal of high-influence
data (i.e., without high-influence data: Percent increase in observed richness:
Aridity index: F1,73 = 30.328, p < 0.001, Y = �32.285X + 55.493, adjusted
R2 = 0.28; Percent increase in asymptotic richness: Aridity index: F1,78 = 6.434,
p = 0.013, Y = �160.582X + 312.633, adjusted R2 = 0.06).
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RWB sample from the same study reach (Supporting Informa-
tion Fig. S3). This result is likely caused by the “sum” method
decreasing the relative proportions of rare taxa in combined
samples and thus estimated values of asymptotic richness by
using counts for edge taxa that are inflated by targeted sam-
pling. Assemblage dissimilarities between sample types also
increased by a factor of 35 using the “sum” method (Supporting
Information Fig. S5A) and a factor of 25 using the “presence/
absence” method (Supporting Information Fig. S5B). Both of
these alternate combination methods place much higher
weight on rare edge taxa in the Bray–Curtis dissimilarity for-
mula when compared to the “plus one” method, highlighting
the need for careful consideration of combination and transfor-
mation techniques in multivariate statistics (McCune
et al. 2002). Regardless of these sensitivities, the overwhelming
majority of our analyses showed increases in central tendencies
of asymptotic richness and assemblage dissimilarities regardless
of which of the three combination methods was used.

Similarly, relationships between differences in richness,
assemblage composition, and aridity were sensitive to the
method used for combining RWB and edge samples. Using the
“sum” method, we found no relationship between increases in
asymptotic richness and aridity (Supporting Information
Fig. S5). The lack of a relationship can be explained by the effects
of the “sum” combination method on the asymptotic richness
that was likely to be uneven across the aridity gradient
(i.e., strong effects in basins with very distinct edge assemblages
and less so elsewhere). Using the “sum” and “presence/absence”
methods, we found that assemblage dissimilarity increased rather
than decreased with aridity (Supporting Information Fig. S6).
These results are consistent with our hypothesis that differences
between RWB and combined samples should be greater in arid
study basins, where edge habitats are common and local species
are accustomed to flow intermittency (Blanchette and Pear-
son 2012; Bogan et al. 2015). However, the “plus one” method
resulted in decreasing assemblage dissimilarity between RWB
and combined samples with increasing aridity, highlighting that
the exact manner in which and how rare taxa are added to data
sets can have complex effects and should be carefully considered
(van Sickle et al. 2007).

The sensitivity of our results highlights some vulnerabilities
of our approach. First, we found that assemblages were repre-
sented more comprehensively by combining RWB and edge
sampling. In this case, the need to combine quantitative and
qualitative methods is unavoidable because of the complex
nature of edge habitats, and in presenting results from three
different sample combination methods, we aimed to bracket
the range of possibilities for analytical outcomes. Second, in
combining RWB and edge samples, the sampled area of the
combined sample was always larger than that of the RWB
sample alone, and thus, we should expect to find more taxa
based on basic species/area relationships (MacArthur and Wil-
son 1963). While we concede that it is possible that increasing
benthic sampling efforts could detect some taxa found in edge

samples, it is unlikely to detect taxa that are edge specialists
(Bogan et al. 2015). Third, the addition of edge sampling pro-
mpts the question of how many additional microhabitats
should or could be included in sampling efforts. While ideally,
all microhabitats would be sampled, we recognize that
there are tradeoffs between effort and information gained
(Chessman et al. 2007), and thus, we recommend further sys-
tematic examinations of the added value of sampling specific
microhabitats. Sampling tradeoffs may be particularly relevant
in systems where there are reasons to expect a distinct or
unique fauna in different microhabitats, such as hyporheic
species in non-perennial streams (Wood et al. 2010;
Datry 2012; Stubbington 2012) and edge species in arid
regions (Chessman et al. 2007). Taken together, we acknowl-
edge the aforementioned vulnerabilities and do not aim to
prescribe a new standard sampling method, but rather to pro-
voke thought about which sampling methods capture suffi-
cient data needed for research questions of interest.

Another consideration in interpreting our results is that arid-
ity conditions are not static and they do not change uniformly
across the continent. For example, in some of our western study
basins, aridity has increased in the last two decades (Williams
et al. 2020), and the widely used long-term aridity index, which
we used in our study, has not yet incorporated those increas-
ingly dry years (Zomer et al. 2022). However, we do not believe
that the recent drought has strongly impacted our results for
two reasons. First, there is often a lag of many years between a
period of enhanced aridity and declines in baseflow (or complete
drying) in groundwater-dependent streams in the western USA
(e.g., Meyers et al. 2021). Second, the magnitude of differences
in aridity between our western and eastern basis is already so
large (with western basins being up to eight times more arid
than eastern basins) that small increases in aridity in some west-
ern basins over the last 20 years are unlikely to affect the
continental-scale patterns we observed.

Despite the associated challenges, the detection of edge sam-
pling effects that vary across conditions of aridity could have
important implications for studies of stream macroinvertebrate
assemblages. Systematic omission of edge faunas could lead to
inaccurate estimates of reach-scale diversity. Moreover, the
effects of missing edge taxa that vary with climate could lead to
the misrepresentation of large-scale diversity trends. For exam-
ple, if benthic samples from arid regions consistently underesti-
mate reach-scale diversity, then data syntheses that use these
data could overestimate the impacts of drying or aridity on
aquatic biodiversity unless analyses focus on examining trends
within each separate dataset (Datry et al. 2014a). Given that
most aquatic biodiversity studies occur in perennial streams,
misrepresenting the relatively low amount of data from
non-perennial systems could be particularly problematic in
meta-analyses, given the relative weight of inference placed
on fewer observations. In demonstrating that our estimates
of reach-scale invertebrate diversity and composition varied
significantly by sampling method and aridity, we hope that
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researchers will carefully consider (1) their sampling methods
in field studies that span climatic zones and (2) the comparabil-
ity of existing data sets when conducting data syntheses (Cao
and Hawkins 2011). These considerations are especially impor-
tant in the context of non-perennial streams (Larned
et al. 2010; Acuña et al. 2014; Datry et al. 2014b) and streams
in arid regions (Chessman et al. 2007).
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