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21
22 SUMMARY:
23 This is a protocol to model the size spectrum (scaling relationship between individual mass and
24 population density) for combined fish and invertebrate data from wadable streams and rivers.
25  Methods include: field techniques to collect quantitative fish and invertebrate samples; lab
26  methods to standardize the field data; and statistical data analysis.
27
28  ABSTRACT:
29 The size spectrum is an inverse, allometric scaling relationship between average body mass (M)
30 and the density (D) of individuals within an ecological community or food web. Importantly, the
31 size spectrum assumes that individual size, rather than species’ behavioral or life history
32  characteristics, is the primary determinant of abundance within an ecosystem. Thus, unlike
33  traditional allometric relationships that focus on species-level data (e.g., mean species’ body size
34  vs. population density), size spectra analyses are ‘ataxic’ — individual specimens are identified
35 only by their size, without consideration of taxonomic identity. Size spectra models are efficient
36 representations of traditional, complex food webs and can be used in descriptive as well as
37 predictive contexts (e.g., predicting responses of large consumers to changes in basal resources).
38 Empirical studies from diverse aquatic ecosystems have also reported moderate to high levels of
39 similarity in size spectra slopes, suggesting that common processes may regulate the abundances
40 of small and large organisms in very different settings. This is a protocol to model the community-
41  level size spectrum in wadable streams. The protocol consists of three main steps. First, collect
42  guantitative benthic fish and invertebrate samples that can be used to estimate local densities.
43  Second, standardize the fish and invertebrate data by converting all individuals to ataxic units
44  (i.e., individuals identified by size, irrespective of taxonomic identity), and summing individuals
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within log; size bins. Third, use linear regression to model the relationship between ataxic M and
D estimates. Detailed instructions are provided herein to complete each of these steps, including
custom software to facilitate D estimation and size spectra modeling.

INTRODUCTION:

Body size scaling relationships, such as the positive association between body mass and
metabolic rate, are well-known at the individual organism level and are now being studied at
higher levels of organization'3. These allometric relationships are most often power-law
functions of the form Y = aM?, where Y is the variable of interest (e.g., metabolism, abundance,
or home range size), M is the body mass of a single or average individual, b is a scaling coefficient,
and a is a constant. For statistical convenience, Y and M data are often log-transformed prior to
analysis then modeled with linear equations of the form log (Y) = log (a) + b log (M), where b and
log (a) become the linear model slope and intercept, respectively.

The size spectrum is a type of allometric relationship that predicts density (D, the number of
individuals per unit area) or biomass (B, the summed mass of individuals per unit area) as a
function of M (See Section 4 for additional information on the use of ‘normalized’” D or B
estimates.) Like other scaling relationships between M and D or between M and B, the size
spectrum plays a central role in basic and applied ecology. At the population-level, biologists
often interpret negative D «< M relationships as evidence of density-dependent survival or as
models of ecosystem carrying capacity (i.e., the ‘self-thinning rule’)*>. At the community-level, B
& M relationships can be used to study system-level effects of anthropogenic perturbations, such
as size-selective fishing®’. Allometric scaling of D and B with M are also central to recent efforts
to unite population, community, and ecosystem ecology?®°.

One particularly important characteristic of the size spectrum is the fact that it is entirely
ataxic>19, This point is easy to miss when comparing scatterplots of D « M or B « M data but the
distinction between taxic and ataxic models is a critical one. In taxic models, a single M value is
used to represent the average body mass of every individual of a given species or taxa'?. In ataxic
models, all individuals within a data set are partitioned among a series of body size intervals or
M bins, regardless of their taxonomic identity!2. The latter, ataxic approach is advantageous in
aquatic ecosystems where many taxa exhibit indeterminate growth and experience one or more
ontogenetic shifts in feeding behavior; in these instances, a single species-level M average will
obscure the fact that a species can fill different functional roles throughout its life history®1314,

Here, we present a complete protocol to quantify the size spectrum within wadable streams and
rivers. The protocol begins with field sampling methods to collect the necessary fish and benthic
macroinvertebrate data. Fish will be collected through a ‘three-pass depletion’ sampling process.
Abundance will then be estimated from the depletion data with the Zippin method. In depletion
sampling, individual fishes within a closed study reach (i.e., individuals can neither enter nor leave
the enclosed reach) are removed from the reach through three successive samples. Thus, the
number of remaining fishes will be progressively depleted. From this depletion trend, total
abundance within the study reach can be estimated then converted to D (in fish per m?), using
the known surface area of the study reach. Benthic macroinvertebrates will be collected with
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standard fixed-area samplers, then identified and measured in the laboratory.

Next, the combined fish and macroinvertebrate data will be partitioned among size bins.
Traditionally, the octave or log; scale (i.e., doubling intervals) has been used to set size bin
boundaries®. Once a list of size bins has been established, partitioning of individual benthic
macroinvertebrates among their respective size bins is straightforward because invertebrates are
directly enumerated as numbers of individuals per unit area. However, estimating fish
abundances within size bins is more abstract because these estimates are inferred from the
depletion data. Detailed instructions are therefore provided to estimate fish abundance within
size bins, irrespective of taxonomic identity, from depletion sample data.

Finally, linear regression will be used to model the size spectrum. This protocol is fully compatible
with the original, general method of Kerr and Dickie!® and identical to the methods used by
McGarvey and Kirk, 20187 in a study of fish and invertebrate size spectra in West Virginia
streams. By using this protocol, investigators can insure that their results are directly comparable
with other studies that build upon Kerr and Dickiel®, thereby accelerating a broad and robust
understanding of body size scaling relationships in freshwater ecosystems and the mechanisms
that drive them.

PROTOCOL:
All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of Virginia Commonwealth University.

1. Collection and processing of fish samples
1.1 Isolating fishes within the study reach to create a closed fish assemblage

1.1.1 Identify the upstream and downstream (direction is relative to a surveyor facing
‘upstream’ and against the water current) ends of the study reach then mark the ends with
removable flagging tape.

NOTE: The total length of the study reach is arbitrary but should be long enough to encompass a
representative selection of the different habitat types (e.g., riffles, runs, pools, undercut banks)
present within the entire stream. In most cases, a 100—200 m study reach will be adequate.

1.1.2 Measure the width of the wetted stream channel at 5—10 transects, distributed evenly
along the length of the study reach. Estimate the total surface area of the study reach as the
average wetted channel width multiplied by the total length of the reach.

1.1.3 Secure block nets (i.e., knotless seines with floats on the top line and weights on the
bottom line) across the stream channel at the upstream and downstream ends of the study reach.
Use medium to coarse mesh nets (6.3—9.5 mm or %—3/8 inch mesh) to minimize accumulation
of debris and clogging. Do not use large (>12.7 mm) mesh nets as small fishes will pass through.
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NOTE: Prior to sampling, prepare a rigging kit that includes: (i) 8 long (215 m length) pieces of
polypropylene rope (9.5 mm or 3/8 inch diameter); and (ii) 8 cam-action tie-down straps. Do not
use ratchet-action straps as these can snap and cause serious injury when their load is released.

1.1.3.1 At the upstream end of the study reach, locate a tree, root, large rock, or other solid
object that can be used to anchor a net on each side of the stream. The availability of suitable
anchor points on each side of the stream will likely affect the position of the upstream boundary.

1.1.3.2 Select one piece of polypropylene rope and create a loop at each end using a bowline
knot. Use only a bowline knot, as other knots may become permanently sealed when exposed to
moisture and high tension. For instructions on tying a bowline knot, see Figure 1.

1.1.3.3 Wrap the rope around the tree/root/rock and feed the loop at one end through the loop
at the other end to create an anchor point (Figure 2). Shorten or lengthen the rope anchor by
adding or removing wraps around the tree/root/rock.

1.1.3.4 Repeat steps 1.1.3.1—1.1.3.3 to establish a second anchor point on the opposite side of
the stream.

1.1.3.5 Create a loop in the lines at each of the four corners of the block net using a bowline knot.
Use only a bowline knot (Figure 1).

1.1.3.6 Connect both sides of the top line of the block net (the line with floats) to the anchor
points using cam-action tie-down straps. Insert the hooks at either end of the tie-down strap into
the loops at the corners of the block net and the anchor points (Figure 2). Pull the free tether of
the tie-down strap through the cam buckle to tighten each point of contact.

NOTE: To release tension on the anchors (for adjusting the block net set-up or to remove the
block net when sampling is complete), depress the cam button on each of the tie-down straps.

1.1.3.7 Secure the bottom line of the block net (the line with weights) by pinning them to the
stream bank with tent stakes.

1.1.3.8 Establish a seal with the bottom of the stream using large rocks to pin the block net down.
Place rocks on the side of the net facing upstream. Be sure that the top of the net remains above
water level (Figure 2). Adjust the height(s) of the anchor point(s) as needed.

1.1.3.9 Set a second block net by repeating steps 1.1.3.1—1.1.3.8 at the downstream end of the
study reach.

1.2 Perform the first of 3 fish sampling depletion passes within the enclosed study reach. This
protocol assumes that a backpack electrofisher is available and all surveying crew personnel are
properly trained to use it. Other methods can potentially be used but may not be as effective in
collecting representative fish samples.
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NOTE: In small streams, 4—5 people is an ideal crew size: one to operate the electrofisher, two
to net stunned fishes, and one or two to carry holding buckets and shuttle captured fishes. Also,
backpack electrofishing can cause significant injury, both to stream fishes and humans8. It is
therefore critical to exercise caution and to receive proper training.

1.2.1 Beginning at the downstream end of the enclosed study reach, turn the backpack
electrofisher on and move in the upstream direction. Progress slowly, moving side-to-side
throughout the study reach to ensure all instream habitats are sampled. The first depletion pass
is complete when the upstream net is reached.

1.2.2 Let supporting crew members follow the leader (who is operating the electrofisher),
collecting stunned fishes with dip nets as they are spotted and transferring them to temporary
buckets, then to aerated holding tubs. Use small battery powered ‘bait bucket’” pumps with
aeration stones to ensure that captured fishes remain healthy.

1.2.2.1 Pay particular attention to very small, young-of-year fishes as they are difficult to spot
and capture. When capture of the smallest fishes is highly inefficient, results may be biased. In
this event, it may be necessary to remove the smallest log; size classes from the fish data, prior
to estimating densities within log: size bins (see Step 3.2.2).

NOTE: Success in netting stunned fishes will vary with a number of biological and environmental
conditions. For instance, turbid water in which visibility is low will constrain the ability to
effectively locate and capture fishes; if turbidity is too high, sampling should be re-scheduled, or
an alternate sampling site should be selected.

1.3 Processing fishes collected in the first depletion pass

1.3.1 Determine whether anesthesia will be needed. Live fishes are often difficult to handle,
and sedation may be necessary to minimize stress and injury to fish specimens. If anesthesia is
used, two options are widely (as of April 2019) available: Tricaine-S (tricaine methanesulfonate,
MS-222) and carbon dioxide (baking soda).

NOTE: Tricaine-S entails a 21-day holding period before exposed fish can safely be consumed®>%,
but it is currently (as of April 2019) the only fish sedative approved by the U.S. Food and Drug
Administration.

1.3.2 When using sedatives, carefully follow all instructions provided with the anesthetic
product. In all cases, mix the anesthetic compound in an aerated water bath. Submerge collected
fishes in the bath until sedation is observed. Once sedated, process the fishes as quickly as
possible, as prolonged exposure to sedatives may cause death.

1.3.3 Use small dip nets to retrieve sampled fishes from the holding tank (with or without
sedation), individually or in small batches, for identification. Place the specimens in white plastic
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or enamel trays and use forceps and magnifying glasses for examination. Use local or regional
identification keys (e.g., “The Fishes of Ohio”)?! to aid in identification.

1.3.4 Measure total length (from tip of snout to end of caudal fin) for each specimen then weigh
on a field balance. If using an electronic balance, select one with 0.1 or 0.01 g precision. Keep a
transparent plastic box on hand to use, as necessary, as a wind and rain baffle (it must be large
enough to cover the balance and specimens being weighed).

1.3.5 Record all information (species identity, total length, and weight) on waterproof data
sheets. A printable example of a fish data sheet is provided in Supplementary File 1.

1.3.6 Once processed, return the fishes to a separate aerated holding/recovery bin. When all
fishes have been processed, release them downstream of the downstream block net.

NOTE: If you accidentally release them into your enclosed study reach, you will ruin your sample!
If anesthesia was used, wait to release until all fishes have recovered and regained equilibrium.

1.4 Performing the second and third depletion passes

NOTE: If a strong depletion trend is not induced in the first three passes (i.e., if the number of
sampled fishes has not noticeably declined by the third pass), additional passes may be needed
to accurately estimate fish abundance??. Time permitting, it is often a good idea to proactively
conduct four or five successive depletion passes.

1.4.1 Check that the upstream and downstream block nets are still secure. If significant debris
has been collected in either block net, remove it by hand picking.

1.4.2 Collect the remaining depletion pass samples by repeating steps 1.2—1.3. Ensure that
sampling effort remains consistent among all three passes. Use the same pace of movement
(timing the process is recommended) and same crew members to resurvey the sampling reach.

1.5 When finished, disassemble the block nets and remove all anchor materials.
2. Collection and processing of benthic macroinvertebrate samples

2.1 Select benthic macroinvertebrate sample sites within the boundaries of the fish sampling
reach that are representative of the major types of physical habitats (e.g., riffles or runs)
observed in the study reach.

2.2 Using a fixed-area sampler, collect the first benthic macroinvertebrate sample. In shallow
streams with extensive gravel-to-pebble size material, the Surber sampler and Hess sampler are
the most commonly used devices but any fixed-area sampler can be used. When sampling other
types of habitats where these devices do not work, consult Merritt et al.?® and Hauer and Resh?*.
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2.2.1 Place the sampling device firmly against the stream bottom with the sample collection
net oriented downstream; move large cobbles as necessary to establish a firm seal with the
substrate.

2.2.2 Use a wire or plastic brush to vigorously scrub the substrate within the sampling area for
a period of 2 min, allowing dislodged benthic macroinvertebrates to drift into the sample net.

2.2.3 Transfer the sample contents from the net to a plastic jar and cover with 70% isopropyl
alcohol for preservation. Label the jar and store it in a safe location for transfer to the lab.

2.3 Collect and preserve additional benthic macroinvertebrate samples, repeating step 2.2.

NOTE: The number of macroinvertebrate samples that should be collected is variable and
somewhat arbitrary. Ideally, 5—10 replicate samples should be collected and individually
preserved. At a minimum, 3 replicate samples should be collected.

2.4 Return all collected samples to the lab for processing.

NOTE: Isopropyl alcohol is a flammable liquid and if preserved samples will be shipped via ground
or air carrier, it will be necessary to first complete and satisfy all pertinent hazardous
goods/dangerous goods training, packing, and shipping requirements.

2.5 In the lab, sort and identify preserved benthic macroinvertebrate samples.

2.5.1 Separate thespecimens from fine sediment by carefully pouring sample contents into a
fine-mesh sieve (e.g., 125 or 250 um) and rinsing.

2.5.2 Transfer rinsed contents to a white plastic or enamel tray, cover with a small volume of
water, and manually pick macroinvertebrates from the remaining residue with fine point forceps.
Place extracted macroinvertebrates in a small container of 70% isopropyl alcohol.

NOTE: If a large amount of coarse plant or mineral residue is mixed with the sample contents,
making it difficult to see macroinvertebrates in the tray, it may be necessary to process the
remaining sample contents by first subdividing the material and working with several smaller
quantities.

2.5.3 Using a dissecting stereo microscope with an ocular micrometer installed in one of the
eyepieces, identify specimens to the lowest practical taxonomic level. In most instances, this will
be family or genus level.

NOTE: Processing and identifying the complete contents of a single invertebrate sample will often
require 2—5 h or longer. Budget sufficient time and be sure that a suitable library of taxonomic
keys?>28 is available to assist in identification.
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2.5.4 Use the ocular micrometer in the microscope eyepiece to measure the complete body
length of each specimen. If body length measurement is not possible (e.g., damaged or missing
abdomen), measurement of the head capsule width may suffice.

2.5.5 Estimate individual dry mass (M) for each specimen using the body length or head capsule
width measurements and taxon-specific body length vs. M or head width vs. M regression
equations from published sources?3°, For example, the empirical body length (mm) vs. M (mg)
equation reported in Benke et al.?° for the alderfly Sialis sp. (Megaloptera, Sialidae) is M = 0.0031
x total length?®0%1, Therefore, estimated M for a Sialis sp. specimen with a total length of 15 mm
is 6.104 mg.

NOTE: If a published length vs. M equation is not available for a particular taxon, substitute an
appropriate equation at a higher level of taxonomic resolution (e.g., substituting the appropriate
family level equation when the genus level equation is not available) or from a closely related
taxon with a similar body shape.

3. Estimation of fish and benthic macroinvertebrate densities within log: size bins

3.1 Establish a series of log; size bins that will encompass all invertebrate and fish specimens,
ranging from the smallest benthic macroinvertebrate to the largest fish. Ensure that all size
estimates are in units of mg dry mass.

NOTE: For consistency, we recommend the size bins used by McGarvey and Kirk'’. These size bins
range from 0.0001 to 214,748.3648 mg. A spreadsheet with the lower and upper limits for each
of these 31 log; size bins is provided in Supplementary File 2.

3.2 Estimate fish abundance within each of the corresponding size bins.

3.2.1 First convert all individual fish weights from g wet mass (recorded on the field data sheets)
to mg dry mass. The wet-to-dry mass conversion factor of Waters3! (1 g wet mass = 0.2 g dry
mass) can be used after converting from g to mg.

3.2.2 Sum the total number of individual fishes that were captured within each of the
respective size bins (irrespective of species identity) during the first, second, and third depletion
samples. An example is shown in Supplementary File 2.

NOTE: Biased under-sampling of very small fishes is common in steam fish sampling and will be
evident when individuals are summed within log; size bins; summed abundances of the smallest
fishes will be conspicuously lower than in larger bins (e.g., 5 vs. 100 individuals in adjacent size
bins). Remove log; size bins that are clearly biased prior to size spectra analysis (see Step 4).

3.2.3 Use the Zippin maximum likelihood equation®>3? to estimate total fish abundance (n)
within the smallest fish size bin.
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3.2.3.1 Begin by calculating an intermediate X statistic as

X = Z{-‘zl(k —0)C;, (Equation 1)
where j denotes the it sampling pass (i = 1, 2, 3, etc.), k represents the total number of passes (k
= 3, unless additional passes were surveyed), and C; is the total number of fishes captured during

the " pass.

3.2.3.2 Calculate the maximum-likelihood estimate of n by iteratively substituting decreasing n
values in Equation 2 until

n+1 k kn—X-T+1+(k—1i) .
[n—T+1] Hi:l[ kn—X+2+(k—i) ]i = 1.0, (Equation 2)

where T is the total number of individuals captured during k passes and all remaining variables
are as defined above in Equation 1.

3.2.3.3 If zero counts are observed in the first, second, or third depletion sample, estimate n as
the sum of individuals that were capture among the three depletion samples. A worked example
of Equations 1 and 2 is shown in Supplementary File 2.

NOTE: Several software applications can be used to calculate Zippin abundance estimates from
depletion samples, such as the ‘removal’ function in R package ‘FSA’ (Fisheries Stock
Assessment)33. However, it is more instructive to manually solve Equations 1 and 2 in a
spreadsheet. Detailed instructions are provided in Lockwood and Schneider3* and
Supplementary File 2.

3.2.4 Repeat step 3.2.3 for each of the remaining fish size bins.

3.2.5 Convert the n estimate for each size bin containing fish to a per 1 m? D estimate by
dividing n by the total surface area estimate of the surveyed reach from step 1.1.2 above. For
instance, if the Zippin n estimate is 70 fish and the surface area of the surveyed reach is 1,200
m?, then D = 0.058 fish/m?.

33 Estimate benthic macroinvertebrate abundance within log; size bins by pooling results
from each of the field samples (i.e., combine results from the replicate samples into a single list

of individual specimens), then summing the total number of individuals within each size bin.

NOTE: If the length-mass equations used in step 2.5.5 produce individual weight estimates in
units of mg dry mass, no additional unit conversion is necessary for benthic macroinvertebrates.

34 Estimate benthic macroinvertebrate D within each size bin as
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D= summed abundance (Equation 3)

no. samples x surface area of sampling device ’

For example, if 6 benthic macroinvertebrate samples were collected with a standard Hess device
(surface area = 0.086 m?) and a total of 110 individuals were counted within a given size bin, the
D estimate for that size bin is 213 individuals/m?2.

35 Combine D results for fishes and benthic macroinvertebrates into a single table of D
estimates per log; size bin. If fish and macroinvertebrates occur in the same size bin (a rare event
that may occur for the largest invertebrates and smallest fishes), sum their respective D estimates
to obtain a total D estimate for that size bin.

3.6 Delete any ‘empty’ log; size bins (i.e., size bins with D values of zero), as empty bins will
bias the linear regression models that are used to estimate size spectra parameters3>36,

4, Modeling the benthic macroinvertebrate and fish size spectrum

4.1 Estimate the average dry mass for each loga size bin (M) using one of the following values:
(i) the minimum value (lower boundary) for each size bin; (ii) the maximum value (upper
boundary); (iii) the arithmetic mean (of the minimum and maximum); or (iv) the geometric mean
(of the minimum and maximum)3>.

NOTE: In the examples shown below, M was estimated as the arithmetic mean of each log; size
bin (see Supplementary File 2).

4.2 ‘Normalize’ the D estimate for each log: size bin by dividing it by its respective width (i.e.,
difference between the upper and lower boundary)!®3>. This will prevent the non-uniform log;
size intervals from creating bias in the linear regression models that are used to estimate size
spectra parameters3>37:38,

4.3 Logio transform all M and D data to convert the curvilinear D « M relationship to a linear
relationship. Then use ordinary least squares regression with the logio(M) and logio(D) data to
model the size spectrum as

log10(D) = logio(a) + b logio(M), (Equation 4)
where logio(a) is the intercept and b is the slope of the linear size spectrum model.

REPRESENTATIVE RESULTS:

Exemplar results, including original field data, are presented for Slaunch Fork, West Virginia, a
small stream in southern West Virginia. Additional size spectra model results are also presented
for two other streams in the same region: Camp Creek and Cabin Creek, West Virginia. These are
the three study sites included in McGarvey and Kirk'’, but data presented here are from new
samples collected in May 2015. A fully worked, manual example of the size spectra modeling
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process is included for the Slaunch Fork data in Supplementary File 2. Alternatively, all
calculations can be automated with a custom size spectra application (see Figure 3) at
http://bit.ly/SizeSpectra.

In each of the three study streams a clear, negative D < M relationship was detected for combined
benthic macroinvertebrate and fish data (Figure 4). Size spectra slopes were all between -1.7 and
-1.8, with overlapping 95% confidence intervals (i.e., £ 1.96 standard errors). This similarity in the
size spectra slopes indicates that abundance decreases with increasing body size at
approximately equal rates in all three streams. However, the differing size spectra intercepts
show that differences in overall D are variable among streams, with highest densities in Camp
Creek (intercept = 0.71) and much lower densities in Cabin Creek (intercept = 0.07).

FIGURE AND TABLE LEGENDS:

Figure 1. Four-step illustration of the bowline knot. Original illustration was created by Luis
Dantas and is available at https://commons.wikimedia.org/wiki/File:Bowline_in_four_steps.png.
This image is freely distributed under a CC-BY-SA-3.0 Creative Commons license
(http://creativecommons.org/licenses/by-sa/3.0/).

Figure 2. lllustration of block net set-up. Upper panel shows the general appearance and
orientation of a secure block net. Lower panel emphasizes key steps to secure a block net.

Figure 3. Screen capture of the size spectra application. The software is hosted online
(http://bit.ly/SizeSpectra) and all functions are accessed through a simple, graphical user
interface.

Figure 4. Ataxic size spectra plots from three West Virginia streams. Benthic macroinvertebrate
and fish data are distinguished by color. In each plot, average individual dry mass (M) within log
size bins is shown on the x-axis and normalized density (D) is shown on the y-axis. Least-squares
regression lines are superimposed on each plot with linear model slopes (slo.), intercepts (int.),
and coefficients of determination (r?). Standard errors are included in parentheses for slopes and
intercepts. To aid in comparison, all plot axes are shown at identical scales.

Figure 5. Taxic body mass vs. density relationship in Slaunch Fork. Each data point (diamond)
represents the mean body mass (M, dry mass) and estimated density (D) of a single taxon. Linear
regression models are shown separately for invertebrates and for fishes (dashed black lines), as
well as combined taxa (solid gray line).

Supplementary File 1. Example field data sheet used to record fish identities, lengths, and
weights.

Supplementary File 2. A fully worked example of the size spectra modeling process, using
benthic macroinvertebrate and fish data (May 2015) from Slaunch Fork, West Virginia.

DISCUSSION:
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This ataxic size spectra protocol can be used to quantify and model size structure within
communities of stream fishes and invertebrates. Previous size spectra studies in stream
ecosystems have ranged from basic descriptive research3®° to comparisons along a longitudinal
river profile*! and among distinct biogeographic regions*?. Seasonal comparisons have been
performed*** and recently, seasonal changes in size spectra parameters have been linked to
water temperature and hydrology?’. Size spectra slopes have also been used to estimate trophic
transfer efficiency among successive trophic levels*>4®, while size spectra intercepts have been
used as proxies for food web capacity or ecosystem productivity*”*. These diverse examples
demonstrate that size spectra models can be applied in many different contexts. Furthermore,
when the necessary adjustments are made to the sampling methods, size spectra analyses are
applicable to other types of ecosystems, including large rivers*®®=0, lakes®>3, and marine
environments>+>6,

One question that may arise when considering a size spectrum analysis is whether ataxic size
spectra models are fundamentally different than traditional D < M models that use taxic data
(i.e., a single average body mass and density estimate for each taxa)®’. After all, taxic and ataxic
models are both characterized by negative D « M relationships that may appear similar when
plotted on log-log axes. In principle, ataxic methods should be superior to taxic methods when
the research objective is to understand how biomass is distributed or how energy is transferred
in stream ecosystems®. This is because mean body mass estimates (for a given taxon) can obscure
significant variation in individual size. Throughout their life histories, many aquatic organisms
increase their body mass by several orders of magnitude and experience one or more
ontogenetic shifts in feeding behavior'#>®>°, The average body mass estimates used in taxic
analyses may therefore be misleading, while ataxic methods allow the full range of observed
body sizes to be retained in studies of body size scaling?®.

Practical differences between ataxic and taxic methods can also be demonstrated empirically. In
Figure 5, we show the taxic D o< M relationship from Slaunch Fork, West Virginia, using the same
benthic invertebrate and fish data that were used in the ataxic size spectrum plot in Figure 4 (raw
data for Slaunch Fork are included in Supplementary File 2). When M is estimated as the mean
dry mass of all individuals and D is estimated as the sum of individuals (standardized to individuals
per m?) of a given taxon, the slope of the D o M model (solid gray regression line in Figure 5)
increases to -0.59. Furthermore, the negative D « M relationship becomes a function of
differences in M and D among major taxa groups (invertebrates vs. fishes); evidence of a
significant D < M relationship is weaker when invertebrates and fishes are examined separately
(dashed regression lines in Figure 5). This is a stark contrast with the ataxic D o< M model, which
reveals a smooth, nearly constant decrease in density as body mass increases (see Figure 4).

A key point of concern in size spectra analysis is the formatting of the ataxic M and D data. Three
sequential steps — partitioning individuals among log> size bins, normalizing the density estimate
for each size bin, and logio transformation of all M and D data (as detailed above) — should be
completed before standardized size spectra models are compared?®. But in many cases, studies
that report size spectra results have utilized different methods32. For instance, some authors
have used log: size bins and log-transformed data but did not normalize their D estimates3®42,
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Others have partitioned their ataxic data among logs or logip size bins, with or without
normalizing their D estimates3¥4%4!, On the ‘Example Data & Result’ page of the size spectra
program (http://bit.ly/SizeSpectra), we include toggles to illustrate the effects that logio
transformation and normalization of the density estimates have on the observed D < M
relationship (see Figure 3). These visualizations demonstrate why it is important to follow the
complete, sequential method presented in Kerr and Dickie'® and detailed herein, particularly
when comparisons will be made between different size spectra models.

Size spectra results can also be sensitive to the binning process that is used to partition individual
specimens among size bins. For this reason, Edwards et al.° developed a maximum likelihood
method to model the size spectrum that uses cumulative distributions of individual size, rather
than binned size data. This new approach ensures that comparisons of size spectra parameters
will not be biased by variable binning schemes. It is therefore an important advance in size
spectra research. However, cumulative distributions of individual specimens cannot be used
when a secondary method, such as the Zippin depletion estimation method used here or a
comparable mark-recapture tagging method, is needed to estimate D for populations of interest;
cumulative distributions will only work when D estimates can be inferred directly from raw
sample contents. In the present context, cumulative distributions could be built for the benthic
invertebrate data (counts per unit sample area), but not for the fish data (total abundance
inferred from depletion samples). We therefore encourage others to use the specific size bins
listed in Supplementary File 2. These size bins should work well for most stream studies (i.e.,
encompass the size range of most macrofauna that will be encountered in small streams) and if
used consistently, will help to ensure that size spectra models from different systems are directly
comparable.

Finally, we caution that the field sampling methods detailed here for benthic macroinvertebrates
and fishes may underestimate D within some log; size bins if other types of aquatic macrofauna
are locally present. In temperate, wadeable streams and rivers, these other macrofauna will
often consistent of crayfishes®! and salamanders®?. When feasible, additional steps may be taken
to collect representative samples of these organisms. However, accurate estimates of crayfish
and salamander densities can be difficult to obtain. For example, backpack electrofishers, seine
nets, baited traps, and custom-built quadrat samplers have all been used to study crayfish density
and size structure, but no one method is widely recognized as superior®3®, Appropriate steps to
incorporate crayfishes and salamanders will therefore depend upon local environmental
conditions and prior knowledge of the local biota. At a minimum, investigators should recognize
that if crayfishes and/or salamanders are present but not sampled, the D estimates within larger
log; size bins will underestimate the true D values, as individual crayfish and salamander body
masses are generally comparable to stream fish body masses.

Despite these concerns, a growing body of research on the aquatic size spectrum suggests that
aquatic organisms may adhere to relatively simple M scaling laws, as predicted by Peters?,
Sheldon et al.®®, Andersen and Beyer®’, and others. Methods presented here can, if broadly
adopted, help to build a large and geographically extensive database on size spectra in stream
ecosystems. This will in turn facilitate critical understanding of the baseline dynamics that
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underlie the size spectrum and aid in applied efforts to anticipate how perturbations will affect
size-structured stream communities.
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Name of Material / Equipment
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Company

Catalog Number

Chest waders
Rubber lineman's gloves
Dip nets with fiberglass poles

Backpack electrofishing unit

Block nets/seines (x2)

Cam-action utility straps with 1 inch nylon webbing (x4)

Large tent stakes (x4)

5 gallon plastic buckets (x5)

10-20 gallon totes (x3)

Battery powered 'bait bucket' aeration pumps
Fish anesthesia (Tricaine-S)

Folding camp table and chairs

Pop-up canopy

Fish measuring board

Battery powered field scale with weighing dish
Clear plastic wind/rain baffle

White plastic or enamel examination trays
Stainless steel forceps

Hand magnifiers

Fish identification keys

Datasheets printed on waterproof paper
Retractable fiberglass field tapes

Surber sampler or Hess sampler

70% ethanol or isopropyl alcohol

Widemouth invertebrate specimen jars (20-32 o0z.)

Multiple options
Multiple options
Multiple options

Smith-Root; Halltech;
Midwest Lake
Management; Aqua Shock
Solutions

Duluth Nets
Multiple options
Multiple options
Multiple options
Multiple options
Cabelas

Syndel

Cabelas
Multiple options
Wildco

Multiple options
Multiple options
Multiple options
Multiple options
Multiple options
n/a

Rite in the Rain
Lufkin

Wildco

Multiple options
U.S. Plastic Corp.

n/a
n/a
n/a

www.smith-root.com;
www.halltechaquatic.com;
https://midwestlake.com;
https://aquashocksolutions
.com/
https://duluthfishnets.com
/

n/a

n/a

n/a

n/a

IK-019008
www.syndel.com
IK-518976; IK-552777

n/a

3-118-E40

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

3-12-D56; 3-16-C52

n/a
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Comments/Description

Personal protective equipment for use during electrofishing. Do NOT use 'breatheable' waders as electrical current will pass through them.
Personal protective equipment for use during electrofishing.
Used to capture stunned fishes during electrofishing.

Backpack electrofishers are currently manufactured and distributed by four independent companies in North America. Prices and warranty,

Necessary length will depend on stream width. 3/8 inch mesh is recommended.

Used to secure/anchor block nets. Available at auto supply, hardware, and department stores.

Used to secure/anchor block nets. Available at camping and department stores.

Used to hold and transport fish during electrofishing. Available at hardware and paint supply stores.

Used as livewells, sedation tanks, and recovery bins for captured fishes. Available at hardware and department stores.
Used to aerate fish holding bins during field processing.

Used to sedate fishes for field processing. Tricaine-S is regulated by the U.S. Food and Drug Administration.
Used to process fish samples.

Used as necessary for sun and rain protection.

Used to measure fish lengths.

Used to weigh fishes. Must weigh be accurate to 0.1 or 0.01 grams.

Used to shield scale in rainy or windy conditions. Must be large enough to cover the scale and a weighing dish.
Trays are essential for examining fishes in the field.

Forceps are helpful when examining small fishes and in transfering invertebrates to specimen jars.
Magnification is often helpful when identifying fish specimens in the field.

Laminated keys that are custom prepared for specific locations are most effective.

Waterproof paper is essential when working with aquatic specimens.

Used to measure stream channel dimensions.

Either of these fixed-area benthic samplers will work well in shallow streams with gravel or pebble substrate.
Used as invertebrate preservative.

Any widemouth plastic jars will work but these particular jars are durable and inexpensive.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Modeling the Size Spectrum for Macroinvertebrates and Fishes in Stream Ecosystems
Daniel J. McGarvey; Taylor E. Woods; Andrew J. Kirk

Author(s):

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein.. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

i o ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoOVE, its
employees, agents or independent contractors.

13: Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: ]
Daniel J. McGarvey
Department: . ]
Center for Environmental Studies
Institution: L. . .
Virginia Commonwealth University
Title: .
Associate Professor
Signature: ’Q/féV/Z://Z%”’” Date: 4 £5 /19

/

Please submit a signedénd dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Author Replies to Editor Comments

Editor:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues.

A final proofread has been completed and the authors do not believe that any spelling or grammar errors are
present in the revised manuscript.

2. Please avoid long steps/notes (more than 4 lines).

All Methods steps and notes are now 4 lines or less in length. In several places, a new sub-step was added to
create space for essential details.

3. The protocol should only contain numbered steps with few notes. Please remove other text (lines 95-101,
343-350, 443-447) to Introduction/Discussion.

The longer blocks of introductory/context text at the beginning of each main Methods sections have been
moved to the Introduction, Discussion, or broken up and integrated with the Methods.

4. The highlighted protocol steps are over the 2.75 page limit (including headings and spacing). Please
highlight fewer steps for filming.

The highlighted protocol is now at exactly 2 pages of single-spaced text, when blank spaces are not counted.
To verify this, | created a “clean” copy of the revised manuscript and deleted all non-highlighted text. This copy
has been uploaded to the submission system as “59945 R1_YellowHighlightOnly”.

5. JOVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™),
registered symbols (®), and company names of an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents. Examples of commercial language in your manuscript
include AQUI-S®, etc.

To comply with this standard and to improve clarity and simplicity, the reference to AQUI-S® was removed. In
reality, AQUI-S® is not readily available, as it is an experiment product undergoing strictly controlled field trials;
acquiring and using AQUI-S® requires a substantial amount of paperwork, and so it is probably not likely to be
used by readers who are applying the methodology in this manuscript.

6. Please use h, min, s for time units.

All time units were converted as specified.

L]
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7. Step 3.2.3.3: Please write this step in the imperative tense.

Change was made to imperative tense.
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Creative Commons Legal Code

Attribution-ShareAlike 3.0 Unported

CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE LEGAL
SERVICES. DISTRIBUTION OF THIS LICENSE DOES NOT CREATE AN ATTORNEY-CLIENT
RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS INFORMATION ON AN "AS-IS" BASIS.
CREATIVE COMMONS MAKES NO WARRANTIES REGARDING THE INFORMATION PROVIDED,
AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM ITS USE.

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE
COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT
AND/OR OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN AS AUTHORIZED
UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE
BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS LICENSE MAY BE CONSIDERED
TO BE A CONTRACT, THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Adaptation" means a work based upon the Work, or upon the Work and other pre-existing works,
such as a translation, adaptation, derivative work, arrangement of music or other alterations of a
literary or artistic work, or phonogram or performance and includes cinematographic adaptations or
any other form in which the Work may be recast, transformed, or adapted including in any form
recognizably derived from the original, except that a work that constitutes a Collection will not be
considered an Adaptation for the purpose of this License. For the avoidance of doubt, where the
Work is a musical work, performance or phonogram, the synchronization of the Work in timed-
relation with a moving image ("synching") will be considered an Adaptation for the purpose of this
License.

. "Collection" means a collection of literary or artistic works, such as encyclopedias and
anthologies, or performances, phonograms or broadcasts, or other works or subject matter other
than works listed in Section 1(f) below, which, by reason of the selection and arrangement of their
contents, constitute intellectual creations, in which the Work is included in its entirety in unmodified
form along with one or more other contributions, each constituting separate and independent works
in themselves, which together are assembled into a collective whole. A work that constitutes a
Collection will not be considered an Adaptation (as defined below) for the purposes of this License.

. "Creative Commons Compatible License" means a license that is listed at

https://creativecommons.org/compatiblelicenses that has been approved by Creative Commons as

being essentially equivalent to this License, including, at a minimum, because that license: (i)

contains terms that have the same purpose, meaning and effect as the License Elements of this

License; and, (ii) explicitly permits the relicensing of adaptations of works made available under

that license under this License or a Creative Commons jurisdiction license with the same License

Elements as this License.

"Distribute” means to make available to the public the original and copies of the Work or

Adaptation, as appropriate, through sale or other transfer of ownership.

. "License Elements" means the following high-level license attributes as selected by Licensor and

indicated in the title of this License: Attribution, ShareAlike.

"Licensor" means the individual, individuals, entity or entities that offer(s) the Work under the

terms of this License.

. "Original Author" means, in the case of a literary or artistic work, the individual, individuals, entity
or entities who created the Work or if no individual or entity can be identified, the publisher; and in
addition (i) in the case of a performance the actors, singers, musicians, dancers, and other persons
who act, sing, deliver, declaim, play in, interpret or otherwise perform literary or artistic works or
expressions of folklore; (i) in the case of a phonogram the producer being the person or legal
entity who first fixes the sounds of a performance or other sounds; and, (iii) in the case of
broadcasts, the organization that transmits the broadcast.

. "Work" means the literary and/or artistic work offered under the terms of this License including
without limitation any production in the literary, scientific and artistic domain, whatever may be the
mode or form of its expression including digital form, such as a book, pamphlet and other writing; a
lecture, address, sermon or other work of the same nature; a dramatic or dramatico-musical work;
a choreographic work or entertainment in dumb show; a musical composition with or without
words; a cinematographic work to which are assimilated works expressed by a process analogous
to cinematography; a work of drawing, painting, architecture, sculpture, engraving or lithography; a
photographic work to which are assimilated works expressed by a process analogous to
photography; a work of applied art; an illustration, map, plan, sketch or three-dimensional work
relative to geography, topography, architecture or science; a performance; a broadcast; a
phonogram; a compilation of data to the extent it is protected as a copyrightable work; or a work
performed by a variety or circus performer to the extent it is not otherwise considered a literary or
artistic work.

. "You" means an individual or entity exercising rights under this License who has not previously
violated the terms of this License with respect to the Work, or who has received express
permission from the Licensor to exercise rights under this License despite a previous violation.

. "Publicly Perform" means to perform public recitations of the Work and to communicate to the
public those public recitations, by any means or process, including by wire or wireless means or
public digital performances; to make available to the public Works in such a way that members of
the public may access these Works from a place and at a place individually chosen by them; to
perform the Work to the public by any means or process and the communication to the public of
the performances of the Work, including by public digital performance; to broadcast and
rebroadcast the Work by any means including signs, sounds or images.

. "Reproduce" means to make copies of the Work by any means including without limitation by
sound or visual recordings and the right of fixation and reproducing fixations of the Work, including
storage of a protected performance or phonogram in digital form or other electronic medium.

o

o
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2. Fair Dealing Rights. Nothing in this License is intended to reduce, limit, or restrict any uses free from
copyright or rights arising from limitations or exceptions that are provided for in connection with the
copyright protection under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a

4/9/2019, 9:47 PM
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worldwide, royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to
exercise the rights in the Work as stated below:

o

. to Reproduce the Work, to incorporate the Work into one or more Collections, and to Reproduce
the Work as incorporated in the Collections;

. to create and Reproduce Adaptations provided that any such Adaptation, including any translation
in any medium, takes reasonable steps to clearly label, demarcate or otherwise identify that
changes were made to the original Work. For example, a translation could be marked "The original
work was translated from English to Spanish," or a modification could indicate "The original work
has been modified.";

. to Distribute and Publicly Perform the Work including as incorporated in Collections; and,

. to Distribute and Publicly Perform Adaptations.

o

Qo

(]

. For the avoidance of doubt:

i. Non-waivable Compulsory License Schemes. In those jurisdictions in which the right to
collect royalties through any statutory or compulsory licensing scheme cannot be waived,
the Licensor reserves the exclusive right to collect such royalties for any exercise by You of
the rights granted under this License;

. Waivable Compulsory License Schemes. In those jurisdictions in which the right to collect
royalties through any statutory or compulsory licensing scheme can be waived, the Licensor
waives the exclusive right to collect such royalties for any exercise by You of the rights
granted under this License; and,

iii. Voluntary License Schemes. The Licensor waives the right to collect royalties, whether
individually or, in the event that the Licensor is a member of a collecting society that
administers voluntary licensing schemes, via that society, from any exercise by You of the
rights granted under this License.

The above rights may be exercised in all media and formats whether now known or hereafter devised.
The above rights include the right to make such modifications as are technically necessary to exercise the
rights in other media and formats. Subject to Section 8(f), all rights not expressly granted by Licensor are
hereby reserved.

4. Restrictions. The license granted in Section 3 above is expressly made subject to and limited by the
following restrictions:

a. You may Distribute or Publicly Perform the Work only under the terms of this License. You must
include a copy of, or the Uniform Resource Identifier (URI) for, this License with every copy of the
Work You Distribute or Publicly Perform. You may not offer or impose any terms on the Work that
restrict the terms of this License or the ability of the recipient of the Work to exercise the rights
granted to that recipient under the terms of the License. You may not sublicense the Work. You
must keep intact all notices that refer to this License and to the disclaimer of warranties with every
copy of the Work You Distribute or Publicly Perform. When You Distribute or Publicly Perform the
Work, You may not impose any effective technological measures on the Work that restrict the
ability of a recipient of the Work from You to exercise the rights granted to that recipient under the
terms of the License. This Section 4(a) applies to the Work as incorporated in a Collection, but this
does not require the Collection apart from the Work itself to be made subject to the terms of this
License. If You create a Collection, upon notice from any Licensor You must, to the extent
practicable, remove from the Collection any credit as required by Section 4(c), as requested. If You
create an Adaptation, upon notice from any Licensor You must, to the extent practicable, remove
from the Adaptation any credit as required by Section 4(c), as requested.

You may Distribute or Publicly Perform an Adaptation only under the terms of: (i) this License; (i) a

later version of this License with the same License Elements as this License; (iii) a Creative

Commons jurisdiction license (either this or a later license version) that contains the same License

Elements as this License (e.g., Attribution-ShareAlike 3.0 US)); (iv) a Creative Commons

Compatible License. If you license the Adaptation under one of the licenses mentioned in (iv), you

must comply with the terms of that license. If you license the Adaptation under the terms of any of

the licenses mentioned in (i), (ii) or (iii) (the "Applicable License"), you must comply with the terms
of the Applicable License generally and the following provisions: (I) You must include a copy of, or
the URI for, the Applicable License with every copy of each Adaptation You Distribute or Publicly

Perform; (II) You may not offer or impose any terms on the Adaptation that restrict the terms of the

Applicable License or the ability of the recipient of the Adaptation to exercise the rights granted to

that recipient under the terms of the Applicable License; (lIl) You must keep intact all notices that

refer to the Applicable License and to the disclaimer of warranties with every copy of the Work as
included in the Adaptation You Distribute or Publicly Perform; (IV) when You Distribute or Publicly

Perform the Adaptation, You may not impose any effective technological measures on the

Adaptation that restrict the ability of a recipient of the Adaptation from You to exercise the rights

granted to that recipient under the terms of the Applicable License. This Section 4(b) applies to the

Adaptation as incorporated in a Collection, but this does not require the Collection apart from the

Adaptation itself to be made subject to the terms of the Applicable License.

. If You Distribute, or Publicly Perform the Work or any Adaptations or Collections, You must, unless
a request has been made pursuant to Section 4(a), keep intact all copyright notices for the Work
and provide, reasonable to the medium or means You are utilizing: (i) the name of the Original
Author (or pseudonym, if applicable) if supplied, and/or if the Original Author and/or Licensor
designate another party or parties (e.g., a sponsor institute, publishing entity, journal) for attribution
("Attribution Parties") in Licensor's copyright notice, terms of service or by other reasonable
means, the name of such party or parties; (ii) the title of the Work if supplied; (iii) to the extent
reasonably practicable, the URI, if any, that Licensor specifies to be associated with the Work,
unless such URI does not refer to the copyright notice or licensing information for the Work; and
(iv) , consistent with Ssection 3(b), in the case of an Adaptation, a credit identifying the use of the
Work in the Adaptation (e.g., "French translation of the Work by Original Author," or "Screenplay
based on original Work by Original Author"). The credit required by this Section 4(c) may be
implemented in any reasonable manner; provided, however, that in the case of a Adaptation or
Collection, at a minimum such credit will appear, if a credit for all contributing authors of the
Adaptation or Collection appears, then as part of these credits and in a manner at least as
prominent as the credits for the other contributing authors. For the avoidance of doubt, You may
only use the credit required by this Section for the purpose of attribution in the manner set out
above and, by exercising Your rights under this License, You may not implicitly or explicitly assert
or imply any connection with, sponsorship or endorsement by the Original Author, Licensor and/or
Attribution Parties, as appropriate, of You or Your use of the Work, without the separate, express
prior written permission of the Original Author, Licensor and/or Attribution Parties.

. Except as otherwise agreed in writing by the Licensor or as may be otherwise permitted by
applicable law, if You Reproduce, Distribute or Publicly Perform the Work either by itself or as part
of any Adaptations or Collections, You must not distort, mutilate, modify or take other derogatory
action in relation to the Work which would be prejudicial to the Original Author's honor or
reputation. Licensor agrees that in those jurisdictions (e.g. Japan), in which any exercise of the
right granted in Section 3(b) of this License (the right to make Adaptations) would be deemed to be
a distortion, mutilation, modification or other derogatory action prejudicial to the Original Author's
honor and reputation, the Licensor will waive or not assert, as appropriate, this Section, to the
fullest extent permitted by the applicable national law, to enable You to reasonably exercise Your
right under Section 3(b) of this License (right to make Adaptations) but not otherwise.
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5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR OFFERS
THE WORK AS-IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING,
WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE.
SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH
EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO
EVENT WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THIS
LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

7. Termination

a. This License and the rights granted hereunder will terminate automatically upon any breach by You
of the terms of this License. Individuals or entities who have received Adaptations or Collections
from You under this License, however, will not have their licenses terminated provided such
individuals or entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 will
survive any termination of this License.

. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of
the applicable copyright in the Work). Notwithstanding the above, Licensor reserves the right to
release the Work under different license terms or to stop distributing the Work at any time;
provided, however that any such election will not serve to withdraw this License (or any other
license that has been, or is required to be, granted under the terms of this License), and this
License will continue in full force and effect unless terminated as stated above.

o

8. Miscellaneous

o

. Each time You Distribute or Publicly Perform the Work or a Collection, the Licensor offers to the
recipient a license to the Work on the same terms and conditions as the license granted to You
under this License.

. Each time You Distribute or Publicly Perform an Adaptation, Licensor offers to the recipient a
license to the original Work on the same terms and conditions as the license granted to You under
this License.

. If any provision of this License is invalid or unenforceable under applicable law, it shall not affect
the validity or enforceability of the remainder of the terms of this License, and without further action
by the parties to this agreement, such provision shall be reformed to the minimum extent
necessary to make such provision valid and enforceable.

. No term or provision of this License shall be deemed waived and no breach consented to unless
such waiver or consent shall be in writing and signed by the party to be charged with such waiver
or consent.

. This License constitutes the entire agreement between the parties with respect to the Work

licensed here. There are no understandings, agreements or representations with respect to the

Work not specified here. Licensor shall not be bound by any additional provisions that may appear

in any communication from You. This License may not be modified without the mutual written

agreement of the Licensor and You.

The rights granted under, and the subject matter referenced, in this License were drafted utilizing

the terminology of the Berne Convention for the Protection of Literary and Artistic Works (as

amended on September 28, 1979), the Rome Convention of 1961, the WIPO Copyright Treaty of

1996, the WIPO Performances and Phonograms Treaty of 1996 and the Universal Copyright

Convention (as revised on July 24, 1971). These rights and subject matter take effect in the

relevant jurisdiction in which the License terms are sought to be enforced according to the

corresponding provisions of the implementation of those treaty provisions in the applicable national
law. If the standard suite of rights granted under applicable copyright law includes additional rights
not granted under this License, such additional rights are deemed to be included in the License;
this License is not intended to restrict the license of any rights under applicable law.

o

o

a

o

—

Creative Commons Notice

Creative Commons is not a party to this License, and makes no warranty whatsoever in connection
with the Work. Creative Commons will not be liable to You or any party on any legal theory for any
damages whatsoever, including without limitation any general, special, incidental or consequential
damages arising in connection to this license. Notwithstanding the foregoing two (2) sentences, if
Creative Commons has expressly identified itself as the Licensor hereunder, it shall have all rights and
obligations of Licensor.

Except for the limited purpose of indicating to the public that the Work is licensed under the CCPL,
Creative Commons does not authorize the use by either party of the trademark "Creative Commons"
or any related trademark or logo of Creative Commons without the prior written consent of Creative
Commons. Any permitted use will be in compliance with Creative Commons' then-current trademark
usage guidelines, as may be published on its website or otherwise made available upon request from
time to time. For the avoidance of doubt, this trademark restriction does not form part of the License.

Creative Commons may be contacted at https://creativecommons.org/.
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Permissions, etc.);Appendix1_FishDataSheet.pdf

Stream Survey - Electrofishing Runs

Site: Date:
Electrofishing run# (1,2,3, etc.): Start time: End time:
Datasheet page: of Shock time (seconds):

Species Total length (mm) Wt (g) Species Total length (mm) Wt (g)
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Supplemental File 2

Permissions,

Appendix 2. A fully worked example of the size spectra modeling process, using bent|
The example is distributed across the seven additional worksheets (tabs) included in this Excel file, an

Sheet 1. Log2_SizeBins

These are the 31 log, size bins used in the stream size spectra analyses.

Benthic invertebrates and fishes are partitioned among these size bins, based upon their individual si
All units are milligrams (mg) dry mass.

Sheet 2. InvertebrateData_Raw

This is a list of combined benthic invertebrates, pooled across six Hess samples.

The dry mass of each individual was estimated using body length or head width measurements and p
Note: The invertebrate data on this sheet can be saved as a separate .csv file and uploaded to the onli

Sheet 3. InvertebrateData_Binned
These are tallied counts of benthic invertebrates (from Sheet 2) that fall within each of the correspon

The summed counts are then converted to per-square-meter densities using the surface area of the t

Sheet 4. FishData_Raw

These are results from each of the three consecutive fish depletion samples.

Individual specimens are identified by the run (Run 1, 2, or 3) that each was captured during, species'
Note: The fish data on this sheet can be saved as a separate .csv file and uploaded to the online Size St

Sheet 5. FishData_ZippinExample

This worksheet shows how population size can be estimated using the Zippin depletion method.

In this particular example, the numbers of fishes weighing between 838.86 - 1677.72 mg dry mass are
Note: Because the size spectra method is ATAXIC (i.e., only the size of each individual, rather than it's t

Sheet 6. FishData_Binned
These are estimated abundances of fishes (from Sheet 4) that fall within each of the corresponding lc
The abundance estimates are converted to per-square-meter densities using the known surface area

Sheet 7. CombinedData
These are the combined and fully formatted benthic invertebrate and fish data for size spectra analys
Separate columns are shown for normalized density and for log,, transformed dry mass and normaliz

Click here to access/download;Supplemental File (Figures,
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hic macroinvertebrate and fish data (May 2015) from Slaunch Fork, West Virginia.
id is explained in sequence below.

ze.

ublished length-dry mass regression models.
ne Size Spectra Analysis program (http://bit.ly/SizeSpectra), after deleting the first four rows (i.e., leavi

ding log, size bins.
1ess sampler and the total number of Hess samples.

identity, and individual dry mass.
sectra Analysis program (http://bit.ly/SizeSpectra), after deleting the first four rows (i.e., leaving just t}

2 tallied for depetion Runs 1, 2, and 3.
:axonomic identity, is considered), fishes are partitioned among size bins IRRESPECTIVE of taxonomic ia

g, Size bins.
1 of the enclosed (with block nets) sampling reach.

sis.
‘ed density data.



ng just the column headers above the data).

1e column headers above the data).

lentity.



These are the log, size bins used in stream community size spectra analysis.
Potential estimates of average size bin dry mass include the lower and upper boundaries ¢
All units are milligrams (mg) dry mass.

Log, Size Bin Lower Boundary (mg dry mass)  Log2 Size Bin Upper Boundary (mg dry mass)

0.0001 0.0002
0.0002 0.0004
0.0004 0.0008
0.0008 0.0016
0.0016 0.0032
0.0032 0.0064
0.0064 0.0128
0.0128 0.0256
0.0256 0.0512
0.0512 0.1024
0.1024 0.2048
0.2048 0.4096
0.4096 0.8192
0.8192 1.6384
1.6384 3.2768
3.2768 6.5536
6.5536 13.1072
13.1072 26.2144
26.2144 52.4288
52.4288 104.8576
104.8576 209.7152
209.7152 419.4304
419.4304 838.8608
838.8608 1677.7216
1677.7216 3355.4432
3355.4432 6710.8864
6710.8864 13421.7728
13421.7728 26843.5456
26843.5456 53687.0912
53687.0912 107374.1824

107374.1824 214748.3648



)f each log , size bin, as well as the arithmetic mean and ge

Log2 Size Bin Center as Arithmetic Mean (mg dry mass)
0.0002
0.0003
0.0006
0.0012
0.0024
0.0048
0.0096
0.0192
0.0384
0.0768
0.1536
0.3072
0.6144
1.2288
2.4576
49152
9.8304

19.6608
39.3216
78.6432
157.2864
314.5728
629.1456
1258.2912
2516.5824
5033.1648
10066.3296
20132.6592
40265.3184
80530.6368
161061.2736




ometric mean of each size bin.

Log2 Size Bin Center as Geometric Mean (mg dry mass) Log2 Size Bin Bin Width (mg dry mass)

0.0001 0.0001
0.0003 0.0002
0.0006 0.0004
0.0011 0.0008
0.0023 0.0016
0.0045 0.0032
0.009 0.0064
0.0181 0.0128
0.0362 0.0256
0.0724 0.0512
0.1448 0.1024
0.2896 0.2048
0.5793 0.4096
1.1585 0.8192
2.317 1.6384
4.6341 3.2768
9.2682 6.5536
18.5364 13.1072
37.0728 52.4288
74.1455 104.8576
148.291 209.7152
296.5821 419.4304
593.1642 838.8608
1186.3283 1677.7216
2372.6566 3355.4432
4745.3133 6710.8864
9490.6266 13421.7728
18981.2531 26843.5456
37962.5062 53687.0912
75925.0125 107374.1824

151850.025 214748.3648



These are the raw benthic invertebrate data from Slaunch Fork, West Virginia (May 2015 samples).
Individuals in the table below have been pooled from six Hess samples and are shown with their respt

ORDER FAMILY GENUS DRY_MASS_MG

Diptera Chironomidae na 0.0041
Diptera Chironomidae na 0.0041
Diptera Chironomidae na 0.0041
Diptera Ceratopogonidae Mallochohelea 0.0057
Diptera Ceratopogonidae Mallochohelea 0.0057
Coleoptera Elmidae Optioservus 0.0057
Coleoptera Elmidae Optioservus 0.0057
Ephemeroptera Isonychiidae Isonychia 0.0064
Diptera Chironomidae na 0.0068
Diptera Chironomidae na 0.0068
Diptera Chironomidae na 0.0068
Diptera Chironomidae na 0.0068
Coleoptera Elmidae Optioservus 0.0080
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Diptera Chironomidae na 0.0106
Coleoptera Elmidae Optioservus 0.0109
Coleoptera Elmidae Dubiraphia 0.0144
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154
Diptera Chironomidae na 0.0154

Diptera Chironomidae na 0.0154



Coleoptera
Diptera
Diptera
Diptera
Megaloptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Diptera
Diptera
Diptera
Megaloptera
Trichoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Plecoptera
Diptera
Diptera
Diptera
Ephemeroptera
Megaloptera
Ephemeroptera
Diptera
Coleoptera
Diptera
Megaloptera
Odonata
Ephemeroptera
Plecoptera
Diptera

Elmidae
Chironomidae
Chironomidae
Chironomidae
Sialidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Ephemerellidae
Chironomidae
Chironomidae
Chironomidae
Sialidae
Hydropsychidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Perlodidae
Chironomidae
Chironomidae
Chironomidae
Caenidae
Sialidae
Heptageniidae
Chironomidae
Psephenidae
Chironomidae
Sialidae
Gomphidae
Baetidae
Leuctridae
Chironomidae

Optioservus
na

na

na

Sialis

na

na

na

na

na

na

na

na

na

na
Attenella
na

na

na

Sialis
Hydropsyche
na

na

na

na

na
Isoperla
na

na

na

Caenis
Sialis
Maccaffertium
na
Psephenus
na

Sialis
Gomphus
Procloeon
Leuctra

na

0.0187
0.0215
0.0215
0.0215
0.0229
0.0290
0.0290
0.0290
0.0290
0.0290
0.0290
0.0290
0.0290
0.0290
0.0290
0.0345
0.0381
0.0381
0.0381
0.0425
0.0463
0.0487
0.0487
0.0487
0.0487
0.0487
0.0609
0.0611
0.0611
0.0611
0.0634
0.0709
0.0737
0.0754
0.1134
0.1308
0.1464
0.1492
0.1625
0.1656
0.1792



Trichoptera
Megaloptera
Megaloptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Ephemeroptera
Ephemeroptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Plecoptera
Plecoptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera
Diptera

Hydropsychidae
Sialidae
Sialidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Baetidae
Baetidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Leuctridae
Leuctridae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae
Chironomidae

Hydropsyche
Sialis
Sialis
na

na

na

na

na

na

na

na

na

na

na

na

na

na
Procloeon
Procloeon
na

na

na

na

na

na

na

na

na

na
Leuctra
Leuctra
na

na

na

na

na

na

na

na

na

na

0.1884
0.1905
0.1905
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2073
0.2257
0.2257
0.2380
0.2380
0.2380
0.2380
0.2380
0.2380
0.2380
0.2380
0.2380
0.2380
0.2472
0.2713
0.2716
0.2716
0.2716
0.2716
0.2716
0.2716
0.2716
0.2716
0.2716
0.2716



Diptera Chironomidae na 0.3080

Diptera Chironomidae na 0.3080
Diptera Chironomidae na 0.3080
Diptera Chironomidae na 0.3080
Diptera Chironomidae na 0.3080
Diptera Chironomidae na 0.3476
Odonata Coenagrionidae Argia 0.4276
Diptera Chironomidae na 0.5380
Ephemeroptera Ephemerellidae Attenella 1.4053
Ephemeroptera Heptageniidae Maccaffertium 2.1527
Ephemeroptera Heptageniidae Maccaffertium 4.4113

Trichoptera Pteronarcyidae Pteronarcys 78.7555



active dry mass (mg) estimates.



Benthic invertebrate abundance within each log, size bin (Slaunch Fork, WV; May 2015 samples).

Counts within each size bin were converted to density estimates by accounting for the total sampling «

Log, Size Bin - Lower Bound (mg) Log, Size Bin - Upper Bound (mg) Count per Size Bin
0.0032 0.0064 8
0.0064 0.0128 17
0.0128 0.0256 16
0.0256 0.0512 21
0.0512 0.1024 8
0.1024 0.2048 10
0.2048 0.4096 44
0.4096 0.8192 2
0.8192 1.6384 1
1.6384 3.2768 1
3.2768 6.5536 1
6.5536 13.1072 0

13.1072 26.2144 0
26.2144 52.4288 0
52.4288 104.8576 1



Jrea (0.088 m? /Hess sample x 6 Hess samples).

Density (per mz)

15.15
32.20
30.30
39.77
15.15
18.94
83.33
3.79
1.89
1.89
1.89
0.00
0.00
0.00
1.89



These are the raw fish data from Slaunch Fork, West Virginia (May 2015 samples).
Individuals captured in each of three depletion runs are shown in the table below, with individual dry mass (mg)

RUN SPECIES DRY_MASS_MG
Run 1 White sucker 23933
Run 1 Blacknose dace 767
Run 1 Blacknose dace 430
Run 1 Blacknose dace 502
Run 1 Blacknose dace 801
Run1 Blacknose dace 555
Run 1 Blacknose dace 307
Run 1 Blacknose dace 184
Run 1 Blacknose dace 345
Run 1 Blacknose dace 211
Run 1 Blacknose dace 528
Run 1 Blacknose dace 211
Run 1 Blacknose dace 148
Run 1 Blacknose dace 528
Run1 Blacknose dace 69
Run 1 Rosyside dace 949
Run1 Rosyside dace 1029
Run 1 Rosyside dace 949
Run 1 Creek chub 2300
Run 1 Creek chub 4032
Run 1 Creek chub 3730
Run 1 Creek chub 2230
Run 1 Creek chub 2999
Run 1 Creek chub 1113
Run 1 Creek chub 702
Run 1 Creek chub 988
Run1 Creek chub 148
Run1 Banded darter 365
Run 1 Creek chub 9223
Run 1 Creek chub 1779
Run 1 Creek chub 4460
Run1 Creek chub 2300
Run 1 Creek chub 1663
Run1 Creek chub 3084
Run 1 Stoneroller 1663
Run1 Mottled sculpin 873
Run 1 Blacknose dace 159

Run 1 Blacknose dace 407



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Rosyside dace
Creek chub
Creek chub
Creek chub
Creek chub
River chub
White sucker
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Creek chub
Creek chub
Creek chub
Creek chub
Stoneroller
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Banded darter
Creek chub
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace

611
801
159
256
386
767
528
453
453
1157
988
767
910
555
611
83
2094
4032
6339
6063
1113
1345
1720
988
702
2833
910
1720
240
2028
528
1446
555
256
528
407
211
184
670
197
640
582
502



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Fantail darter
Banded darter
White sucker

Northern hog sucker

Mottled sculpin
Mottled sculpin

767
949
767
582
611
453
670
197
801
272
611
453
611
148
108
837
582
555
837
949
1498
1663
1296
910
949
767
640
988
2161
2094
1607
1720
949
1901
430
767
171
555
184
5159
7531
611
837



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Banded darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin

801
289
801
108
528
767
988
949
345
148
611
197
225
211
184
767
272
611
988
171
6481
4032
3929
407
1498
8691
127
734
528
582
1446
453
477
502
582
1157
197
670
801
837
640
1157
272



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Rosyside dace
Rosyside dace
Creek chub
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Rosyside dace
Rosyside dace
Rosyside dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Johnny darter
Banded darter
Creek chub
Creek chub
Creek chub
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin

555
1394
1345

477

307
1157

640
1202

670

407

582

272
6770
7374
1157
2094

171
1248

949

767

873

640

734

326
1113

528

171

767

430

528

211

197

211
7851
6770

949

801

407

555

801

555

197

430



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Mottled sculpin
Mottled sculpin
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Johnny darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Johnny darter
Greenside darter
Johnny darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin

407
582
1248
3084
767
197
734
949
528
289
159
272
670
502
873
148
670
837
873
988
988
1202
670
502
272
256
184
386
225
256
1113
386
1779
477
477
477
2028
1552
767
256
240
528
611



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Creek chub
Rosyside dace
Rosyside dace
Rosyside dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Creek chub
Creek chub
Stoneroller
Fantail darter
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Johnny darter
Rosyside dace
Rosyside dace
Rosyside dace
Mottled sculpin

555
670
949
1394
670
837
910
873
477
949
430
767
555
326
386
528
453
2230
910
1498
767
1070
640
555
611
171
477
767
670
148
5407
1345
2300
640
386
477
127
148
148
837
910
1394
670



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Blacknose dace
Johnny darter
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Mottled sculpin
Mottled sculpin
Mottled sculpin

640
1029
345
988
873
528
502
528
910
453
528
502
582
184
1248
1248
1157
1029
988
477
345
734
1498
1113
1157
837
430
137
184
555
453
345
386
555
477
225
386
502
582
211
910
1498
1607



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace

Northern hog sucker
Greenside darter

Blacknose dace
Blacknose dace
Fantail darter

Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace

767
988
430
949
453
528
734
767
582

17138

767
734
148

1345

345
184
611
184
307
272
528
256
211
272
159
159
670
211
225
256
184
184
171
837
555
197
611
837
211
148
211
171
502



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1l
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1
Run1
Run 1

Fantail darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Creek chub
Creek chub
Creek chub
Creek chub
Creek chub
Rosyside dace
Creek chub
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin

345
225
345
184
307
345
582
240
837
137
1070
767
949
91
272
159
767
197
184
211
240
159
611
148
184
171
171
345
256
2752
1446
670
801
670
670
502
502
407
801
801
345
734
988



Run1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 1
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2

Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Creek chub

Creek chub

Blacknose dace

Northern hog sucker

Rosyside dace
Blacknose dace
Blacknose dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Creek chub
Creek chub
Creek chub
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Stoneroller
Rosyside dace
Johnny darter
Blacknose dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
White sucker

Northern hog sucker

Creek chub

528
211
1157
988
211
1113
453
873
837
1029
528
3171
1345
837

10157

837
345
148
910
365
734
801
988
949
197
734
159
225
184
767
1113
240
184
1113
184
289
670
670
949
289

12214

7851
2519



Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2

Creek chub
Creek chub
Creek chub
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace

1202
289
407
477
407
159
184
171
171

1446
801
949
988
148
386
988
640
910
801
611
640
611
528
555
184
211
171
184
801
582
197
197

99
767

1394

1394

1070
555
988

1248
555

1157
734



Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2

Blacknose dace
Blacknose dace
Creek chub
Creek chub
Johnny darter
Stoneroller
Rosyside dace
Rosyside dace
Rosyside dace
Blacknose dace
Blacknose dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Fantail darter
Creek chub
Creek chub
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Stoneroller
Rosyside dace
Creek chub

184
184
949
1070
326
3537
767
910
910
949
272
1446
1663
477
949
582
611
988
1552
365
1070
873
453
1070
1029
670
477
430
702
801
670
1157
611
1446
582
767
949
1029
117
171
582
1248
5282



Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2

Rosyside dace
Banded darter
Blacknose dace
Banded darter
Creek chub
Creek chub
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Creek chub
Banded darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Banded darter
Creek chub
Creek chub
Creek chub
Creek chub
Mottled sculpin
Blacknose dace
Blacknose dace
Mottled sculpin

Northern hog sucker

Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Banded darter

Banded darter

Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace

1394
197
407
453
611
502
640
611
734
477
453

12657
197
386
289
801
407
528
159
225
171
326

1498

1498
386
453
611
949
611

9223
767
837
240
211
225
159
240
582
555

1029

1345

1157

1157



Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 2
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3

Blacknose dace
Banded darter
Banded darter
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Mottled sculpin
Creek chub
White sucker
Blacknose dace
Blacknose dace
Creek chub
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Fantail darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Johnny darter
Johnny darter
Johnny darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace

611
159
225
256
117
184
611
1394
184
159
611
582
20654
5282
611
582
1779
345
1202
1113
611
734
910
528
801
767
801
307
225
225
502
1070
837
289
326
197
225
148
289
225
99
184
108



Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3

Blacknose dace
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
White sucker
Blacknose dace
Blacknose dace
Creek chub
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Fantail darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Johnny darter
Johnny darter
Johnny darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin

159
734
386
949
528
910
949
326
5282
611
582
1779
345
1202
1113
611
734
910
528
801
767
801
307
225
225
502
1070
837
289
326
197
225
148
289
225
99
184
108
159
734
386
949
528



Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3

Mottled sculpin
Mottled sculpin
Mottled sculpin
White sucker
Blacknose dace
Blacknose dace
Creek chub
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Fantail darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Johnny darter
Johnny darter
Johnny darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
White sucker
Blacknose dace

910
949
326
5282
611
582
1779
345
1202
1113
611
734
910
528
801
767
801
307
225
225
502
1070
837
289
326
197
225
148
289
225
99
184
108
159
734
386
949
528
910
949
326
5282
611



Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3
Run 3

Blacknose dace
Creek chub
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Fantail darter
Rosyside dace
Rosyside dace
Rosyside dace
Rosyside dace
Johnny darter
Johnny darter
Johnny darter
Mottled sculpin
Mottled sculpin
Mottled sculpin
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Blacknose dace
Rosyside dace
Rosyside dace
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin
Mottled sculpin

582
1779
345
1202
1113
611
734
910
528
801
767
801
307
225
225
502
1070
837
289
326
197
225
148
289
225
99
184
108
159
734
386
949
528
910
949
326



estimates.



Example Zippin calculation for the 838.86 - 1677.72 mg log, size bin.

All variables listed below are consistent with Equations 1 and 2 from the main article and from Lo«
Iterative potential values of n are examined (i.e. filled down in Column K) to check the corresponc

When the optimal n estimate has been identified (as indicated by the largest Integral value that |

Number of fishes captured

Pass 1 Pass 2 Pass 3 T k X solution-1 solution-2 solution-3
90 47 28 165 3 227 166.0000 0.3897 0.3875
90 47 28 165 3 227 28.5000 0.4216 0.4196
90 47 28 165 3 227 16.0000 0.4503 0.4485
90 47 28 165 3 227 11.3125 0.4763 0.4747
90 47 28 165 3 227 8.8571 0.5000 0.4985
90 47 28 165 3 227 8.5000 0.5045 0.5030
90 47 28 165 3 227 8.1739 0.5089 0.5074
90 47 28 165 3 227 7.8750 0.5132 0.5118
90 47 28 165 3 227 7.6000 0.5174 0.5160
90 47 28 165 3 227 7.3462 0.5216 0.5202
90 47 28 165 3 227 7.1111 0.5257 0.5244
90 47 28 165 3 227 6.8929 0.5297 0.5284
90 47 28 165 3 227 6.6897 0.5337 0.5324
90 47 28 165 3 227 6.5000 0.5376 0.5363
90 47 28 165 3 227 6.3226 0.5414 0.5402
90 47 28 165 3 227 6.1563 0.5452 0.5440
90 47 28 165 3 227 6.0000 0.5489 0.5477
90 47 28 165 3 227 5.8529 0.5526 0.5514
90 47 28 165 3 227 5.7143 0.5561 0.5550
90 47 28 165 3 227 5.5833 0.5597 0.5585



~kwood and Schneider > .

ling Integral values.

8

is less than or equal to 1.0), it must be converted to a density (per m 2 ) estimate using the total st

solution-4 n Integral
0.3852 165 9.655
0.4175 170 2.105
0.4467 175 1.443
0.4730 180 1.210
0.4970 185 1.097
0.5015 186 1.082
0.5060 187 1.068
0.5103 188 1.055
0.5146 189 1.044
0.5188 190 1.034
0.5230 191 1.025
0.5271 192 1.017
0.5311 193 1.009
0.5350 194 1.003
0.5389 195 0.996
0.5427 196 0.991
0.5464 197 0.986
0.5501 198 0.981
0.5538 199 0.977
0.5573 200 0.973

*This is the largest integral value that is less than or equal to 1.



‘ream channel survey area.



Estimated fish abundance within each log, size bin (Slaunch Fork, WV; May 2015 samples).
Raw counts from the first, second, and third depletion samples are shown for each size bin, with the

Zippin abundance estimates are converted to per m ? density estimates by accounting for the total ¢

Log, Size Bin - Lower Bound (mg) Log, Size Bin - Upper Bound (mg) Count per Size Bin - Run 1

52.4288 104.85759 3
104.8576 209.71519 56
209.7152 419.43039 74
419.4304 838.86079 171
838.8608 1677.72159 90

1677.7216 3355.44319 22
3355.4432 6710.88639 11
6710.8864 13421.77279

13421.7728 26843.54559 2



‘resulting Zipping abundance estimate.

surface area of surveyed stream channel.

Count per Size Bin - Run 2 Count per Size Bin - Run 3 Zippin Estimated Abundance

Density (per mz)

1
30
27
59
47

= 00NN

4
20
44
48
28

o O &~ &

8
129
221
312
195

60
17
12

3

0.0038
0.0616
0.1056
0.1491
0.0932
0.0287
0.0081
0.0057
0.0014



Complete formatted benthic invertebrate and fish data from Slaunch For
Normalized density estimates were obtained by dividing the total density e

Log ;o transformed Mean Dry Mass and Normalized Density estimates are

Log, Size Bin - Lower Bound (mg)  Log, Size Bin - Upper Bound (mg)

0.0032 0.0064
0.0064 0.0128
0.0128 0.0256
0.0256 0.0512
0.0512 0.1024
0.1024 0.2048
0.2048 0.4096
0.4096 0.8192
0.8192 1.6384
1.6384 3.2768
3.2768 6.5536
52.4288 104.8576
104.8576 209.7152
209.7152 419.4304
419.4304 838.8608
838.8608 1677.7216
1677.7216 3355.4432
3355.4432 6710.8864
6710.8864 13421.7728

13421.7728 26843.5456



k, West Virginia (May 2015 samples).
stimate within each log , size bin by the width of the respective size bin.

shown in the last two columns; these columns are used to plot and model the size spectrum.

Log, Size Bin - Arithmetic Mean Dry Mass (mg)  Log, Size Bin - Width (mg)  Taxa

0.0048 0.0032 Invert
0.0096 0.0064 Invert
0.0192 0.0128 Invert
0.0384 0.0256 Invert
0.0768 0.0512 Invert
0.1536 0.1024  Invert
0.3072 0.2048 Invert
0.6144 0.4096 Invert
1.2288 0.8192  Invert
2.4576 1.6384 Invert
49152 3.2768 Invert
78.6432 104.8576  Invert
157.2864 209.7152 Fish
314.5728 419.4304 Fish
629.1456 838.8608 Fish
1258.2912 1677.7216 Fish
2516.5824 3355.4432 Fish
5033.1648 6710.8864 Fish
10066.3296 13421.7728 Fish

20132.6592 26843.5456 Fish



Total Density (per mz)

Normalized Density (per mz)

Log;o Mean Dry Mass (mg)

15.1515
32.1970
30.3030
39.7727
15.1515
18.9394
83.3333
3.7879
1.8939
1.8939
1.8939
1.8939
0.0526
0.0750
0.1362
0.0817
0.0134
0.0081
0.0067
0.0019

4734.84848485
5030.77651515
2367.42424242
1553.62215909
295.92803030
184.95501894
406.90104167
9.24775095
2.31193774
1.15596887
0.57798443
0.01806201
0.00025061
0.00017884
0.00016233
0.00004870
0.00000399
0.00000121
0.00000050
0.00000007

-2.3188
-2.0177
-1.7167
-1.4157
-1.1146
-0.8136
-0.5126
-0.2115
0.0895
0.3905
0.6915
1.8957
2.1967
2.4977
2.7988
3.0998
3.4008
3.7018
4.0029
4.3039



Log,, Normalized Density (per mz)

3.6753
3.7016
3.3743
3.1913
24712
2.2671
2.6095
0.9660
0.3640
0.0629
-0.2381
-1.7432
-3.6010
-3.7475
-3.7896
-4.3125
-5.3994
-5.9171
-6.3025
-7.1475



Focused list of highlighted steps for video Click here to access/download;Supplemental File (Figures,
Permissions, etc.);59945_R1_YellowHighlightOnly.docx

1 11 Isolate fishes within the study reach to create a closed fish assemblage.
2 1.1.1 Identify the upstream and downstream (direction is relative to a surveyor facing
3  ‘upstream’ and against the water current) ends of the study reach then mark the ends with
4  removable flagging tape.
5 1.1.2 Measure the width of the wetted stream channel at 5—10 transects, distributed evenly
6 along the length of the study reach. Estimate the total surface area of the study reach as the
7  average wetted channel width multiplied by the total length of the reach.
8 1.1.3 Secure block nets (i.e., knotless seines with floats on the top line and weights on the
9  bottom line) across the stream channel at the upstream and downstream ends of the study reach.
10  1.1.3.1 At the UPSTREAM end of the study reach, locate a tree, root, large rock, or other solid
11  object that can be used to anchor a net on each side of the stream. The availability of suitable
12 anchor points on each side of the stream will likely affect the position of the upstream boundary.
13  1.1.3.2 Select one piece of polypropylene rope and create a loop at each end using a bowline
14  knot. Use ONLY a bowline knot, as other knots may become permanently sealed when exposed
15  to moisture and high tension. For instructions on tying a bowline knot, see Figure 1.
16  1.1.3.3 Wrap the rope around the tree/root/rock and feed the loop at one end through the loop
17  at the other end to create an anchor point (Figure 2). Shorten or lengthen the rope anchor by
18  adding or removing wraps around the tree/root/rock.
19 1.1.3.4 Repeat steps 1.1.3.1—1.1.3.3 to establish a second anchor point on the opposite side of
20  the stream.
21 1.1.3.5Create aloopin the lines at each of the four corners of the block net using a bowline knot.
22 Use ONLY a bowline knot (Figure 1).
23  1.1.3.6 Connect both sides of the TOP line of the block net (the line with floats) to the anchor
24 points using cam-action tie-down straps. Insert the hooks at either end of the tie-down strap into
25  the loops at the corners of the block net and the anchor points (Figure 2). Pull the free tether of
26  the tie-down strap through the cam buckle to tighten each point of contact.
27  1.1.3.7 Secure the BOTTOM line of the block net (the line with weights) by pinning them to the
28  stream bank with tent stakes.
29  1.1.3.8 Establish a seal with the bottom of the stream using large rocks to pin the block net down.
30 Place rocks on the side of the net facing UPSTREAM. Be sure that the top of the net remains
31 above water level (Figure 2). Adjust the height(s) of the anchor point(s) as needed.
32 1.1.3.9 Set a second block net by repeating steps 1.1.3.1—1.1.3.8 at the DOWNSTREAM end of
33  the study reach.
34 1.2 Perform the first of three fish sampling depletion passes within the enclosed study reach.
35  Our protocol assumes that a backpack electrofisher is available and all surveying crew personnel
36 are properly trained to use it.
37 1.2.1 Beginning at the DOWNSTREAM end of the enclosed study reach, turn the backpack
38 electrofisher on and move in the upstream direction. Progress slowly, moving side-to-side
39 throughout the study reach to ensure all instream habitats are sampled. The first depletion pass
40 is complete when the upstream net is reached.
41  1.2.2 Supporting crew members follow the leader (who is operating the electrofisher),
42  collecting stunned fishes with dip nets as they are spotted and transferring them to temporary
43  buckets, then to aerated holding tubs. Use small battery powered ‘bait bucket’ pumps with
44  aeration stones to ensure that captured fishes remain healthy.

L]
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1.3 Process fishes collected in the first depletion pass.

1.3.1 Determine whether anesthesia will be needed. Live fishes are often difficult to handle and
sedation may be necessary to minimize stress and injury to fish specimens. If anesthesia is used,
two options are widely (as of February 2019) available: Tricaine-S (tricaine methanesulfonate,
MS-222) and carbon dioxide (baking soda).

1.3.1.1 When using sedatives, carefully follow all instructions provided with the anesthetic
product. In all cases, the anesthetic compound will be mixed in an aerated water bath. Collected
fishes will then be submerged in the bath until sedation is observed. Once sedated, fishes must
be processed as quickly as possible, as prolonged exposure to sedatives may cause death.

1.3.2 Use small dip nets to retrieve sampled fishes from the holding tank (with or without
sedation), individually or in small batches, for identification. Place specimens in white plastic or
enamel trays and use forceps and magnifying glasses for examination. Use local or regional
identification keys (e.g., “The Fishes of Ohio”)?! to aid in identification.

1.3.3 Measure total length (from tip of snout to end of caudal fin) for each specimen then weigh
on a field balance. If using an electronic balance, select one with 0.1 or 0.01 g precision. Keep a
transparent plastic box on hand to use, as necessary, as a wind and rain baffle (it must be large
enough to cover the balance and specimens being weighed).

1.3.4 Record all information (species identity, total length, and weight) on waterproof data
sheets. A printable example of a fish data sheet is provided in Appendix 1.

1.3.5 Once processed, return fishes to a separate aerated holding/recovery bin. When all fishes
have been processed, release them downstream of the downstream block net. (If you
accidentally release them into your enclosed study reach, you will ruin your sample!) If anesthesia
was used, wait to release until all fishes have recovered and regained equilibrium.

1.4 Perform the second and third depletion passes.

1.4.1 Collect the remaining depletion pass samples by repeating steps 1.2—1.3. Ensure that
SAMPLING EFFORT REMAINS CONSISTENT among all three passes. Use the same pace of
movement (timing the process is recommended) and same crew members to resurvey the
sampling reach.

2.1 Select benthic macroinvertebrate sample sites within the boundaries of the fish sampling
reach that are representative of the major types of physical habitats (e.g., riffles or runs)
observed in the study reach.

2.2 Using a fixed-area sampler, collect the first benthic macroinvertebrate sample. In shallow
streams with extensive gravel-to-pebble size material, the Surber sampler and Hess sampler are
the most commonly used devices but any fixed-area sampler can be used.

2.2.1 Place the sampling device firmly against the stream bottom with the sample collection
net oriented downstream; move large cobbles as necessary to establish a firm seal with the
substrate.

2.2.2 Use a wire or plastic brush to vigorously scrub the substrate within the sampling area for
a period of 2 min, allowing dislodged benthic macroinvertebrates to drift into the sample net.
2.2.3 Transfer the sample contents from the net to a plastic jar and cover with 70% isopropyl
alcohol for preservation. Label the jar and store it in a safe location for transfer to the lab.

2.3 Collect and preserve additional benthic macroinvertebrate samples, repeating step 2.2.
2.4 Return all collected samples to the lab for processing.



