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Abstract: Aquatic macroinvertebrates are central to lentic and lotic food webs, and characterizing the items they consume is
often useful for studies of trophic ecology and food webs. Macroinvertebrate gut contents have been examined frequently by
aquatic ecologists, but to our knowledge, no protocol describing how to conduct quantitative gut-content analysis is available.
To fill this gap, we provide detailed methods for collecting, preserving, dissecting, identifying, and analyzing gut-content data.
We also present a bootstrapping method to compute the number of particles needed to characterize a gut-content sample suf-
ficiently. We anticipate that our description will help guide others in future studies of macroinvertebrate gut contents, trophic
status, and foodweb ecology.
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Aquatic macroinvertebrates are central to lentic and lotic
food webs. Moreover, the study of aquatic food webs pro-
vides insight into energy and nutrient transfer through an
ecosystem (Benke and Wallace 1997, Cross et al. 2007).
Methods for defining sources of elements on the basis of
isotopes have been widely described and used, but detailed
analysis of macroinvertebrate diets can provide comple-
mentary and, at times, necessary information not attain-
able with isotope analysis alone. For example, to construct
linkage and matter-flow food webs, one must accurately
characterize foods that macroinvertebrates actually ingest.
Examination of gut contents of macroinvertebrates can
provide this information. In addition, gut-content data en-
able researchers to classify organisms into trophic guilds,
identify potential species interactions within and among
trophic levels, and gain insights into the degree of specific-
ity of resources consumed in food webs. Gut-content data
also can inform prior probabilities in Bayesianmixingmod-
els of stable isotopes (Venarsky et al. 2014).

Data collected from diet analysis have been used exten-
sively for trophic ecology and exploration of foodweb pat-
terns and processes. For example, diet data have been used
to assess spatial and temporal variability in food resource use
of aquatic insects (Wellard Kelly et al. 2013). Gut-content
data are particularly useful for constructing connectivity
webs and biomass-flow food webs by coupling diet analysis
with measurements of assimilation efficiency and empirical
measurements of secondary production (e.g., Benke and
Wallace 1980, 1997,Hall et al. 2000, Rosi-Marshall andWal-
lace 2002, Cross et al. 2013). Connectivity and biomass-flow
food webs enable investigators to compare material flows
among species or trophic levels (Benke and Wallace 1980,

1997) and can be used to calculate interaction strengths
(e.g., Wootton 1997, Bellmore et al. 2013, Cross et al. 2013).
In addition, these analyses are useful for examining how
environmental changes in aquatic ecosystems may affect
food webs (Colon-Gaud et al. 2009, Ledger et al. 2013). Diet
overlap among species feeding at the same trophic level and
at different trophic levels (Benke and Jacobi 1994, Seegert
et al. 2014) may help investigators assess whether multiple
species use similar resources. This approach can be used
to identify indirect interactions or resource competition
among native and invasive species and may indicate if over-
lapping resource use among species is an important factor
limiting populations or survival (Persson 1983, Seegert et al.
2014). Ontogenetic diet shifts also can be examined via gut-
content analysis. For example, some ‘predatory ’ stoneflies
eat algae and detritus as early instars (Feminella and Stew-
art 1986). Gut-content analysis of multiple life stages of
aquatic macroinvertebrates or macroinvertebrates collected
from different habitats can be used to examine variability
in feeding strategies that may have ecological implications.

We provide methods developed and applied in our lab-
oratories during the last 15 y to measure, characterize, and
quantitatively examine the diets of macroinvertebrates. We
describe a detailed protocol for collecting, preserving, dis-
secting, identifying, and analyzing gut-content data. In ad-
dition, we provide images to assist users in microscope-
based identification of particle types. The methods presented
here were developed for analysis of macroinvertebrate diets,
but the same basic approach can be used to analyze the
composition of suspended fine particulate matter (e.g.,
Rosi-Marshall and Meyer 2004, Wellard Kelly et al. 2013)
and diets of small-bodied fishes (Seegert et al. 2014). We
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also provide a procedure for estimating the number of par-
ticles needed to quantify the proportional area of each parti-
cle type in gut contents. These methods have been pub-
lished in numerous papers, but a detailed protocol with
advice and strategies for gut-content analysis is not cur-
rently available in the literature. Our goals are to inform
researchers who want to use this technique and to establish
a standard method for the field.

METHODS
Collecting and preserving macroinvertebrates

Investigators should use standard methods to collect
macroinvertebrates from the aquatic ecosystem of interest
(Merritt et al. 2008). Specimens for gut-content analysis
should be preserved as quickly as possible after collection
to halt further digestion of gut contents. The gut contents
of macroinvertebrates can degrade rapidly or be cleared
within a few hours, so specimens simply kept cold or pre-
served in bulk may not have intact gut contents. Thus,
specimens should be sorted directly into a vial of preser-
vative at the field site rather than in the laboratory after
removing them from preserved benthic samples. At least
4 but ideally 15 to 20 individuals of each taxon of interest
should be preserved to characterize the variability in diet
composition among individuals. Macroinvertebrates often
have empty or partially full guts when collected. Thus, the
more individuals collected, the greater the likelihood of
obtaining enough specimens with full guts. The size dis-
tribution of individuals in the population also should be
considered to ensure collection of a representative sample
of the various sizes of individuals present. In particular,
enough individuals of different sizes should be collected
to account for the effect of body size on diet and, poten-
tially, to investigate ontogenetic diet shifts. Collection of
specimens from different habitats also could be consid-
ered as a way to allow exploration of variability in feeding
ecology among individuals. Many aquatic macroinverte-
brates feed primarily at night or during twilight, so time of
collection also may be an important consideration.

Samples of material likely to be encountered in gut con-
tents, e.g., filamentous algae, macrophytes, mosses, leaves,
wood, and fine particles, should be collected and preserved
concurrently with collection of macroinvertebrates. This ma-
terial can be used as a reference when attempting to iden-
tify particles found in macroinvertebrate guts (see below).

The most effective preservative for macroinvertebrate
diets is Kahle’s solution (Stehr 1987). Kahle’s solution is
better than 70% ethanol because Kahle’s solution fixes tis-
sue by creating cross bridges in proteins (Thorp and Covich
2009). Ethanol causes the insect to shrivel slightly, thereby
making gut dissection more difficult, whereas soft-bodied
insects preserved in Kahle’s solution are supple and flexible,
and internal structures, such as gut contents and tubes, are
easier to dissect (Thorp and Covich 2009, Gennard 2013).

Kahle’s solution can be prepared by combining 450 mL
95% ethanol, 900 mL distilled water, 180 mL formalin, and
30 mL glacial acetic acid (15:30:6:1 ratio, respectively) in a
2-L sealable plastic container (Stehr 1987). Inhalation of
the fumes should be avoided by minimizing the number of
times the container is opened when preserving specimens
in the field (check current Occupational Safety and Health
Administration [OSHA] or equivalent regulations for rec-
ommended personal protective equipment; https://www
.osha.gov). Enough Kahle’s solution should be added to
each preservation vial to cover all specimens. Insects can
be transferred to 70% ethanol for long-term preservation
after 2 to 3 d of fixation in Kahle’s solution (70% ethanol is
typically allowed on commercial airlines, whereas Kahle’s
solution is not).

Preparing macroinvertebrates for dissection
Specimens should be prepared for gut dissection under

a fume hood. Specimens should be removed from Kahle’s
solution or ethanol and placed on a small sieve over a waste
container, rinsed with water, and put into a Petri dish. If
identification is necessary, we advise identifying the speci-
men before removing the gut. Head capsules can be saved
for identification purposes after gutting by preserving them
in 70% ethanol or mounting them on microscope slides.
The easiest way to dissect macroinvertebrate guts is to use
a shallow 12-well spot plate with 3 × 4 wells (Fig. 1A, B).
We recommend removing the guts of multiple macroin-
vertebrates (replicates) during one sitting. Therefore, the
spot-plate wells or columns should be labeled. A small
amount of water should be added to each well. Enough
should be used to hold the gut contents (about half full),
but not so much that contamination among individuals
is possible. An individual should be placed in 1 of the top
4 wells of the spot plate (Fig. 1B). Each well (1–4) can be
considered a replicate for a given site or sampling period.
The number of individuals used per replicate can vary de-
pending on gut fullness, but we recommend starting with
1 macroinvertebrate/well. If guts are mostly empty or small,
guts from several macroinvertebrates can be pooled (up to
5 individuals of the same size) to obtain sufficient particles
for analysis. We recommend pooling individuals only when
absolutely necessary, e.g., for very small individuals with
sparse gut contents. If pooling is necessary, replicates of
pooled samples are needed to provide an estimate of varia-
tion in gut contents. The specimens to be pooled should be
placed in the same well to make processing easier. The
length of each individual should be measured, and the nec-
essary sample information, such as well number, macroin-
vertebrate type, length, site, and date collected, should be
recorded before dissection.

Removing gut contents by dissection
Internal gut anatomy varies among aquatic macroinver-

tebrate taxa, and the process of dissection varies to reflect
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these anatomical differences. For Diptera, Trichoptera, or
other macroinvertebrates with a tube-like intestinal tract,
we recommend moving the macroinvertebrate from the
top well into the middle well in the same column. Two
fine-tipped forceps (1 curved and 1 straight) should be used
to hold the macroinvertebrate (Fig. 1A). The curve-tipped
forceps (in the dissector’s nondominant hand) should be
used to grip the body at its midpoint. The straight-tipped
forceps (in the dissector’s dominant hand) should be used
to grasp the outer edges of the head capsule. A gentle pull
on the head capsule should remove it from the body with
the gut tract attached. The head capsule should be re-
moved from the gut tract and placed in the middle well of
the column (Fig. 1B). If the head capsule comes off with-
out remaining attached to the gut tract, we recommend: 1)
using dissecting microscissors or forceps to cut or gently
peel back the body wall, locate the gut content tube, and
remove it, or 2) if the body wall cannot be removed easily,
gently pushing on the body wall starting ca. midway down
the length of body and moving toward the head. If the guts
are full, a granular or powdery plume consisting of gut
contents for analysis will exit the opening where the head
was formerly attached.

Formacroinvertebrates in the orders Plecoptera, Ephem-
eroptera, and Amphipoda, all legs should be removed from
the body and placed in a well. Microdissecting scissors or
a scalpel should be used to cut open the body to locate and
remove the gut tract/tube. For Plecoptera and Epheme-
roptera, the easiest method is to cut on the ventral side of
the body wall. For amphipods, the easiest method is to cut
on the dorsal side of the body wall. We keep track of the
material by placing the body in the last well in a column
and the gut tube and contents in the middle well. The
instructions below are for removing the contents from the
gut wall of an intact gut.

Gut tubing or wall is translucent and white (Fig. 1C).
If the gut is full, the inside of the wall will be brown. How-
ever, if the diet is predominantly algal, the inside wall will
be white, which could lead to the incorrect conclusion that
the gut is empty. Therefore, the gutting process should
always be completed to prevent this error. For larger mac-
roinvertebrates, we recommend use of contents only from
foreguts because most of the digestion process occurs in
the midgut, and particles from the midgut may be more
difficult to identify. In larger macroinvertebrates, a narrow-
ing of the gut wall often can be seen between the fore and

Figure 1. Photographs of gut procedure including illustrations of how to remove the head and gut tract (A), organize materials in
a spot plate (B), and agitate a gut tract to remove the contents (C). w/o = without.
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midguts. In macroinvertebrates with a clear distinction be-
tween the thorax and abdomen, the foregut generally is
in the thorax and the midgut is in the abdomen. Distin-
guishing foregut from midgut can be difficult in smaller
macroinvertebrates or if the thorax and abdomen are not
distinct. In these cases, we recommend taking the contents
of only the upper⅓ to ½ of the gut.

The gut tube (or the expelled contents) should be in the
bottom well (Fig. 1B). The gut contents can be removed
from the gut wall by pushing gently on the gut wall and
gently agitating the gut to expel the contents into the well
(Fig. 1C). Gently swirling the water in the well typically will
cause the gut wall to float to the top, where it can easily be
removed using forceps. The empty white gut wall and any
remnants of the wall should be removed to the final well.
After most of the gut wall is removed, large pieces of gut
contents that have aggregated can be removed with forceps
and transferred to a small beaker designated to receive the
rest of the contents of the well (see below). If necessary or
desired for archival purposes, head capsules, bodies, and
gut wall can be preserved with 70% ethanol in labeled mi-
crocentrifuge tubes. The gut-wall material may be useful
for future microscopic examination and can be mounted
on slides for reference.

Filtering gut-contents onto filters
A well-tested approach to examining gut contents is to

concentrate particles on filters, which can then be mounted
on microscope slides (Cummins 1973,Wallace 1975, Malas
and Wallace 1977, Benke and Wallace 1980). A gridded
Metricel® membrane filter (25-mm diameter, 0.45-μm pore
size; Pall, Ann Arbor, Michigan) should be mounted on a
vacuum filtration device or filter tower, and the gut con-
tents transferred from the well plate to the filter with a
disposable transfer pipette by a multistep process. First, the
gut contents and water from the well plate should be trans-
ferred to a small (50–100 mL) beaker or a small test tube.
The well and the pipette should be rinsed by adding clean
water to the well and using the same transfer pipette to
transfer the additional water and any remaining particles
to the beaker. Last, to ensure that no particles are trapped
in the transfer pipette, the pipette should be rinsed repeat-
edly by drawing up clean water and emptying the rinse
water into the beaker containing the gut contents. The gut
contents of each individual or pooled sample should be
transferred to separate containers. To ensure no cross con-
tamination of particles among individuals, we recommend
thoroughly rinsing the transfer pipette (triplicate rinses).
Gut contents are not typically visible to the naked eye at
this stage.

The beaker or test tube rack should be placed in a
water-bath sonicator for ∼30 s to break up clumps in the
gut contents. The water level in the sonicator should be

greater than or equal to the water level in the beaker/test
tubes. If the gut contents contain large clumps of particles,
sonication should continue until all large particles are bro-
ken down to small pieces. The contents of the beaker
should be transferred to the filtration device and the beaker
should be rinsed repeatedly into the filtration device. Af-
ter filtration is complete, the sides of the filtration device
should be rinsed and the water pulled through the filter to
ensure that no particles are lost.

The amount of material removed from the gut that
should be transferred to a filter will depend on the size of
the macroinvertebrate and the fullness of the gut. For large-
bodied macroinvertebrates, such as leaf-eating Pteronarcys
stoneflies, filtration of the entire gut contents will result in
so many particles that they will be too numerous to count
microscopically (see below). In such a case, only a fraction
of the material in the spot plate should be transferred to the
beaker for sonication. Deciding how much to transfer may
involve some trial and error, so we recommend starting
with a few individuals and processing samples from start to
finish to ensure that the amount of material on the slides
can be analyzed effectively. If the particles are visible, the
amount of material transferred should be adjusted until
∼10 particles are visible on a grid.

Filter preparation/drying
Filters should be removed from the filtration device

with filter forceps and placed topside up on prelabeled
microscope slides (1 filter/slide). Slides and filters should
be placed in large Petri dishes or containers with lids that
can be propped open slightly and dried in a drying oven at
60°C for ∼10 min. Drying time may vary because of differ-
ences among ovens. Filters should be completely dry, but
they will become brittle and difficult to handle if left in the
oven for too long. Therefore, we recommend testing and
adjusting drying times for the oven to be used for this pur-
pose. When filters are wet, they will adhere to slides, but
once they are dry they can be blown easily by even slight
breezes (i.e., those generated by a fume hood). Therefore,
the covers of the Petri dishes should be closed before they
are removed from the oven to prevent the unlabeled filters
from being blown off the slides. The slides should be al-
lowed to cool for 5 to 10 min before proceeding.

Slide preparation
A slide with dried filter should be placed on a surface

covered with paper towel, cardboard, or other oil-absorbent
material. The dried filter should be lifted from the slide
with forceps while a 1- to 1.5-cm drop of Type B immer-
sion oil is added to the center of the slide. The filter should
be lowered onto the oil with the grid aligned with the
edges of the slide. Proper grid alignment is helpful during
particle analysis with the compound microscope. The fil-
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ter will change from white to clear as it becomes saturated
with oil. A small drop of oil should be added on top of the
filter, and a glass cover slip should be placed over the fil-
ter. Air bubbles and extra immersion oil should be re-
moved by pressing gently on the cover slip with forceps.
Air bubbles will inhibit viewing of particles under the mi-
croscope. If the filter does not clear completely because of
an insufficient amount of oil, the cover slip can be lifted
and additional oil added. If the filter did not clear because
it was not completely dry, the filter may be placed back in
the drying oven until it clears (15–20 min) before placing
the cover slip over the filter. Excess oil should be wiped
from the slide and edges of the coverslip, and the edges of
the coverslip should be sealed with clear nail polish. Im-
mersion oil will inhibit drying of nail polish, so removing
it prior to sealing is essential. The slides should dry for at
least 15 to 20 min, but preferably overnight, before view-
ing them. Slides should be stored in a slide box or slide
book until analysis. If properly sealed with nail polish, these
slides are semipermanently mounted. They can be archived
for long-term storage, but we recommend proceeding with
particle analysis to ensure that the removal technique and
slide preparation were effective.

Predator gut-content analysis
Predator gut contents must be processed differently so

that prey taxa in the guts can be identified. Engulfing preda-
tors typically have intact prey items and are the most easily
processed for gut analysis. The gut contents of piercing–
sucking predators will be difficult or impossible to examine
microscopically, and other techniques will be needed.

Once the foregut is removed, it should be placed on a
microscope slide in 1 to 2 drops of glycerin and the slide
should be placed on the stage of a dissecting microscope.
Glycerin is used because it is a nontoxic, highly viscous
liquid, and the particles will remain suspended in it. The
gut wall should be removed and the contents suspended in
the glycerin. Large prey items (e.g., whole or nearly whole
chironomids) can be identified and measured at this stage.
Particles small enough to require a compound microscope
for identification should be dispersed throughout the glyc-
erin with forceps. A coverslip can be mounted on the glyc-
erin and sealed as described above. Glycerin that leaks from
under the slipcover will prevent the nail polish from drying
properly.

We recommend developing a reference collection of po-
tential prey items in the ecosystem. These prey items can
be identified while they are intact, smashed in a drop of
glycerin, and then used to make a slide of parts using the
technique described above. This reference collection will
be invaluable for identifying parts of prey taxa. Examina-
tion of predator gut contents with the aid of a compound
microscope typically can be done with less magnification

than is needed when examining gut contents of nonpred-
ators. Imaging software can be used to digitize the various
animal parts to obtain relative contribution to predator diets.
In particular, we recommend measuring the total length or
the head-capsule width and then applying length or head
capsule–mass relationships (e.g., Benke et al. 1999). We
caution that the gut contents of the predator’s prey also can
be encountered in a predator’s gut. We recommend de-
ciding prior to analysis whether these particles will be in-
cluded in gut-content analysis.

Microscopy/particle identification and image analysis
Common particles inmacroinvertebrate gut contents in-

clude: diatoms, filamentous algae, amorphous detritus, mac-
rophytes, leaf material, animal material, Cyanobacteria, and
fungi (Fig. 2). An effective way to identify and quantify gut-
content particles is to use a camera attached to a compound
microscope at 100 to 400× magnification to photograph
each field of view. Image analysis software (e.g., ImageJ,
1.43u 64 bit, freeware software by the National Institutes of
Health, Bethesda, Maryland; http://imagej.nih.gov/ij/) can
then be used to identify and measure the area of each parti-
cle (Rosi-Marshall and Wallace 2002, Wellard Kelly et al.
2013). For each slide, particles should be identified and
measured along randomly selected transects. The number
of particles measured and identified should be sufficient to
capture rare particle types and to be a representative sub-
sample of the proportion of each particle type present in
the guts. The number of particles and photographs needed
will depend on the number of particles on the slide and the
magnification needed to identify the particles. Photographs
typically contain images of 1 to 20 particles and, depending
on the total number of particles needed (see below), 10 to
50 photographs may be needed for analysis. A valid assess-
ment requires that every particle in a given photograph be
identified and its fractional area measured. Once all parti-
cles aremeasured, the proportion or percentage of each par-
ticle type can be calculated for each slide.

The minimum number of particles (n) that should be
identified and measured to characterize the distribution of
particles on a slide can be estimated by counting and mea-
suring a large number of particles (i.e., n = 400) on a single
slide for a given taxon at a site. Bootstrapping can be used
to compute the median proportional area of n randomly
selected particles of a given type 1000× with replacement.
The 0.5, 0.025, and 0.975 quantiles of the distribution rep-
resent the median and 95% bootstrap confidence interval,
respectively, of the proportional area of a particle type on
the slide. We provide an R script to conduct this analysis
(Appendix S1). Its output can be used to select the appro-
priate number of particles to identify and measure given
the heterogeneity of particles found in the macroinverte-
brates of interest. For example, we used this code to iden-
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tify the appropriate n for black flies collected in the Grand
Canyon. We measured and identified 400 particles and
found the estimated medians and 95% confidence intervals
for the proportional area of each particle type as n in-
creases (Fig. 3). We concluded for this taxon at this site,
that n = 100 is a reasonable number of particles to approxi-
mate the median and reduce the confidence intervals for
the median. All particles in a gut could be counted and
identified, but a trade-off exists between the number of
particles counted/gut and the number of guts that can be
analyzed. Variability among individuals can be high and a
more robust understanding of food resources eaten is more
likely to be gained by analyzing the gut contents of more
individuals than exhaustively characterizing the diet of a
few individuals. Therefore, we recommend analyzing only
enough particles to characterize the gut contents suffi-

ciently, so that more time is available to analyze the guts of
additional individuals in the study.

DISCUSSION
Gut-content data can be used to identify species inter-

actions, trophic position, and diet, and to build food webs
(Benke and Wallace 1980, Rosi-Marshall and Wallace
2002, Cross et al. 2013). These data present a snapshot of
resources consumed when the organism was collected. In
contrast, stable-isotope ratios integrate elements (e.g., C
and N) from all food resources assimilated for production
over a period roughly equivalent to the turnover time of
the tissue sampled. Isotopic analysis requires isotopically
distinct food sources (i.e., basal resources or end-members)
to identify specific element sources consumed or the con-

Figure 2. Photographs of typical items present in aquatic macroinvertebrate guts. Fil. = filamentous.
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tribution of a given resource to an organism’s growth and
production (Layman et al. 2012). In contrast, even isotopi-
cally similar food resources, e.g., different algal species or
different prey items in a predator diet, can be distinguished
on the basis of gut-content analysis, and these data can
provide additional insight into what food resources sup-
port consumers (e.g., Cross et al. 2013). Furthermore, in
longer-lived organisms, such as fishes, short-term shifts in
diet caused by environmental or seasonal change may be
missed in analyses based on isotopes, especially if only the
slow-turnover tissues are analyzed. Gut-content data also
enable detailed examination of resources consumed and
identification of resources to a fine taxonomic level (See-
gert et al. 2014). For example, algae in guts can often be
identified to species or group (i.e., planktonic vs benthic),
which may be difficult or impossible with stable-isotope
data alone. Last, aquatic macroinvertebrates consume a va-
riety of food resources (e.g., diets consist of diatoms, leaves,
fungi, bacteria, amorphous detritus, andmultiple prey taxa),
and the diversity of food resources in diets can be examined
effectively based on gut-content analysis (Benke and Wal-
lace 1980, Rosi-Marshall and Wallace 2002, Wellard Kelly
et al. 2013). Both gut-content and stable-isotope data are

useful for identifying trophic relationships and building food
webs. However, gut-content data are necessary for build-
ing complexity into food webs and often can be used to
identify species interactions (e.g., Cross et al. 2013) missed
by stable-isotope analysis alone.

Gut-content analysis can be combined effectively with
resource-composition data (availability of food resources
in a given habitat) or additional environmental data, such
as discharge and turbidity, to explore factors that influence
observed feeding patterns (Wellard Kelly et al. 2013). For
example, selection of a high-quality resource may be in-
ferred when organisms consume proportionally more of a
resource than is available in the feeding habitat. In contrast,
proportionally lower consumption than availabilitymay sug-
gest avoidance, possibly because a particular resource is of
low quality. Information about resource composition/avail-
ability and quality can be used to identify potential limiting
resources and to explain changes in population growth or
abundance (Cross et al. 2013).

We conclude with caveats. Gut-content analysis has util-
ity in trophic and foodweb ecology, but it also has limita-
tions. For example, the presence of food resources in the
gut cannot be used to infer or estimate assimilation of a re-
source into tissues. However, stable-isotope data could be
used to complement gut-analysis data to estimate assimila-
tion of particular food resources. In addition, this method
provides a snapshot in time of macroinvertebrate diets,
which can change over time in response to seasonal changes
in the availability of resources and with ontogenetic changes
(Rosi-Marshall andWallace 2002, Wellard Kelly et al. 2013).
We recommend collecting samples throughout the year to
characterize the resources consumed bymacroinvertebrates
in different seasons. Moreover, particle identification can
be challenging, and a thorough understanding is needed of
the resources that macroinvertebrates may be consuming
at a site. We have included images to assist users (Fig. 2),
but we recommend that investigators develop a slide library
of resources so that items in diets can be properly identi-
fied. The final limitation is that this method is time inten-
sive. In our experience, completion of the entire process
requires ∼40 min/gut. This time requirement should be
considered before embarking on a study of macroinverte-
brate gut contents. Nevertheless, macroinvertebrate gut-
content analysis can enable researchers to pose exciting
questions about trophic ecology, food webs, and potential
interactions among organisms, and we are confident that
this technique will contribute to novel research questions
in aquatic ecology. We encourage researchers to use this
method to develop new insights into trophic ecology and
food webs that include aquatic macroinvertebrates.
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refine and test the protocol presented in this paper, and we ac-
knowledge their contributions. We thank Wyatt Cross, Art Benke,
and an anonymous referee for helpful comments, which improved
this manuscript.
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