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Abstract: The proportion of individuals that are found to have empty stomachs during a survey
of a predator population’s diet has been used as an indicator of the average individual’s state of
energy balance and of the degree to which its feeding rate (i.e. its functional response) is
saturated with respect to prey availability. As such, the proportion of empty stomachs provides
insights into the effects of prey on predators and vice versa, although it is typically unreported in
deference to descriptions of the contents of the non-empty stomachs. The FracFeed database is
an ongoing compilation of the proportions of empty and non-empty stomachs (for gut content
surveys) and of feeding and not feeding individuals (for direct observation surveys) reported in
publications of predator diet surveys. FracFeed contains data from 4920 diet surveys on 1507
taxa (> 4.3 million individuals) spanning cnidarians, ctenophores, chaetognaths, birds, annelids,
amphibians, arthropods, mammals, molluscs, reptiles, echinoderms, and fishes that were
surveyed in terrestrial, marine, and freshwater ecosystems across the globe over more than 135
years (1887-2023). For most surveys, covariate data includes information on the spatial and
temporal extent of the diet survey, its central geographical coordinates, the method by which the
survey was performed (lethal gut contents, lavage, or direct observation), as well as each
predator’s standardized taxonomic name and identifier in the Open Tree of Life, its body mass
(compiled mostly from independent compilations and additional publications), and its apparent
diet’s taxonomic richness and resolution. We appeal to more researchers who perform diet
surveys to report on the number of empty stomachs they find and encourage additional
contributions to the database — particularly from underrepresented geographic regions (e.g.,
North and Central Asia, North and Central Africa) — to help grow its scope and utility. The
database is provided under a CC-BY-NC-S4 4.0 license. Users are requested to cite this data

paper when using the data.

Keywords: Predator diet surveys, predator feeding surveys, proportion empty stomachs, feeding success, energy

balance, functional response saturation, running on empty, vacuity, body mass.
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Metadata S1
Class I. Data Set Descriptors

A. Data set identity:

FracFeed: Global database of the fraction of feeding predators

B. Data set identification code:

FracFeed Data.csv
FracFeed Data Metadata.csv
FracFeed Citations.csv

FracFeed Citations BodyMass.csv

C. Data set description

1. Originators:

Mark Novak, Shannon Hennessey, Brian P. Tanis, Kyle E. Coblentz,
Christopher Wolf, Leah M. Segui, Jeremy S. Henderson, Kurt E. Ingeman,
Landon P. Falke; Daniel L. Preston.

2. Abstract:

The proportion of individuals that are found to have empty stomachs during a
survey of a predator population’s diet has been used as an indicator of the
average individual’s state of energy balance and of the degree to which its
feeding rate (i.e. its functional response) is saturated with respect to prey
availability. As such, the proportion of empty stomachs provides insights into
the effects of prey on predators and vice versa, although it is typically
unreported in deference to descriptions of the contents of the non-empty
stomachs. The FracFeed database is an ongoing compilation of the proportions
of empty and non-empty stomachs (for gut content surveys) and of feeding and

not feeding individuals (for direct observation surveys) reported in publications
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of predator diet surveys. FracFeed contains data from 4920 diet surveys on
1507 taxa (> 4.3 million individuals) spanning cnidarians, ctenophores,
chaetognaths, birds, annelids, amphibians, arthropods, mammals, molluscs,
reptiles, echinoderms, and fishes that were surveyed in terrestrial, marine, and
freshwater ecosystems across the globe over more than 135 years (1887-2023).
For most surveys, covariate data includes information on the spatial and
temporal extent of the diet survey, its central geographical coordinates, the
method by which the survey was performed (lethal gut contents, lavage, or
direct observation), as well as each predator’s standardized taxonomic name and
identifier in the Open Tree of Life, its body mass (compiled mostly from
independent compilations and additional publications), and its apparent diet’s
taxonomic richness and resolution. We appeal to more researchers who perform
diet surveys to report on the number of empty stomachs they find and encourage
additional contributions to the database — particularly from underrepresented
geographic regions (e.g., North and Central Asia, North and Central Africa) —
to help grow its scope and utility. The database is provided under a CC-BY-NC-

S4 4.0 license. Users are requested to cite this data paper when using the data.
D. Key words/phrases:

Predator diet surveys, predator feeding surveys, proportion empty stomachs,
feeding success, energy balance, functional response saturation, running on

empty, body mass.



FracFeed

Class II. Research origin descriptors

A. Overall project description:

1. Identity:

FracFeed is an ongoing compilation of published predator diet surveys that
report on the proportion of "empty stomachs" or "not feeding individuals"

(and thereby the Fraction of Feeding individuals).
2. Originators:
See above.
3. Period of study:
The compiled surveys span the period 1887 to 2023 (Fig. 1).
4. Objectives:

The database was compiled to assess taxonomic, spatial, and temporal
patterns in the proportions of individuals that were found to have empty
stomachs (or to not be feeding) during diet surveys of predator populations.
Although subject to several potential sources of bias (e.g., Vinson and
Angradi 2011), the proportion of individuals with empty stomachs is
considered to reflect the average individual’s state of energy balance (Huey et
al. 2001) and the degree to which its feeding rate (i.e. its functional response)

is saturated with respect to prey availability (Coblentz et al. 2025).
5. Abstract:
See above.
6. Sources of funding:

Compiling of the studies was initiated under National Science Foundation

award DEB-1353827. The involvement of several contributors was made
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possible by Oregon State University’s URSA Engage Program for
undergraduate research and the OSU College of Science Research and

Innovation Seed (SciRIS) Program (https://beav.es/ihi).

B. Specific subproject description
1. Site description
a. Site type:

The dataset includes surveys conducted in marine, freshwater (lotic and

lentic), and terrestrial ecosystems (Fig. 2).
b. Geography:

The compiled surveys were performed across the globe (see Fig. 3).
c. Habitat:

Not applicable
d. Geology, landform:

Not applicable
e. Watersheds, hydrology:

Not applicable
f. Site history:

Not applicable
g. Climate:

Not applicable
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2. Experimental or sampling design
a. Design characteristics:
Not applicable
b. Permanent plots:
Not applicable
c. Data collection period, frequency, etc.:
Not applicable

3. Research methods

a. Field/laboratory:
Not applicable
b. Instrumentation:
Not applicable
c. Taxonomy and systematics:

The compilation includes surveys of Cnidarians, Ctenophores,
Chaetognaths, Birds, Annelids, Amphibians, Arthropods, Mammals,
Molluscs, Reptiles, Echinoderms, and Fishes (Fig. 4). Many taxa have
been reclassified or renamed since the original publication of their survey.
For taxonomic standardization, we resolved synonyms using the Open
Tree of Life (Hinchliff et al. 2015, Michonneau et al. 2016),
ReptileDatabase (Uetz et al. 1996), WoRMS (Horton et al. 2018),
FishBase (Froese and Pauly 2025, Houde et al. 1993), or by online
searches using GoogleScholar and Google. (The variable “ott_id” in
FracFeed data.csv refers to each taxon’s unique identifier in the Open

Tree of Life.)
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d. Permit history:
Not applicable
e. Legal/organizational requirements:
Not applicable
4. Project personnel:

Not applicable
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Class III. Data set status and accessibility

A. Status

1. Latest update:
September 2025
2. Latest archive date:
September 2025
3. Metadata status:
September 2025
4. Data verification:
Data quality assurance checking completed.

B. Accessibility

1. Storage location and medium:

FigShare at https://doi.org/10.6084/m9.figshare.13139705
GitHub at https://github.com/marknovak/FracFeed DB

2. Contact persons:

Mark Novak, Oregon State University, Dept. of Integrative Biology

mark.novak@oregonstate.edu
3. Copyright restrictions:

The dataset is freely available for non-commercial scientific use (CC BY-
NC-SA 4.0 Deed | Attribution-NonCommercial-ShareAlike 4.0 International |

Creative Commons).
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4. Proprietary restrictions:

a. Release date:
None
b. Citation:
Please cite this data paper when using its data in publications.
c. Disclaimer(s):
None
5. Costs:

None
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Class IV. Data structural descriptors

FracFeed Data.csv contains the dataset. Each row represents a predator
diet survey. The columns (with abbreviated column names)
contain all associated identifiers and variables.

FracFeed Data Metadata.csv contains the descriptions of each of the
abbreviated column names in FracFeed Data.csv and includes
information on whether the variable was entered manually or was
generated/calculated by a script.

FracFeed Citations.csv contains the citation information for the studies
from which the diet surveys were extracted.

FracFeed Citations BodyMass.csv contains the citation information for
the sources from which each predator taxon’s body mass was

obtained.

A. Data set file

a. Identity:

FracFeed Data.csv
b. Size:

24 columns and 4921 rows including header row, 1 MB.
c. Format and storage mode:

Comma-delimited csv

d. Header information:

See column descriptions in section B.

e. Alphanumeric attributes:

Mixed
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f. Special characters/fields:
None
g. Authentication procedures:

None

Table 1. Description of the column contents within FracFeed Data.csv (as also detailed in

FracFeed Data Metadata.csv.)

Variable G ted
Abbrevi Variable Name Variable Description Variable Values enerate
. By Scripts
ation
LastName Year (e.g.,
CitelD CitationID citation identifier Segui 2015a, FALSE
Segui 2015b)
species identity of focal G .
ConID Consumer.identity consumer (genus for non- CNus.Species (as FALSE
. possible)
specific taxa)
oft id oft id tree of life identifier for numeric TRUE
consumer
TSc Total.stomachs.count number of stomachs surveyed numeric FALSE
FSc Feeding.stomachs.count number of non-empty stomachs | numeric TRUE
. . proportion of individuals with .
fF Fraction.feeding non-empty stomachs numeric (0-1) TRUE
Ampbhibians,
Annelids, Arthropods,
Birds, Chaetognaths,
Cnidarians,
TG Taxon.group taxon group of consumer Cenophores, FALSE
Echinoderms, Fish,
Mammals, Molluscs,
Reptiles
EE EndoEcto endothermic vs ectothermic Endotherm, TRUE
Ectotherm
consumer body mass (grams) .
BM BodyMass (to 4 signif. digits) numeric TRUE
ecosystem type in which survey . . .
Eco Ecosystem was performed (Lentic = lakes, Marme,.Lotlc, Lentic, FALSE
O Terrestrial
Lotic = rivers/streams)
Lat Latitude repqrted or mid-point latitude numeric FALSE
(decimal degrees to 2 dp)
. reported or mid-point longitude .
Lon Longitude (decimal degrees to 2 dp) numeric FALSE
how much time do diet data
. . represent (i.e. their temporal Decades, Years,
TA Time.averaging Months, Days, Hours, | FALSE
extent) (rounded down to order )
. Minutes
of magnitude)
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Variable Generated
Abbrevi Variable Name Variable Description Variable Values .
] By Scripts
ation
time averaging converted to
hours and log10-transformed
(to 3 signif. digits) assuming
TAlog Time.averaging.log 30.44 days per month (e.g., TA | numeric TRUE
= 'hours' => TAlog = log10(1)
and TA = 'months' => TAlog =
log10(24*30.44))
how much i
. r:g:esetlli (isg aflfeiolglggrdata 1000km, 100km,
SA Space.averaging - . 10km, 1000m, 100m, | FALSE
spatial extent) (rounded down
- 10m, Im, Icm, Imm
to order of magnitude)
space averaging converted to
meters and logl0-transformed
SAlog Space.averaging.log (e.g., SA="lm'=> SAlog = numeric TRUE
log10(1) and SA="10m' =>
SAlog =1logl10(10) )
year in which survey was
Yr Year conducted (or the mid-point of | YYYY FALSE
a range of years)
DT Date date %Yé‘/[ M:DD TRUE
tWS Days.since.winter.solstice approximate number (-)f days numeric TRUE
since last winter solstice
method by which consumption | Gut content (lethal),
. was inferred (Gut content - Gut content (non-
FD Feeding.data.type lethal = dissection; Gut content | lethal), Direct FALSE
- non-lethal = lavage) observation
W}(li(')li-i’ s111b—p0p ul:;lt}(f)n orl Whole population,
PS Survey.population.split Ln tvidua (eg. ma criemae, Sub-population, FALSE
reeding/non-breeding, age, L5
. Individual
size, etc.)
(open list) e.g., male, female,
PST Subpopulation.type adult, juvenile, breeding, non- string FALSE
breeding
minimum number of distinct
taxa recorded in diet (at
DR Diet.richness.minimum whatever taxonomic resolution | numeric FALSE
available, including mixed
resolutions)
lowest resolution recorded in
prey data (e.g., Phylum) Kingdom, Phylum,
Drc Diet.resolution.coarsest (polyphyletic groups classified | Class, Order, Family, | FALSE
into lowest resolution Genus, Species
taxonomic category possible)
. . . Kingdom, Phylum,
Drf Diet.resolution.finest highest resolution recorded in Clasgs, Order, }I;amily, FALSE

prey data (e.g., Species)

Genus, Species
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a. Identity:
FracFeed Data Metadata.csv
b. Size:
5 columns and 25 rows including header row, 3 KB.
c. Format and storage mode:
Comma-delimited csv
d. Header information:
See column descriptions in section B.
e. Alphanumeric attributes:
Mixed
f. Special characters/fields:
None
g. Authentication procedures:

None

Table 2. Description of the column contents within FracFeed Data Metadata.csv.

Variable Name Variable Type Variable Description Example
VariableAbbreviation String Abbrev1at10n of the ConlD
variable
VariableName String Name of the variable Consumer.identity
VariableDescription String Description of variable Species identity of focal
consumer
VariableValues String Possible variable values numeric
Whether variable was
GeneratedByScripts Boolean manually entered or TRUE, FALSE
generated by script
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a. Identity:
FracFeed Citations.csv
b. Size:
3 columns and 640 rows including header row, 151 KB.
c. Format and storage mode:
Comma-delimited csv
d. Header information:
See column descriptions in section B.
e. Alphanumeric attributes:
Mixed
f. Special characters/fields:
None
g. Authentication procedures:
None

Table 3. Description of the column contents within FracFeed Citations.csv. The .bib file of
Bibtex citations is located in the /bib folder within the GitHub repository.

Variable Name Variable Type Variable Description Example

Unique citation identifier

CiteID String for source publication Segui_2005
Bibcite String Bibtex cite key \citep{Segui:2005aa}
Citation String Full citation of source )

publication
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a. Identity:
FracFeed Citations BodyMass.csv
b. Size:
3 columns and 305 rows including header row, 78 KB.
c. Format and storage mode:
Comma-delimited csv
d. Header information:
See column descriptions in section B.
e. Alphanumeric attributes:
Mixed
f. Special characters/fields:
None
g. Authentication procedures:
None

Table 4. Description of the column contents within FracFeed Citations BodyMass.csv. The .bib
file of Bibtex citations is located in the /bib folder within the GitHub repository.

Variable Name Variable Type Variable Description Example

Unique citation identifier

CiteID String for source publication Segui_2005
Bibcite String Bibtex cite key \citep{Segui:2005aa}
Citation String Full citation of source )

publication
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B. Variable information

1. Variable identity:
See Tables 1-4

2. Variable definition:
See Tables 1-4

3. Units of measurement:
See Tables 1-4

4. Data type

a. Storage type:
See Tables 1-4
b. List and definition of variable codes:
See Tables 1-4
c. Range for numeric values:
See Tables 1-4
d. Missing value codes:
NA
e. Precision:

See Tables 1-4
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5. Data format

a. Fixed, variable length
See Tables 1-4

b. Columns:
See Tables 1-4

c. Optional number of decimal places
See Tables 1-4

C. Data anomalies:

None noted
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Class V. Supplemental descriptors

A. Data acquisition

1.

Data forms or acquisition methods:

We initially searched the ISI Web Of Knowledge database (Clarivate
Analytics) for publications of predator diet surveys. We avoided keywords
referring to, for example, “empty stomachs” to avoid potential biases. Our
searches combined a set of generic terms with taxon-specific keywords. The
generic terms were TS = (“diet*” OR “gut content” OR “stomach content™”
OR “feeding preference™” OR “prey preference™” OR “diet preference*” OR
“prey selection” OR “foraging ecology” OR “feeding ecology” OR “prey
choice” OR “feeding habit*” OR “prey composition*”) and included
additional terms to reduce the number of non-ecological publications (e.g.,
NOT SU = (“nutrition dietetics” OR anthropology OR “agriculture dairy
animal science”)). Taxon-specific terms (e.g., TS=(echinoderm™ OR
asteroid* OR seastar* OR starfish*)) were used to divide our search effort
among co-authors. Additional studies were identified through cited
references and on an ad hoc basis, including through Google Scholar and
ResearchGate recommendation feeds. We did not include primarily parasitic,
herbivorous, detritivorous, and omnivorous consumer species, restricting our
dataset to predominantly predatory species (i.e. species consuming primarily
live and countable prey animals).

All studies which provided the information necessary for estimating the
proportion of feeding individuals fell into two categories: those that
performed gut (“stomach”) contents analysis and those that used “direct
observation”. The latter category was restricted—though not universal—to
surveys of echinoderms (primarily sea stars), molluscs (primarily marine

gastropod whelks), and terrestrial arthropods (spiders), and entailed the
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systematic inspection of individuals to “catch them” in the active act of
feeding (e.g., Paine 1966, Novak et al. 2017). For gut contents surveys (e.g.,
Huey et al. 2001, Preston et al. 2017), we distinguished between “lethal” and
“non-lethal” (i.e. lavage) surveys and determined the proportion of feeding
individuals from the reported proportion or from the number of non-empty
stomachs using the total number of surveyed individuals when given. For
surveys using direct observation, we determined the fraction of feeding
individuals from the reported proportion, or the number of inspected
individuals that were not handling prey using the total number of surveyed
individuals when given.

When available, we extracted information on all covariates described in
Table 1. For surveys whose (mid-point) dates were resolved to days or
months, we estimated the number of days since the winter solstice (northern
or southern hemisphere) as a continuous measure of season. This was only
done for annual and decadal-scale studies when their surveys were
consistently performed within the same seasonal time window of the year.
Although the distinction between lotic and lentic freshwater ecosystems was
relatively simple, we were unable to unambiguously distinguish benthic and
pelagic foragers in marine environments, hence did not include this
distinction in compiling studies.

The FracFeed database includes information extracted from two existing
datasets on the proportions of empty stomachs found for lizards (Huey et al.,
2001; 117 surveys) and fishes (Arrington et al., 2002; 190 surveys) whose
authors summarized the surveys they had performed over their careers. For
the fishes, we used RFishbase (Boettiger et al. 2012) to determine ecosystem
type, collapsing “River” and “Lake” (Lentic) into “Freshwater” when a
species was indicated as occurring in both. We collapsed “Sea”, “Bay”,
“Gulf” and “Lagoon” into “Marine”. We included only the insectivorous and

piscivorous fishes, excluding omnivores, algivores, and detritivores as
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categorized by Arrington et al. (2002). Omnivorous and herbivorous lizards
as categorized by Huey et al. (2001) were also removed.

The predator taxon’s body mass (in grams) was obtained from the
original publication, unpublished primary data (MN), searches of the primary
literature, published allometric relationships, and databases, with priority
determined in that order when conflicts arose. Most mass data represent
mean adult wet mass. For fishes for which Fishbase did not report mass but
did report body length, we used the allometric coefficients of Froese et al.
(2014) to convert length to mass. For lizards, we used the maximum snout-
ventral lengths and allometric coefficients of Meiri (2018). Conflicts among
published databases were resolved with priority given in the following order:
Meiri (2018), Oliveira et al. (2017), Brown et al. (2018), Smith et al. (2003),
Anderson et al. (2017), Gillooly et al. (2016), Jennings et al. (2002),
Lislevand et al. (2007), Killen et al. (2016), Feldman et al. (2016), Tucker et
al. (2014a, b), Hirt et al. (2017), Eklof et al. (2017), Cai et al. (2015), Animal
Diversity Web (via Qaardvark), AnAge (Tacutu et al., 2013), Fishbase
(Froese and Pauly, 2025), Sealifebase (Palomares and Pauly, 2025), and
DataRetriever (including mammal-life-hist, bird-size, home-ranges, amniote-
life-hist, socean-diet-data, vertnet- amphibian, vertnet-reptiles; McGlinn et
al. 2017). When a published database provided multiple adult body masses,

we used their geometric mean.

2. Location of completed data forms:
None

3. Data entry verification procedures:

Ambiguity regarding a given publication’s relevance or covariate information
was resolved through review and discussion among co-authors. Data entry
made use of GoogleSheets having column-specific data-validation rules and

drop-down selection lists. The GoogleSheet also ensured that studies are not
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erroneously entered more than once. All entries into the database were
independently verified by a second author.
B. Quality assurance/quality control procedures:

A series of R scripts was used for quality insurance, ensuring that there are no
duplicate entries and, for example, that entered numerical values are positive
were required, that Empty.stomach.count/Total.stomach.count = 1-

Percent. feeding.given, and that 0 < Fraction.feeding < 1. A series of data
visualizations was used to scan for outliers, incorrect latitude-longitude entries,

etc.
C. Related materials:
None
D. Computer programs and data-processing algorithms:

The /R folder within the GitHub repository contains a suite of R scripts for

taxonomic standardization, data checking, and simple data visualization.

E. Archiving

1. Archival procedures:
FigShare at https://doi.org/10.6084/m9.figshare.13139705
2. Redundant archival sites:
GitHub at https://github.com/marknovak/FracFeed DB
F. Publications and results:

None
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G. History of data set usage

1. Data request history:
None
2. Data set update history:
None
3. Review history:
None
4. Questions and comments from secondary users:

None

H. Potential biases
The compiled surveys are not free of spatial biases and omissions reflective
of the biases and omissions of an English scientific literature that is
dominated by studies conducted in Western Europe and North America. The
surveys are also not free of biases associated with potential spatial, temporal,
and taxonomic differences in scientific interests and sampling methods.
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