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Blinded main text file 1 

CarniDIET 1.0: A database of terrestrial carnivorous mammal diets  2 

Quantitative diet data for carnivores 3 

Abstract 4 

Motivation: A species’ diet is central to understanding many aspects of its biology, including 5 

its behaviour, movement, and ecological niche. The diets of terrestrial carnivorous mammals, 6 

defined here as species primarily consuming other mammals (hereafter, mammal-consumers), 7 

have been extensively studied and can vary in the proportion of different food types, and 8 

species, consumed across their geographic ranges. Accessibility to data capturing such 9 

variation in diets of mammal-consumers across the variety of ecosystems they occur in would 10 

provide valuable information for conservation, and open research avenues for macroevolution 11 

and macroecology. However, data on mammal-consumer diets across their geographic ranges 12 

have not been systematically collated. Here, we present CarniDIET (Version 1.0), an open-13 

access database containing quantitative data on the diets of terrestrial mammal-consumers 14 

collated from the literature. 15 

Main types of variable contained: Diet records capturing the percentage of mammalian prey, 16 

to the highest taxonomic resolution available, and non-mammalian food types (e.g. birds, 17 

invertebrates) in the diets of mammal-consumers at specific sites and times. Associated data 18 

with each diet record includes, where available, age and sex of mammal-consumer, sample 19 

size, sample origin, and quantification method as well as spatial and temporal variables 20 

including dates, season, study site, altitude and coordinates. 21 

Spatial location and grain: Global, terrestrial. The spatial grain varies among sites from 22 

0.03km2 to 100000km2, with a median of 170km2. Study centroids are provided as latitude-23 

longitude coordinates. 24 
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Time period and grain: Original diet samples were collected between 1933 and 2017, with 25 

half of studies collected between 1994 and 2008. Studies summarise diets from one month to 26 

66 years, with a median of one year. 27 

Major taxa and level of measurement: Terrestrial carnivorous mammals that primarily 28 

consume other mammals (103 species). Studies generally represent species’ population 29 

averages, although can include demographic breakdowns. 30 

 31 

Keywords: interactions, trophic ecology, intraspecific variation, feeding guild, conservation, 32 

functional traits  33 
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Main text 34 

Introduction  35 

A species’ diet is central to understanding its biology, including its behaviour, movement and 36 

ecological niche (Simpson & Raubenheimer, 2012). Diet is defined as “the food(s) taken by 37 

members of a species over times ranging from one feeding period to periods over which 38 

fluctuations in the relative abundance of foods average out”, where ‘food’ refers to a “category 39 

of edible items which is a sensible grouping from the point of view of either predator or 40 

investigator” (Westoby, 1978). Diets therefore capture one-way consumptive trophic 41 

interactions which are influenced by individuals’ nutritional requirements (Simpson & 42 

Raubenheimer, 2012) as well as abiotic and biotic factors (e.g. climate and competition, 43 

respectively).  44 

Species-level representations of species diets commonly feature in functional trait databases 45 

(Jones et al., 2009; Kissling et al., 2014; Wilman et al., 2014; Faurby et al., 2018) used by 46 

macroecological studies across large spatial and temporal scales (Davis & Pineda Munoz, 47 

2016; Middleton et al., 2020). However, species often exploit a diversity of food resources 48 

(Pineda-Munoz & Alroy, 2014), making it challenging to summarise species’ dietary strategies 49 

into categories, e.g. herbivore, omnivore, carnivore (Jones et al., 2009). Some databases 50 

account for diverse diets by estimating global average compositional or semi-quantitative 51 

importance values for the species across multiple food categories (e.g. Kissling et al., 2014; 52 

Wilman et al., 2014). As species diets can vary at the population-level across space and time 53 

in the amount of different food types and prey species consumed, databases containing species-54 

level globally averaged diet compositions are limited in their utility to address questions at 55 

higher spatial and temporal resolutions. 56 

A global database containing direct consumptive interactions identified for consumers across 57 

taxonomic groups exists ("GloBI", Poelen et al., 2014), however it does not capture variation 58 
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in a consumer’s interactions, or its position in food webs, in space and time (Poisot et al., 2015) 59 

or along environmental gradients (Tylianakis & Morris, 2017). Databases capturing spatial and 60 

temporal variation in trophic interactions are currently taxonomically restricted (e.g. felids, 61 

Sandom et al., 2017; reptiles, Grundler, 2020). Therefore, compiling standardised quantitative 62 

interaction data across multiple taxonomic groups will enable predictions of species’ 63 

interactions under future environmental changes (Agrawal et al., 2007; Tylianakis & Morris, 64 

2017) and aid conservation (Tylianakis et al., 2010; Akçakaya et al., 2018) by enabling better 65 

assessments of species’ resource requirements and functional recoveries (Brodie et al., 2018; 66 

Akçakaya et al., 2020). 67 

Many large, terrestrial carnivores – some of which are threatened with extinction – are capable 68 

of exerting top-down pressure in ecosystems (Ripple et al., 2014), increasing calls for 69 

reintroductions to restore top-down interactions (Svenning et al., 2016). The combination of 70 

vulnerability and top-down effects in ecosystems suggests there is a timely need for open-71 

access quantitative data on spatial and temporal variation in carnivore diets to identify resource 72 

requirements, predict ecosystem impacts (Baker et al., 2017), and assist with recovery 73 

assessments (Akçakaya et al., 2020). Previous diet studies on carnivores have investigated the 74 

effects of intra-guild competition (e.g. Carvalho & Gomes, 2004), anthropogenic pressures 75 

(e.g. Henschel et al., 2011), altitude (e.g. Green, 2003), seasonality (e.g. Stenset et al., 2016), 76 

and local ecology (e.g. Vlachos, 1994). Such studies have been combined to address 77 

conservation questions about individual carnivore prey preferences (Hayward & Kerley, 2008) 78 

and diet variation across abiotic gradients (Virgos et al. 1999, Bojarska & Selva 2012), and to 79 

conduct multi-species macroecological and macroevolutionary analyses. However, such 80 

analyses are often taxonomically and morphologically limited, such as vulnerability of felids 81 

to prey loss (Sandom et al., 2017) or dietary breadths of large (> 14.5kg) Carnivora (Ferretti et 82 

al., 2020). Collating and making openly accessible diet data across taxonomic groups of 83 
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carnivorous mammals across wider body mass ranges would allow further conservation 84 

questions to be answered, and open up research avenues in macroevolution and macroecology.  85 

Here, we present CarniDIET 1.0, an open-access database collating quantitative data on 86 

population-level diets of terrestrial carnivorous mammals from the literature.  87 

 88 

Data collation 89 

Species selection  90 

All mammal species selected were extant, terrestrial (excluding cetaceans, pinnipeds, and 91 

sirenians), and reported to consume other mammals as a primary food type from MammalDIET 92 

(i.e. Mammals coded as 1 in Kissling et al. (2014); 208 species). MammalDIET contains 93 

species-level, globally-summarised (i.e. not population-level data), semi-quantitative diet 94 

preferences of mammals for broad food categories (e.g. mammals, birds) based on qualitative 95 

data from the IUCN Red List (IUCN, 2016) and Nowak (1999). To follow Phylacine 1.2 96 

taxonomy (Faurby et al., 2018), a database built for macroecological analyses of mammals 97 

during the late Quaternary, we excluded three species, now recognised synonyms, from the 98 

MammalDIET-derived species list. We also added five species absent from the MammalDIET-99 

derived species list (Felis bieti, Herpestes auropunctatus, Leopardus guttulus, Mustela 100 

russelliana, Mustela tonkinensis) that were split from another mammal-consumer species. 101 

Hereafter, we refer to these species (210 species) as ‘mammal-consumers’. 102 

Diet data sources 103 

Building upon a previous database of felid diets (FelidDIET, Sandom et al., (2017)), we 104 

searched, following the FelidDIET protocol, the Clarivate Analytics Web of Science Core 105 

Collection (WoS; Version 5.3, 1864-March 2019) for sources on non-felid mammal-consumer 106 

diets. For felids, we searched for additional sources published since 2017 when FelidDIET was 107 

released. Sources were identified as peer-reviewed papers returned from WoS searching the 108 
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‘Topic’ field with: Species scientific name AND “diet”. From this initial list, we excluded 109 

sources that: (1) were unavailable as PDFs, (2) were not investigating species’ diets, (3) only 110 

reported qualitative data, or (4) focused on interactions with a specific prey species. For sources 111 

that presented diet data collected from another potential source, the potential source was 112 

included if available as a PDF. 113 

Data extraction 114 

Data were systematically extracted from sources (Fig. S1) into Microsoft Excel (Microsoft 115 

Office 365, Version 2002). For each source, we recorded the author(s), journal, publication 116 

title, and publication year. Each source contains a number of ‘diet records’, with a single diet 117 

record represented by a single row in CarniDIET. A diet record is the percentage of a single 118 

mammalian prey species, or mammalian prey taxa at the highest taxonomic resolution, or sum 119 

for each non-mammalian food type (e.g. birds, invertebrates; see metadata for number of levels 120 

of other non-mammalian food types), in a mammal-consumer’s diet alongside additional data 121 

describing the methods used to quantify the diet record as well as spatial and temporal 122 

information. A ‘study’ within a source represents a series of diet records describing a mammal-123 

consumer’s diet to the highest demographic and geographic resolution (Fig. S2) that employs 124 

one or more diet sampling protocols (e.g. scat collection) or quantification methods (e.g. 125 

frequency of occurrence) across: (1) one season or year, or averaged across multiple years or 126 

seasons (single composition); (2) multiple-seasons across one, or averaged, years (seasonal 127 

comparisons); (3) one, or averaged, seasons across multiple years (time-series); or (4) multiple-128 

seasons across multiple-years (seasonal comparison time-series). The sample size of the 129 

sampling protocol(s) was recorded if reported in the source. For pre-2017 sources on felids, we 130 

collected additional variables absent from FelidDIET (e.g. sex). 131 

Spatial and temporal data for studies were collated to the highest resolution reported within the 132 

source. Sources reported spatial and temporal data inconsistently, and we only recorded 133 
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information provided in the source. Spatial data included location description, coordinates, and 134 

study area size. Location descriptions follow Darwin Core standards (Wieczorek et al., 2012). 135 

If coordinates were not reported, we extracted coordinates from Google Maps for the centroid 136 

of the highest resolution spatial description reported. Coordinates extracted from Google Maps 137 

should be considered less precise than those reported in sources. Study area size (km2) was 138 

recorded when reported in the source. Temporal data included start and end years, months and 139 

days, and the reported season the study covered. 140 

Diet records were extracted from tables, figures, text, and/or supplementary material of sources 141 

and the basis from which data were extracted from each source was recorded (e.g. Table). The 142 

methods used to quantify diet records, including sampling protocol and quantification method, 143 

were extracted (definitions in metadata). Common and/or scientific names of mammalian prey 144 

species were recorded. Any missing common or scientific names of prey were added using 145 

common and scientific name pairs from other sources in CarniDIET that provided both or 146 

looked up in the IUCN Red List. Prey scientific names were standardised to the Phylacine 147 

taxonomy, including prey synonym updates and sub-species given at the species-level. For 148 

domesticated species, we included scientific names (e.g. Bos taurus), despite these species not 149 

being included in Phylacine. 150 

Data validation 151 

We randomly selected 5% of sources (37 sources) and compared diet records in CarniDIET to 152 

the original source. Accuracy in percentage values for diet records in CarniDIET were checked 153 

and any missing diet records identified.  154 

 155 

Results 156 

The species selection criteria returned 210 potential mammal-consumers from 9 orders and 23 157 

families. We found quantitative diet studies for 103 mammal-consumers across 5 orders and 158 
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15 families. The number of mammal-consumers with quantitative diet studies varied between 159 

families (Table S1; Fig. S3), with Felidae (n = 29 species; 83% of possible mammal-consumers 160 

in the family), Canidae (22; 81%) and Mustelidae (18; 47%) having the highest number of 161 

species with diet studies. We found diet studies for all mammal-consumers within three 162 

families (Hyaenidae, Procyonidae and Ursidae), although these families include few mammal-163 

consumers (≤ 3 species). Three families include high numbers of mammal-consumers 164 

(Didelphidae: 26 species; Viverridae: 22; Dasyuridae: 19) but, compared to other families with 165 

mammal-consumers, are relatively under-represented in dietary studies (≤ 37% possible 166 

mammal-consumers in each family studied). 167 

Data were extracted from 719 sources containing 1,310 studies spanning 84 years (1933-2017; 168 

Fig. 1a), resulting in 29,121 diet records. Studies were conducted mostly in recent years 169 

(median = 2001; interquartile range: 1994-2008) summarising diets for one year (median, range 170 

from one month to 66 years). The spatial grain (km2) varied among sites from 0.03km2 to 171 

100000km2, with a median of 170km2. Studies were spatially concentrated in Europe, southern 172 

Africa, non-Amazonian South America, North America and South-Eastern Australia (Fig. 1b) 173 

which do not necessarily reflect high mammal-consumer species richness (Fig. S4-5). Of the 174 

studies, 15% are seasonal comparisons, 4% are time-series, 5% are seasonal comparison time-175 

series, and 76% report single diet compositions.  176 

The number of sources and studies were unevenly distributed across mammal-consumers (Fig. 177 

2a). Red foxes (Vulpes vulpes) were the most studied mammal-consumer (168 studies from 91 178 

sources), contributing 12% of studies (Fig. S6). The five most studied mammal-consumers (red 179 

fox; grey wolf, Canis lupus; leopard, Panthera pardus; puma, Puma concolor, coyote, Canis 180 

latrans) contributed 32% of all studies, and the 12 most-studied 50% (Fig. S6). 181 

Taxonomic resolution of diet records varied throughout CarniDIET (Fig. 2b). Species-level 182 

diet records were the most common (43%), followed by class (18%), and genus (9%). A total 183 
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of 853 prey species, including domesticated animals, were recorded in CarniDIET. Of the 184 

species-level records, even-toed ungulates were most commonly reported (37% of the species-185 

level records), followed by rodents (31%), and carnivores (11%). Diet records were mostly 186 

sampled from scats (60%; Fig. 2b, c), prey items in scats (22%), or stomachs (8%). Diet records 187 

were mostly quantified from occurrence in sampling protocol (69% records; Fig. 2c), followed 188 

by biomass consumption (20%) and volume in sample origin (10%).    189 

Data-validation found that 97% of values in diet records matched the original source, indicating 190 

high accuracy. Of the mammal diet records, 1.2% were not identified correctly to species-level, 191 

and in 3% of sources one species-level diet record was missed. Additional diet records were 192 

missed from CarniDIET (50% missed records from one source), as a result of a missed 193 

quantification method, sampling protocol, or yearly breakdown from 5 re-assessed sources. 194 

 195 

Discussion 196 

The first release of CarniDIET is the most comprehensive open-access database of quantitative 197 

diet data of terrestrial, carnivorous mammals that primarily consume other mammals. Inspired 198 

by a database on felid diets (Sandom et al., 2017), we demonstrate the capability of developing 199 

such a database by increasing taxonomic scope, food types included, and additional metadata. 200 

As a result of a limited source search criteria, we acknowledge CarniDIET 1.0 is not a 201 

comprehensive resource of all dietary studies but we aim to continue developing CarniDIET in 202 

the future.  203 

The taxonomic and geographic extent of data in CarniDIET highlights knowledge gaps and 204 

limitations in data-availability to prioritise future research (Bezanson & McNamara, 2019). 205 

Taxonomic bias is evident with >50% of studies in CarniDIET focussing on one of twelve 206 

mammal-consumers out of a possible 210. Small-bodied mammal-consumers, including 207 

carnivorous marsupials (Dasyurids and Didelphids) and mainly tropical Old World families of 208 
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Carnivora (Viverridae and Herperstidae), are generally under-represented which is a known 209 

bias in carnivore research (Brooke et al., 2014). The geographic distribution of studies follows 210 

trends in other macroecological databases (e.g. Salguero-Gómez et al., 2016; Santini et al., 211 

2018), not necessarily reflecting areas of high mammal-consumer species richness. 212 

Furthermore, studies can be unevenly distributed across species’ geographic ranges and 213 

understanding the implications of this could be a future research avenue. Future data collation 214 

should consider non-English language sources (Konno et al., 2020) and utilise other databases 215 

(e.g. Zoological Record) which may reduce geographic and taxonomic biases.  216 

Analyses using macroecological datasets should account for sampling methods (Santini et al., 217 

2018), which can be done with CarniDIET. Sampling protocols of diet studies have their own 218 

biases, whereby prey item identification (e.g. hairs) in scats and stomachs can overestimate 219 

small-bodied prey consumption (Steenweg et al., 2015) while observed kills underestimate 220 

small-bodied prey consumption despite reflecting absolute number of prey consumed 221 

(Tambling et al., 2012). Further, quantification methods provide different information on 222 

species’ diets, and using more than one method is recommended to overcome limitations in 223 

each (Klare et al., 2011).  224 

Other species not included in CarniDIET, for example species of birds and reptiles, are also 225 

carnivorous and primarily consume mammals, and future data collation could increase the 226 

taxonomic scope to gain more complete food webs (Maiorano et al., 2020). Future collation 227 

should also consider incorporating higher resolutions of non-mammalian food types. However, 228 

the availability of quantitative trophic interaction data is timely for terrestrial mammalian 229 

carnivores for applied conservation projects, as many are threatened (Ripple et al., 2014), for 230 

recovery assessments, reintroductions, and trophic rewilding projects (Svenning et al., 2016; 231 

Akçakaya et al., 2018, 2020). Further, collation of site-specific quantitative diet data in 232 
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CarniDIET increases data availability for macroecological studies investigating ecological 233 

interactions across varying environments and under future global changes. 234 

 235 
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 369 

Figure 1. Spatial and temporal distribution of mammal-consumer diet studies within 370 

CarniDIET. (a) Temporal duration and absolute latitude of studies. Points (equal-transparency 371 

with overlapping points creating darker colours) indicate mid-years and lines start and end 372 

years of studies. Time-series of diet studies from the same source are indicated by adjacent 373 

points with identical absolute latitudes. (b) Spatial distribution of studies, with mammal-374 

consumer species richness (darker shades of grey indicate higher mammal-consumer species 375 

richness) shown for each ecoregion (Olson et al., 2001). Map shown in Mollweide equal-area 376 

projection. For both (a) and (b), point colour indicates family membership.   377 
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 378 

Figure 2. Taxonomic and methodological coverage of CarniDIET. (a) Phylogeny (Faurby et 379 

al., 2018) of 103 mammal-consumers with diet studies in CarniDIET from 15 families 380 
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(coloured, transparent points) with the number of diet studies for each species shown by size 381 

of point, and shown in the inset barplot (colours indicate families, ordered from most to least 382 

studied species). Information for all potential mammal-consumers (210 species) is available in 383 

the supplementary material (Fig. S7). The percentage of diet records from each sampling 384 

protocol where food types were recorded to different taxonomic precision (b) and by different 385 

diet quantification methods (c). Number of records for each sampling protocol are shown in 386 

parentheses, with different numbers a result of combinations of sampling protocol and (b) 387 

taxonomic resolution, or (c) quantification methods. Combinations with >100 records shown, 388 

representing the majority of diet records; all combinations are shown in Figure S8-9. 389 

 390 


