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Abstract
Saurochory (seed dispersal by reptiles) among crocodilians has largely been
ignored, probably because these reptiles are generally assumed to be obligate
carnivores incapable of digesting vegetable proteins and polysaccharides. Herein
we review the literature on crocodilian diet, foraging ecology, digestive physiology
and movement patterns, and provide additional empirical data from recent dietary
studies of Alligator mississippiensis. We found evidence of frugivory in 13 of 18
(72.2%) species for which dietary information was available, indicating this behavior is widespread among the Crocodylia. Thirty-four families and 46 genera of
plants were consumed by crocodilians. Fruit types consumed by crocodilians
varied widely; over half (52.1%) were fleshy fruits. Some fruits are consumed as
gastroliths or ingested incidental to prey capture; however, there is little doubt that
on occasion, fruit is deliberately consumed, often in large quantities. Sensory cues
involved in crocodilian frugivory are poorly understood, although airborne and
waterborne cues as well as surface disturbances seem important. Crocodilians
likely accrue nutritional benefits from frugivory and there are no a priori reasons
to assume otherwise. Ingested seeds are regurgitated, retained in the stomach for
indefinite and often lengthy periods, or passed through the digestive tract and
excreted in feces. Chemical and mechanical scarification of seeds probably occurs
in the stomach, but what effects these processes have on seed viability remain
unknown. Because crocodilians have large territories and undertake lengthy
movements, seeds are likely transported well beyond the parent plant before being
voided. Little is known about the ultimate fate of seeds ingested by crocodilians;
however, deposition sites could prove suitable for seed germination. Although
there is no evidence for a crocodilian-specific dispersal syndrome similar to that
described for other reptiles, our review strongly suggests that crocodilians function as effective agents of seed dispersal. Crocodilian saurochory offers a fertile
ground for future research.

Introduction
Seed dispersal by animals is a critical plant–animal mutualism
that plays an important role in the demography, gene flow,
distribution and evolution of plants (Howe & Smallwood,
1982; Jordano, 1992; Richardson, Brunsfeld & Klopfenstein,
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2002a). While seed dispersal by insects, birds and mammals is
well studied (Abrahamson, 1989; Schupp, Jordano & Gómez,
2010), saurochory, the dispersal of seeds by reptiles, has
received comparatively little attention (Traveset, 1998) despite
recognition that early reptiles were a significant selective force
in the evolution of modern fruit (van der Pijl, 1982; Tiffney,
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1986). Seed dispersal by aquatic and terrestrial chelonians
(Moll & Jansen, 1995 and review therein; Varela & Bucher,
2002; Carlson, Menges & Marks, 2003; Ford & Moll, 2004;
Liu, Platt & Borg, 2004; Graham & Sorrell, 2008; Stone &
Moll, 2009; Kimmons & Moll, 2010), tuatara (Bredeweg &
Nelson, 2010), lizards (Iverson, 1979; Whitaker, 1987; Fialho,
1990; Traveset, 1990; Valido & Nogales, 1994; Sáez &
Traveset, 1995; Nogales, Delgado & Medina, 1998; Castilla,
1999; Hartley et al., 2000; Valido, Nogales & Medina, 2003)
and snakes (Mookerjee, 1946; Irvine, 1953; Engel, 1997) has
been documented. However, saurochory by crocodilians has
been largely overlooked, probably because these aquatic reptiles are generally assumed to be obligate carnivores (Lang,
1987) incapable of digesting vegetable proteins or polysaccharides (Neill, 1971; Coulson & Hernandez, 1983). This omission
is somewhat surprising given that many carnivorous species of
mammals and birds consume fruit, and are recognized as
important primary and secondary seed dispersers (Darwin,
1859; Balgooyen & Moe, 1973; Herrera, 1988; Nogales et al.,
2002).
To better understand the potential role of crocodilians as
seed dispersers, in this review, we pose the following questions: (1) Do crocodilians consume fruit and if so, how widespread is this behavior among the order Crocodylia? (2) If
fruits are present in the diet, are these ingested incidental to
prey capture, consumed as gastroliths, derived secondarily
from ingested prey or deliberately ingested as food? (3) Does
fruit consumption yield a nutritional reward for crocodilians?
(4) What is the fate of fruits and seeds ingested by crocodilians? (5) Are movement patterns of crocodiles likely to extend
the seed shadow much beyond the parent plant? (6) What are
the ecological implications of this plant–animal interaction;
that is, do crocodilians function as seed dispersers?
To answer these questions we reviewed the literature on
crocodilian diet, foraging ecology, digestive physiology and
movement patterns. In addition to our literature review, we
revisited a Louisiana Department of Wildlife and Fisheries
(LDWF) dataset used in an earlier study (McNease & Joanen,
1977) that consisted of stomach contents recovered from 314
American alligators (Alligator mississippiensis) harvested
during 1972–1973 in Cameron Parish, Louisiana, USA. We
also included data from two recent dietary studies of
Al. mississippiensis conducted in Everglades National Park,
Florida, USA, during June–November 2009 and October–
November 2010 (A. E. Rosenblatt & M. R. Heithaus) and
Sapelo Island, Georgia, USA, from March through November
2008–2010 (J. C. Nifong). Stomach contents in both studies
(Everglades National Park; n = 40 and Sapelo Island; n = 99)
were recovered by flushing (Taylor, Webb & Magnusson,
1978); J. C. Nifong also obtained stomach contents from a
road-killed alligator and another that was euthanized after
sustaining injuries in an aggressive intraspecific encounter.

Fruit consumption among the
Crocodylia
We located dietary information for 18 of 23 extant species
(Thorbjarnarson, 1992) of crocodilians. The number and
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quality of dietary studies varies widely among the Crocodylia.
The diet of some species (e.g. Al. mississippiensis and Caiman
crocodilus) has been well studied in many parts of their respective geographic ranges, whereas other species are represented
in the literature by few reports, many of which are based on
small numbers of animals (e.g. Eaton & Barr, 2005; Pauwels
et al., 2007; Bezuijen, 2010), or consist of anecdotal observations of feeding behavior (e.g. Galdikas & Yeager, 1984). We
found reports of fruits or seeds in the stomach contents
or feces of 10 species (Table 1); three additional species
(Ca. latirostris, Al. sinensis and Crocodylus siamensis) which
are not included in this table have been observed consuming
fruit in captivity and in the wild (Brito, Andrade & Abe, 2002;
Brueggen, 2002; Dacey, 2012). Frugivory has thus been documented in 13 (72.2%) of 18 species for which dietary information is available. Frugivory was reported across size classes
ranging from hatchlings to large adults.
Thirty-four families and 46 genera of plants were represented among seeds and fruits reportedly consumed by
crocodilians (Table 2). Undoubtedly, this is a conservative
assemblage as ‘unidentified’ seeds or fruits are listed in 13
(59.0%) of 22 dietary studies that report fruit consumption
(Table 1). Fruit types consumed by crocodilians varied widely,
and included fleshy aggregates (4), berries or berry-like fruits
(10), capsules (2), nuts (4), nutlets (4), achenes (3), legumes (4),
drupes (10), grains (4) and a cone (1). Notably, 24 (52.1%) of
46 identified fruits were fleshy fruits (aggregate, berry, drupe),
which tend to be favored and dispersed by animals (Corlett,
1998; Hawthorne & Parren, 2000). Fruits ranged in size from
grains (e.g. Echinochloa) and small nutlets (e.g. Polygonum) to
large drupes (e.g. Persea, Sacoglottis).
We consider it likely that for several reasons, frugivory
has either escaped detection or been underreported in dietary
studies of crocodilians. First, the duration of many dietary
studies is brief (<6 months), and sampling conducted outside
of the fruiting period is unlikely to detect these seasonally
available items (Leighton & Leighton, 1983). Second, if fruit
consumption is infrequent, the apparent absence of fruit in
the diet may simply be a consequence of the small number of
animals sampled in some studies. Third and perhaps most
importantly, because it is assumed that fruits make little
energetic contribution to crocodilian diets (Neill, 1971;
Coulson & Hernandez, 1983), those found in stomach contents or feces are considered anomalous and included in
general categories such as ‘nonfood items’ (Platt et al.,
2006a), ‘vegetation’ (Thorbjarnarson, 1993b) or ‘plant
material’ (McNease & Joanen, 1977), rather than being
mentioned specifically. For example, McNease & Joanen
(1977) stated only that ‘plant material’ occurred in 84.3% of
314 Al. mississippiensis stomachs examined, yet we found
fruits or seeds of at least 16 species listed on the original
data sheets (Table 1). Because seeds and fruits are often
lumped into more inclusive categories, it is difficult to assess
the prevalence of frugivory in most dietary studies. Based on
the small number of studies in which specific information is
provided on the presence of seeds and fruits in the diet,
frugivory appears to occur frequently in at least some crocodilian populations (Table 3).
Journal of Zoology 291 (2013) 87–99 © 2013 The Zoological Society of London
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Table 1 Fruits and seeds reported in stomach contents and feces of crocodilians
Species

Source

Fruit or seeds

Alligator mississippiensis

Dowler (1846)
Anonymous (1878)
Kellogg (1929)
Valentine et al. (1972)
Platt et al. (1990)
Forkner (1996)
Rice (2004)
Saalfield (2010)
LDWF (this study)

Gossypium sp.
Rubus sp.
Carya sp.
Unidentified seeds
Taxodium distichum; Vigna luteola.
Carya sp.; Juglans nigra.
Unidentified seeds and nuts
Unidentified seeds
Asimina triloba, Brasenia schreberi, Cladium jamaicense, Daubentonia sp., Eleocharis
sp., Heliotropium sp., Hydrochloa caroliniensis, Ipomoea sp., Limnobium spongia,
Melia azedarach, Orzya sativa, Passiflora incarnata, Phaseolus sp., Polygonum sp.,
Sesbania macrocarpa; unidentified seeds.
Echinochloa sp., Juniperus virginiana, Leguminosae, Melia azedarach, Myrica sp.,
Nelumbo lutea, Nyssa sylvatica, Quercus laurifolia, Sabal palmetto, Seronoa repens,
unidentified seeds.
Annona glabra; Chrysobalanus icaco, Rhizophora mangle.
Unidentified seeds
Unidentified seeds
Unidentified seeds
Byrsonima crassifolia
Rhizophora mangle
Unidentified Palmae
Unidentified seeds
Unidentified nutlet
Cyperus papyrus
Oryza sp.
Unidentified seeds
Sacoglottis gabonensis; unidentified fruits.
Unidentified seeds

Nifong (this study)

Caiman crocodilus
Crocodylus acutus

Crocodylus cataphractus
Crocodylus moreletii
Crocodylus niloticus
Crocodylus palustris
Crocodylus porosus
Osteolaemus tetraspis
Paleosuchus trigonatus

Rosenblatt (this study)
Staton & Dixon (1975)
Thorbjarnarson (1993a)
Casas-Andreu & Quiroz (2003)*
Platt et al. (2013)
Mazzotti (this study)
Eaton & Barr (2005)
Platt et al. (2002, 2006a)
Schmidt (1924)
Wallace & Leslie (2008)
D’Abreu (1915)
Webb & Manolis (1989)
Pauwels et al. (2007)
Vanzolini & Gomes (1979)

Asterisk denotes study based on fecal analyses. LDWF, Louisiana Department of Wildlife and Fisheries.

Another difficulty encountered when attempting to assess
the importance of fruit in the diet is that even when the occurrence of frugivory is specifically noted, the quantity of propagules recovered is usually not reported. However, a handful
of accounts collectively suggest that individual crocodilians at
least occasionally ingest significant numbers of fruits. A peck
(c. 9.0 L) of Rubus fruit (945 fruits assuming 105 fruits/L) were
found in the stomach of an adult Al. mississippiensis
(Anonymous, 1878), and the stomach of another adult contained a peck of Gossypium seeds (Dowler, 1846); given that
each capsule contains 12 to 16 small seeds (Standley, 1961),
the presence of so many seeds in a single stomach indicates
that a large number of fruits were consumed. According to
Forkner (1996), the stomach of an alligator yielded a ‘large
quantity’ of Juglans nigra and Carya spp. nuts. Captive
Al. mississippiensis and Ca. latirostris, respectively, consumed
complete panicles of Sambucus canadensis fruit (Brueggen,
2002), and ‘multiple’ Philodendron selloum fruits (Brito et al.,
2002). The stomachs of Cr. moreletii hatchlings contained up
to six unidentified seeds (Platt, Rainwater & McMurry, 2002).
Fruit was found in the stomachs of two Osteolaemus tetraspsis; one contained a single Sacoglottis gabonensis fruit and two
unidentified fruits were recovered from the other (Pauwels
et al., 2007). Unpublished LDWF data and recent dietary
Journal of Zoology 291 (2013) 87–99 © 2013 The Zoological Society of London

studies of Al. mississippiensis found considerable numbers of
some seeds present in stomachs (Table 4). Given the gastric
capacity of large adults (Chabreck, 1972; Richardson, Webb
& Manolis, 2002b), crocodilians would seem capable of ingesting significant numbers of fruits; although this is not apparent
in most reports of frugivory.

Fruit ingestion by crocodilians
Unlike studies of mammalian and avian frugivory, which are
often based on direct observation of foraging individuals,
most evidence for crocodilian frugivory is inferred from the
presence of seeds and fruits among stomach contents and to
a much lesser extent, feces. Because analyses of stomach contents and feces reveal only the composition of the diet and
not the foraging mode (DeVault & Rhodes, 2002), it is possible the presence of fruits and seeds result from behaviors
and processes other than deliberate consumption as food.
Diefenbach (1979) suggested that nonfood objects such as
stones (and presumably fruits and seeds) might be accidentally ingested as crocodilians forage for aquatic gastropods
and other prey among bottom sediments and debris. Brito
et al. (2002) speculated that fruit is accidentally ingested
by crocodilians attempting to capture associated insects.
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Table 2 Fruits consumed by crocodilians
Family

Species

Fruit type

Fruit color

Annonaceae

Anona glabra
Asimina triloba
Philodendron selloum
Sabal palmetto
Serenoa repens
Heliotropium sp.
Brasenia schreberi
Opuntia spp.
Sambucus canadensis
Chrysobalanus icaco
Ipomoea sp.
Citrullus lanatus
Cucurbita spp.
Juniperus virginiana
Cladium jamaicense
Eleocharis sp.
Cyperus papyrus
Daubentonia sp.
Phaseolus sp.
Sesbania macrocarpa
Vigna luteola
Quercus sp.
Q. laurifolia
Sacoglottis gabonensis
Limnobium spongia
Carya spp.
Juglans nigra
Persea americana
Byrsonima crassifolia
Gossypium spp.
Melia azedarach
Ficus racemosa
Myrica sp.
Nelumbo lutea
Nyssa sp.
NA
Passiflora incarnata
Echinochloa sp.
Hydrochloa caroliniensis
Oryza sativa
Zea mays
Polygonum spp.
Rhizophora mangle
Rubus spp.
Citrus spp.
Vitis spp.
Taxodium distichum

Fleshy aggregate
Fleshy aggregate
Berry
Drupe
Drupe
Nutlet
Nutlet
Berry
Berry
Drupe
Capsule
Berry
Berry
Berry-like
Achene
Achene
Achene
Legume
Legume
Legume
Legume
Nut
Nut
Drupe
Berry
Nut
Nut
Drupe
Drupe
Capsule
Drupe
Fleshy aggregate
Drupe
Nut-like
Drupe
Drupe
Berry
Grain
Grain
Grain
Grain
Nutlet
Berry-like
Fleshy aggregate
Berry
Berry
Cone

Yellow
Black
White-yellow
Black
Black
Blue
Green-yellow
Red-purple
Purple
Pink-white
Green-brown
Green
Yellow-orange
Blue-black
Brown
Brown
Brown
Green
Green
Green
Green
Brown
Brown
Black
Green
Brown
Brown
Black-green
Yellow-orange
Green-brown
Yellow-orange
Red
White
Black
Blue

Araceae
Arecaceae
Boraginaceae
Cabombaceae
Cactaceae
Caprifoliaceae
Chrysobalanaceae
Convolvulaceae
Cucurbitaceae
Cupressaceae
Cyperaceae

Fabaceae

Fagaceae
Humiriaceae
Hydrocharitaceae
Juglandaceae
Lauraceae
Malpighiaceae
Malvaceae
Meliaceae
Moraceae
Myricaceae
Nelumbonaceae
Nyssaceae
Palmae
Passifloraceae
Poaceae

Polygonaceae
Rhizophoraceae
Rosaceae
Rutaceae
Vitaceae
Taxodiaceae

Green
Brown
Brown
Brown
Purple-red-yellow
Brown
Red-brown
Red-black
Yellow-orange
Red-purple
Brown

Inclusion based on fruits or seeds found in stomach contents and feces, and foraging observations of wild and captive crocodilians. NA, not available;
species not identified in original account. Taxonomy, fruit type and color follows Standley (1961), Kunkel (1965), Mors & Rizzini (1966), Radford &
Bell (1968), Godfrey & Wooten (1979) and Elias (1987).

According to Webb & Manolis (1989), floating fruits might
be consumed when mistaken for aquatic insects by crocodilians. Furthermore, for reasons yet unknown, crocodilians
occasionally ingest large amounts of vegetation (Supporting
Information Appendix S1), and undoubtedly ingest fruits
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and seeds at the same time. Ingestion of foliage with accompanying fruits and seeds is consistent with the ‘foliage as
fruit hypothesis’ proposed by Janzen (1984); foliage of smallseeded plants can function ecologically as fruit, attracting
herbivores just as fleshy fruits attract and reward frugivores.
Journal of Zoology 291 (2013) 87–99 © 2013 The Zoological Society of London
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Table 3 Frequency of occurrence (%) of frugivory reported in dietary
studies of crocodilians
Species

n

%

Source

Alligator mississippiensis

314
99
40
274
56*
2
71
22

8.5
40.4
25.0
14.3
21.4
50.0
2.8
9.0

LDWF (this study)
Nifong (this study)
Rosenblatt (this study)
Thorbjarnarson (1993a)
Casas-Andreu & Quiroz (2003)
Eaton & Barr (2005)
Platt et al. (2002)
Pauwels et al. (2007)

Caiman crocodilus
Crocodylus acutus
Crocodylus cataphractus
Crocodylus moreletii
Osteolaemus tetraspsis

n, number of stomachs flushed or feces examined (asterisk denotes
fecal samples). LDWF, Louisiana Department of Wildlife and Fisheries.

Table 4 Quantity of seeds found in the stomachs of American alligators
(Alligator mississippiensis) from southwestern Louisiana, Sapelo Island,
Georgia and Everglades National Park, Florida
Species

n

No. of seeds or range

Annona glabra
Asimina triloba
Brasenia schreberi
Chrysobalanus icaco
Cladium jamaicense
Daubentonia sp.
Eleocharis sp.
Helitropium sp.
Hydrochloa carolinensis
Ipomea sp.
Juniperus virginiana
Limnobium spongia
Melia azedarach
Myrica sp.
Nyssa sylvatica
Orzya sativa
Passiflora incarnata
Phaseolus sp.
Polygonum sp.
Quercus laurifolia
Rhizophora mangle
Sabal palmetto
Serenoa repens
Sesbania macrocarpa

7
1
1
2
3
1
1
2
1
1
4
1
5
1
1
1
3
1
3
3
1
5
5
2

1–1286
4
1
1–6
20–46
1
2
225–400
‘Many’
1
1–3
3
1–17
1
3
4
1–204
6
42–294
1
2
3–61
1–10
1

n, number of stomachs containing a particular food item.

Additionally, crocodilians actively seek out and ingest stones
and other objects that act as gastroliths (Peaker, 1969;
Fitch-Snyder & Lance, 1993), and hard seeds might also
serve this purpose (Staton & Dixon, 1975; Platt et al., 2002),
particularly in substrates where stones are rare or absent
(Platt, Brantley & Hastings, 1990).
Fruits and seeds found in stomach contents and feces could
also result from secondary ingestion; that is, the acquisition of
items contained in the gut of primary prey (Cott, 1961).
Crocodilians are generalist predators that consume prey
ranging in size from small invertebrates to large mammals,
Journal of Zoology 291 (2013) 87–99 © 2013 The Zoological Society of London

including carrion (Pooley, 1989; Kofron, 1993; Platt et al.,
2007). This diverse array of prey includes many herbivorous,
frugivorous and granivorous species; hence, numerous opportunities exist for crocodilians to ingest fruits and seeds already
present in the gut of their prey, and to function as secondary
seed dispersers (Nogales et al., 1998). We are unaware of any
report in which propagules found in the stomach contents or
feces of crocodilians could be unequivocally attributed to secondary ingestion. However, when revisiting data used by
McNease & Joanen (1977), we noted that 10 (38.4%) of 26
Al. mississippiensis stomachs containing seeds or fruits also
contained the remains of boat-tailed grackles (Quiscalus
major; four stomachs), red-winged blackbirds (Agelaius
phoeniceus; five stomachs) and a goose (probably Branta
canadensis; one stomach). Similarly, raccoon (Procyon lotor)
remains were found in two stomachs also containing seeds (A.
E. Rosenblatt, pers. obs.). Because these birds all include
fruits and seeds in their diet (Ehrlich, Dobkin & Wheye, 1988)
and frugivory by raccoons is well documented (Zeveloff,
2002), we concede that secondary ingestion could account for
at least some seeds and fruit found in these studies, and probably others as well.
Reports of accidental and secondary ingestion
notwithstanding, observations of captive and wild crocodilians indicate that on occasion, fruits are deliberately
consumed, apparently as food. In captivity, Ca. latirostris
were observed feeding on Philodendron selloum fruit from
plants growing in their enclosure (Brito et al., 2002). Likewise,
Al. mississippiensis consumed wild grape (Vitis spp.),
elderberry (Sambucus canadensis) and citrus (Citrus spp.)
fruits directly from trees, and foraged below citrus trees for
fallen fruits (Brueggen, 2002). Both Al. mississippiensis and
Al. sinensis consumed squash (Cucurbita spp.) provided
for tortoises (Testudinidae) sharing the same enclosure
(Brueggen, 2002).
Observations of fruit consumption in the wild are less
common, which is unsurprising given that crocodilians can
be wary and difficult to observe, much foraging is nocturnal,
and aquatic vegetation and turbidity often obscure foraging
activity (Magnusson, Silva & Lima, 1987; Thorbjarnarson,
1993b). Indeed, there is a notable paucity of information on
foraging behaviors associated with the ingestion of even
commonly consumed prey (Gans, 1989). Nonetheless, a scattering of reports indicate that deliberate frugivory occurs
among wild crocodilians. According to Morelet (1871), ‘alligators’ (undoubtedly Cr. moreletii given the geographic location of this account) are ‘very fond’ of Persea americana
fruit, accounting ‘for the name alligator pear, which has
been bestowed upon it’. In Belize, the vernacular name
‘alligator-pear’ is applied to Annona glabra and according to
villagers, Cr. moreletii and possibly Cr. acutus consume the
fruit (S. G. Platt & T. R. Rainwater, pers. obs.). Elsewhere
in the Neotropics, An. glabra is known as ‘alligator-apple’
owing to the affinity of crocodilians for its fruit (Guppy,
1917; Ridley, 1930; Standley, 1961). Abdulali (1938)
observed Cr. palustris eating fallen Ficus glomerata (racemosa) fruit, Dacey (2012) watched an adult Cr. siamensis
consume Citrullus lanatus, and one of us (F. J. Mazzotti)
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observed Cr. acutus consuming propagules of Rhizophora
mangle. Al. mississippiensis reportedly consume the fruit of
Opuntia (Vosburgh, 1949) and Cucurbita (Foster, 1998), and
have been photographed with motion-sensitive trail cameras
eating Zea mays dispensed by automatic wildlife feeders
(Platt & Elsey, 2011).
It remains unclear what sensory cues are involved in
crocodilian frugivory. Fruit color can serve as an important
signal of both fruit presence and fruit maturity (Lambert &
Garber, 1998), although discussion of color is complicated
by the fact that human color vision is not typical of most
vertebrates (Tovée, 1995; Corlett, 1998). The presence of
photosensitive pigments in the crocodilian retina that
respond over the 400–700 nm spectrum suggests colors can
be discriminated (Richardson et al., 2002b), but whether
color plays any role in foraging behavior is unknown. Given
the range of colors among fruits exploited by crocodilians
(Table 2), color does not seem to be the primary factor in
fruit selection and other cues are probably involved. Airborne and waterborne chemical cues are used to locate
animal prey (Scott & Weldon, 1990; Weldon et al., 1990),
and could likewise play a similar role in frugivory. Crocodilians are attracted to surface disturbances (Brazaitis,
1969; Hartley & Hartley, 1977; Lazell & Spitzer, 1977) perceived through unique sensory receptors on the face (Soares,
2002), and falling fruit hitting the water could elicit a feeding
response in the same manner as suggested for fish (Correa
et al., 2007). Unfortunately, the available reports of crocodilian frugivory provide little insight into how crocodilians
detect fruits prior to consumption.

Nutritional benefits of frugivory to
crocodilians
Animal-mediated seed dispersal is often a mutualistic interaction between plants and their dispersers; the disperser transports propagules out of the seed shadow of the parent plant,
and in turn receives a nutritional reward of energy-rich fruit
(Herrera, 2002). Early research suggested that like many obligate carnivores, crocodilians were unable to metabolize
dietary carbohydrates and other plant-based nutrients
(Coulson & Hernandez, 1983). However, subsequent work
with Al. mississippiensis demonstrated crocodilians are
capable of digesting carbohydrates, plant-based proteins and
vegetable fats (Coulson et al., 1987; Staton, 1988), and supplementing high-protein diets with carbohydrates increased
both food conversion efficiency and growth (Staton et al.,
1990; Smith & Coulson, 1992). Furthermore, measurable
levels of amylolytic enzymes, which hydrolyze carbohydrates
for absorption into the bloodstream, have been found in the
duodenal and pancreatic tissue of Cr. porosus (Read &
Anderson, 2000). Thus, there is no a priori reason for assuming crocodilians consume fruit for reasons other than nutrition. While much remains to be learned about how
crocodilians process carbohydrates and other plant-based
nutrients, collectively, these studies suggest that frugivory is
likely to yield nutritional rewards for crocodilians.
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The fate of fruits and seeds ingested
by crocodilians
Crocodilians do not masticate food; instead, prey items are
grasped with the teeth, positioned in the mouth by a series of
inertial bites, moved into the rear of the oral cavity and swallowed (Cleuren & De Vree, 2000). Prey size is limited primarily
by gape size, and consequently, crocodilians are capable of
ingesting relatively large items (Cleuren & De Vree, 2000).
Given the mechanics of ingestion, most fruits are probably
intact upon entering the stomach, and then rapidly digested
in the highly acidic (pH = 1.2 to 2.0) gastric environment
(Diefenbach, 1975b; Coulson, Herbert & Coulson, 1989)
leaving only the seeds. While fate of seeds in the digestive
system has not been specifically investigated, inferences can be
made based on other hard objects ingested by crocodilians.
Digestive seed predation is one possible outcome of frugivory
as some seeds, particularly caryopses and nuts (e.g. Kellogg,
1929) are crushed by the muscular action of the stomach wall
acting in concert with gastroliths such as small stones (Sokol,
1971; Davenport et al., 1990). However, most reports indicate
that seeds are intact when recovered, suggesting these items
are treated by the digestive system similar to other indigestible
items, which are either regurgitated (nonconvulsive oral
voiding distinguished from convulsive vomiting; Diefenbach,
1981), passed through the digestive tract or retained in the
stomach for indefinite and often lengthy periods (Richardson
et al., 2002b).
Hairballs, feathers, snail opercula and other indigestible
objects too large to pass through the pyloric orifice are regurgitated, often encased in a compact bolus of hair (Diefenbach,
1981; Fisher, 1981; Chabreck, 1996); large seeds could be
treated likewise, although regurgitation of seeds has never
been documented. Smaller indigestible objects are excreted in
feces (Diefenbach, 1981; Chabreck, 1996), an organic matrix
largely consisting of decalcified prey remains (Fisher, 1981).
Seeds have been recovered from the feces of Cr. acutus
(Casas-Andreu & Quiroz, 2003), apparently the only report
describing the post-digestive fate of seeds or fruits. This is
likely due in part to the fact that fecal analyses have rarely
been used to investigate crocodilian diet (but see Whitaker &
Whitaker, 1984; Shoop & Ruckdeschel, 1990; Bezuijen, 2010),
perhaps because feces are infrequently encountered and difficult for researchers to find in the wild (S. G. Platt, T. R.
Rainwater & R. M. Elsey, pers. obs.).
Gastric residence time for ingested items is highly variable
and depends on temperature, meal size, food consumption
rate and composition of the food (Diefenbach, 1975b;
McWilliams, Afik & Secor, 1997; Janes & Gutzke, 2002).
Most items remain in the stomach for 24 to 45 h and pass
through the entire digestive tract in 4–5 days (Davenport
et al., 1990), a gut passage rate comparable to many birds
and larger mammals (Willson, 1993). Laxative compounds in
fruits could potentially reduce gastric residence time by
increasing defecation frequency (Murray et al., 1994), but
these effects have not been investigated in crocodilians (or any
other reptiles). On the other hand, some indigestible objects
that are neither regurgitated nor excreted in feces remain in
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the stomach much longer, although this aspect of the digestive
process is poorly understood. Garnett (1985) found small
fragments of chitin remained in the stomach for 5 months
before being recovered by stomach flushing. Delaney et al.
(2011) reported that after 588 days, 76% of metal tags experimentally fed to a group of captive alligators had yet to be
eliminated from the stomach. Of the tags that were eliminated,
the first were passed between 46 and 106 days post-ingestion.
Others have likewise noted the long-term accumulation of
indigestible items in the stomach, but concluded these must
eventually be regurgitated or excreted because gastric capacity
is limited (Diefenbach, 1981; Horna, Cintra & Ruesta, 2001).
During the period seeds reside in the stomach, the seed coat
is likely to be chemically scarified by gastric acids (Coulson
et al., 1989) and mechanically abraded by gastroliths (Bakker,
1971; Diefenbach, 1975a). What effect these processes might
have on seed survival in the stomach and subsequent germination has yet to be investigated in crocodilians. In general,
seed survival is a function of gastric residence time, declining
the longer a seed remains in the stomach (Janzen, 1981, 1982).
Post-digestion germination experiments comparing seeds collected from crocodilian feces (or regurgitate) with those harvested directly from plants are notably absent from the
literature (Traveset, 1998).

Other considerations
In addition to the type and quantity of fruit ingested, mechanics of ingestion and the effects of gut passage on seeds,
other variables that must be considered when evaluating
dispersal effectiveness include dispersal distance and the
quality of deposition (Schupp et al., 2010). Seed transport by
dispersers facilitates escape from the parent plant, and for a
variety of reasons, the likelihood of post-dispersal seedling
survival is greater with increasing dispersal distance (Howe &
Smallwood, 1982; Howe & Miriti, 2004), which in turn is
largely determined by the ranging behavior of the disperser
(Corlett, 1998).
Crocodilians exhibit complex movement patterns that vary
depending on sex, age, body size, reproductive status and
season (Hutton, 1989; Rootes & Chabreck, 1993; Tucker
et al., 1997, 1998), even among individuals of the same sex and
similar body size (Rosenblatt & Heithaus, 2011). Adult crocodilians establish and defend territories (Lang, 1987) that can
encompass hundreds to thousands of hectares (up to 5000 ha
in some populations of Al. mississippiensis; Joanen &
McNease, 1972), and daily movements within these territories
can be extensive. For example, adult Gavialis gangeticus in a
large river reportedly moved 12 km in 2 h (Bustard & Singh,
1983). Male Cr. porosus moved an average of 4.0 km d-1
during the dry season, and the greatest distance moved
during a single day was 23.3 km (Kay, 2004). Similarly,
several adult Al. mississippiensis moved at least 13.4 km in a
single day (Rosenblatt & Heithaus, 2011), and an adult female
moved 24.9 km in 68 days (2.7 km d-1; Lance et al., 2011).
Favorable currents appear to facilitate long-distance movements of crocodilians in river systems (Kay, 2004). In at least
one species (Cr. porosus), long-distance oceanic voyages
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between widely separated island populations occur regularly
(Campbell et al., 2010). Although nothing quantitative is
known about seed shadows generated by crocodilians, their
complex and often extensive movements coupled with the
potentially lengthy gastric residence periods of seeds could
result in long-distance seed dispersal with attendant consequences for the spatial distribution of plants (Cain, Milligan &
Strand, 2000).
Quality of deposition refers to the probability that a seed
will survive ingestion in a viable condition, be deposited at a
site suitable for germination and survive to produce a new
adult (Schupp et al., 2010). Although locations of suitable
deposition sites are unpredictable, some sites are predictably
associated with higher probabilities of seedling survival in
comparison to others (Schupp et al., 1989). The biotic and
physical conditions of the deposition site are primarily determined by attributes of the disperser (Schupp, 1993). Very little
is known concerning the deposition of seeds ingested by crocodilians. Regurgitation of indigestible items by captive crocodilians takes place in the water (Diefenbach, 1981), and
presumably occurs likewise in the wild, although observations
are lacking. Similarly, the defecation habits of wild crocodiles
are poorly documented. Cr. moreletii deposits feces at basking
sites and underwater (S. G. Platt & T. R. Rainwater, pers.
obs.). Al. mississippiensis feces have been found on top of nest
mounds (R. M. Elsey, pers. obs.), which consist of soil and
decomposing vegetation (McIlhenny, 1935), and atop levees
separating wetland habitats (T. R. Rainwater & P. M. Wilkinson, pers. obs.). Casas-Andreu & Quiroz (2003) recovered
Cr. acutus feces at basking sites, and Cr. siamensis feces were
found along seasonally exposed lake margins and on mats of
floating vegetation (Platt et al., 2006b; Bezuijen, 2010).
Whether these locations constitute suitable germination sites
is speculative, but mounds of soil and decomposing vegetation, exposed moist soil along lake margins and floating
organic mats would seem to provide adequate conditions for
seed germination. Crocodilians often inhabit seasonally
flooded wetlands, and seeds deposited underwater might be
exposed by falling water levels and germinate during the dry
season. Seeds deposited in streams or rivers could also be
secondarily dispersed by water currents in the same manner
suggested for semi-aquatic mammals that often defecate
underwater (Crawley, 1983; Beck-King, von Helverson &
Beck-King, 1999). Furthermore, the accumulation of crocodilian dung at frequently used basking sites creates nutrient
‘hot spots’ (Rosenblatt & Heithaus, 2011) that could prove
favorable for seedling establishment and growth. Sites where
seed-filled dung accumulates often have consistent, disproportionately high, seedling recruitment over time (Russo &
Augspurger, 2004).

Conclusions and future directions
Despite significant gaps in our knowledge of crocodilian
foraging ecology, diet and nutritional physiology, several
facts emerge from our review. Foremost is that although underreported, frugivory appears widespread among the Crocodylia. Some frugivory is certainly attributable to accidental
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or secondary ingestion, and ingestion of fruits and seeds when
consuming vegetation, but the literature leaves little doubt that
on occasion, crocodilians deliberately eat fruit. Crocodilians
are probably best considered ‘occasional frugivores’ (sensu
Willson, 1993), that is, generalist predators that complement
an otherwise carnivorous diet with fruit, which is consumed
infrequently and usually, but not always in small quantities.
Although fruit seems of limited importance in crocodilian
diets, nutritional benefits likely accrue from frugivory.
The diversity of fruit types consumed by crocodilians seems
to preclude the existence of a specific crocodilian dispersal
syndrome similar to that described for other reptiles (aromatic, colorful fruits, borne at ground level or dropped at
maturity) by van der Pijl (1982). Nonetheless, several lines of
evidence strongly suggest that crocodilians potentially function as effective agents of seed dispersal. Crocodilians are
capable of ingesting large numbers of fruits and seeds, and
because these are swallowed without mastication, seeds are
likely to escape damage during ingestion. Among birds and
mammals, seeds ingested by ‘swallowers’ have a greater probability of being successfully dispersed relative to other modes
of fruit consumption (Schupp, 1993). Moreover, the expansive
gape capacity of crocodilians permits the ingestion of largeseeded fruits (e.g. S. gabonensis, P. americana and perhaps
some Palmae), a group constrained by access to a limited suite
of vertebrate dispersers (Corlett, 1998; Peres, 2000). Once
ingested, the fate of seeds is less clear; while digestive predation of some seeds undoubtedly occurs, most are probably
regurgitated or excreted in the feces. What effects digestive
processes have on seed viability remains unknown, and the
potentially long gastric residence times are cause for concern.
Because crocodilians have large territories and frequently
undertake lengthy movements, they are capable of generating
extensive seed shadows; seeds are transported well beyond the
parent plant before being voided. Although little is known
about the ultimate deposition of seeds ingested by crocodilians, the few available reports suggest that defecation sites
could prove suitable for seed germination.
Admittedly, many of our conclusions are tentative and
often speculative, and much remains to be learned about
crocodilian saurochory; however, our review suggests a fertile
ground for future research. Most importantly, the occurrence
of seeds and fruits among stomach contents and feces should
henceforth be considered evidence of possible frugivory rather
than consigned to the dustbin of generalized dietary categories. Furthermore, a better understanding of the fate of
ingested seeds is urgently needed to assess crocodilian saurochory. Are seeds regurgitated or deposited in the feces, and
how long do these items remain in the digestive tract? Basic
information on the defecation habits of crocodilians would go
far toward understanding the likelihood of post-digestive
seedling survival. To this end, germination experiments comparing seeds ingested by crocodilians with others harvested
directly from plants are recommended. Such experiments are
essential to quantify important components of disperser
effectiveness (germinability, survivorship and dormancy
periods of ingested seeds), but are seldom performed in studies
of saurochory (Willson, 1993; Liu et al., 2004). Because croc94
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odilian foraging ecology is difficult to study in wild populations, many of these questions are probably best addressed
using captive animals. Given the biomass of crocodiles in
many subtropical and tropical wetlands (Platt et al., 2009,
2011; Fukuda et al., 2011), their capacity for ingesting large
numbers of fruits, and the unspecialized, diffuse nature of
many seed dispersal mutualisms (Wheelwright & Orians,
1982; Herrera, 1985; Howe, 1985), we consider it likely that
crocodilians function as significant seed dispersal agents in
many freshwater ecosystems.
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