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Abstract
1.	 As	one	of	the	world’s	largest	predators	of	freshwater	environments,	crocodylians	
play	an	important	role	in	shaping	their	community.	In	turn,	many	aspects	of	croco-
dylian	life	histories	are	influenced	and	have	been	shaped	by	characteristics	of	their	
environment,	especially	vegetation.	However,	our	understanding	of	just	how	veg-
etation	impacts	crocodylian	life	histories	remains	limited,	particularly	in	regard	to	
indirect	interactions.	Such	interactions	can	be	critical	for	understanding	popula-
tion	dynamics	and,	therefore,	for	informing	conservation	management	decisions.

2.	 We	 reviewed	 contemporary	 understanding	 of	 these	 plant–crocodylian	 interac-
tions	 in	peer-reviewed	 journals	and	 the	grey literature,	 synthesising	 life	history-
shaping	dynamics	against	aspects	of	their	ecology.	We	then	conceptualised	how	
global	environmental	change,	including	climate	change,	species	invasions	and	land	
use	change,	may	threaten	these	critical	dependencies,	and	how	future	conserva-
tion	plans	need	to	account	for	these	pressures.

3.	 We	identified	five	primary	aspects	of	crocodylian	ecology—habitat	selection,	nest-
ing	 ecology,	 communication,	 physiology,	 and	 feeding	 ecology—that	 are	 probably	
shaped	by	vegetation	interactions	at	different	spatial	scales.	These	interactions	in-
clude	direct	and	indirect	impacts,	with	both	positive	and	negative	outcomes	from	a	
crocodylian	perspective.

4.	 Anthropogenic	impacts	on	environments	via	global	environmental	change	drivers	is	
causing	unprecedented	change	to	vegetation	dynamics.	What	is	often	overlooked	is	
how	these	changes	impact	large	aquatic	predators	such	as	crocodylians.	Our	synthe-
sis	shows	that	while	many	impacts	can	be	identified,	their	magnitude	and	mechanism	
are	not	well	understood,	making	management	driven	mitigation	challenging.	We	rec-
ommend	 that	 future	 studies	 prioritise	 quantifying	 how	 vegetation	 communities	
shape	the	suitability	of	crocodylian	nest	sites,	and	how	to	best	detect	the	fingerprint	
of	impacts	caused	by	invasive	alien	plants	on	demographic	change	in	crocodylians	
over	longer	durations.	An	improved	understanding	of	the	impact	of	vegetation	im-
pacts	on	crocodylians	is	essential	for	building	effective	conceptual	frameworks	and	
management	agendas	for	the	conservation	of	these	iconic	reptiles.
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1  | CROCODYLIANS IN A CHANGING 
WORLD

Crocodylians	are	an	ancient	and	highly	successful	lineage	of	reptiles	
that have retained their basic body form and function for almost 
250	million	years	(Brazaitis	&	Watanabe,	2011;	Seymour,	Bennett-	
Stamper,	 Johnston,	 Carrier,	 &	Grigg,	 2004).	 These	 survivors	 have	
demonstrated	a	high	degree	of	adaptability	and	resilience	to	past,	
present,	and	 likely	 future	environmental	change.	Crocodylians	are	
also	 near-	exclusively	 carnivorous	 and	 occupy	 the	 top	 position	 in	
most	 tropical	 and	 subtropical	 aquatic	 food	webs.	 Relative	 to	 ter-
restrial	 or	 marine	 environments,	 this	 places	 them	 in	 equivalent	
positions	to	the	large	dominant	carnivores	regularly	referred	to	as	
apex	predators	or	keystone	species	(Wallach,	Izhaki,	Toms,	Ripple,	
&	Shanas,	2015).

Crocodylians are considered the most economically valuable of 
all	the	reptiles,	with	global	industries	in	skin,	meat,	tourism	and	tro-
phy	hunting	worth	many	millions	of	dollars	annually	(Caldwell,	2017;	
Webb,	 2014).	 Economically	 driven	 sustainable-	use	 programmes	
have	 underpinned	many	 of	 the	 successful	 conservation	 programs	
since	 the	1980s.	These	programmes	have	been	critical	 to	 the	 sur-
vival	of	many	crocodilian	species	that	can	otherwise	pose	a	serious	
threat	to	humans	and	their	livelihoods	(Ross,	1995;	Thorbjarnarson,	
1999).	 Beyond	 pure	 economic	 values,	 crocodylians	 also	 have	 so-
cial	 value	 from	 a	 cultural	 perspective.	 That	 is,	 crocodylians	 have	
aesthetic,	 recreational,	 spiritual,	 and	psychological	 values	 in	many	
cultures	and	indigenous	value	systems	around	the	world	(Olupona,	
1993;	Passariello,	1999;	Skinner,	1964).

However,	despite	having	high	economic	and	cultural	value	and	a	
reputation	for	having	“held	their	own	with	the	dinosaurs,”	 increas-
ingly	efficient	human	hunting	pressure	has	led	to	significant	declines	
in crocodylian numbers around the world. Conservation efforts in 
recent	decades,	and	an	end	to	widespread	and	uncontrolled	hunt-
ing,	have	reversed	downward	population	size	trends	in	some	coun-
tries	(Fukuda	et	al.,	2011;	Mazzotti,	Brandt,	Moler,	&	Cherkiss,	2007;	
Mazzotti,	Cherkiss,	Parry,	&	Rice,	2007).	In	less	developed	countries,	
however,	population	declines	continue	due	 to	deliberate	and	acci-
dental	killings,	habitat	modification,	and	urbanisation	(Ashton,	2010;	
Platt	&	Thorbjarnarson,	2000;	Thorbjarnarson	&	Hernández,	1992).	
These	declines	often	happen	despite	 legislation	 that	prohibits	 the	
primary	cause.

Policy-	based	protection	alone	 is	highly	 ineffective	for	the	con-
servation	of	species	if	suitable	habitat	and	ecological	requirements	
for	 population	 viability	 are	 not	 maintained.	 Robust	 conservation	
management	depends	also	on	a	solid	understanding	of	the	life	his-
tory	of	the	species	in	question.	As	most	crocodylian	behaviours	are	
cryptic	 in	 nature,	many	 aspects	 of	 their	 ecology	 remain	 unknown	
or	poorly	documented	for	more	than	half	of	the	25	extant	species	
(Ross,	1998;	Somaweera,	Brien,	&	Shine,	2013).	An	increased	under-
standing	of	their	ecological	needs,	including	niche	characterisation,	
environmental	requirements,	and	ecophysiological	tolerances/pref-
erences,	is	essential	for	building	effective	conceptual	frameworks	to	
prioritise	conservation	management	agendas.

As	 a	 group	 of	 large	 aquatic	 predators,	 crocodylians	 play	 an	
important	role	in	the	coastal	and	wetland	environments	that	they	
inhabit,	due	to	their	 large	biomass	and	ability	to	feed	at	various	
trophic	 levels	 (Nifong,	 2018).	 In	 turn,	 crocodylian	 life	 histories	
have	been	shaped	from	an	evolutionary	perspective	by	the	sur-
rounding	 environment.	 For	 example,	 movement	 patterns	 and	
habitat	 use	 (Kofron,	 1992),	 reproduction	 (Magnusson,	 Lima,	 &	
Sampaio,	 1984),	 feeding	 and	 predation	 (Somaweera,	 Webb,	 &	
Shine,	2011),	genetic	flow	(Dever,	Strauss,	Rainwater,	McMurry,	
&	Densmore	 Iii,	 2002),	 and	 social	 interactions	 (Lang,	 1987)	 are	
influenced	 by	 environment	 characteristics.	 However,	 it	 is	 still	
largely unknown how the vegetative elements of their environ-
ment	 shape	 crocodylian	 life	 histories,	 relative	 to	 other	 biotic	
and	abiotic	components	such	as	microclimate,	local	geology	and	
other co- occurring fauna.

Here,	we	provide	a	synthesis	of	how	crocodylian	life	histories	
are	shaped	and	influenced	by	the	vegetative	components	of	their	
surrounding	environment.	Where	possible,	we	aim	to	identify	pro-
cess	as	well	as	pattern	behind	the	insight	provided.	We	partition	
these	 plant–animal	 interactions	 across	 different	 aspects	 of	 their	
ecology	 and	 between	 direct	 and	 indirect	 impacts,	 both	 positive	
and	 negative.	 Finally,	 we	 summarise	 how	 global	 environmental	
change,	 including	climate	change,	species	 invasions	and	 land	use	
change,	 may	 threaten	 these	 plant–animal	 interactions	 and	 how	
future conservation efforts need to account for these increasing 
additional	pressures.

To	this	end,	we	examined	peer-	reviewed	journals,	the	grey 
literature,	 and	 accounts	 from	 experienced	 ecologists	 on	 the	
relationship	 between	 crocodylian	 life	 histories	 and	 vegeta-
tion.	 Including	 the	 grey	 literature	 (those	 published	 in	 scien-
tific	 and	 technical	 reports,	 field	 guides,	 and	 newsletters)	 as	
well	 as	 accounts	 from	 the	 authors	 and	 colleagues	 were	 par-
ticularly	 important	 in	 our	 investigation,	 given	 the	 paucity	 of	
peer-	reviewed	 sources	 on	 this	 topic.	 Such	 records	 typically	
comprise	anecdotal	observations,	often	based	upon	small	sam-
ple	sizes,	but	merit	 inclusion	as	long	as	they	exhibit	adequate	
levels	 of	 methodological	 rigor	 similar	 to	 published	 literature	
and	 their	 interpretation	 is	 not	 overstated	 (Conn,	 Valentine,	
Cooper,	 &	 Rantz,	 2003).	 Collections	 of	 these	 anecdotes	 can	
suggest	 trends	 (Safina,	 2015),	 and	 by	 ignoring	 such	 reports,	
we would overlook a rich source of field observations (Bates 
&	Byrne,	2007;	Simkhada,	Knight,	Reid,	Wyness,	&	Mandava,	
2005).

2  | VEGETATION INTER AC TIONS AND 
OUTCOMES

Many	 critical	 aspects	 of	 crocodylian	 ecology	 are	 influenced	 by	
vegetation	at	a	range	of	spatial	scales,	via	both	direct	and	 indirect	
pathways.	We	discuss	these	interactions	and	influences	under	five	
separate	 life	 history	 parameters:	 habitat	 ecology,	 nesting	 ecology,	
communication,	physiology,	and	foraging	and	feeding	ecology.
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2.1 | Habitat ecology

It	is	widely	accepted	that	crocodylians	are	habitat	generalists,	with	no	
strong	affiliation	for	any	specific	type	of	landscape-	level	vegetation	
community	as	their	core	place	of	occupancy	(Grigg	&	Kirshner,	2015).	
For	 example,	 American	 alligators	 (Alligator mississippiensis)	 occupy	
coastal	habitats	 (brackish	marshes,	 intermediate	marshes,	 freshwa-
ter	marshes,	coastal	lakes	and	even	saltwater	marshes)	as	well	as	in-
land	areas	(marshes,	bayous,	swamps,	natural	lakes,	reservoirs,	lakes,	
creeks,	and	ditches),	each	with	contrasting	vegetation	communities	
(as	 reviewed	 by	 Staton,	 1989;	Wilkinson,	 1984).	 In	 Sri	 Lanka,	 the	
mugger crocodile (Crocodylus palustris)	occupies	a	wide	range	of	both	
natural	 and	 anthropogenic	 inland	 aquatic	 habitats,	 including	paddy	
field	canals,	agro-	wells,	 rivers,	streams,	 irrigation	canals,	man-	made	
lakes,	 swamps,	 and	 even	 water-	filled	 excavations	 (De	 Silva,	 2013;	

R.	Somaweera	personal	observation).	In	northern	tropical	Australia,	
freshwater crocodiles (Crocodylus johnstoni)	 inhabit	 all	 freshwater	
environments	including	minor	and	often	ephemeral	headwaters,	and	
the	downstream	broad	tidal	reaches	of	major	rivers	(Webb,	Manolis,	
&	 Sack,	 1983).	 The	 riparian	margins	 and	 underwater	 vegetation	 of	
these	 environments	 range	 from	 sparsely	 to	 highly	 vegetated	 and	
from	simple	 to	complex	 in	 structure,	and	 they	occur	across	a	wide	
range	of	climatic	and	floristic	zones.	Crocodylians	also	readily	adapt	
to	 anthropogenically	modified	 environments	with	 substantially	 dif-
ferent	vegetation	composition	relative	to	natural	environments	(e.g.	
American crocodile [Crocodylus acutus]	 in	 spoil	 banks	 [Kushlan	 &	
Mazzotti,	 1989a];	Chinese	alligator	 [Alligator sinensis] in agricultural 
ponds	 [Thorbjarnarson,	Wang,	&	He,	2001]).	 It	 is	 reasonable	 to	as-
sume,	 therefore,	 that	 at	 a	 landscape-	level	 site	 selection	 by	 croco-
dylians	is	essentially	independent	of	specific	vegetation	communities.

F I G U R E  1 Direct and indirect 
interactions between crocodylians 
and	vegetation.	(a)	A	female	Australian	
freshwater crocodile (Crocodylus johnstoni)	
guarding her crèche among littoral 
aquatic	vegetation	in	Australia	(Photo:	
R.	Somaweera).	(b)	A	mugger	crocodile	
(Crocodylus palustris)	basking	on	a	fallen	
tree in a marsh overgrown by water 
hyacinth (Eichhornia crassipes)	and	other	
weeds	in	Sri	Lanka	(R.	Somaweera).	
(c)	An	American	alligator	(Alligator 
mississippiensis)	nest	constructed	using	
grasses	(P.	Trosclair/R.	Elsey).	(d)	A	female	
saltwater crocodile (Crocodylus porosus)	
nesting	among	palm	fronds	in	captivity	in	
Malaysia	(R.	Somaweera).	(e)	The	invasive	
weed	stinking	passionflower	(Passiflora 
foetida)	smothering	the	nesting	habitat	
of C. johnstoni in north- west Australia (R. 
Somaweera).	(f)	A	Philippine	crocodile	
(Crocodylus mindorensis)	basks	in	a	tree	at	
a	non-	tidal	water	body	in	the	Philippines	
(M.	van	Welsem/Mabuwaya	Foundation).	
(g)	Two	juvenile	broad-	nosed	caimans	
(Caiman latirostris)	feeding	on	fruits	
of Philodendron selloum	in	captivity	in	
south-	eastern	Brazil	(D.	V.	Andrade).	(h)	
An A. mississippiensis with likely incidental 
placement	of	water	plants	on	its	back	(S.	
Foote)

(a) (b)

(c) (d)

(e) (f)

(g) (h)
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2.1.1 | Spatial distribution and survivorship

At	a	more	local	site	level,	vegetation	can	affect	certain	aspects	of	
habitat	ecology	across	all	life	stages.	For	example,	the	density	and	
structure	of	vegetation	(littoral,	aquatic)	is	a	critical	element	for	de-
termining	ontogenetic	niche	partitioning	across	all	age	groups.	 In	
general,	crocodylians	prefer	environments	characterised	by	calm,	
sheltered,	 permanent	 water	 bodies	 with	 low	 salinity	 and	 littoral	
and	aquatic	vegetation	that	serve	as	both	cover	for	individuals	and	
as	a	refuge	for	prey	(Cott,	1961;	Ouboter	&	Nanhoe,	1988;	Villegas	
&	Reynoso,	2013).	In	stable	populations,	adults	and	sub-	adults	are	
often	found	in	the	more	open	parts	of	waterbodies,	with	hatchlings	
and	 juveniles	occupying	 the	heavily	vegetated	edges	and	smaller	
waterways,	 which	 protect	 against	 predation	 (both	 from	 larger	
conspecifics	as	well	 as	other	predators:	Somaweera	et	al.,	2013).	
Heavily	vegetated	habitat	also	minimises	exposure	to	thermal	ex-
tremes	 and	wave	 action	 (Kushlan	&	Mazzotti,	 1989b)	while	 pro-
viding	a	refuge	for	potential	prey	(e.g.	insects,	frogs;	Temsiripong,	
1999).

Preference for vegetated sites over non- vegetated sites by 
hatchling and juvenile crocodylians has been demonstrated for 
several crocodylians including the common caiman (Caiman croco-
dilus;	Glastra,	1983),	black	caiman	(Melanosuchus niger;	Da	Silveira,	
Magnusson,	&	Campos,	 1997),	A. mississippiensis	 (Smith,	Adams,	&	
Dinkelacker,	 2016),	 Nile	 crocodile	 (Crocodylus niloticus;	 Honegger,	
1971),	 Morelet’s	 crocodile	 (Crocodylus moreletii;	 Cedeño-	Vázquez,	
Ross,	 &	 Calmé,	 2006),	 and	 C. johnstoni	 (Somaweera	 et	al.,	 2011;	
Figure	1a),	 with	 lower	 rates	 of	 survivorship	 in	 environments	 with	
little	 to	 no	 vegetation	 cover	 due	 to	 higher	 predation	 (Rootes	 &	
Chabreck,	1993).

Hatchling	survivorship	has	also	been	negatively	correlated	with	
distance	 between	 nest	 sites	 and	 suitable	 nursery	 habitat,	 the	 lat-
ter of which is characterised by reasonably dense vegetation cover 
(Mazzotti,	1999;	Mazzotti,	Cherkiss,	Parry	&	Rice,	2007).	Seasonal	
fluctuations	 in	 floodwaters	 can	 also	 provide	 either	 an	 increase	 or	
decrease	 in	 available	 vegetative	 cover	 depending	 on	 the	 adjacent	
habitat	(Honegger,	1971).	In	lotic	waters,	where	floating	vegetation	
is	scarce,	underwater	exposed	root	systems	and	fallen	trees	may	be	
used	as	nursery	habitat	(Steel,	1989).

In	contrast,	the	proliferation	of	invasive	and	introduced	aquatic	
plants	in	lake	environments	often	reduces	the	amount	of	open	water	
areas	and	hinders	movement	and	navigation	of	crocodiles,	especially	
larger	individuals	(Rajbhandari	&	Acharya,	2014;	Figure	1b).	For	ex-
ample,	in	Uganda,	very	few	large	(>2	m)	C. niloticus were observed in 
waters choked with the invasive alien weed Pistia stratiotes	(Parker,	
1970).	While	 anecdotal	 reports	 suggest	 that	 this	 can	 lead	 to	 de-
creased	densities	over	time	for	crocodylians,	the	confounding	effect	
of reduced detectability due to thicker vegetation makes it difficult 
to	validate	such	 trends	 if	 they	are	based	on	opportunistic	 surveys	
alone.

The	construction	of	dens	by	some	species	of	crocodylian	serves	
as	overwintering	and	aestivation	sites	(Platt,	2000;	Thorbjarnarson	
&	Wang,	2010).	The	location	of	these	dens	often	depends	on	the	

presence	 of	 bank	 vegetation,	 such	 as	 tree	 roots,	 which	 provide	
structural	 support.	An	 association	of	 dens	 and	 tree	 roots,	 espe-
cially	fibrous	root	mats	suspended	in	the	water,	has	been	reported	
for A. mississippiensis	 (Kushlan,	 1974),	C. acutus	 (Throbjarnarson,	
1989),	 C. johnstoni	 (Walsh,	 1989),	 C. moreletii	 (Álvarez	 Del	 Toro,	
1974;	 Platt,	 2000),	 C. palustris	 (Deraniyagala,	 1939;	Whitaker	 &	
Whitaker,	1984),	and	the	Siamese	crocodile	(Crocodylus siamensis; 
Simpson,	2006).	Deraniyagala	(1939)	further	reported	that	C. pal-
ustris favours Arjun tree (Terminlia arjuna)	root	systems	as	resting	
places,	 as	 they	provide	 ideal	 hiding	places.	Therefore,	 it	 is	 likely	
that	vegetation	plays	a	crucial	role	 in	determining	the	spatial	oc-
cupancy	and	 therefore	 the	 survivorship	of	 crocodylians	within	a	
habitat.

By	contrast,	adult	crocodylians	can	also	indirectly	impact	the	lo-
calised	composition	and	richness	of	plant	species	owing	to	their	large	
size.	In	the	Florida	Everglades,	alligators	create	disturbance	patches	
known as gator holes.	The	creation	and	maintenance	of	these	holes	
by	 alligators	 influences	 plant	 community	 composition	 and	 struc-
ture	and	increases	the	richness	of	vascular	plants	in	and	around	the	
holes	relative	to	the	surrounding	marsh	(Palmer	&	Mazzotti,	2004).	
Therefore,	the	synergies	between	crocodylians	and	vegetation	are	
often self- reinforcing.

2.2 | Nesting ecology

2.2.1 | Nest site selection

In	oviparous	animals	such	as	crocodylians,	the	condition	and	avail-
ability	of	suitable	nest	sites	have	critical	consequences	for	the	life-
time	fitness	of	progeny	as	well	as	the	overall	demographics	of	the	
population.	As	 reviewed	 in	Refsnider	 (2016),	 nest	 site	 selection	 in	
reptiles	 is	 driven	by	multiple	 evolutionary	 factors,	 but	 it	 is	widely	
accepted	 that	 the	 factors	governing	nest	 site	 selection	are	one	of	
the	most	poorly	understood	aspects	of	crocodylian	behaviour	(Lang,	
1987).	Nest	 site	 selection	 represents	 an	optimisation	process	 bal-
ancing	(1)	optimal	conditions	for	successful	incubation;	(2)	proximity	
to	suitable	nursery	habitat;	(3)	a	location	that	enables	the	female	to	
survive	for	several	months	for	those	species	that	tend	the	nest	site;	
and	(4)	for	mound-	nesting	species,	the	access	to	suitable	vegetative	
material to build the nest.

All	eight	species	of	alligatorids,	at	least	12	species	of	true	croc-
odiles,	 and	 the	 false	 gharial	 (Tomistoma schlegelii)	 deposit	 eggs	 in	
mounds	 constructed	 of	 vegetation,	 soil,	 and	 woody	 debris	 (Grigg	
&	 Kirshner,	 2015;	 Figure	1c).	 The	 selection	 of	 ovipositional	 sites	
by	 these	 species	 is	 influenced	 to	 some	extent	 by	 the	presence	of	
suitable ground- layer vegetation that could be utilised as nesting 
material.	 In	 some	 cases,	 dense	 vegetation	 can	 conceal	 nests	 from	
predators	and	overhead	canopy	cover	could	buffer	against	high	lev-
els	of	insolation	(Graham,	1981;	Harvey	&	Hill,	2003).	Social	factors	
also	play	a	role	in	nest	site	selection	for	highly	territorial	species	such	
as Crocodylus porosus,	which	avoid	nesting	in	close	proximity,	espe-
cially	within	visible	range	(Webb,	Manolis,	et	al.,	1983;	Webb,	Sack,	
Buckworth,	 &	Manolis,	 1983).	 This	 behaviour	 can	mean	 that	 nest	
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density is not always related to the availability of vegetation suitable 
for nest construction and that vegetation structure is a strong driver 
of	 population	 recruitment	 densities.	 For	 example,	 in	 open	 flood-
plains	with	low	grasses,	nests	are	often	located	several	hundred	me-
tres	apart	 in	order	to	provide	concealment	for	 the	nesting	female,	
while	in	heavily	vegetated	swamps	(e.g.	tall	riverine	grass	that	grows	
c.	2	m	tall),	female	C. porosus may nest within c. 10 m of each other 
if	sites	are	concealed	by	the	grass	(M.	Brien,	personal	observation).

2.2.2 | Nest materials

Several	 mound-	nesting	 species	 of	 crocodylian,	 including	 A. mis-
sissippiensis	 (Deitz	 &	 Hines,	 1980),	 C. moreletii	 (Platt,	 Rainwater,	
Thorbjarnarson,	&	McMurry,	2008),	A. sinensis	(Platt,	Li,	He,	Wang,	
&	 Shunqing,	 2016),	 and	 C. porosus	 (Webb,	 Manolis,	 et	al.,	 1983;	
Webb,	Sack,	et	al.,	1983)	are	capable	of	constructing	nests	out	of	a	
broad	variety	of	vegetation	types.	In	captivity,	C. porosus will even 
use	palm	fronds,	Pandanus	leaves,	lawn	clippings	and	bale	hay	when	
no	other	vegetation	is	available	(Yangprapakorn,	Cronin,	&	McNeely,	
1971;	R.	Somaweera	personal	observation;	Figure	1d).	In	areas	that	
have	undergone	significant	urban	or	agricultural	development,	C. po-
rosus	are	known	to	use	sugar	cane	as	a	nesting	material	 (M.	Brien,	
personal	observation),	while	A. sinensis	will	use	pine	needles	and	fern	
fronds	(Thorbjarnarson	&	Wang,	2010).

If	given	the	choice,	however,	crocodylians	will	select	for	certain	
vegetation	communities	 in	which	to	 locate	their	nests,	and	certain	
vegetation	material	for	which	to	construct	their	nests.	These	choices	
are often related to the ability to find or construct nests in elevated 
spots	 in	 close	proximity	 to	water	 (Dealaney,	2015;	Webb,	Messel,	
&	Magnusson,	1977).	The	structure	of	 the	dominant	plant	 species	
at	preferred	nest	sites	 is	generally	similar:	 long,	thick	 leaves	(often	
grass)	and	dense	enough	at	the	site	to	be	raked	into	a	mound	that	is	
tall	enough	for	eggs	to	be	deposited.	Furthermore,	species	such	as	
A. mississippiensis and C. porosus	will	often	nest	in	close	proximity	to	
a	large	tree	for	stability	of	the	nesting	spot,	elevation,	and	protection	
against	insolation	(Webb	et	al.,	1977).

The	 type	 of	 vegetation	 available	 for	 nest	 construction	 signifi-
cantly	 influences	the	composition,	size,	shape	and	general	appear-
ance of the mounds built by A. mississippiensis	 (Platt,	 Hastings,	 &	
Brantley,	1995),	C. porosus	(Webb,	Manolis,	et	al.,	1983;	Webb,	Sack,	
et	al.,	1983)	and	C. moreletii	(Platt	et	al.,	2008).	These	structural	dif-
ferences	could	have	important	implications	for	the	thermal	environ-
ment	of	the	nest	mound	(e.g.	Thorbjarnarson	&	Wang,	2010),	as	well	
as	the	level	of	protection	from	predators,	given	that	larger	mounds	
of	more	fibrous	plants	should	provide	greater	resistance	to	excava-
tion	by	predators.

The	removal	or	destruction	of	suitable	nesting	material,	through	
agriculture,	 fire	or	 flooding,	often	 results	 in	an	absence	of	nesting	
at	that	site,	either	permanently	or	until	vegetation	recovers.	For	ex-
ample,	along	the	Adelaide	River	 in	northern	Australia,	mortality	of	
mangrove fern (Acrostichum speciosum)	due	to	flooding	resulted	in	no	
nesting of C. porosus	in	the	area	until	the	plants	recovered	2–3	years	
later	(C.	Manolis,	personal	observation).

2.2.3 | Vegetation change

Regardless	of	the	basis	for	nest	site	selection,	changes	in	the	vegeta-
tion	communities	in	landscapes	suitable	for	nesting	may	have	signifi-
cant	consequences	for	the	viability	of	crocodylian	populations.	At	a	
landscape	level,	introduced	plants	can	modify	the	local	environment	
and	impact	crocodylian	life	histories	both	directly	and	indirectly:

1.	 Prevent	 access	 to	 nesting	 sites:	 Invasive	 and	 introduced	 plants	
in	the	 littoral	or	riparian	zone	may	 limit	direct	access	to	nesting	
substrate	by	crocodylians	 (and	even	other	aquatic	 reptiles	 such	
as	turtles;	Moll	&	Moll,	2004;	Figure	1e).	In	hole-nesting	species,	
introduced	grasses	and	weeds	can	prevent	females	from	digging	
into the substrate (e.g. C. acutus,	Mazzotti	 et	al.,	 2009;	C. john-
stoni,	Smith,	1987;	Webber,	Yeoh,	&	Scott,	2014).	In	mound-nest-
ing	 species	 such	 as	 C. porosus,	 the	 presence	 of	 invasive	 alien	
vines and shrubs such as Mimosa pigra can transform vegetation 
communities	 and	prevent	 the	 growth	of	 native	 vegetation	 suit-
able	 for	 nesting	 (Fukuda,	 Whitehead,	 &	 Boggs,	 2007;	 Leach,	
Delaney,	&	Fukuda,	2009;	Letnic,	2004;	Saalfeld,	Fukuda,	Duldig,	
&	 Fisher,	 2015).	 Platt	 and	 Thorbjarnarson	 (2000)	 concluded	
that	 tropical	 cyclones	 in	 the	 Caribbean	 may	 be	 important	 for	
periodically	 removing	 introduced	 (as	well	 as	 native)	 vegetation,	
and	 exposing	 suitable	 nesting	 substrate	 for	 both	C. acutus and 
marine turtles. Nesting female C. niloticus	 at	 Lake	 St	 Lucia	 in	
South	Africa	 abandoned	 previously	 used	 and	 preferred	 nesting	
beaches when they encountered fibrous root mats of 
Chromolaena odorata	during	nest	site	selection	 (Leslie	&	Spotila,	
2001).

2.	 Change	physical	parameters	of	the	nesting	sites:	In	the	U.S.A.,	the	
introduced Melaleuca	spp.	can	replace	open	grassy	wetlands	with	
forest	 and	 may	 raise	 soil	 levels,	 thus	 reducing	 inundation	 and	
water flow in A. mississippiensis	habitats	in	the	Florida	Everglades	
(Mazzotti	et	al.,	2009).	Arguably,	dominance	of	weeds	in	riparian	
environments	 around	 the	world	 that	 has	 shallower/poorer	 root	
structures	relative	to	native	plants	makes	the	banks	more	suscep-
tible	to	erosion	during	flooding.	In	turn,	increased	erosion	makes	
nesting	areas	more	prone	to	disappearing	between	seasons.

3.	 Influence	sex	 ratios:	Crocodylians	have	 temperature-dependent	
sex	determination.	Therefore,	the	sex	of	offspring	in	any	1	year	or	
location	 depends	 on	 a	 complex	 interaction	 between	 the	 sites	
available	for	oviposition,	sites	selected	for	nesting,	time	of	nesting	
relative	to	cycles	of	environmental	parameters,	and	possible	long-
term	 selection	 influences	 on	 sex	 ratio	 (Webb	 &	 Smith,	 1984).	
Cooling	(or	warming)	of	nests	through	shading	by	vegetation	can	
cause	skewed	sex	ratios,	potentially	threatening	long-term	popu-
lation	viability	(Berec,	Boukal,	&	Berec,	2001).	There	is	emerging	
evidence as to how nesting success of crocodylians could also be 
influenced	by	the	density,	abundance,	and	composition	of	vegeta-
tion	 within	 crocodylian	 habitat.	 That	 is,	 local-scale	 vegetation	
change	 could	 have	 impacts	 at	 the	 site	 or	 individual	 nest	 level.	
Nesting sites of C. niloticus in South Africa shaded by the invasive 
alien	 plant	 Siam	 weed	 (C. odorata)	 created	 soil	 temperatures	
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5–6°C	below	the	pivotal	 temperatures	for	crocodile	eggs,	while	
C. johnstoni	nests	 in	northern	Australia	overtopped	by	the	 inva-
sive	alien	vine	stinking	passionflower	(Passiflora foetida)	had	tem-
perature	 profiles	 2–3°C	 lower	 than	 those	 that	 were	 not	
overtopped	 (Somaweera,	 R.	 and	 Webber,	 B.L.,	 unpub.	 data).	
Shaded nests of C. niloticus	 have	 been	 shown	 to	 produce	 a	 fe-
male-biased	sex	ratio	in	the	offspring	or	prevent	embryonic	devel-
opment	all	together	(Leslie	&	Spotila,	2001).

4.	 Increase	 embryo	mortality:	 Vegetation	 nests	 of	A. sinensis con-
structed	under	 introduced	pine	 (Pinus	 spp.)	 trees	 in	Zhuangtou,	
China	 had	 pine	 needles	 as	 the	 predominant	 nesting	 material	
(Thorbjarnarson	&	Wang,	2010).	Pine	needles	decompose	slowly	
(Gholz,	 Perry,	 Cropper,	 &	 Hendry,	 1985)	 and	 produce	 minimal	
heat. Although only prima facie	 evidence,	 one	 nest	 reached	 le-
thally	 low	temperatures	for	embryos,	resulting	in	complete	nest	
failure	(Thorbjarnarson	&	Wang,	2010).	In	northern	Australia,	the	
introduced weeds guinea grass (Panicum maximum)	and	para	grass	
(Brachiaria mutica	spp.)	are	readily	used	by	wild	C. porosus as nest-
ing	material.	However,	the	use	of	these	materials	by	captive	croc-
odiles has been observed to increase embryo mortality due to 
nest	 over-heating,	 with	 nest	 temperatures	 reaching	 up	 to	 36–
37°C	 during	 decomposition	 (G.	McClure,	 personal	 communica-
tion,	 2017).	 The	 introduced	 weed	 rubber	 vine	 (Cryptostegia 
grandiflora)	 negatively	 impacts	 C. porosus nesting in northern 
Australia	 by	 outcompeting	 vegetation	 that	 is	more	 suitable	 for	
nest	construction.	Female	crocodiles	then	have	no	choice	but	to	
use	rubber	vine	for	nest	material,	which	results	in	a	loosely	com-
posed	nest	with	little	protection	from	sun	and	predation,	leading	
to	higher	rates	of	nest	failure	(M.	Brien,	personal	observation).

2.3 | Communication

2.3.1 | Auditory communication

Animals	 inhabiting	 complex	 landscapes	 modify	 their	 signalling	 to	
maximise	 communication	 effectiveness	 within	 different	 habitat	
types	(Gordon	&	Uetz,	2011).	Vegetation	type	and	density	are	key	
factors	 increasing	 complexity	 within	 most	 habitats.	 Crocodylians,	
such as A. mississippiensis,	predominantly	utilise	acoustic	signals	for	
communication	as	they	typically	occupy	densely	vegetated	habitats	
where	visibility	of	 conspecifics	 is	highly	 reduced—an	 indirect	 rela-
tionship	between	vegetation	and	communication.	In	contrast,	croco-
dylian	species	inhabiting	more	open	waters	(e.g.	C. niloticus)	appear	
to	 rely	more	on	visual	displays	 for	communication	 (Dinets,	2011b;	
Garrick	 &	 Lang,	 1977).	 However,	 as	 demonstrated	 for	 the	 gharial	
(Gavialis gangeticus),	 distress	 calls	 produced	 at	 comparatively	 low	
frequencies	can	also	occur	in	crocodylians	inhabiting	open	habitats	
(Bonke,	Whitaker,	Roedder,	&	Boehme,	2015).	This	use	of	acoustic	
communication	 in	 relatively	 open	habitats	 could	be	 a	 result	 of	 in-
traspecific	niche	separation.	In	gharials,	adults	inhabit	deep	waters	
away from littoral vegetation but hatchlings inhabit densely vege-
tated	shallows.	Therefore,	the	alarm	system	of	hatchlings	needs	to	
reach	the	adults	over	long	distances	to	ensure	maternal	protection.	

Within	the	same	species,	populations	of	crocodylians	living	in	habi-
tats fragmented by shore vegetation use vocal signals more than 
populations	 living	 in	 continuous	 aquatic	 habitats	 (Dinets,	 2011a).	
However,	Dinets	 (2013)	 found	no	evidence	 that	 individuals	 adjust	
the	composition	of	their	signals	to	habitat	parameters,	including	veg-
etation	change,	suggesting	 that	 for	crocodylians,	changes	 in	signal	
composition	are	evolved	behaviours.

2.3.2 | Visual communication

Visual	communications	such	as	snout	lifting,	performed	by	C. niloti-
cus and C. acutus	 inhabiting	 environments	 without	 vegetation,	 is	
thought to be more effective when the form and the colour of the 
head	contrast	with	the	aquatic	environment	(Garrick	&	Lang,	1977).	
In	the	Chambal	River,	India,	adult	male	gharials	have	also	been	ob-
served	 placing	 large	 clumps	 of	 floating	 aquatic	 vegetation	 on	 the	
end	 of	 the	 snouts	 (close	 to	 the	 ghara)	 prior	 to	 territorial	 battles 
	(J.	Lang,	personal	observation).	This	was	interpreted	as	an	attempt	
by	the	individual	to	appear	larger,	a	likely	direct	use	of	vegetation	in	
communication.

2.4 | Physiology

As	ectothermic	animals,	crocodylians	make	behavioural	adjustments	
to	maintain	body	temperature	within	an	optimal	range.	The	rise	 in	
body	temperature	 is	accomplished	 in	part	by	a	combination	of	he-
liothermy	 (basking	 in	 the	 sun)	 and	 thigmothermy	 (absorbing	 heat	
from	a	warm	surface;	Huey,	1982),	either	of	which	could	be	unavail-
able,	inaccessible	or	modified	in	areas	with	significant	vegetation.	In	
such	habitats,	crocodylians	may	utilise	raised	platforms	for	basking.	
Climbing	 into	vegetation	 to	presumably	 improve	 thermoregulation	
has been recorded in A. mississippiensis, C. acutus, C. palustris, C. po-
rosus, C. niloticus, Crocodylus mindorensis, C. siamensis, C. johnstoni, 
the New Guinea crocodile (Crocodylus novaeguineae), the slender- 
snouted crocodile (Mecistops cataphractus),	and	the	dwarf	crocodile	
(Osteolaemus	sp.;	Dinets,	Britton,	&	Shirley,	2013;	Van	Weerd	&	Van	
Der	 Ploeg,	 2012;	 R.	 Somaweera	 personal	 observation;	 Figure	1f).	
Climbing	on	 to	 overhanging	 vegetation	 could	 presumably	 also	 im-
prove	 surveillance	 of	 predators	 and	 other	 crocodylians	 (Dinets,	
Britton,	&	Shirley,	2013).

Vegetation	 characteristics	 of	 the	 landscape	may	 have	 also	 in-
fluenced	 the	 colouration	of	 crocodylians.	On	a	 short-	term	physio-
logical	basis,	members	of	Crocodylidae	can	rapidly	change	colour	in	
response	to	background,	potentially	for	crypsis	to	evade	predators,	
an	ability	quite	limited	in	members	of	Alligatoridae	(Merchant,	Hale,	
Brueggen,	Harbsmeier,	&	Adams,	2018).	Although,	from	a	long-	term	
natural	selection	or	evolutionary	point	of	view,	hatchling	crocodyl-
ians	may	have	specific	colourations	that	are	well-	camouflaged	and	
match	background	vegetation,	thus	affording	a	higher	degree	of	pro-
tection	from	aquatic	and	aerial	predators	(Hunt	&	Watanabe,	1982).	
For	example,	in	gator holes,	broken	grass	stems	blend	with	the	dorsal	
yellow bars and light- coloured ventral scales of A. mississippiensis 
hatchlings	 (Hunt	&	Watanabe,	1982),	and	the	striped	coloration	of	
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C. porosus hatchlings also matches surrounding weedy environments 
(Biddell	&	Stringer,	1988).	Most	crocodylians	undergo	ontogenetic	
changes	 to	darker,	more	monochromatic	hues	as	 they	mature	and	
when	 the	 range	 of	 potential	 predators	 is	 significantly	 reduced.	
Therefore,	it	is	likely	that	vegetation	affects	both	day-	to-	day	physi-
ological functions of crocodylians as well as long- term evolutionary 
physiological	characteristics.

2.5 | Foraging and feeding ecology

Selection of vegetated habitats by young crocodiles may be a func-
tion	of	both	increased	benefits	(e.g.	food	availability	and	cover)	and	
reduced	costs	(e.g.	predatory	risk;	Somaweera	et	al.,	2011).	At	a	land-
scape	level,	hatchlings	select	habitats	that	are	comparatively	more	
vegetated,	as	they	also	harbour	more	prey	items	(Ouboter	&	Nanhoe,	
1988;	Temsiripong,	1999;	Tucker,	Limpus,	McCallum,	&	McDonald,	
1996).	A	study	on	C. johnstoni hatchlings in Australia shows hatchling 
density was significantly higher in habitats with shoreline and float-
ing	vegetation	compared	to	open	banks,	and	both	the	total	number	
of food items and the total mass of fresh food ingested by hatchlings 
were	positively	correlated	with	hatchling	density.	Given	that	hatch-
lings	do	not	travel	far	during	the	early	stages,	they	select	vegetated	
habitats	 that	maximise	 their	 feeding	 rates	 closer	 to	 the	 nest	 sites	
(Somaweera	et	al.,	2011).

At	an	individual	level,	crocodylians	can	have	complicated	interac-
tions	with	plants	through	herbivory,	frugivory,	saurochory,	and	the	
use	of	plants	as	tools.

2.5.1 | Herbivory and frugivory

It	 is	 not	 unusual	 for	 predominantly	 carnivorous	 species	 across	
all	 vertebrate	 groups	 to	 occasionally	 and	 intentionally	 consume	
plant	 matter	 as	 food.	 For	 example,	 during	 times	 of	 food	 scarcity,	
lions,	 leopards,	 and	 cheetahs	 eat	moisture-	rich	 plants	 such	 as	 the	
tsamma melon Citrullus lanatus	(Bothma	2005;	Labuschagne	1979).	
Several	species	of	neotropical	frogs	(Da	Silva,	De	Britto-	Pereira,	&	
Caramaschi,	1989),	lizards	(Valido	&	Olesen,	2007)	and	even	snakes	
(Engel,	 1997;	 Irvine,	 1953;	Mookerjee,	 1946)	 that	 are	 traditionally	
considered	 primarily	 carnivorous	 or	 insectivorous	 also	 consume	
fruits,	and	some	even	assist	in	the	dispersal	of	seeds.	It	is	thus	theo-
retically	 possible	 that	 these	 carnivorous	 species	 retain this relict 
function	of	feeding	on	plant	matter	as	a	strategy	when	other	food	
resources are lacking.

Crocodylians	 are	generally	 considered	obligate	 carnivores,	 and	
vegetable matter found among stomach contents is usually at-
tributed	 to	 accidental	 or	 secondary	 ingestion	 (Platt,	 Elsey,	 et	al.,	
2013;	 Platt,	 Rainwater,	 Elsey,	&	Brantley,	 2013).	However,	 several	
studies	have	found	considerable	plant	matter	in	the	diet	of	individu-
als	in	multiple	age	classes	(Figure	1g)	(Thorbjarnarson,	1993;	Wallace	
&	 Leslie,	 2008;	 Rice,	 2004;	 Webb,	 Manolis,	 &	 Buckworth,	 1982;	
Taylor,	1979;	Brito,	Andrade,	&	Abe,	2002).	The	quantities	of	plant	
matter	 ingested	 have	 been	 too	 large	 to	 be	 accidental	 ingestions,	
with	 certain	 plant	 items	 also	 unlikely	 to	 be	 ingested	 accidentally	

(Platt,	 Rainwater,	 et	al.,	 2013).	 Platt,	 Elsey,	 et	al.	 (2013)	 and	 Platt,	
Rainwater,	et	al.	(2013)	argue	that	crocodylians	probably	accrue	nu-
tritional	benefits	from	consuming	plant	matter,	as	crocodylians	are	
capable	of	digesting	carbohydrates,	plant-	based	proteins	and	vege-
table	fats	(Coulson,	Coulson,	Herbert,	&	Staton,	1987;	Staton,	1988).	
In	fact,	an	experimental	study	found	that	alligators	can	effectively	
digest	plant	proteins,	and	animals	that	were	fed	a	high	plant	protein	
diet	showed	no	clinical	signs	of	plasma	biochemistry	abnormalities	
or	pathologic	changes	 in	 liver	or	kidney	function	after	a	10-	month	
period	(Digeronimo	et	al.,	2017).

In	a	detailed	review,	Platt,	Elsey,	et	al.	(2013)	found	evidence	of	
frugivory	in	13	of	18	(72.2%)	species	of	crocodylians	for	which	di-
etary	 information	was	available.	Fruits	 and	 seeds	have	been	 iden-
tified	 from	 hatchlings	 and	 adult	 crocodiles	 (e.g.	 Platt,	 Elsey,	 et	al.,	
2013;	 Platt,	 Rainwater,	 &	McMurry,	 2002),	 both	 in	 captivity	 (e.g.	
Brueggen,	2002;	Brito	et	al.,	2002)	and	in	the	wild	(e.g.	Dacey	2012;	
Forkner	1996).	A	diversity	of	plant	reproductive	structures	from	36	
plant	families	was	identified	from	gut	contents	and	scats	of	croco-
dylians	(Platt,	Chenot-	Rose,	Rose,	&	Rainwater,	2014;	R.	Somaweera	
personal	 observation;	 Rainwater,	 Lowers,	 Carter,	 &	 Platt,	 2017).	
While	the	majority	of	these	ingestions	were	viewed	as	 intentional,	
secondary	ingestions	(e.g.	plant	matter	found	in	the	bodies	of	prey	of	
crocodylians)	and	accidental	ingestions	cannot	be	ruled	out.

Most	fruits	float	in	water	and	will	move	around	with	currents	and	
wind.	As	 crocodylian	 predatory	 responses	 are	 triggered	by	move-
ment,	the	ingestion	of	at	least	some	of	these	items	in	the	water	may	
be related to mistaken identity. Crocodylians have been known to 
attack	artificial	objects	 floating	and/or	moving	on	water,	 including	
those	that	resemble	large	fruits	(e.g.	balls,	buoys),	which	have	sub-
sequently	been	either	ingested	or	have	become	lodged	in	the	mouth	
(e.g. A. mississippiensis and C. porosus:	M.	 Brien,	 personal	 observa-
tion).	Hard	seeds	may	also	function	as	gastroliths	(Platt	et	al.,	2002;	
Staton	&	Dixon,	1975),	especially	in	habitats	where	stones	are	rare	
or	absent	(Platt,	Brantley,	&	Hastings,	1990).	Additionally,	vegetative	
material,	in	the	form	of	a	knotted	ball,	has	been	reported	from	croc-
odile	stomachs.	Wings	(2007)	referred	to	these	as	bio-gastroliths but 
their	actual	formation,	function,	or	fate	remains	unknown.

2.5.2 | Saurochory

The	 role	of	 crocodylians	 in	 saurochory	 (seed	dispersal	by	 reptiles)	
has	been	largely	ignored	or	overlooked	by	the	broader	seed	dispersal	
literature	 (Platt,	Elsey,	et	al.,	2013).	Given	their	known	frugivorous	
habits,	there	is	no	a	priori	reason	to	reject	the	idea	that	crocodylians	
can	be	an	effective	disperser	of	seeds	over	long	distances	at	a	land-
scape	level.	Several	species	of	crocodylians	are	known	to	move	long	
distances	 across	 multiple	 landscapes	 and	 even	 oceans	 (Campbell	
et	al.,	 2010;	 Rosenblatt	 &	 Heithaus,	 2011).	 Arguably	 ingestion	 by	
crocodylians	may	provide	 seeds	with	protection	 against	 damaging	
salt	water	on	inter-	continental	journeys.	However,	to	be	an	effective	
seed	dispersal	agent,	crocodylians	must	not	only	transport	seeds	but	
the	seeds	must	also	remain	viable	and	capable	of	germination	after	
being	 expelled.	 In	 the	 only	 study	 to	 test	 germination	 of	 ingested	
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seeds,	Rosenblatt,	Zona,	Heithaus,	and	Mazzotti	 (2014)	found	that	
20	pond	apple	 (Annona glabra)	 seeds	from	the	stomach	of	a	single	
A. mississippiensis were non- viable under ideal germination condi-
tions,	although	fresh	and	non-	digested	pond	apple	seeds	were	highly	
viable	under	 the	 same	conditions.	The	authors	 suggest	 that	 seeds	
are	probably	destroyed	in	the	highly	acidic	gastric	environment,	and	
therefore,	alligators	are	likely	to	function	as	seed	predators,	rather	
than	 seed	dispersers.	However,	 given	 that	 the	 limited	 sample	 size	
came	from	one	gut-	passage	event	and	the	seeds	were	stored	before	
being	planted,	it	may	not	be	appropriate	to	generalise	the	findings.

2.5.3 | Tools in hunting

Anecdotal	 observations	may	 support	 the	 notion	 that	 crocodylians	
intentionally or unintentionally use vegetation as tools for either 
camouflage	 or	 as	 lures	 during	 hunting.	 Use	 of	 tools	 as	 hunting	
lures	is	known	among	mammals	and	birds	(Bentley-	Condit	&	Smith,	
2010),	but	had	not	been	documented	among	reptiles	until	recently	
(e.g.	 Shumaker,	 Walkup,	 &	 Beck,	 2011)	 anecdotally	 reported	 a	
case of C. porosus	 seemingly	using	 fish	 fragments	 to	attract	birds).	
Opportunistic	observations	of	captive	A. mississippiensis and C. palus-
tris	placing	sticks	on	their	snouts	have	been	interpreted	as	tool	use	
to	lure	nesting	wading	birds	into	striking	distance	(Dinets,	Brueggen,	
&	Brueggen,	2013).	Alligator mississippiensis	in	FL,	U.S.A.,	floated	in	
a	pond	with	sticks	balanced	across	their	snouts,	while	C. palustris in 
Chennai,	India,	lay	in	shallow	water	along	the	edge	of	the	pond	with	
sticks	and	twigs	positioned	across	their	snouts	(Dinets,	Brueggen,	&	
Brueggen,	2013).	In	both	cases,	wading	bird	rookeries	were	located	
nearby and the birds were actively searching for sticks and twigs for 
nest	construction.	The	nesting	birds	approached	the	crocodylians	to	
collect	the	sticks	from	the	top	of	their	snouts,	and	the	crocodylians	
would	 lunge	 at	 the	 birds,	 with	 successful	 predation	 observed	 in	
A. mississippiensis.	These	observations	provide	prima facie evidence 
of	a	systematic	approach	to	improving	hunting	success,	but	confir-
mation	would	require	controlled	studies	to	determine	if	the	luring	at-
tempts	were	deliberate.	For	example,	the	placement	of	sticks	on	by	
the	crocodiles	could	merely	be	incidental,	as	crocodylians	emerging	
from	water	can	remain	covered	by	plant	matter	(Figure	1h).

3  | FROM UNDERSTANDING 
INTER AC TIONS TO MANAGING IMPAC TS

Currently,	half	of	the	world’s	crocodylian	species	are	considered	to	
be	threatened	with	extinction	(IUCN,	2017).	Direct	impacts,	includ-
ing killing for skins and meat and also through the human–crocodile 
conflict,	are	a	major	contributor	to	population	declines	globally.	By	
contrast,	accelerated	and	extensive	anthropogenic	modification	of	
environments is causing significant changes in global vegetation. 
We	have	shown	here	that	the	inter-	dependencies	are	considerable	
between crocodiles and the vegetative elements of the communi-
ties	they	occupy.	Many	of	these	 interactions	remain	poorly	under-
stood,	 yet	 the	 possible	 consequences	 could	 be	 considerable	 from	

a	conservation	perspective.	Rapid	global	environmental	change	can	
transform	 habitats	 and	 alter	 threats	 at	 rates	 never	 before	 experi-
enced	and	can	often	involve	tipping	points	beyond	which	recovery	
is	extremely	challenging	at	best.	Because	of	their	cryptic	nature	and	
long	 lifespans,	 combined	with	 limited	 knowledge	 on	 demographic	
trajectories	(e.g.	population	counts	rarely	include	juveniles),	there	is	
a high risk that global environmental change threats to crocodylians 
will	remain	undetected	unless	given	explicit	consideration.

There	is	some	evidence	to	suggest	that	certain	crocodylians	can	
survive	in	highly	disturbed	habitats	and	still	reproduce	to	maintain	
viable	populations	(Brandt	et	al.,	1995;	Evans,	Jones,	Pang,	Saimin,	
&	Goossens,	2016),	but	the	long-	term	impacts	of	such	disturbances	
on	 population	 recruitment	 (and	 therefore	 population	 fitness	 and	
stability)	 are	 rarely	 considered.	 Loss	 and	 degradation	 of	 riparian	
and	wetland	 vegetation	 essential	 for	 nesting,	 hatchling	 survivor-
ship	and	as	 living	spaces	are	a	common	threat	 to	all	crocodylians	
and	 have	 been	 documented	 for	 populations	 of	 almost	 all	 croco-
dylians	 (Martin,	 2008;	 Seijas	 &	 Chavez,	 2000;	 Shirley,	 Oduro,	 &	
Beibro,	2009).

If	we	are	to	be	able	to	factor	in	global	environmental	change	driv-
ers	into	prioritised,	evidence-	based	decisions	for	the	conservation	of	
crocodylians,	then	there	are	large	knowledge	gaps	that	need	to	be	
addressed.	We	have	shown	here	that	many	of	these	knowledge	gaps	
relate to the interactions between crocodylians and the vegetative 
elements	of	their	environment.	Factors	such	as	nest	site	and	habi-
tat	selection,	thermoregulation,	feeding	and	communication	are	all	
influenced	and	have	evolved	as	adaptations	to	local	vegetation,	and	
these factors are driven both directly and indirectly by vegetation- 
related interactions. A growing body of evidence shows that changes 
to	aquatic	and	littoral	vegetation	could	have	significant	impacts	on	
crocodiles	at	 the	population	 level	 (Bezuijen	et	al.,	2013;	González-	
Trujillo	et	al.,	2014).	We	conclude	by	highlighting	two	priority	areas	
where new knowledge will contribute the greatest gains to conser-
vation outcomes for crocodylians.

Firstly,	significant	knowledge	gaps	still	exist	in	regard	to	the	role	
of	vegetation	in	crocodylian	nest	site	selection.	Our	understanding	
of	what	characteristics	of	vegetation	communities	(or	habitats)	dis-
tinguish those suitable for nest site selection from those unsuitable 
is	 still	 rudimentary,	 especially	 in	 highly	 dynamic	 habitats	 such	 as	
river	floodplains.

Secondly,	 apart	 from	 direct	 human-	mediated	 destruction	 of	
vegetation	 communities,	 changes	 are	 also	 caused	 indirectly	 by	 in-
vasive	pests	and	weeds.	Our	understanding	of	how	changes	caused	
by	invasive	plants	and	animals	to	vegetation	structure	and	compo-
sition affect crocodylians over the long- term is substantially limited. 
Introduced	 feral	water	buffalo	 (Bubalus bubalis),	 and	 also	 cattle	 to	
a	 lesser	 extent,	 have	 caused	 significant	 declines	 in	 plant	 commu-
nities used for nesting by C. porosus	 through	severe	trampling	and	
over	grazing	in	several	river	systems	in	northern	Australia.	This	oc-
curred	to	the	extent	that	no	crocodile	nests	were	observed	until	the	
buffalos	were	removed	and	vegetation	regenerated	at	the	sites	(Hill	
&	Webb,	1982;	Webb	et	al.,	1977).	In	contrast,	in	Cambodia	where	
most	large	mammals	including	wild	water	buffalo	are	extinct,	aquatic	
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mats	have	proliferated	exponentially	making	it	difficult	for	C. siamen-
sis	to	access	potential	nesting	sites	(S.	Platt,	personal	observation).	
The	introduced	omnivorous	fish	pacu	(Piaractus brachupomum)	and	
Java	bard	(Puntius gonionotus)	damage	the	floating	mats	of	vegeta-
tion used for C. porosus	nesting	 in	Papua	New	Guinea	causing	po-
tential	declines	 in	 the	populations	 (Cox	et	al.,	2006;	UNDP,	2012).	
To	find	a	balance	between	conservation	and	production	values,	we	
need	 to	 understand	 how	 to	 best	mitigate	 pest,	weed	 and	 agricul-
tural	impacts	on	global	crocodylian	populations,	particularly	in	areas	
where	critically	endangered	species	of	crocodylians	occur	in	poorly	
managed	environments,	to	find	a	balance	between	conservation	and	
production	values.

The	cryptic	and	aquatic	lifestyles	of	crocodylians	make	it	difficult	
to	observe	interactions	with	other	components	of	the	environment,	
and	 their	 long	 lifespans	 create	 a	 lag	 time	 of	 detecting	 changes	 to	
populations.	A	better	understanding	of	these	complicated	synergies	
(often	with	slow	change	trajectories)	will	be	essential	for	implement-
ing	 more	 effective,	 evidence-	based	 management	 actions	 against	
global environmental change drivers.
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