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Abstract   21 

The availability of prey varies through time and space, forcing predators to modify the times, 22 

places and ways in which they forage. Although studied most intensively in mammalian and 23 

avian predators, seasonal shifts in predation tactics are widespread in ectotherms also. In tropical 24 

rainforests of northeastern Australia, scrub pythons (Simalia amethistina) congregate below the 25 

emergent trees used as communal rookeries by metallic starlings (Aplonis metallica) for four 26 

months per year, but the snakes move more widely through the landscape during the remaining 27 

eight months. Radio-tracking of 23 pythons confirmed that the availability of nestling starlings 28 

(that often fall from the rookery trees) induces pythons to shift from ambush predation to active 29 

foraging, increases spatial concentration of pythons, reduces home range size, and decreases 30 

daily distances moved. Pythons that utilized the starling colonies preyed almost exclusively on 31 

starlings during the nesting period, whereas those from the broader environment consumed a 32 

more diverse assemblage of prey. The ability to flexibly modify foraging tactics and spatial 33 

ecology in response to ephemeral concentrations of prey may be critical for many apex 34 

predators. 35 

 36 

Key words.  behavioral plasticity, Simalia amethistina, Morelia kinghorni, predator-prey, trophic 37 

biology. 38 
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Introduction 40 

An extensive scientific literature documents strong links between the ecology of predators 41 

and the seasonal distribution of their prey (e.g., Madsen and Shine, 1996; Deacy et al., 2016). 42 

Thus, for example, individuals of some species of canid and felid predators modify their 43 

movement patterns in response to seasonal fluctuations in the distribution of prey (e.g., 44 

migrations of ungulates, and concentration of prey around shrinking waterholes during dry 45 

conditions: Tambling & Du Toit, 2005) and in the vulnerability of those prey (e.g., targeting 46 

heavily pregnant females and newborn offspring: Hopcraft, Sinclair, & Packer, 2005). In some 47 

cases, such seasonal feeding opportunities also stimulate the adoption of novel foraging 48 

techniques: for example, orcas (Orcinus orca) take young seals from beaches as well as in the 49 

water when those young animals become available, but do not leave the water during the rest of 50 

the year (Lopez & Lopez, 1985). Grizzly bears (Ursus arctos) congregate at waterfalls during 51 

(but only during) the annual migration of salmon (Mattson & Reinhart, 1995; Deacy et al., 52 

2016). 53 

Although endothermic predators have attracted most of the scientific study of this topic, 54 

similar seasonal flexibility is evident in ectothermic taxa (e.g., Donaldson & Echternacht, 2005; 55 

Calverley & Downs 2014). Snakes offer some of the best examples of this phenomenon. For 56 

example, water pythons (Liasis fuscus) migrate seasonally to levee banks when dusky rats 57 

(Rattus colletti) are concentrated by monsoonal flooding (Madsen & Shine, 1996). Gartersnakes 58 

(Thamnophis spp.) target the margins of ponds when anurans are metamorphosing and hence, 59 

cannot evade predation (Arnold & Wassersug, 1978). Stephens' banded snakes (Hoplocephalus 60 

stephensii) leave their arboreal homes to ambush young bush rats (Rattus fuscipes) in terrestrial 61 

sites during the season when young rodents disperse from natal nests (Fitzgerald, Shine, & 62 
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Lemckert, 2002). Despite these examples of seasonal shifts in prey choice and foraging habitat, 63 

there are few detailed data on behavior and spatial ecology of the predators involved. In the 64 

present study, we provide data from radio-telemetric monitoring of pythons in the Australian 65 

rainforest, to test the hypothesis that these large snakes shift their foraging modes and movement 66 

patterns to exploit seasonally available “hotspots” of prey availability. 67 

 68 

 69 

Materials and methods 70 

 71 

Study area 72 

Our study took place in the Lockerbie Scrub,, a 130 km2 area of semi-deciduous notophyll 73 

vine forest interspersed by tropical woodlands at the northern tip of Cape York Peninsula, 74 

Australia (10.78S, 142.50E) (Neldner & Clarkson, 1995). The area is hot year-round (mean 75 

monthly minimum and maximum air temperatures from 23°C to 32°C: Bureau of Meteorology, 76 

2020) but most rain falls during the wet season from December to April (mean rainfall 1543 77 

mm). The remainder of the year is relatively dry (202 mm; Bureau of Meteorology, 2020).  78 

Each year, vast numbers of metallic starlings (Aplonis metallica) migrate to the Lockerbie 79 

Scrub from neighboring New Guinea (150 km to the north) to breed. The starlings nest colonially 80 

within emergent rainforest trees, and raise up to three clutches of eggs between mid-November 81 

and the end of March (Natusch et al., 2016). The presence of starling aggregations at these 82 

colonies attracts large numbers of animals of more than 40 species (Natusch et al., 2016; 2017a). 83 

Nests (including eggs or nestlings) often fall from the trees, especially during episodes of strong 84 

winds after heavy rain, providing an abundant food resource for predatory snakes and mammals 85 
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(Natusch et al., 2016). Dead nestlings and bird faeces provide nutrients to the soil beneath colony 86 

trees, increasing invertebrate abundance and attracting generalist omnivores such as cane toads 87 

(Rhinella marina), scrub turkeys (Alectura lathami) and feral pigs (Sus scrofa) (Natusch et al., 88 

2016; 2017a; Lettoof et al., 2018). Starling colonies thus provide scattered hotspots of resource 89 

availability within the forest, with the same emergent trees being occupied by starling 90 

aggregations in successive years (Natusch et al., 2016). Our previous papers on this system 91 

provide information about the spatial distribution and attributes of starling-colony trees (Natusch 92 

et al., 2016; 2017a,b,c,d; Lettoof et al., 2018). 93 

 94 

Study species 95 

At our study site, colonies of metallic starlings are frequently visited by scrub pythons 96 

(Simalia amethistina; Natusch et al., 2016, Natusch et al., 2017b). Scrub pythons are Australia’s 97 

longest species of snake, with reliable records of individuals growing to >5 m in length (Fearn & 98 

Sambono, 2000a). The snakes employ a combination of active foraging and sit-and-wait 99 

predation, with small pythons preying primarily on rodents and birds whereas larger individuals 100 

prey on bandicoots, wallabies and scrub turkeys (Fearn, 2002; this study). Scrub pythons are 101 

skillful climbers (Freeman & Freeman, 2009), and often attempt to ascend the trees that house 102 

starling colonies (Fig. 1). However, the trees used by starlings are very difficult for any snakes to 103 

climb, so most snakes rely on consuming fallen eggs and nestlings (Natusch et al., 2017b). 104 

 105 

Diet  106 

To understand if changes in python foraging mode are directly related to dietary shifts, we 107 

collected information on scrub python diets from all snakes captured at our study site. To do this, 108 
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we used four methods: (1) capture and gentle palpation of snakes to induce regurgitation of 109 

recently ingested prey items, (2) examination of python scat samples, (3) dissection of recently 110 

deceased pythons (e.g., road kills, snakes killed by predators or prey) to examine their stomach 111 

contents, and (4) direct observation of predation events. We divided snakes for which dietary 112 

items were obtained into two groups: (1) pythons collected from beneath the colony trees during 113 

the starling nesting season, and (2) pythons collected elsewhere in the broader region and 114 

pythons from the starling-colony trees captured during the off-season. Our criterion for 115 

classifying a snake as “under a colony tree” was that it was within 20 m of the middle of the 116 

“dead zone” (an open area, created by soil chemistry and animal disturbance) beneath the tree 117 

(see Natusch et al., 2017c, for a detailed description). All other sites were classified as “away 118 

from the colony tree”. 119 

 120 

Radio-telemetry 121 

We used radio-telemetry to investigate the seasonal movement patterns of scrub pythons, 122 

and to compare individuals found at starling colonies with conspecifics found at other sites 123 

within the study area. We captured a sample of pythons from beneath three active starling 124 

colonies and during surveys at sites away from starling colonies (Table 1). Once captured, snakes 125 

were returned to the laboratory where they were anesthetized using vaporized isoflorane, and 126 

each was fitted with a radio-transmitter (AI-2, Holohil Systems Limited, Ontario, Cananda) that 127 

was surgically implanted into the body cavity following the procedure described by Whitaker & 128 

Shine (2003). Transmitters weighed between 17 and 28 g (with smaller snakes receiving smaller 129 

transmitters) and ranged from 0.19–1.9% of snake body mass. This is a small burden compared 130 

to the size of meals often consumed by this species (prey items sometimes weigh more than the 131 
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predator: D. Natusch, unpubl. data 2020). We released all snakes at their original point of 132 

capture within one day of surgery. During long periods of subsequent monitoring, no snakes 133 

exhibited overt negative responses to capture, surgery or transmitter implantation.  134 

We radio-tracked pythons between 3 Dec 2013 and 30 May 2016, locating the animals by 135 

using a Regal 2000 (Titley Scientific, Brendale, Australia) handheld receiver and 3-element Yagi 136 

antenna. We located individual pythons at a wide range of times (both by day and at night), and 137 

frequently located snakes at multiple times on the same day to clarify short-term movement 138 

patterns. On average, we located each scrub python at least once every 1–2 weeks. When a snake 139 

was located, we recorded its position to ±5 m using a handheld GPS unit (Garmin GPSmap 62s). 140 

Where possible, we also recorded the straight-line distance to the previous position using a 141 

flexible measuring tape, or by pacing the distance. We checked the accuracy of GPS-based 142 

estimates of distance by pacing the straight-line distances between successive locations. 143 

To evaluate space use and movement patterns of snakes found under starling trees versus 144 

snakes found elsewhere in the study area, we separated telemetry data into two seasons: (1) the 145 

starling nesting season (from 1 December until 31 March; hereafter referred to as “nesting 146 

season”), and (2) the rest of the year, when the starlings were not nesting (1 April to 30 147 

November); hereafter referred to as the “off-season”. Because our primary focus is on how the 148 

availability of seasonally abundant prey affects ecological traits of predators, we primarily 149 

compare two groups of animals: those found under starling trees during the nesting season, 150 

versus all other snakes (i.e., those not found under starling trees during the nesting season, plus 151 

all animals monitored during the off-season). 152 

 153 

Records of hunting posture 154 
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To investigate whether the hunting modes of telemetered snakes varied between locations 155 

(starling tree vs. other sites), we recorded whether pythons were lying in ambush or actively 156 

foraging. We considered pythons to be in ambush if they were lying motionless, either on the 157 

ground or within a tree, with their head and neck in an ‘S’ position ready to strike (see Fearn & 158 

Sambono, 2000, for a discussion of differentiating ambush from other activities in this species). 159 

We considered pythons to be actively foraging if they were outstretched and moving. In some 160 

cases, a moving python was undoubtedly travelling between locations rather than foraging, but 161 

we were unable to differentiate these two functions. 162 

For this analysis, we compared pythons among the following three categories: (1) snakes at 163 

starling colonies, (2) snakes >1 km from starling colonies that never visited the colony, and (3) 164 

snakes originally captured beneath starling colonies but later observed away from those colonies. 165 

We differentiated categories 2 & 3 to explicitly test the affect of snake ID on hunting mode. 166 

Because scrub pythons are mainly nocturnal hunters, our behavioral analysis was restricted to 167 

snakes observed at night. We analyzed foraging mode using a nominal logistic regression with 168 

snake category and snake ID as factors and hunting posture as the dependent variable. We 169 

performed all analyses in JMP Pro 14 (SAS Institute, Cary, NC). 170 

 171 

Estimates of home range size 172 

We quantified the area used by snakes using two methods. First, we constructed a 95% minimum 173 

convex polygon (MCP), which encompassed the area utilized by each individual. Second, we 174 

used fixed kernel densities to test for multiple centers of activity within the overall area used by 175 

each snake. Fixed kernel densities assume that snake locations are spatially autocorrelated, such 176 

that an individual’s location at one point in time increases its probability of frequenting 177 
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neighboring areas (Worton, 1989; Seaman & Powell, 1996). We applied the ad hoc (or 178 

“reference”) method for calculating the kernel smoothing factor (h). This allowed h to be set by 179 

the algorithm based on our inputted data, rather than by nominating h-values ourselves. A strong 180 

correlation between mean daily movement distance and calculated h-values justified this 181 

approach (Seaman and Powell, 1996). For each snake we calculated a 95% density contour (the 182 

area in which a snake was found 95% of the time) and a 50% density contour to identify core 183 

areas that were frequently used within their broader range. For each snake we calculated MCPs 184 

and kernel densities separately for fixes made during the nesting season and the off-season. We 185 

excluded snakes with fewer than 20 fixes in either season from our analysis.  186 

We calculated the above estimates of area use with the Zoatrack online program (Dwyer et 187 

al., 2015). We compared area use between snakes at starling-colony trees versus elsewhere, 188 

during both the nesting season and the off-season, using a linear mixed model (LMM). We 189 

included season, snake group (colony tree vs. other) and their interaction as factors, and included 190 

snake ID as a random effect. Due to differences in the duration of each season (the starling 191 

nesting season only lasts four months, whereas the off-season lasts eight months), we included 192 

the number of fixes made on each snake during each season as a covariate in our model. We log-193 

transformed data where required to meet assumptions of normality and homogeneity of variance 194 

(Ives 2015). We performed all analyses in JMP Pro 14 (SAS Institute, Cary, NC). 195 

 196 

Patterns of movement 197 

We compared two indices of movement between snakes at starling-colony trees versus 198 

snakes elsewhere. First, we calculated mean daily movement (MDM: meters/day) for each 199 

telemetered snake as the total straight-line distance moved between successive fixes divided by 200 
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the number of days between fixes. Second, we calculated mean displacement distance (MDD) of 201 

each snake from a specific point of interest as a proxy for site fidelity. For snakes at starling-202 

colony trees we calculated the straight-line distance from each fix to the starling colony. For 203 

snakes at other sites, we calculated the straight-line distance from each fix to the geographic 204 

center of that individual’s 50% kernel distribution (i.e., their core range: Seaman & Powell, 205 

1996; Dwyer et al., 2015). This comparison was designed to test the null hypothesis that snakes 206 

at starling-colony trees are usually found close to the tree because it occurs in the center of their 207 

home range (rather than due to active selection of that site). We calculated both MDM and MDD 208 

separately for the nesting season and off-season. We analyzed MDM using a linear mixed model 209 

with season and snake group (starling-colony tree vs. other) as factors and snake ID as a random 210 

effect. We log-transformed movement data to generate a normal distribution. Our MDD data did 211 

not conform to a normal distribution, even after transformation, because of a large number of 212 

small values (i.e., snakes at starling-colony trees were sedentary during the nesting season). To 213 

account for this issue, we analyzed MDD data using a generalized linear model (GLM) with a 214 

negative binomial distribution. We performed all analyses in JMP Pro 14 (SAS Institute, Cary, 215 

NC). 216 

 217 

 218 

Results 219 

We obtained >1300 fixes of 23 scrub pythons over the course of three years. For several 220 

snakes, this sample encompassed multiple starling nesting seasons and intervening off-seasons. 221 

We originally fitted eight snakes captured from beneath starling colonies with radio-transmitters, 222 

but three of those snakes dispersed and never returned to a colony-tree. Hence, we allocated 223 
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those individuals to the “not at starling-colony tree” group. None of the snakes that we captured 224 

far from starling-colony trees moved to such trees while they were being radio-tracked, despite 225 

several of them having home ranges that included active colony-trees.  226 

 227 

Range use areas 228 

Our linear mixed model showed a strong interaction between snake group and season for all 229 

three range measurements (MCP: F1,20 = 27.9, P < 0.0001; 95% kernel: F1,20 = 24.8, P < 0.0001; 230 

50% kernel: F1,20 = 28.8, P < 0.0001). Scrub pythons utilizing starling-colony trees spent their 231 

time within a small range centered on the colony tree during the period when starlings were 232 

nesting, but expanded their ranges considerably when the starlings were absent (Fig. 2, 3). By 233 

contrast, scrub pythons from other sites roamed over large areas throughout the year (Fig. 2, 3). 234 

Detailed observations at starling-colony trees clarified snake behavior. During the day, 235 

snakes at these sites sheltered in hollow logs, beneath tangled vegetation or up trees, typically 236 

within 50 m of the starling colony. The following night the snakes would be back beneath the 237 

starling tree. When the starlings ceased nesting, the snakes dispersed away from the colony tree 238 

and roamed over much larger areas (Fig. 2-4). The lack of a seasonal shift in range size, 239 

movement patterns and foraging modes of snakes from the broader site (i.e., away from starling-240 

colony trees) supports the idea that starling colonies induced this shift in snake behavior.  241 

 242 

Movement patterns 243 

For mean movement distances, there was a strong interaction between snake group and 244 

season (F1,18 = 19.5, P < 0.0003). Scrub pythons utilizing starling-colony trees moved an average 245 

of ~9 m/day when the starlings were nesting, but increased their movements to ~26 m/day during 246 
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the off-season. By contrast, snakes from other sites moved >20 m per day throughout the year 247 

(Fig. 4). Our GLM on mean displacements showed the same result, with displacement from the 248 

starling-colony tree averaging only ~44 m when the starlings were present, but increasing to 249 

>200 m when the birds were absent. Snakes from other sites exhibited similar displacement 250 

distances from the center of their core range during both seasons (interaction between snake 251 

group and season: χ2
1 = 101, P < 0.0001; Fig. 4). 252 

 253 

Hunting modes 254 

Radio-tracked pythons beneath starling-colony trees primarily relied on active foraging, 255 

whereas ambush predation was the predominant mode for the same individuals when they were 256 

observed away from the colonies, and for snakes in other sites (nominal logistic regression χ2
2 = 257 

25.6, P < 0.0001; Fig. 5). The shift was dramatic: we rarely saw active foraging away from 258 

starling-colony trees, and we never recorded ambush predation at the starling colonies by our 259 

telemetered pythons. We do not doubt that both foraging modes sometimes occur in both kinds 260 

of habitat (under colony trees versus away from them) and indeed, on several occasions we 261 

observed pythons without radio-transmitters in ambush beneath the trees. Nonetheless, the 262 

overall pattern was very clear: snakes switched their foraging mode depending on the prey 263 

resource being exploited (Fig. 5). 264 

 265 

Diet 266 

To understand if changes in python foraging mode are directly related to dietary shifts, we 267 

collected information on scrub python diets from all snakes captured at our study sites. We 268 

recorded 116 prey items from 540 snakes captured over the entire study area. Only three species 269 
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were identified from 51 prey items recorded from 168 individual snakes captured beneath 270 

starling colonies. All but three of these records (94%) were metallic starlings (mainly chicks). In 271 

contrast, we identified 17 species from 66 prey records obtained from 372 snakes captured from 272 

the broader study site (Table 2).  273 

 274 

 275 

Discussion 276 

Snakes are flexible, ecologically as well as physically. In the Lockerbie Scrub of 277 

northeastern Australia, large pythons substantially alter their behavior when metallic starlings 278 

arrive and begin to nest. At that time, some (but not all) of the local pythons shift from roaming 279 

over large areas and making large daily movements to spending most of the four-month nesting 280 

season at or near a starling colony. Concurrent with that reduced rate of movement, snakes at 281 

starling-colony trees shifted from ambush predation to active foraging. 282 

This kind of seasonal shift in foraging biology is widespread in snakes, especially in systems 283 

in which prey resources vary through time and space (e.g., Madsen and Shine, 1966; Deacy et 284 

al., 2016). Given the seasonal nature of prey reproduction in both tropical and temperate-zone 285 

systems, snakes that target early ontogenetic stages of their prey (e.g., the eggs or hatchlings of 286 

birds or lizards) will usually experience strong seasonal shifts in the abundance and location of 287 

feeding opportunities. The evidence for concurrent shifts in snake foraging modes and spatial 288 

ecology is, however, generally anecdotal. For example, Galapagos racers (Pseudalsophis 289 

biserialis) gather to ambush hatchling Galapagos land iguanas (Conolophis subcristatus) as they 290 

disperse from communal nesting sites (Christian, 2017), and Chinese pit-vipers (Gloydius 291 

shedaoensis) emerge from terrestrial refuges to ambush birds on tree branches during spring and 292 
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autumn bird-migration periods (Li, 1995, Shine & Sun, 2002). Water pythons (Liasis fuscus) and 293 

their rodent prey (Rattus colletti) spend most of the year living in soil-cracks on dry floodplains, 294 

but both predator and prey migrate to distant levee banks as rising floodwaters inundate the low-295 

lying areas (Madsen and Shine, 1996). To our knowledge, however, ours is the first study on 296 

snakes to quantify dramatic seasonal shifts in foraging modes and spatial ecology in response to 297 

the opportunities offered by seasonally breeding prey. 298 

Although the general phenomenon of predators flexibly adjusting their tactics to maximize 299 

feeding opportunities is unsurprising, the magnitude of those shifts in scrub pythons is 300 

impressive. In terms of foraging mode, for example, the snakes shift from a predominant reliance 301 

on ambush predation, to a predominant reliance on active foraging (Fig. 5). Likewise, the 302 

composition of their diet shifts from a taxonomically diverse array of prey (mostly large 303 

mammals), to a concentration on relatively small avian prey. Lastly, the extent of daily 304 

movement and home ranges is reduced by around 15-fold (Fig. 3, 4). 305 

Other taxa (mammals and birds) show similar seasonal shifts in daily movements patterns 306 

and home range sizes in response to seasonal food availability. For example, grizzly bears (Ursus 307 

arctos horribilis) significantly decrease their home ranges when food resources (e.g., spawning 308 

salmon) are concentrated (Barnes, 1990) and grey-headed woodpeckers (Picus canus) increase 309 

their home ranges considerably during the winter when snow and low food availability 310 

necessitate increased foraging distances (Rolstad & Rolstad, 1995). Grass owls (Tyto 311 

longimembris) switch between prey types, and from residency to nomadism, as a function of 312 

temporal shifts in prey availability (Clulow et al. 2011). Again, however, the magnitude of the 313 

shifts we describe are considerable. Scrub pythons are arguably Australia’s largest terrestrial 314 
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carnivore (Freeman & Freeman 2009), yet we recorded some individuals to spend four months 315 

within a home range of only 0.004 km2 (63 x 63 meters).  316 

In many predator-prey systems, offtake by large aggregations of predators might reduce the 317 

abundance of the resource, and imperil its continued viability. In the python-starling system, 318 

however, the eggs and nestlings consumed by pythons are doomed anyway – a young bird that 319 

falls to the ground has no chance of surviving to fledge. Thus, the nestling birds that are 320 

consumed by pythons would otherwise have been taken by other predators (e.g., snakes of other 321 

species, feral pigs, cane toads, centipedes: Natusch et al., 2016). Predation by pythons does not 322 

impose an additional mortality cost on the bird colony, because the individual nestlings 323 

consumed by pythons were effectively lost to the starling population as soon as the young birds 324 

fell to the ground. Hence, this system persists year after year, with large numbers of starlings 325 

continuing to arrive to breed at the same trees each time (Natusch et al., 2016). 326 

Our data provide a more detailed view of spatial ecology in snakes than is available for 327 

many other snake species. At first sight, some of the patterns that we have documented appear to 328 

be inconsistent with general patterns from previous work. For example, ambush predators 329 

generally have smaller home ranges than do active-foragers (e.g., Macartney et al., 1998; Secor, 330 

1995) – but in the case of scrub pythons, a shift from ambush foraging to active searching is 331 

accompanied by a decrease, rather than increase, in the extent of daily movements and in overall 332 

size of the home range. That apparent contradiction is due to the spatial heterogeneity in resource 333 

abundance: the resource that is best harvested by active foraging (immobile eggs and nestlings) 334 

is spatially concentrated, favoring strong philopatry.  335 

Likewise, the absolute sizes of home ranges we have recorded for scrub pythons vary over a 336 

greater range than has generally been reported in previous studies (e.g., Macartney, Gregory, & 337 
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Larsen, 1988; Brown, Shine, & Madsen, 2005; Carfagno & Weatherhead, 2008). Our radio-338 

tracking indicates that snakes spend about one-third of the year in an area of around 0.01 km2, 339 

but expand their movements to range over >1 km2 over the remaining eight months. Freeman and 340 

Freeman (2007) reported a very large home range (> 200 ha) in one radio-tracked scrub python. 341 

The seasonal range in movements that we recorded encompasses most species’ mean values 342 

from published literature (from 0.0009 to 207.4 ha), with the positive interspecific correlation 343 

between mean body size and snake body size dramatically violated (Macartney et al., 1988). 344 

Scrub pythons are larger than all but one snake species yet studied by radio-telemetry (invasive 345 

Burmese pythons, USA: Hart et al., 2015), but their home ranges during the starling nesting 346 

season rank among the smallest yet recorded. 347 

More broadly, though, our data accord with the results of previous studies in documenting 348 

extreme flexibility in behavior and movement patterns in response to seasonally varying factors. 349 

For example, substantial differences in home range size and habitat use have been reported in 350 

cool-climate taxa such as red-sided gartersnakes and prairie rattlesnakes (where the animals 351 

migrate many kilometers from overwintering dens to summer habitat each year: e.g., Gregory & 352 

Stewart, 1975; King & Duvall, 1990). Similarly, mate-searching activities increase daily 353 

movement distances in many snakes (e.g., Shine, 1987; Duvall & Schuett, 1997).  354 

We suspect that many snakes exhibit similar responses to seasonal aggregations of prey as 355 

seen in scrub pythons. For example, well-watered suburban gardens attract pythons (Slip & 356 

Shine, 1988; Fearn et al., 2001); oases in the desert attract vipers (Shulov, 1966); and irrigated 357 

golf courses attract rattlesnakes (Goode et al., 2003). Even closer analogies to the system we 358 

have described involve Cape cobras (Naja nivea) exploiting the communal nests of weaver birds 359 

(Philetairus socius) in Africa (MacLean, 1973), and boid, pythonid and colubrid snakes 360 



 17 

aggregating in caves that house nesting colonies of bats (Esbérard & Vrcibradic, 2007; Sharifi et 361 

al., 2014; Dinets, 2017). The most notable aspect of the scrub pythons that we have studied is the 362 

magnitude of the shift engendered by the seasonal availability of prey, and the way that these 363 

resource hotspots generate near-dichotomous shifts in predatory tactics of snakes, rather than 364 

falling along a continuum as may more commonly be the case. 365 
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TABLE 1.  Numbers of individuals, snout-vent lengths (SVL), body masses, and durations of 501 

observation for 23 scrub pythons (Simalia amethistina) fitted with radio transmitters in the 502 

Lockerbie Scrub, Australia. Values in the Table represent means and associated standard 503 

errors, and are given separately for snakes caught under starling-colony trees versus 504 

elsewhere, and separately for the starling breeding season (“nesting season”) versus the rest of 505 

the year (“off-season”). Ranges are given in parentheses. SVL = snout-vent length. 506 

 507 

Snake category N ♂ N ♀ SVL (cm) Mass (g) 

Nesting 

season  Off-season  

Colony-tree 

snakes 

2 6 259.6 ± 17.0 

(218–340) 

3180 ± 822 

(1179–7385) 

138.2 ± 20.6 

(86–211) 

255.3 ± 30.8 

(163–361) 

Snakes from 

other sites 

6 9 274.9 ± 10.1 

(205–370) 

3587 ± 468 

1107–8686) 

188.9 ± 18.3 

(40–303) 

297.4 ± 30.8 

(88–477) 

 508 

  509 
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TABLE 2.  Records of prey from scrub pythons (Simalia amethistina) utilizing starling colonies 510 

during the period the birds are nesting, compared to records of prey taken from those snakes 511 

during the period the birds are not nesting. 512 

 513 

Prey type 

Snakes captured 

beneath the 

starling colony 

Snakes captured at other 

sites, or at starling-

colony trees during the 

off-season 

Aves 
  

Metallic starling, Aplonis metallica 48 0 

Brush turkey, Alectura lathami 0 3 

Plumed whistling duck, Dendrocygna eytoni 0 2 

Superb Fruit Dove, Ptilinopus seperbus 0 1 

Unidentified bird 0 1 

Mammalia   

Unidentified small mammal 2 12 

Rodent sp. 1 3 

Cape York melomy, Melomys capensis 0 5 

White-tailed rat, Uromys caudimaculatus 0 1 

Southern brown bandicoot, Isoodon obesulus peninsulae 0 4 

Striped possum, Dactylopsila trivirgata 0 1 

Spotted cuscus, Spilocuscus maculatus 0 2 

Echidna, Tachyglossus aculeatus 0 1 

Microchiroptera sp. 0 1 

Dog, Canis lupis 0 2 

Red-legged pademelon, Thylogale stigmatica coxenii 0 1 

Agile wallaby, Macropus agilis 0 5 

Wallaby or Pademelon (based on size; unidentified in 

stomach) 
0 4 

Other stomach content (large meal, certainly not a 

starling) 
0 18 

  514 
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Figure legends 515 

 516 

FIG.1. A starling-colony tree (left panel) and a scrub python Simalia amethistina consuming a 517 

metallic starling (Aplonis metallica) chick that has fallen from the colony above (right panel). 518 

From December to April, scrub pythons modify their movements and hunting behavior to utilize 519 

this seasonally-available food resource. 520 

 521 
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 522 

FIG. 2.  Estimates of the home ranges of two radio-tracked scrub pythons based on 95% and 523 

50% kernel density contours for (a) an individual scrub python that did not use the starling-524 

colony trees either during the starling nesting season (orange) or off-season (yellow), and (b) an 525 

individual scrub python that utilized a starling colony in the nesting season (red) but not in the 526 

off-season (blue). The 95% density contours are represented by the larger shaded areas, whereas 527 

the 50% kernel densities contours are the smaller shaded areas of the same colour. Note the 528 

similar range sizes in both seasons for (a), but the diminished range centered on the starling-529 

colony tree during the nesting season in (b). These snakes were chosen to demonstrate the 530 

general pattern observed. 531 

 532 
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 29 

FIG. 3.  Estimates of home range sizes of radio-tracked scrub pythons, based on (a) minimum 534 

convex polygons, (b) 95% kernel density contours, and (c) 50% kernel density contours. Means 535 

and associated standard errors are shown for pythons that were utilizing metallic starling 536 

colonies versus those that were not, and those variables were calculated separately for the season 537 

when the birds were nesting (“nesting season”) and the remainder of the year (“off-season”).  538 

 539 



 30 

FIG. 4.  Daily distances moved (a) and daily displacements from the core of the home range 540 

(b) of scrub pythons that were utilizing starling colonies versus those that were not. Data are 541 

shown separately for two periods: the season when the starlings were nesting (“nesting season”), 542 

and the remainder of the year (“off-season”). Figure shows mean values and associated standard 543 

errors.  544 

 545 

 546 
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FIG. 5.  Proportion of radio-tracked scrub pythons (Simalia amethistina) observed either in 547 

ambush (grey bar) or actively foraging (hollow bar) as a function of the snake’s location and the 548 

time of year at which it was radio-tracked. Snakes are divided into “colony snakes” (individuals 549 

originally caught beneath starling colonies) monitored either during the bird-nesting season or 550 

the off-season, and individuals from other sites (i.e., not caught under colony trees; both seasons 551 

combined).  552 
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