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CRUISE FORAGING OF INVASIVE CHAMELEON (CHAMAELEO JACKSONII 

XANTHOLOPHUS) IN HAWAPI 

TrRAvis J. HAGEY,! JONATHAN B. Losos,? AND LUKE J. HARMON! 

ABSTRACT. We quantified the foraging behavior of the Jackson’s chameleon (Chamaeleo jacksonii xantholophus), 

an invasive insectivorous lizard species in Hawai'i. Using video taken in the field, we focused on percent time moving, 

moves per minute, and movement speeds. Our results supported previous findings that chameleons are “cruise 

foragers” (sensu Butler, 2005), a foraging behavior unlike almost all other species of lizards. 
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Classically, lizard feeding behavior has 

been described in terms of foraging mode, 

1.e., how an animal gathers food in a 

particular environment (e.g., Huey and 

Pianka, 1981; Schoener, 1971). Foraging 

mode is an important aspect of a species’ 

predator—prey interactions and can affect 

prey behavior and community structure 

(Schmitz, 2008; Simmons et al, 2005). 

Previous studies have identified two distinct 

foraging modes in lizards: active and ambush 

(sit-and-wait) foraging (Huey and Pianka, 
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1981; McLaughlin, 1989; Regal, 1983; Scho- 

ener, 1971). Other researchers have suggested 

a continuum with active and ambush forag- 

ing aS opposite extremes (e.g., Anderson, 

2007; Cooper, 2005, 2007; Cooper et al., 

2001; Perry, 1999; Perry and Pianka, 1997; 

Tollestrup, 1980). Evidence also suggests 

that foraging mode is retained in related 

species (Johnson et al., 2008; Perry, 1999). 

Both active and ambush foraging behaviors 

can be associated with a suite of organismal 

traits, including morphology, behavior, hab- 

itat use, and prey type (Miles et al., 2007; 

Perry et al., 1990; Vitt and Congdon, 1978). 

For example, some active foragers have 

higher activity levels, caloric intake, and 

body temperatures compared with ambush 

foragers (Anderson and Karasov, 1981; 
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Figure 1. Adult male Chameleo jacksonii from an introduced population in Nairobi. Photo by J. B. Losos. 

Webb et al., 2003). In the absence of other 

data, foraging mode could be a useful 

indicator of other organismal traits, possibly 

even predicting the effect an invasive species 

might have on an ecosystem (Phillips et al, 

2003; Watari et al., 2008; Wiles et al., 2003). 

Chameleons have unusual morphological 

and behavioral traits (Bickel and Losos, 

2002; Burrage, 1973; Losos et al, 1993; 

Parcher, 1974; Peterson, 1984), possibly 

influencing how these predatory lizards 

gather food. Butler (2005), using behavioral 

data from a single species, Bradypodion 

pumilum, suggested chameleons be included 

in a third foraging class, “cruise forager,” 

because of their unusual, slow-moving for- 

aging behavior. The term “cruise forager”’ 

was first suggested by Regal (1978) as an 

intermediate stage between active and am- 

bush foraging, “‘a species that moves, stops, 

and merely scans the environment, then 

moves, stops, and scans, and so on” (Regal, 

1983, p. 114). In this study, we quantify a 

second chameleon species’ foraging behav- 

ior, the Hawarian invasive Chamaeleo jack- 

sonii. We make comparisons to B. pumilum 

and other lizard species to investigate wheth- 
er chameleons do exhibit a novel hunting 

strategy (Butler, 2005). 

MATERIALS AND METHODS 

Jackson’s chameleon, Chameleo jacksonii 

xantholophus (Fig. 1), was originally intro- 

duced into Hawai'i in 1972 from Mt. Kenya, 

Kenya, as a result of the pet trade. This 

species has since reached the islands of Oahu, 

Maui, Hawai’1, and Kauai and is typically 

found in disturbed habitats (Eason et al, 

1988; McKeown, 1991; Waring, 1997). 

We observed adult C. jacksonii individuals 

from 3 to 21 August 2001, in the countryside 
near the town of Makawao on the Hawai ian 

island of Maui. Chamaeleo jacksonii were 

located using a haphazard search method 

only on sunny days and observed from the 

ground using a standard video recorder for 

approximately 30 min. Individuals were not 
disturbed before or during the observation. 
After the video data were gathered, we 

captured each subject when possible and 
noted sex, snout—vent length (SVL), and 

mass and measured habitat parameters such 
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TABLE |. 

Test Description Test 

Mass vs. sex/age class in C. jacksonii F-test 

SVL vs. sex/age class in C. jacksonii F-test 

PTM vs. chameleon species F-test 

MPM vs. chameleon species F-test 

MPM vs. PTM in C. jacksonii 

MPM vs. PTM in B. pumilum 

MPM vs. PTM 

MPM vs. chameleon species 

MPM vs. SVL in C. jacksonii 

PTM vs. SVL in C. jacksonii 

MPM vs. sex/age class in C. jacksonii 

PTM vs. sex/age class in C. jacksonii 

MPM vs. SVL in B. pumilum 

PTM vs. SVL in B. pumilum 

ANCOVA 

ANCOVA 

F-test 

F-test 

MPM vs. sex/age class in B. pumilum F-test 

PTM vs. sex/age class in B. pumilum F-test 

MPM and PTM in chameleons vs. 

active vs. ambush foragers MANOVA 

MPM and PTM in chameleons vs. 

active foragers MANOVA 

MPM and PTM in chameleons vs. 

ambush foragers MANOVA 

MS and AS in active vs. ambush foragers MANOVA 

MS and AS in C. jacksonii vs. active vs. 

ambush foragers MANOVA 

*P < 0.05. 

as perch height and diameter by climbing 

trees or using a long pole with calibrated 

markings. We then released the animal at the 
site of capture. To estimate movement 
distances, we used the animal’s snout—vent 

length (SVL). Chameleons were marked with 

nontoxic paint to prevent observation of the 

same individual more than once. 

We used the recorded videos to quantify 

each individual chameleon’s foraging behav- 
iors. We counted all behaviors (e.g., move- 

ments, position adjustments, displays, and 

eating events; see Butler, 2005) and noted the 

amount of time to complete each task. With 
these values, we calculated the number of 

moves the animals made per minute (MPM), 

percent time the animal spent moving 
(PTM), position adjustments per minute 

(PAPM), percent time adjusting position 

linear regression 

linear regression 

linear regression 

linear regression 

linear regression 

linear regression 
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STATISTICAL TESTS, DESCRIPTIONS, AND RESULTS USED IN THIS ARTICLE. 

Test Statistic P. 

F351 = 1.74 0.19 

F309 = 1.74 0.19 

Fj 49 = 0.03 0.9 

Fi 49 = 6.01 0.02* 

MPM = 0.59 x PTM + 0.08, 72 = 0.50 <«0.01* 

MPM = 0.49 x PTM + 0.23, 7? = 0.23 0.02* 

Fi 4g = 25.0 <0.01* 

Fy a3 = 8.95 <0.01* 
MPM = —0.22 x SVL + 1.23, 72 = 0.06 0.3 

PTM = —0.37 X SVL + 1.90, 72 = 0.14 0.07 

F353 = 1.42 0.3 

F353 = 1.05 0.4 

MPM = —0.18 X SVL + 1.07, r? = 0.03 0.5 

PTM = 0.18 x SVL — 0.52, 7? = 0.04 0.4 

Fy > = 3.21 0.07 
F3>; = 1.90 0.2 

Wilk’s lambda F499 = 32.1 <«K0.01* 

Wilk’s lambda F3.,;3 = 7.10 <0.01* 

Wilk’s lambda F339 = 29.3 << 0.01* 

Wilk’s lambda F 4g = 105 «K0.01* 

Wilk’s lambda F495 = 49.5 «K0.01* 

(PTAP), and number of eating events per 

hour (EPH). Movements were defined as any 

event in which there was physical displace- 

ment of the animal’s body. We used the 

video in conjunction with our habitat mea- 

surements to calculate two different mea- 

surements of speed: moving speed (MS) and 

mean or average speed (AS; see Cooper, 

2007). Moving speed represents the speed of 

the animal while it was actually moving, 

analogous to instantaneous speed (distance 

moved, taken from habitat measurements, 

divided by the length of time required to 

complete the movement, calculated by 

counting frames in the videotapes). Mean 

speed was calculated by adding the entire 

distance moved during the observational 

period divided by the length of the observa- 

tional period. These values were compared 



4 BREVIORA No. 519 

Chameleo jacksonii 

* Chameleo jacksonii Mean 

© Bradypodion pumilum 

4 Bradypodion pumilum Mean 

oO 
oO 

40% 50% 60% 70% 380% 
Percent Time Moving 

3.5 

3.0 
=) 

= Ds; 

PE ANE Pe) 0) 
ro) 

gS : 
ro) 

WO fe) 

= O 
05 OG 8-0 ~ 

0% 10% 20% 30% 

Figure 2. Percent time moving (PTM) versus moves per minute (MPM) for Bradypodion pumilum (Butler, 2005) 

and Chameleo jacksonii (this study). Species ¥ + 1 SE. Error bars present on the Y-axis are obscured by 

point markers. 

with data from Cooper’s (2007) literature 

review of lizard speeds for 51 species. All 

variables were natural log or arcsine trans- 

formed for normality before statistical anal- 

yses. We compared our calculated behavior 

parameters to data from two previous studies 

(Butler, 2005; Cooper, 2007). 

RESULTS 

All values presented are means plus or 

minus standard errors. We collected data on 

27 chameleons: 14 males, 12 females, and 

two juveniles with mean male SVL 106.5 + 

6.3 mm, mean mass 37.2 + 7.1 g; mean 

female SVL 107.5 + 6.6 mm, mean mass 

43.9 + 10.0 g; mean juvenile SVL 77 + 

1.0 mm, mean mass 12 + 1.0 g. Neither mass 

nor SVL was dependent on sex/age class 

(Table 1). Chamaeleo jacksonii perched 4.5 + 

0.4m off the ground on 2.42 + 0.57 cm 

perches, adjusted position 0.22 + 0.04 times 

per minute, spent 4.75 + 0.99% of their time 

adjusting position, and ate 1.85 + 0.53 times 

per hour. We did not observe any display 

events. 

PTM and MPM values were similar 

between C. jacksonii (PTM = 19.7% + 

4.0%, MPM = 0.24 + 0.05) and B. pumilum 

(PTM = 20.8% + 4.1%, MPM = 0.44 + 

0.07, data from Butler, 2005; Fig. 2), al- 

though values varied greatly among individ- 

uals. Chamaeleo jacksonii did, however, 

move significantly less often than B. pumilum 

(Table 1). In both species, MPM was posi- 

tively correlated with PTM (Table 1; species 

x PTM interaction term not significant, P = 

0.65, and omitted from analysis). Neither 

MPM nor PTM was significantly dependent 

on SVL or sex/age class in both C. jacksonii 

and B. pumilum (Table 1). 

Chameleons are distinct from a range of 

other active and ambush foraging lizard 

species both in regard to MPM and PTM 
(Fig. 3, Table 1; data from Butler, 2005). We 

also compared moving speed and mean 
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Figure 3. Percent time moving (PTM) versus Moves Per Minute (MPM) for a variety of lizard species including 

Bradypodion pumilum (Butler 2005) and Chameleo jacksonii (this study). Species ¥ + 1 SE. Error bars present on the 

Y-axis are obscured by point markers. 

speed (see Methods) for C. jacksonii (MS = 

0.33 + 0.09 m/min, AS = 0.052 + 0.01 m/ 

min; Fig. 4) and found, in agreement with 

Cooper (2007), that active foragers display a 

slightly lower moving speed and much higher 

mean speed (Table 1). Again, chameleons 

seem to represent a foraging mode substan- 

tially different from the standard lizard 

foraging categories (Table 1). 

DISCUSSION 

Our data suggest that C. jacksonii exhibits 

a moderate percent time moving, low moves 

per minute, and a very slow locomotion 

speed. This combination of parameter values 

is rarely seen in other lizard species and is 

strikingly similar to data from the only other 

chameleon studied, B. pumilum (Butler, 

2005). Although only two chameleon species 

have been evaluated, many lizard clades 

show little variation in foraging mode, which 

suggests that chameleons as a group might 

exhibit a unique foraging style (Perry, 2007). 

Our data support Butler’s (2005) suggestion 

that chameleons be classified as cruise 

foragers. Interestingly, a second genus of 

lizards, Chamaeleolis, which lies phylogenet- 

ically with the Anolis clade and is only 

distantly related to chameleons (Townsend 

et al., 2004), might exhibit similar behavior 

(Leal and Losos, 2000). 

The morphology of chameleons is highly 

divergent from nearly all other species of 

lizards. This unique morphology may have 

facilitated a novel hunting strategy not used 

by other predators. Thus, one might expect 

chameleons to have distinct effects on prey 

behavior and their surrounding communi- 

ties, a point to consider when evaluating 

native as well as introduced ecosystem 

interactions. More research is necessary to 

better understand the implications of cha- 

meleons’ novel morphological and behavior- 
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Figure 4. Movement speed (AS vs. MS) for a set of lizard species (Cooper 2007) with the addition of Chameleo 

jacksonii (this study). Species ¥ + 1 SE. Error bars present on the Y-axis are obscured by point markers. 

al adaptations, as well as the ramifications of 

chameleons’ foraging mode on their sur- 

rounding community structure. 

ACKNOWLEDGMENTS 

We thank F. Kraus and A. Lyons for help 

in the field; G. Perry, H. Hoekstra, and one 

anonymous reviewer for comments on the 

manuscript; and M. Butler for helpful 

advice, comments on the manuscript, and 

providing her data on chameleon behavior. 

LITERATURE CITED 

ANDERSON, R. A. 2007. Food acquisition modes and 

habitat use in lizards: Questions from an integrative 

perspective, pp. 450-490. In S. M. Reilly, L. D. 

McBrayer, and D. B. Miles (eds.), Lizard Ecology: 

The Evolutionary Consequences of Foraging 

Mode. New York, Cambridge University Press. 

, AND W. H. Karasov. 1981. Contrasts in energy 

intake and expenditure in sit-and-wait and widely 

foraging lizards. Oecologia, 49: 67-72. 

BickeL, R., AND J. B. Losos. 2002. Patterns of 

morphological variation and correlates of habitat 

use in chameleons. Biological Journal of the 

Linnean Society, 76: 91-103. 

Burrace, B. R. 1973. Comparative ecology and 

behavior of Chamaeleo pumilus pumilus (Gmelin) 

and C. namaquensis A. Smith (Sauria: Chamaeleo- 

nidae). Annals of the South African Museum, 61: 

1-158. 

Butter, M. A. 2005. Foraging mode of the chameleon, 

Bradupodion pumilum: A challenge to the sit-and- 

wait versus active forager paradigm? Biological 

Journal of Linnean Society, 84: 797-808. 

Cooper, W. E., Jr. 2005. The foraging mode controver- 

sy: Both continuous variation and clustering of 

foraging movements occur. Journal of Zoology, 

London, 267: 179-190. 

Cooper, W. E., Jr. 2007. Foraging modes as suites of 

coadapted movement traits. Journal of Zoology, 

272: 45-56. 

, L. J. Vitt, J. P. CALDWELL, AND S. F. Fox. 2001. 

Foraging modes of some American lizards: Rela- 

tionships among measurement variables and dis- 

creteness of modes. Herpetologica, 57(1): 65-76. 

Eason, P., G. W. FERGUSON, AND J. HEBRARD. 1988. 

Variation in Chamaeleo jacksonii (Sauria, Chamae- 

leontidae): Description of a new subspecies. Copeia, 

1988(3): 580-590. 

Huey, R. B., AND E. R. Pranka. 1981. Ecological 

consequences of foraging mode. Ecology, 62(4): 

991-999. 



2010 

Jounson, M. A., M. LEAL, L. R. Scuettino, A. C. LARA, 

L. J. REVELL, AND J. B. Losos. 2008. A phylogenetic 

perspective on foraging mode evolution and habitat 

use in West Indian Anolis lizards. Animal Behavior, 

75: 555-563. 

Lea, M., AND J. B. Losos. 2000. Behavior and ecology 

of the Cuban “Chipojos Bobos” Chamaeleolis 

barbatus and C. porcus. Journal of Herpetology, 

34(2): 318-322. 

Losos, J. B., B. M. WALTON, AND A. F. BENNETT. 1993. 

Trade-offs between sprinting and clinging ability in 

Kenyan chameleons. Functional Ecology, 7: 

281-286. 

McKeown, S. 1991. Jackson’s chameleons in Hawaii are 

the recently described Mt. Kenya _ subspecies, 

Chamaeleo jacksonii xantholophus. Bulletin of the 

Chicago Herpetological Society, 26(3): 49. 

McLauGu.iin, R. L. 1989. Search modes of birds and 

lizards: Evidence for alternative movement pat- 

terns. The American Naturalist, 133(5): 654-670. 

Mites, D. B., J. B. Losos, AND D. J. IrRscuick. 2007. 

Morphology, performance, and foraging mode, pp. 

49-93, In S. M. Reilly, L. D. McBrayer, and D. B. 

Miles (eds.), Lizard Ecology: The Evolutionary 

Consequences of Foraging Mode. New York, 

Cambridge University Press. 

ParcHER, S. R. 1974. Observations on the natural 

histories of six Malagasy Chamaelontidae. Zeits- 

chrift fiir Tierpsychologie, 34: 500-523. 

Perry, G. 1999. The evolution of search modes: 

Ecological versus phylogenetic perspectives. Amer- 

ican Naturalist, 153(1): 98-109. 

. 2007. Movement patterns in lizards: Measure- 

ment, modality, and behavioral correlates, pp. 

13-48. In S. M. Reilly, L. D. McBrayer, and D. 

B. Miles (eds.), Lizard Ecology: The Evolutionary 

Consequences of Foraging Mode. New York, 

Cambridge University Press. 

, AND E. R. PIANKA. 1997. Animal foraging: Past, 

present and future. Trends in Ecology and Evolu- 

tion, 12(9): 360-364. 

, I. Lampt, A. LERNER, D. ROTHENSTEIN, E. 

SHANI, N. SivAN, AND Y. L. WERNER. 1990. 

Foraging mode in lacertid lizards: Variation and 

correlates. Amphibia-Reptilia, 11(4): 373-384. 

PeTerSON, J. A. 1984. The locomotion of Chamaeleo 

(Reptilia: Sauria) with particular reference to the 

forelimb. Journal of Zoology, London, 202: 1-42. 

PHILips, B. L., G. P. BROWN, AND R. SHINE. 2003. Assessing 

the potential impact of cane toads on Australian 

snakes. Conservation Biology, 17(6): 1738-1747. 

REGAL, P. J. 1978. Behavioral differences between 

reptiles and mammals: An analysis of activity and 

CHAMELEON FORAGING MODE 7 

mental capabilities, pp. 183-202, In N. Greenberg, 

and P. D. MacLean (eds.), Behavior and Neurology 

of Lizards. Rockville, Maryland, National Institute 

of Mental Health. 

. 1983. The adaptive zone and behavior of lizards, 

pp. 105-118. In R. B. Huey, E. R. Pianka, and T. 

W. Schoener (eds.), Lizard Ecology: Studies of a 

Model Organism. Cambridge, Massachusetts, Har- 

vard University Press. 

Scumitz, O. J. 2008. Effects of predator hunting mode 

on grassland ecosystem function. Science, 319 

(5865): 952-954. 

SCHOENER, T. W. 1971. Theory of feeding strategies. 

Annual Review of Ecology and Systematics, 2: 

369-404. 

Simmons, P. M., B. T. GREENE, K. E. WILLIAMSON, R. 

POWELL, AND J. S. PARMERLEE, JR. 2005. Ecological 

interactions within a lizard community on Grenada. 

Herpetologica, 61(2): 124-134. 

ToLLestrup, K. 1980. Sit-and-wait predators vs. active 

foragers: Do they exist? American Zoologist, 20: 

809. 

TownseNnD, T. M., A. Larson, E. Louis, AND J. R. 

Macey. 2004. Molecular phylogenetics of Squa- 

mata: The position of snakes, amphisbaenians, and 

dibamids, and the root of the squamate tree. 

Systematic Biology, 53(5): 735-757. 

Vitt, L. J., AND J. D. ConGpon. 1978. Body shape, 

reproductive effort, and relative clutch mass in 

lizards: Resolution of a paradox. American Natu- 

ralist, 112(985): 595-608. 

Warina, G. H. 1997. Preliminary study of the behavior 

and ecology of Jackson’s chameleons of Maui, 

Hawaii. Report for USGS/BRD/PIERC Haleakala 

Field Station presented by Hawaii Ecosystems at 

Risk (HEAR) project. Located at: www.hear.org 

WatTari, Y., S. TAKATSUKI, AND T. Mtyasuita. 2008. 

Effects of exotic mongoose (Herpestes javanicus) on 

the native fauna of Amami-Oshima Island, south- 
ern Japan, estimated by distribution patterns along 

the historical gradient of mongoose invasion. 

Biological Invasions, 10(1): 7-17. 

Wess, J. K., B. W. Brook, AND R. SHINE. 2003. Does 

foraging mode influence life history traits? A 

comparative study of growth, maturation and 

survival of two species of sympatric snakes from 

south-eastern Australia. Austral Ecology, 28: 

601-610. 

Wigs, G. J., J. Bart, R. E. Beck, AND C. F. AGUON. 

2003. Impacts of the brown tree snake: Patterns of 

decline and species persistence in Guam’s avifauna. 

Conservation Biology, 17(5): 1350-1360. 



if BA at 
» pregadteL : 

d QO wna 

‘jpg iM a ne 
re 

ot ADs 
ei vein nal Fi 

rot ues, a 
. ‘ ad abe he 

ae wa, a 

sg beal oii 

, pe ‘aden f 

2! i; a as e 

- ae ct Sati int Sragunwh a : 

ee ee 
eae. ahi 8 aeaathen 

ere Dy ghee 


