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ABSTRACT 

The hypothes is th at pit fa ll traps, glue traps and funnel traps do not differ in 

ca pt ure effi ciency fo r Eumecesfasciatus, the Five-Lined skink , was tested over a two 

year pe ri od. Glue traps were most effi cient on a time of effort basis during monitoring, 

but pi tfa ll traps v.-ere a safer capture technique that required less time for monitoring. 

Reduc ing the sticky surface on the glue trap and constant monitoring eliminated glue trap 

mortaliti es . Although capture effi ciency of glue and pitfall traps did not signifi cantly 

differ on a time of effort basis in 200 I, thi s may be due to decreased adhesion of glue 

traps used in early 200 I and a change of glue trap style used later in 200 I. Funnel traps 

fai led to capture E. fasc iatus. but fab ri cation of fu nnel traps fro m a coarser meshed 

materi al may improve th ei r perfo rmance. 

l also tested the hypothes is that dominance relati onships bet\, een male E. 

fc1sciat11s are not altered by ta il autotomy. Ne ither thi s study (n=l 6) nor previous 

unpub li shed data co ll ec ted by Schill er (n= I0) obser\'ed domi nance re\'ersal as a result of 

tai l autotomy. These result s suggest th::t t tail autotomy does not cause discernabl e 

reduction in soci al do min::tnce among male E. /c1sciat11s. 

The incide nces of fo ur soc ial bcha\·iors. i.e. tongue nicks. tail \\ ags. grapples . and 

bites \\'ere ev:1luated in dominance contests. but no relationshi p among do minance 

classification and beha\·ior ,, as detected. Differe nce in intensity of behaviors \\'as 

obser\'ed bet\\ een years. Thi s diffe rence may result fro m diffe rences in lab conditions 

where the experiments were conducted in 200 I ( ~ 16 °C) compared to 2000 ( ~ 22 °C). 

In dom inance contests in wh ich fight ing \\ as not obsen ·ed. males sometimes did 

not in terac t as e\·al uated by obserrnti on. or one animal im mediately retreated. Thi s 

iv 



suggests that some of the males may have estab li shed dominance relationships prior to 

capture. Si nce thi s \\Ould be more likely of animals captured in proximity to each other, 1 

tested the relationship between capture proximity and probability of antagonistic 

interacti on using the Wilcoxon Rank Sum test . No relationship of capture di stance to the 

li ke lihood of aggressive interactions among male E. fasc ia/us was detected. However, 

\ ery fe\\. of the male E.fasciatus \\·ere captured in close proximity, thus it is likely all of 

the contests invoh·ed li zards that had not pre\ iously interacted. 

The third hypothesis tested \\as that male E /c1scia111s do not utili ze pheromones 

to recogni ze dorn inant /submi ss i,e conspecific s. I used the Wi lcoxon Rank Sum test to 

test for a relationship of tongue Oick s to pheromones using cloaca! S\\ abs obtained from 

lizarJs that had been ranked based on the outcome of the dominance con tests. There \\ as 

a significant difference in the number of tun guc !licks bet\\een pheromone (self. a 

positin: co nt ro l ur conspecific) and nn phen)rnnne (Ji stillcJ \\ater. a negati,e control) 

indicatin!.!. the anima ls Jid detect the pheromone . 1 lo\\e\er. there \\ JS no rel ati onship of 

tungue !licks tll ·· self pherlllllllnc·· \ersus '\:llnspecific pheromone .. aI11 ong dominance 

L'i :1sses. There \\as nu difference in the 11 uI11 be r nf tn ngue !liL·ks tn phe ro mones among 

dulll i 11 ;111L·e classes. The dnlll i 11 :rnce c b ss ificat ions ass i gneJ i 11 Jnlll i nance contests 

agreed \\ i th l huse ass igned i 11 pher() llH)lle te sts. 
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CHAPTER I 

Overview of Previous Research on Eumeces 

fasciatus and Relevance to this Study 

Basic Ecology and Life History 

The Genus Eumeces is comprised of approximately 50 species in Central 

America, North America, Southern Asia and North Africa. Fitch (1954) conducted the 

first comprehensive study of the life history and biology of the most widespread North 

American species in the Genus, the Five-Lined skink, Eumeces fasciatus. Fitch (1954) 

captured E. fascia tus using pitfall traps and screen funnels . Baited lizard pole, i.e. 

angling (Schiller, personal communication), and hand capture (Downes and Borges, 

1998; Schiller, personal communication; Zani, 1996) are other trapping techniques that 

have been used to capture E. fasciatus . One of my objectives was to evaluate the relative 

efficiency of three different trapping techniques for E. fascia tus . I tested the hypothesis 

that pitfall traps, glue traps and funnel traps do not differ in capture efficiency. 

The range of E. fasc iatus correlates closely with the Deciduous Forest Biome of 

eastern North America. Eumecesfasciatus is usually most abundant in cutover forest , old 

rock piles, or near deserted sawmills. In the south, Eumecesfasciatus may inhabit 

heavily wooded terrain, and in the north it is found mostly in open areas. Eumeces 

f C1sciC1tus prey mainly upon invertebrates but also may eat small vertebrates. 
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Fitch ( 1954) determined the optimal body temperature for E. fasc iatus was near 

34°C. Usi ng thermoregulatory behavior, E. fascia tus are able to maintain their body 

temperature near the optimal over a broad range of environmental temperatures. When 

ambient temperature approaches freezing, E. fasciatus become torpid and hibernate. 

Usually E. fasciatus emerge from hibernation in northern Tennessee around the middle of 

March (Schiller, personal communication); however, they may return to torpidity if a 

period of cold weather occurs. Eumecesfasciatus are very active for a period of weeks 

immediately following emergence and are commonly observed foraging and basking on 

li ve and dead trees, and rocks. 

Within a fe\'.- weeks of emerging. adu lt E. fascia tus come into breeding condition 

(Fitch, 1954) . Eumccesjc,sciatus males develop a salmon red suffusion on the face and 

neck during breeding season. The intensity of the red suffusion is more pronounced in 

older males. This head coloration is cont ro ll ed by gonadal androgens (Edgren, 1959). A 

red suffusion is obsen cd also in males of many other E11n11:ces species. such as E. 

cgn:gius hoinl. and E. luticcps . Male E Ji1sciu111s fo lio\\ a reproducti\·e female and grip 

loose skin at or behind her shoulders\\ ith their _ja\\ S until copulation is compl eted. 

usu:-ill y in about fi\'l~ minutes. \Vi thin a fe \Y days of insemination females become hostile 

to\,·ards maks (F itch. l 95-l ). Gra\·id fema le E fascia /us become secreti\·e and dig nest 

burrO\\ S in moisture-laden so il under k\·el rocks. or in decomposing \\·ood of rotting logs 

or stumps. The annual clutch of E fc1scia111s in Kansas is approx imately nine eggs, \\ith 

bigger and older fe males producing more than nine eggs and small er and younger females 

bying less than nine eggs lCagle. 19-l0: and Fitch. 195-l). 
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Female E fasc ia/us brood their eggs for approxi mately a month (Fitch, 1954). 

E11111ccesfasciatus eggs usually double in weight during incubation indicating 

accumulation of water by the developing embryos (Fitch and Fitch, 1967). Temperature 

tolerances for E. fasc iatus eggs range from oc to 42 cc (Fitch and Fitch, 1967). Preferred 

temperature for E. fasciatus eggs is 20.9 cc (Hecnar, 1994). While brooding, the female 

may dampen the burrow in times of drought with dew gathered from the outside the nest 

(Fitch, 1954). Mortality of E. fasciatus eggs is probably lowest at moderate moisture 

leve ls (Hecnar, 1994). At low moisture levels eggs may dry out, and at high moisture 

levels eggs may become infected with microbes or gas exchange through the eggshell 

may be interrupted (Fitch, 1954; and Fitch and Fitch, 1967). Females adjust their 

brooding positions to regulate moisture levels near the eggs. When moisture levels are 

low females increase body to egg contact. In contrast, when moisture levels are high 

females decrease body to egg contact (Hecnar, 1994 ). Females may also rotate their eggs 

in response to low moisture levels (Fitch, 1954). She will also keep the cavity of the 

burro,Y clear of debris. keep the eggs from becoming attached to the floor and sides of the 

burrow. and ward off predators (Fitch, 1954). Females may change nest sites after 

di sturbance or a chanoe in environmental conditions (Fitch, 1954; and Vitt and Cooper, 
0 

1989). Females may brood their hatchlings for a short period of time after hatching (Vitt 

and Cooper, 1989). Once E fascia /us hatchlings leave the nest they do not return (Fitch, 

1954). 

Two to five females may aggregate in burrows to share brooding responsibilities 

and to increase their ability to defend the nest (Cagle 1940; Fitch, 1954: Cooper et al., 
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1983: Hecnar, 1994; and Sebum, 1993). Females may also aggregate if optimal nest si tes 

are scarce l Cooper et al. , 1983). Additionally, E. fasciatus aggregate in hibernacula in the 

ground or decayed logs during the winter (Fitch, 1954). Cooper and Garstka (1987) 

found that E. laticeps also hibernate in winter groupings in the ground. If females do not 

disperse far from winter hibemacula prior to breeding and egg laying, aggregate brooding 

would be facilitated. Female E. fasciatus and E. laticeps are congeneric brooders (Vitt 

and Cooper, 1989). 

Effect of Tail Autotomy on Social Status 

Predators of E. fasc iatus include birds, mammals, and snakes. A common name 

for many species of Eumcccs is .. blue-tailed skink:· Fi tch l 1954) hypothesized that the 

blue tail of immature E. fasc ia/us is an adaptation fo r predator avo idance by directing the 

predator to an expendable part of the body. Clark and Hall ( I 970) suggested the blue tail 

sen es an intraspecific social functi on. i.e. inhibiting attac k by breeding males. 

Arguments by Clark and llall ( 1970) "hich support a soc ial role of the blue tail include: 

( I ) a crypti call y co lored tail decreases the chance of predator detection. (2) predation does 

not account for the loss of the blue tail color at maturity . (3) tail loss decreases body 

\\eight and energy storage. and ( 4) predati on does not explain the marked contrast 

between the brioht blue tail s of jll\cn il es compared to the bright red jaws of breeding 
e . 

males. Adult male E fascia tus commonly fight Yi ciously among themse lves during 

breedino season and the blue tail of jll\ enik skinks might sen e to signal their e . 

nonreproductive status. JLl\ enile E _ti1scia111s frequentl y undulate their tail s in a 

pronounced sinuso idal \\ aw l tail \\ ags). Adult E jc1scia111s are obsen ed to perform thi s 



bcha,·ior. but usuall y onl y ,vhen highly excited as during combat. If the tail is used as an 

important soc ial signal, then tail autotomy could have social costs, including loss of 

5 

social status by breeding males. Many studies have shown a reduction in social status due 

to tai l autotomy (Cooper and Vitt, 1987; Cooper and Vitt, 1993 ; Martin and Salvador, 

1993; Salvador et al. , 1995; Salvador et al., 1996). I also explored the possibility that tail 

loss might affect male dominance relationships in the experiments described in Chapter 

111. Speci fically, I tested the hypothesis that dominance relationships between male E. 

fasc iatus were not altered by tail autotomy. 

Pheromone Studies in Lizards 

Pheromones have been revealed to communicate species membership, sex, and 

reproductive state in the closely related E. laticeps (Cooper and Vitt, 1986a; Cooper, 

1995; Mason, 1992), but thi s ability has not been studied in £. fascia tus. Male£. laticeps 

can distinguish familiar versus unfamiliar conspecific males by pheromones from thei r 

skin and cloaca (Cooper and Vitt. 1984a: Cooper. 1996) and ha,·e the abil ity to trail 

females by scent (Cooper and Vitt. 1986b). E11111eces/usciat11s males also track females 

by scent (Fitch, 1954 ). Gin:n the importance of pheromones in soc ial communication in 

E. loticeps, I tested a third hypothesis: male E fasciatus do not utili ze pheromones to 

reconnize dominant/submissiYe conspecifics. 
0 

Review of Problems Encountered 

Throunhout thi s studv un foreseen problems occurred and were corrected as 
0 • 

encountered \Yhen possible. sing the ,,·hole sticky surface of the glue trap caused two 

male£. jcm:iatus deaths. I corrected thi s problem early in 2000 by reducing the area of 
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exposed glue surface by two thirds. This eliminated trapping mortality on glue traps. 

When 1 tried to reuse the glue traps from 2000 in 2001 , I concluded that they were not as 

efficient due to lessened stickiness resulting from collection of debris and prolonged 

exposure to sunlight and air. I was unable to purchase the same traps as used in 2000 and 

I had to use a different size and type of glue trap in 2001 . When I conducted dominance 

trials in 2000, in order to prompt captive males to engage in physical contests, I had to 

capture a female in breeding condition, which took longer than expected. The differences 

I observed between years in dominance trials and pheromone test results may be due to 

IO\\ temperature conditi ons in the lab \\ here the experiments were conducted in 200 I (-

16 °C) compared to 2000 ( - 22 °C). Another problem that occurred in the McCord 

building \\'as an air conditioning failure that lead to extreme temperatures in the lab that 

\\·ere hi gher than optimal temperature conditions fo r E _lc1sciot11s. As a result , two second 

year fem ales died in late .July of 2001. 

Su~gestions for Furthrr Research 

The result s of thi s rese::in.: h SU!.!!.!est ne\,. \,·::i, s in \,·hi ch futun: research may be -- . 

carried out more cffecti\·cly . first. more research needs to be done on the design of 

funnel traps. My resul ts suggest that traps constructed of a. turdier materi al that has 

l::irger mesh size so li zards c::in obsef\ e prey items inside would likely be more effective. 

J\dditionally. further research is needed on the effect of tail autotomy on male dominance 

bY conductinn more trial s to confim1 the results of thi s study . In 16 of 16 trials I 
. :::, 

conducted. dominance \\as unaffected by tail autotomy . Similarly, Schiller (unpublished 

data) obtained the same result s in 10 of 10 tri als. i.e. no affect of tail autotomy on 
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dominance . I did not use a double blind experimental design in the pheromone study 

conducted in 2000. I started using a double blind method in 2001, acting upon advice 

offered \\hen 1 presented preliminary results at the Ninth Symposium on the Natural 

History of Lov,rer Tennessee and Cumberland River Valleys (200 I) . This method assures 

a random pheromone test where neither the observer nor collector knew the treatment 

being administered. Similarly, in order to see if male E. fasciatus responded to the swab 

itse lf versus the pheromone on the swab I used dH20 swabs as a negative control during 

the pheromone tests only in 2001. 



CHAPTER II 

Comparative Efficiency of Glue, Pitfall, and Funnel Traps in 

Capturing the Five-Lined Skink, Eumeces fasciatus 

List of Previous Research for Capture Techniques 

Capture techniques for E. fasciatus inc lude pitfall traps (F itch, I 954) screen 

funnel traps (Fi tch, 1954), baited li zard pole (Schiller. personal communication) , and 

hand capture (Schi ll er, personal communicati on: Zani. 1996). Baited li zard poles are 

used success fu lly for other li zard spec ies (Strong et al. . 1993). Capture techniques for 

other li zard spec ies that may be successful fo r E .fc1scia111s include ba ited glue traps 

(Downes and Borges 1998. Whiting. 1998. Vargas ct al. 2000. Glor ct al. 2000). and pole 

\\ ith attached glue pad (Durt sche . 1996) . 

Resea rch Plan and Methods 

Co mparison of Ca pture Techniqut·s 

The fo llo\\ ing trap tyres \,ere used to capture F fc 11'C iu1111 in thi s study in 

i\lont!2.0mcr, Count, . T 1 (36.52 N. 87.35 \\ .): - . , 

( l ) Gluc traps (Fig. 2.1 ): Victor® 1:; ~ 21 cm (used in 2000) :rnd 13 X 17 cm (used in 

200 1) rmnufactured by Woodstrcam. ,\ N EKCO Ci rour Comrany. Litit z. PA 175-43. 

USA . Tr:ips \\ere b;:iited by sticking J cricket to it s center. 



' I 

17;2 1 cm 

I 
13 cm 

l 
- Sticky surface exposed 

D Sticky surface covered hy paper 

X Appropriate placement o f cricket 

l 1g . 2.1. Cilut: trap: one-third of the one-cent imeter strips of paper cover removed and 

rre> Item (i .e .. a cri ckl'.lJ attached to exposed glue surface (13 X 21 cm (used in 2000) and 

I~ X 17 cm (U'->t: J in 2001 )) . 
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(2) Pitfa ll tran (Fi n ' 1 )· a N 10 • d I d · · t · c:-· - · - • o. 100 can p ace within a rock outcrop or large 

,,nnJ~ Jcbris baited \Yi th a cri cket (the cricket' s hind legs were removed to prevent them 

frnm jumr ing out of the trap) to help attract E rasciatus (Fitch 1954· Schiller j l ) ' ) 

un r ubli shed research). Large rocks and woody debris were arranged so as to provide 

I izardc access to the rim of the cans. 

(3) Funnel trap (Fig. 2.3 ): plastic mesh commonly sold in department stores as 

.. she If I iner material" ' was fabricated into cylinders about 29 cm long and 12 cm in 

di ameter ,,ith a funnel opening into each side (Fitch, 1954; Schiller, unpublished data) . 

This materi al was used because of economy and ease of fabrication. These traps were 

used onl y in 2000 . 

Trios of these trap types were set together in areas judged to be "good'' skink 

habitat. Sometimes pitfall traps were patrolled without setting glue traps when there was 

inadequate time to do both . Pitfall and funnel traps were checked daily whenever 

en\' ironmental conditions allowed lizards to be active (at least 18 °C air temperature and 

sunny) from 15 April to 6 May 2000 and from 6 April to 27 August 200 I. Pitfall traps 

,,e re patro lled a total of 14 days in 2000 and 42 days in 2001. Screen funnel traps were 

not used in 200 l due to their inability to capture E. fasciatus in 2000. Glue traps were 

deployed only ,vhen they could be patrolled continuously because of the risk of injury or 

poss ible death of captured animal s on unattended glue traps. Glue traps were patrolled a 

total of 14 days in 2000 and 33 days in 200 I. 
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Fig. 2.2. Pitfall trap: a No. 10 food can \\'ith prey item (i.e. , a cricket) inside. 
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l ·,111 turL'J I:' Ii /\ ( w/111 \\ ere re turned to the lah, measured, wei ghed, and marked 

hPth h~ t\\L' clipping and r ain ting dots on different r,arts of the li zard' s body. The painted 

Jnts. though tem r orary , allowed easy fi eld identificati on at a di stance so to di stingui sh 

n:ccntl: ca pt ured animal from others. I used toe clipping for permanent marking; but toe 

clipping only all o\\ s identification of recaptured li zards. Captured animals were assigned 

to age sex class based on subjective comparison of Snout-Vent Length (mm), weight (g), 

time of year captured. blueness of tail , redness of head and neck, broadness of head and 

body. and brightness of light longitudinal lines. Sexually mature male E. fascia/us were 

returned to the lab in separate holding containers and used in dominance contests and 

pheromone tests. 

Results and Discussion 

Compa rison of Capture Techniques 

Table 2.1 describes captures and mortality of E. fascia/us in this study. During 

the 22-day study ( 15 April to 6 May) in 2000, 16 E. fascia/us were captured. Lizards 

captured with modified glue traps (N=9) experienced 22.2% mortality rate (2 deaths) 

during the capture phase. Lizards (N=7) captured in pitfalls traps had 0% mortality. 

During the five-month study in 2001 (6 April to 27 August), 46 E.fasciatus were 

captured. Lizards captured on modified glue traps (N=2) experienced 0% mortality, but 

one hatchlinP Jost its tail when being removed from the trap. Downes and Borges (1998) 
0 

· .· f h · · t ·1 (around 3-5%) using traps of double-reported that a few skmks lost portions o t e11 a1 

sided packing tape . 
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L:ibk 2. 1. Captures and mortality of the Five-Lined skink, Eumeces fasciatus. 

Year Trap Type Captured (n) Died (n) Mortality(%) 

2000 Glue 9 2 22.2 

2000 Pitfall 7 0 0 

200 1 Glue 2 0 0 

2001 Pitfall 44 0 0 

Total 62 2 3.2 



Both deat hs on !..! luc tr;:i r s in 1 000 \\ ·•• i·" of s1n,., II s O d I r: 1· · 
~ · - " " u . cc n -year, ma e 1~ .. ascwtus 

15 

p1wr tP modi f: ing the glue tr:irs to reduce the area of exposed sticky surface. In an 

:ittcmrt to climin;:ite tra r ping mortality, I removed one-centimeter strips of the paper 

ccn-er on the sticky surface of the glue traps so that only 1/3 of its surface area was active. 

This decreased the amount of lizard to glue contact while still capturing skinks 

efficiently. and effecti ve ly eliminated trap mortality. As the glue on the exposed portion 

became unusabl e I removed another one cm strip to maintain the 1/3 active surface area. 

This increased the longevity of the trap by three fold . One of the two trapping deaths 

appeared to result from the simultaneous capture of a subordinate second year male on the 

same glue trap with an adult male. The adult male apparently killed the juvenile male 

which could not retreat as evidenced by the blood flowing from fresh wounds on the 

jm'enile. As a result of this incident, l patrolled the glue traps more frequently. No 

captures were made with the funnel traps. Schiller (personal communication) captured a 

Five-Lined skink in a 1999 pilot study using a funnel trap. A possible explanation for the 

fa i I ure of funnel traps to capture E. fasciatus in this study may be the coarser mesh of the 

trap used by Schiller (personal communication). The plastic coated "shelf liner" fabric 

used in thi s study was selected for economy and ease of fabrication, but was not effective 

in capturing£. fusciatus. 

Mortality was defined as the percentage of deaths that occurred within 24 hours of 

capture (Vargas et. Al , :WOO; Whiting and Alexander, 2001). There was 0% mortality 

d · · · f, b th s of this study (except for unforeseen unng confinement of E. jasciatus or o year 

· - · · h J d t the death of two second year females e\'ents such as air cond11I onmg failure t at e o 
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from l1e~11 st rcss) (Table 2.1 ). Whiting and Alexander (200 1) reported 0% mortality for 

/1/01_,·smm,s hrouclleyi and P intermedius wilhe/mi when kept in confinement after 

carturc with glue traps. Converse ly, Vargas et. al (2000) reported 47.6% mortality to 

. ../.110/is carolinensis during their confinement period. This could be due to the hardier 

integument of E fasc iatus or damage from glue to the dewlap of A. carolinensis not 

detected by the naked eye. Perhaps the use of cooking oil to remove A. carolinensis 

from glue traps, a technique I did not resort to, contributed to the difference in mortality 

between the nvo studies. Lizards captured with pitfall traps (N=45) experienced 0% 

mortality. Note, that all captured animals were returned to the lab, weighed, measured, 

marked, and held for at least 24 hours, so the definition of trap mortality used here is 

quite conservative, since animals were actually exposed to many stressors in addition to 

trapping. 

Capture efficiency is defined as number of E. fascia /us captured per trap adjusted 

for differences in the amount of time each trap type was deployed. Table 2.2 describes 

total captures by year (2000 and 2001) of E. fascia/us. A Chi square test was used to 

assess for difference in capture rate among trap type. The expected number of captures 

adjusted to the number of hours each was active in the field was derived for th.is test (Fig. 

2.4) . I observed nine gl ue and seven pitfall trap captures compared to the expected 3.43 

glue and 12 .57 pitfall trap captures when adjusted to the number of hours each was active, 

· · · · L l 1 51 df=l =0 0007) in 7 000 I observed two 0 lue a highly significant difference (X - . ,. , - , P · - · 0 

· d h t d 7 84 olue and 43 .16 pitfall trap and 44 pitfall trap captures compare to t e expec e - · o 

h ctive a nonsi0 nificant difference 
captures adjusted to the number of hours eac was a , 0 
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Table 2.2. Total captures and expected captures adjusted to the number of hours each 

trap type was active by year (2000 and 2001) of the Five-Lined skink , Eumecesfasciatus. 

Year Trap Type Total Captures Expected Captures 

2000 Gluc 9 3.43 

Pit fa ll 7 12.5 7 

200 1 Ciluc ' 2.84 -

Pi tfall 44 4~ ] (l 

' J 

J 
• • 
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Fig. 2.4. Captures of E11meces fasciatus by glue and pitfall traps in Montgomery County, 

Tennessee. 
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(/=0.30. df= I, 0.90<p<0.50) in 2001 . I purchased new glue traps in 2001 because of 

decreased adhesiveness of the glue traps used in 2000; however, the exact same trap type 

as was used in 2000 was not available. Since I did not use glue traps after 6 May 2000, 

the fa ilure to capture more animals on the new glue traps that were purchased and 

deployed on 15 May 2001 is difficult to evaluate because the new glue traps were not 

used during a comparable time period to those used in 2000. The difference in glue trap 

effectiveness in 200 I can be estimated by the ratio of glue trap captures to pitfall trap 

captures in 2000 compared to 2001 as follows : 

a/b=c/d 

where: 

a= expected number of glue trap captures in 200 I 

b = number of pitfall trap captures adjusted to the number of hours active in 2001 

c = number of glue trap captures adj usted to the number of hours ac tive in 2000 

d = number of pitfall trap captures adjusted to the number of hours acti \'e in 2000 

a/2 .90 = 3.43112 .57 

a = 148 .04/1 2.57 = 11 .78 

This analysis reveals that if the assumpt ion that the trapping effect i, eness of glue and 

pitfall traps is unchanged from 2000 to 200 I. then the expec ted number of gl ue trap 

captures in 200 I (a= 11. 78) should ha,·e occurred. Instead. only 2.84 captures (adjusted 

· ) . d This is probably due to dec reased adhesive abili ty of fo r time of deployment \\ as ma e. -

· · di I h n<'e of glue trap stvle (Victor® 13 X 21 the glue to capture li zards 111 200 I an or tie c a o ~ -

cm ( used in 2000) and 13 X 17 cm ( used in 200 I)). 



Assignm ent of captured E.fasciatus to age/sex class 
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In general. longitudinal lines in E fascia tus are bright yellow on a dark brown 

bac kground in _juveniles and they, along with the trunk color fade with age (Fitch, 1954). 

Ho\W\'er. thi s fading occurs more slowly in females (Fitch, 1954). Another sexual 

dimorphism includes the red color of the head of second year and mature males (Fitch, 

1954 ). Based on size, color, and sex specific differences captured animals were classified 

to age/sex class as follows: 

Hatchlings- these animals were captured later in the year than juveniles (July and 

August) , with very short snout-vent lengths (SVLs) ranging from 25 to 52 mm, and 

\\ eighing between 0.40 to 1.85 g. By late summer some hatchlings may overlap in size 

with juveniles captured early in the summer. The hatchlings may be distinguished from 

the juveniles by the fact that they were captured late in the year, while small juveniles 

were captured early in the year and weighed a lot less than second year li zards captured at 

that time. 

Ju\'enile- these animals hatched late in the previous summer and have grown almost to 

adult size during this, their first complete summer. Juveniles with very short SVLs were 

captured too early in the season to be hatchlings ( captured in April), but weighed a lot 

less than second year li zards. 

Second vear male- these animals will achieve adult size by the end of this year their 

second full summer. At least some of these animals had red suffusion on their head and 

· · h d d' · ti aller SVLs and weiuhts than adult neck dunng breedmg season, but a 1stmc Y sm 0 

I . . d. 1 · d some blue color in the tail. ma es, and retamed long1tu ma stnpes an 



SL'ConJ \'Car female- these animals had small ei· SVLs a d · h I d I c I n we1g ts l 1an a u t 1ema es, 

and retained their fi ve longitudinal lines and some blue color in tail. 

/\du ll male- animals of mature size with a red suffusion on head and neck during 

breeding season, faded five longitudinal lines, and no blue tail color. 

Adult female- animals of mature size , with fi ve longitudinal lines present but subdued, 

and no blue tail color. 

2 1 

In an effort to independently affirm the assignment of captured li zards to age/sex 

classes. I plotted the SVLs of all captured animals (Fig. 2.5 , and Table 2.3). Breaks in the 

frequency di stributi on at 25-52 mm (hatchlings. and jLffeniles). 53-66 mm (second year 

males and fem ales) , and 67-80 mm (adult males and females). seem to correspond. at 

least etpprox imately. to the age/sex class ifi cati ons I used. These SVL frequency 

Ji st ributions proYide empirical support for the age/sex class etss ignments that \\ ere made 

on the basis of qualitati\'l~ characteri stics de ·cribed etbo ,·c. 

Table 2.4 describes obsern::d and expecteu captures by tretp rypc (modified glue 

and pit fa ll t ret ps) of the different age/sex class of E j<1scio111s. The ex peeled captures are 

adjusted for the number of hours each trap type ,,·:.1s ac ti,·c. I used Chi Sqtrnc to test for 

difference in age/sex class captures bet,,een 1r:.1p ty pes. \!o significant difference 

(/=6.12. df=5. 0.90<p<0.50) ,, :.1 found in :.1ge , ex cbss captures bet,,ccn trap types. 

Tetblc 2.5 describes obsen·ed :.1 nd expected c:.1pturcs by year (2000 and 200 I) of the 

different age/sex class of E /cisciolus. I also used Chi-square to test fo r difference in 

A Signific :.1 nt difference (/=18.09, df=S. age /sex class captures bet,,een ye:.1 rs. _ 
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captured in 2000 and 200 I. 
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L:i blc 2J . Capture descriptions of the Five-Lined skink , Eumecesfasciatus (GLT = glue 
tr::i p. PFT = pitfall trap: SVL =snout-vent length ; HAT =hatchling, JUV = juvenil e, 
2YRM = second year male, 2YRF = second year female , AM = adult male, and AF = 
adult female). 

Day/Month Year Trap Type Age/Sex Class SVL (mm) Weight (g) 
15-Apr 1 GLT 2YRM * 
16-Apr 1 GLT 2YRM 4.59 59 
16-Apr 1 GLT AM 9.60 73 
16-Apr 1 GLT AM 9.86 70 
16-Apr 1 GLT 2YRM 5.90 56 
16-Apr 1 GLT AM 10.20 75 
16-Apr 1 GLT AM 9.58 68 
22-Apr 1 PFT 2YRM 4.85 62 
29-Apr 1 PFT AM 8.93 68 
30-Apr 1 PFT AM 8.12 65 
29-Apr 1 PFT 2YRM 4.32 56 
6-May 1 PFT AM 10.81 74 
6-May 1 GLT AM 10.07 72 
6-May 1 PFT 2YRM 3.68 50 
6-May 1 GLT 2YRM 4.19 57 
6-May 1 PFT 2YRM 4.58 57 
8-Apr 2 PFT AM 8.33 68 
13-Apr 2 PFT AM 9.90 66 
13-Apr 2 GLT AM 6.79 68 
23-Apr 2 PFT AM 7.28 65 
25-Apr 2 PFT AF 6.52 66 
29-Apr 2 PFT JUV 2.00 45 
29-Apr 2 PFT AM 4.82 57 
2-May 2 PFT AM 9.53 71 
2-May 2 PFT AF 8.23 70 

7.43 71 5-May 2 PFT AM 
55 2YRM 3 01 5-May 2 PFT 
69 AF 11 .23 5-May 2 PFT 
63 AM 6.39 5-May 2 PFT 
56 AF 4.98 10-May 2 PFT 

2.96 47 10-May 2 PFT 2YRM 
8.91 58 AF 14-May 2 PFT 
7.25 77 15-May 2 PFT AM 

80 9.50 15-May 2 PFT AM 
72 8.16 17-May 2 PFT AM 

5 09 61 17-May 2 PFT 2YRM 
9.82 78 28-May 2 PFT AM 
7.32 73 

5-Jun 2 PFT AM 
4.61 60 

5-Jun 2 PFT 2YRM 
4.47 58 

16-Jun 2 PFT 2YRF 
7.25 77 

18-Jun 2 PFT AM 
3.87 65 

22-Jun 2 PFT 2YRF 
4.27 66 

22-Jun 2 PFT 2YRF 
4.02 52 

29-Jun 2 PFT 2YRF 
5.15 56 

9-Jul 2 PFT 2YRF 
6.25 61 

9-Jul 2 PFT 2YRF 



24 9-Jul 2 PFT AM 7.34 60 9-Jul 2 PFT HAT 0.40 25 13-Ju l 2 PFT 2YRF 4.78 67 20-Jul 2 PFT 2YRF 4.45 63 20-Jul 2 PFT AM 7.25 77 20-Jul 2 PFT 2YRF 5.26 61 20-Jul 2 PFT AM 10.93 73 14-Aug 2 PFT HAT 0.84 37 15-Aug 2 GLT HAT 0.91 38 
23-Aug 2 PFT HAT 1.55 42 
23-Aug 2 PFT 2YRF 7.17 65 
23-Aug 2 PFT HAT 3.30 51 
24-Aug 2 PFT HAT 1.32 42 
24-Aug 2 PFT HAT 1.85 46 
27-Aug 2 PFT HAT 1.36 43 
27-Aug 2 PFT 2YRF 7.32 63 

Not Reported due to not being able to remove the li zard from glue trap 



Table 2.4. Total observed (xn) and expected captures adjusted for the number of hours 

each trap type was active (Yn) of age/sex classes of the Five-Lined skink, Eumeces 

fascia/us by trap type. 

Trap Type 

Glue Pitfall 

Age/Sex Class Xn Yn Xn Yn 

I latchling -+ 7 -+ 

.lu\cnik 0 0. 5 0. 5 

Second Y car Mak 4 (1 X 6 

Second Y car Fcmak 0 5.5 11 5.5 

() 12.5 19 l 2.5 
Adult Mak 

2.5 5 2.5 
Adult Fcmak () 

25 
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Table 2.5. Total observed (xn) and expected captw-es adjusted for the number of hours 

each trap type v.:as active (Yn) of age/sex classes of the Five-Lined skink, Eumeces 

fusciotus by year. 

Year 

2000 2001 

Age/Sex Class Xn Yn Xn Yn 

Hatch ling 0 4 8 ➔ 

Juycnile 0 0.5 0.5 

Second Y car Male 8 6 ➔ 6 

Second Year Female 0 5.5 t t 5.5 

12 .5 t 7 t 2.5 
/\d ull Male 8 

2.5 5 2.5 
/\ dul t f cm ale 0 

I 
i . 
I ( 

;c 
' 



0.00S<p<0.001) ,, as observed in age/sex class captures between years. This was 

probably due to my attempt to use the same glue traps in 200 I that I used in 2000. 

27 

Capture frequencies of these age/sex classes most likely indicate that their habitat 

pre ferences differ over time (Fig. 2.6, Table 2.3 ). Most adult and second year males and 

adult females were captured in the early months (April to May) of the study. This may 

ha\'e been due to their having increased acti vity during the breeding season compared to 

other age/sex classes . High capture rate of males in spring may refl ect territory patrolling, 

mate searching, and fo raging. Home ranges fo r adult and second year males . juvenil es, 

and hatchli ngs were approx imately 27.3 m across compared to 9. 1 m across fo r adult and 

second year females lF itch, 1954). In 2000. I captured eight adult and eight second year 

males and no other age/sex classes. In co nt rast. in 2001 I captured 17 adu lt and fo ur 

second year males. one ju\'enil e. and eight hatchl ings compared to fi ,·e captures of adult 

and l I second year fe males. The age sex cl a .. capture data fo r 2001 (6 April to 27 

August) is probably the better comparison due to a longer :rnd more complete study of the 

I:' fc1sciot11s ac ti,·ity cycle compared to 2000 ( 15 1\ pril to 6 \l ay). ,\ prcsum::ibly mailer 

l - d d . · r. I ·s 11a\· ·--pl "' 1·n ,,·ll\· the, ,,ere captured less 1nmc range tor adult an sccon : eat 1L:ma 1.: 1 . 1.: ., " . . 

· fr I· l • -.... ptttr ·s is k s than obscr\'Cd b\' Fitch freque nt ly. although the ra ti o o ,cma 1.: to ma l Lu 1.: . -

119- 1) r· 1 d y A l 1 ] 977) also ob cr\'cd th ::it durin!! the brcedin!! season male 
, ) -1 . r I tc 1 an on c 1en , ~ -

- · ·r J ., ,·daih· distanccofl7.7rn.buthomerangc /: . .fusciot11s home range sh1 te an a, erah1.: . -

. . f b d. 0 ~ason This wou ld explain the 
shifted \'ery little aft er the completi on o ree 111 ::- s1.: · 

· l ,\ dditionalh . Eif1cr and Eif1er ( 1999) 
reduced captures of adult males later 111 t 1e season. · -

. . . , . / •) males increase their home range to 
speculated that Grand sk 1nk l 0/1guw11w ,':..I um L 
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associate with females . As would be expected, hatchlings were captured in traps only 

after hatching in July to August. Also, second year females were captured in larger 

numbers in the later months of the study, perhaps due to increased foraging to increase 

their body size for the next breeding season. Only one juvenile was captured during the 

two years (April 2001) of this study. Juveniles may not be as catchable, or they may not 

be as abundant in the trapping areas compared to other age/sex classes. Also, I may have 

misclassified some juveniles as second year lizards. Access to traps may be more 

difficult for juveniles than adults because of their smaller size relative to the size of the 

trap. However, the capture of even smaller hatchlings in significant numbers in the later 

part of the summer, coupled with the assumption of a stable population size supports the 

hypothesis that possible habitat partitioning among E. fasciatus age/sex classes is 

occurring. The ultimate test of this hypothesis may only be made by the use of telemetry 

to more closely monitor movements of individuals in different age/sex classes. 

In conclusion, the results of the 2000 field season suggest glue traps were more 

efficient than pitfall traps on a time of effort basis, but pitfall traps were a safer capture 

technique that required less researcher time for monitoring. The glue trap mortalities that 

occurred early in 2000 were eliminated by trap and procedural modifications. The results 

of the 200 I field season indicated that glue and pitfall traps were equally efficient on a 

time of effort basis, but this may be due to decreased adhesion of glue traps used in early 

2001 and the change of glue trap style later in 2001. A possible reason for the failure of 

funn I E fi · t 5 in this study may be due to fabrication of funnel traps e traps to capture . ascza u 

fr 1 . d " h If 1. r" cabric instead of a coarser meshed material. The failure om p ast1c coate s e me 1, 



l1 f runnel traps may he because the li zard could not see the prey item inside the funnel 

tr::ip. the openings in the funne ls could be too small for the lizard to enter, or too large 

al lowin!.!. the li zard escape. 

30 



CHAPTER III 

Effect of Tail Autotomy upon Social Status 

of Adult Male Eumeces f asciatus 

Review of Previous Research 

Soc ial In teractions du rin g Breeding Season 

Male E. /c1sciut11s in breeding condit ion are aggress i\'e to other mature males and 

may 11ght upon sight and in con11ncd spaces might e,·en maim or kill one another (F itch. 

1954). The mortality of a second year male captured on the same glue trap ,,i th an adu lt 

male in thi s study seems to con11 rm Fi tch ·s specul ati on. Fi ghting bct,, ccn rcprnduc ti\'e 

males has been obsen cd in many other Ii za rd : . sue h as Sa/01,orns 1111cl11/u1111· 

rn11.1ohri1111s (V inegar. 1975). (11mu1odn ,'i11u111,· (Demeter and \ larccllini . I 98 I). 

f 11111cccs /01iccps ( Cooper and \' ill . 1987). Gu111hiliu silo ( (icnnano anJ \\ 'ii Iiams. 199:; ). 

and Sc i11cc//o /o laolis (.-\ kin. J l)l)X). The aggregation t1f fe male/:' /u1ciu1111 at brood 

sites may c\plain ,, hy breeding males arc so hos tile ltl\\ards each (1 thcr ( Fitch . 1954: 

Cooper ct al .. J 98:;: I lcrnar. J 994: and Scburn . J 99:; ). That male f Jinciu111s seem to 

frequent ly engage in , iole nt. physical contests rather than usi ng displa) bcha, ior to 

rcsoh c territori al di sputes may he c\p laincd by the possi bility of a large fitne ss rc\\ard 

· · · . . · · , ·on1munal broodin u sites. If fem ales 
accrui ng to males ,, ho attain a tcrn to1: conta1111n~ L ' :: 

· · - J b d·n" sit ' before matinL'. then mak 
congregate 111 the Ioca lr ty ol these communa roo 1 :: L -

I
. · 1· • · , · 1·u hr· produc1i ,·csuccesssimilarto 
!lards that control these areas m1L'.ht ac 11c, e ' LI: 11 :: L 



that achic, cd by harem forming mammal s such as sea lion or elk . After the spring 
32 

breeding season males lose their salmon red suffusion and their activity decreases (Fitch, 

I 954) . 

Tail Autotomy 

The se lf-induced breaking off of the tail from its attachment point, tail autotomy, 

is a mechani sm to help lizards escape predation (Bellairs and Bryant, 1985 ; Arnold, 1988; 

Castilla et al., 1999). Tail autotomy has not been widely studied in E. fasciatus. The 

benefit s and costs of tail autotomy ha,-e been shom1 to differ among li zard species (V itt 

et al. . 1977: Fox et al.. 1994) or among age classes in the same species ( t irn iarowski et 

al.. 1997). Li zards ,,ith complete tail s can sa,·e themse lves more effic iently than li zards 

,,ith incomplete tail s (Congdon et al. , 1974: Dial and Fitzpatrick. 1984: Vitt and Cooper, 

1986). Consequently. there are sun·i,·al costs to tail autotomy in li zards such as Uta 

\'lonshuriww (Fo\ et al.. 1998) . Compared with tailed li zards. li zards \\ithout tail s may 

run less cffecti,·ely (Ballinger ct al. . I 979: Punzo. I 982. Formano\\ icz et al.. I 990: 

Daniels. 1983 : Brom1 ct al.. I 995) and e\hibit decreased somatic gro,\1h (Ballinge r and 

Tinkle. I 979: Smith. I 996: Nim iaro,, sk i ct al.. I 997: Vitt and Cooper. I 986: Alt hoff and 

Thompson. I 994). Tail autotomy may reduce fitness by reducing energy reser\'eS fo r 

mating act i\'ity and/or yolking eggs (Smyth. 197-L Dial and Fitzpat rick . 198 1 ). Tai ll ess 

li zards may ha,·e lower soc ial status resu lting in reduced reproducti , ·e success . For 

e\amplc . fem ale£. /oticcps prefer larger males ,,·ith tail s (Cooper and Vitt. 1987: Cooper 

and Vitt. 1993). Reduced social status may result in a condensed home-range size for 

M • · d S I ·ador I 99-;- Sah·ado r et al.. I 996). males and reduced access to females ( a1t1n an a ' · - · 
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Sal\'ado r et al. l 1995) speculate that large male Psammodronus algerus with autotomi zed 

tail s may maintain their dominance but limit their acti vity and reduce the area of their 

home range thereby achieving less reproducti ve success. 

The fi ghts among male E. f ascia/us seem suffi ciently violent to possibly cause tail 

autotomy of the combatants unless the animals have some abili ty to regul ate autotomy in 

a context spec ific manner. Fighting males oft en bite each other at the base of the tail and 

exert much force in attempts to gain mechanical ad \'antage. I ref er to this fight ing 

mancU\·er as the behav ior .. grapple .. in this study. The potential aggregation of unbred 

fema les in brood ing loca les, and the \'ery high potential reproductiH uccess accrui ng to 

males that co nt ro l these territories could pro ,·ide the impetus for their ,·iolcnt figh ting as 

,,e ll as the se lecti,c pressure fo r the crnluti on of context specific ability to regulate tail 

au totonw. If tai I auto torm reduced fi ghting abi I ity or attracti ,·cncss to females. there 
- -

,,oulJ be stro ng selec ti, ·c pressure to a, oi J tail aut otnmy ,, hile fi ghting. (ii,·cn the 

Jcmonstra tcd social costs or tail autotomy in/ ·10 stu11sh11riu11u anJ I:' lutin·11'" (Fox and 

Rlistkcr. 1982: anJ Copper and \ "it!. \ l)87) . I h~ pnthcsi1.cJ that wi l aut\1 tnrny could be an 

important fac tor de termining soci al status in male F _/u1"Ciu t1 11" Therefore. I dcsigncJ an 

experiment to test the hypothesis that tail au totorny hcis no effect on soci ci l stci tus of male 

E ti1.i·l'iutus. If tail aut otomy dol'S reduce soci al status. then it \\ oulJ be more likely that 

tai l au totomy is rcgulateJ in a context speci fic manner 
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Testing the Effect of Autotomy on Dominance 

I conducted dominance contests that are a variation of those employed by Fox and 

Rostker ( 1982) to study the effect of tail autotomy on social status of Uta stansburiana. 

They scored aggressive behaviors in order to assign dominance rankings to each member 

of a pair of juvenile U stansburiana (Fox and Rostker, 1982). They shortened the tail of 

the dominant lizard by thirds, checking for a change in dominance after each removal 

(Fox and Rostker, 1982). If, after a third of the tail was removed from the dominant 

juvenile male the previously submissive juvenile male became dominant, then the new 

dominant juvenile male had a third of his tail removed. Tail autotomy by thirds was 

repeated until complete autotomy was achieved. These tests demonstrated a considerable 

effect of tail loss on dominance in juvenile U stansburiana. 

In this study I tested dominance only in adult E. fasciatus males. I simplified the 

experiment performed by Fox and Rostker (1982) because E. fasciatus males are usually 

completely indifferent or intolerant of each other during the breeding season. When 

males are intolerant one either retreats immediately or they will battle until one retreats. 

Thus, retreat is a reliable and unambiguous indicator of submissiveness. Retreat is 

further validated by Akin's (1998) study of dominance relationships in Scincella lateralis 

in competition for food. Although I used a female as stimulus for competition instead of 

food, the experimental design is similar. Akin ( 1998) observed male S. latera/is 

t bl. h" d · hr h bi·t1·ng and chasing the other male similar to the behaviors es a 1s mg ommance t oug 

b d · · t I corded the duration of the contest, i. e. , time until one of o serve m my expenmen . re 



the m:iks retreats. as \\·cl! as other behaviors di splayed during the contest including 

orientati on towards or away, tongue flicks, tail wags, approach, grappling (i.e. fi ghting 
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males often bi te each other in the tail and exert much force in attempts to gain mechanical 

ad\ antage ), and bites. A mature reproductive female was present in the contest arena 

throughout the trial to provide visual and pheromonal stimulus for male aggression (Fig. 

3.1 ). A second variation I made to Fox and Rostker' s experimental protocol was the use 

of complete rather than partial tail autotomy of the dominant male as the treatment. 

I attempted to evaluate all possible pair-wise comparisons of captured males to 

determine initial dominance relationships . Thus, the number of contests could exceed the 

number of males captured. The number of possible contests is described by the formula 

fo r combinations: (n! /r! (n-r)! ) where n=number of di stinct things, i.e. male E. fasc iatus 

taken .. r· , at a time. Since I are observing pairs, "r .. is always 2 in thi s case. For example, 

10 male li zards could be matched in (I0 !)/2!(10-2)! combinations, or 

l I 0)(9)l 8)(7)l 6)( 5 )( 4 )(3 )(2 )( I )/(2)( I)*( 8)l 7)l 6)l 5)( 4 )(3 )l2)( I) = 

l l0)l9)/2 = 90/2 = 45 combinations. For the males I captured (n=37) there were 647 

poss ible contests. However, since I was not able to hold all captured males 

simultaneously, the ac tual number of contests (n = 64) \\ as less than \\·hat was 

theoretically possible. Sometimes two males paired in a contest seem to di splay 

· d' f• h I I I d the f1·equencv and/or duration of fighting in males 111 1 1 erence to eac ot 1er. ana yze ., ~ 

· · ·· s those captured from di stant sites i.e . captured from sites in --c lose proxurnty versu 

. 1 · ·· I hvpothesized males from the same ··\\ 1thin \'ersus bet\\ een the same popu at1on , 

. h d d · nance relationship prior to their capture 
populati on ma\' have already establis e omi 
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Fig. 3. 1. Contest arena for dominance contests between adult male E11111cccsf<1scio111s. 

the Fi, c-Lined skink. a. remo\'ablc c::i rJb0arJ partiti0ns b. ~hel f liner co,eri ng gb ss 

bottom. 
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,, hcrc:is males from t,, o distinct populations ce11ainly have not estab li shed dom inance 

relationship prior to capture. Contests in which dominance relationship could be 

ass igned. i.e . one an imal clearly retreated, were repeated after complete autotomy of the 

dominant animal to assess the effect of tail autotomy on its dominance. 

Because the behavioral data did not meet the normali ty assumptions of ANOV A, 

the contests data V•iere analyzed by the nonparametric Wilcoxon Rank Sum test to test the 

hypothesis of no effect of tai l autotomy on dominance. Similarly, the trap distance data 

did not meet the normal ity assumptions of A OVA, so I used Wilcoxon Rank Sum test 

to determine if males fought differently with each other among years, and to test the 

subsidiary hypothesis that some dominance relationships may ha, e been establi shed prior 

to the time the males ,,ere captured. I reasoned that males captured in close proximity 

,,ere more likely to have estab li shed a dominance relati onshi p prior to capture than those 

captured at distant si tes . I chose to analyze the contest in thi s manner because of previous 

obsen ·ati ons that males seem to fight , ery hard. or not at all lSchiller. personal 

commun icat ion). When no fighting occurs there is ei ther ,,hat appears to be complete 

indifference bet\\een t\\ 0 males or immediate re treat by the submiss i,e male. possibly. 

but not necessarily. because dominance has already been established prior to the contest. 

Results and Discussion 

Effects of Social Status on Behavior 

f n. -1• tai·I ,,a.,s "rapples and bites obserYed I recorded the number o tongue 1cr--. s. • = · c- · 

· - · ~ , T bl A) I classified males that retreated as during male dom111ance co ntests (Fig . .)___ a e · 

- d inant Males that did not interact \\ ere 
submi ssi, e and males that did not retreat as om · 
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- 2000 

- Dominant 
c:=J Subordinate 
iiiiil Neutral 

I 1n 
T ' 

2001 

tf tw grp bite 

Behavior 

Fig. 3 .2. Mean number of behaviors (tf = tongue flicks. tw = tai l wags. grp = grapples, and bite= 

bites) of adult male Eumeces fascia tus in dominance contests. 



class ified as "neutral .. . The mean number differed between years for all of the studied 

beha,·iors based upon the results of the t-test shown in table 3.1. The t-tests show 
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intensity of each behavior differed between years. Therefore, subsequent analyses will be 

made on each year separately. The difference in behaviors between years may be due to 

the low temperature conditions in the lab where the experiments were conducted in 2001 

(- 16 °C) compared to 2000 ( ~ 22 °C). I did not regulate temperatures because the 

temperatures of the thermostats ,vere set by Austin Peay State University in Clarksville, 

TN . Therefore , the 200 I data must be considered suspect because the male lizards were 

less act ive due to the low temperature. 

In order to test for an effect of soc ial status on beha,·ior. I analyzed each behavior 

using the Wilcoxon Rank Sum test (Table 3.2) where: 

Beha,·ior = the number of each of the beha, iors co unted during the contest, 

Dominance class ifi cati on = dominant. neut ra l. or subordinate as determined by the 

outcome of the contest 

Because all of the beha,·iors ,, ere measured in each contest and therefore cannot 

be considered independently obsen ed. the Bonferonni adjustment \\ as appli ed to correct 

· · c · • · cti on for si!!.nificance a .. = a/k. \vhere a for expenment\YI Se error. The Bon1eron111 cone ~ 

·fi t Thus. a .. = 0.05/4 = 0.013 is = 0.05 and k = the number of dependent sigrn icant tes s. 

the appropri ate significance leYel. 

d • , ·lasses for each Year were not 
Therefore. all the behaYiors among ominance c • 

. elat ionship of the behaviors to dominance 
significant. and thus, I could not detect an) r 

class ifi cation. 
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Table 3. 1. T-tests comparing the mean number of Eumecesfusciatus behaviors (tongue 

Oicks. tail \\ags, grapples, and bites) between years (2000 and 2001) ldf = degrees of 

freedom). 

Behavior 2000 Mean 2001 Mean t-Yalue df p-Yalue 

Tongue 0icks 16.40 3.52 2.80 9.,i 0.006 

Tail Wags 3.03 0. 26 2 06 9-+ 0.0-+ 2 

( ir::ipplcs 1.23 0.05 2.91 l).,i 0.005 

11ill'.s 5.50 () 0(1 2(12 1) 4 0.010 
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rabk 3.2. Wilcoxon Rank Sum tests of Eumecesfasciatus behaviors (tongue flicks, tail 

\\ags. grapples , and bites) among dominance classes (dominant, neutral , and subordinate) 

fo r 2000 and 2001 "'behavior = dominance classification" (df = degrees of freedom) . 

Year 

2000 2001 

Bcha\'ior Chi-square df p-value Chi-square df p-\'alue 

2 0.222 6.-t 7 l 0.039 
Tongue fli cks 3.01 -

0. 21 l 5. 72 l 0.057 
3. 11 -, -

Tail \\ ags 

0. 158 0.086 3.69 l 

4.90 -, 
(1rapplcs -

0.039 3.(19 l 0. 158 
6.50 l -

Bites -

... 
r1. 
Jl 
~ 
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( apt urc ,stance. d I stance 111 meters bet \vec,1 ti . t. . · I · I I 1 · d · 1e I aps 111 w 11c 1 t 1e two 1zar s 111 

each contest \\·ere captured \Yas recorded Almost all of tl,e c t t · b I · on es s were etween ma e 

li zards that were captured far away(> 50 m) from each other. Fight was defined as 

physical contact (i.e. a bite and/or grapple occurred and was followed by a retreat by one 

male E fosc iutus during the contest) or the immediate retreat of one animal in response to 

an ad, ance by the other and the latter situation possibly indicating a previously 

estab li shed dom inance relationship. No fighting was defined as retreat or indifference. 

The capture distance data was analyzed to test for the possibility that animals 

captured in close proximity may have already established dominance relationships. This 

hypothesis \\Ould be supported if a significant positive relationship were found between 

capture di stance and fighting . I used at-test to see if capture distances differed among 

years ( t= 1.25, df=62, p=0.2 16). These results show there was no difference between 

years; therefore , data for both years were considered together. 

The Wilcoxon Rank Sum test was used to determine if males fought with each 

other differentlv amono trap distances, where: 
• 0 

Fight = --Yes .. if physical contact occurs or if one animal advances and the other 

immediately retreats or --No : if both retreat or display indifference 

The Wilcoxon Rank Sum test for the model .. trap distance= fight'' (x2=0.46, 

df=l , p=0.496) showed no significant relationship of capture distance to likelihood of 

· · I'. f J le£ Jasciatus were captured in closely fi 0ht111 0 However 01ven that very 1ew o t 1e ma · o o· , o 

. . . . · · 1 the dominance contests. 
spaced traps it is likely they had virgm interactions 11 



lkh;n inr data \\ JS compared from dom·111a , .. b , · nee contests e1ore and after ta il 

c1utntC1111y \\ hen there \\ as a fi !.'.ht to see if the le11 Dtli of th . d/ b 
~ c e co ntest an or num er of 

heha\ iors (to ngue 0icks. ta il wan s orapples aiid bi.tes) d·f:c- . d I f c , c , 1 1e1e as a resu t o autotomy. 

The duration of the contests before autotomy, 14 min (n = 48) differed from the duration 

of the contests aft er autotomy, 13 min (n = 16), (t= -4.39, df =62, p<0.0001 ). 

Because all of the behaviors were measured in each contest and therefore cannot 

be considered independently observed, the Bonferonni adjustment was applied to correct 

for experiment\\'i se erro r. The Bonferonni correc ti on for siunificance a"= a /k where a I:> , 

= 0.05 and k = the number of related significant tests . Thus, a '' = 0.05/4 = 0.013 is the 

appropri ate significance level. The results for the t-test comparing each behavior before 

and after tail autotomy are shown in table 3.3 . The mean number of tongue flicks before 

tail autotomy, 26.2, did not differ from those after tail autotomy, 15 .3 . Since there were 

no tail wags, grappl es, or bites in the postautotomy contests compared to an average of 

5.1 tai l \\ ags, 1.8 grapples, and 8.0 bites before autotomy; there ,vere more of these 

behav iors ex hibited before tail autotomy compared to after. After dominance has been 

estab li shed the subordinate li zard backed down from the advances of the dominant li zard 

e, en thou oh the dominant lizard ' s tail had been autotomized. Even if the submissive 
I:> 

lizard had chall enged the dominant lizard, the submissive male would have a harder time 

bit ing dominant ' s tail , so that the number of bites and grapples that potentially could have 

occurred \\ ould have been reduced. J f these behaviors tend to be reciprocal, then tail 

\\ags would be reduced also . 
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\ ,ibk ~--~- r -tcst s cnmparing each f 11111ecesjc1sciu1us behavior (tongue nicks, tail wags , 

brapplcs. anJ bites) be fo re and aft er tai I autotomy ( df = degrees of freedom). 

Beha, ior t-value df p-value 

Tongue nicks -0.93 62 0.354 

Ta il Wags -1.04 62 0.302 

Grapples -1.01 62 0.3 17 

Bites -0.83 62 0.409 



\either thi s stuJ\' (n== 16) nor prc\'ious d;:i ta ,s h"II . bl . 1 - \ c I e, , unpu 1s 1ed data) (n== 10) 

~h(rneJ Jomi11:111cc rcn.:rs;:i l ;:is a result of tail autotomy Th I I . ese resu ts strong y suggest 

th :-it wil ;:iu totomy causes no di scernable reduction in social dominance among male E. 

/c1sciat11s . I did not assess its possible effect on female preference. Although tail 

au totomy does not seem to affect social dominance among male E. fasciatus it may yet 

pron~ impo11ant to female E. fasc iatus. Further, it almost certainly reduces fitness by 

impairing escape from predators and diverting energy from growth and activity to tail 

gro,, th. 

Fox and Rostker · s ( 1982) dominance contest experiments used juvenile Uta 

StC111shuriana, which is an iguanid that communicates at a distance with displays (i.e. , 
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headbobbing, body push-ups, enlarging the throat, open mouth displays, and curling their 

tail (thi s latter di splay would obviously not be possible after tail autotomy, and may 

ex plain the loss dominance in autotomized U stansburiana)). In contrast, E. fascia tus is 

a fossor ial species and would not be expected to be as visually oriented. Eumeces 

fc1sciC1tus might rely more on olfactory communication to establish and/or communicate 

dominance. and, therefore is Jess affected by tail autotomy than U stansburiana. 



CHAPTER IV 

Pheromone Communication of Social Status 

of Adult Male Eumeces fasciatus 

Communication among individuals in a population by odor, i.e. pheromones, is 

impo11ant in soc ial interactions in many reptiles (Mason, 1992). Although, not widely 

studied in Eumec:esfasciatus, pheromones have been shown to communicate species 

membership, sex, and reproductive state in the closely related Eumeces /aticeps (Cooper 

and Vi tt , 1986a; Cooper, 1995 ; Mason, 1992). Male E. laticeps can recogni ze 

pheromones from the skin and cloaca of females (Cooper and Vitt, 1984b) and have the 

abili ty to track females by scent (Cooper and Vitt, 1986b). Eumecesfasciatus males also 

locate females by odor (Fitch, 1954). Additionally. E. laticeps males use odor to identify 

fami li ar versus unfamiliar males (Cooper and Vitt, 1984a). Given the demonstrated 

significance of pheromone communicati on in E. laticeps. I reasoned that pheromones 

may be used to communicate social status in male E fc ,sciatus Therefore. I designed the 

e\periment described here to test the hypothes is: male E. fasciatus do not utilize 

pheromones to recouni ze social status (i.e. dominance or subordinance) of conspecifics. 
C 

Research Plan and Methods 

Tl · l t l •or the pheromone studv mirrored that for dominance 1e expenmenta pro oco 11 

-

· b · d f o n everv pair of li zards observed in a contests in that pheromone swabs ,, ere o tame r 1 
-

· · d' o h romone test At the conclusion of 
dominance contest and used 111 a con espon 111

0 P e · 



c:-ich dn 111i11 :1 11ce contest a pheromone sample was , 11 _ t d f· . . -1
7 

co ec e 10m each male by w1p111g the 

cl o3cal region ,,ith a cotton s,vab. Cloaca! swabs were k t f · · d' ·d · · ep rozen 111 111 1v1 ual plastic 

b3~S un til the pheromone tests were conducted usually wi.th· t d f h d · 
~ , 111 wo ays o t e ommance 

contests Each male £. fasc iatus was presented with a cloaca! swab from itself and from 

its opponent in the dominance contest, as well as a swab with distilled water. The 

pheromone S\\'abs presented were classified as dominant, subordinate, or neutral 

pheromone as determined by the outcomes of the earlier dominance trial between the two 

males. That is the pheromone swab obtained from a lizard classified as ''dominant" in a 

dominance contest ,vas classified as "dominant" for the pheromone test and so on. 

Distilled water swabs were only used in 2001 because the need for this control was not 

recognized until after the pheromone tests conducted in '.WOO had been completed. The 

pheromone S\\'abs ,vere presented in a double blind method where the experimenter 

presenting the swabs to the li zards knew neither the social status of the animal from 

,, hich the S\\'ab was collected nor the social status of the animal to ,,·hich the swab was 

presented. The pheromone swab was presented to each li zard for 60 seconds or until the 

li zard displayed one of these behaviors: stands ground, or retreat, or bite the s,vab. I 

classified the response of male li zards to cloaca! swabs presented to them as neutral if 

they responded with tongue flicks and/or ··stands ground .. , submissive if they retreated, 

and dominant if they bit it. I recorded the number of tongue flicks a lizard made in 

f 11 fl · ck data from the pheromone tests response to a cloaca! swab. The results o a tongue 1 

· ANOV A ana!on the Wilcoxon Rank 
,, ere recorded and analyzed by the nonparametnc 0 

S . re ft uue flicks on dominance. I did not use 
um test to test the hypothesis of no e 1ect o ono 

:J 
:'/J 
). 
,:( 



.\ \(} \ -_. \ beca use the data did not sati sf'-' no · 
1
.
1 

. 
; 1 ma I Y assumptions. Then the dominance 
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class ifications from the domi nance contests w d · . 
ere compare to the dommance 

class ifi ca tions from the pheromone tests I used c t' bl · · on mgency ta e analyses to see 1f the 

response of male li zards to pheromone swabs was consi·st t 'th h · en w1 t e1r response to the 

male li zard from \Yhich the pheromone swab was obtained. 

Results and Discussion 

The number of tongue flicks observed during the pheromone tests are presented in 

lFig. 4. 1, and Tables B and C). The mean number of tongue fli cks during the pheromone 

tests differed between years for both self (t=5 .00, df=98, p<0.000 I) and conspecific 

pheromone (t=3.07, df= l 02, p=0.003). The difference in tongue flicks between years 

may be due to the less than optimal temperature conditions in the lab where the 

experiments \\"ere conducted in 200 I ( ~ 16 °C) compared to 2000 ( ~ 22 °C). Given that 

the relationship bet,,een tongue fli cks, dominance class, and pheromone source differed 

bet,Yeen vears the analvses of tonoue flick data relati,·e to dominance class ifi cation and 
• • 0 

pheromone source are considered separately fo r each year. Add itionally. the effect of 

dominance classification and the effect of pheromone source on tongue flick s \\ ere 

analyzed separately because the Wilcoxon Rank Sum test is limited to a one level model. 

I analvzed the fo llowino models --tonoue fli cks = dominance class"" and .. tongue flicks = 
• 0 0 

pheromone source .. using the Wilcoxon Rank Sum test 

where: 

D . d · t eutral or subordinate ommance classes = swab from a omman , 11 · 

::, 
I) 
). 
:( 
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Fig. 4.1. Mean number of tongue flicks exhibited by adult male Eumecesfasciatus in 

pheromone tests. 



Jh : resu lts for the Wi lcoxon Rank Sum test of t O fl . . 
onoue icks as a function of dominance 

cl asses and pheromone source for 2000 are as fo llows: 

Domi nance class: (/ =3.91. df=2, p=0.142) 

? 
Pheromone source: (;.( =0.08, df=J, p=0.776) 

The results fo r the Wilcoxon Rank Sum test of tonoue fl,.cks c: · f d · o as a 1unct1on o ommance 

cl asses and pheromone source for 2001 are as follows : 

Dominance class: (/=0.72, df=2, p=0.699) 

Pheromone source: (/=0.45 , df=J, p=0.500) 
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I obtained no significant results for tongue flicks , i.e. animals did not tongue flick 

differently to "self pheromone" versus ''conspecific pheromone" or to dominant versus 

neutral versus subordinate pheromone. In a similar study, Bofill and Lewis (1999) found 

no significant difference in tongue flicks in the Teiid lizard, Ameiva exsul, to '"unfamiliar 

male pheromone·' versus ''distilled water blank". In a study with E. /aticeps. Cooper 

( 1996) presented animals with pheromone swabs from familiar versus unfamiliar 

conspecifics, in which he observed a difference. In this study, I did not present the lizards 

\\ ith pheromones from unfamiliar conspecifics. 

I used contingency table analyses to see if the response of animals to pheromone 

S\\abs was consistent with their response to the male lizard from which the pheromone 

swab was obtained. That is if the lizard had responded submissively to another liza
rd 

in 
' 

d 
. . • 1 t the pheromone swab obtained 

a om1nance contest. did it then respond submissive Y 0 

f fl· k heromone test were shown to 
rom that anima]') Because number of tongue ,c s per P 



differ bct \\ ee n years. a separate conti110ency analysis \Ya .c d c 
o s pe11orme 1or each year. 
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testeJ the hypothesis: dom inance class ification determi·ned b d · · y om111ance contests 1s not 

differe nt from dominance classification determined by pheromone tests. All the 

contingency tables performed produced a warning that the Chi Square statistic is suspect 

because 20% of the contingency table cells have expected counts of less than fi ve . Table 

4. l presents the contingency table of the response of the li zards to ''Conspecific 

pheromone .. in 2000. Although the likelihood ratio Chi Square is marginally significant, 

giren the unreliability of the test on a table with cells containing expected values less than 

fire. and the insignificant Pearson Chi Square, I conclude that there \\ as no significant 

difference in dominance classifications bet\veen experiments, i.e . dominance 

classifi cati on based on 16 obse rvations (Table B) of reac tion to pheromone swabs \Yas 

similar to dominance classification as determined by co ntest data (Likelihood Ratio: 

/ = l 0.65. df=4, p=0.03 l ; Pearson: / =9. l 8. df=4, p=0.057). 

Table 4.1 presents the contingency table analysis of 88 obserYat ions of response 

(Table C) of Efc1sciotus males to ··Conspecific pheromone .. in 200 1. There \\ as no 

· · · · · 1 ·ft 1· 1do111·1nant subordinate. neutral ) s1gn1ficant difference 111 dommance c ass1 1ca ions~ • · 

. . h 011e tests 1Likelihood Rati o: / =5.50, bct\\·een experiments. 1. e. contests versus P erom ~ 

df=-L p=0.240; Pearson: / =5.21, df= 4, p=0.267). I fail ed to reject the hypothe is that 

. . 1 ntests \\·as a reliable predictor of 
dom inance classi ficati on as determ111ed 111 ac tua co 

. . one tests However. thi s may be due to 
dominance classification as determmed 111 pherom · 

. ·h e the experiments \\·ere conducted 
lo\\ temperatures l ~ 16 °C) in 200 I 111 the lab\\ er · 
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Count D 
Total % 

N s 2000 

Col % 
Row % 
' -

I 

D 2 
12.50 

2 1 
12.50 

5 

100.00 66.67 
6.25 31 .25 

40.00 40.00 
9.09 

N 0 
20.00 

0.00 
0 5 

0.00 
5 

0.00 0.00 
31 .25 31 .25 

0.00 0.00 
45.45 

100.00 
s 0 

0.00 
1 5 

6.25 
6 

0.00 33.33 
31 .25 37.50 
45.45 

0.00 16.67 83.33 
2 3 11 16 

12.50 18.75 68.75 

Count D N s 2001 
Total % 
Col % 
Row % 
D 5 6 12 23 

5.68 6.82 13.64 26.14 
29.41 16.22 35.29 
21 .74 26.09 52.17 

N 7 19 17 43 
7.95 21.59 19.32 48.86 

41 .1 8 51 .35 50.00 

16.28 44.19 39.53 

s 5 12 5 22 

5.68 13.64 5.68 25.00 

29.41 32.43 14.71 

22.73 54.55 22.73 

17 37 34 88 

19.32 42.05 38.64 

Table 4.1 . Contingency tables of dominance classifications (dominant, subordinate, 

neutral) from dominance contests versus pheromone tests of adult male Eumeces 

Jasciatus. 

2 

:, 
f) 
l. 
:! 



bccJusc the o, era II intcnsit\' of the observed behav· . d d . 101 s ecrease when compared to 
53 

2000. 

;\nalvsis of 12 observati ons of response (Table B) of E fi · I - . ascwtus ma es to ''Self 

Pheromone .. in 2000 showed a subordinate response to all the swab Th ;:- h · s. ere1ore, t ere 1s 

nothing to compare in a contingency table analysis. Although, if for example I change 

two subordinate results to one dominant and one neutral I get a highly significant result 

(L ike lihood Ratio : / =4.03 , df=4, p=0.403 ; Pearson: x2=3 .89, df=4, p=0.422). The 

point of thi s exerci se being to demonstrate that the inability to perform the statistical 

analysis is only computational. In fac t, the data suggests strongly that a significant 

difference exists. HO\Yever, these conclusions consequently may not hold much 

signifi cance due to the small sample resulting from the small number of male li zards 

captured in 2000. 

Table 4.2 presents the contingency table analysis of 88 observations of response 

(Table C) of E fascia tus males to ··Self pheromone .. in 200 I. There ,, as no significant 

difference in dominance class ifi cations (dominant, subordinate, neutral) between 

'k 1·1 d R 1· · L, 89 df=4 experi ments, i.e . contests versus pheromone tests (L1 ' e 1100 a to. X - - - · , 

p==0.576: Pearson: / =2.67, df=4, p=0.612). Therefore, I fai led to reject the hypothesis 

h . . . . d • t I tests \\'as a reliable predictor of t at dominance class1ficat1on as determme m ac ua con 

. . . h t ts Althouoh the dominance dominance classification as determmed 111 p eromone es · 0 
' 

. d I from pheromone tests were m 
classifi cati ons from dominance contests compare to 11ose 

I t I should have maintained experimental 
agreement for both 2000 and 200 I. n retrospec , 

111 addl.t1·on., it would have been good idea to 
temperatures at a hi(lher le\·el in 200 1. 

b 



Count D N s Tot:i l % 

54 

Col % 
RO\\ % 

D 2 1 20 
2.27 23 

1.14 22.73 26.14 20.00 10.00 29.41 
8.70 4.35 86.96 

N 5 7 31 43 
5.68 7.95 35 .23 48 .86 

50.00 70.00 45.59 
11 .63 16.28 72.09 

s 3 2 17 22 
3 .4 1 2.27 19.32 25 .00 

30.00 20.00 25 .00 
13.64 9.09 77. 1 7 

10 10 68 88 
11 .36 11 .36 77 ."!7 

Table 4.2. Contingency table for 200 1 of dominance class ifications (dominant, 

subordinate, neutra l) from dom inance contests versus pheromone tests of adult male 

Eumecesjc,sciatus . 



collect cloaca! S\\ abs of male E. fascia tus before the dominance contests so they could 55 

ha,·e been compared to the cloaca! swabs taken after the contests. This mioht have 
0 

revealed the existence of prior established dominance relationships among the male 

li zards and helped explain some of the contest and pheromone test results. Ho,,·ever, it 

would not have changed the outcome of the contingency table analysis reported here. 

In all pheromone tests conducted in :?.00 l. I used a swab ,,·ith di tilled water a a 

negative control to see if the response of the li zard ,,·as to the ,,ab or the pheromone . 

/\ II li zards responded to the di stilled ,,ater swab in the same m:rnner. i.e. the li zard slOod 

it s grou nd and ne,-c r tongue nicked to the di stilled water ·,,ab. Although. lizard did 

ttingue llick to "" self'" pheromone s,vabs in 36 .0 % of the te sts (0 .7 tongue nicks per 

phcronrnnc test) and to ··conspccific·· pheromone s,,ahs in 36. 0
o nf the tc.-t s ( 1.- tongue 

nick s per pheromone test) pheromones. thi s difference ,,;-is 1w1 significant in the 

\\' ilcti\on Rank Sum lest. I can speculate that li1;1rJs h;-id nn interest (i .e .. no dominant or 

\ 
· I · 1·1· \) . 1l · l· ·1·11·l,, ..,1,·r,\\;1h lhiscnnfinnsth;-it su 111rd111ate he 1a, ·1t1rs e\ 1111tcL 111 1L L 1s I LL •• ~ • · · · 

\ I I J · .. · · ·J \11) ( IK clnac;1I S\\ ;-ih ( i .( .. sd r anJ 
11hnl1moncs pruhably can 1c L etccleL an assLSSL · 

. _ . d 1 . 1 . . . J. hut thl'.rl'. i, rni L'.\ idenL·L'. for ;1 
L·t111s 11L·c1l1c s phernrnnnes) presente tn t 1L 11,1 ,L s · 

... . . . 
1 
... ,, I · .1,Kec \as'-1.:S _.\JJ itinnall~ . this 

d1I lcrence 111 reac ti on tu s,,·abs lrLim L ti kru11 L 0111111• · · 

. - . . .. . ' J .. ~ heinl.! ;-i neutral hd1a, ior since this ,,a: 
supports the classtl1ca1 1nn ol standing !:-mun a. ~ 

hu\\ all anim:-ils res1x1ndcd 10 the di stillcJ ,,:-iter ctintrol. 
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Appendix A 

bl A Dominance contest behaviors exhibited by the Five-Lined skink Eumeces Ta e • ' 
. ' . · 11 ,. (0 = dominant, N == neutral, and S == subordinate). ,tasua i ., 

Year Dominance Class 

2000 N 

2000 N 

2000 D 

2000 s 
2000 s 
2000 s 
2000 s 
2000 D 

2000 s 
2000 s 
2000 s 
2000 D 
2000 D 
2000 D 
2000 D 
2000 N 
2000 N 
2000 N 
2000 N 
2000 s 
2000 N 
2000 N 
2000 s 
2000 D 
2000 D 
2000 D 
2000 D 
2000 s 
2000 D 
2000 D 
2000 D 
2000 s 
2000 s 
2000 s 
2000 s 
2000 N 
2000 N 
2000 N 
2000 N 
2000 D 
2001 D 
2001 D 

Tongue Flicks 

2 
7 

22 
4 

30 
84 
12 

53 
106 

0 
5 

30 
2 
4 
7 
0 

0 
0 

12 
6 
9 
5 

15 

15 
99 
4 

21 
4 
4 
0 
2 
0 

80 
8 
2 
0 
0 
0 
0 

50 

Tail Wags 

0 
0 
6 

22 
0 
2 
0 
0 

62 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 
4 
0 
0 
0 
0 

10 
0 
0 
0 
0 
0 

13 
0 
0 
0 
0 
0 
0 
0 

Grapples 

0 
0 
0 
6 
0 
4 
0 
0 

16 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
4 

0 
0 

11 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 

Bites 

0 
0 

26 
0 
7 
0 
0 

83 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
2 

31 
0 
3 
0 
0 

63 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

65 



: 001 N 0 66 0 
2001 D 0 0 0 0 0 2001 N 0 0 

0 
N 0 0 2001 0 0 s 0 0 2001 2 0 

2001 N 1 0 0 
0 

2001 N 0 0 0 
0 0 

2001 D 1 0 
0 s 38 

0 0 2001 7 
2001 D 2 1 

0 0 0 2001 D 0 0 0 0 2001 N 0 0 0 0 
2001 N 0 0 0 0 
2001 D 0 0 0 
2001 D 13 2 0 1 
2001 N 12 0 0 0 
2001 D 2 0 0 0 
2001 s 0 0 0 
2001 N 0 0 0 0 
2001 N 2 0 0 0 
2001 s 8 0 0 0 
2001 D 0 0 0 0 
2001 N 0 0 0 0 
2001 D 0 0 0 0 
2001 D 0 0 0 
2001 D 4 0 0 0 
2001 D 2 0 0 0 
2001 N 1 0 0 0 
2001 N 0 0 0 0 
2001 D 3 0 0 0 
2001 D 8 0 0 0 

2001 N 6 0 0 0 

2001 N 3 0 0 0 

2001 D 2 0 0 0 

2001 N 0 0 0 0 

2001 N 0 0 0 0 

2001 N 3 0 0 0 

2001 0 0 0 0 s 
2001 0 0 0 

D 0 
0 2001 N 0 0 0 
0 2001 N 0 0 0 

2001 0 0 0 
N 0 

2001 25 0 1 s 0 
2001 0 0 s 0 0 
2001 0 0 

N 17 0 
2001 0 0 s 0 0 
2001 0 0 

N 0 0 
2001 0 0 

N 0 0 0 
2001 D 37 1 0 0 2001 N 0 0 



2001 N 0 0 67 
2001 s 0 0 0 0 0 2001 D 16 11 0 
2001 s 24 1 0 

s 0 0 0 2001 6 1 
2001 N 0 0 0 

0 0 2001 N 0 0 
0 

2001 s 0 
0 0 

0 0 s 5 0 2001 0 
N 1 

0 0 2001 0 0 s 0 0 2001 0 0 0 2001 D 0 0 0 0 2001 N 0 0 0 0 2001 N 0 0 0 0 2001 D 7 0 0 2 
2001 s 0 0 0 0 
2001 N 0 0 0 0 
2001 s 2 0 0 0 
2001 s 0 0 0 0 
2001 s 0 0 0 0 
2001 s 0 0 0 0 
2001 N 0 0 0 0 
2001 N 2 0 0 0 
2001 s 0 0 0 0 
2001 s 0 0 0 0 
2001 N 0 0 0 0 
2001 N 3 0 0 0 
2001 s 0 0 0 0 
2001 N 0 0 0 0 
2001 N 0 0 0 0 
2001 N 0 0 0 0 
2001 D 0 0 0 0 
2001 s 0 0 0 0 
2001 N 0 0 0 0 
2001 N 0 0 0 0 
2001 N 0 0 0 0 
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Table 8 _ Dominance classification of the Five-Lined skink, Eume~esfasciatus, from 
. ance contests se lf pheromone tests, and number of tongue flicks exhibited during domm ' . _ . 

self pheromone tests (D = dommance, N - neutral, and S == subordinate). 

Pheromone 
Dominance classification Dominance classification 

of Lizard in of Li zard in 
Test Year Dominance Contests Dominance Contests Tongue Flicks 

2000 
2 2000 
3 2000 
4 2000 
5 2000 
6 2000 
7 2000 
8 2000 
9 2000 

10 2000 
11 2000 
12 2000 
13 200 1 
14 2001 
15 200 1 
16 2001 
17 2001 
18 2001 
19 2001 
20 2001 
21 2001 
22 2001 
23 2001 
24 2001 
25 2001 
26 2001 
27 2001 
28 2001 
29 2001 
30 2001 
31 2001 
32 2001 
33 2001 
34 2001 
35 2001 
36 2001 
37 2001 
38 2001 
39 2001 

D 
s 
D 
D 
D 
N 
s 
D 
D 
D 
N 
N 
D 
D 
N 
D 
N 
N 
N 
N 
N 
D 
s 
D 
D 
N 
N 
D 
D 
N 
D 
s 
N 
N 
s 
D 
N 
D 
D 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
N 
s 
s 
s 
D 
s 
s 
s 
s 
s 
s 
s 
N 
s 
s 
s 
D 
s 
s 

14 
2 
3 
6 
0 
0 

1 

5 
3 
0 
0 
4 
2 
0 
2 
0 
2 

0 

3 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 



40 2001 D s 69 
41 2001 s s 1 
42 2001 s s 0 
43 2001 N s 0 
44 2001 s s 1 
45 2001 N s 0 

46 2001 N 0 s 
47 2001 D 1 s 
48 2001 N 0 s 
49 2001 N 0 

N 0 50 2001 s s 0 51 2001 D s 1 
52 2001 s s 0 
53 2001 s s 0 
54 2001 N s 0 
55 2001 N s 0 
56 2001 s s 0 
57 2001 s s 
58 2001 N N 1 
59 2001 s N 0 
60 2001 D N 0 
61 2001 N N 0 
62 2001 N s 0 
63 2001 D s 0 
64 2001 s D 0 
65 2001 N s 0 
66 2001 s s 0 
67 2001 s s 2 
68 2001 s D 0 

69 2001 D s 0 

70 2001 N s 0 

71 2001 N s 0 

72 2001 D s 1 

73 2001 D D 2 

74 2001 N D 0 

75 s 0 
2001 N 

76 s 0 
2001 D 

77 s 0 
2001 N 0 78 2001 N s 

0 
79 2001 N s 

0 
80 2001 s N 

0 
81 2001 D s 

0 
82 2001 N N 

0 
83 2001 N s 

0 
84 2001 N s 

0 
85 2001 s D 2 
86 2001 N 

s 0 
87 2001 N 

D 0 
88 2001 s s 
89 2001 s s 



90 2001 N 

91 2001 N s 70 

92 2001 s N 2 

93 2001 N 
s 0 

94 2001 N 
s 0 

95 2001 N 
D 0 

96 2001 D 
s 0 

97 2001 s s 0 

98 2001 N 
s 0 

99 2001 N 
s 0 

100 2001 N 
D 

0 

s 0 
0 
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Table C. Dominance class ifi~ation of the Five-Lined skink, Eumeces fasciatus, fro m 
. ce contests conspec1fic pheromone tests, and number of tongue flicks exhibi ted dom man . ' - . - .. 

. onspecific pheromone tests (D - dommance, - neutral and S = subordmate) during c ' · 

Pheromone 
Test Year 

1 2000 
2 2000 
3 2000 
4 2000 
5 2000 
6 2000 
7 2000 
8 2000 
9 2000 

10 2000 
11 2000 
12 2000 
13 2000 
14 2000 
15 2000 
16 2000 
17 2000 
8 2000 

19 2000 
0 2000 

2000 
2 2000 

2000 
24 2000 
5 2000 
6 000 
7 2000 
8 2000 

29 2000 
0 2000 

3 2000 
3 2000 
33 200 1 
34 2001 
35 200 1 
36 200 1 
37 2001 
38 2001 
39 2001 

Dominance class ifi cation Dominance class ification 
of Lizard in of Lizard in 

Dominance Contests Domi nance Conte t 

D D 
s N 
N s 
s s 
s s 
s s 
s s 
D s 
D 
D D 
D 
N s 
N s 
N s 
N s 
s s 
s s 
D D 
N s 
D D 
D s 
D 
D s 
s 
s s 
s s 
s s 
N s 
N s 
N s 

s 
D 
D s 
D 
N s 
D s 
N s 
N 

N 

Tongue Flick 

5 
2 
9 
2 
2 
0 

0 
5 
7 

0 

0 

6 

0 



40 2001 N s 72 
41 2001 N 

N 
42 2001 D s 1 
43 2001 s 

D 0 

44 2001 D s 4 
45 2001 D s 0 

46 2001 N s 2 

47 2001 N s 0 

48 2001 D D 
49 2001 D s 
50 2001 N 0 

N 
51 2001 D 0 

N 0 52 2001 s D 0 53 2001 N D 0 
54 2001 N N 0 
55 2001 s N 0 
56 2001 D s 0 
57 2001 N D 0 
58 2001 D s 2 
59 2001 D s 0 
60 2001 D D 0 
61 2001 s s 0 
62 2001 s s 0 
63 2001 N N 0 
64 2001 s N 0 
65 2001 N N 0 
66 2001 N s 1 
67 2001 D s 0 
68 2001 N N 0 
69 2001 N N 4 

70 200 1 s N 24 

71 2001 D s 0 

72 2001 s N 1 

73 2001 s D 0 

74 2001 N 0 
N 

75 s 0 2001 N 
6 76 2001 s N 
1 77 2001 s s 
0 78 2001 N s 
0 79 2001 s D 
0 

80 2001 D N 
0 

81 2001 N D 
6 

82 2001 N N 
0 

83 2001 D N 
0 

84 2001 s N 0 
85 2001 N N 0 
86 2001 s N 0 
87 2001 s N 0 
88 2001 s N 0 
89 2001 N 

D 



90 2001 N s 73 
91 2001 N 

N 0 

92 2001 D s 0 

93 200 1 D D 0 

94 200 1 N s 0 

95 2001 N N 
2 

96 2001 D D 
0 

97 2001 N s 0 

98 2001 N D 
0 

99 2001 N 0 
D 

100 2001 s 0 s 
101 2001 D 0 s 0 
102 2001 N s 0 
103 2001 N N 0 
104 2001 N s 0 
105 2001 s N 
106 2001 N N 
107 2001 N s 0 
108 2001 s N 2 
109 2001 s D 0 
110 2001 N D 
111 2001 N N 
112 2001 s N 2 
113 2001 N N 0 
114 2001 N s 0 
115 2001 N s 0 
116 2001 D D 0 
117 2001 s s 0 
118 2001 N D 
119 2001 N N 
120 2001 N N 
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