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 AGGREGATION IN THE BROAD-HEAD-

 ED SKINK (EUMECES LATICEPS).-Small ag-
 gregations of scincid lizards of the genus Eu-
 meces following the breeding season and in winter
 have been reported frequently. In Eumecesfas-
 ciatus small groups gather in hibernacula under
 the ground or in rotting logs (Hamilton, 1948;
 Neill, 1948; Fitch, 1954). Similar observations
 have been made for E. septentrionalis (Scott and
 Sheldahl, 1937; Breckenridge, 1943), E. gilberti
 (Cooper and Vitt, 1986b), and E. skiltonianus
 (Cooper and Vitt, 1985). The broad-headed
 skink, E. laticeps, also forms winter aggregations
 underground (Neill, 1948; gardeners at Au-
 burn University at Montgomery brought seven
 adults found hibernating in a cavity about 0.3
 m underground among the roots of an orna-
 mental bush to WEC in March 1978). Despite
 the numerous anecdotal reports of aggregation
 in Eumeces and recent interest in possible sen-
 sory mechanisms facilitating it (Duvall et al.,
 1980; Cooper and Vitt, 1985), there have been
 no studies of the tendency to aggregate in Eu-
 meces. The reported aggregations could reflect
 either limited availability of hibernacula or at-
 traction to conspecifics for some physical or so-
 cial advantage. In this note we report a dem-
 onstration of aggregation by E. laticeps under
 laboratory conditions eliminating shortage of
 shelter sites as a factor.

 Methods.-Adult E. laticeps were captured in
 Charleston and Barnwell counties, South Car-
 olina in April-June 1984 and were housed at
 the Savannah River Ecology Laboratory (SREL)
 until 8 Sept. 1984 when they were transported
 to the University of Alabama in Huntsville
 (UAH). While at SREL and until 22 Dec. 1984
 at UAH, the skinks were housed individually or
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 in male-female pairs in 30 x 30 x 26 cm high
 glass terraria with hardware cloth tops. Each
 terrarium was furnished with a sand substrate

 and a 10 x 10 cm unfinished plywood square
 as a refuge. Throughout the study, the skinks
 were exposed to a natural light cycle in venti-
 lated greenhouses. Water and crickets dusted
 with vitamins and calcium supplement (Petco)
 were available ad libitum. For both the isolation

 period at UAH and the subsequent experimen-
 tal period, the cages were in a greenhouse at-
 tached to a roof-top laboratory; the east and
 south walls and the roof were glass. Tempera-
 tures were regulated only to prevent extremes
 below 15 C and above 33 C.

 On 22 Dec. 1984 the skinks were transferred

 to the large painted wooden experimental cage
 (88 x 112 x 60 cm high) containing a sand
 substrate, a water bowl, and four 40 x 20 cm
 unfinished plywood rectangles as refuges and
 potential aggregation sites. These shelter sheets
 were placed in the centers of the four rectan-
 gular floor quadrants of the experimental cage
 with the long axes of shelter sheets and cage
 parallel. The water bowl was placed in the cen-
 ter of the cage. At each observation the shelters
 were individually raised and the skinks counted
 and removed. After data were recorded for all

 shelters, lizards, shelter sheets, and bowl were
 removed, the sand was mixed by hand, and the
 shelters were turned over and replaced into ran-
 dom quadrants. The water bowl and lizards were
 then replaced outside the shelters. Observa-
 tions were made between 0700 and 0830 CST

 before any morning activity and while temper
 atures were low enough to minimize lizard
 movements during recording of data. The ex-
 perimental cage was placed in the southeast cor-
 ner of the greenhouse with an initial east-west
 orientation, and was rotated 90 degrees coun-
 terclockwise on 22 Jan. and 5 and 15 Feb.

 Observations were begun on 13 Jan. 1986
 and continued until 30 March 1985; during this
 78 d period, 54 observations were made. The
 Jan.-March interval was chosen to include pe-
 riods of normal winter hibernation and early
 spring activity. Lizards were active in only a very
 limited way during the winter period; until late
 Feb. the only activity observed was occasional
 basking and movement of lizards to and be-
 tween shelters when returned to the cage fol-
 lowing observations. Other activities, including
 foraging, basking, and agonistic behavior be-
 tween males in late March, were observed with
 increasing frequency as the spring progressed.
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 The study was terminated when increased ac-
 tivity precluded accurate counts of the lizards.

 Initially, until 22 Jan., sex was not recorded.
 Number of lizards not under boards was re-

 corded only for the initial 19 observations. Fur-
 ther, sample size was not constant throughout
 the study; the initial sample size was 40 (23 male
 and 17 female), but deaths of six skinks during
 the experiment gradually reduced it to 34 (19
 male and 15 female). Thus, statistical analyses
 included only individuals under boards and ex-
 pected frequencies used in the statistical tests
 were adjusted to current sample sizes.

 In the absence of aggregation or agonistic
 behavior a random distribution of numbers of

 lizards per shelter would be expected. A non-
 random distribution could be produced by ag-
 onistic interactions or by aggregation. To dis-
 tinguish these possibilities lizards were observed
 for signs of aggressive behavior and for head
 and neck wounds produced by intraspecific bit-
 ing (Vitt and Cooper, 1985). We consider a con-
 tagious (clumped) distribution without appar-
 ent agonistic behavior indicative of aggregation.
 Data analyzed by chi-square were numbers of
 lizards under each shelter. Two chi-square tests
 of randomness were conducted for each day,
 one assuming equal attractiveness of shelters
 and the other using the mean observed fre-
 quencies per shelter for the entire study as ex-
 pected values. Position preference was tested
 by a chi-square test with expected values ob-
 tained by assuming that each shelter site was
 equally preferred. Possible influences of sex on
 use of shelter sites were examined by comparing
 numbers of days on which the same shelter cov-
 ered the greatest numbers of males and of fe-
 males during the initial two thirds and final third
 of the experiment. Expected frequencies were
 too low to allow separate chi-square tests for
 males and females. All statistical tests were two-

 tailed with alpha = 0.05.

 Results. Significant aggregation occurred on
 26 of 54 d when calculated using equal expected
 frequencies for each shelter and on 19 of 54 d
 when the expected frequency for each shelter
 was its mean observed frequency (Table 1). The
 latter tests must be considered more meaningful
 because numbers of days on which 10 or more
 lizards occupied a shelter sheet (8, 16, 18, and
 36) varied significantly (chi-square = 24.63, df =
 3, P < 0.001) by shelter position. The experi-
 mental design eliminated shortage of shelter
 sites as a possible source of aggregation.

 Weighting the expected frequencies removed
 effects of differentially attractive physical con-
 ditions.

 Aggregation was absent on more days than it
 was significantly present, probably for several
 reasons. In part, this was due to the infrequency
 of aggregation during the last third of the study.
 It is to be expected that natural aggregations
 dissolve around the time of emergence from
 hibernation. Earlier in the study, the failure of
 lizards to aggregate on some days could have
 been due to a failure of photothermal condi-
 tions in the laboratory to adequately mimic nat-
 ural stimuli that induce aggregation. Further-
 more, the natural frequency of aggregation is
 unknown. Aggregation could be a probabilistic
 rather than deterministic response to a set of
 conditions. Finally, aggregations in nature pre-
 sumably persist for much of the hibernation
 interval, whereas in this experiment, they were
 broken up each day by removing the lizards
 from the cage and replacing them outside shel-
 ters.

 Aggregation could have been produced by a
 few dominant individuals forcing the remainder
 together in other shelter positions, but no ag-
 onistic behavior was observed until after aggre-
 gation had declined markedly. Neither did any
 head wounds indicative of agonistic behavior
 appear. Agonistic behavior is restricted almost
 entirely to the breeding season in late spring.
 At that time males have bright orange heads,
 the orange coloration being induced by testos-
 terone, the same hormone which activates ag-
 gressive behavior (Cooper and Vitt, 1987a,
 1987b). In the winter and at emergence from
 hibernation, male head coloration is dull and
 agonistic interactions have not been reported.
 Aggressive behavior is thus highly unlikely to
 have influenced aggregation in the present
 study. Therefore, aggregations must form be-
 cause the skinks are attracted to conspecifics.

 Significant aggregation occurred much more
 frequently early in the experiment than during
 the final third (Table 1). For the tests with
 weighted expected frequencies, number of days
 with aggregation for the three successive 18 d
 data periods were 10, 7, and 2; for the un-
 weighted tests they were 10, 14, and 2. Clearly,
 aggregation occurred less frequently during the
 final third than during the first. The impor-
 tance of this trend is obvious, but its significance
 could not be assessed by tests requiring inde-
 pendence of observations among days. We in-
 terpret the data as indicating that the tendency
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 TABLE 1. NUMBERS OF LIZARDS OCCUPYING SHELTER SITES AND SIGNIFICANCES OF AGGREGATION BY CHI-SQUARE
 TESTS ASSUMING EXPECTED FREQUENCIES TO BE EITHER EQUAL (=) OR PROPORTIONAL TO THE MEAN OBSERVED
 FREQUENCY (OBS) FOR EACH SHELTER SITE ARE PRESENTED FOR ALL EXPERIMENTAL DAYS. The day column
 gives the number of days subsequent to 12 Jan. rather than the observation number. n.s. = not significant,

 * P < 0.05, ** P < 0.01, *** P < 0.001.

 Shelter Significance Shelter Significance

 Day 1 2 3 4 = obs Day 1 2 3 4 = obs

 1 6 2 15 14 ** * 39 3 3 15 11 ** n.s.

 2 11 8 22 0 *** ** 42 6 1 18 8 *** *
 3 8 8 17 7 n.s. n.s. 43 7 2 12 13 * n.s.
 4 2 7 27 5 *** *** 45 6 2 16 9 ** n.s.
 5 12 6 13 4 n.s. n.s. 46 7 1 19 7 *** *
 6 10 5 18 4 ** n.s. 48 9 1 14 10 * n.s.

 7 10 15 12 3 n.s. ** 52 10 4 10 10 n.s. n.s.
 10 2 15 17 6 ** *** 53 13 3 10 8 n.s. n.s.
 11 3 5 16 16 ** *54 8 5 16 5 * n.s.

 12 4 6 9 19 ** *** 55 7 7 13 7 n.s. n.s.
 13 7 4 22 1 *** ** 56 8 10 5 5 n.s. *
 15 11 3 17 8 * n.s. 57 7 6 13 6 n.s. n.s.

 16 9 2 12 16 * * 59 12 4 6 12 n.s. n.s.

 17 12 8 9 9 n.s. n.s. 61 2 8 14 10 * n.s.
 18 13 7 11 7 n.s. n.s. 62 9 8 9 8 n.s. n.s.
 20 11 3 8 7 n.s. n.s. 63 10 6 13 5 n.s. n.s.
 24 8 8 12 6 n.s. n.s. 64 7 10 11 6 n.s. n.s.

 25 6 13 5 5 n.s. *** 65 8 7 13 6 n.s. n.s.
 26 8 6 18 3 ** n.s. 66 10 8 8 7 n.s. n.s.
 27 11 7 6 8 n.s. n.s. 68 11 10 5 8 n.s. n.s.
 29 3 6 13 1 ** * 69 6 7 6 4 n.s. n.s.
 30 1 7 16 10 *** * 72 12 6 9 7 n.s. n.s.
 31 2 17 1 13 *** *** 74 10 6 8 10 n.s. n.s.
 34 6 3 13 3 * n.s. 75 8 9 11 6 n.s. n.s.
 35 7 7 10 4 n.s. n.s. 76 11 8 8 7 n.s. n.s.
 36 4 4 1 19 *** *** 77 9 5 8 12 n.s. n.s.
 38 10 0 3 21 *** *** 78 3 13 12 6 * **

 to aggregate is strongest during the winter and temperatures below the mid-twenties (Cooper
 decreases in late winter to early spring. Because and Vitt, 1986a). At these low temperatures
 the field observations of aggregation cited above tongue-flicking rates are much lower than at 30
 have been primarily in cold weather, it seems C. Vomeronasal olfaction, important in detect-
 likely that aggregation may be favored by low ing female sex pheromones, following conspe-
 temperatures or short photoperiods. The low cific scent trails, and detecting species-identi-
 frequency of aggregation in March suggests that fying odors (Cooper et al., 1986a; Cooper and
 higher temperatures or increasing photoperi- Vitt, 1986c), appears to be used to detect con-
 ods in spring may break up winter aggregations. tact pheromones in agonistic and sexual con-

 texts. However, the vomeronasal system might
 Discussion.-Restriction of aggregation to low be less important than primary olfaction in de-
 temperatures is consistent with the interpreta- tecting airborne conspecific odors in relation to
 tions of Duvall et al. (1980) and Cooper and aggregation. Nevertheless, the high tongue-flick
 Vitt (1985) regarding possible temperature-de- rate of males approaching female airborne odors
 pendent responses to aggregation pheromones. (Duvall et al., 1980) argues for vomeronasal par-
 In E. laticeps the preferred body temperature is ticipation.
 32.5-33.7 C (Pentecost, 1974). The lizards are This study was not designed to detect sex
 rarely active below 20 C and are sluggish at differences in tendency to aggregate. However,
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 no tendency of segregation of the sexes by shel-
 ter site was apparent. Sample sizes were too
 small to test for aggregation separately for males
 and females, but both sexes clearly aggregated.
 In males (initial N = 23, final N = 19), 10 or
 more individuals were found under a single
 shelter sheet on 13 of 47 d on which data were

 recorded by sex. For females (initial N = 17,
 final N = 15), eight or more individuals occu-
 pied the same shelter on 12 d. These data are
 rather arbitrarily chosen, but 10 and eight rep-
 resent 0.43 and 0.42 of the initial sample sizes
 for males and females, respectively. The close
 match suggests that the sexes aggregate equally.
 On four of the days on which 10 or more males
 were found under a single shelter sheet, eight
 or more females occupied the same shelter. Al-
 though proof is needed, it is likely that winter
 aggregations form randomly with respect to sex.

 The present study suggests that the anecdotal
 reports of winter aggregation by E. laticeps cited
 above were not based on chance events, but the
 adaptive significance of the aggregation re-
 mains unknown. Shortage of overwintering sites
 cannot be a proximate mechanism forcing ag-
 gregation because ample sites were available.
 Nevertheless, limited availability of suitable
 overwintering sites could have selected for ag-
 gregation in evolutionary time. Social advan-
 tage on emergence seems highly improbable be-
 cause the lizards disperse and do not fight or
 mate until 6 wk later (Vitt and Cooper, 1985).
 Potential physical advantages of aggregation
 such as reduced heat loss or reduced evapora-
 tive water loss cannot be evaluated without fur-

 ther study.

 Acknowledgments.-This work was partially sup-
 ported by contract DE-AC09-76SR00819 be-
 tween the U.S. Department of Energy and the
 University of Georgia. Animals were collected
 and data were analyzed largely while WEC was
 a faculty research participant at the Savannah
 River Ecology Laboratory. Further support was
 provided by a grant-in-aid from Auburn Uni-
 versity at Montgomery and by the University of
 Alabama in Huntsville.
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 ORIGIN OF THE STIMULUS FOR MUS-
 CULAR SPASMS AT THE CRITICAL
 THERMAL MAXIMUM IN ANURANS.-
 Several different methods have been used to

 810 810

This content downloaded from 
�����������165.201.97.86 on Thu, 27 Jul 2023 14:21:24 +00:00������������ 

All use subject to https://about.jstor.org/terms


	Contents
	image 1
	image 2
	image 3
	image 4

	Issue Table of Contents
	Copeia, Vol. 1987, No. 3, Aug. 5, 1987
	Front Matter
	The Evolution of Viviparity: Ecological Correlates of Reproductive Mode within a Genus of Australian Snakes (Pseudechis: Elapidae) [pp.551-563]
	Osteology and Evolutionary Relationships of the Boarfish Genus Antigonia (Teleostei: Caproidae) [pp.564-592]
	Description and Conservation Status of Cyprinodon macularius eremus, A New Subspecies of Pupfish from Organ Pipe Cactus National Monument, Arizona [pp.593-609]
	Allotoca goslinei, A New Species of Goodeid Fish from Jalisco, Mexico [pp.610-616]
	Geographic Variation in Cyprinella lutrensis (Pisces: Cyprinidae) in the United States, with Notes on Cyprinella lepida [pp.616-637]
	Responses of Two Coral Reef Toadfishes (Batrachoididae) to the Demise of Their Primary Prey, the Sea Urchin Diadema antillarum [pp.637-642]
	Differential Spawning Success among Territorial Male Cunners, Tautogolabrus adspersus (Labridae) [pp.643-648]
	Systematic Position of the Family Dentatherinidae in Relationship to Phallostethidae and Atherinidae [pp.649-658]
	Notropis rupestris, A New Cyprinid from the Middle Cumberland River System, Tennessee, with Comments on Variation in Notropis heterolepis [pp.659-668]
	Population Structure of Four Pupfish Species (Cyprinodontidae: Cyprinodon) from the Chihuahuan Desert Region of New Mexico and Texas: Allozymic Variation [pp.668-681]
	Population Structure of Sciaenops ocellatus and Cynoscion nebulosus (Pisces: Sciaenidae): Biochemical Variation, Genetic Subdivision and Dispersal [pp.682-695]
	An Allozyme Analysis of Anguid Subfamilial Relationships (Lacertilia: Anguidae) [pp.696-701]
	Phenotypic Variation of Young-of-Year Bluegills (Lepomis macrochirus) among Microhabitats [pp.702-707]
	Ontogeny of the Sexually Dimorphic Sonic Muscle in Three Sciaenid Species [pp.708-713]
	Digestive Efficiency in a Temperate Herbivorous Reptile, Gopherus polyphemus [pp.714-720]
	Persistence of Freeze Tolerance in Terrestrially Hibernating Frogs after Spring Emergence [pp.720-726]
	Reproductive Ecology of the Tidewater Silverside, Menidia peninsulae (Pisces: Atherinidae) from Santa Rosa Island, Florida [pp.727-732]
	The Environmental and Genetic Components of Sex Ratio in Menidia menidia (Pisces: Atherinidae) [pp.732-743]
	Chemical Communication between Two Species of Desmognathine Salamanders [pp.744-748]
	A Population Study of the Viviparous Australian Lizard, Trachydosaurus rugosus (Scincidae) [pp.749-757]
	Changeable Corneal Coloration in Some Baikalian and River Sculpins (Pisces: Cottoidei) [pp.758-762]
	Embryo Size Variation in Mosquitofish: Optimality vs Plasticity in Propagule Size [pp.762-768]
	Reproductive Ecology of Female Dusky Salamanders, Desmognathus fuscus (Plethodontidae), in the Southern Appalachians [pp.768-777]
	Ichthyological Notes
	Incidence of Ectoparasitic Copepods on Ichthyoplankton [pp.778-782]
	Genetic Polymorphism in Adult Male Size in Xiphophorus variatus (Atheriniformes: Poeciliidae) [pp.782-787]
	A Replacement Name for Parapercichthys Greenwood (1983), A Junior Homonym [p.787]
	Length-Weight Relationship of the Little Guitarfish, Zapteryx brevirostris (Chondrichthyes: Rhinobatidae), from Itaipu Inlet, Rio de Janeiro, Brazil [pp.787-789]
	Spawning in Anampses (Pisces: Labridae) [pp.789-790]
	Identification of Moniana tristis Girard (Cypriniformes: Cyprinidae) [pp.790-792]
	Agonistic Behavior and Social Inhibition of Maturation in Fishes of the Genus Xiphophorus (Poeciliidae) [pp.792-796]
	Gut Contents of Juvenile Shortnose Sturgeon in the Upper Hudson Estuary [pp.796-802]
	Predation on Aquatic Snakes by Sharks from Northern Australia [pp.802-803]

	Herpetological Notes
	Behavioral Thermoregulation of Small American Alligators in Water: Postural Changes in Relation to the Thermal Environment [pp.804-807]
	Aggregation in the Broad-Headed Skink (Eumeces laticeps) [pp.807-810]
	Origin of the Stimulus for Muscular Spasms at the Critical Thermal Maximum in Anurans [pp.810-813]

	Reviews and Comments
	untitled [pp.814-816]
	untitled [pp.816-818]
	untitled [pp.818-820]
	untitled [pp.820-821]
	untitled [pp.821-823]
	untitled [pp.823-824]
	untitled [pp.824-826]
	untitled [pp.826-828]
	untitled [pp.828-830]
	untitled [pp.830-833]
	untitled [pp.833-835]
	Books Received [pp.835-836]

	Erratum: Age Determination of Living Nile Crocodiles from the Cortical Stratification of Bone [p.836]
	Editorial Notes and News [pp.837-838]
	Zhu Yuangding. Yuanting T. Chu. 1896-1986 [pp.838-839]
	Juliusz Czopek, 1922-1986 [p.839]
	Philip Wayne Smith, 1921-1986 [pp.839-840]
	Back Matter [pp.841-842]



