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Abstract 

No differences were found among regressions of body mass on length for 8 species of ma- 
croteiid lizards (5 genera, 18 geographical samples, 11 localities), encompassing marked eco- 
logical contrasts and modes of locomotion. The same results were obtained for all cases available 
in the literature, including in all 19 species of 3 families, from 4 continents, and additionally 
one species of salamander. It is suggested that this uniformity can only be explained by general 
mechanical constraints. 

Introduction 

The lizard family Teiidae is divided in two groups of genera, recognized informally ("ma- 
croteiids" and "microteiids") or even given formal family (Teiidae, Gymnophthalmidae) or sub- 
family status (Presch, 1988). The macroteiids comprise seven genera; for five of these I have, 
along the years, collected measurements and weights taken in the field in diverse areas of Brasil. 
The amount of data presently available is sufficient for a first statistical analysis, aiming at dis- 
cerning the importance of geographical distribution and of ecological features on the body 
mass/length relationships. The present result is an unmistakable and surprising homogeneity of 
these relationships. One species of salamander, introduced as a control, also closely agreed with 
the lizards. 

Materials 

The seven genera of macroteiids are Ameiva, Cnemidophorus, Crocodilurus, Dicrodon, Ken- 
tropyx, Teius and Tupinambis. Systematics at the species level of the larger genera is still quite 
unsatisfactory; I personally tally about 24 species for the group in South America. 

The materials includes 18 samples of 8 species belonging to 5 genera and comprising 222 
specimens from 11 localities (Map 1): 

Ameiva ameiva (L., 1758): Santa Maria do Boiagu, Roraima, 1991, 37 specimens; Roraima, several 
locatities, 1990, 8; Barreira, Para, 1970, 44; Santa Cruz da Serra, Rondonia, 1984, 27. 
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Kentropyx pelviceps Cope, 1868: Santa Maria do Boiagu, 1991, 12; Roraima, 1990, 10; Santa 
Cruz da Serra, 1984, 7. 

Kentropyx calcarata Spix, 1825: Monte Cristo, Para, 1970, 20; Santa Cruz da Serra, Rondonia, 
1984, 11; Itamaraca, Pemambuco, 1971, 2. 

Cnemidophorus lemniscatus (L., 1758): Santarem, Para, 1970, 15; Alter do Chao, Pard, 1970, 18. 
Crocodilurus lacertinus (Daudin, 1802), Santa Maria do Boiagu. Roraima, 1991, 3. 
Tupinambis sp.: Santa Maria do Boiagu, Roraima, 1990-1991, 3 (the status of Roraima Tupinam- 

bis is not yet settled; it is, however, safe to say it differs from general Amazonian Tupinam- 
bis teguixin). 

Tupinambis teguixin (L., 1758): two localities on the Rio Japura, Amazonas, 1977, 5. 

Localities 

The localities sampled involve a broad geographical area (ca. 1.5 million km2) and a wide 
range of ecological features. 

Santa Maria do Boiagu is a riverside locality on the lower Rio Branco (00o32'S, 61 o50'W); 
the general ecology is terra firme forest, and that is where the lizards were collected, with the 
exception of aquatic Crocodilurus lacertinus, caught in a neighboring lake. The other two Rorai- 
ma localities sampled, Sao Luis do Anaua (00o57'N, 59059,W) and Maloca Sorocaima (04o20'N, 
61o08'W) are in isolated patches of forest in the middle of open formations (Vanzolini and Car- 
valho, 1991). 

The Amazonas localities on the Rio Japura are Costa da Saracura (01o46'S, 66045,W) and 
Ilha do Mojui (02o10'S, 65013'W). Both consist of varzea (seasonally flooded) forest. 

Four localities are in Para. Barreira and Monte Cristo are across from each other on the 
Rio Tapajos at 04o04'S, 50o45'W, in terra firme forest. Santarem (02o25'S, 54048'W), at the 
mouth of the Tapajos, is in second growth open formations; the lizards collected there (Cnemidopho- 
rus lemniscatus) are strictly perianthropic. They belong to a bisexual population of a species with 
a regional preponderance of parthenogenetic clones (Vyas et al., 1990). 

The Rondonia locality, Santa Cruz da Serra (10o40'S, 62034'W) was formerly in dry terra 
firme forest (Vanzolini, 1986); at the time of collecting it was already an agricultural area. 

Itamaraca (07o45'S, 34o50'W), in Pemambuco, is in the Atlantic forest (Vanzolini, 1974). 
The specimens were collected in small (a few hectares) remains of forest. 

A very important Brasilian locality cited in the literature (Exu: Anderson and Vitt, 1990) 
is in the core area of the northeastern caatingas (Ab'Saber, 1977; Vanzolini et al., 1980). 

Lizard ecology 

Of the seven species studied, one (Crocodilurus lacertinus) is fully aquatic: it lives on the 
muddy banks of Amazonian lakes. Two species (Kentropyx calcarata and pelviceps) climb on 
fallen tangles and assorted low vegetation on the edge of the forest or in small clearings penetrat- 
ed by the sun. K. pelviceps is strictly Amazonian, but K. calcarata has a disjunct distribution, 
occurring both in Amazonia and in the northern Atlantic forest. Cnemidophorus lemniscatus is 
a grass-inhabiting ground-dweller in open formations; although it is strictly Amazonian in distri- 
bution, it does not enter the forest. The ecology of Amazonian Tupinambis is poorly known; it 
equally frequents terra firme and varzea forest as well as perianthropic localities (it is a great 
chicken coop thief). Ameiva ameiva is certainly the most euryoecic lizard in South America. It 
is equally abundant in the Amazonian forest, which it enters along trails and clearings (being 
a heliophil), in the Central Brasilian cerrados and in the northeastern caatingas (Vanzolini et al., 
1980). It is a strict ground dweller. 

All the species, with the possible exception of Crocodilurus lacertinus, are heliophils that 
function at high body temperatures. It seems safe to say, however, that there are enough contrast- 
ing habits and habitats, as well as geographic distance among the samples, to verify the influences 
of these factors on weight/length relationships. 
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Methods 

Initially (starting 1970), specimens were weighed in the field, measured and sexed in the 
laboratory. In the eighties I changed to measuring in the field, and from 1990 on additionally 
to immediate sexing, by expression of the hemipenes. Data were taken only on specimens with 
complete tails. Measurements (snout to vent length) were taken with a metal tape to the nearest 
millimeter. Weights were taken with Pesola scales to the nearest gram (in the case of weights 
smaller than 5 g to the nearest tenth of a gram, rounded to whole g in the laboratory). 

The basic tool of statistical analysis is ordinary regression analysis. There has been a trend 
in the literature towards methods that take into consideration error in the independent variable, 
but it seems that this does not apply to our type of data, in which there is no proper ' 'major axis'', 
and especially since the coefficients of correlation are unvaryingly very high (McArdle, 1988). 
In the statistical analysis I started with homogeneous (one species, one locality, one collection, 
one sex) samples with more than 5 specimens. In preference to analysis of covariance, which 
in the context would have little, if any, biological meaning, I preferred (Hemmingsen, 1960) to 
successively pool the samples to be compared, taking the resulting coefficients of determination 
as the criterion of homogeneity. Then I added the small samples, resulting into a final equation 
for all the macroteiid specimens available. 

Results 

The relevant data are shown on Tables 1 and 2. 
The two anamorphoses adopted, log-log (power function) and cubic root of body mass, are 

in excellent agreement: Spearman's coefficient of rank correlation between the respective coeffi- 
cients of determination is 0.95. This is only to be expected, since the regression coefficient of 
the power functions varies around 3, that of the general joint regression for all macroteiids being 
2.9. It is thus unnecessary, in what follows, to consider separately the two anamorphoses. All 
graphs will refer to the log-log transformation. 

All the coefficients of determination, as could expected from past experience and from the 
literature, are extremely high: more than one half of them are above 0.97, only one being a little 
below 0.90. 

It is also striking that the joint macroteiid regression, resulting from the fusion of 18 sam- 
ples of 8 species ranging in body length from 30 to 300 milimeters, in weight from a few grams 
to over half a kilogram, covering about 1.5 million square kilometers, has a coefficient of deter- 
mination of 0.99. 

Some of the contrasts whose study is allowed by the materials at hand and by data from 
Anderson and Vitt (1990), who reported on lizards from the semi-arid northeast of Brazil, can 
be profitably illustrated. 

Mode of locomotion varies. Ameiva ameiva is a ground dweller, Kentropyx pelviceps climbs 
fallen tangles and low vegetation, Crocodilurus lacertinus is a compressed-tailed swimmer. Graph 
1 shows the close agreement among the three species. 

As to geographical distance, Itamaraca in Pemambuco and Santa Cruz da Serra in Rondo- 
nia are more than 3,000 km apart. Graph 2 shows the individual points for Kentropyx calcarata 
from the two locatilies, and the computed line for the Rondonia sample. 

A still more extreme comparison, involving both distance and ecology, can be made among 
Cnemidophorus lemniscatus, Amazonian, C. ocellifer, from the semi-arid Northeastern and C. 
tigris, from the United States (Graph 3). The lines do not exactly coincide, but are very close. 

Ameiva ameiva occurs in all sorts of habitats in South America. A comparison of north- 
eastern (semi-arid) and Amazonian (super-humid) samples (Graph 4) shows complete agreement. 

Finally, a curious case is that of Tupinambis. The Amazonian sample (two species and sex- 
es combined) closely agrees with northeastern females (Graph 5). 
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Literature 

Besides the paper by Anderson and Vitt (1990) mentioned above, which is especially im- 
portant, as it deals with Brazilian teiids from a semi-arid region, I found in the literature six pa- 
pers relevant to the present discussion (Tables 3 and 4). 

Gennaro (1974) studied the growth of the small iguanid Holbrookia m. maculata in New 
Mexico. He published a scatter diagram, in natural units, of mass on body length, with different 
symbols for males and females. Inspection indicating no evidence of sexual dimorphism, I enlar- 
ged the graph, drew a free hand curve through the points and read the weights corresponding 
to nine equally spaced body lengths; on these I computed the log-log and cubic root regressions. 
The slopes and intercepts are strikingly similar to my results for macroteiids. It should be noted 
that the values of the coefficient of determination shown on Tables 3 and 4 for this and for similar 
cases are presented of course only as an indication of the quality of the hand-drawn curve, not 
for statistical testing. 

Case (1976) published similar data for two populations of the large iguanid Sauromalus obesus 
from California. Using the same approach as for Gennaro's data, I again obtained regressions 
with coefficients in the same range as those for macroteiids. 

Van Devender (1982) published data on two maximum-sized iguanids, Ctenosaura similis 
and Iguana iguana, from Costa Rica. He computed log-log regression (using natural logarithms) 
of mass on body length. Applying again, as a check, the hand-drawn curve method to these data, 
I obtained estimates of the parameters varying from coincident to differing from his by 4%, which 
obviously validates the method. Van Devender's statistics, transformed to common logarithms, 
again closely agree with mine. 

Lewis (1986) published a log-log graph of mass against body length for Ameiva exsul from 
Puerto Rico. I enlarged his graph and read from it the actual values, separately for males and 
females. Taking every third value of each list I computed the regressions for both sexes and, 
finding no sexual differences, for the ensemble. Agreement with the foregoing analyses is again 
very good. 

Busack (1987) studied the very small Lacerta andreanszkyi in Morocco. He computed the 
regression of cubic root of mass on body length. (There is a typographical mistake in the legend 
of his Fig. 1: he cites the slope as 0.07 and the intercept as 0.03; it is the reverse). I read the 
actual values from the graph and, taking again every third value, computed the regressions, for 
the sexes separately and together. Once more agreement with macroteiid data and with the data 
from the literature is striking. 

Anderson and Vitt (1990) reported on three macroteiids from Exu, in the caatingas of Per- 
nambuco, Brasil and on Cnemidophorus tigris, from the United States. They fitted log-log (natu- 
ral logarithms) regressions to the sexes separately and found no sexual differences. Transforming 
their data into common logarithms one sees again very good agreement with the previously men- 
tioned data. The comparisons.between their lines and ours, emphasizing the ecological difference 
between the super humid hylaea and the caatingas — a difference not reflected in the regressions 
of mass on body length — has already been commented upon. 

Finally Perry (1989) published graphs and statistical data on the mass-length relationships 
of five species of small lacertids in Israel. Taking data from hand drawn curves permitted fitting 
equations as previously done. My calculations do not fully agree with Perry's (they did with van 
Devender's), but they closely agree with the other cases I analyzed. 

One salamander included, and conclusion 

In a first version of this paper I concluded that the probable cause of the homogeneity of the 
regressions would be linked to thermoregulation, since all species involved, with the possible ex- 
ception of Crocodilurus lacertinus, were heliophils and agreed in no other respect. I regretted then 
not having an adequate sample of umbrophil lizards. Richard G. Zweifel, who received the ms 
for criticism, offered me the next best thing: a sample of 92 specimens, juveniles and adult males, 
ofAmbystoma macula turn. This sample closely agrees with the lizards, which removes the pheno- 
menon from physiology directly into broad mechanics, which is where I must leave it for now. 
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Graph 1, Ameiva ameiva, Kentropyx (calcarata + pelviceps), Crocodilurus lacertinus: regression of mass on 
body length. 
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Graph 2, Kentropyx calcarata, Rondonia and Pemambuco: regression of mass on body length. 
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Graph 4, Ameiva ameiva, Amazonia and northeastern Brasil; regression of mass on body length. 
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Graph 5, Tupinambis spp., Amazonian and northeastern Brasil: regression of mass on body length. 
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Graph 6, Regression of mass on body length for all samples, from this study and from the literature. 
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