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on the screermrmay have differentially affected
their ability to visually respond to the moving
stimulus, Toads, on the other hand, have a larg-
er anterior binocular field along the horizontal
meridian that allows them to stalk terrestrial
prey efficiently (Fite, 1973). Because the cricket
was restricted to the lower portion of the video
screen, the stimulus may have been out of the
Green Frog's sight lines.
The present study corroborates previous ex-
periments by Ewert (1980), Ingle (1968), and
Freed (1988), showing that small moving ob-
jects may trigger prey-catching behavior in anu-
rans. By using a natural prey item as a model,
the stimulus conforms to the guidelines estab-
lished by Ewert (1980), Ingle (1968), and Freed
(1988) as a good visual releaser of prey-catching
behavior in anurans. The current study differs
from previous tests in that a televised, two-di-
mensional stimulus has been shown to elicit an
attack response, Further, this study, unlike Ew-
ert's (1980) previous experiments, allowed the
test subjects to approach and attack the video
image as an indicator of positive prey recogni-
tion. During the experiments performed by Beck
and Ewert (1979) and Ewert (1980), toads were
kept in glass vessels and could not approach the
stimulus,

This technique has tremendous potential be-
cause identical stimuli may be presented to all
test subjects, Further, the background, con-
trast, intensity, behavior, and morphology of
the stimuli can all be varied independently with
computer animation, Each stimulus also may be
used repeatedly with no variation in presenta-
tion. Using video imaging, an array of prey spe-
cies can be tested, or various aspects of specific
prey items may be manipulated and modified
to determine their importance in triggering a
feeding response.
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GROWTH OF CAIMAN CROCODILUS CROC-
ODILUS IN CENTRAL AMAZONIA, BRA-
Z1L.—Caiman erocodilus erocodilus is considered
to reach sexual maturity at 3-4 years of age
(Staton and Dixon, 1977; Ouboter and Nanhoe,
1989) whereas most other crocodilians require
more than nine years for females to reach sexual
maturity (Webb et al., 1983; Magnusson and
Lima, 1991). However, growth rates of C. ¢
crocodilus vary among habitats, and individuals
in some populations in the Venezuelan Llanos
(Ayarzagiiena, 1980) and the Guianan shield in
Venezuela (Gorzula, 1978) appear to have much
lower growth rates (Gorzula and Seijas, 1989),
Not all methods of age estimation are equally
reliable for crocodilians. Size frequency analy-
ses are difficult 1o interpret because of large
individual variation and the possibility that re-
productive failure may mean that some year
classes are missing. Well-calibrated studies us-
ing bone histology may be precise, but known-
age animals are necessary to determine the rate
of annulus formation, and it is often necessary
to kill the animal to obtain the appropriate bone
sample. Integration of growth-rate-on-size re-
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lationships obtained from capture-
studies is frequently used to eftimm;e:i?:: l‘:
relationships (Andrews, 1982). However mag
mc_)dc']s are available, and there may be no :);
priori reason to aceept any particular model
(l}rlsbm et al.,, 1987), Age can be determined
directly by marking juveniles at birth and mea-
suring them at known intervals, Despite its ac-
curacy, the difficulty of recapturing crocodili-
ans and the similarity of their longevity to that
of ha_lmnns reduces the utility of this method
In thisstudy, we used a combination of the latter
two mc;hnds to estimate the relationship be-
tween size and age for a pepulation of C. ¢
crocodilus inhabiting two small lakes near the
mouth of the Tapajés River, Pard, Brazil,
The study was done in Lago Mangueira and
Lago Piranha, located on a peninsula which juts
into the Tapajés River, about 2 km north of
ll:le townsh‘ip of Alter do Chio (2°31'S, 55°00'W)
The TapaJt_')s is a clear-water tributary of the
Amazon River (Sioli, 1975). The lakes are
formed by overflow from the Tapajos River and
have no permanent affluents, Lago Piranha is
abo_ul L9 km long and 0.5 km wide, Lago Man-
gueira is circular, about 200 m in diameter and
separated from Lago Piranha by a strip of land
about 150 m wide covered by fringing forest
and savanna. The lakes are connected at high
water, The depth of each lake varies from ~ 7
mto < 1 m seasonally. Mean daily rainfall for
the area was provided by the Ministério da
4?(:':"0113!.1[]2(?;, fumarcm Airport. The recording
station is k[ ] req @
s from the study area and has
_Caiman were captured at night by hand, with
_Pl]s{mm tongs or in gill nets. The nets were set
in the water and formed an arc along the bank
They were anchored to the bottom and the bank
with sticks, and rotting fish were suspended from
bushes as bait. Caimans that swam over the net
were scared into diving by the fast approach of
the researchers. The method is a modification
of the drop-net technique of Webb and Messel
(1977). Captures were made at irregular inter-
vals between Dec. 1985 and Nov. 1990. We
marke};ﬂ 81 individualy and recaptured 2-8 of
em between one an i 4
S d three times for a toial
Sn?u[‘venl lengths (SVL; measured to the
anterior edge of the cloaca) were calibrated with
tapes accurate to 0.05 ¢cm. The caimans were
marked by excising unique combinations of tail
scutes, an'd their sex was determined by visual
examination of the penis/clitoris.
The relationship between growth rate (GR)
and snout-vent length was complex (Fig, 1B)
and attempts to fit the Richard's model of .r»igj
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Fig. 1. (A) The relationshi betwe E
age of Caiman crocodilus (line) \}:as esrierflztletz‘ﬁlhi:?ef
gration of the data in part B. Open circles rt:p):'ﬂl‘n(
sizes of }umwn-ag{' females, and closed squares -re
r.eanL sizes of known-age males rhat were used E;
\»;.]'Ifz the accuracy of the relationship. (B) Relation-
E ip e!n:m—n gl-nwlh rate (GR) and length (SVL) for

- crocodilus, Circles represent females and squares
represent males. Fine lines join data for lhrqs:u‘n-
animal. The thick lines represent the relationshi :
bcrwx-gn growth rate and age used 1o construct aI;l

by integration of the straight line segments ({]An-
rhirews. 1982). In sequence from left 1o right the linear
segments are defined by the following equations: GR
== 0.175 + 0.01 1988 VL, GR =0.102~0 OU-IISEJ
SVL, GR = 0.030 - 0.00067 SVL. '

moidal growth (Brishin, 1988) produced results
that were not biologically feasible. This oc-
curred even when we stipulated asymprotic sizes
between 70 cm and 85 cm, suggesting that the
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underlying relationship is not a special case of
the Richard's family of curves. We, therefore,
used linear models Lo represent different seg-
ments of the growth-rate-on-size relationship
(Webb et al,, 1983). The break points were de-
termined by piecewise linear regression in the
NONLIN module of the SYSTAT statistical
program (Wilkinson, 1990). The general model
was GR = a + bIsSVL + b2«(SVL -
intercept)#(SVL < intercept) where a, bl, and
b2 are constants and the intercept of the two
lines is to be estimated. The program identified
an intercept at 20 cm SVL (Fig. 1B). We then
applied the model to the data for animals larger
than 20 em, and the program identified another
intercept at 43.6 cm. Each animal was used only
once for estimation of the relationship. For an-
imals with multiple recaptures, we used the fol-
lowing criteria. For animals with SVL < 20 em
at first capture, we used the first intercapture
interval. For animals with SVL = 20 cm at first
capture, we used the second intercapture inter-
val. This model is purely empirical. We justify
its use below,

‘The second break point (43.6 cm SVL) ap-
pears realistic. However, the program estimat-
ed a positive slope for the last segment of the
curve, The relationship between growth rate
and size may approximate zero inclination (e.g.,
Webb et al,, 1983). However, a positive slope
is biologically unlikely and could not be main-
tained for long. We, therefore, assumed a con-
stant rate of decrease in growth rate from 43.6
cm SVL to an asymptote of 75 em SVL. There
was no apparent difference in growth rates be-
tween males and females for any segment of the
curve (Fig, 1B). However, males attain larger
sizes than females (Gorzula and Seijas, 1989),
and they must have higher growth rates at larg-
er sizes than we measured. An average maxi-
mum size of 756 cm SVL for females is realistic
based on what we know of other populations in
Amazonia and Venezuela (Gorzula and Seijas,
1989). However, setting the asymptote at 70 cm
or 85 cm would have little effect on any of the
conclusions we make.

The model we have chosen is deliberately
conservative, If it is biased, it will underestimate
size at any age. We tried other composite mod-
els such as logistic growth until 43.6 cm and
exponential from there on. However, these gave
results similar to those for the segmented linear
model so we used the simpler model,

We had most data for the central segment of
the growth curve. In this segment, there was no
significant effect of sex or the mean daily rain-
fall during the intercapture interval on size-spe-

cific growth rates (F,,, = 0,46, P = 0.51; F,,
= 0.03, P = 0.87, respectively).

As with C. johnstoni (Webb et al., 1988), mul-
tiple recaptures indicate that the variance
around the growth-rate-on-size relationship is
caused by individual animals following differ-
ent, but generally parallel, growth trajectories
rather than by random fluctuations in the
growth rates of individual animals. Therefore,
differences among individuals in the relation-
ship between SVL and age will increase with
time, and this will increase the variance in age
at a given length.

Multiple recaptures also confirm that growth
rates increase during the first year and then
show a declining concave relationship with size.
Growth rates of large reptiles usually decline
monotonically with age (Andrews, 1982). With-
out multiple recaptures, the most parsimonious
procedure would be to fit a single exponential
model to the data. This would grossly under-
estimate average growth rates at some sizes.

As outlined above, our empirical model was
deliberately conservative and probably under-
estimates growth rates. However, comparison
of the integrated form of this model (Fig. 1A)
with eight animals captured as hatchlings (pos-
sible error of estimation of hatching date ap-
proximately %30 days) indicates that it only
slightly underestimates SVL up to about 55 cm
SVL and four years of age, We have no empir-
ical verification of the model above this age, but
we are confident that it is fairly accurate and
still biased toward overestimating age.

The oceurrence of nests indicates that only
one or two females regularly breed in the lakes,
We have seen adult eaimans (~ 70 em SVL)
accompanying pods of hatchlings but have been
unable to catch them. Based on an average size
of 120 em 'TL (~ 60 ¢em SVL) for females at
sexual maturity (Gorzula and Seijas, 1989), fe-
males at Alter do Chiio would reach maturity
at between five and six years of age. This is
much less than the age at maturity of females
estimated for other crocodilians [Webb et al.,

1983; Magnusson and Lima, 1991: but the mod-
el of Brisbin (1988) indicates that Alligator mis-
sissipiensis could reach reproductive size ata sim-
ilar age].

‘The reason for the abrupt changes in growth
rates is not obvious, The first break point occurs
at about the time that hatchlings disperse from
pods, but there may also be seasonal changes in
food abundance, As with C. jeknstoni (Webb et
al., 1983), the second break point occurs before
sexual maturity, and there is no evidence for
an abrupt change in diet at this size in either
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species (Magnusson et al., 1987). The ve §
abrupt decreases in growth rates of the two n:?—r "Wology of e spapanini

imals with multiple recaptures between 30 an

40 cm SVL (Fig. 1B), indicate that individuals

may face some biological barrier at that size,

Acknowledgments.—R. Cintra, V., da Costa, M
Hero, A. Lima, and M. Yamakoshi helped with
recaptures. P, Bayliss helped with recaptures
and discussion of methods of analysis. This study
owes much to the help and hos, itality of S. Sar-
dinha, N' Sardinha, S. Sardinha, B. Sardinha,
Er'u; Lh;.ar I'ar.nillies at the Village of Alter do W
140, Financial support was provided b
(400531_/09-7. 301299-86, 208064/81)8F::‘r:
the Brazilian Conselho Nacional de Desenvol-

S ——

hol

1977, Bree
blolog_y of the spectacled caiman, Caiman mm?.‘m
d erocodilus, in the Venezuelan Llanos. U.S. Fish Wild]
Serv. WildL Res, Repore 5:1-2], ;
Wess, G, J. W., AND H. Messer. 1977, Crocodile
capture techniques, J. Wildl, M ge. 41:572-575,
=, R, BuckwonrTH, AND 8, C, MaNoLs, 1988,
Crocodylus johnstoni in the Mckinlay River area, N,
T. 1. Growth, movement and population u
walructure.éuﬂ. Wildl. Res. 10:388-401, "
ILKINSON, L, 1990. SYSTAT., The s -
tistics. SYSTA'T Inc., Evanston, !Ilinz?:.ﬂ“ i

ILLIAM E. MAGNUSSON AND TANiA M. SANA-
lgﬂ;,dbrﬁarmmmm de Ecologia, Instituto Na-
cionai de Pesquisas da Amazénia, Caixa Postal
478, 69011-970 Manaus AM, Brasil, Submit-

vimento Cientifico ¢ Tecnolégico to WEM, The  ted: 30 July 1993. Accepted: 13 Jan, 1904

manuscript was much improved by comments

from 1. L. Brisbin and §. Gorzula,

LITERATURE CrrEp

ANDREWS, R. M. 1982, Patterns of growth in reptiles,
P 27_5-520, In: Biology of the Reptilia. Vol. 18.
Phyxl'olugy D. C. Gans and F, H. Pough (eds.), Ac-

N ademic Press, New York, New York }
YARZAGUENA, ], 1984 Biologia og!

\R? ; s y ecologia de Ia bal
(Caiman eracadilus) en los Llanos r.lfntfmw.'.u:l;u
Q«)ﬁann Acta Vertebrata, Série Monografius Se>
villa, Spain. il

Blll!ll:\d, I.‘ L. 1988. Growth curve analyses and their
application to the conservation and captive man-
agement nl'c_mc'tulilinm. pP- 116-145. In: Proceed-
in‘ga‘ of the Ninth Working Meeting of the IUCN /

S.S(‘. Crocodile Specialist Group, F, W, King (ed,)
IUCN, Gland, Switzerland, :
—— C. T. CoLtiNg, G. C, Whrre, an

i -y g n D, A,
MFCMLE‘W' 1987, A new paradigm for the anal-
ysis and interpretation of growth data: the shape
of things to come, Auk 104:552-554, s

GolzuL_A. S.J. 1978, An ecological study of Caiman
crocadilus eracoditus inhabiting savanna lagoons in

the Venezuelan Guyana, Oecologia 85:91-84,

+ AND AL E. SE(jas, 1989, The common caiman,
P- 44-B1. In: Crocodiles; their ecology, manage-
rnt-n.t and conservation, P, Halland R, Bryant (eds.)
1UCN, Gland, Switzerland, i

MnaNul}oN. W._E..Ann A.P.LivaA, 1991, The ecol-
ogy of a cryptic predator, Paleosuchus trigonatus, in
a tropical rainforest, |, Herpetol. 25:41-48,

—— Vs DA SILVA, AND A, P. Lima, 1987, Diets
of Amazonian crocodilians, fbid. 21:85-95,

Ounores, P, E.._mql.. M. R. NANHOE. 1989, Notes
on the dynamics of'a population of Caiman crocoditus
in nﬂrlhr:r‘n~ Surinam and its implications for man-

& agemlcm. Biol. Conserv, 48:243-264

toLl, H. 1975. Amazon tributaries and draj

. ralnage
basins, p. 199-218, »: Coupling of land and wa:ﬁr

systems. A, D, H; i
gem:::'y. D, HdsIer(ed.).SprlngrrVer]ag. Berlin,

Section editors: D. Cundall and F. Irigh,

Gopeia, 1995(3) -
© 1995 by g.,i.t,'i?ﬂ"n°ioﬁ.’, of
Ichthyologists and Herpetalogius

HISTORY OF THE GENERA LEBIA A
1817 A.ND LEBIAS GOLDFUSS 182(‘1:“((':’:!.:f
LEOSTEIL CYPRINODONTIFORMES: CY.-
Pl?:lNOl)()NTlDA E)WITH DI-ZSIGNA'I"ION
OF A TYPE SPECIES FOR LEBIAS.—The his-
tory of Lebia Oken 1817 and Lebias Goldfuss
1820 hn.s bm.:n marked by unmnecessary confi-
S1on owing, in part, to the unwarranted as-
sumption that the latter name is a spelling vari-
ant of the former, In recent literature, such as
in Eschmeyer and Bailey (1990), Lebias has been
d1smrss‘rd without any investigation of its his.
tory, .'1 he literature appropriate to the under-
standing of the nomenclatural status of these
genera was reviewed by Garman (1895) in his
monumental revision of the cyprinodonts, Un-
fortunately, Garman's work, at least as it per-
tains to Lebia and Lebias, has gone unnoticed in
suhsequr.jnl treatments of cyprinodont genera
and species. With the law of priority in mind, a
careful reading of Garman could have been used
Lo ascertain the status of both genera,

Cuvier (1816) introduced a new genus using
the vernacular *“Les Lebias.” Cuvier's vernac-
ular name is not available [International Code
qf Zoological Nomenclature (ICZN), 1985; Ar-
Irl|cle 1], Because of the inherent ambiguity of

Les Lebias,” it is not possible to determine
whel.hr.rr ICuvicr had Lebia or Lebias in mind as
the lam_uzed version of his new genus, Oken
(1817), in a work that contrasted his systematic





