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ABSTRACT. — Initiation of breeding activity of Bufo houstonensis followed a rise in minimum air
temperature in January or February to above approximately 14°C. Rain was not a direct necessary
stimulus to breeding in this species; additional site-specific stimuli apparently are necessary; rapid
algal growth may be such a stimulus.

Amplectant male B. housfonensis were significantly larger than non-amplectant males. Based on
growth data from recaptured males, it is likely that older male B. houstonensis are more likely to
achieve amplexus than are first-season males. Data on breeding behavior and movements to and
from breeding sites are presented.

Natural hybrids between B. houstonensis and B. woodhousei and between B. houstonensis and
B. valliceps were identified morphologically and electrophoretically. Only one suspected backcross
product was found. Hybridization among these species was minimal in the study areas — in all cases
less than 1% of the parental populations. The primary isolating mechanisms are temporally offset
breeding seasons (of B. houstonensis and B, valliceps} and habitat isolation (B. houstenensis and B.
waoodhouser).

The population sizes of B. houstonensis in Bastrop Co., Texas, are larger than previously reported;
present population sizes in this area appear not to be critically low. The restricted range of the
species coupled with habitat destruction seem to be the primary factors in the endangerment of B.

houstonensis,

The Bufo americanus species group of
North American toads has received
considerable attention with respect to
interspecific hybridization, isolating
mechanisms, and population ecology (A.
P. Blair, 1941, 1942, 1955; W. F. Blair,
19564, b, 1957, 1959, 1961, 1972c; Bragg,
1940; Cory and Manion, 19535; Guttman,
1969; Henrich, 1968; Oldham, 1966;
Sanders, 1961; Thornton, 1955; Volpe,
1959; Zweifel, 1968, and references cit-
ed therein). These studies have contrib-
uted considerably to our present under-
standing of speciation and species
interactions of anurans (W. F. Blair,
1962, 1964, 19724, 1973). However, sev-
eral restricted and isolated taxa of Bufo
(Pleistocene relicts according to W. F.
Blair, 1972b) that are closely related to
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more widely distributed members of the
B. americanus species group have not
been studied to a comparable degree.
An example of a Pleistocene isolate
that is particularly suited for a compar-
ative study is Bufe houstonensis, a species
closely related to B. americanus {see A.
P. Blair, 1957; W. F. Blair, 1963, 1972b).
In addition to the evolutionarily inter-
esting aspects of B. houstonensis, it is cur-
rently listed on national (Gottschalk,
1970) and international {(Honegger,
1970) lists of endangered species. De-
spite the public attention and publicity
given B. houstonensis in recent years be-
cause of its endangered status, little ba-
sic life history information is known for
this species. Possible reasons for the de-
cline in populations of B. houstenensis
usually are listed as natural climatic
changes, habitat destruction by hu-
mans, and hybridization with sympat-
ric congeners {Brown, 1971), but sup-
porting data are scarce. Since the
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description of B. heustonensis by Sanders
(1953), only two papers have presented
original data on aspects of the popula-
tion ecology of this species, and in both
cases these data were in the form of de-
scriptive notes ancillary to the main
thrust of the papers (Kennedy, 1962;
Brown, 1971).

The purposes of this study were three-
fold: (1) to document basic aspects of
the population ecology of B. houstonen-
sis over several years {with detailed,
quantified data from one complete
breeding season}, and to compare these
data with past studies on the ecology of
B. americanus; (2) to study the present
extent, causes, and possible effects of
hybridization among B. houstonensis and
two partly sympatric congeners (Bufo
woodhousei and Bufe valliceps) for com-
parison with similar data reported a de-
cade earlier by Brown (1971); and (3) to
determine the current status of popu-
lations of B. houstonensis in the only area
of their range in which they are known
to be relatively abundant—the isolated
loblolly pine regions of Bastrop Co.,
Texas.

METHODS

Twelve study sites in Bastrop Co,
Texas, were selected prior to the start of
the 1981 breeding season of B. housto-
nensis (Fig. 1). Site selection was based
on observations made in previous sea-
sons: sites 1 and 12 were known to have
supported populations of B. woodhouse:
and B. valliceps, but not of B. houstonen-
sis; sites 2 and 11 were suspected sites
of hybridization of B. woodhousei and B.
houstonensis, that also supported popu-
lations of B. walliceps; sites 3, 4, 5, 6, 8,
and 10 were known to have supported
breeding populations of B. houstonensis
{as well as B. valliceps); and sites 7 and
9 were selected on the basis of negative
evidence—no B. houstonensis had been
found at these sites during previous
years despite their similarity to the sites
occupied by it.

Each of the study sites was visited
nightly from 1 January through 4 June

1981. Most of the sites also were visited
during periods of weather believed to
be favorable for reproduction of B.
houstonensis during 1979 (at least twice
per week) and sporadically in 1930.
During each site visit, data on water
temperature, air temperature, relative
humidity (1981 only), precipitation, sky
conditions, and activity of Bufe (num-
ber of males present and/or calling,
number of females present, number of
pairs in amplexus, number of egg
masses, relative number and stage of
development of tadpoles) were record-
ed. During 1981, air temperature was
recorded continuously at a location near
site 1 (Fig. 1), as were daily precipita-
tion data. The locality at which these
data were collected was less than 10 km
{straight-line distance) from each of the
study sites. Daily water temperature
minima and maxima (at 10 cm depth)
were measured at site 5. Turbidity (in
ppm 5i0,) was measured at each of the
sites at the start of the 1981 breeding
season of B. houstonensis, and pH, dis-
solved nitrate (ppm), and dissolved
phosphate (ppm) were measured one
week before and one week after the first
choruses of B. houstonensis in 1981 at sites
4, 5, 6,7, 9, and 10. Individuals in the
first 1981 chorus of B. houstonensis at site
5 were marked by toe-clipping; our sys-
tem differentiated between amplectant
and non-amplectant males and females.

Hybrids between B. houstonensis and
B. valliceps can be distinguished from the
parental species by several morpholog:
ical and auditory characters; these hy-
brids are reportedly infertile, so back-
crossing to the parental species probably
cannot occur (Brown, 1971). However,
Brown (1971) found B. woodhousei X B.
valliceps hybrids difficult to distinguish
from B. wvalliceps x B. houstonensis hy-
brids; he also reported that “as B. hous-
tonensis and B. woodhousei are quite sim-
ilar morphologically, it is difficult to
distinguish their hybrids from either
parental species....The hybrids are
intermediate in size and for other mor-
phological characters they fall within
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Fic. 1. Map of the study sites in Bastrop County, Texas. Numbers in boxes are highway route
numbers. The shaded area represents the primary distribution of loblolly pine (Pinus taeda) in the
study area in March 1981 as determined by infrared aerial photography and field inspection. The black
squares represent known breeding localities of Bufo woodhousei during 1979 and 1981, and the black
dots represent known breeding localities of B. houstonensis during this time period. The circles sur-
rounded by squares represent sites of hybridization between B. woodhousei and B. houstonensis. The
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TapLe 1. Means * standard deviations and ranges of seven morphometric characters for samples
(N = 10) of B. houstonensis, B. woodhousei, and B, valliceps. The starred (*} characters were utitized in a
discriminant function analysis that was used to identify hybrid combinations of these three species
(Fig. 2). Measurementis that could be made on the left and right sides were averaged for each individ-

ual.
Character {mm) B. houstonensis B. woodhousei B. valiiceps
Head width 20.06 + 1,99 30.67 + 2.82 2691 + 2.82
(17.1-23.0) (25.3-34.00 (23.8-33.6)
*Distance between interocular crests 4.65 £ 0.54 6.24 + 0.66 10.53 + 1.05
{3.9-5.5) (4.9-7.1) {9.2-12.6)
*Length of paratoid gland 11.58 £ 1.03 15.24 + 1.19 8.87 £ 0.87
(10.2-12.85) (13.25-17.65) (7.4-10.0
Width of paratoid gland 540 + 0.39 6.67 + 0.58 5.58 = 0.47
{4.75-5.95) {6.0-7.9) (4.5-6.1)
*Length of tibiofibula 19.74 = 2.37 3181 £ 274 27.35 + 3.16
{17.0-24.0) (26.3-35.8) (23.4-33.8)
Snout-urostyle length 56.61 + 5.03 79.48 *+ 6.28 71.64 = 8.54
(51.4-64.9) {67.5-87.7) (62.8-92.3)
*Distance between paratoid gland and 1.90 + 0.49 012 + 0.15 294 + 0.43
transverse axis of postorbital crest (1.35-2.65) (0.0-0.4) (2.4-3.7)

the ranges of variation of the parental
species.” In addition, backcrossing of B.
woodheusei X B. houstonensis hybrids is
possible because at least the males of
this combination (no hybrid females
have been reported) are fertile (Brown,
1971, W. F. Blair, 1972¢).

To identify hybrids of any combina-
tion of B. houstonensis, B. woodhousei, and
B. valliceps by external morphology, a
stepwise discriminant function analysis
was performed on seven morphometric
measurements (Table 1) with the three
parental species as a priori groups (pro-
gram BMDP7M of the statistical pack-
age described by Dixon and Brown,
1977). The B. palliceps and B. weodhousei
in the a priori groups each were col-
lected at sites within the study area at
which only that species bred; the B.
haustonensis were from site 5, where B,

woodhousei does not occur and B. valli-
ceps is uncommeon (less than 0.2% of the
Bufo at the site). Two canonical axes (CA
I and CA II) were derived that taken
together discriminated among all three
species (Fig. 2); suspected hybrids were
identified by intermediate scores along
these two axes or by call parameters
{Brown, 1971).

The identifications of hybrids as de-
scribed above were verified by horizon-
tal starch gel electrophoresis. Liver and
muscle tissue were separately homoge-
nized in 0.01 M tris-HCL, 0.001 M EDTA,
and 0.001 M 2-mercaptoethanol, pH 7.5.
Homogenates were frozen at —80°C and
then centrifuged for 15 minutes at
14,000 rpm. Two buffer systems were
employed: tris-citrate pH 7.0 (0.13 M
tris-0.043 M citrate electrode buffer,
0.009 M tris-0.003 M citrate gel buffer);

—

numbered localities are sites that were visited nightly from late January to early June 1981 and are
numbered in order of nightly visitation. At three of these sites (open circles) no Bufo bred during
1981. B. valliceps was found throughout this area at almost all sites; hybrids of this species with B.
houstonensis were found only at sites 4 and 6. The % denotes the location at which the 24-hour mete-
orological data were recorded. The large black area represents Lake Bastrop, and the adjoining barred
area represents the location of the facilities of the Sam Gideon power plant.
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Fic. 2. Plot of scores along two canonical axes showing the morphological intermediacy of hybrids
of B. houstonensis, B. woodhousei, and B. valliceps. Identifications of hybrids were confirmed by subse-
quent electrophoretic examination. The open circle designates the score along the two axes of a B.
valliceps X B. houstonensis hybrid from site 5 that was identified by call characteristics and measured by
Nancy Jacobson in 1982 {not verified electrophoretically}. The asterisk designates the multivariate
location of a probable backcross of a B. woodhousei x B. houstonensis hybrid to B. houstonensis as deter-

mined electrephoretically.

and tris-versene-borate pH 8.0 (0.5 M
tris-0.016 M EDTA-0.65 M borate elec-
trode buffer, 0.05 M tris-0.0016 M EDTA-
0.065 M borate gel buffer). Two drops
of 2-mercaptoethano!l were added to the
gel buffer mixture after boiling and de-
gassing. The staining procedures are
described in Siciliano and Shaw (1976)
and Harris and Hopkinson (1976).
Enzyme systems examined included
superoxide dismutase (SOD; two loci,
one of which was diagnostic), esterase
(EST; several loci, two of which were
diagnostic), lactate dehydrogenase
(LDH; two loci, one of which was di-
agnostic), malic enzyme (ME; two loci,
one of which could be used to differ-
entiate between B. woodhousei and the
other two species), and malate dehy-
drogenase (MDH; two loci, one of which
could be used to differentiate between
B. valliceps and the other two species).
The common electromorph in the B.
houstonensis sample was scored as 100;

all other electromorphs were scored ac-
cording to their mobilities relative to
electromorph 100. The MDH-2 electro-
morph of B. houstonensis and B. wood-
housei, scored as 100 in both cases, was
actually slightly slower in B. woodhousei
than in B. houstonensis, but the two elec-
tromorphs could not be distinguished
consistently and therefore were lumped.

RESULTS AND DISCUSSION

Breeding Stimuli.—Kennedy (1962)
stated that in B. houstonensis “calling and
spawning activity is ephemeral and is
apparently initiated by heavy rains with
warm temperature. The earliest known
spawning occurred on February 22 and
the latest on June 26" {(observations in
Houston). At Bastrop sites we have nev-
er observed gravid female B. houstonen-
sis after 2 May, but breeding usually is
initiated in the Bastrop populations be-
fore the earliest date reported by Ken-
nedy (earliest date of chorusing: 22 Jan-
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FiG. 3. Numbers of B. houstonensis, B. wood-
housei, B. valliceps and hybrids present at the study
sites during week-long intervals in 1981.

uary 1982—N. Jacobson, pers. comm.;
initiation of spawning: 18 February
1981; latest date for imitiation of cho-
rusing and spawning: 23 February 1979).
In each of the years for which we have
made observations, initiation of chorus-
ing was not directly associated with
rain; in 1981 (the only year for which
continuous on-site data are available),
no rain had fallen in the area for 8 days
when breeding choruses of B. housto-
nensis first assembled on 18 February.
Breeding choruses continued to assem-
ble through the beginning of April
without any detectable association with
rain. From late April to early June (Fig.
3), choruses of B. palliceps began to as-
semble on rainy nights. These choruses
often included a few male B. houstonen-
sis as well, although we found only one
gravid female B. houstonensis after 2
April (on 2 May 1981). Therefore, rains
apparently do not necessarily serve (at
least directly) as a stimulus to breeding
in B. houstonensis. Instead, at our study
area in 1981, breeding choruses of B.
houstonensis assembled each time that the
minimum air temperature for the pre-
ceding 24 hours did not fall below 14°C
(Fig. 4). While we did not collect con-
tinuous on-site temperature data dur-
ing 1979, 1982, or 1983, chorusing also
began in these years when the 24-hour
air temperature minimum rose above

3ty

25

20

15

TEMPERATURE (*C)
=

L]

=5

T marcH !

FEBRUARY

FiG. 4. Air temperature minima and maxima
during 24-hour periods previous to 1800 hours
(approximate time of chorus assembly} in Febru-
ary and early March 1981, Bars across the top in-
dicate nights on which breeding of B. houstonensis
took place. Note presence of breeding each time
that the minimum air temperature was above 14°C.

14°C at Austin, Texas (approximately 45
km west of the study area). The earliest
date that such a rise in overnight air
temperature minima would stimulate
breeding in B, houstonensis is unknown,
but in 1982 this rise occurred in January
and chorusing did take place (N. Jacob-
son, pers. comm.). On the last night of
several breeding periods during 1981,
air temperature fell below 14°C during
chorusing; a causal relationship may ex-
ist here in which the subsequent night’s
calling was inhibited. Brown (1967),
earlier, often observed calling in B:
houstonensis below this temperature.
This explanation of breeding stimu-
lation holds true for all of the study sites
considered together, but it does not ex-
plain the intersite variation in breeding
dates that was observed during this
study. For instance, whereas breeding
choruses assembled first during 1981 at
sites 3, 4, and 5 from 18 to 21 February,
no B. houstonensis choruses assembled at
site & until 31 March. Choruses were
never fully synchronized among the
study sites, even when they occurred
during approximately the same time
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Fic. 5. Temporal occurrence of breeding cho-
ruses of B. houstonensis at four sites during a rep-
resentative period in fate March and early April
1981. Note the non-correspondence of these in-
tervals in time.

period (Fig. 5). It is likely that some ad-
ditional on-site stimuli are necessary to
initiate chorusing in B. houstonensis, even
when temperature conditions are favor-
able.

A factor that possibly accounts for in-
tersite variation in breeding dates is
rapid algal growth. Savage (1961 and
papers cited therein) considered spring
algal blooms to be the primary stimulus
to breeding in Rana temperaria. We be-
came interested in this hypothesis in
1979 when we noticed that the first
breeding choruses of B. houslonensis ap-
peared just before an algal bloom {of
unidentified species) appeared at the site
of chorusing.

Table 2 presents dissolved nitrate and
phosphate levels present in the water
at six of the study sites in 1981. The
measurements were first made on 10
February, eight days before the first
breeding choruses of B, houstonensis ap-
peared at two of these sites. The second
set of data was taken seven days after
the first breeding choruses. During this
time, phosphate levels fell between five-
fold and twelve-fold at three of the sites;
phosphate levels were barely detectable
or not detectable at all (our apparatus
had a lower sensitivity limit of about
0.1 ppm) on either date at the other
three sites. There was also a drop in ni-
trate level at most of the sites during
this time, although it was not as large
as the drop in phosphate level (Table

TaBLE 2. Dissolved nitrate (N) and phosphate
(P) concentrations {in ppm) at six study sites on
two dates in 1981. Notice the drep in these con-
centrations between the two dates (typical of algal
blooms) at the three sites where breeding of B.
houstanensis took place. u = undetectable; t = trace
(<0.1 ppm).

10 25 Date of first
Site February February breeding
4 01 N 01 N
05 P 01 P 18 February
5 05 N 04 N
06 P 01 T 18 February
6 03 N u N
12 P 01 P 30 March
7 u N u N
t P t P None
9 u N u N
t P i P Nene
10 01 N 01 N N
t Pt P one

2). Rapid drops in nitrate and (especial-
ly) phosphate levels are characteristic of
algal blooms {Smith, 1950). It is of in-
terest that the three sites at which phos-
phate levels were barely detectable on
both dates did not support breeding of
B. houstonensis in 1981. All three sites
occur within the range of B. houstonensis
(Fig. 1), and the immediate area around
each of the ponds appears to be suitable
(sandy soil and pine forest) for B. hous-
tonensis. In fact, we observed a few B.
houstonensis calling at site 10 in 1979,
Savage (1961) noted that year-to-year
variations in water chemistry (thus af-
fecting algal growth) may have caused
Rana temporaria to use a pond in one
year but not in another. Our data sug-
gest that either B. houstonensis are not
stimulated to breed in ponds with low
phosphate levels (and presumably little
algal growth), or ponds with low pro-
ductivity cannot support populations of
B. houstonensis. However, the data do not
explain the delay of breeding initiation
at site 6 until 30 March, because there
was also a drop in phosphate and ni-
trate levels at this pond between 10 and
25 February (Table 2).
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Studies that have been conducted on
B. americanus generally have concluded
that rising spring temperatures stimu-
late breeding in this species {Christein
and Taylor, 1978; Oldham, 1966). How-
ever, no critical high or low tempera-
tures have been reported.

Mate Selection.— A number of studies
have been conducted recently that have
dealt with mate selection among var-
ious anurans. Although four of these
studies (Gatz, 1981; Kruse, 1981; Licht,
1976; and Wilbur et al., 1978) dealt at
least in part with B. americanus, they are
divided on their conclusions. Licht
(1976) and Gatz (1981) reported signif-
icant size-based selection of males by
female B. americanus, whereas Wilbur et
al. {1978) and Kruse {1981) reported
random mating of males and females
with respect to body size in this species.
Licht (1976) hypothesized that female
B. americanus select males of optimum
size relative to their own body size in
order to maximize fertilization (as has
been experimentally demonstrated for
Bufo bufo by Davies and Halliday, 1977},
but Kruse {1981) and Gatz (1981) re-
ported nonsignificant correlation val-
ues of male body size to female body
size in several populations of this
species (from r= —0.299 to r=0.261),
and Kruse (1981) reported no fertiliza-
tion advantage for any particular male-
to-female ratio in experimental crosses
of B. americanus. Wilbur et al. (1978),
however, suggested that female toads
choose the largest males in a chorus—
an hypothesis supported by Gatz (1981)
but refuted by Kruse {1981).

The sexual size difference within
populations of B. houstonensis is not as
great as that within the populations of
B. americanus in which mate selection
has been studied. In three populations
of B. americanus (Canada—Licht, 1976;
North Carolina—Wilbur et al., 1978; and
Illincis—Kruse, 1981), reported average
male body length ranged from 82.1% to
86.7% of average female body length. In
contrast, we found the mean body
length of male B. houstonensis (57.11 mm,

Males

Females

SNOUT-URDSTYLE LENGTH (mm}

FiG. 6. Size-based mate selection in two cho-
ruses of B. houstonensis. The upper figure indicates
the size distribution of individuals at site 5, and
the lower figure indicates the distribution of in-
dividuals at site 3. In both cases, males are figured
above the line and females below the line. All
females were in amplexus; males in amplexus are
represented in black. In both cases, the mean size
of the males in amplexus was significantly larger
than that of males not in amplexus (P < 0.001).

N =309, SD = 4.20) to be 90.6% of the
mean body length of females (63.02 mm,
N = 60, 5D = 5.09). In the population of
B. americanus studied by Kruse (1981),
only the lower 38% of the distribution
of female body length overlapped the
range of male body length, whereas 96%
of the female B. houstonensis that we
measured feli within the size range of
the males (Fig. &). This difference be-
tween the two species in relative sexual
size is reflected in the size ratios of am-
plectant pairs; Kruse (1981) reported
only one out of 63 amplectant pairs in
which the male B. americanus was larger
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Fic. 7. Plot of male versus female snout-uro-
style lengths of amplectant pairs of B. koustonensis
(r=0.128, 0.2 < P < 0.4), Overlap of two or three
points is indicated by the appropriate numeral.

than the female, whereas we found 12
out of 60 amplectant pairs of B. housto-
nensis in which the male was larger (Fig.
7).

In the two populations of B. housto-
nensis in which we studied mate selec-
tion {Fig. 6}, the males in amplexus were
significantly larger than the non-am-
plectant males (f = 3.457, P < 0.001 for
site 5; f = 3.627, P < 0.001 for site 3). In
contrast, the correlation of male body
length to female body length (Fig. 7;
r=0.128, 0.2 < P < (.4) is not signifi-
cant. If female B. houstonensis select
males (instead of vice versa), then they
select the largest available males, not
males that result in an optimum size ra-
tio. However, Kruse (1981) suggested
that male-male interactions could be
more important than mate selection by
females in determining pairings of male
and female B. americanus. Unpaired male
B. americanus have been observed at-
tempting to dislodge males in amplexus
{Licht, 1976);, presumably, large males
are more successful in such attempts
than are small males. Data on the rela-
tionship of size to age of male B. hous-
tonensis (Fig. 8) support this possibility.
The size distribution of marked males
recaptured after one year at site 5 (Fig.
8) corresponds closely to the size distri-
bution of amplectant males of the 1981
season at this site (Fig. 6). The mean
snout-urostyle (SU) length of the

D. M. HILLIS ET AL.
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F1G. 8. A. Size distribution of 104 male B. hous-

tonensis marked on 18 February 1981. B. Size dis-
tribution of 33 recaptured males one year later
{17-22 February 1982).

marked males that survived to 1982 was
60.7 mm (SD = 3.31), whereas the mean
SU length of amplectant 1981 males was
60.2 mm (SD = 4.01). These two groups
are not significantly different (t = 0.559;
0.5 < P < 0.6). Therefore, it is likely that
the majority of the amplectant males in
1981 were in at least their second breed-
ing season. If this is correct, then male
experience or dominance could be more
important than female choice in deter-
mining successful breeding.

Breeding Dynamics.—About 20 min-
utes before sunset on nights that cho-
ruses of the Houston toad occurred,
male B. houstonensis began to call un-
derground from the burrows to which
they had retreated the previous eve-
ning (similar underground calling be-
havior has been reported in B. punctatus
by Brown and Pierce, 1965). These bur-
rows ranged from within a meter of the
pond to at least 40 m from the shore.
The majority of the burrows of B. hous-
tonensis observed were along gulleys
that led to the ponds; as choruses end-
ed, individuals often left the ponds by
traveling up these gulleys. We never
observed B. houstonensis creating new
burrows; instead, the toads utilized ex-
isting holes (commonly mammal bur-
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rows in root entanglements of undercut
banks) or spaces beneath logs. Several
individuals were uncovered from be-
neath thick piles of pine needles in gul-
leys. One male with a uniquely de-
formed limb mark was observed for
three consecutive nights at the pond,
and after each night was found in the
same burrow. During these three nights,
this toad was found calling at various
sides of the pond; thus it was not mere-
ly retreating to the nearest available
burrow. After this period, the toad was
no longer present at the breeding cho-
Tus nor in the burrow.

Approximately 10 minutes before
sunset, male B. houstonensis emerged
from burrows and began to move to-
ward the breeding pond, calling be-
tween movements. Males began to ar-
rive at the pond shortly after sunset and
continued to arrive at the pond until
shortly after midnight. Some males be-
gan to leave the pond several hours be-
fore midnight. Females rarely arrived at
the pond until several hours after sun-
set; partly because of the skewed sex ra-
tio (Fig. 6), females remained unpaired

-for a very short time. The last females
arrived by 0200 hours, and chorus sizes
usually began to decrease markedly at
about this time (Fig. 9).

Guttman and Wilson {1973) observed
heterozygote deficiencies in some pop-
ulations of B. americanus and suggested
that toads might orient to a particular
shore of a breeding pond at which they
would breed with other individuals that
had the same shore preference. Such
shore-specific breeding did not occur in
B. houstonensis populations; males did
not remain calling from a single loca-
tion, but usually moved several times
during a given night—often to an op-
posite shore,

Male B. houstonensis vocalized from
along the shoreline, in shallow water,
or from the top of an object within sev-
eral meters in either direction from the
shore. Height appeared to be important
in call-site selection, as all of the high-
est projections along a shoreline usual-
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Fic. 9. Representative breeding period of B.
houstonensis (18-21 February 1981; site 5). The
number of calling males represented in black are
those that were calling on the first night of the
period (all were marked); those represented in
white joined the chorus after the first night. Bars
marked “eggs” and “amplexus” indicate the pe-
riods during which individuals were ovipositing
or in amplexus, respectively; at the point each
night when the last female arrived and entered
amplexus, the amplexus bar changes from white
to black.

ly were occupied by calling males. Logs
that projected above the surface of the
pond often served as calling sites for
several males.

Pairs of B. houstonensis remained in
amplexus for a minimum observed time
of six hours before oviposition began.
Many females had not begun to lay eggs
by dawn, and at least some amplectant
pairs remained together without ovi-
position until the following night (Fig.
8). During daylight hours, we observed
these non-laying amplectant pairs rest-
ing upon or partly concealed beneath
detritus at the bottom of the ponds.
However, once individual females be-
gan to oviposit, they continued until
finished; because oviposition usually
did not begin until a few hours before
dawn (Fig. 9), many of the eggs were
laid during the early daylight hours.

Nightly choruses usually were pres-
ent at a given pond for three to five
day periods (Fig. 5), unless cold weath-
er shortened this period. Even with fa-
vorable weather conditions (as evi-
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denced by choruses present at other
ponds), choruses never were observed
at a pond for more than six consecutive
nights. These three- to five-day periods
never were completely synchronized at
our study sites.

At one site (#6), there was only one
period during which B. houstonensis bred
(and at this site, several male B. housto-
nensis called at early choruses of B. val-
liceps). At other sites at which B. hous-
tonensis bred, there were two or three
primary periods of breeding activity,
separated by two to six week intervals
during which no (or occasionally a few)
males called. We found only one gravid
female at a breeding site during these
intervals. Some males that were marked
on the first night of the first breeding
period (18 February) at site 5 also called
during the second breeding period (27-
31 March) at this site. Males marked
during the first period constituted 33.5%
of the pooled males present during the
second period, and ranged from 22.4%
to 41.6% of the males present at the
breeding site on any one night. Some
of the males that were in amplexus dur-
ing the first period also called during
the second peried; these males made up
a slightly larger percentage (10.4%) of
the marked males that were present
during the second period than they had
in the first period (8.4%). This indicates
that the successful males also were
among the most persistent attendants at
the choruses.

Survivorship and Growth.—Qf the 104
males and 8 females marked on 18 Feb-
ruary 1981 at site 5, 35 males and no
females were recovered during an in-
tensive study at this site during 1982 by
Jacobson (1983). Fig. 8 shows the size
distribution of the 104 males in 1981 and
33 of the 35 recovered males in 1982,
one year to the week later. The remain-
ing two males were recovered much lat-
er in the 1982 season after a longer op-
portunity for growth. The average size
(5U length) of these males in 1981 was
55.3 mm (SD = 4.40); by 1982 the sur-
viving males averaged 60.7 mm (SD =

3.31; 1982 males significantly larger than
1981 males: t=7.49, P < 0.001). The
upper limits of the size distribution of
these toads remained the same from
1981 to 1982. This suggests that most of
the toads 56 mm and less in SU length
are first year breeders. If this is correct,
then during the 1981 breeding season
approximately twice as many toads were
in their first breeding season as toads
that were returning for at least a second
year. Arbitrarily assuming annual
breeding and fidelity to one site, we
speculate that a high propertion of
males in a breeding chorus are first and
second year attendants and that pro-
portionately few males breed for more
than two seasons,

Tadpoles and Metamorphosis.—The first
egg-strings of B. houstonensis laid in 1981
(18 February) hatched in seven days in
water that ranged from 8°C to 17°C dur-
ing this time period. These tadpoles
metamorphosed 60-61 days after the
eggs were deposited (19-20 April). Be-
tween hatching and metamorphosis, the
water temperature ranged from 11°C to
31°C. The period from oviposition to
metamorphosis was relatively constant
during our study; the longest period we
observed for eggs laid in February was
64-65 days (23 February to 28-29 April
1979), while the 60-61 day interval
above was the shortest. Tadpoles ranged
from 6.1 mm to 6.7 mm total length at
hatching and reached a maximum total
length of 20-22 mm. Just after meta-
morphosis, the young B. houstonensis -
were 7-9 mm in length.

In both 1979 and 1981, metamorpho-
sis of most of the tadpeles from various
clutches laid within several days of each
other occurred over a period of a few
hours at each of the sites. This resulted
in postmetamorphic aggregations of B.
houstonensis stmilar to those described
for several other species of Bufo {Arnold
and Wassersug, 1978). As the postmeta-
morphic B. houstonensis left the ponds,
they moved in large numbers along the
same gulleys that were used by the
adults during the breeding season for
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nightly trips to and from the ponds (see
above). Movement of the postmetamor-
phic toads occurred during both day and
night. During daylight, young B. hous-
tonensis were found moving away from
the ponds in gulleys as far as 100 m from
the ponds.

At sites where two or more periods
of breeding occurred, several size classes
of B. houstonensis tadpoles overlapped
temporally. At one site (#3) we ob-
served B. houstonensis tadpoles from the
first breeding period consuming the jel-
ly envelopes of recently hatched B.
houstonensis tadpoles from a second
breeding period. None were observed
eating eggs before hatching occurred.

Tadpoles of B. houstonensis were ob-
served to form aggregations at several
sites during the day, but they dispersed
at night. During the day, B. houstonensis
tadpoles (whether single or in aggre-
gations) remained on the bottom of the
ponds, whereas at night they fed on
material attached to vegetation, on the
surface of the water, and along the
shore. During both 1979 and 1981 large
numbers of tadpoles were found along
a shore at which wind had accumulated
1-3-cm thick layers of pine pollen (Pi-
nus taeda) from the surface of the pond.
In both years, the intestines of the tad-
poles were filled with pine pollen.

Hybridization and Isolating Mecha-
nisms.—Fig. 2 shows the bivariate plot
for scores of B. houstonensis, B. weod-
housei, and B. wvalliceps (the a priori
groups) as well as the three hybrid com-
binations for two canonical axes. The
first canonical axis is defined by CAI=
2.05A — 0.57B — 0.43C + 1.40D + 1.08,
where A = distance between the inter-
orbital crests, B = length of the paratoid
gland, C = length of the tibiofibula, and
D = distance between the paratoid
gland and the transverse axis of the
postorbital crest (all to the nearest
0.1 mm). Likewise, the second canoni-
cal axis is defined by CA 11 = 0.44A —
0.64B + 0.42C — 1.86D — 3.50. This
method of discrimination was found to
be a reliable means of identifying the

TasLe 3. Allelic frequencies of B. woodhousei
(N = 10), B. houstonensis (N = 20}, and B. valliceps
(N = 10) at six presumptive genetic loci.

Species
houston-
Locus Aliele woodhousel ensis valliceps
SOD-1 55 — — 1.000
60 — 0.150 —
65 0.350 - —
80 — 0.225 —
100 — 0.575 —
110 0.650 0.050 —
EST-2 90 — 0.125 —
94 0.550 —_ —_
100 — 0.450 —
102 .350 — —
105 — 0.425 —_
108 0.100 — —
110 —_ — 0.250
112 —_ —_ 0.750
EST-3 100 — 1.000 —
110 - — 1.000
120 1.000 — —
LDH-1 100 -_— 0.700 —_
106 —_ 0.275 —_
108 — 0.025 —_
112 1.000 — —
125 —_ — 1.000
ME-2 100 — 0.875 1.000
110 — 0.125 —
120 1.000 — —
MDH-2 70 —_ — 1.000
100 1.000 1.000 —_

hybrid toads {Fig. 2) and was confirmed
electrophoretically: all of the suspected
hybrids had hybrid genotypes at six ge-
netic loci, five of which were diagnostic
for each comparison with B. houstonensis
(see Tables 3 and 4). Mating calls are
also useful for identifying calling hy-
brids (Brown, 1971). An additional
character that can be used to identify
some hybrid combinations is vocal sac
coloration. Vocal sacs of B. walliceps are
yellow, whereas those of B. houstonensis
and B. woodhousei are black, The latter
two species can also be distinguished
on the basis of vocal sac condition: the
skin that covers the vocal sac of B. hous-
tonensis is translucent and the underly-
ing muscle can be seen through it,
whereas in B. woodhousei it is thick and
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TaBLE 4. Observed genotypes of B. woodhousei X B. houstonensis hybrids (N = 4), B. valliceps x B.
houstonensis hybrids (N = 8), and one presumed backcross of B. woodhousei x B. houstenensis to B. hous-
tonensis, Parental origin of each of the alleles is indicated by the appropriate initial. SOD-1*", indicated
as an allele of B. woodhousei (marked with a star), was also present in low frequency (0.05) in the sample
of B. houstonensis. ME-2'® is present in both B, houstonensis and B. valliceps, and MDH-2'% is present in

both B. woeodhouset and B. houstonensis.

Hybrid combination

{(woodhousei X houstonensis)

Locus woodhousei X houstonensis x houstonensts valliceps x houskonensis
S0D-1 80-H/110-W* (2) 60-H/110-W™ (1) 55-Vi60-H (1)
60-H/65-W (1) 55-V/80-H (2)
65-W/100-H (1} 55-V/100-H (5)
EST-2 90-H/102-W {1} 100-H/105-H (1) 100-H/110-V (2)
94-W/100-H (1} 100-H/112-V (2)
94-W/105-H (2) 105-H/110-V (1)
105-H/112-V (3)
EST-3 100-H/120-W (4) 100-H/100-H (1) 100-H/110-V (8}
LDH-1 100-H/112-W (3) 100-H/112-W (1) 100-H/125-V {5)
106-H/112-W (1) 106-H/125-V (3)
ME-2 100-H/120-W (4} 100-H/120-W (1) 100-H/100-V (8)
MDH-2 100-H/100-W (4) 100- 2/100- ? (1) 70-V/100-H (8)

opaque. B. valliceps % B. houstonensis hy-
brids have a small amount of yellow
pigment on their vocal sacs, and are
readily distinguishable from either pa-
rental species. B. houstonensis X B. wood-
housei hybrids are also intermediate with
respect to the parental species in vocal
sac morphology, but approach the B.
woodhousei condition more closely.
Hybridization among the three
species is low within the study area. No
B. woodhousei % B. valliceps hybrids were
found at any of the study sites (the in-
dividuals represented in Fig. 2 are from
Austin, in adjacent Travis Co.). B. wood-
housei X B. houstonensis hybrids were
found at only one of the study sites (#2),
and only four F;-hybrids (as well as one
probable backcross to B. houstonensis)
were found there. B. valliceps X B. hous-
fonensis hybrids were found at two of
the sites—two at site 4 and six at site 6.
In each of these cases, hybrids repre-
sent less than 1% of the parental pop-
ulations. Although no B. valliceps x B.
houstonensis hybrids were found during
1981 at site 5, Nancy Jacobson (pers.
comm.) found one such hybrid out of

387 marked or individually recogniz-
able B. houstonensis at this locality in 1982
(Fig. 2).

The low levels of hybridization and
the restriction of hybrids to only a few
localities suggest that premating isolat-
ing mechanisms are well developed
among B. houstonensis, B. woodhousei, and
B. valliceps. Brown (1971) considered the
premating isolating mechanisms among
these three species and concluded that
... all premating isolating mecha-
nisms except mating call and size seem
to have partially broken down.” He -
noted that breeding seasons of the three
species overlapped widely, considered
habitat isolation to be poorly devel-
oped, and reported that differences in
species densities were a “possible con-
tributing cause of natural hybridiza-
tion.”

At present B. houstonensis and B. val-
liceps seem to be isolated primarily by
differences in their respective breeding
seasons (Fig. 3). No actual breeding of
B. valliceps occurred before May in 1981,
although a few males of this species
were present at some of the sites as ear-




ENDANGERED TOAD ECOLOGY 69

ly as 3 April. In contrast, only one fe-
male B. houstonensis was found after 2
April in 1981 (on 2 May). W. F. Blair
(1963) reported that laboratory crosses
of females of the B. wvalliceps species
group to males of the B. americanus
species group result in death of the off-
spring before metamorphosis; there-
fore, the only hybridization between B.
houstonensis and B. valliceps expected to
result in adults is the reciprocal com-
bination (Brown, 1971). Kennedy (1962)
reported offspring raised to maturity
from such a cross. In 1981, no hybrid-
ization between these two species was
observed at any of our study sites, and
the only female B. houstonensis that we
found after the seasonal onset of cho-
rusing of B. valliceps arrived at site 3 on
a night when no B. valliceps were pres-
ent. This female was found in amplexus
with a conspecific male.

In some years, temporal isolation of
B. valliceps and B. houstonensis is not so
complete as it was in 1981, as evidenced
by the eight hybrids between these two
species present at choruses in 1981. In
1979 we found a female B. houstonensis
in amplexus with a conspecific male on
17 April in a chorus of 25 B. houstonensis
and five B. valliceps. Brown (1971) found
two male B. valliceps in amplexus with
two female B. houstonensis, with one
male B. houstonensis calling at the site
{date not reported). '

All of the hybrids between B. hous-
tonensis and B. valliceps were present at
choruses that were composed primarily
of the former species, but with a few
males of the latter species calling as well
(Fig. 3). These hybrids are reportedly
sterile (Brown, 1971), so presumably
backcrossing cannot occur {no back-
crossed individuals were found in our
electrophoretic analysis). All of the fe-
males present at these choruses were B,
valliceps, each of which was in amplexus
with a conspecific male.

The breeding seasons of B. houstonen-
sis and B. woodhousei are similar in the
Bastrop area (Fig. 3), so temporal isola-
tion is not in effect between these two

species. However, B. houstonensis and B.
woodhousei are essentially parapatric in
the Bastrop area with virtually no over-
lap in their ranges (Fig. 1; Brown, 1971).
B. houstonensis occurs throughout most
of the approximately 20,000-hectare
disjunct island of Pinus taeda in Bastrop
Co., whereas B. woodhousei populations
surround this island of pine forest. This
co-occurrence of B. houstonensis and Pi-
nus taeda in Bastrop Co. (there are no
pines in some other parts of the range
of B. houstonensis) is probably due to the
fact that pines grow only in sandy soil
in the region {(Youngman, 1965), and B.
houstonensis also displays a strong pref-
erence for this type substrate.
Breakdown of the habitat isolation
between B. woodhousei and B. houstonen-
sis probably can occur whenever clear-
ing activities by humans around the pe-
riphery of the pine forest cause erosion
and other disturbance {pers. obs;
Brown, 1971). In 1981, we found B.
houstonensis X B. woodhousei hybrids at
only one locality (site 2)—a pair of lakes
that were constructed in the early 1970's
in an area that was cleared on the edge
of the pine forest (Fig. 1). Much of the
sand in the area has been lost to ero-
sion, and presumably B. woodhousei has
invaded what had been B. houstonensis
habitat, with limited hybridization the
result. In 1981, the B. houstonensis pop-
ulation at this site was much larger than
the population of B. woodhouser; how-
ever, with continuing change of habitat
through exposure, construction, and"’
erosion, this area may become more fa-
vorable to B. woodhousei and less favor-
able to B. houstonensis. Evidence for this
possibility rests with the condition in
1981 of a previously reported (Brown,
1971) site of hybridization (during the
mid-1960"s) near site 11. In 1979-1981,
B. woodhousei was present at this locality
but B. houstonensis was absent (Fig. 1),
The hybridization was reported shortly
after construction had altered the area
(Brown, 1971); by 1979, the area appar-
ently had become unsuitable for sup-
porting populations of B. houstonensis,
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Besides the two primary premating
isolating mechanisms considered above,
several other mechanisms are probably
effective in further reducing hybridiza-
tion. As reported by Brown (1971), male
B. houstonensis are significantly smaller
than either male B. woodhousei or male
B. valliceps (Table 1), Female B. housto-
nensis may be able to discriminate be-
tween the males of these species by size,
or male B. houstonensis may be too small
to effectively clasp some females of the
other species. However, the size range
of female B. woodhousei widely overlaps
the size range of female B. houstonensis.
In addition, the actual limitations of
amplexus size-differential are not
reached by the difference in size of male
B. houstonensis and female B. woodhousei;
a small male B. houstonensis (55 mm) ex-
perimentally placed with a large female
B. woodhousei (90 mm) grasped the fe-
male and remained in amplexus for
eight days (the female B. woodhousei was
not in breeding condition). The other
reported possible premating isolating
mechanism is the difference among the
three species in mating calls (Brown,
1971). All three species can be recog-
nized by their mating calls (as can the
hybrid combinations); presumably, the
females of each species are also able to
distinguish the calls of conspecific males
from those of other species.

Status of the Extant Populations.—B.
houstonensis has been reported from sev-
en counties in southeastern Texas (W.
F. Blair, 19564; Brown, 1971; and Sand-
ers, 1953). Since 1977, B. houstonensis has
been found only in Bastrop and Burle-
son counties, and only five males have
been found at the Burleson Co. locality
from 1981 to 1983 (J. R. Dixon, pers.
comm.). Older Harris Co. and Fort Bend
Co. localities for B. houstonensis have
been considerably altered by the expan-
sion of Houston. We visited the Austin
Co., Liberty Co., and Colorado Co. lo-
calities in 1981, and found areas where
seemingly favorable habitat remained,
especially at the Liberty Co. locality.
However, no B. houstonensis have been

reported from any of these localities
since the 1950's. At present, the only
known substantial populations of B.
houstonensis are in Bastrop Co.

In Bastrop Co., populations of B. hous-
tonensis are large and seem to occur
throughout the areas that are forested
in pine. Brown (1975) estimated that in
1967 “there were probably no more than
300 B. houstonensis (possibly less than
100) in Bastrop Co.,” but also noted that
it was difficult to estimate population
sizes for the species. Our study indi-
cates the present existence of much
higher population levels. An accurate
population estimate remains a difficult
objective, especially considering that
only a small portion of the pine forest
in Bastrop Co. has been surveyed. How-
ever, present population sizes of B.
houstonensis in Bastrop Co. appear not to
be critically low; the restricted range of
the species coupled with habitat de-
struction within this area seem to be the
primary factors in the endangerment
of B. houstonensis.
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