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ABSTRACT

‘The products of 20 enzyme-coding loci were examined for

147 toads representing 4 of the 6 mpembers of the Pufo
americanus species group, including the endangered B.
houstonensis. No diagnostic ‘alleles were found for any
of the taxa examined. The data support previously

hypothesized phylogenetic relationships and reflect

current zoogecgraphic positions of the taxa invelved. &
pattern of reticulate hybridization among ‘taxa and
between populations in historic times is suggested. The
data do not refute the hypothesis that Bufo houstonensis
is a distinct evolutionary lineage. They also do not
suggest genetic divergence between isolated populations

of  B. houstonensis. Examination of seguence or

restriction-site wvariation in nuclear and mt-DNA is
required to reveal in detail the extent of reticulatioen
among the lineages exanmined in this study.
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Introduction and Background

The Houston Toad, Biufo houstonensis, is a small member of the Bufe americanus
species group. It is endemic to southcentral Texas and occurs as relict populations on
sandy soils in Post-Ozk Woodland and Gulf Coastal Prairie vegetation communities,

Bufo houstonensis is believed to be closely related to B, americanus and 10 have recentty

diverged from it sometime during the Pleistocens (Blair, 1972a). Prior to it's description

the Houston Toad had been confused by some (e.g. Harwood, 1932) with another
member of the americanus group, B. terrestris, and subsequendy had been considered by
some {(e.g. ]élair, 1957} conspecific with B..emericanus. Bufo americanus charlesmithi
occurs in noriheast Texas and slong the Red River to Cocke County, u.;hereas B
terrestris is native to the southeastém United States and most closely approaches the
range of the Houston Toad in eastern Louisiana and soothern Mississippi east of the
Mississippi River. Concems over the future existence of B. houstonensis on the
landscape prompted the U. 8. Fish and Wildlife Service to list it as an endangered species
in 1970. A Recovery Plan (USFWS, 1984) was established, and one of the tasks
identified in that plan was to determine the systematic relationship between Bufo
houstonensis and B. americanus charlesmithi. This report addresses that guestion by
examining the penetic relationships among 4 members of the americamus species group

which occur within close geographic proximity to each other in the southeentral United

Siates using a]lﬂzymﬁ.ﬂlcuuphuresis.
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Methods

Specimens from the following taxa and localities were examined: Bufo
houstonensis; Bastrop County, Texas (25 specimens), [;EIDH.C{}HHI.}', Texas (11
specimens): Bufo americanus; Jackson County, Arkansas (23 specimens), Cooke County,
Texas (14 specimens), Lamar County, Texas (6 specimens): Bufo terrestris; Pearl
County, Mississippi (24 specimens): Bufo woodhousii velatus; Rusk County, Texas 6 -
specimens), Marion County, Texas (8 specimens}, Smith County, Texas (11 specimens},
Nacogdoches County, Texas (4 specimens): Bufo weodhousii woodhousit, Avstin
County, Texas (1 specimen}, Montgomery Counity, Texas.(3 specimens), Guadalupe
County, Texas (5 specimens), Robertson County, Texas {1 specimen), Freestone County,
Texas {3 specitnens), Limestone County, Texas (1 specimen}, Falls County, Texas (1
specimen),

The products of 20 enzyme-encoding loci were examined using standard
horizontat starch-gel electzophoresis (Murphy et al., 1990). Genetic dis(ances were
calculated among the species using the program BIOSYS-1 (Swofford and Selander,
1981), and these distances were used to constract UPGMA phenograms and Distance
Wagner trees (Swofford and Olsen, 1990).

The loci examined were aspariate amino transferase, both mitochondrial (AAT-
M) and supernatant (AAT-8) forms; two aconitase hydratase foci (ACO-1 and ACO-2);
adenyiate kinase (AK); creatine kinase (CK); fructose-bisphosphatase (FBPY;
glyceraldehyde-3-phosphate dehydrogenase (G3PDH); P-glucuronidase (B-GLURY;
glutathione reductase (GR); two isocitrate dehydrogenase Joci (IDH-1 and IDH-2); malale
debydrogenase (MDHP); mannose-6-phosphate isomerase (MPI); three peptidase loci
{PEP-A, PEP—B,. and PEP-D); phosphuglﬁcomutase (PGM); pyruvate kinase (PK); and
superoxide dismutase (SOD). Staining for all enzymes foliowed Muarphy et al. (1990).



Resnlts

Twelve loci were polymorphic within or among the species exarnined (‘i‘able I).
None of the species or-subspecies showed fixed differences at any of these loci, although
the allelic frequencies were often quite diﬂ'm‘eﬁt amonag. the species. The Rogers' genetic
dist;mces (Table 2) among the taxa ranged-from a low of 0.126 {Bufo woodhousii
woodkousii to Bufo woodhousii velarus) to a high of 0.274 (Bufo rervestrs to Bufo w.
woodhousii; Table 2). Bufo houstonerisis was most similar 10 B, gmericanus (Rogers' D
= 0.142) and most divergent fromBufo terrestris (D =0.212). Among the taxa examined,
only B. w, weodhousii and B. w. velatus were more similar in their allozymes (D = 0.126)
than B. houstonensis and B. americanus. -

In tl'le UPGMA phenogram based on genetic distaénces {Fig. 1), B..americanus and
B. houstonensis cluster together, as do B. w. woodhousii :Imd B w. velatus, Bufo
terrestris falls outside of the other species. The 'Distanoc%Wag_ner tree is very simitar,
except that the mid-point rooting of this tree falls hcmeeé: B. w. woodhousii and B, w.
velatus on o:nﬂ hand and B. terrestris, B. houstonensis, and B. americanus on the other

(Fig. 2).




Table 1. Allelic frequencies for 20 enzyme-encoding loci in seven groups of southeasiern:

Bufo. Key to groups: 1; Bufo americanus, Arkansas; 2: Bufo americanus, Texas; 3: Bufo

houstonensis, Bastrop County; 4: Bufo koustonensis, Leon County;

3: Bufo terrestris,

Mississippi; 6: Bufo woodhousii velatus, Texas; T: Bufo-woodhousii woodhousii, Texas.
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fable 1 {ccnt}
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Table 1 {conk).
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Table 2. Genetic distances among five taxa of southeastern Bigfo. Below diagonal:

Modified Ré)gers‘ distance (Wright, 1978); above diagonal: Ruge:rs' {1972) genetic

distance.
Populaticn 1 2 3 4 g
B. americanus se¥¥+ 142,220 .1B6  .232
B. houstopensis = .232 **¥¥+ 312 179 208
B. t:e_rres.':r.is . 317 L30T hAkadk 232 274
B. w.' velatus 270 .290 352 Rwsrx 126
B. w. woodhousii 336 .323 L399 243 exExs



Rogers' Genetic Distance
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Figure i. UPGMA phenogram of five taxa of Bufe from the southeasiern United States:
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Figure 2, Distance Wagner tree of five taxa of Bufo from the southeastem. United States.
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Dizcussion

As has been suggested (A. P. Blair, 1957; W. F. Blair; 1963), B. houstonensis is
closely related to B, americanus, and the two species have no known fixed differences in
allozymes fTihle 1). However, the same appears 1o be true of all the species examined in
this study, including several speciés pairs that pccitr sympatrically. At any given
sympatric Iocality, uf given any two sp;aciﬁc populatons, it is often possible to ideneify
fixed alinzymic differences betsﬁe:e:n spet:ies {e.g. Hillis et al 1984), but when
populaﬁuns from wide geographic areas are pooled (as in the present study), these
differences become blurred. It is likely that the reason for this lack of fixed differences is
interbreeding and hyﬁridizﬁtinn émung the species, which introduce alleles fror one
species into the gene pool of ancther. Species of thé-Bufb @mericanus grovp are
extensively interfertile, and hybrids are known wherever two or mare species oeeur
sympatrically (Brown, 1967, 1971; Cory and Manion, 1955; Heorich, 1968; Hillis et al.,
1984: Sanders, 1961; Volpe, 1959; Zweifel, 1969). Typically this oocurs when premating
isolating mechanisms have been breached due to natural 6: anthropogenic modifications
of the landscape. This can lead to reiriforcement of species boundaries in certain
situations (Jones, 1973) or the disappearance of one or more species in areas of sympaltric
contact (Sullivan, 1986). This study indicates that past hybridization has been eXtensive
enough to prevent the fixation of unigue {diagnostic) alleles in any of the species
exarningzd in this report

Should Bufo housionensis be recognized as a distinct species? This species
appears to be about as divergent as the other species in this group (Fig. 2), and has known
(albeit minor) rﬂ.urphnlogical (Sanders, 1§53) and auditory (Brown, 1973) differences
compared 1o its closest relative, Bufe americanus. These differences, combined with its

geographical isolation and genetic divergence, indicate that Bufo houstonensis is a

-11-



distinct evolutionary lineage (Frost and Hillis, 1990; Frost et al., 1992) and should
continue (o bﬂ recognized as a distinct species.

Future Work

To li:mk in detail at the extr.-,ﬁt of reticulation Aamong the Bufo americanis group
lineages in the. southeastem United States, it will be necessary to examine sequence or
restriction- sme. variation in nuclear and mitochondrial DNA genes Such studies would he
useful for exam ining relationships among pﬁpulanons within the currently recognized
species, a_mil would present a clearer picture of the dlsunc:mreﬂess of the species within
the Bufp arréen'canus group. The allozyme data presented here suggest & complex and
mti—::ul_atingghismry among the species of the B. americanus group, but are not sufficient
in themselves to illaminate the details of this history. R

In aédil.i{m. thorough morphometric and ﬁudinspecu*ugraphic anal_;,rsas of the Bufo
americanus group in the southeastern Umte:i States (BSPﬂClHll}F eastern Texas) are needed
to delimit the species in this group, and 1o determine the effects of hyhnd;zaucn on the
ability of ﬂ};se toads to maintain their individual identities. A coordinated effort is
required to _:integrate molecular data on hybridization with the merphological and sound

analyses,
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