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Summary 
The balancer is a larval appendage whose taxonomic 

distribution is limited to approximately half of the species 
found in three of the ten families of salamanders. These 
organs are small projections from the region of the jaw 
joint that are present before limbs develop; they appar- 
ently function in mechanical support and chemical adhe- 
sion. Balancers are typically associated with species that 
are pond breeding, as opposed to stream breeding, and 
are therefore assumed to be adaptive in still water and 
non-functional in flowing water. However, many excep- 
tions to this generalization exist. We explain this unusual 
distribution by combining morphological and natural histo- 
ry data with a phylogenetic analysis. Because the bal- 
ancer has been little studied, we summarize the literature 
on morphology, development, variation, function, ontoge- 
netic fate, ecological distribution, and homology. Using 
immunohistcxhemical methods we find that the balancer 
is a complex organ. The balancer contains a layer of type 
Il collagen that may function as a non-bony skeleton and 
is innervated by the ramus mandibularis of the fifth cranial 
newe. We hypothesize that balancers evolved as a 
synapomorphy of advanced salamander families, after 
the divergence of the Sirenidae, and that they have been 
lost independently many times. Homoplasy is unidirec- 
tional involving loss of the balancer alone, according to 
this hypothesis. 

Introduction 
The caudate balancer is a paired, larval organ 

that is slender and rod-like with slightly bulbous tips. 

l )  Correspondence to: A. J. Crawford 
z, Reprint orders to: D. B. Wake 

Each balancer projects laterally and posteroventral- 
ly from a point slightly posteroventral to the eye of 
the hatchling, dorsal to the jaw joint. It is a morpho- 
logical novelty of Caudata (Amphibia), putatively 
without homologue (Lieberkind 1937). Balancers 
are found in a limited number of caudate taxa, and 
only in mid- to late embryonic and early hatchling 
stages of development. The organ has largely es- 
caped the recent attention of herpetologists and 
evolutionary morphologists. In this paper we review 
the literature on balancer morphology and report 
new, comparative irnmunhistochemical data. We 
further provide a comprehensive summary of cur- 
rent knowledge about development, variation, func- 
tion, ontogenetic fate, ecological distribution, and 
homology of the balancer. We then present a phylo- 
genetic analysis of the distribution of balancers, 
evaluating their origin and evolution in light of our 
understanding of morphology and life history. 

Balancers are typically found in those caudate 
species that possess a pond-type lawal morpholo- 
gy and life history (Noble 1931). These organs are 
thought to confer physical support and stability of a 
limbless larva at rest (e.& Pough et al. 1998; but 
see below). To explain its patchy taxonomic distri- 
bution, Noble (footnote in Harrison 1925) proposed 
a working hypothesis that ?he balancer develops in 
all forms where it can function," implying that this 
organ may function in a still pond, but not in a 
stream or swift current. Noble also acknowledged 
some exceptions, and '?he absence of balancers in 
some pond-type larvae (e.g., sirenids) is unex- 
plained at present" (Duellman and Trueb 1986, p. 
157). Further, "the curious absence of a functional 
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balancer in at least two races of Ambystoma tigri- 
num does not appear explainable at this time? 
(Salthe and Mecham 1974, p. 455). Comments 
such as these suggest that a phylogenetic analysis 
of balancer evolution is needed. 

Balancers were first described by Spallanzani 
(1784), who mistook them for ?smaller bundles of 
gills? (p. 59). These organs have been identified by 
various terms, including crochets de Rusconi (van 
Barnbeke 1880), Kiefetiuttsatz and Fortsatz des 
Kiefehogens (Maurer 1888), SaugnApfe (Wieder- 
sheim 1875), Rusconi?sche Hdkchen (Wunderer 
1 9 1 0) , Stiifrorgane (Egert 1 97 3), Balanzierstange 
(Mu rayama 1 9281, balan c jng -st i cks (0 yam a 
1929b), Haftfaden (Mangold 1931), and Haftorgane 
(Lieberkind 1937). The term ?balancer? has been 
credited erroneously to Clarke (1880) who, in fact, 
stated that the term was already in use, and noted 
that its origin derived from resemblance of the or- 
gans to the balancers (i.e., halteres) of dipteran in- 
sects. 

Morphology 

The general morphology of balancers shows re- 
markable constancy. While anatomical studies of 
balancers have been conducted in only a few 
species, taxonomic diversity has been well repre- 
sented: Ambystoma jeffersonianum (Anderson and 
Kollros 1 %2), A. maculatum (Latta 191 9; Harrison 
1 925), A. opacum (Latta 191 9; Anderson and Kollros 
1962), A. tigrinurn (Nicholas 1924b3, Hymbiius ni- 
grescens (Mu rayama l 928), Notophthalmus Virides- 
cens (Bell 1907), Pleurodeles walrl (Fox 1985; Lie- 
berkind 1937), T&ws ajpestris (RollhBuser-ter 
Horst 1977), T: cristafus (Lieberkind 19371, and T; 
vulgaris (Maurer 1888; Egert 1 91 3; Lieberkind 1937). 

Balancers are vascularized by branches of the 
hyomandibular artery and jugular vein, which to- 
gether form a single loop within each organ {Harri- 
son 1925; Maurer 1888). Each balancer is lined by 
two layers of epithelial cells, an outer cuboidal layer 
and an inner columnar layer, which cover the base- 
ment membrane (Harrison 1925; Le., the basement 
lamella of Fox 1985). Filaments of collagen (Fox 
1985) compose the basement membrane of the bal- 
ancer and lack the high degree of orientation found 
in the skin (Anderson and Kollros 1962). Below the 
basement membrane lies an undifferentiated mes- 
enchyme matrix (Harrison 1925; Anderson and 
Kollros 1962). A branch of the fifth cranial nenre 
supplies the balancer (Harrison 1925), and the bal- 
ancer epithelium is more extensively innenrated 
than the surrounding tissue (Fox 1985). 

The bulbous tip of the balancer contains many 
small secretory cones, each emanating from a sin- 
gle epithelial cell, that excrete a sticky mucous [Am- 

108 Zoology 101 (1998) 2 

bystoma maculatum (Harrison 1926); Hymbius ni- 
grescens (Murayama 1928); Triturus alpestris (Greil 
1906)). Bell (1 907) may have obsewed these same 
structures, which he called thick, sucker-like projec- 
tions, in Nofophthalmus viridescens. Investigation 
of the cells of secretory cones by etectron micros- 
copy has revealed an extensive, granular endoplas- 
mic reticulum and well developed Golgi complexes 
that are involved in the synthesis of a muco-pro- 
teinaceous substance (Fox 1985). 

Dunn (1923a) and Noble (1 927) reported the oc- 
currence of ?double balancers? in Hynobius me-  
vius. These reports are second hand accounts of 
Tago?s (1 907) original study published in Japanese; 
they have never been verified. In contrast, Oyama 
(1 929a) reported a complete absence of balancers 
in H. naevius. The photographs of H. naevius in 
Obara (1984) also show no balancers, standard or 
doubled, in the embryos and hatchlings. According 
to M. Matsui (pers. comm.), the species Tag0 stud- 
ied was in fact H, tokyoensis, which has typical bal- 
ancers. Perhaps the Japanese term for ?paired bal- 
ancers? was erroneously translated as ?double bal- 
ancers.? Noble (1 927, p. 37) also reported that dou- 
ble balancers were found once in Ambystoma, but 
he  provided no evidence or citation for this claim. 

Immunohlstochemical Analysis 

Balancers of Ambystoma gracile (Ambystomati- 
dae) and Taricha toma (Salarnandridae) were 
studied using whole mount immunohistochemistry. 
Eggs of the two species were collected in naturally 
occurring ponds in Del Norte and Monterey coun- 
ties, California, respectively, allowed to hatch in the 
laboratory, and the larvae fixed in Dent fixative (one 
part dimethyl sulfoxide in four parts 100% metha- 
nol). Following standard techniques (Klymkowsky 
and Hanken 1991 ) y  whole mount preparations were 
made using two kinds of antibodies: type II collagen 
(llsB3/1 5A4; Linsenrnayer and Hendrix 1980) which 
stains for dense collagen matrices, and alpha-tubu- 
lin (6-IIB-I; Piperno and Fuller 1985) which stains 
for peripheral nerves. 

Balancers are closely similar in the two species. 
They are attached to the side of the head, just be- 
hind and below the eyes, and are directed posteri- 
orly in the preserved specimens. They are well 
stained by type I I  collagen, especially near their 
base but also distally (Figs. 1 and 2). There is a rel- 
atively swollen basal region that is apparently an 
outgrowth of the outer surface of the developing 
palatoquadrate cartilage, immediately above the 
posterior end of Meckel?s cartilage. Also visible at 
this stage of development are incomplete but paired 
Meckel?s cartilage, trabecula, suspensorium, otic 
capsule and parts of the hyobranchial apparatus, as 



are proximal elements of the forelimb and shoulder 
girdle. The surface of the balancer appears to be 
fuzzy, especially distally, in these whole-mounts. 
The apparent fuzziness may be due to secretory 
cones protruding from the surface near the tip (Har- 
rison 1925). Proximal portions of the balancer are 
densely stained. This stained region is relatively 
thick and completely encircles the base of the bal- 
ancer. Although it is thinner distal to the base, the 
densely stained material is clearly present through- 
out the length of the organ as a distinct layer, which 
is a continuation of the basement membrane (the 
balancer membrane of Harrison 1925). The rigidity 
of the balancer is likely due to this thick layer, which 
may serve as a compact, non-bony skeleton. Harri- 
son (1925, p. 264 and see fig. 49) found that a sev- 
ered balancer with its associated epithelium and 
mesenchyme removed by digestive enzymes re- 
tains its shape end appears similar to “a long nar- 
row test-tube.” However, type I1 collagen does not 
necessarily serve 8 skeletal function, and other fac- 
tors may contribute to the balancer’s rigidity. 

Balancers in both species are supplied by a dis- 
tinct nerve that branches from the ramus mandibu- 
laris of the fifth cranial (trigeminal) newe. The bal- 
ancer new8 is well developed and branches exten- 
sively (Figs. 3 and 4). The main nerve forms a long 
loop within the balancer that fades into small 
branches as it returns to the base of the organ. 

Whole mount immunohistochemistry enables 
three-dimensional visualization of structures previ- 
ously visible only by using histological methacis in- 
volving sectioning. The innervation is especially 
clear using this approach, and in general our results 
fully support Harrison’s (1 925) observations con- 
cerning the morphology of the organ. 

Development 

The classic study of balanwr development was 
conducted on A. maculatum by Harrison (19251, 
whose results we briefly summarize. Internal, visi- 
ble development of the balancer starts at Harrison’s 
stage (H) 33, when the inner ectodermal layer thick- 
ens as its cells take on a columnar shape. The bal- 
ancer first appears exteriorly in H 34 as a faint 
rounded bulge on the mandibular arch, near the 
palatoquadrate cartilage. At H 36, microvilli and a 
few cilia appear on the surface of the now cylindrical 
balancer. Cilia are not found on balancers of older 
stages (Fox 1985). Secretory cones develop at H 
38, accompanied by elongation of the balancer 
through change in cell shape. The balancer is fully 
deveioped at H 40-41. The balancer is lost by H 46. 
At this point each forelimb possesses three digits. 
By transplanting tissues between individuals of 

different ages, Harrison (1 925) showed that the life- 

time of the balancer is determined intrinsically 
(donor specific), and that the developmental fate of 
these ectodermal cells is determined perhaps as 
early as the later gastrula stage. Also, transplant ex- 
periments demonstrated that the developmental ori- 
gin of the balancer is ectodermal, Le., only ecto- 
derm is required for the initiation of balancer forma- 
tion. Further evidence of ectodermal control of bal- 
ancer deVdOpm8nt was revealed by heterospecific 
transplantatlon experiments between Triturus vul- 
garis, a species possessing balancers, and Am- 
bystoma mexicanurn, a species without balancers 
(Mangold 1931). These experiments showed that 
transplanted mandibular arch tissue from late gas- 
trula or neurula embryos developed the phenotype 
of the donor, but not of the host species. Regenera- 
tion of balancers is limited or nonexistent (MI1 
1907). 

Inter- and intraspecific variation in the develop- 
ment of balancers scarcely has been investigated. 
In one of very few comparative studies of balancer 
development, Oyama (1929b) found that the bal- 
ancers of Cynops pyrhogaster become shorter 
after hatching, whereas those of Hymbius nebulo- 
sus continue to grow somewhat after hatching and 
have a longer lifetime than those of C, pyrrhogasfer. 
Regarding intraspecific variation, Clarke (1880) ob- 
served both of the preceding patterns within Am- 
bystoma maculatum. Clarke claimed that ‘in exam- 
ining a large number of [A. maculatum] specimens, 
it is at once seen that there is great variation in the 
progress of development. The position of the bal- 
ancers too, varies considerably in different individu- 
als of the same age (p. 115).” Unfortunately, Clarke 
provided no data to back up this provocative and 
unique claim. 

Balancers are not always fully developed in 
species that possess them, nor are they always ab- 
sent in all species said to lack them. Rudimentary 
balancers are described as part of the normal de- 
velopment of certain salamander species, e.g., 
Salamandm afm (Wunderer 191 0) and €chinotriton 
andersoni (Utsunomiya and Utsunomiya 1977). In 
these species the balancers first appear at roughly 
the same stage in ontogeny as functional bal- 
ancers, but they grow to only a fraction of the ex- 
pected size and are quickly resorbed. individuals 
with rudimentary balancers may also m u r  infre- 
quently in a species that otherwise lacks balancers 
throughout development. Y. Misawa (pes. comm.) 
found one unpaired yet well-developed balancer out 
of 1,200 embryos of Hymbius kimurae. Maurer 
(1888) reported one paired balancer in 60 individu- 
als of Ambystoma mexicanurn. Rudimentary bal- 
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ancers have also been reported in A. tigrinurn. 
Nicholas (1 924a, b) reported rudimentary balancers 
in as many of 56 of 61 individuals of A. trigrinum 
from Wisconsin or North Dakota (exact source lo- 
cality unknown), whereas Harrison (1 925) found 
none in A. tigrinurn from Illinois, Kansas, Minnesota, 
and perhaps North Dakota. Lastly, Twitty (1936) re- 
ported rudimentary balancers of various sizes in 
42% of Taricha n'vularis larvae. 

Function 

Five nonexclusive functions of balancers have 
been proposed. The first three involve structural 
support. First, balancers keep the limbless larva up- 
right while it rests on the substrate (Egert 1913). 
Second, balancers also function in preventing the 
lawa from sinking into the sediment, and concomi- 
tantly serve to elevate the head and gills above the 
substrate into a zone where the water is cleaner 
{Clarke 1880). Latta (1 91 9) tested Clarke's hypoth- 
esis by amputating the balancers of Ambystoma 
rnaculatum. He observed that when approaching 
the substrate these larvae "sink into the ooze which 
so cover the gills that respiration is necessarily hin- 
dered.* These first two functions are the most wide- 
ly cited (e.g., Duellman and Trueb 1986; Pough et 
a/. 1998). Third, Clarke (1 880) pointed out that not 
only are the gills elevated by the balancers, but so 
too is the pericardial region. He suggests that this is 
an adaptation to reduce interference to the heart- 
beat from the substrate. 

The fourth proposed function of balancers is ad- 
hesion. This function may be more important than is 

recognized currently. The distal, bulbous ends of 
balancers, as mentioned above, are covered with 
tiny mucous secreting cones, and Fox's (1985) in- 
vestigation of balancer ultrastructure lends further 
indirect support to the hypothesized mucous-se- 
creting and adhesion function of balancers. Harri- 
son (1925) found that 'when a needle is applied to 
this region, it will stick." Bell (1907) observed that 
"he balancers are made use of at once for holding 
to the sides and bottom of the dish and for support- 
ing the body" (and pers. obsv.). Similarly, Lath 
(1 91 9) noted that larvae use their balancers to hang 
on blades of grass, etc. Balancers may also be 
used to "adhere" from below to the water's surface. 
Captive Saiamandrella keyerlingii larvae were ob- 
served "hanging" vertically by their balancers while 
feeding at the water's surface, before diving back 
down to the bottom of the aquarium (E. Vorobyeva, 
pers. comm.). We believe that the adhesion function 
gains support from the morphology of the organ and 
the presence of secretory cones. 

Adhesion appears to us to be the one function 
that would be present in hypothesized ancestral 
rudimentary structures when the organ made its 
first evolutionary appearance. 

Lastly, balancers could function as mechano- or 
chemo-sensory organs. This idea had previously 
been dismissed by Maurer (1 888) who noted an ab- 
sence of any differentiated sensory cells in the bal- 
ancer epithelia of T~iurus vu/garis. Fox (1 985), how- 
ever, has argued for the possibility that balancers 
indeed have a sensory function. He described the 
balancer of Pleurodeles waltl as being extensively 
innervated by non-myelinated neun'tes. We have 
confirmed the presence of extensive innervation of 

Fig. 1. Dorsal view of the head and anterior trunk of a larval salamander, Taricha toma, stained wlth antibody to type 
11 collagen. This is a 10.0 mm (total length) larva, stage 37 or 38 (Twitty and Bodenstein 19#}, collected from Bottle 
Pond, Hastings Natural History Reservation, Monterey Co., CA. Strong staining of the balancer membrane, especially 
basally, indicates that there is a skeletal component to the relatively rigid balancers. Note the lightly stained otic cap- 
sules and the even more lightly stained olfactory capsules. Scale bar equals 0.5 mm. 
Fig. 2. Lateral view of the left side of the head and anterior trunk of a larval salamander, Ambystoma gracile, stained 
with antibody to type II collagen. This is a fresh hatchling, 15.3 mm (total length), from eggs collected from a small pond 
near the lower reaches of Wilson Creek, Del Norte Co., CA. It is approximately stage 43, using the normal table for Am- 
bystoma maculafum (Harrison 1969). Note the deeply stained balancer and its connection to the distal end of the sus- 
pensorlum, just above the articulation with Meckel's cartilage. Note also the weakly stained otic capsule, the develop- 
ing trabecular cartilages, parts of the hyobranchial apparatus, and elements of the developing forelimb. Scale bar 
equals 0.5 mm. 
Fig. 3. Lateral view of the right side of the head and anterior trunk of a larval salamander, Taricha tomsa, stained with 
antibody to alpha-tubulin. Same data as for Fig. 1. Note the fine nerves in the balancers. These nerves are branches 
of the ramus mandibularis of the trigeminal nerve. Outlines of the developing brain and the fourth ventrlcle are also vls- 
ible. Scale bar equals 0.5 mm. 
Fig. 4. Lateral view of the lefl slde of the head of a larval salamander, Ambystoma grach, stained with antibody to 
alpha tubulin to reveal peripheral nerves. Same data as Rg. 2, except this approximately stage 42 (Harrison 1969) and 
is 16.2 mm (total length). Note the fine nerve supplying the balancer, which forms a loop. This nerve is a branch of the 
ramus mandibularis of the trigeminal nerve. The eye is well developed in this individual, as are all of the cranial and pa- 
ripheral nerves. Patches of epithelial cilia are also stained. Scale bar equals 0.5 mm. 
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the balancer (see Figs. 3 and 4). Whether all the 
above functions are exhibited, or are adaptive in all 
larvae that possess balancers, is not known. 

Ontogenetic Fate 

Balancers are ephemeraf organs; they always 
are lost well before metamorphosis. Three modes 
of balancer disappearance have been recorded: 1) 
they may gradually shrivel and be resorbed (autoly- 
sis}; 2) they may simply break off due to injury or 
structural weakness; and 3) they may break off due 
to an inward, constricting growth of ectoderm at the 
base (autotomy), with or without the formation of 
what has been described as an internal “epithelial 
plug.” Harrison (1 925) observed an external con- 
striction at the base of the balancer concomitant 
with the formation of a so-called epithelial plug, pre- 
ceding autotomy of the balancer in Ambystoma 
maculatum. Anderson and Kollros (1 962) showed 
that constriction without plug formulation precedes 
balancer loss in A. jeffersunianum. Accordingly, bal- 
ancers may be lost by a combination of modes. 

Oyama (1929b) compared the loss of balancers 
in Cynops pyrrhogasferand Hynobius nebuiosus. In 
the former species, balancer loss occurs via autoly- 
sis, involving the inward growth of the epithelial plug 
that loosely constricts blood flow to the balanmr 
and promotes internal disintegration and resorption. 
In the latter species, however, balancer loss is via 
autotomy, in which the epithelial plug grows tightly 
into the base of the balancer, cutting off blood flow 
completely, and causing the balancer to decay and 
fall off. Hynobius nigrescens (Maruyama 1928) 0 x -  
hibits a mode of balancer loss similar to that of H. 
nebulosus. The balancers of Notophthalmus viri- 
descens (Bell 1907), Ambystoma maculatum, and 
A. opacum (Lam 191 9) are reportedly last by auto- 
tomy. Liebekind (1 937) found that autolysis was the 
mode of balancer loss in fleumdeles waiti, Triturus 
cristatus, and T: wuigaris. A superficial view of autol- 
ysis is illustrated for T: helveticus in Gallien and 
Bidaud (1959). Fox (1985) described what may be 
small primary lysosomes involved in balancer auto- 
lysis in F! waltl. 

Of the eleven species summarized above, one 
finds three cases of balancer loss by autotomy in 
ambystomatids, two cases of autotomy in hynobi- 
ids, and in salamandrids one case of autotomy and 
five cases of autolysis. The occurrence of different 
modes of balancer loss across species may exhibit 
a phylogenetic pattern, as suggested by Salthe and 
Mecham (19741, but more data are needed. Fur- 
thermore, different modes may occur within a single 
species. Autolysis necessarily involves a shrinking 
and weakening of the balancer, thus increasing the 
likelihood that the balancer will simply break ofl (Fox 

1985). Perhaps one mode serves as a backup for 
another. For example, when Kollros (1940) experi- 
mentally increased the life span of the balancers of 
Ambystoma maculafum beyond the normal period 
of autotomy, these organs were lost via resorption. 
Clarke (1 8801, who also described a constriction 
and concomitant reduction of blood flow at the base 
of the balancers of A. maculatum, observed a larva 
actively breaking off its senescing balancers. 

Ecologlcal Oistri bution 

Salamander larvae have been categorized 
based upon morphology and life history as pond, 
stream, and mountain-brook types (Valentine and 
Dennis 1964; see also Ouellman and Tnreb 1986; 
Salthe 1969; and references therein). In an archety- 
pal pond-type species, newly hatched larvae pos- 
sess a pair of balancers, long gill rami and fimbriae, 
and limbs still in early stages of development. The 
anterior limit of the caudal fin in these larvae is 
greater, and the caudal musculature is less devel- 
oped, than in stream- and mountain brook-type lar- 
vae. Embryonic and larval growth exhibit an exag- 
gerated anterior to posterior gradient as compared 
to stream-type and mountain-brook-type lawae. 
Older pond-type lanrae also typically possess 
longer toes and a lateral line system. In addition to 
these morphological differences, pond-type species 
also exhibit differences in life history mode: total 
clutch sizes are larger and eggs are often laid in 
clusters that are exposed, ova are smaller and pos- 
sess melanin in the animal hemisphere, hatching is 
precocial, and parental care of clutches is not ob- 
served. Stream and mountain brook larvae lack bal- 
ancers, have short gills, have a fin restricted to the 
tail, and hatch with well developed limbs. 

While balancers generally occur in those species 
whose lanrae lack functional forelimbs upon hatch- 
ing, it may be more accurate to say that balancers 
are found in those species whose larvae begin 
feeding before or concomitant with the development 
of functional limbs. Some caudate species com- 
pletely lack functional appendages upon hatching, 
having no balancers or adequately developed 
limbs. Among these species, there may exist a pre- 
viously unreported correlation between the absence 
of balancers and the presence of a well provisioned 
yolk supply. A key difference between these hatch- 
lings and the typical pond-type larval life history, is 
that upon hatching these species are still utilizing 
their maternally provisioned yolk supply and are not 
required to obtain their own energy. This suggests 
that the occurrence of balancers may be more tight- 
ly correlated with the state of limb development 
not at the time of hatching, but at the time of first 
feeding. 
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Examples of this novel lawal life history stmtwy 
include the following. Within Hynobiidae, Hynobius 
formosanus, H. kimurae, H. naevius, and H. sonmi 
all lack balancers and appear well provisioned with 
yolk (Oyama 1929a; Kakegawa et al. 1989; Matsui 
1993). Size of gills, anterior extent of the tail fin, and 
the steep anteroposterior gradient of development 
in these species seem intermediate between pond 
and stream types. The larvae hatch out without 
functional limbs or balancers, but they still possess 
a large amount of yolk, The yolk supply remains 
until the forelimbs have developed into functional 
appendages and the lanrae begins feeding. 

Such observations are not limited to the hynobi- 
ids. Among the samalandrids, €chinotriton hatch- 
lings are well provisioned with yolk (Utsunomiya 
and Utsunomiya 1977, plate 11). Chioglossa lusita- 
nica hatchlings also lack a balancer and limbs and 
seem well endowed with yolk (Figs. 5 and 6 in 
Gonqalves 1962). The same may be true of an un- 
described species of Pachfldtun whose develop- 
ment is reported by Thiesmeier and Hornberg 
(1997). Further evidence of this correlation is found 
in species of the plethodontid tribe Hemidactyliini. 
The somewhat pond-type hatchlings of Stere- 
ochilus are apparently without functioning limbs, 
and "when resting the lawae lie on the bottom on 
their sides," and "ithe mouth is apparently unopened 
at hatching, and much yolk material is present" 
(Schwartz and Ethsridge 1954). 

Homology 

The observation that balancers develop from ec- 
toderm that is associated with the mandibular arch 
(based on patterns of innervation) suggests that, 
contra Noble (1931; p. 231, they are not evolution- 
ary homologues of the adhesive organs of Anura 
(Lieberkind 1937), which develop from the hyoid 
arch. For the same reason, balancers cannot be 
considered serial homologues of the gills (Latta 
1919). Thus, balancers are a novelty of Caudata, 
though not all species have them. The question of 
whether balancers arose singly, and are all homo- 
logues, or multiply, representing one or more paral- 
lelism within Caudata, is discussed below. 

Phylogenetic Oistribution 

In addition to the ecological component of the 
distribution of balancers there is a historical compo- 
nent as evidenced by the phylogenetically non-ran- 
dom distribution of pond-type larvae without bal- 
ancers. Here we present the first phylogenetic anal- 
ysis of the distribution of balancers and evaluate 
their evolutionary history in light of what is known 

about the ecology of each species. We conclude 
that the evolution of balancers has been non-parsi- 
monious and has involved extensive, unidirectional 
homoplastic loss. 

There are two limitations to our phylogenetic 
analyses. First, a phylogenetic analysis of character 
evolution is only as reliable as the phylogenetic hy- 
potheses on which it is based. While significant ad- 
vances have been made recently to our under- 
standing of the phylogeny of salamanders at di- 
verse taxonomic levels (e.g., Shaffer et al. 1991; 
Larson and Dimmick 1993; Titus and Larson 1995, 
1996; Jackman et al, 1997), further work is needed 
on several taxa, e.g., the Hynobiidae, Plethodonti- 
dae, and certain salamandrids. Second, knowledge 
of balancer presence or absence is not recorded for 
many species. Because balancers begin develop- 
ment in the embryo and are quickly lost, their pres- 
ence or absence is often not mentioned in species 
descriptions and natural history accounts. The Ap- 
pendix provides a compilation of data from the liter- 
ature (and a few previously unpublished observa- 
tions) concerning the presence or absence of bal- 
ancers in members of the three families in which 
they occur. The possibility exists that the larvae of a 
species may lack balancers, while the embryo may 
possess rudimentary balancers that are resorbed 
before hatching or parturition. 

Balancers are known from three caudate families: 
Hynobiidae, Salamandridae, and Arnbystomatidae 
(Peters 1964; see Fig. 5). Balancers are absent in 
the phylogenetically basal Sirenidae, yet larvae of 
this family typically display a pond-type life history 
and adults retain larval morphology and live only in 
pond habitats. Hatchlings of P seudobranchus axan- 
thus have extensive dorsal and ventral fins al- 
though, unlike most pond-type species, they already 
possess three digits (Goin 1947). The newly 
hatched lawa of Siren lacertina exemplifies a pond- 
type morphology (Goin 1947), except for its lack of a 
balancer. The same holds true for S. infermedia, 
whose larva newer shows even a vestigial balancer 
(Noble and Marshall 1932). As Noble (footnote in 
Harrison 1925) pointed out, 'This little fellow was in 
sad need of a balancer for he could lie only on his 
side." Noble recognized but could not account for 
this notable exception to this functional or phyloge- 
netic hypotheses of the taxonomic distribution of bal- 
ancers. The absence of a balancer in the pond-type 
lame of Sirenidae, as in the case of pond-type 
plethodontids, suggests that this organ does not fol- 
low a strictly ecological or functional distribution. 

Strearn-type larvae are found throughout the fam- 
ilies Cryptobranchidae, Dicamptodontidae (Noble 
1925,19271, and Rhyacotritonidae (Good and Wake 
1992). The absence of balancers in these taxa is ex- 
pected, concomitant with the absence of pond-type 
larvae, and no balancers have been recorded in the 
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Pkthodonttdas 

b D h m p l o d o n t b  

Fig. 5. This phylogenetic hypothesis of family level rela- 
tionships in the order Caudata is derived from the strict 
consensus tree of Carson and Dimmick (1993), in which 
the relationships of Rhyacotritonidae are unresolved. The 
murrence of balancers within families is shown in black. 
Hatched lines indicate that the ancestral character state 
in this lineage remains unresolved under the criterion of 
parsimonious evolution (Le., minimizing the total number 
of character state changes). The balancer or its homo- 
logue is unknown outside this clade. References are 
given in Appendix. 

literature. Species or Amphiuma pnphiumidae) lay 
their eggs on land, larvae hatch at an advanced 
state of development, complete with functional limbs 
(Hay 1888; Weber 1944), and balancers are not 
known within this group (G. K. Noble, footnote in 
Harrison 1925). Although he did not publish a devel- 
opmental series, Latta (1 91 9) reported having found 
no balancer among several series of sections of em- 
bryos and larvae of Amphima sp. The existence of 
rudimentary balancers in this family should not be 
ruled out until complete developmental sequences 
are available for at1 species. 

Balancers are unknown within Proteidae. Com- 
plete developmental sequences are available for 
Necturus maculosus (Eycleshymer and Wilson 
1910) and Proteus anguinus (Briegleb 1962; Du- 
rand 1971). However, the existence of rudimentary 
balancers within other species of Nectunrs should 
not be ruled out until complete developmental se- 
quences are available. N. maculusus usually 
breeds in streams but often breeds in lakes as well 
(Bishop 1941). This species displays an intermedi- 
ate larval morphology (Bishop 1941, fig. 7; Smith 
1911, fig. 2). Relative to a strearn-type lanral mor- 
phology, the hatchling of this species displays rather 

poorly developed limbs but well developed gills. 
Similar to a strearn-type larva, however, the anteri- 
odorsal limit of the caudal fin stops at the pelvis. 
Relative to N. rnacuiosus, the hatching of Proteus 
appears more pond-type with its poorly devetoped 
limbs and anteriorly extensive dorsal fin, but has re- 
duced gills (Briegleb 1962; Dorand 1971). 

The plethodontids include a small number of 
species possessing pond-type larvae, yet balancers 
are unknown within this group. We have been un- 
able to substantiate the claim of rudimentary bal- 
ancers in plethodontids (Duellman and Trueb 1986, 
p. 758). Plethodontids with pond-type larvae are 
limited to the tribe Hemidactyliini and include Hemi- 
dactylhim scutafum (Noble 1931, p. 59), Stereo- 
chilus marghatus (Schwartz and Etheridge 1954; 
see above) and Eurycea guadridigjitata (Duellman 
and Trueb 1986). Larvae of Hernidactylium show a 
number of pond-type characteristics, such as large 
gills and a strong anterior-posterior gradient of de- 
velopment, but they hatch with forelimbs fully devel- 
oped (Bishop 1919). Another plethodontid known to 
hatch before the developmental of functional ap- 
pendages is Pseudotriton montanus floridanus. In 
captivity these hatchlings rest “usually on their 
backs or sides” (Goin 1947), but otherwise conform 
to a stream-type morphology. 

Noble (1925) interpreted the absence of bal- 
ancers in plethodontids by invoking evolutionary 
history. He pointed out that balancers are lacking in 
any pond-type species which have been derived 
from terrestrial or mountain-brook forms. Pond-type 
characteristics of Hemidactyljum and Eurycea, such 
as increased clutch size and enlarged caudal fin 
and gill rami, represent a derived condition within 
Pfethodontidae (Noble 1931), or a reversal within 
Caudata (Dunn 1923a; Larson and Dimmick 1993, 
if one assumes that sirenids represent the ancestral 
condition). 

Caudata 

Mapping the occurrence of balancers on the fam- 
ily level caudate phylogeny motivates several hy- 
potheses of their evotution {Fig. 5). In light of sever- 
al phylogenetic hypotheses of the relationships of 
salamander families in which sirenids are the basal 
extant taxon of Caudata (Duellman and Trueb 1986; 
Larson and Dimmick 1993), coupled with the obser- 
vation that sirenids conform to an otherwise 
archetypal pond-type morphology, we interpret the 
probable absence of batancers in sirenids (and all 
outgroup taxa) as evidence that these organs 
evolved after the split between Sirenidae and the 
common ancestor of all other extant caudates. It is 
of course possible that sirenids lost balancers, 
since we argue that loss has been common (see 
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below), but given that sirenids use the only habitat 
in which balancers appear to function, we consider 
loss to be unlikely. 

There are two equally parsimonious hypotheses 
(he, minimizing the amount of evolution necessary) 
concerning the evolution of balancers: they evolved 
three times (ancestors of the hynobiids, the sala- 
mandrids, and the ambystomatids), or twice (once 
in the ancestor of Hynobiidae and once in a com- 
mon ancestor of Salamandridae, Dicamptodonti- 
dae, and Ambystomatidae) with subsequent loss in 
the dicamptodontid ancestor. It is difficult to evalu- 
ate which of these two hypotheses is more likely, 
unless one argues that losses should be more like- 
ly than gains, in which case the latter scenario 
would be favored. 

We argue, however, that the evolution of balancer 
organs involved more homoplasy than a prior as- 
sumptions of parsimonious character evolution sug- 
gest. Balancers are complex structures and are a 
unique morphological feature without homologue out- 
side of Caudata. These observations lead us to be- 
lieve that balancers did not originate more than once 
within the lineage, but more likely evolved one time 
and have experienced numerous secondary losses. 
Thus, we hypothesize that the evolution of balancer 
organs at the family level consisted of a single origin 
and from four to six subsequent losses. Even if the re- 
lationships among the taxa of less well-supported 
nodes were altered to minimize homoplasy in bal- 
ancer evolution, given a single origin of this character 
one would have to hypothesize an independent loss 
occurring in the ancestor of each of the taxa Crypto- 
branchidae, Dicamptodontidae, and Proteidae. 

Hynobiidae 

The most basal taxon that possess balancers is 
the eurasian family, Hynobiidae (Fig. 5), but not all 
hynobiids have balancers. The ancestral condition 
for the family is ambiguous (Fig. 6), but we hypoth- 
esize that balancers were present. Noble (1 927) be- 
lieved Hynobiidae to be the most basal of all cau- 
dates, whose common ancestor was a pond-type 
species, and from this stock the stream-breeding 
taxa evolved secondarily. Subsequent data suggest 
that sirenids are the basal caudates (Fig. 5), and if 
this family is assumed to represent the ancestral 
caudate condition, then the hynobiid ancestor was 
still most likely a pond-type species, like that of 
sirenids, but with the addition of a balancer. 

If the presence of balancers is plesiomorphic for 
Hynobiidae, then one might weight character state 
gains over losses and hypothesize that the loss of 
balancers across genera represents independent 
evolutionary events, likely correlated with the adap- 
tation of each lineage to a stream or mountain- 

Flg. 6. This phylogeny of hynobiid salamanders repre- 
sents the hypothesis of generic level relationships by 
fhao et aL (19881, with the addition of those species for 
which data on the presence or absence of balancers are 
avallable. lntrageneric relationships are unresolved. 
Species known to possess a balancer are represented in 
black. Data are unavailable for Liua. References are 
given in Appendix. 

brook habitat, as Noble (1927) suggested. Indeed, 
Ranodon and Onychodacfylus are mountain-brook 
forms (Dunn 1923b), as are most species of Batfa- 
chuperus (Liu 1950). Batrachuperus muslersi pro- 
vides an interesting exception that Reilly (1 983) 
classified as an intermediate form between moun- 
tain-brook and stream types. This species has bal- 
ancers at hatching, but they are soon lost (Nawabi 
1965). Its tail fin is shortened relative to its con- 
geners, but the gills are larger, clutch size larger, 
ova smaller, and larvae tend to live in pools (Reilly 
4 983). 

Alternatively, one could make no assumptions of 
the outgroup character state, in which case the bal- 
ancer evolved independently at least three times, 
once in each genus in which it is found. Evidence 
against this hypothesis is the observations (Y. Mis- 
awa, pers. comm.) of a single, unpaired balancer on 
one in 1,200 embryos of Hynobius kirnurae from 
Kyoto, Japan. We interpret this anomalous balancer 
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Curiously, two species within this balancerless 
clade breed and lay eggs in streams. Ambystoma 
msaceum breeds in slow-moving mountain 
streams, but, like Saiamandrina, shows no larval 
adaptations to this habitat (Anderson and Webb 
1978). Ambystoma ordinarium, on the other hand, 
breeds in fast-moving mountain brooks, and, like 
Taricha rivularis, has evolved a lawal morphology 
intermediate between pond- and stream-types (An- 
derson and Worthington 1971). Hatchlings of this 
species have smaller gills and a fully developed tail 
fin that regresses quickly to a “stream condition.” 
Ovum size is small as in pond-type species, but 
clutch size is reduced and limb development is ac- 
celerated similar to a streamtype species. In accor- 
dance to the phylogenetic hypothesis above, how- 
ever, the lack of balancers in these two ambystom- 
atid species should not be regarded as an adapta- 
tion to the stream habitat, contra Anderson and 
Worthington (1971), but as the ancestral condition 
of this lineage. 

Ambystoma batbouri offers a second example of 
a species that has colonized running water but re- 
tains a balancer (J. Petranka, pers. comm.). Differ- 
ences between the intermediate stream-type A, 
barbouri and its sister taxon, the pond-type Am- 
bystoma fexanum, include the following. A. barbouri 
lays its eggs singly on the undersides of rocks in 
streams, clutch size is two times smaller, eggs are 
two to three times larger, and larvae hatch roughly 
two Harrison stages later than those of A. fexanum 
(Kraus and Petranka 1989; Petranka 1982). Phylo- 
genetic considerations allow the assignment of a 
Yypical” Ambystoma pond-type morphology and 
life-history to the ancestor of A. &houri (Fig. 8). 
Therefore, in the evolution of A. bahouri from its 
more pond-type ancestor, numerous life history 
characters have approached stream-type states 
while the balancer persists. This “phylogenetic iner- 
tia” of the balancer supports our contention, based 
on morphological considerations, that these organs 
are not phenotypically plastic. 

Overview and Directions for Further 
Research 

Simple obsenration of the phylogenetic distribu- 
tion of balancers suggests that these organs have 
undeQon8 numerous independent acquisitions 
(Figs. 5 and 6) and losses (Figs. 7 and 8). We 
argue, however, that the most likely evolutionary 
history of the balancer is less parsimonious. By 
combining morphological and ecological data with 
the phylogenetic data, we conclude that the bal- 
ancer is a synapomorphy of the derived salamander 
families, Le. this organ evolved only once, subse- 
quent to the split of the sirenid lineage from the an- 
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cestor of all other extant caudates (Fig. 5), and that 
all subsequent character state evolution has in- 
volved only the repeated, homoplasious loss of the 
balancer. 

While it is difficult to quantify morphological com- 
plexity, we believe that the balancer, and its compo- 
nent genetic and biochemical machinery, are suffi- 
ciently complex to make unlikely the possibility than 
these organs evolved more than once. The ecolog- 
ical distribution of balancers is widely consistent 
with our hypothesis of a single origin with several 
subsequent instances of loss. We note that the re- 
duction or absence of balancers in any derived 
non-sirenid) taxon is oorrelated with the evolution of 
a derived larval life history mode of one kind or an- 
other, with the singular exception of the tiger sala- 
manders. This observation holds both within and 
between families. Phylogenetic arguments favor a 
pond-type life history mode as being ancestral for 
both Salamandridae and Ambystomatidae. The ev- 
idence is less strong for Hynobiidae, but any hy- 
pothesis of evolutionary history within this group re- 
mains speculative pending a rigorous phylogenetic 
systematic study of the group. Also needed are 
more data on the occurrence of balancers, espe- 
cially in embryonic development. 

Critical to any hypothesis of the evolution of bal- 
ancers is a general understanding of their functional 
morphology and ecologicat role. While no data exist 
on how variation in balancer morphology may be re- 
lated to fitness, the organs do keep larvae upright, 
slightly elevated, and allow them to adhere to sur- 
faces. However, such obsenrations do not a prio# re- 
veal in what functional and ecological contexts these 
organs evolved, are adaptive, or are lost. The exis- 
tence of six taxa (Sirenidae, Hemidactyliini, Hyno- 
bius, Chiogiossa, Echinotriton, and Ambystoma) in 
which hatchlings may lack both a balancer and func- 
tional limbs raises questions concerning thO sup- 
posed functional consequences to larval sunrival of 
having no anterior appendages. Clearly, a caudate 
larva without appendages may survive outside the 
ovum. Of these six taxa, however, only one, the tiger 
salamanders (A. tigdnum clade), has an ancestor 
hypothesized both to have balancers and to lack 
functional limbs at the time of first feeding. The pres- 
ence of balancers, therefore, may be more tightly 
correlated with the extent of larval development at 
feeding rather than at hatching. If this correlation has 
biological reality, the evolutionary significance of bal- 
ancers might be found by looking at their functional 
role while feeding (recall the above obsewations by 
E. Vorobyeva), not white resting. 

This study of balancer evolution raises the larger 
issue of the evolution of pond and stream type mor- 
phologies and natural histories, as well as the more 
general question of whether the pondlstrearn di- 
chotomy is, in fact, valid (ag., the unusual case of 



Salamandrina terdigiata). With the production of 
more complete and robust phylogenetic hypotheses 
for groups of caudates, we are in a better position to 
address questions concerning the roles of ecology 
and phylogeny in promoting or constraining the evo- 
lution of complex and integrated traits (i.e., clutch 
site, ovum size, balancers, gills, timing of develop- 
menta! events along anterior-posterior axis, 
parental care, etc.). A detailed, comparative analy- 
sis of whole suites of traits involved in the evolution- 
ary transition between so called pond and stream 
type life histories would reveal the order of charac- 
ter state changes and the nature and strength of 
correlations among traits. Such analyses may sug- 
gest possible mechanisms of evolutionary change. 
To address such questions, one might compare the 
evolutionary transitions found in such pairs of taxa 
as Ambystoma barboun' and Taricha rivularis, vari- 
ous genera of salamandrids, or salamandrids and 
hynobiids. One might also compare the evolution of 
pond type traits in the plethodontids, Eurycea, 
Hemidactylium, and Stereochilus. 

For example, one hypothesis for the evolution of 
balancers might be that salamander populations 
may experience an increase in fecundity selection, 
leading to an increase in clutch size, which indirect- 
ly muses a decrease in ovum size (Salthe 1969). 
Smaller ova would necessitate greater nutritional 
self-sufficiency on the part of hatchlings and require 
them to hatch and feed at an earlier, limbless stage 
of development. The limited maternal energetic in- 
vestment given to pond type larvae also causes an 
increase in the anterior-posterior gradient of devel- 
opment (Schrnalhausen 1925). Thus, an ancestral 
lineage of pond breeding salamanders that hap- 
pened to evolve an energetically economical way of 
making forelimbs might be at a selective advantage. 
We hypothesize that such a complex and serendip- 
itous event never happened in the ancestor of 
sirenids, but did happen in the lineage leading to all 
other caudates. 

Our challenge to this hypothesis is the fact that 
limbs are not a functional requirement for pond liv- 
ing, as evidenced by, for example, Pseudobranchus 
(Noble, in Harrison 1925), Stersochilus (Schwartz 
and Etheridge 1954), Hynobius naevius (Oyama 
1929a), and Ambystoma californiense (Twitty 1941). 
In streams, limblessness may not be an option for a 

feeding larva, although non-feeding limbless lame 
may be found in streams (Kakegawa ef a/. 1989). 
Therefore, a well-supplied ovum is perhaps a con- 
straint on stream or mountain-brook breeding 
species, whose larvae cannot achieve self-sufficien- 
cy until at least the forelimbs are functional. Certain- 
ly, more data are needed concerning the apparent 
correlation between hatchling yolk supply, forelimb 
development, and the time of first feeding. 

Finally, any phylogenetic hypothesis for the evo- 
lutionary history of balancers in the salamander lin- 
eage reveals a great deal of homoplasy, a phe- 
nomenon that is rampant in this group (Wake 1991). 
We believe that homoplasy is all in the same direc- 
tion - loss of balancers. This argument ts based on 
the fact that balancers are complex organs, and that 
the exact combination of factors making up the 
organ would be difficult to duplicate. How likely is it 
that a relatively complex organ will evolve identical 
structure independently within a single phylogenetic 
lineage? There are some remarkable similarities in 
function between the eye of some mollusks and 
those of vertebrates, but many'4undamental differ- 
ences suggest that they are analogues, as phyloge- 
netic analysis reveals. In the present case we are 
unable to find any significant differences in structure 
among the taxa having the organ, and accordingly 
conclude that homoplastic loss of balancers has 
been extensive. 
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Summary of the taxonomic distribution of balancers within the three caudate families known to possess them. Within families, species 
are grouped by presence of standard balancers, rudimentary balancers, and absence of balancers, then arrangedalphabebically. 

conflicting amounts; + complete developmental sequenoe known for this species without balancers; d paternal hybrid parent; 0 ma- 
ternal hybrid parent. 

Hy nobiidae 
4 Balancers present in: 
*BatraChupervs mustersi (Nawabi 1 Q65) 
Hynobius abei (Sato 1943) 
H. dunni (Sato 1943) 
H. hidamonfanus (M. Matsui, pers. 

H. Ieechii (Sato 1943) 
H. lichenatus (Sato 1943) 
*H. naevius (Tag0 1907; contested by 

H. nebulosus (Oyama 1 Q29b) 
H. n@res#ns (Murayama 1928; Okada 

H. takedei (M. Matsul, pers. comrn.) 
H. toky#nsis (Sato 1943) 
H. tsuensis (Sat0 1943) 
S8/6f??mdrf3lla keyerlingii (Shitkov 1895) 

Balancen absent in: 
Batrachuperus kadschmidti (Liu 1950, 

5. pinchonii (Y. Misawa, pers. cornm.) 
Hpobius boulengerl (Sato 1934,1943) 
H. f o m a n u s  (Kakegawa et a/. 1989) 
H. kimurae (Matsui 1993) 
H. naevius (Oyama 1929a; Obara 1984, 

H. sonani (Kakegawa et al. 1989) 
onyChod8ctylus fischeri (B. Thiesmeier, 

+O. jepwricus (I wasawa and Kera 1980) 
Ranodon sibericus (Snitnikov 181 3, cited 

comm.) 

Oyama 1929a) 

1933) 

hatchling shown in flg. 13) 

figs. 2 and 3) 

pers. comm.) 

by Noble in Harrison 1925) 

Salamrrnclrldae 
Balancers present in: 

CYnqDs pyrrhogaster (Oyarna 1929b) 
Mfophthalmus viridescens (Bell 1907) 
Pleumd8Ies walfi (Liekrkind 1937) 
Taricha granulosa (Twitty 1936) 
T. granulosa 8 x T. rivularis 0 (Twnty 

T. torosa (Twitty 1936) 
1936, ex slhrfertilization) 

T. torosa 8 x T. rivularis 0 (Twitty 1936, 

Tritum alpestris (Eppetiein and Jungin- 

T. boscai (Garcla-Paris 19885) 
T. cristatus (Lieberkind 1937) 
T. camifex (Fox 1955) 
T. italicus (Lana 1983) 
T. kare/ini (Fox 1955) 
T. hehticus (Gallien and Bidaud 1959; 

van Barnbake 1880) 
T. marmuratus (Salvador 1985) 
T. vulgaris (Maurer 1888) 
Tylototriton fslimpmis (8. Thiesmeier, 

T. vemmsus (Ferrier 1974; Shrestha 

Salamandrina terdigitata (Lessona 1874) 

Rudimentary balancers present in: 
Echinafriton andersoni (Utsunomiya and 

Salamandra am (Wunderer 1910) 
S. salarnandra (Wunderer I91 0) 
'Taricha riw/aris (Twitty 1936; 42% freq., 

size varlable but reduced 
T. rivularis S x T. t o m  0 (Twitty 1936, 

size of balancer = O M %  of std. 
T. rivuleris 6 x T. granulosa 0 (Twitty 

1936, sire = m%413% of std. 

BX situ fertilization) 

ger 1982; van Bambeke 1880) 

pers. eornrn.) 

1989) 

Utsunomiya 1977) 

Balancers absent in: 
Chfoglossa Iusitanica (Gongalves 1962) 
+Euprochrs ssper (Gasser 1964) 
E. mwrtenLcs (B. Thiesmeier, pers. oomm.) 
E. pla@cepha/us (Alcher 1980) 
Merfensiell6 camsica Schultschik 1994) 
M. luschani antalyena ( b zeti i 979) 
Neurergus sfrauchii (Schrnidtler and 

Pachytriton labiaturn (6. Thiesmeier, pers. 

Paramesofriton deloustali (Rehlk 1984, 

Schrnidtler 1975) 

oomm.) 

see figs. 3 and 4) 
*TwicfH mkgjF..IRi9vaA1%4 I , ,  , ., 

.'td?i ; , , , a ' ! :  1 ,>,:\;$.'> L,,>'J 
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Amb y stomatidae 
Balancers present in: 

Ambystoma annu/aturn (Trapp 1959, cited 

A. barb4uri (J. Petrank, pers. cornm.). 
A. cingulaium (Palis 1 995) 
A. gracile (Henry and TwW 1940) 
A. jeffersonianurn (Harrison 1925; Ander- 

son and Kollros 1962) 
A. laterale (J. P. Bogart, pew. comrn.) 
A. macrodactylurn croceurn (Andenon 

1967) 
A. maculahrm (Clarke 1880) 
A. opacum (Anderson & Kollros 1962) 
A. tapbideurn (Volpe and Shoop 1963) 
A. texanum (Brandon f 961 ) 

in Hutcherson et a!. 1989) 

Rudimentary balancers repofld in: 
'A. mexicanurn (Maurer 1888, 1 in 60) 
*A. tigrinurn (Nicholas 1924b, N. Dakota, 

56 af 61) 
A. tigrinurn x A. Ieterale hybrid (Bogart et 

a/. 1987, balancers absent or 1 side 
O W  

A. trig#num x A. Iexanum hybrid (Bogart 
et a/. 1987, balancers absent or 1 side 
W) 
Balancers absent in: 

A. a n d e m /  (Krebs and Brandon 1984) 
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