
no sensory transfer and thus, only the 
activated memory referents were initial- 
ly available. On such trials, recognition 
occurred in reverse: The inferential 
process appeared to reflect a search 
through an already activated semantic 
field for the identity of the original stimu- 
lus (14). When the callosum had been 
completely sectioned, neither sensory 
nor higher-order information was avail- 
able to the expressive language system 
after stimulation of the right hemisphere. 
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Hinged Teeth in Snakes: An Adaptation for 
Swallowing Hard-Bodied Prey 

Abstract. Six genera of snakes, representing at least three lineages, possess teeth 
that fold backward against the jaws rather than beingJirmly ankylosed. This condi- 
tion, eflected by a connective tissue hinge at the base of each tooth, is associated 
with suites of cephalic modijications that enable the snakes to grasp and to swallow 
hard-bodied prey 

The teeth of most snakes are sharp, re- 
curved, and firmly ankylosed to the 
jaws. Such teeth are ideal for piercing 
and grasping, but are ill-suited for deal- 
ing with hard-bodied prey. Thus, duro- 
phagic adaptations (that is, those related 
to feeding on hard-bodied prey) in 
snakes have been thought to be limited 
to reduction of tooth size and number [in 
the egg-eaters Dasypeltis and Elachisto- 
don (I)]  and to modifications facilitating 
the extraction of soft parts from mollusk 
shells [in dipsadine and pareine snakes 
( 2 ) ] .  I report here a previously unrecog- 
nized durophagic adaptation in snakes: 
hinged teeth (3) .  Although viperid snakes 
have fangs capable of considerable 
movement, this action results from mo- 
tion between cranial bones, especially 
the maxillae (to which the fangs are af- 
fixed) and the prefrontals. The viperid 
system is therefore simply an extension 
of the advanced cranial kinesis typical of 
snakes. In sharp contrast, six genera 
have teeth that are attached to the den- 
tigerous bones by flexible connective 
tissue fibers (4, 5). Typically these teeth 
are small, numerous, distally flattened, 
and extremely smooth on their leading 
surfaces. Although hinged teeth are 
known in a variety of fishes (6) and 
lissamphibians [in which the tooth itself 
is divided into an ankylosed pedicel and 
a crown which may be movable (7)], 
hinged teeth have not been reported in 
amniote vertebrates. 

Other changes have accompanied the 
development of hinged teeth in snakes. 
Differences in cephalic structure corre- 
spond to distinctive tooth morphologies 
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and permit the recognition of three 
groups of hinged-toothed snakes. Group 
1 includes only the primitive Indomalay- 
sian genus Xenopeltis . Group 2 contains 
three genera of colubrid snakes: the Mal- 
agasian Liophidium, the northern neo- 
tropical Scaphiodontophis, and the In- 
domalaysian Sibynophis. These three 
genera have frequently been united as 
the subfamily Sibynophiinae; however, 
their structural similarities pertain 
largely to the feeding apparatus and may 
have been derived in parallel (8). Group 
3 includes the related African colubrids 
Lycophidion and Mehelya . 

In group 1, the base of each tooth is 
expanded and enveloped in a connective 
tissue sheath. The hinge fibers run from 
the distolingual quadrant of that sheath 
to the adjacent bone (Fig. 1, B and C). 
Opposite the hinge, the bone slopes to 
form a pedicel. The teeth of small and 
moderate-sized (5 approximately 700 
mm, snout-vent length) Xenopeltis are 
distinctly bicuspid (Fig. 1A). The leading 
surface of each tooth is broad, almost 
flat, and curved at its tip. Distal to that 
surface and slightly offset is a pointed 
cusp. The flat surface is extremely 
smooth, showing only a fine vermicular 
ornamentation at approximately x 10,000 
magnification. The teeth of larger indi- 
viduals are unicuspid, sharp, and strong- 
ly recurved. The teeth are numerous (ap- 
proximately 40 on each maxilla), and al- 
most all tooth positions are occupied 
simultaneously, indicating an abandon- 
ment of the alternate tooth replacement 
scheme characteristic of other snakes 
(9) .  
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Some variation obtains in group 2, but 
a basic pattern is shared. In advanced 
members of this group (Scaphiodon- 
tophis, Sibynophis, Liophidium rhodo- 
gaster),  the teeth are small and numer- 
ous (more than 50 maxillary teeth in 
some species) (Fig. ID). The teeth can 
easily be manipulated into the folded po- 
sition by pressing against the leading 
surface. The posteriormost teeth of L.  
rhodogaster are larger than the rest and 
less effectively hinged. The posterior- 
most maxillary tooth of Scaphiodon- 
tophis and Sibynophis is also different 
from the more anterior ones. This sug- 
gests an origin of these genera from 
snakes with enlarged, and possibly 
grooved, rear teeth. The teeth of Siby- 
nophis are scarcely enlarged at the base, 
but those of Liophidium and Scaphio- 

dontophis are noticeably so. Those of 
Scaphiodontophis are also flared basally 
(Fig. 1G). 

The hinge of Liophidium consists of 
short connective tissue fibers running 
from the distolingual base of the tooth to 
the adjacent bone (Fig. 11). A well-devel- 
oped cone of tissue projects into the con- 
cave tooth base, and provides a fibrous 
connection to the distolabial region from 
within. In Sibynophis the fibers of the 
hinge, located as in Liophidium , have a 
less direct orientation, traversing hori- 
zontally to insert on the bone. The cen- 
tral cone is poorly developed, and bony 
pedicels are only slightly more promi- 
nent than in Liophidium. The hinge of 
Scaphiodontophis emerges from a low 
connective tissue sheath as a network of 
fibers in the distolabial region. There is a 

well-developed basal cone, which sends 
abundant fibers to the region of the 
hinge. In serial sections, the hinge of 
Scaphiodontophis appears as a crescent 
of tissue around the mesial base of the 
tooth and contiguous with the fibers of 
the central cone (Fig. 1H). Bony pedicels 
are better developed in this genus than in 
the preceding two. 

The tips of the teeth of Sibynophis are 
rounded in profile and noticeably flat- 
tened distally. Those of Liophidium 
rhodogaster and Scaphiodontophis show 
both distal expansion and compression, 
resulting in strongly spatulate teeth (Fig. 
I, G and I). The mesiolabial surfaces of 
the teeth of the three genera exhibit vir- 
tually no relief at x 10,000 (Fig. IF), al- 
though the distolingual surface is highly 
sculptured (Fig. 1E). This difference is 

Fig. 1. Scanning electron micrographs (A to G and I to K) and light photomicrograph (H) of maxillae and maxillary teeth of snakes, illustrated in 
inverted position. (A to C) Xenopeltis unicolor (left maxilla): (A) occlusomesiolabial view of bicuspid teeth with broad leading surface; (B) lingual 
view of base of tooth in erect position; and (C) lingual view of base of tooth in partly inclined position. (D to G) Scaphiodontophis annulatus (left 
maxilla); ( D )  labial view of tooth row (central teeth were held in folded position during critical point drying); (E) detail of distolingual surface 
of tooth, demonstrating considerable relief; (F) detail of mesiolabial surface of tooth, demonstrating virtual absence of relief; and (G) occluso- 
labial view of folded tooth, showing spatulate tip and smooth leading surface. (H) Scaphiodontophis venustissimus (right maxilla); cross section 
through tooth and surrounding tissue [arrow indicates hinge fibers, which attach tooth (above) to maxilla (below)]. stained with Mayer's alum 
hematoxylin and counterstained with safranin 0. (I) Liophidium rhodogaster (left maxilla); lingual view of erect tooth (left) and reclined tooth 
(right). (J and K) Lycophidion capense (left maxilla); (J) mesiolabial view of small, hinged postdiastemal tooth, showing absence of ankylosis, 
flattened tip, and smooth leading surface; and (K) labial view of large, ankylosed prediastemal tooth, showing relatively conical shape. Scale: 
(A to C and G to K) 0.1 mm; (D) 1.0 mm; and (E and F) 0.001 mm. 
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attributable to a smooth mesiolabial 
coating (probably enamel), whose edges 
are clearly visible (Fig. 1G). The few 
empty sockets in all genera indicate 
abandonment or modification of alter- 
nate tooth replacement. 

Within Liophidium , considerable vari- 
ation in the aforementioned features ex- 
ists. In  species such as  L .  vaillanti, the 
teeth are  less compressed, kinetic, and 
numerous than those of L .  rhodogaster, 
which seems to be the most derived spe- 
cies of its genus. 

Members of group 3 exhibit two dis- 
tinct maxillary tooth morphologies. A 
short distance from the anterior end of 
the bone are two enlarged, pointed, al- 
most conical teeth (Fig. lK),  which are 
firmly ankylosed to the bone except dur- 
ing replacement. Anterior to these, the 
teeth gradually decrease in length, and 
are compressed at  the tips. Posterior to 
the enlarged teeth is a diastema, fol- 
lowed by a longer series of short, flat- 
tened teeth (Fig. 1J). Both the anterior 
and posterior series are attached to the 
bone by poorly developed hinges con- 
sisting of a network of connective tissue 
fibers in the distolabial quadrant of the 
tooth base, and rest on poorly defined 
pedicels. Each tooth, including those 
that are ankylosed, is smooth on its 
mesiolabial surface and rough on its dis- - 
tolingual one. Alternate tooth replace- 
ment seems not to  have been fully super- 
seded in group 3 snakes, although most 
teeth are simultaneously attached. The 
tenuous attachment of several teeth sug- 
gests incomplete development of their 
hinges. 

Recorded dietary habits of hinged- 
toothed snakes reveal that lizards of the 
family Scincidae are consumed by mem- 
bers of all three groups. The group 2 gen- 
era Scaphiodontophis and Sibynophis 
seem to be virtually restricted to  such a 
diet, although other lizard and snake re- 
mains have been reported (10). Similar- 
ly, specimens of Liophidium rhodogas- 
ter, L .  toryuatus, and L. trilineatus con- 
tained remains of scincid and ger- 
rhosaurid lizards. A single specimen of 
Liophidium vaillanti contained an egg- 
shell, apparently that of a snake (11). 
Xenopeltis (group 1) has been credited 
with taking a variety of prey, including 
frogs, various lizards, snakes, birds, and 
rodents (12), but one specimen report- 
edly contained four skinks, belonging to 
three genera, in addition to  a young 
snake (13). Of group 3,  Lycophidion has 
been reported to  feed predominantly on 
skinks, although other lizards (including 
the osteoderm-bearing gerrhosaurids), 
snakes, and mice are also eaten. Skinks 

are also included in the diet of Mehelya, 
although other lizards (including ger- 
rhosaurids and agamids), snakes, anu- 
rans, and occasional mammals also have 
been reported taken. Mehelya nyaJsae is 
especially credited with a skink diet (14). 
Thus, although hinged-toothed snakes 
take a diversity of prey, all genera are 
known to eat skinks, some almost exclu- 
sively. Significantly, that is especially 
true of genera in group 2, which includes 
species with the most advanced hinged- 
tooth mechanism. 

Scincid lizards are hard-bodied, rela- 
tively nondeformable prey. They are 
covered with stiff, strongly imbricate, 
cycloid scales, each of which is under- 
lain by an osteoderm. Such an armor 
poses the danger of breakage to long, 
sharp, firmly ankylosed teeth. I propose 
that the genera under consideration de- 
veloped hinged teeth as an alternative 
mechanism to accommodate hard-bod- 
ied prey, primarily scincid lizards. Such 
teeth fold when forces are applied to 
their leading surfaces, but lock in an 
erect position when the forces come 
from behind, as  would occur during the 
retraction movements of ingestion or 
when a prey item struggles to  escape. 
The compressed tips common to many of 
the species would then slide between 
overlapping scales of the prey, thus gain- 
ing a purchase without piercing the der- 
mal armor. The relatively cylindrical 
shape of a skink provides the teeth with a 
long line of contact. The long tooth rows 
characteristic of these snakes thus con- 
stitute a gliding surface over which prey 
may be drawn, as well as a ratchet mech- 
anism for guarding against its escape. 
That basic mechanism, however, ap- 
pears to  constitute the extent of the simi- 
larity between the combined groups 1 
and 2 and group 3. 

Groups 1 and 2 appear to  share a fur- 
ther functional strategy, with advanced 
members of the latter group being more 
specialized. Typically, the dentary bone 
of each mandible is highly mobile rela- 
tive to  the strongly curved compound 
bone, although the paired dentaries are 
bound inelastically to each other by a 
cartilaginous plate (group 1) or a liga- 
ment (group 2). A well-developed M. 
levator anguli oris inserts broadly on the 
free posterior end of the dentary, per- 
haps serving to draw the bone around the 
prey. The bones of the palatomaxillary 
arch are dorsoventrally flattened (group 
1) or slender (derived species s f  group 
2), and may be sufficiently flexible to ab- 
sorb forces not countered by the dental 
hinges. These distinctive features sug- 
gest that snakes of groups 1 and 2 have 

modified the unilateral feeding mode of 
most snakes to  provide greater bilateral 
mandibular motion, while maximizing 
the contact between the tooth rows and 
the prey. 

Snakes in group 3 follow a different 
strategy. The prefrontal bone articulates 
parasagittally with the braincase, allow- 
ing the strongly arched maxilla to func- 
tion as a rocker arm. Thus, during pala- 
tomaxillary retraction the front of the 
maxilla could be lowered to engage the 
large, ankylosed teeth which presumably 
pierce the prey's armor and may conduct 
the secretion of Duvernoy's glands (15). 
Jaw protraction would elevate the en- 
larged teeth out of contact with the prey 
and engage the long posterior row of 
hinged teeth. 

These comments regarding the hy- 
pothesized function of the feeding appa- 
ratus are inferential and can be tested 
conclusively only by observation of 
feeding sequences in living specimens. 
Regardless of the precise cranial me- 
chanics, however, the development of 
hinged teeth in at least three, and per- 
haps five, independent lineages of snakes 
is an unusual and dramatic adaptation for 
the oral processing of hard-bodied prey. 
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Aerial Spraying of 2,4,5-T and Human Birth Malformations: 
An Epidemiological Investigation 

Abstract. An investigution of the rate of birth rnaljormations in the Northland 
region of Neit, Zetrland pro1,ides no evidence to associate spraying of 2,4,5-tri- 
chloropheno.wyacetic ucid icith the occurrence of any mafirmation of the central 
n e r ~ ' o ~ / s  system, including spina bij?da. A statistically signij?cant association be- 
tu.een sprrty and malformation is found in the case of talipes. Whether this associa- 
tion indicates a ca~rsal relution remains to be established. 

Considerable interest has focused on 
the possible effects of the herbicide 
2,4,5-trichlorophenoxyacetic acid (2,4,5- 
T) and its contaminant 2,3,7,8-tetrachlo- 
rodibenzo-p-dioxin (TCDD) on human 
health and environment (1). In  this inves- 
tigation, hospital records were used to 
identify the rates of occurrence of all 
diagnosed malformations, including still- 
births and neonatal deaths, but excluding 
miscarriages at less than 28 weeks fetal 
age, in specific areas of Northland, New 
Zealand, for each month over the period 
1960 to 1977. These rates were compared 
with the densities of monthly aerial 
2,4,5-T spray application in the same 
area during the same period. Seven mu- 
tually exclusive areas were defined, each 
centered on one of the region's maternity 
hospitals: Dargaville, Rawene, Kaitaia, 
Whangarei, Kawakawa, Kaikohe, and 
Kaeo. 

During the study period, 37,751 babies 

were born in Northland hospitals; 436 of 
these were stillborn, 264 died shortly 
after birth, and 510 had diagnosed mal- 
formations (2). It is estimated that in 
Northland, as  in the rest of New Zea- 
land, well over 99 percent of all births 
occur in hospitals. 

Aerial spraying of 2,4,5-T is carried 
out in Northland by a number of com- 
panies, and from the records each made 
available, it was possible to  identify the 
site of each spray job and the quantity 
and date of 2,4,5-T application (3). As no 
aerial spraying took place in Northland 
in the first half of the 1960's, calendar 
years 1959 to 1965 were chosen as  repre- 
sentative of those without environmental 
2,4,5-T, and 1972 to 1976 as  representa- 
tive years with 2,4,5-T spraying. Within 
that period there was considerable varia- 
tion in the quantity of 2,4,5-T applied in 
each year, in each month, and in each of 
the seven areas. 

Fig. 1. Distribution of 
birth malformations 
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