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Letter to the Editor

Response to Jackson et al. (2012)

To the Editor,

We note the response of Jackson et al. (2012) to our
collective replies (Toxicon 60, 954-963 and 60, 964-966) to
their paper entitled, “The structural and functional diver-
sification of the Toxicofera reptile venom system”, Fry, B.G.,
Casewell, N.R., Wiister, W., Vidal, N., Young, B., Jackson,
N.WJ. 2012; Toxicon 60, 434-448. Although their response
contains numerous misinterpretations of our comments, as
well as further speculation, we are only addressing a few
select points that were germane to our reply to their crit-
icisms of the terminology used in our book (Weinstein
et al,, 2011). Further opinionated debate on this subject
can interminably clutter future issues of Toxicon with our
respective interpretations without a mutually agreeable
resolution. Therefore, our final comments are restricted
only to the important issues, and this necessarily truncated
response should not imply agreement with other
comments made by Jackson et al. (2012), because as stated
above, it is not desirable to perpetuate ongoing, lengthy
debates without probable resolution.

It is important to note that we certainly feel, as we
stated in our Replies, that Fry et al. (2012) have produced
interesting data that warrant further research and inde-
pendent confirmation. In this, we have not, as Jackson et al.
(2012) have stated, “instigated” (a term with a negative
connotation) this discussion. Rather, we originally included
in our book (Weinstein et al., 2011) critical consideration of
the terms “venom” and “venomous”, and our expressed
opinion that these terms were currently unsupported when
used for many non-front-fanged colubroid snakes (NFFC)
and some lizards (e.g. Pogona barbata). This was included
because in numerous cases these produce oral products
that have unclear biological roles. Thus, we stressed
patience and the need for more precise use of these terms
while fully recognizing that it is likely that many NFFC will
eventually fit the biological definition of “venomous”.
Therefore, we opined that use of the term “venomous” is
premature for many species where little is known about
their natural history and/or oral products, as well as for
those that do not seem to rely on “venom” neither for
capturing/subjugating prey nor for self defense.

Fry et al. (2012) then included a number of critical
comments about our views in their paper, and we
responded with our Replies (Weinstein et al., 2012). We
have considered this an interesting exchange of views on
a topic that begs re-examination due to the expanding
knowledge of the evolution, molecular biology and
behaviour of many squamate reptiles. Our argument is not
with the efforts of Fry et al. to bring new data on which
emerging hypotheses can be developed and tested. Rather,
our concern is with how their interpretation of their data is
advanced prematurely as a “shifted paradigm”, with their
expressed opinion seemingly beyond critical discussion.
Thus, as stated numerous times in our Replies: we have no
objection to a change in the defined consensus of “venom”,
“venom gland” and “venomous” as long as there is
reasonably sufficient verified, reproducible data encom-
passing the natural history of the relevant species that
supports the change. We agree with the comments
expressed by Fry et al. (2012) and Jackson et al. (2012)
about the often assumed biological role assigned to many
biologically active substances secreted by some animals.
This practice should not be perpetuated any further espe-
cially with the risk of misapplication of information ob-
tained using increasingly sensitive methods. Below, we
have listed some specific comments and related discussion
as our final response to those of Fry et al. (2012) and Jackson
et al. (2012):

e Contrary to the assertions of Jackson et al. (2012), we
have not, and never would, advocate the “withholding
of evidence”, and it is puzzling how they interpreted this
from our comments. We strongly support the publica-
tion of original findings of scientific enquiry. Each of us
has done the same and would not expect any researcher
to act otherwise. However, our remarks did criticize the
widespread presentation of hypothesis derived from
those data in the guise of confirmed fact. There have
been many published studies of NFFC Duvernoy’s
secretions/venoms that preceded the papers of Fry et al.,
in which the terminology used for these products has
been inconsistent. Many of the related issues were
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delineated in our previous reply. It is our view that while
there is an increasing body of data about these oral
products, it is still premature to declare hypothetical
interpretations as a new “paradigm”. If further and
preferably independent information verifies these
interpretations, we would have no issue at all with the
change in terminology and it’s associations. The essence
of our argument is the need for patience and accumu-
lation of combined and independently verified evidence
and its associated interpretations in order to synthesize
the most accurate model encompassing these complex
features of squamate evolution.

The authors have clearly missed the point of our refer-
ence to Conus spp. toxins intended as an example of the
consequence of statutory control that may result from
viewing a given species as “venomous” or dangerous to
humans. This was presented as an example of what can
be an over-reaching interpretation of danger as there
are many substances (including some venoms and
toxins with low LDsg) that do not carry such restrictions.
Many popular Internet fora already are replete with
inaccurate comparisons of the medical risks between
some front-fanged and non-front-fanged colubroid
snakes (e.g. timber rattlesnakes, Crotalus horridus, and
false water cobras, Hydrodynastes gigas) based wholly on
the presence of toxins and experimental lethal poten-
cies. Like it or not, legislators commonly follow popular
information and impression when enacting laws
involving animals. This can be significantly impacted by
the premature presentation of hypotheses as fact prior
to pragmatic evidence of associated/implied hazards.
Again, we never stated or implied that any researchers,
including the authors, should withhold or “obscure”
evidence of toxins in the oral products of any squamate
reptile. What we stated was that it is one thing to report
finding toxins, and yet another to imply their biological
role(s), or “basal” functions/toxicity without some
verified evidence.

e Jackson et al. (2012) state that in “their re-evaluating the

definition of venom” they have not sought to “prioritize
evolutionary homology to the exclusion of function-
ality”. Of course, we disagree with this wholeheartedly
as this foundation is a major basis for their describing an
entire clade of squamates as the “Toxicofera”. Wouldn’t
it be preferable to manifest a measure of patience when
assessing and interpreting the data? As we have already
stated, contrary to the comments of Jackson et al. (2012),
we noted the interesting nature of the authors’ collec-
tive data and never stated that it shouldn’t be published.
We also commented that it is every scientist’s right to
argue in favour of a new consensus, but not to declare
imposition of that consensus without patient and thor-
ough consideration from a broad interdisciplinary
review. Shifting models, paradigms, which result from
the acquisition of new knowledge, constitute the very
nature of scientific endeavour. But, the fact that the
authors insist in advocating the presence of “venom” in
Iguanian lizards without any reasonable evidence of
biological role suggests strongly that they are using the
simple presence of toxins and/or their transcripts and
phylogeny as their basis for inclusion under the

definition of “venom”. We agree that the identification
of biological roles/functions of the Iguanian oral prod-
ucts would be most valuable and could clarify the use of
a natural historically and evolutionarily correct termi-
nology. Also, as we indicated, we welcome the consid-
ered efforts of Fry et al. (2009a,b, 2012) to more
accurately describe the defining features of “venom”.
However, their additional defining criteria do not
improve the use of the term any more than that of the
traditional definition. Inclusion of the statement, “A
venom must further contain molecules that disrupt
normal physiological or biochemical processes so as to
facilitate feeding or defence by/of the producing animal”
(Fry etal., 20093, 2012), doesn’t distinguish the effects of
venom on the feeding process anymore than that caused
by trauma inflicted by a feeding colubrine snake that
swallows it’s prey alive (e.g. Coluber constrictor [Eastern
or black racer], or Drymarchon corais couperi [Eastern
indigo snake]), regardless of the presence of Duvernoy’s
glands (“venom glands”) in these species. Hemorrhagic
effects of physical trauma and shock obviously “disrupt
normal physiological or biochemical processes” and can
be identified in humans as damage-associated molec-
ular patterns (“DAMPs”; e.g. Diebel et al., 2012). A prey
item such as a frog, small rodent, lizard or snake seized
in the jaws of a snake attempting to ingest it would
receive proportionally significant physical trauma. In
some cases, as Jackson et al. (2012) noted, the snake may
preferentially grasp the head of the prey and repeatedly
advance its jaws (see ahead). Just the substantial local
trauma from this alone likely induces marked “disrup-
tion in normal physiological or biochemical processes”.
Fry et al. (2009a) also identify the oral secretions of
some hematophagous animals such as desmodontine
phyllostomid bats (vampire bats) as “venom”. As this
discourse demonstrates, perhaps the issue that is the
crux of our respective dissent is the limitations of our
language in its attempt to harness a broad and variable
natural phenomenon. This emphasizes the need for
renewed attention to the accuracy of such descriptions
and the possible need for interdisciplinary re-evaluation
of how the terminology is used.

e Jackson et al. (2012) misunderstood our comments

regarding the diversity of function of the low-pressure
glands of NFFC and those of front-fanged colubroids.
Our point was that these glands function differently and
this is apparent from their functional morphology that
we then outlined. Contrary to the comments of Jackson
et al. (2012), we stated that the biological role(s) of the
products of the majority of these glands is (are)
currently unknown. Therefore, it is speculative to
assume prey-subjugation in these without supporting
evidence. Jackson et al. (2012) suggest a kind of Epi-
menides paradox in that they are assuming prey-
subjugation functions for toxins secreted by all of
these glands, and view any other consideration as
“speculation” even though their stated assignment of
function is speculation as well. As we have stated
repetitively, we have no doubt that with further study
many NFFC taxa will probably prove to be functionally
“venomous”. However, in order to assign this potentially
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indelible label accurately into the foreseeable future,
a reasonable body of supporting evidence should be
provided that identifies the use(s)/role(s) of the oral
product in the natural history of the relevant species, or
at least representative members of a given genus.

We agree that there are examples of some elapids that
have comparatively limited venom reservoir capacity to
those of others, but these species still possess high-
pressure venom glands that are associated with fully
enclosed, canaliculated dentition. This obviously sets
them apart from almost all of the low-pressure glands of
NFFC that are all associated with non-canaliculated
dentition. Of course we recognize their shared evolu-
tionary development and homology, but this doesn’t
clarify their different functional realities. We also indi-
cated, as did Jackson et al. (2012), that there is also,
unlike almost all other NFFC, the presence of appre-
ciable storage capacity in the venom gland of Dis-
pholidus typus. In his extensive study of the cephalic
glands of 120 genera (180 species) of NFFC, Taub (1967)
remarked that the glands of D. typus were different and
distinctive from all others examined. One can find
exceptions that likely represent evolutionary
“tinkering” within many taxa. However, as we observed,
many selective pressures influence these processes and
thus phylogenetic investigations often provide
“windows” into a given process, and thus commonly
reach variable conclusions. This is why further confir-
mation of the authors’ hypotheses should be evident
prior to supplantation of “venom” and “venom gland” as
traditionally defined, as well as inclusion of a saurian
with “incipient venom glands” into a clade largely
founded on the presence of shared classes of orally-
derived toxins, their transcripts or venoms. The puta-
tive association of prior evolution of compressor
muscles with hollow dentition does not establish a basis
for the authors’ premature terminology, as this is part of
the basis of their hypothetical organization. Again,
presumed function does not accomplish established
functional realities. This is also why it is an anthropo-
morphic judgement to refer to the low-pressure glands
of the NFFC that possess them as “less efficient”, “inef-
ficient” or “weak”, in comparison to the high-pressure
glands of front-fanged species, as low-pressure glands
have been conserved in numerous lineages and thus
appear to serve their function(s) adequately. Such
terminology can be useful if qualified carefully (see
ahead). Again, the authors’ collective hypotheses are
interesting and certainly contribute to a growing
understanding of squamate evolutionary adaptation,
but prematurely assert associations without greater
functional evidence and independent confirmation of
their hypotheses. With such confirmation and addi-
tional evidence, the basis for changed consensus defi-
nition would be biologically supported and would likely
qualify as the new standard of reference.

We clearly and repetitively stated that our objection in
using the term “venom gland” for the low-pressure
gland present in many NFFC is due to the unknown
biological role(s) of their products. We have suggested
that as there are notable differences in functional

morphology between NFFC and front-fanged species,
there is an implied difference in function(s) of the oral
products, and that it is premature to name something by
association, rather than by known function. This is not
consistent with the scientific method. We never
implied, or would have stated, “all systems shaped by
evolution currently exist in a state that is “perfect” for
their intended task”. While it is obvious that “less than
perfect” systems occur in nature, we cited Gans and
Elliott (1968) specifically in order to establish that
“less than perfect” systems occur within the relevant
species under discussion, but that it is also judgemental
and anthropomorphically subjective to use such terms
as “less efficient”, “inefficient” or “weak” without
defined qualification (see ahead for an example of
qualified use that makes biological sense). The conser-
vation of these glands among many NFFC taxa suggests
that these glands aid fitness of the species that possess
them by providing their particular biological roles, and
thus meet the bioenergetic cost needed to support their
function(s). This may be prey lubrication, inhibition of
pathogens present on prey, pre-digestion and/or
subjugation/immobilization, etc, and the presence of
ducts from these glands that open into the general
buccal cavity (e.g. in Heterodon spp.), or open in the
proximity of modified maxillary dentition, as well as the
buccal cavity (e.g. in Boiga irregularis) can suggest any of
these biological roles. These roles are unclear and
undefined for many species, including some that are
already common in the commercial trade/private
collections. Again, the authors accuse us of speculation,
when their entire interpretation is in itself speculative
and our differences present on the basis of our refusal to
assume the same function among all essentially on the
basis of toxin presence without evidence of biological
role(s). The comparison of the role of the legs of two
great cats presented by Jackson et al. (2012) is unworthy
of this otherwise intelligent discussion. On the aside, it
is unclear what Jackson et al. (2012) are implying in
their reference to the lamprophiine lamprophiids,
Mehelya spp. (Gonionotophis spp., Kelly et al., 2011;
African file snakes) and the monotypic aparallactine
lamprophiid, Brachyophis revoili (Revoil’s short snake). A
wide buccal gaping capacity, multiple, deeply grooved
and further modified posterior maxillary teeth and the
semi-folded gland epithelium that provides some
storage space for venom aid the venom delivery of D.
typus. Aside from the possible presence of rudimentary
muscle fibers on the glands of Gonionotophis spp. and B.
revoili (e.g. Kochva and Wollberg, 1970; Underwood and
Kochva, 1993), if Fry et al. (2008) and Jackson et al.
(2012) are suggesting that these taxa have delivery
systems comparable to that of D typus, the authors
should also detail this evidence of similar functional
utility in prey capture by these species.

Our response to the comments of Fry et al. (2012) in
which they compared the low-pressure glands of
a Synanceja spp. to our comments about low-pressure
glands in NFFC focussed on their inappropriate
comparison between these. We emphasized the fact
that all the known venom glands from venomous fish
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functioned as low-pressure systems, while some
colubroid snakes (front-fanged) have high-pressure
systems, and others (NFFC) don’t. While we agree that
in some cases there is limited information of the bio-
logical role(s) of these systems in some fishes, well-
studied scorpaenids, tetrarogids, trachinids and others
commonly orient and erect their spines towards
approaching animals (including humans). This has been
noted by many observers (including one of the authors
[SAW]) and recorded by numerous authors (e.g.
Halstead, 1970; Williamson et al., 1996; Sutherland and
Tibbals, 2001; Mebs, 2002) under wild, as well as
aquarium conditions, and the experiences of victims of
stings from many species have attested to the active use
of these armaments in defensive modes. There are also
reports of possible offensive use as well (e.g. in the air-
sac catfish, Heteropneustes fossilis [fossil catfish]; and the
trachinid, Trachinus vipera [lesser weeverfish] Halstead,
1957, 1970).

The fact for example in vitro nerve-twitch assay may
contribute to the characterization of a given component
as a “neurotoxin” is fine and good. But, this still does not
indicate what the actual role may be in the natural
history of the animal possessing the toxin. Human saliva
contains a-kynurenic acid, an excitatory neurotoxin that
is a metabolic product of tryptophan metabolism. Do we
humans use this in prey subjugation? Obviously not, but
we do pre-digest our foods, and, while we agree that
collectively snakes obviously use oral products in ways
that differ from humans, some ophidian species do not
show any active use of venom as the prey is swallowed
alive, and often struggling. This includes some of the
species that Jackson et al. (2012) and Fry et al. (2012)
identify as “venomous”, and additionally assert or
assume the use of their venoms in prey subjugation and/
or self-defense. The conservation of shared toxins
between some NFFC and front-fanged colubroids may
not consistently indicate their use/role, and/or may
suggest prey capture strategies for different types of
prey. We have already addressed this in our Replies and
will not reiterate it here. But we will later briefly discuss
further the objection of Jackson et al. (2012) regarding
our use of these comparisons. This is not to say that we
disagree about the prey-specific roles of some NFFC
toxins (as we also noted in our Replies), and our objec-
tion, again, is in the over-reaching assumptions and
impatience inherent in asserting shared functions for all
identified oral product/venom components for all
species, and assigning “basal activities” (Fry et al., 2012)
to some of these based only on their known roles in
human physiology. This impatience and “rush to
judgement” is a major contributor to the premature
assignment of the “incipient venom system” to Iguanian
lizards on the basis of investigating a single species, P.
barbata that has been noted to have several classes of
toxins (including crotamine) or their transcripts in its
sub-maxillary glands and/or oral products (“venom”)
(Fry et al, 2006). The authors should review our
previous comments (Weinstein et al., 2012) more care-
fully, as we never stated that Fry et al. (2012) referred to
the iguanian lizard “incipient venom system” as

“functionally venomous”. Rather, we challenged the use
by Fry et al. (2012) of the term “incipient venom
system”, as there is no evidence of biological role;
therefore, it shouldn’t be termed a “venom system”!
Thus, to use the term, “incipient venom system”,
inherently forces recognition of these lizards as having
a “venomous nature”, “incipient”, or not.

We did not “echo” anyone in our comments regarding
the effects reported to date of the bites of Komodo
dragons, Varanus komodoensis; rather, we cited the work
of Auffenberg (1981) who reported the results of his
extended observations of these lizards. While Jackson
et al. (2012) remark that Auffenberg (1981) com-
mented about the rapid prostration of animals bitten by
V. komodoensis, this is not unusual for animals profusely
bleeding due to laceration/traumatic rupture of major
blood vessels, and the concomitant sequestration of
blood in vital organs. At no time did Auffenberg (1981)
express any opinion that this might be due to anything
other than massive haemorrhage. This obviously will
often lead to hypovolemic shock. The comments of
Jackson et al. (2012) completely miss the point about our
noting the presence of potent depressor effects of feline
or human saliva injected into experimental animals. The
intended point was that the oral products and/or glands
of many animals, venomous and non-venomous,
contain biologically active components that share
properties. Their properties do not automatically indi-
cate how they are used. How cats Kkill their prey has
nothing to do with our central point; feline saliva
contains depressor properties, as does human saliva,
and that is the point. Fry et al. (2009b, 2012) emphasized
their findings of hypotensive effects of V. komodoensis
oral products (“venom”) when administered to anes-
thetized rats. It is purely speculation to call V. komo-
doensis “venomous” on the basis that having such
components in their oral products in the setting of
inflicting massive physical trauma on prey justifies the
classification of these lizards as “venomous”. Tangible
evidence is needed of “venom”-induced pharmacolog-
ical effects in prey capture, regardless of their possessing
shared genetic loci with related squamates. It is purely
speculation to make such an assignment based on the
presence of phylogenetically shared toxins and obser-
vations of bleeding induced by substantial traumatic
injuries. Again, Jackson et al. (2012) miss our point in
providing these examples and those of other biologi-
cally active components (some found in venoms)
present in human saliva. Humans and felines are obvi-
ously non-venomous, and that is the point: using the
presence of toxins or other biologically active compo-
nents of oral secretions as a sole indicator of the
“venomous” nature of a given oral secretion, “incipient”
or not, can be patently misleading. In part due to the
common origins of many genes and their subsequent
duplication, the increasing sensitivity of genomic and
transcriptome-based investigations suggests that one
must also be increasingly cautious when interpreting
these data. It emphasizes the need for a synthesized
knowledge of the relevant animal’s encompassing
natural history, as well as its biochemistry and
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molecular biology. This will most likely provide reliable
evidence of how the oral components are used, and we
feel that this is still essential especially in the case of
relatively poorly studied, distinctive and endangered
species such as V. komodoensis. There is limited knowl-
edge of V. komodoensis ecology and ethology, and thus,
further evidence of the specific role of these oral prod-
ucts in the life history of these lizards should be
procured prior to applying the indelible label,
“venomous”. As we stated in our Replies, with such
evidence, V. komodoensis would then merit recognition
as a “venomous lizard”.

e Our comments regarding the lack of medical relevance
to the definition of “venom” were derived from the
works of Minton (1974), Minton and Minton (1980),
Russell (1980), Kardong (1996) and Mebs (2002), but it
is clear that Fry et al. (2012) and Jackson et al. (2012)
share this view. We never stated that the active use of
venoms of the Dispholidines (e.g. D. typus, Thelotornis
spp.), and the natricines, Rhabdophis tigrinus and R.
subminiatus, was based solely on experimental data;
rather, we stated that active use in some NFFC species
has been observed and/or experimentally recorded. For
instance, in our book (Weinstein et al., 2011) we
included an observed example of a wild Thelotornis
usambaricus clearly subjugating a chameleon with
venom. We stated in our Replies our additional views on
the mixed use of a term such as “venom” by Fry et al.
(2012) in regard to perceived vs. proven risks of NFFC,
and the lack of correlation between the given name of
a given substance and its lethal potency for humans. We
agree that it is desirable that toxinologists, herpetolo-
gists, physicians, and other medical professionals
universally recognize the lack of relevance of medical
effects in humans when considering the definition of
“venom”.

e We also agree with Jackson et al. (2012) that the term
“venomous” is commonly misinterpreted to mean
“dangerous to humans” among diverse popular, legis-
lative, and even scientific circles. However, this is
a reality that is not going to change anytime soon.
Perhaps with the introduction of a selectively used term
such as, “prey-specific venom”, this will gradually
change. This also would clarify that there are notable
differences among the toxicities and hazards of
venomous animals, as well as taxa-specific susceptibil-
ities to the action of some of their toxins and that they
shouldn’t be equated. Our relevant reply was more
directed at the insufficient comparison of this term as
might be used for some NFFC with that for spiders as
presented by Fry et al. (2012). Therefore, as we stated in
our Replies, we do agree more than disagree with Fry
et al. (2012) and Jackson et al. (2012) on this point,
and thus will not belabour it further.

e Jackson et al. (2012) emphasized some of the observa-
tions of Gregory et al. (1980) in order to support their
contention of venom use in Thamnophis elegans
(mountain garter snake). Our point emphasized that the
mice were alive when swallowed and struggled vigor-
ously through the entire process, thus leading many of
the snakes to attempt to control the grasped mouse with

a loose “coil”. Thus, some of the mice were “exhausted”
and “inactive”, as Gregory et al. (1980) commented,
when swallowed, and Gregory et al. (1980) emphasized
this in the sentence partially quoted by Jackson et al.
(2012), “Most often, even when the snake had used its
body to restrain the mouse, the mouse was swallowed
alive although often inactive, possibly because of
exhaustion” (Gregory et al., 1980). There was no asso-
ciation suggested with “envenomation” because the
preponderance of the observations described a vigorous,
ongoing struggle between the mice and the snakes that
grasped them, often repeatedly prior to successful
ingestion. Although we were simply employing
a commonly used descriptive phrase for a struggle,
“alive and kicking”, Gregory et al., 1980 did indicate in
their Materials and Methods that they used “kicking”
and “breathing movements” as signs of murine survival
during the restraint and swallowing efforts performed
by the snakes in their experiments. We did not antici-
pate that use of this popular term would be confusing,
but we recognize that it is important to stress precise
terminology within this relevant discussion.

It is noteworthy that Gregory et al. (1980) also com-
mented in the introduction section of their paper that,
“...garter snakes usually just seize their prey and swallow it
alive. As might be expected, garter snakes feed upon
mammals only rarely”. This is concordant with the obser-
vations of many other field investigators including some of
us. Interestingly, one of us (SAW) chose to originally use
this reference in our book and in the Internet discussion of
this topic as mentioned in our Replies due to the higher
proportion of mammal prey included in the diet of some
populations of T. elegans ssp., and their behaviour that is
associated with capture of such prey. Other T. elegans
populations (e.g. some in Colorado) exhibit a form of con-
stricting behaviour that is: employed when feeding on
small rodents; lacks parallel coils such as are seen in
powerful constrictors, and often succeeds in asphyxiating
the seized rodent (De Queiroz and Groen, 2001). The con-
stricting behaviour of T. elegans has been compared to that
of Pituophis catenifer (gopher snake), and the constriction
by T. elegans described as “inconsistent and inefficient” (De
Queiroz and Groen, 2001). However, those authors care-
fully qualified the term “inefficient” in terms of “relative
ability to reduce feeding costs” (De Queiroz and Groen,
2001). In our view, as this is a carefully qualified expres-
sion, this presents a tangible biological quantity that is
directly relevant to the current considerations. De Queiroz
and Groen (2001) reported that all of the mice in their
study were killed by constriction and the protracted
struggles between the snakes and the mice often resulted
in the snakes being “chaotically thrown about”. This is
concordant with the observations of one of the authors
(SAW) who noted similar behaviour in several captive
specimens (3) of T. e. vagrans (wandering garter snake)
maintained as part of a large colony of this species. Speci-
mens fed neonate (“pinkie”) mice rapidly seized and
swallowed the mice alive, and, yes, kicking. On several
occasions when these snakes were offered weanling
(“hopper”) mice, the mice were often readily seized and
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a protracted struggle lasting for several minutes ensued.
These snakes were also “thrown about”, frequently rolling
over multiple times. On several occasions, the mice escaped
the grasp of the snake after a few minutes, and aside from
mild physical trauma, appeared unaffected. These
responses to a larger prey item led to discontinuation of
inclusion of live “hopper” mice in the diet of these
specimens.

Cundall and Greene (2000) considered prey restraint in
snakes that used jaw adduction with or without loose coils
and/or sections of the body along with physical trauma
induced by impacting the grasped prey against nearby
objects. They noted that success of this underived strategy
depends on the ability of the ophidian adductor muscles to
resist fatigue longer than the prey. As mentioned previ-
ously, this behaviour is exhibited by a significant number of
species. The prey type also infers potential handling costs,
and “Type II” prey (elongate, limbless and relatively heavy)
may incur increased costs due to the greater difficulty in
accomplishing subjugation (Cundall and Greene, 2000).
Some advanced snakes feed frequently on a variety of small
prey (Greene, 1983), and thus metabolic costs associated
with capture of larger prey may be a contributing factor for
the preference.

Thus, this is an example of a species (T. elegans) that can
on occasion exploit a regionally plentiful food source by
using what may be an early form of constriction. While
Jackson et al. (2012) may “surmise that swallowing prey
‘alive and kicking’ is not favoured by evolution”, there are
many species that do this such as some thamnophiines
(Thamnophis spp.) and colubrines (e.g. C. constrictor, D.
corais couperi [Eastern indigo snake]). For exerting evolu-
tionary perspectives, Jackson et al. (2012) profess a rela-
tively restricted view, as although many ophidian species
have evolved venom and it likely provides a greater
biomass return (due to facilitating procurement of larger,
heavier prey without severe retaliatory injury and/or pro-
tracted struggle) than might be its required expenditure in
metabolic energy (e.g. theoretically needed to support the
complex protein synthesis of all of the constituent
components of venoms, the precise costs and selective
implications of which may be taxa-specific and are still
controversial, e.g. see Pintor et al., 2010), other species
appear to select prey within their morphological propor-
tions, swallow it alive and thus seek to more frequently eat
a larger number of relatively smaller prey items. A number
of these species are not surprisingly fast moving and
physically strong. This prey size preference is complex as it
has been also observed in some highly venomous snakes
such as Pseudechis porphyriacus (red-bellied black snake),
and in this elapid the smaller prey preference was postu-
lated to be associated with either prey encounter rates,
active selection of prey size and/or gape limitation (Shine,
1991).

Some colubroids use powerful jaw muscles such as the
intermandibularis and adductors in order to retain the grip
on struggling prey, possibly specifically targeting the head,
and thereby potentially deprive the prey of oxygen during
the struggle/deglutition process. It is worth mentioning
here that we are well aware of the report by Keegan (1944)
as cited by Jackson et al. (2012) in which Keegan described

the feeding behaviour used by D. c. couperi when preying
on crotaline viperids. In the brief report, Keegan (1944)
focused on the D. c. couperi tendency to seek the head of
the intended prey snake and inflict repeated ‘chewing’. In
some cases, the seized snakes escaped the grasp of the D. c.
corais and were re-grasped. This behaviour has been noted
in other reptile-eating species and has been considered to
be possibly due to avoidance of injury (e.g. Maschio et al.,
2010), directional deglutional stimulus via scale overlap
(Greene, 1976), or generalization of a response to prey that
are more difficult to swallow (De Queiroz and De Queiroz,
1987). We see no evidence in this of “venom” use, and
the authors’ employ their own speculation in inferring
otherwise. While the metabolic cost of this prey-predator
interaction may seem costly, these snakes physically over-
power their prey as other ophidian species do as well. It is
worth noting that there is no apparent justification for the
presumed metabolic cost of maintaining an Iguanian
“incipient venom system” without identifiable function.
Again, we addressed this in our previous Replies and will
not reiterate it further here.

As we have stated repeatedly, we are not denying that
many NFCC may be producing oral products that could be
consistent with “venoms”. We have already acknowledged
some that are venomous. We are stressing the need for
increased caution and care when applying the term
venomous for all of the reasons repetitively stated previ-
ously, and here again. For a brief example relevant to the
discussion of T. elegans, again, we specifically chose the
example of this taxon because among the Thamnophis, it is
one of the few species that includes a proportionally greater
amount of rodent prey in their diet. While there is no
convincing evidence to date of “venom” function in T. ele-
gans when feeding on rodents, it is certainly worth further
investigation, as is the possible role of Duvernoy’s secretions
(“venoms”) in capturing molluscs, a favoured prey item of
a few species of Thamnophis such as some populations of T.
elegans and Thamnophis ordinoides (Northwestern garter
snake). As some malacophagous NFFC (e.g. Dipsas spp.,
Sibynomorphus spp., Pareas spp., etc.) are morphologically/
behaviorally adapted for preying on molluscs such as slugs
or snails (Gans, 1972; De Oliveira et al., 2008), and produce
oral gland extracts that immobilize/kill slugs under exper-
imental conditions (Salomdo and Laporta-Ferreira, 1994),
there may be evidence of “venom” function in some snakes
that prey on this less-exploited food source, partly because
they have adaptations that facilitate capture of these diffi-
cult to grasp and digest molluscs (Britt et al., 2009; Arnold,
1993). Some specimens of both T. elegans and T. ordinoides
possess posterior maxillary teeth that have posterior ridges,
a trait absent in Thamnophis from generalist feeding pop-
ulations (including some T. elegans and Thamnophis couchii),
that has been hypothetically ascribed to their malacophagy
(Britt et al., 2009). Further research of the feeding habits of
these species and their specified prey handling behaviours
may illuminate some of the hypothetical functions of their
oral products.

e As we commented, contrary to the comments of Fry
et al. (2012) and Jackson et al. (2012), there are quite
a few authors who have identified the biological use of
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venom by front-fanged colubroids in prey capture/
subjugation, and these have included viperids and
elapids. We also qualified our statement in noting that
these reports/comments certainly did not include all
venomous snakes. Many classic works contain relevant
observations and/or comments: e.g. a few others in
addition to those cited in our Replies, Krefft, 1869 (sea
snakes); Fitzsimons, 1912 (vipers); Ditmars, 1922
(elapid, specifically, Micrurus (Elaps Ditmars, 1922) ful-
vius, Eastern coral snake), as well as others. As we stated,
there is a prominent emphasis on venomous taxa that
are medically important. However, this unfortunate
disparity doesn’t alter the need for caution and avoid-
ance of premature assignments of inference laden
terms.

e Jackson et al. (2012) raise the scenario of rendering
a specimen of the highly venomous Pseudonaja textilis
(Eastern brown snake) venomoid and then question
whether we would then revise its classification as
“venomous”. This is a specious argument as the whole
basis of our example of B. irregularis (brown tree snake)
rested on its use of its oral product during prey capture.
The example was used in a discussion of how venoms/
oral secretions are used differently by different species,
especially those with canaliculated front-fangs and
associated high-pressure glands, compared with those
with mid- or posterior-makxillary teeth that may or may
not be enlarged or modified (in the case of B. irregularis,
they are both enlarged and deeply grooved) and asso-
ciated with low-pressure glands. Therefore, we
purposely chose to compare two species that Weinstein
et al. (2011) referred to as venomous (B. irregularis and
Crotalus spp.; we also referred to them as such) because
these both use venoms but rely on them very differently.

The venomoid scenario raised by Jackson et al. (2012)
also speaks to our brief discussion of the use of constric-
tion by highly venomous elapids, a behaviour several of us
have witnessed as well. We clearly presented the possible
species-specific application of prey handling by these
elapids (e.g. venom vs. constriction, or both) as speculation,
and it was not “fanciful”, just a clearly identified possible
consideration of an atypical elapid behaviour. Jackson et al.
(2012) also specifically interpreted our comments as
distinctively separating the use of constriction for either
rodents or other prey. However, we never said that
constriction would exclusively be used for non-mammalian
prey, or that it was used to “kill rodents”. Rather, the
intention was to suggest that the subjugation of poikilo-
thermic prey such as anuran amphibians could be
substantially more reliant on constriction, while this
wouldn’t have the same role when capturing rodents. It is
obvious that the venoms of these species, P. textilis and
Notechis scutatus (common tiger snake) are highly toxic to
rodents, and rodents seized by these snakes often expire
very rapidly; we never implied otherwise.

e We acknowledge an editing error that remained in our
Replies that was contained in our comments about C.
constrictor. While we stated that Fry et al. (2012) had
described this colubrine species as having an “atrophied

venom gland”, we mistakenly named C. constrictor
instead of the intended species, Pantherophis guttatus
(Eastern corn, or red rat snake; incorrectly identified in
the text of Fry et al. (2008), undoubtedly also due to an
editing error, as “Pituophis guttatus”), that Fry et al.
(2008) describe as having an “atrophied venom gland”.
We regret our retained typo, but we were well aware of
the well-developed gland in C. constrictor for as we
mentioned in our book (Weinstein et al., 2011), Taub
(1967) described a well-developed Duvernoy’s gland in
C. constrictor, and Fry et al. (2008) further described it as
well. But, this is another species that uses physical
strength and body compression to “pin” its prey while
simultaneously swallowing it alive and struggling
(Ditmars, 1907, 1922; Conant, 1975; authors’ personal
observations). This doesn’t change our intended point:
many species without venom or constriction physically
overcome a wide variety of prey. Having venom-
producing capacity in snakes has been associated with
an ability to successfully overcome larger, stronger prey
without injurious reprisal along with the increased
biomass benefit of a larger prey item that supplies a net
advantage to the venomous snake (Greene, 1983).
However, C. constrictor and some other studied NFFC
(e.g. some thamnophiines) will feed opportunistically
on larger prey, but most often rely on intake of
numerous small prey items that are, again, overcome
with physical force and forms of restraint (also see
previous section regarding T. elegans) while being
swallowed alive, and yes, often kicking. Detection in
“venom” of Platyceps (Coluber Lanza, 1990) rhodorhachis
of chromatographic and mass spectroscopic peaks with
molecular mass “consistent with the molecular weights
of 3-finger-fold toxins and other toxins” doesn’t provide
any evidence of how these putative toxins are used, and
if their presence alone should qualify the oral product
(s) of this species as “venom”. Also, as P. guttatus clearly
captures prey with powerful constriction, is it func-
tionally accurate, or useful to refer to its maxillary gland
as an “atrophied venom gland”? By this definition of Fry
et al. (2008), it is no longer functioning as a “venom
gland”, regardless of its possible phylogenetic origin,
and thus, wouldn’t it best be differently named while
recognizing its shared phylogenetic origins? This again
speaks to the basis of our call for patience and further
supporting evidence before assigning the term, “venom
gland”, “venom”, etc. to these and other NFFC.

e While we agree that the line separating “venomous”
from “non-venomous” animals has long been indistinct,
premature interpretations of interesting phylogeneti-
cally based data further diminish any palpable separa-
tion between those animals with “venom” and those
without. In this it must be noted again that we have not
“instigated” this essentially convivial discussion/debate;
rather, we noted and discussed in our recent book
an emerging effort to redefine terms relevant to our
analysis of NFFC bites. This resulted in the critical
comments of Fry et al. (2012) that then led to our
respective responses and the present exchange. Rather
than possibly serving to “confuse certain readers”,
comparisons between orally-occurring toxins/venoms
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of squamate reptiles and properties of saliva in
mammals including humans may reveal important
issues in presupposition and definition of “toxic saliva”,
“mild venom”, and the nature of “venomousness”. It is
understandable that Jackson et al. (2012) object to this
example as it suggests what can happen when over-
emphasising the presence of toxins/biologically-active
in a phylogenetically-based definition without some
supporting information describing their fundamental
biological roles. As we commented in our previously
published Replies, we fully agree that humans are
certainly not venomous, neither are cats, mice, guinea
pigs or rats, and that is the very point we made. All of
these mammals have salivary glands and/or saliva that
contain either/and potent depressor agents such as
kinins, proteolytic enzymes, bacteriostatic peptides,
platelet-activating factor and its inhibitor, and in the
case of humans, excitatory neurotoxins. However, as
these are not used in a manner consistent with “venom”,
their presence alone definitely does not qualify the
animals possessing them as “venomous”. Although we
also do not wish to berate the issue, Jackson et al. (2012)
made several incorrect comments regarding some of the
associated features of this comparison. We will only
point out a few of these in the following bullet point.

e The protein content of human saliva, like that of many
other animals, is quite variable. There is a wide range of
protein content and associated salivary viscosity that is
dependent on factors such as: orally-stimulated or non-
stimulated salivary states, hydration status, constitu-
tional condition, presence of medical co-morbidities,
prescription medications, diet and use of street drugs
and/or alcohol (Rudney, 1995; Banderas-Tarabay et al.,
1997; personal clinical observations of SAW, JW). The
authors of one of the papers cited by Jackson et al. (2012)
clearly stated this in relation to the salivary samples
measured from members of their Mexican population:
“These findings could be associated to degree of nutri-
tion, genetic characteristics and level of oral disease in
our population” (Banderas-Tarabay et al., 1997). Ranges
of variation in salivary protein concentrations are typi-
cally extensive, even when salivary source, stimulation
status, flow rate, and assay methods are carefully
controlled (Rudney, 1995). Studies evaluating the role of
saliva in caries incidence among defined geographic
populations would be advised to consider factors that
may influence variation within sample populations
(Rudney, 1995). As noted, laboratory determinations of
human salivary protein content yields results that are
influenced by methods and standards used. Measured
protein levels in pooled human saliva can range between
0.74 and 65.5 mg/ml (Jenzano et al., 1986), thus reflecting
notable differences in protein content of individual
samples. Thus, it is perfectly acceptable to present an
average value of human salivary protein content as long
as one recognizes that this is a very loose point of refer-
ence due to its marked variability.

Jackson et al. (2012) also compare the protein contents
of some NFFC Duvernoy’s secretions/venoms with that of
human saliva per their reference. Although they reference

the protein content range of NFFC Duvernoy’s secretions/
venoms published by Hill and Mackessy (1997), they
omitted other relevant published data. In an earlier study
of chromatographic analysis and immunological proper-
ties of Duvernoy’s secretions/venoms of several NFFC,
Weinstein and Smith (1993) also reported the protein
content of several taxa, and this ranged between 16.5 and
100%. Due to this notable variation, lethal potency studies
of the crude secretions/venoms were conducted with both
samples calculated by measured protein content, as well
as by weight/volume for comparative purposes. The
variability of Duvernoy’s secretion/venom protein content
among several species of NFFC was demonstrated by
comparison of reported levels for a number of taxa
(Weinstein and Kardong, 1994). Intraspecific protein
content variability has been well documented for B.
irregularis. Vest et al. (1991) reported 22.8% protein in the
venom of B. irregularis; Weinstein et al. (1991) docu-
mented 100%, while Weinstein et al. (1993) reported
a snake size-related range between 66% (large adult) and
100% (small), and Mackessy et al. (2006) further demon-
strated this size- or ontogentically-related variability and
reported a range between 47% (neonate) and 90% (large
adult). Therefore, protein content exhibits marked vari-
ability among diverse species. Of course, we are detailing
this in response to some of the incomplete comments of
Jackson et al. (2012), and those remarks still missed our
point in using these comparisons, as we indicated at the
beginning of this section. Although it is unessential to
continue on this further, we will point out, as an aside,
that study of many human salivary proteins is far from
complete, and we have not characterized the full spec-
trum of our oral proteins, nor whether any of these have
undergone a wide variety of selection and recruitment.
Certainly, several genes encoding common salivary
proteins (e.g. amylase) are widespread among animals
and in humans have undergone notable molecular varia-
tion (even if not hypermutation) due to evolutionary
juxtaposition of inserted elements (Samuelson et al.,
1996). It is well established that human pancreatic and
salivary amylase genes are highly related, with similar
intron/exon boundaries and 98% nucleotide sequence
identity over their open-reading frames (Horii et al.,
1987). The structure of these genes (e.g. differences in
promoters and 5’ untranslated ends) are consistent with
the theory that all five copies arose during evolution from
a single ancestral gene through a series of duplications,
with subsequent divergence of the promoter regions
leading to differences in tissue-specific expression
(Samuelson et al., 1996). This is an example of a human
salivary protein that has been subject to notable mutation
and has been expressed/recruited in different tissues.
Again, we used these comparisons as an example to
highlight that patently non-venomous animals like
humans still have oral products that have properties that
can be alternatively interpreted without considering
biological function. But, it is also fair to indicate that, as
has been discussed, some venoms may have what is
apparently a primarily defensive function. Jackson et al.
(2012) correctly emphasize that humans do not, and
likely have not, killed their prey using oral secretions,
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although we have no definitive way of knowing if, in our
distant past, humans ever used such behaviour in gath-
ering prey or in active intraspecific aggression. Human
oral toxins are present in our saliva, and some of these
have unknown roles. As two of us (SAW and JW) (and
many of our colleagues) have treated quite a few human
bites, it must be observed that humans aggressively
biting other humans in purported self-defense are all too
common, and as we mentioned in our Replies, are among
the more medically serious bites that commonly present.
Also, humans do have modified dentition (e.g. incisors,
molars) and salivary flow occurs in the immediate
vicinity of the gingival sulci of the dentition, as well in
the general oral cavity. Although the additional modifi-
cations appear to be for processing of different food types
(e.g. molars for grinding hard shelled foodstuffs), perhaps
incisors played other roles in our distant past aside from
aiding mastication of foods using shearing forces. Modi-
fications of feeding habits and/or a developing reliance on
tool use are believed to be major contributing factors that
resulted in reduction of tooth size in the family Homi-
nidae (Molnar, 1971; Simons and Ettel, 1970; Washburn,
1959). As mentioned in our Replies, protein constituents
may vary according to their respective human oral gland
source/type (Rudney, 1995). In fact, it is a bit puzzling
why Jackson et al. (2012) protest vehemently to these
examples that are intended only to demonstrate the need
for consideration of biological role (s), as well as phylo-
genetic relationship. It is relevant to consider that
one of the authors (BGF) of Fry et al. (2012) and of
Jackson et al. (2012) has advanced the idea that some
primates (the prosimians, Nycticebus coucang, Nycticebus
bengalensis [slow lorises] and Nycticebus pygmaeus
[pygmy loris]) are “venomous” (the “only venomous
primate” see: http://www.venomdoc.com/venomdoc/
Venomdoc.html and http://nyexotics.blogspot.com.au/
2012/05/dr-bryan-grieg-fry-venom-useless-pickup.html)
based on the secretoglobins present in their brachial
glands, whose secretion is anointed onto the comb teeth
of these taxa (Hagey et al., 2007; one of the authors of
this paper is BGF). These teeth are commonly used for
grooming, and possibly to stimulate glandular secretion
of pheromones and apply related odorants (Rosenberger
and Strasser, 1985). Interestingly, Krane et al. (2003) re-
ported extensive sequence similarity between a major
component (18 kDa) component of the brachial gland
secretion of N. coucang and two chains of Fel d1, the
major allergen from the domestic cat (Felis catus), and
concluded that this major protein in N. coucang secretion
is an allergen. In discussing the proteins (particularly
a 17.6 kDa species) they isolated from N. pygmaeus and N.
bengalensis secretions, Hagey et al. (2007) noted that,
“Similar to the dual functionality of cat allergen, a loris
glandular secretion likely evolved as a communication
molecule, and it is a toxin only for certain (incidentally)
susceptible species, like humans” (our emphasis). They
also stated, “In addition to being a defensive toxin reser-
voir, the strong-smelling secretion displays all of the
components necessary for it to play an important func-
tional role in olfactory communication” (our emphasis;
Hagey et al, 2007). Thus, there is an intentionally

inferred implication that the gland secretion is used
defensively as a “venom” even though the natural history
of most prosimians, including lorises, is notably incom-
plete. In this, Hagey et al. (2007) also appropriately cited
several references that reported that loris bites did not
prevent predation by snakes, birds of prey or great apes
(orangutans, e.g. Utami and Van Hooff, 1997). They also
noted the presence of possible pseudogenes among the
human and ape (chimpanzee) genomes that may repre-
sent remnants of the loris brachial gland protein (“toxin”)
(Hagey et al., 2007). This could be interpreted as evidence
of previous functionality of this protein, or a related
molecular species, in other non-human and human
primates. Hagey et al. (2007) also reference Wilde (1972)
who reported a victim bitten by a N. coucang that expe-
rienced life-threatening anaphylaxis, but did not
conclude that they were “venomous”. Relevant to the
secondary medical considerations associated with the
term, “venom”, Hagey et al. (2007) added that humans
“have even died” from such bites, although there has
been formal documentation (published as a brief
abstract) of only one other loris bite (inflicted by N.
pygmaeus), and it caused only mild, local effects
(Kalimullah et al., 2008). The available evidence suggests
that incidental hypersensitivity to an allergenic protein
constituent of the gland is responsible for these very rare
cases. It must also be noted that similarly serious
anaphylactic responses have occurred after exposure to
countless animal-derived products, and this obviously
does not denote envenoming. For one example among
many, anaphylaxis has occurred after a gerbil (Meriones
unguiculatus) bite (Trummer et al., 2004). As we noted in
our Replies, many animals, including some rodent genera,
have kallikreins and other serine proteases, as well as
other numerous biologically active proteins in their saliva
and/or sub-maxillary salivary glands. Also, all of the re-
ported “human deaths” from loris bites are derived from
anecdotal reports without any substantive documenta-
tion. This is reminiscent of some cases of NFFC bites that
have anecdotally and incorrectly been perpetuated in the
literature as “fatal” (Weinstein et al., 2011). Such reports
require careful evidence-based, clinically qualified anal-
ysis in order to determine their medical accuracy, prior to
their perpetuation in the published literature.

Therefore, we never intended our human saliva
example as a system directly comparable to that of squa-
mates, but instead were emphasizing the need for careful
consideration of biological role before applying the
inference-laden term, “venom” and “venomous”. The
protests of Jackson et al. (2012) regarding this example
missed our very basic point that was directed at simply
calling for care in the use of specific terminology. Review of
some of their work noted above suggests the importance of
carefully using terminology and the avoidance of prema-
turely labelling any species as “venomous” without
a clearer understanding of the animal’s biology, life cycle
and relevant natural history. Due to some of the puzzling
remarks of Jackson et al. (2012) it is important to again
emphasize that just because we are commenting that
there is no current evidence that some animals (e.g. any
primates) are venomous, this should not be interpreted to
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mean that further research of this question is invalid and
shouldn’t be done!

Lastly, as we mentioned, other mammals produce oral
secretions (venoms) that in some species (e.g. the short-
tailed shrew, Blarina brevicauda) assist in the procure-
ment of prey. Interestingly, as Fry et al. (2009a,b, 2012) are
aware, there is a well-established structural and functional
link between several venom toxins of B. brevicauda and that
of the venomous helodermatid lizards, the Gila monster
(Heloderma suspectum), and beaded lizard (Heloderma
horridum; Kita et al., 2004; Ligabue-Braun et al., 2012). In
particular, blarina toxin from B. brevicauda venom and
gilatoxin from H. suspectum venom, both appear to be
structurally similar toxic kallikreins that are derived from
non-toxic kallikrein precursors, an example of convergent
evolution (Aminetzach et al., 2009) involving recruitment
of specialized serine proteases. We mention this very
interesting example of functional evolutionary conver-
gence in order to reinforce that closely similar toxins may
develop in divergent animals, and the knowledge of how
these are used is central in assigning terminology that
reflects their respective function (s). It is important to
remain aware that several human human glands/organs
(e.g. pancreas, kidneys, apocrine glands, etc.), including the
salivary glands (that alone express >12 forms of kalli-
kreins), express human kallikrein 1, as well as over 15 other
kallikrein and kallikrein-like species. Although it typically
exerts its biological activity through release of lysyl-
bradykinin (kallidin) from kininogen, its functional roles
are biologically complex (e.g. regulation of vascular tone,
coagulation, inflammatory mediation, enamelization, etc.),
and may be tissue-specified (Yousef and Diamandis, 2001;
Simmer et al., 2011).

Finally, we thankfully acknowledge the amiable
comments of Jackson et al. (2012) about our book
(Weinstein et al., 2011). Likewise, as we have stated, the
collective works of Fry et al. are important and interesting
contributions to the growing knowledge of squamate oral
gland/venom evolution. Our collegial debate addresses
a difference in the approach to the application and
contextual use of emerging information that adds to the
existing synthesis of knowledge about venoms and the
condition of “venomousness”. As Russell (1935) opined,
there is no question that scientific conclusions and their
associated “ingrained” realities are provisional and
subject to dramatic change. Our main tenet remains that
prior to broad adoption, these inevitable changes require
repetitive observation, reasonable independent repro-
ducibility, and, if applicable, broader synthesis with other
phylogenetic investigations. It is important to approach
a proposed paradigm shift with patience, diligence and
a receptive attitude to critical discussion and formal
review. It is preferable to have an interdisciplinary review
(e.g. including evolutionary biologists, systematic herpe-
tologists, toxinologists and physicians, etc.) because the
information reaches conclusions about multiple aspects
of squamate biology with broad implications. There
already is good reason to conduct an informed interdis-
ciplinary review of the terminology defining “venom”
and “venomous” as discussed in our interesting debate.
The importance of this is clear because of the

contemporarily rapid integration of information into
multiple levels of academic, private and public access
through the plethora of print and digital media. This is
only going to expand in the near and distant future.
Therefore, it is important, as Kardong (2012) indicated in
our collective Replies, not to prematurely advance
terminology that may be destined for rapid obsolescence.
Rather, it is best to carefully, methodically, and most of
all, patiently, gather the most complete information
possible and then synthesize the new defined model for
the relevant natural phenomena. We look forward to the
future information that Fry and colleagues, as well as
other investigators will undoubtedly contribute to this
essential feature of squamate evolution.
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