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covers these data in greater detail; and with Table 4, which

Cha pte r I: G eogra p h IC reviews these snakes’ distribution and habit.
s s s Certain conclusions are inevitable: the South Ameri-
Va ria tl on in B us h ma Ste r can taxa show clinal variation from north to south; the
Morphology

originally nominate forml(. muta muta), recognized to-
day as one of two subspecies, is geographically variable
within itself, resulting from an ancestral disjuncture poten-

IN THE PAST, the bushmasters were seen in a p0|ytyp}plly older than the rise of the Andes and those other bio-

context, and locality, not morphology, answered for thgeographic alterations which later separated the Amazo-
first major divisions. Cope’s (187Bchesisstenophrys nian from those of the Brazilian Atlantic Forests; it might
appears based on nothing more than a specimen |Oca},ﬁ¢refore be regrouped accordingly with respect to what
for the bushmaster in Middle America, and Boulenge® NoW called.. mutarhombeata, and the range of the
(1896) acknowledges its existence uncritically. TaylofAtter extended into western Brazil (e.g., Mato Grosso)
(1951) sinks it intd.achesismuta, retainingstenophrys and beyond, into those other regions where similar traits
as the trinominal. Peters and brejas-Miranda summare also observed. Hence | have reduced the distribution
rized differences in scale number and color among tf@n9e oL mutamuta and extended that bf m. rhom

(then) three known taxa, but it was not until 1986, wheR€ata accordingly (Figure 22 - 23). The Central Ameri-
Solérzano and Cerdas descridedmuta) melano- canL. stenophrysis embraced by two weakly differenti-

cephala as a new subspecies thatstenophrys was ated geographic variations, both of which are intergrad-

rigorously examined, and this inadvertently through thedB9 @nd should not be viewed as taxonomically distinc-

authors’ attempts to justify allopatry in the former. ThustiVe: L. melanocephalaiis without region variation; and a

almost a hundred years after it had been named, this pﬁzégrth bushmaster, the Chocoan one (from eastern Pan-

viously little-differentiated form began to emerge for thé?Ma and northwestern South America) has been suffi-

firsttime in a truly distinctive light. Meanwhile the guide_ciently isolated from all others as to evolve distinctively as

lines for separating. mutarhombeata from the nomi- & SPECies inits own right (Figure 24). _
nateL. mutamuta remained as cloudy as ever—a con- The wider its distribution, the more a species can be
dition my data can only emphasize. expected to vary. Hentemuta muta with its vast dis-

o tribution in equatorial South America varies considerably
As the bushmasters in this article are treated as “Spgsm north to south. whilke. mel anocephalawith its tiny,
cies”, | am for the first time exploring morphological varia-gmost insular range in southeastern Costa Rica, exhibits
tion within the binominals themselves. AIthpugh, iNRiP3ittle or no geographic variation whatsoever. From the
(1994),L. muta muta of Mata Grosso, Brazil were held 5y 5ijaple specimens, the South Americamuta muta
analogous tb. mutarhombeata, of the Brazilian Atlan- - 5nh64rs to embody at least two moderately distinct forms,
tic Forests, a variation was described in Guianaese eXnorthern form. endemic to the Guiana Shield and con-

ample;; but these ideas were not pursued very far. Tﬂ&uous regions, and a Southern, which | am tentatively
following provides an overview, from a phylo-

geographic perspective, of the trends exeig
plified by each species. This will hopefull
show a truer picture of the evolutionary rel
tionships of the bushmaster forms, and reviilE™ . =3
paths for their divergence. This section shoUjE e i
be read in conjunction with Tables 1-3, whig

Figure 19. This Chocoan bushmaster reveals @
dorsolateral scalation similar to the two Central g€ St

American forms: imbricate, with a blunt basal P, .
end, and obtuse keeling that tends away from
the midline of the scale and may reach a free
apex. The tubercular center rests upon a flat
outer surface. The pattern tends to vertical bar
that may reach the ventrals, a characteristic
typical of Central American forms, and in the
Amazon Basin (but not Guiana Shiefld)m ofL.

mutamuta. Modified from Ripa (1999; 2000).



identifying with the Amazon Basin (called
Western Amazon formin Ripa, 1999).
The Northern, or Guianaese (Guia
Shield) form is endemic to French Gui
ana, Surinam, Guyana, Trinidad, easte
(and possibly southern) Venezuela, ar
proximate areas of extreme northern Bri#
zil; in short, throughout the contiguou
Guiana escarpment. This form usually hig
a thinner, sharper, anteriorly narrowegge
head, and a more slender body confae®
mation. The dorsal scalation is extreme
beaded, with the medially biased tubulg
keel strongly centered along the midlin
of the scale (apically biased in the Ama
zon basin). The internasals, canthals, ag&
prenasals are larger, giving the snouEsss
more elongated aspect. The head ma s
ings are much less advanced and usud
take the form of a series of numerous (up
to 40) small speckles that may or ma
not conform to a latent pattern. The ey
stripe is typically narrow. The dorsal bod
blotches may be strongly rhombic o
simple ovoids. They are fewer in numbg
than in the Amazon Basin, and mor|
widely interspersed with ground color.
They are not always black, being of u
ber, sienna or other dark brow
hues. (Figures 13-21). The groun§
ranges from brownish tan, to yellowish targ
to pinkish-tan.
In Southern, or Amazon Basin form
holds a north—south affinity in the wester
Amazon Valley following the Andean ver-
sants from northeastern Colombia sou
through eastern Ecuador and Peru, ing
northeastern Bolivia, contiguous areas £
Brazil, and east into Mato Grosso Statg
Brazil. The presence of this formin th
Amazonian lowlands needs further stud
but the continuance seems probable. Itis
factually the form found in the Atlantic Forest area of east- Figures20- 21. Dorsolateral scalation &f muta muta

ern Brazil, what is now calldd muta rhombeata. showing the large, beaded, diamond-shaped scales of the
. ) . . bushmasters of the Guiana Shield. There is little or no free
The southern (Amazon Basin) form will be immedi-  5ex: the cranial end is rounded (V- or U- shaped) at the

ately distinguished from the northern (Guiana Shield form) point of emergence from the interstitial skin. The tubercu-
by the striking and vivid head markings, which suggest an lar center rests upon an embossed outer surface. The
“arabesque” or asterisk-like pattern. Ablunter anterior Patternis strongly rhomboidal. Adapted from Ripa (1999;
head with a somewhat more robust body conformation, 2900

flatter (less beaded) dorsolateral scales with an apically

biased tubular keel, and dorsal rhombic markings tending

to greater vertical barring are other traits that may vari-




Figures22 - 23. Map of South American distribution

of L. muta muta andL. muta rhombeata. Figure 22
shows the standard demographic arrangement of
Lachesis muta in South America, with.. muta muta
occupying nearly all of the Amazonian regions; and
the debated subspeciésmuta rhombeata restricted

to Brazil's Atlantic forest belt. Figure 23 shows my
recommended revision of this distribution based on
morphologyl. muta muta becomes restricted to Trin-
idad, the Guyana Shield and contiguous regions; and
the range of.. muta rhombeata expanded to include
the Amazonian basin and contiguous areas. There is
obviously a high degree of overlap, not unexpected in
trinominal classification. This is a true clinal variation
within a single species of snake, and subspecific clas-
sification best addresses these morphological differ-
ences accordingly.

Lachesis muta muta

dlly dppedl WILTHTUIE SOULL. 111 SUITE 1eylurls, sulll das

along the Rio Pucayacu in Pastaza, Ecuador, the dorgaluld be relevant to discovering their phylogeographic
head markings may be so elaborate as to render the bistory. Given the difficulty of finding new specimens in
tire head dorsum almost completely black. The extren@ready ravaged rainforests, such a task presents almost
southern populations, in Mato Grosso, Brazil, typify thignsurmountable difficulties in the modern day.

form in most often having the elaborate head pattern (Fig-
ure 13). The ground color, when light, may be yellowish-

The Brazilian Atlantic Forest bushmastem. rhom-
jpeata (Wied-Neuwield, 1824; Hoge, 1965) is an appar-
ent homologue of the Southern, or Amazon Basin form of
L. mutamuta. Its justification as a subspecies rests on
Where and to what extent the Amazon Basin fornittle more than geographic isolation and tradition; from a
gradates with the forms of the Guiana Shield form, is ngurely morphological perspective, subsuming the Ama-
easy to determine; but intergradation is a certainty—a cagen Basin form within this trinomial seems a more appro-
of reproductively compatible populations renewing conpriate systematics. While contemporaneously isolated by
tact after probable periods of geographic separation. vast barriers of unsuitable habitat, its identical physical
wider investigation than is in the scope of this chaptexppearance with these southern Amazonian populations

tan, but unlike the Northern form, is rarely pinkish o
salmon colored.
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Figure24. Geographic distribution of the bushmasters of Nicaragua, Costa Rica, Panama, and eastern Panama -northwest-
ern South America.

Distributions ofLachesis stenophrys andLachesis melanocephala are shown west of longitude 79° W.
Distribution of the western Andean fortrgchesisacrochorda, is shown east of 78°50 W, and extending

south to just below the equator. Despite close proximity to L. stenophrys in Paramoghordaretains its

own identity southwest of the Tropical Dry Forest barrier that divides them, indicating low genetic flow be-
tween ancestors. Intergradation between the two populations, in the narrow San Blas corridor, is unlikely due
to habitat requirements.

Arrows indicate probable dispersal routes based on morphblatgnophrysfollowed a Talamancan fauna
dispersal route (sensu Savage, 1966), advancing along a northwestern route into Nicaragua, where it was
held back by the Nicaraguan depression. Advancing southeastward across the lowlands of Caribbean Costa
Rica and northeastward into an emerging middle Panama, it was held back by another marine barrier from
penetrating eastern Panama. During this period, the ancestral Chocé bushmaster was possibly already en-
demic to eastern Panama on an enduring land mass called the “Panama Spur” (sensu Lloyd, 1963), perhaps
the original source of the westward invasion into Pacific coastal Costa Rica (or western Panama during a
climatically different glacial period). When the Panamanian portal closed in the late Miocene or early Pliocene,
areas of unsuitable habitat (Tropical Dry Forest) persisted to bar further eastern colonikasiendphrys,

and western colonization by the northwestern South American form. Today these two allopatric and morpho-
logically distinct snakes exist within 100-150 km of each other, separated only by this vegetation barrier. The
occurrence df. acrochordain the inter-Andean valleys of Colombia is inferred on the basis of Campbell and
Lamar’s (1989) report of bushmasters occurring in those regions, and from the lack of barriers to prevent it.



betrays recent ancestral ties. Like the latter, the head dgfi- coast Panamanian males (a population survives in
sum is marked with a distinctive “arabesque” pattern (Sege cerro Azul area) may show increased head-mark-
photographic depictions). Variably, it may have a brightefn s 4 diagnostically reliable sexual dimorphism ib.all
more contrasting dorsal body color than the Mato Gros?enophrys Ventral scale counts of both forms are con-
snake, tending toward yellow rather than orange or rédisiently low, but examples from the Pacific extremity of
dish-tan. The eye-stripe is usually broad. The scales g eastern Canal Zone range have been lowest of all:
often very rugose, seemingly more so thaifenuta  19q yentral scales were seen in an example from Cerro
muta. However, these traits, which appear statisticallyaz| This is significant in view of the near but historically
may notreflect every case. disjunct proximity of the Cerro Azul to the eastern Pana-
It seems likely thatt. m. rhombeata and the south- manian_ (Chocoan) form, whose ventral scal_e_ range is al-
ern (Mato Grosso) populations of Amazon Basimuta ways hl_gher [211-226] asinmuta. The Pacific coast
muta once formed a continuous distribution, probabl;POpUI_at'on also represents the southeastern most extrem-
occurring australly across the Brazilian Shield, where rdy of its range, and borders the broadest aspect of the

cent glacial events resulted in the disjunction of the wl"Y Forest_b_arriers that_disrupt bush_master distribution
populations, creating the habitat barriers that exist tod A t_h,e Pacific (r:loas,t untl_l repla;:ed with the form§ of theh
(sensu Dixon, 1979). Zamudio and Greene (1997) pla rien and Choco regions of eastern Panama. Bot

the divergence of the Atlantic Forest snakes from th\é/estern and Middle Panamanian form.stenophrys

Amazonian as occurring not more than 300,000 tgompriseasingle population; their varying character is

800,000 years ago. It seems likely that geologically oId&“e’ if anything, to the extreme attenuation of their very

events in the Amazon basin conspired to diversify theé_'@ear range, with episodic separation during the evolving

populations within the Amazon much earlier, and that tHSt"MUS resulting in periodic refugia (but see below) and/
Guiana Shield, remaining relatively stable, made for astaljie Previous mtergrad_atlon with populations from north-
population, so thdt. muta muta did not follow the tra- western South America.

jectory that occurred in the south. Figure 22 - 23 at- The close-lying but distinctive “Chocé” bushmaster
tempts to plot this area and re-describe the distributionnges from eastern Panama into northwestern Columbia
for these two forms. and Ecuador (see Figure 24). Sharing the somewhat

_ ' heavier body conformation of the two Central American
The Central American bushmastergenophrys)is  forms (distinct from Guiana Shield muta muta, how-

distinguished from all other bushmasters by the lower rang&er, a morphology already appearing in the Western
of ventral scales, smaller internasal and prenasal SCﬁ'Aﬁnazon), this snake is distinguished frorgtenophrys
ground color (obscure), absence of (or lesser) head magg its elaborate “arabesque-like” head markings, typi-
ings, increased vertical barring of body blotches, he lly narrow eye-stripe, ground color (which ranges to
shape (blunter, from shorter quadrate bones), body Cq§kange-tan and orange-pink), and high ventral scale range
formation (taller, heavier, with higher vertebral “dge)(comparable th. muta), among other differences. In
among other traits (see Tables 1-3). Males of this SPR1y previous papers (Ripa, 1999; 2000), | regarded this
cies are usually more darkly colored than females, a legsym as distinctive, meriting its own designation as “spe-
reliable character difference in South Amerida.  cjes”, but did not take into account an available name for
stenophryshas two weakly differentiated forms, a Westyt from Garcia (1896). In this text, Garci@sthrops

ern form (endemic to Caribbean Costa Rica and Panamg&ochorda becomes achesisacrochorda accordingly.
west of the Canal) and an Eastern, or Middle Panam@napters 3 and 4 discuss this area in greater detail.
nian form (vicinity of the Panama Canal Zone east to ap-

proximately 79° W, but not extending into eastern Pan- \ynileitis tempting to explain the Chocoan snake as
ama). The Middle Panamanian form reaches the Pacifig empodiment of “derived” traits of both South Ameri-
Coastin Panama, a radiation thatenophrysachieves  can and Central American origin (either as a recent in-

nowhere else in Central America. tergradation, or a wide ranging relict hybrid), this inter-

Differential diagnosis of the Middle Panamanian forn?’ retation jgnores geologic evidence of vicariance, and tem-
can be made by its pattern, with the dorsal rhombs haviR§ ra]ltl est|ma:1§shc1f the t;;vo better frlﬁwtr;r? entral Artnherl-
greater triangulation with less lateral barring, mediall)? niorms, which logicafly Suggests that tn€y cannothave
spaced with wider areas of ground color and often bop_oexsted as well as evolved separately. Moreover, the

dered by a whitish-tan throughout (in the Western forfyemendous size of its distribution range, which exceeds

this light border rarely occurs except posteriorly). pgmany times that of both its Central American relatives,



would minimize more recent Middle American influencesived from Ripa, 1999, and 2000) offers a comprehen-
(< 3.5 Mya; see further sections) radiating from acrossive look at this unresolved taxon, revealing its nearer re-
the narrow isthmian link. Morphology supports this, asemblance to the Amazonian South American lineages than
consistent along the northern range extremity as in ttie the Central American stenophrys, however, show-
extreme south (Pacific Ecuador). Their isolation woulehg how difficult it is to bring it into either group. This,
seem to be of longstanding history. with the available paleogeographic evidence suggests that
Paleogeographic models to date show that this forthe Chocoan bushmaster represents a widespread, dis-
has been isolated from other bushmasters for millions thct and allopatric population that has been separated
years—by the Andean chain on the east (preventing cdnem the other bushmaster species for millions of years.
tact withL. muta muta today) and previously by open ThusL. acrochordameets Wiley's (1978; modified from
sea on the north (preventing contact Witstenophrys).  Simpson, 1961) definition of a distinct evolutionary spe-
Only in more recent times (less than 3.5 Mya; sengties, as a “single lineage of ancestral descendant popula-
Coates and Obando, 1996) can an apparent juncture witins of organisms which maintains its identity from other
L. stenophryshave taken place (see Chapter 3), but theuch lineages and which has its own evolutionary tenden-
results of this union (if it actually occurred) have not beeanies and historical fate.”
significant to either group, owing to habitat barriers re- . o .
stricting contact between them. An interpretation based G€0graphic variationin the South American bushmas-
on existing data would place the ancestors of this form &S €. muta muta andL. muta rhombeata) might re-
the ancestors of the forms that later developed indepdlf:t Paleoenvironmental and climatic changes as recent
dently in Central America the results of this union (if i2S the Pleistocene (sensu Potts and Behrensmeyer, 1992;
actually occurred) have not been significant to either grou@n der Hammen and Absy, 1994), or paleogeographic
owing to habitat barriers restricting contact between therVENtS going back much further in time. (Zamudio and

Ad hoc explanations that episodic contact with the AmaSreene [1997] refute a *forest refugia” hypothesis as the

zonian forms through narrow mountain passes have merdfaUse Of speciation iraches's, with a temporal estimate
diluted what was once an ancestral populatior..of Ofdivergence having adeepestbranching in the Tertiary).
stenophrys are inconsistent with the evolutionary historyCertainly the shared traits of the two Central American
of L. stenophrys as it has been portrayed—a species tiefiorms seem derived from the Amazon Basin populations
to the development of the Talamancan chain, and not thather than from the geographically more distant forms of
Andean, which are not now nor have ever been, so far gge Guiana Shield. Interpreting the two Central Ameri-
is known, in direct contact. Acomparative look at this form:an species to be evolutionarily “newer” than the Amazo-
is provided in Tables 1- 3. Its meristic characters are Suh‘lan (diverging 11-6 Mya; Zamudio and Greene, 1997)
jected to a varlance analysis (MANOVA)' showing theand these being less dissimilar, the Amazon Basin formis
low probability (Pr > F 0.0001) of this suite of characterﬁO icallv the more recentl ived of the two oh f
being repeated in any other group. gicaly . n y evq ve 0 .e . O phases o

_ _ _ _ _ L. mutamuta. This implies an initial radiation from an
widespread forms (i.e, stenophrysandL. muta muta)

says nothing about its morphology in present time; all spe- The Guiana Shield, a “stable positive unit since the
cies are continually modified by sympatry. We need tdliddle Precambrian” (Stuart, 1966) is the oldest large,
know the state of the population in its present stage efable landmass in northern South America currently in-
evolution before we can beg its history. The polytypitabited by bushmasters. While the age of a landmass
classification of former times was a haphazard construdbes not ensure the origination of a species in that land-
even less useful than our newly invented monophyly. Taraass, the unstable orogeny of the frequently deluged
onomy, which initially demands as much of a subspeciésmazon Valley during its early history does not offer many
as it does of a species (one must set about describing@od opportunities for the development of a highly spe-
ultimately expects far less of a subspecies: the possibilitjalized fauna with habitat requirements like the bushmas-
of intergradation remains an inherent part of the trinomier. Northwestern South America was intermittently
nal rank. Hence, nothing is stated. Within the older uglooded until the mid-Miocene, while the eastern Andean
age, one did not argue tHatmuta stenophrys must —area was underwater at various times until the Paleocene
inevitably bleed intd.. muta muta somewhere; it was (Nygren, 1950; Harrington, 1962; Jacobs et al., 1963).
assumed that it must. But with the latest treatment of tAdne receding North Andean geosyncline would probably
bushmasters as three distinct species (e.g. Ripa, 199&yve left the western Amazon Valley a vagarious habitat
Zamudio and Greene, 1997), where does the enigmadtitpartially submerged swampland for an indeterminate
“middle” population “fit"? A subsequent chapter (de-period during the Tertiary (pers. interpretation of the lit-



erature); and as further subsidence of the Amazon Vallegnnot better be answered by specific classification, when
drowned the drainages of the Magdalena, the Cauca, asuth can be shown. When it cannot, a triname forms a
the Orinoco during the Tertiary (Van der Hammen, 1961jseful and descriptive purpose.

Hoorne, 1994), and it is reasonable to suppose that un- .

suitable habitat conditions for bushmasters (which have The blackheaded bushmasteachesis melano-
specialized moisture requirements and avoid swamp&fPhaa) of Southeastern Costa Rica is unique for a jet-
might have prevailed for a considerable period afterward2/ack cap that masks the entire dorsum of its head, from

The Guiana Shield provides an ecologically more reliab@0Ut {0 nape, including the eyes and ocular stripe. No
place for evolutionary development. other viper in the Americas has this distinctive appear-

ance. Its high ventral scale count distinguishes it from
Similar events seem to have taken place in Centraienophrys (Solérzano and Cerdas, 1986), being com-

America, although more recently. From the available geparable td.. muta and the Chocoan form (Ripa, 1999;
logical data, the Talamancan orogeny appears to ha2@00). Other differences include an anteriorly shortened
arisen from northwest to southeast, culminating in the clenout, the dorsal height of which may be equal to or el-
sure of the Isthmian Link about 3.5 Mya (Savage, 1982vated above frontal; significantly smaller scales than any
Coates and Obando, 199&). stenophrys appears to other bushmaster; a very pale yellowish-white ground
have followed a Talamancan route of dispersion such aslor; and a darker interstitial skin causing the scales to
is seen in other fauna assemblages (sensu Savage, 1986))d out markedly, lending the scales a uniformly speck-
colonizing these new middle Panamanian lowlands as ttexl or braided appearance, especially in males (Ripa,
portal closed. 1994). Significantly, the ventral scale counts fakor

muta rather than the close-lying stenophrys. The Ta-

Thus, while bushmasters are now endemic to the AM@mancan mountain chain has prevented contact between
zon Valley, unsuitable conditions persisting there long af,ese two species for millions of years

ter the emergence of the first land bridges might have pre-

sented barriers to bushmaster ancestors within that re- Lachesisstenophrysis an essentially coastal species
gion. During a long westward immigration through thesef lower Middle America. With its blunt snout, lower
developing lowlands, the ancestral Amazon Basin formsentral scale count, stockier body conformation, dull green-
may have differentiated (from the Guiana Shield formgsh-gray coloration, and usually nearly patternless head, it
even before the next Andean uplift would further segras the least like the other members of the genus. It seems
gate this population into East Andean (Amazon Basirtd have evolved alone and separately from the other bush-
and West Andean (Chocoan) forms. Based on morpheohasters in the Talamancan orogeny, thence following the
ogy, | have no trouble viewing the two formd.ofnuta  developing isthmus toward the southeast. Itis logical that
muta as distinct races (or “subspecies”) of a single taxothe Eastern (Middle Panamanian) phade siénophrys

a useful systematics. Modifying their present range t@ith its larger prenasals and occasional headmarkings,
show their overlaps will be even more useful, howevehoth similarities toL. muta and the Chocoah.

The southern bushmasters (Atlantic Forest, Mato Grossagrochorda) is the more recent arrival from an invasion
etc.,), appear to form a separate clade from those of timgtiated within the northwestern Talamancan regions of
north (Guiana Shield).. mutarhombeata seems basi- Panama and Costa Rica. Barriers of unsuitable habitat
cally a southern Amazonian (Amazon Basin) form whilend/or a preexisting marine barrier reduced if not entirely
the northern populations of the Guianas and Trinidad forprevented its contact with the populations of the Choc-
a good unit within themselves (see Figure 22 - 23). Traan refuges farther east. The whole assemblage (of
former almost always show the strong head markings ussienophrys) can be viewed as a strong taxonomic unit if
ally lacking in the north, and there may be other coladescribed according to the proposed distribution range
variations. Thus | recommend making use of the subspgiven in Figure 24. To muddle it with the Chocoan form
cific L. m. rhombeata rather than abandoning it, how- undermines the present determination of “whalt.is”
ever extending its range into those western (Amazoniagenophrys, ultimately disrupting the present and very
regions where morphology supports it. Owing to preseniseful species concepts now evolving in this genus.

day juncture and probable widespread intergradation of

what are no longer distinct populations, the search for

exact divisions will be difficult and perhaps fruitless. But

systematics, an abstract concept, does not demand exact

determinates among populations presumed to intermingle.

There is no genetic basis for subspecific classification that
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