
Busy con pew emurn (LinnB) 

AND SOME RELATED SPECIES 

INTRODUCTION 

T HE YEAR 1958 marked the anniversary of two most 
significant contributions to the field of biology; it was 

the two hundredth year since Lime published the tenth edi- 
tion of Systema Naturae and the one hundredth year since 
Darwin and Wallace presented their first brief paper on the 
origin of species. To both Linni: and Darwin a species was a 
recognizable entity that could be compared wit11 or related 
to other species. To Linnh the relationship was a superficial 
one of similarity of body parts, for Linni:, like most scientists 
of his day, was firmly convinced of the separate creation and 
immutability of species. His work did, however, give an air 
of unity to the study of living organisms, and his personal 
influence was so great that his system was soon almost uni- 
versally adopted. 

As scientists fell to the task of refining the classification of 
plants and animals according to the Linnaean system, it was 
inevitable that speculation would arise concerning the rea- 
sons for the similarities in morphological patterns seen in re- 
lated groups. A number of naturalists in the years between 
LinnB and Darwin made brief reference to the possibility of 
common ancestry of related species, but, with the exception of 
Lamarck's brilliant but ill-fated explanation of how species 
might evolve, there was no consistent and well-documented 
attempt to explain the relationships indicated by Linnaean 
taxonomy. 

In the years 1831-1836 when Darwin, as a young man, 
circled the earth as naturalist on the Beagle, he first became 
convinced of the origin of species through common descent. 
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He spent the next twenty-two years carefully accumulating 
all the data he could find which might have some bearing on 
the problem. It was his intention (and an admirable one 
when compared with the haste with which most modern 
authors dash into ~ r i n t )  to have his theory so thoroughly 
documented when presented to the public that there could 
be little doubt of its evident truth. 

It came as a blow to Darwin, when in 1858 he received a 
letter from A. R. Wallace, a young naturalist in the East In- 
dies, in which there was outlined the framework of a theory 
of evolution almost identical with the one to which Darwin 
had devoted so many years of painstaking study. Darwin's 
first inclination was to abandon his years of research and to 
leave the field to Wallace. His friends prevailed upon him, 
however, to join with Wallace, and in 1858 they presented 
their brief paper to the Linnaean Society of London. 

In the months that followed, Darwin worked with unchar- 
acteristic haste, and in 1859 there appeared the first edition 
of his Origin of Species. This edition was quickly sold out, and 
in rapid succession came the many re-issues and revisions 
which attested to the significance of the work, It is a matter 
of justice that Darwin has received the major credit for the 
theory which now bears his name, for without the abundant 
supporting evidence he supplied, the framework of a theory 
proposed by Wallace would have received Iittle support. 

Of course, not all contemporary scientists agreed with Dar- 
win; there were even those who bitterly and vociferousIy op- 
posed the idea of evolution from common ancestry. It is 
tiue that the theory had its weaknesses. Darwin recognized 
them himself; he even devoted a section of his book toward 
a severe criticism of his own theory. The basic tiuth of what 
he wrote, however, was undeniable, and a great portion of 
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biological research of the past hundred years has been di- 
rected along lines that have led to an understanding of the 
mechanisms involved in Darwinian evolution, 

A basic feature of evolution, according to Darwin's theory, 
has been the slow and gradual accumulation of small inher- 
itable changes over a long period of time. Near the turn of 
the century, however, Hugo De Vries and others noted the 
occasional occurrence of large inheritable changes which 
they termed mutations. These mutations could apparently 
lead to the formation of a new species in a single generation, 
and the possibilities of a theoly of evolution based on large 
mutations were so attractive that Darwin's theory fell into 
temporary eclipse. 

Early in the twentieth century, certain groups of scientists 
began conducting experiments which they claimed showed 
that acquired characteristics could be inherited. This school 
of thought, now often referred to as Neo-Lamarckianism, 
survives today as the official biological credo of Soviet Russia. 

In recent years, however, increasing knowledge in the 
field of genetics has provided the necessary mechanism for 
explaining evolution in Darwinian terms, and most of the 
present students of evolution refer to themselves as Neo- 
Daiwinians. Evolution is thus regarded as occurring in many 
small steps and in many places, with the environment se- 
lecting those individuals with the most suitable genotype for 
any given time or place. 

Although it now appears evident that most evolution has 
proceeded along the lines indicated by Darwin, there is still 
the possibility that evolution and species formation might oc- 
casionally be accomplished by other methods. In the follow- 
ing paper on some species in the genus Busycon, a means is 
indicated whereby reproductively isolated species could be 
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produced in a single generation. This process might even 
happen several times in similar fashion and thus lead to two 
or more homologous species, each derived from the same an- 
cestral stock. 

In this one hundredth anniversary year of the presentation 
of Darwin's theory, it is fitting that research is still being con- 
ducted along lines similar to those outIined by Darwin him- 
self. It is sincerely hoped that the two following papers 
would interest Darwin if he could be here to read them, for it 
is in his honor that they are presented. 

Q ~ Q Q O Q O  

The genus Busycon today includes several species of large 
marine snails, commonly called whelks, which live along the 
Atlantic and Gulf Coasts from Cape Cod, Massachusetts to 
the Yucatan Peninsula. The group had its origin in late Cre- 
taceous or early Tertiary time, reached a maximum number 
of species by the Miocene, and has been in slow decline ever 
since. 

The genus has apparently always been restricted to the 
continental shores of North and Central America, for it has 
never been taken, either living or fossil, from any of the Ba- 
hamas or West Indian Islands. I t  is common on the Tortugas 
and the Campeche Banks, and its absence from Cuba and the 
Bahamas, which are very similar both ecologically and faun- 
istically, must be due to the inability of the eggs or young 
snails to cross the Gulf Stream. 

There is no free larval stage, but the egg cases, consisting 
of hollow disks attached together in long spiral coils, are com- 
mon objects along all our Gulf and Atlantic shores. Within 
each disk, a few dozen young snails are produced, each with 
a small but dense shell. The parent femaIe attaches the egg 
cases by burying the lower end of the case in a sandy or 
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muddy bottom, but even if the cases are torn free, they are 
denser than the sea water and will not float. 

Widespread distribution is di5cult or impossible not only 
for young specimens but also for the adults. The food of 
Busycon consists largely of clams wllicll live buried in a 
sandy or muddy bottom that is soft enough for the Busycon 
to plough its way through. Stiff clay or rocky bottom is un- 
suitable, and only rarely has Busycon been taken f ~ o m  such 
a substrate. Even on a favorable bottom the rate of move- 
ment is slow. Magalhaes (1948) reported from field observa- 
tions that many specimens of Busycon did not move laterally 
at  all; on some days they would merely emerge from the sand 
and then burrow back into it. Of those specimens which did 
move, the average distance traveled was 18 meters per day. 

Three other significant facts concerning the biology of 
Rusycon were reported by Magalhaes (1948): (1) The density 
of population is relatively sparse for a marine invertebrate. 
Even on the most favorable bottom available in the area of 
Beaufort, North Carolina, there was only one specimen of 
Busycon for each 80 square feet. (2) Growth is slow; for 
Busycon carica (Gmelin) the formation of a single shoulder 
spine req~~ired from 94 to 501 days. An average adult snail, 
4 to 5 inches long, has 10 to 12 spines on the body wl~orl 
alone, and at this rate of growth, tile formation of the last 
wllorl would require from 3 to 15 years. (3) There is a breed- 
ing season for Busycon carica (Ginelin) in the spring and 
another in the fall, although it is not known whether the same 
female will produce egg cases at both seasons, At any rate, 
the reproductive potential is high, for a single large egg case 
will house 4,000 to 6,000 eggs. 

The species of Busycon can thus be represented as being 
made up of small, highly localized populations of slow-grow- 
ing but long-lived individuals, Gene flow between adjacent 
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populations is slow, and for many of these populations it must 
be negligible. 

If the genes of Busycon were as stable as they apparently 
are for such animals as Limulus, the horseshoe crab, or Lin- 
gula, the brachiopod, the various populations of Bzcsycon 
might all be morphologically uniform; such is not the case. 
Not only is theye considerable difference in the general form, 
coloring, and sculpture of the various members of a single 
population, but there are also marked differences in these 
features in a single individual as it passes through its young, 
mature, and gerontic stages. 

Although there is considerable range in the variability of 
the members of a given population, there is frequently a much 
greater range in variation between different populations. I t  
should be noted, however, that some populations are remark- 
ably uniform, and, although intergrades with adjacent popu- 
lations do occur, most of the individuals are easily recogniz- 
able. 

Of particular interest in a study of the genus Busycon is 
the repeated appearance in different populations (or even 
species) of the same mutations or gene recombinations. Al- 
though most of the species are dextral, or right-handed, there 
are a few sinistral, or left-handed, species. Usually, for each 
sinistral species there is a corresponding dextral species that 
is so similar that one must be regarded as having been de- 
rived fiaorn the other. Fossil examples of reversed species 
pairs are Busycon filosum Conrad and Busycon obfilosum 
(Grabau) from the Miocene and Busycon rapum (Heilprin) 
and Busycon obf'apum (Grabau) for the Miocene-Pliocene. 
In the recent fauna Busycon perversum (LinnB) is the sinis- 
tral counterpart of the dextral species Busycon ca~fca  (Gmelin) 
and Busycon candelabrum (Lamarck). 

Although reversed individuals of a species are rare, they 
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are known to occur. Sinistral examples of Busycon canulicu- 
Zatum (Linne) have been reported by Abbott (1954). A sinis- 
tral example of Busycon coarctatum (Sowerby) was reported 
in Sowerby's original description of that species. Hollister 
(1958) reported a dextral specimen of Busycm peruersum 
(Linnd) from Fort Myers, Florida, and stated that experienced 
collectors from West Florida had seen other examples. M. 
Smith (1941) also reported a dextral Busycon perversum 
(Linnd) from the east coast of Florida, but Hollister (1958) 
stated that it was a young Busycon carica (Gmelin), 

Another anomaly that has been ~roduced repeatedly is 
the presence of two rows of spines on the shoulder. Such in- 
dividuals have been reported in Busycon carica (Gmelin) by 
Hackney (1944), Magalhaes (1948), and Hollister (1958). A 
similar abnormality in Busycon perversum (Linn6) was re- 
ported by Bulnett Smith (1944). 

In the southem part of the range of both Busycon carica 
(Gmelin) and Busycon peruersum (Linnd) there occurs a 
population in which the she11 is thicker and heavier than 
usual, and a swollen ridge extends diagonally across the si- 
phonal canal, lntergrades of all degrees between these heavy 
shells and the more usual forms are frequent enough to in- 
dicate interbreeding without impaired fertility in the off- 
spring. Occasional isolated individuals of Busycon peruersum 
(LinnB) with the heavy shell and diagonal ridge have been re- 
ported from West Florida, and somewhat heavier shells with 
fairly well developed ridges are known from the Texas Coast. 

On the basis of the preceding information regarding inter- 
gradation, it is believed that all of the recent sinistral Busy- 
cons belong to a single species, Busycon perversum (LinnB). 
The range of this species extends along the coast from Cape 
Hatteras, North Carolina, around the tip of Florida, and 
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westward and southward in the Gulf of Mexico to the Straits 
of Yucatan. As is to be expected in a species with such an ex- 
tensive range, particularly a species with the population 
structure and genetic constitution present in the Busycons, 
there is considerable geographic variation, and a few of these 
populations perhaps warrant designation as subspecies. 

On the Atlantic coast from Cape Cod, Massachusetts, to 
Cape Canaveral, Florida, there is a dextral Busycon, resem- 
bling a reversed Busycon peruersum (Linnk), which has long 
been known as Busycon carica (Gmelin), although Hollister 
(1958) has attempted to fix the name Busycon aruanum 
(LinnB) on it. The shell of this species in the northern part of 
its range is thin, chalky, and with small rounded knobs at 
the shoulder. To the southward, the shell gets heavier, por- 
celaneous, and spinose. In the extreme southern part of the 
range the shell is not only quite heavy but it also has a swol- 
len ridge extending diagonally across the siphonal canal. 
Since all of these characteristics change so gradually through 
the range of the species, it is probably best to regard it as a 
clinal change and not attempt to establish subspecies. 

In the Western Gulf of Mexico from Texas to Obregon, 
Mexico in depths of 25 to 35 fathoms there is another dextral 
Busycon which also resembles a reversed Busycon perversunz 
(Linnk). It was even referred to as such by Rehder and Ab- 
bott (195L), but KoIlister (1958) has identified it with Busy- 
con candelahum (Lamarck). This species also shows consid- 
erable variation, particularly in regard to the relative length 
of the siphonal canal and the number of spines at the 
shoulder, Since none of this variation is known to follow any 
geographic pattern of distribution, the species should not be 
divided into subspecies. 

Both Busycon peruersum (LinnB) and Busycon carica 
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(Gmelin) are known from as far back as the Miocene, but 
Busycon candeZabrum (Lamarck) has not been reported in 
the fossil state. The greater geographic range of Bzisycon per- 
versum (LinnB), and the fact that dextral examples of it are 
known to occur, make it seem likely that this is the parent 
species from which the two dextral species have evolved. I t  
is here suggested that the peculiar condition of asymmetry in 
the Gastropods has made it possible for bisexual forms, such as 
Busycon, to develop reproductively isolated species in a sin- 
gle generation. 

The copulatory organs of Busycon are asymmetrically lo- 
cated on the side of the head in the mantle cavity. Although 
no breeding experiments have been attempted between dex- 
tral and sinistral specimens, it is apparent that there must be 
some degree of mechanical difficulty in copulation. Even if 
this difficulty is only slight, it would probably be sufficient to 
prevent free gene flow between dextral and sinistral popula- 
tions. The occasional dextral examples of Busycon perversum 
(LinnB) that are reported today, must be unique individuals 
without hope of posterity. In the past, however, two such in- 
dividuals must have occurred at the same time and place 
somewhere along the Atlantic coast, and tlieir progeny be- 
came the species Busycon carica (Gmelin). 

A similar event must have also occurred independently in 
the western Gulf of Mexico to have produced Busycon can- 
delabrum (Lamarck). In all three species, similar variations 
in the general form, coloring, spine development, and sculp- 
ture have been produced. The only well n~arlred possible com- 
bination that has not yet been discovered is a Busycon can- 
delabrum (Lamarck) with a heavy shell and a swollen diago- 
nal ridge across the siphonal canal. 

From the foregoing account it is evident that I regard a 
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species, as do most modern systematists, as a biological real- 
ity. It can be defined, with certain minor exceptions, as a 
self-reproducing population (or populations) of common de- 
scent and reproductively isolated from other similar popula- 
tions. It is recognized that this definition is difficult to apply 
to asexual species or to populations occurring in geological 
sequences through long periods of time. Since it is possible 
to define a species in non-arbitrary terms only at  a given 
time level (usually the recent), it should perhaps be recog- 
nized that there is a double standard for paleontologists and 
students of recent species. The definition of a species given 
by Knight (1941) can be paraphrased briefly as the type spec- 
imen and all other specimens regarded by some authority as 
conspeciftc with it. By this definition a species is an abstrac- 
tion with arbitrarily assigned man-made limits, useful for 
purposes of communication between specialists, but having 
no reaIity in nature. Few, if any, systematists working with 
recent species would agree with this definition, but it is per- 
haps the best that can be done for the paleontologists. 

On the basis of the preceding remarks I present the fol- 
lowing descriptions and synonymies of three species of Busy- 
con. Like most of the other species in the genus, they have 
had a troubled history, and it is hoped that this paper will 
clarify the picture somewhat. 

Busycon perversum (LinnB) 
Figures 1-3 

Muwx peruersus Linne, 1758, Syst. Nat., ed. 10, p. 573, no. 
485, Gualt. test. t. 30, f. B., Argenv. conch. t. 18, f. F. 

Pyrula perversa var., Kiener, 1840 Spec. Gen. et Icon. des 
Coq. Viv., Vol. 6, Pyf4ula, pp. 7 and 8, pl. 9, fig. 2. 

PyruZa kieneri Philippi, 1848, Zeitschr. f. Mdak., p. 98. 
(Refers to the figure of Kiener) 
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Fulgur gibbosum Conrad, 1854, Proc. Acad. Nat. Sci. 

Phila., vol. 6, p. 319, (Also refers to the figure of Kiener) 
Busycon (Sinistrofulgur) sinistrum Hollister, 1958, Palae- 

ont. Amer., Vol. 4, p. 85, pl. 11, figs. 1-4, 10, 12, pl. 12, 
fig. 11, pl. 13, figs. 6-9. 

Busycon (Sinistrofulgur) pulleyi Hollister, 1958, Palaeont. 
Arner., Vol. 4, p. 89, PI, 11, figs. 7,8,11, pl. 12, figs. 7-10, 
pl. 13, fig. 10. 

Busycon (Sinistrofulgur) aspinosum Hollister, 1958, Palae- 
ont. Amer., Vol. 4, p. 90, pl. 13, figs. 3-5. 

In his original brief description of this species, LinnB re- 
ferred to two figures: the one by Gualtieri represents the 
slender form common throughout most of the range of the 
species, and the one by D7Argenville is the heavy form with a 
ridge on the siphonal canal. The description is so brief that it 
could refer to either form. Kiener, in his descriptions of the 
genus Pyrula, included a figure of a heavy shell from Cam- 
peche which he called Pyrula perversa variety. Philippi based 
his description of Pyrula kieneri on this figure of Kiener's 
and he was thus the first to apply a separate name to one por- 
tion of LinnB's Murex perversus. Conrad also referred in his 
description of Fulgur gibbosum to the same figure of Kie- 
ner's. For many years the slender form of the shell was known 
as Busycon perversum (LinnB) and the heavy, distorted form 
from Campeche was variously referred to as Busycon kieneri 
(PhiIippi) or Busycon perversum kieneri (Philippi). 

Burnett Smith (1939) assumed, on the basis of a lack of 
intergrades between the two forms, that they represented 
two different species. He was working with a limited collec- 
tion from Campeche, however, and more recent collections 
made by shrimpers working in that area show that all degrees 
of intergradation do occur. (See fig. 2, of a shell from Cam- 
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peche.) I t  is claimed by some of the shrimpers that in a 
limited area west of Obregon, Mexico, and in depths out to 
18 fathoms, the population consists almost entirely of the 
heavy form with the swollen canal. (See fig. 3.) Elsewhere in 
the Campeche area the usual slender form prevails (see fig. 
l), wit11 an occasional specimen showing a marked tendency 
toward the ridge on the canal. On the basis of this evidence 
of interbreeding, it must be assumed that the two forms are 
conspecific, although the heavy shelled population from west 
of Obregon slzould perhaps be regarded as a distinct sub- 
species. 

Burnett Smith (1939), and more recently Dodge (1957) and 
Hollister (1958), have assumed that the specimen of this spe- 
cies in the Linnaean collection in London is to be regarded 
as the type of the species. A type, however, is a specimen that 
an author has in his possession at the time he writes his de- 
scription and on which the description is based. Furthermore, 
the concept of type specimens is a recent innovation and 
sl~ould be used retroactively only with extreme caution. It is 
known that specimens in early collections were frequently 
replaced by other specimens, frequently of other species. The 
collection for the Museum UEicae has admittedly been better 
cared for than Linne's own collection, and yet the specimen 
of Busycon perverszcm in that collection is known [See Hollis- 
ter (1958)] not to be the one which Linni: described for Queen 
Ulrica of Sweden. The specimen in Linn6's collection is of the 
heavy shelled variety and bears the number 557, but this is the 
number used for the species in the 12th edition, not in the 
original description. The digit 7 inscribed on the shell does not 
have the cross-bar on the shaft as would be expected in the 
writing of a continental European. After LinnB's death, his 
collection was held for a time by his son and then given to 



Sir James Smith, a British botanist, who perhaps added the 
numbers, or even the specimen. 

Since there is doubt that the specimen in the Linnaean 
coIIection is the type, Philippi (1848) can be accepted as the 
first reviser, and the heavy shell from west of Obregon illus- 
trated on figure 3 sl~ould take the name Busycon peruersum 
kieneri (Philippi) with Fulgur gibbosz~m Conrad as a junior 
synonym. The common slender form is then left as Busycon 
perverszlm perverszlm (LinnB). 

Busycon (Sinistrofulgztr) pulleyi Hollister is merely a form 
which is somewhat more spinose and with a slightly turreted 
spire. Individuals which fit this description occur along the 
Texas coast and less frequently elsewhere, but since they oc- 
cur with, and intergrade with, the usual Busycon perversum 
perversum (LinnB), they should probably be referred to that 
subspecies. Future statistical studies of this form may war- 
rant giving it: separate subspecific rank as Busycon perver- 
sum pulleyi (Hollister). 

Busycon (Sinistrofulgur) aspinosum Hollister is based on 9 
unusual specimens in one lot from Longboat Key, Sarasota, 
Florida. These are spineless aberrants (mutants?) from a nor- 
mal population of Bzcsycon perversztm perversum (LinnB) and 
should not receive even subspecific designation. 

If future events should lead to a recognition of the speci- 
men in LinnB's collection as the type of Murex perverszzs 
Linnk, then the slender shell will take the name Busycon per- 
versum sinistrum (Hollister) with Busycon pulleyi Hollister 
and Busycon aspinosum Hollister as synonyms. The heavy 
shell from west of Obregon will be called Busycon perver- 
sum perversum (LinnB) with Pyruta kieneri Philippi and Ful- 
gzcr gibbosum Conrad as synonyms. 
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Busycon carica (Gmelin) 

Figures 4-6 

Murex aruunus Linn6, 1758, Syst. Nat., ed. 10, p. 753, no. 
484 (in part). Rurnph. mus. t. 28, f. A. Not Gualt. test. t. 
47, f. B. 

Murex carica Gmelin, 1791, Syst. Nat., ed. 13, part 6, p. 
3545. 

Fulgur eliceans Montfort, 1810, Conch. Syst., Vol. 2, pp. 
502-504, fig. 

This right-handed Busycon occurs on the Atlantic coast of 
North America from Cape Cod to Cape Canaveral. I t  was 
first described by Lind (1758) as a part of a composite spe- 
cies which he named Murex aruanus. His complete original 
description of this species can be translated as "Murex shell 
with an open siphonal canal; spire spinous-coronate. Lives in 
New Guinea." Of his two Egure references, the one by Gual- 
tieri is of the Atlantic coast species, and the figure by Rum- 
phius shows a species of an Indo-Pacific shell now placed in 
the genus MegaZatractus. There was no specimen of either 
species in LinnB's collection at the time the 10th edition was 
written (Fide Hanley 1855), so there can of course be no type. 
A great deal of speculation has ensued regarding what Linn6 
had in mind when he described this species, but the safest 
thing to assume is that he meant no more nor less than what 
he said; he was merely giving a name to two figures which he 
thought represented the same species. Although the expres- 
sion "spinous-coronate" does not refer very accurately to the 
Indo-Pacific shell, it could very easily be used in describing 
the figure given by Rumphius. In fact, the brief description 
in the 10th edition could be applied equally well to either of 
the cited figures. The only part of the original description 
that definitely serves to separate the two species is the type 
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locality and the trivial name itself. Rumphius had called his 
shell Buccinum aruanum and said that it came from the is- 
land of Aru in the East Indies. Linnd's use of Rumphius' 
name, and his citation of New Guinea as type locality, would 
certainly seem to indicate Linnd's intention of this name for 
an Indo-Pacific species. In this connection, Opinion 52 of the 
International Commission is pertinent: "The citation of the 
type locality of a species is not sufficient to establish a name 
under article 25a of the code. If specific characters are given 
in addition to the type locality, the type locality becomes a 
part of the description and is to be considered as an impor- 
tant element in determining the identity of the species." 

At any rate, in his later publications Linn6 never attempted 
to separate the Indo-Pacific from the American species. 

Born (1780) and Schroeter (1783) both attempted to purge 
the reference to Gualtieri's figure of the Atlantic coast shell 
from Linnd's description of Murex aruanus, and to fix that 
name on the Indo-Pacific species. There are various objec- 
tions to the method by which this was attempted [See Hol- 
lister (1958)], but Gmelin (1791) certainly achieved separa- 
tion when he erected the new name, Murex carica, for the 
Atlantic species and cited the figure of Gualtieri that had 
previously confused Linnd's description of Murex aruanus. 
Gmelin also cited other figures, a11 of the east coast species, 
for Murex cadca. His description and figure references for 
Murex aruanus clearly indicated the Indo-Pacific species. 

I-IolIister (1958) objects to Gmelin as first reviser of Linne's 
composite species on the gronnds that Gmelin included in 
his description of Murex aruanus a restatement of Linnd's 
original description and a reference in the synonymy to 
Linnd's later description of the species in the Museum Ulri- 
cae. As Bas previously been pointed out, Linngs first descrip- 
tion could apply to either species, and the later description 
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fails to separate the two. Otheiwise, Cmelin's description and 
figure references of Murex aruanus clearly indicate only the 
Indo-Pacific species. I t  hardly seems reasonable, therefore, 
to reject Gmelin's interpretation of Murex aruanus on the 
grounds of a single doubtful reference in the synonymy. 

Even if Gmelin's determination of Murex aruanus is not 
accepted, his description and figure references of Murex car- 
ica were unequivocal and referred only to the Atlantic coast 
species. HolIister (1958) objected to this description, Bow- 
ever, on the grounds that Gmelin failed to include any refer- 
ence to Linn6's species in his synonymy. 

It is not likely that many taxonomists will agree that Gme- 
lin's description of these two species should not be consid- 
ered as an adequate revision. Objections that in one descrip- 
tion he included a doubtful reference in the synonymy and 
that a reference was omitted from the synonymy of the other 
certainly seem to be trivial. 

On the basis of the previous discussion, the following con- 
clusions seem to be warranted: (1) Linn6 included two species 
in his original description of Murex aruanus, and there is no 
evidence that he was ever aware of this error. (2) Even if 
Born and Schroeter failed to achieve separation of the species 
by £ixing the name aruanus on the Indo-PaciGc fonn, Gme- 
lin certainly did by setting up two species, and he should be 
recognized as the first reviser. (3) The name cal*ica applies to 
the Atlantic coast Busycon, and aruanus to the Pndo-Pacific 
species, 

Busycon carica (GmeIin) lives today in shallow water along 
the Atlantic coast from Cape Cod, Massachusetts, to Cape 
Canaveral, Florida. In the northern part of the range the shell 
is thin, chalky, and with many small knob-like spines on the 
shoulder. (See fig. 4.) To the south, the shell gets progres- 
sively heavier, porcelaneous, and with fewer but larger spines 



Busycon peruersum (LinnC) 87 
(See fig. 5.) In this form, frequently seen in the Carolinas, 
Busycon c d c a  (Gmelin) looks strikingly like a reversed 
Busycon perversum (LinnB). This resemblance is particularly 
marked in the younger stages of the two species. 

In the southern part of South Carolina and in northern 
Florida the shell is very much heavier and a swollen diagonal 
ridge crosses the siphonal canal. In this form (see fig. 6) 
Busycon cnrica (Gmelin) looks so much Like a reversed Busy- 
con perversum kieneri (Philippi) that various authors have 
suggested that they are dextral and sinistral manifestations of 
a single species, Although this heavy southern form of Busy- 
con carica (Gmelin) has often been referred to as Busycon 
eliceans (Montfort) or Busycon curica eliceans (Montfort), 
the shell described by Montfort was more like the one shown 
in figure 5 from the middle part of the range of the species. 

The characteristics of this shell change gradually from one 
part of the range to another, and in most of the range a vari- 
ety of forms is present. This type of change in which the de- 
gree of digerence is proportional to distance is properly re- 
ferred to as a cline, and the species should not be broken up 
into subspecies. The description of the species should be ex- 
tensive enough to include the variations in the different parts 
of the range. At any rate, the name eliceans refers to the 
population from the middle part of the range, and no name 
is available (nor should any be proposed) for the heavy- 
shelled southern form with the ridge on the canal. 

Busycon candelubrum (Lamarck) 
Figures 7-9 

Pyrula candelabmm Lamarck, 1816, Encycl. Meth., Liste, 
p. 8, pl. 437, f. 3. 

This species has been so little known that it has not suf- 
fered the unfortunate confusion of names that has been the 
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lot of most species of Busycon. I t  apparently lives in deeper 
water than other Busycons, and until recently has been ex- 
tremely rare in collections. The shrimp boats now operating 
on the Campeche Banks report that it is fairly common, how- 
ever, on the deeper part of the grounds off Obregon, Mexico. 
In depths of 25-30 fathoms it occurs in some abundance in 
association with a few Busycon pewersurn (Linnk), mostly of 
the slender form. 

There are scattered records of Busycon candelabrum 
(Lamarck) from off the Texas and notllern Mexican coast, 
mostly in depths of 25 fathoms or more. In a recent series of 
dredge hauls made at Stetson Bank off Galveston, Texas, in 
depths of 30-35 fathoms, many fresh fragments were ob- 
tained, and a live specimen was taken from nearby Claypile 
Bank. These Texas specimens resemble min-or images of the 
slender form of Busycon pewgrsum (LinnB) which is com- 
mon further inshore. 

Some of the shells of Busycon candelabrum (Lamarck) 
from off Obregon, Mexico, also look like reversed Busycon 
peruersum (LinnB), but most of the specimens from this area 
are marked by a great many more small spines at the shoulder 
and a somewhat longer siphonal canal, particularly in t l ~ e  
larger stages. The three figures (7,8, and 9) on the bottom of 
the illustrative plate are all made from specimens taken off 
Obregon, Mexico. Figure 9 represents the most common 
form, with figures 7 and 8 illustrating the range of variability 
in spinosity and the form of the siphonal canal. 

In all three species of Busycon discussed in this paper 
there are internal raised spiral lines which stop short of the 
upper and outer lips of the aperture. There is a similar raised 
line on the columelIa, just below its junction with the upper 
lip. These lines are often obsolete or missing entirely (partic- 
ularly in older specimens) in Busycon carica (Gmelin) and 
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Busycon peruersum (Linne). In Busycon candelabrum (Lam- 
arck), however, these lines are sharp and distinct inside both 
the outer and upper lips, even in the largest specimens ex- 
amined. The constant presence of these spiral lines and the 
great1y increased spinosity, in addition to the dextral condi- 
tion, all suggest the distinctness of Busycon candelabrum 
(Lamarck) as a separate species from Busycon perversunz 
(Linnk). 

T. E. PULLEY 
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