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established a laboratory for the study of plant anatomy and physiology. Criticism of 
Karsten by the man he succeeded at Vienna aroused a bitter and much publicized 
contest. Karsten expressed his views in a private publication, Fiulniss und Ansteckung 
nebst Erlebnissen an der Wiener Universitdt, 1872. In the record of accessions of the 
herbarium at St. Petersburg, published by F. von Herder in 1893, there are entries for 
1871 listing, "Columbische Pflanzen, gesammelt und erhalten von Karsten, 650 Arten" 
and in 1872 the same entry listing 1425 species. It thus appears that Karsten sent his 
collections to St. Petersburg while he was embroiled in the conflict at Vienna. 

After all of these experiences Karsten embarked on a new era, in the publication of 
European floras with special reference to medicinal plants. The first, a 1248 page work, 
dated 1880-1883, Deutsche Flora. Pharmaceutisch-medicinische Botanik, ein Grundriss 
der systematischen Botanik zum Selbststudium fiir Aerzte, Apotheker und Botaniker. 
A larger work, Flora von Deutschland, Deltsch-Oesterreich und der Schweiz mit Ein- 
schluss der fremdliindischen medicinisch und technisch-wichtigen Pflanzen, Droguen 
und deren chemisch-physiologischen Eigenschaften fiir alle Freunde der Pflanzenweldt, 
1894-1895, was issued in fascicles. A biographic note on Karsten, published in 1872 
recounts many of his accomplishments although it underestimated his vitality with a 
remark that his twelve years in the tropics may have shortened his life. Karsten reached 
the age of 92 when he died in Berlin in 1908. 

Hermann Karsten is commemorated by several species named for him but he is best 
remembered for his Flora Columbiae which is still a major reference on the flora. 
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SYMBOLS AND TERMS FOR 
MORPHOLOGICAL INTERGRADATION AND HYBRIDIZATION 

Edward E. Terrell (Beltsville)* 

In a recent paper (Lewis & Terrell, Rhodora 64: 313-323. 1962) the dash, -, instead 
of the multiplication sign, X, was used between species names to cite collections inter- 
gradient between two species. I made the suggestion, here amplified, that X be employed 
only for instances in which the evidence for hybridization had been reasonably well 
established. 

That X is best retained only for known hybrids or for plants whose hybrid derivation 
is strongly suggested by rather firmly based circumstantial evidence seems scarcely open 
to argument (scatter diagrams coupled with other morphological and ecological data 
might provide sufficient evidence). A less strict usage of X is misleading and may be 
incorrect. Consequently, a symbol or symbols are needed to designate morphological 
intergradation per se between or among two or more taxa. Such symbol(s) would apply 
to either of two possible situations: (1) the cause of the apparent intergradation is un- 
known, (2) causes other than hybridization explain the apparent intergradation (e.g., 
environmental modification, parallel evolution). New symbols would be more useful in 
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the former case. Quite often a plant specimen falls morphologically somewhere between 
two (or more) species. Although this is frequently proved to be the result of hybridiz- 
ation, the taxonomist is reluctant to assume this in plant groups about which little is 
known. The monographer, also, in the early stages of his study of a plant group may 
not be prepared to commit himself about the occurrence of hybridization in the group. In 
annotating or citing herbarium specimens he may reluctantly use such phrases as 
"species A with possible introgression from species B" or "putative hybrid, species A 
X species B". The annotator must either use X or else avoid it as best he can, if he is not 
certain whether his specimens are of hybrid derivation. Occasionally, then, a means is 
needed of designating only morphological intergradation, preferably by a standardized 
sort of formula. 

The need for such symbols seems unquestioned to the present writer; the question- 
able part is the choice of symbols. Any symbol chosen should be readily available to the 
printer. As a symbol to be substituted for X, it is suggested that the dash, -, be used in 
the same position as X, but without any spaces between the names of the taxa, e.g., Quer- 
cus alba-Q. macrocarpa. Like X, the dash would more often be present between names 
without authorities, but could be employed with the authorities appended, as Quercus 
alba L.-Q. macrocarpa Michx., without being a source of confusion. The ordinary dash 
(em dash of the printer) is typed with two unspaced hyphens, according to the Style 
Manual for Biological Journals (American Institute of Biological Sciences, 1960). 

Li (Taxon 6(8): 216-218. 1957) advocated using > (greater than) and < (less than) 
to indicate introgression; these symbols were discussed also by Hardin (Taxon 7(2): 
52-53. 1958) and mentioned by Little (Taxon 9(8): 225-231. 1960). The usual way of 
designating introgressants by use of these symbols is to place the "greater than" symbol 
next to the "dominant"' taxon, e.g., Quercus alba > X Q. macrocarpa meaning that the 

majority of the characters are those of Q. alba. Hardin discussed an alternative method 
of indicating introgression by enclosure of one of the taxa in parentheses, as "species A 
(X species B)" and noted that this notation is possibly ambiguous. He mentioned also 
that > and < had (rarely) been used in a way opposite to that just outlined, but he 
seemed to favor the other way, which is advocated by Li also. Li indicated that if desired 
the proportion of the characters may be indicated, e.g., Salix aurita (75%) > X S. 

caprea (25%). In general, > and < are very useful in indicating introgression, and 

they could be used with the dash to indicate the direction of intergradation. 

The examples below illustrate four basic usages: (1) noncommittal, indicating inter- 

gradation, but not stipulating the direction or extent. (2) the majority of the characters 
are those of the first taxon. (3) the majority of the characters are those of the second 
taxon, (4) intermediacy - morphologically halfway between the two taxa. 

(1) Quercus alba-Q. macrocarpa 
(2) Quercus alba > -Q. macrocarpa 
(3) Quercus alba- < Q. macrocarpa 
(4) Quercus alba > - < Q. macrocarpa 

The following examples are the corresponding formulae used to designate hybrids (the 
second and third examples represent introgression): 

(1) Quercus alba X Q. macrocarpa 
(2) Quercus alba > X Q. macrocarpa 
(3) Quercu.s albac X < Q. macrocarpa 
(4) Quercus alba > X < Q. macrocarpa 
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The only new forms of notation in these examples are the use of the dash alone or 
with other symbols and the use of > and < together in the same formula. Thus, the 
provisions for indicating intermediacy are new also. 

Although Li omitted X with > and <, adoption of the suggestions outlined here 
would make it necessary always to retain either X or - in a formula to indicate which 
one was meant. 

Both Li and Hardin favored placement of the "dominant" taxon first (e.g., Aesculus 
octandra > X A. glabra). However, this seems undesirable in view of Note 4, Art. HI, 
Appendix I, of the Montreal Code which recommends that the order of names in a form- 
ula may be either alphabetical or with the female parent first when this is known. My 
own examples are alphabetical. If progress can be made within the framework of the 
existing rules, why needlessly change them? 

It may be asked whether > and < could not be used alone, without X, to show inter- 
gradation per se and with X to show hybridization. There are two objections to this: (1) 
past usage of > and < has sometimes involved the omission of X, with the assumption 
of hybridization (see Li), (2) more importantly, a symbol is needed to indicate the non- 
committal case because > and < are necessarily then omitted. 

Parenthetically it may be noted that the Montreal Code, Appendix I, Art. HI, Note 2, 
states that a designation consisting of the specific epithets of the parents combined in un- 
altered form by a hyphen is considered a formula and not a true epithet. Although it is 
unlikely that this would ever be a source of confusion, its existence makes it desirable 
not to omit the initial for the genus in a formula. 

Terms for intergradation. There are several common terms describing morphological 
intergradation: intergrade, intergradient form, intergrading form (or plant, specimen 
or population), intermediate, nothomorph, introgressant. The last two of these refer 
only to hybrids. The word intermediate in my own view, should be used to designate 
plants morphologically halfway (in one or more of their characters) between two taxa. 
It may be used as either a noun or an adjective; the state or condition is intermediacy. 
The word intergrade indicates any point in this biological spectrum - plants morpho- 
logically anywhere (in one or more characters) between two taxa - and can be used as 
either a noun or a verb. A plant may be described as intergrading or intergradient. 
Brainerd (Rhodora 8: 49-61, plate 69. 1906) used the term intergradient form. Addition 
of the word form to a term could be criticized as possibly leading to confusion with the 
category forma. An additional new word is suggested here: intergradant, a noun mean- 
ing an intergrade or intergradient plant. Intergradant is the etymological equivalent of 
introgressant, a term which has proved exceedingly useful. An intergradant intergrades 
between two taxa, i.e., it is intergradient. Possibly, intergradant could be used as a noun 
to refer to plants or populations, intergrade as the corresponding verb, and intergradient 
as a noun describing the state or condition or as an adjective. 

Although taxonomists often seem to avoid using such words as intergrade, it seems 
to me that the terms for intergradient plants and hybrids should be clarified and an 
attempt be made to make it easier to differentiate between morphological intergradation 
per se and hybridization. It is of course commonly true that intergradants are also 
hybrids; however, keeping the two words different in meaning is important, for each 
has its place. This attempt to deal with the semantics of variation may stimulate further 
discussion of terms. 

Conclusions and summary. Symbols denoting morphological intergradation, hybrid- 
ization, and their direction and extent are useful in annotating and citing specimens. It 
would be advantageous for clarity and precision to have available a symbol designating 
morphological intergradation per se; thereby, differentiation would be made between 
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such intergradation and hybridization, even though the former may be the result of the 
latter. If nothing is known about the cause of the apparent intergradation it is better 
not to attribute it to hybridization. It is suggested that X be used only when there is 
definite evidence for hybridization, and that the dash. -, be chosen to signify morphol- 
ogical intergradation. A suitable symbol needs to be standardized for international use, 
just as X is standardized. 

The existing symbols > and < could be used with the dash just as they have been 
used before with X. In addition, > and < in the same formula could denote inter- 
mediacy. Other considerations relating to hybrid and non-hybrid formulae are the 
following: (1) one of the symbols, either X or -, is always present in a formula, and (2) 
the order of taxa in a formula is always alphabetical except perhaps in artificial crosses. 

Clarification of terms for hybrids and intergradient plants is needed and a standardiz- 
ed set of terms is desirable. To designate intergradient plants (not necessarily due to 
hybridization) the noun intergradant, an etymological equivalent of introgressant, is 
suggested. An attempt is made to find reasonable, approximate meanings for certain 
other terms. 

THE TAXONOMIC IMPLICATIONS OF THE '-PIT CONNEXIONS" 
REPORTED IN THE BANGIOPHYCIDAE 

Peter S. Dixon (Liverpool) 

The fundamental separation of the two sub-classes of the Rhodophvceae, the Bangio- 
phycidae and the Florideophycidae, has been stressed for many years. It has been accept- 
ed generally that one essential difference between the two is the occurrence in the latter 
sub-class of pit connexions between cells of kindred origin. However, pit connexions 
are not unknown in certain genera of the Bangiophycidae. The frequency with which 
such structures have been reported in Conchocelis for example has led to the latter being 
referred to the Florideophycidae by some workers (Kylin, 1956; Taylor, 1957) even 
after its relationship with Porphyra had been established. Fan (1960) recently gathered 
together the data available and concluded that the occurrence of pit connexions in algae 
otherwise referable to the Bangiophycidae is now so well established that the presence or 
absence of these structures can no longer be used as a criterion for distinguishing be- 
tween the two sub-classes of the Rhodophyceae. This conclusion is of critical importance 
in relation to the classification to be adopted in the forthcoming "Revised Checklist of 
British Marine Algae". 

Re-examination of the data available to Fan and of the reports published subsequently, 
together with personal observations on certain members of the Bangiophycidae indicate 
that there is still insufficient evidence for a final decision as to the use of pit connexions 
as a taxonomic criterion. 

Briefly, the data now available can be summarised as follows: Conchocelis: Pit 
connexions have been reported frequently (Rosenvinge, 1931; Taylor, 1937, 1957; 
Drew, 1954; Kylin, 1956; Krishnamurthy, 1959; Tseng and Chang, 1955), but all 
workers except Drew have regarded them uncritically as being equivalent to those of 
the Florideophycidae. Drew would not accept this resemblance without further in- 
vestigation and stated that the supposed pits seemed "to be due to the transverse wall 
remaining incomplete". No reports have ever been made of the occurrence of pits be- 
tween the cells of Porphyra, for which Conchocelis is an alternative phase in the life 
history. 

Rhodochaete: Pit connexions were not mentioned in the original description of 
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