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with H. algeriensis being to one side and close to H. nepalensis and H. rhombea, and H. azorica 
being on the opposite side and close to H. helix. Hedera helix and H. hibernica are close to each 
other on the first peA axis but are separated on the second. Hedera maderensis and H. canariensis 
are in the middle portion of the ordination and H. "Morocco" is close to H. nepalensis, H . rhombea, 
H. algeriensis, and H. colchica. Fig. 4 also reflects the split in ivies based on trichome size and colour 
(McAllister & Rutherford 1983) with H. hedera, H. hibernica and H. azorica, the taxa with large 
white trichomes, being separated from the rest on the first peA axis. 

These results indicate that H. canariensis of Lawrence & Schulze (1942) is a highly heterogeneous 
taxon most likely consisting of more than one species. Our data and analyses will not allow us to say 
how many taxa should be recognized but those that stand out are H. azorica, H. canariensis and, 
perhaps, H. maderensis. Hedera "Morocco" and H . algeriensis are fairly close, a point of interest 
since McAllister & Rutherford (1983) hypothesized a relationship between H. "Morocco" and H. 
canariensis, which are not close in Fig. 4. Any difference between H. helix and H. hibernica is not 
clear-cut. 

The comparison of the classifications of Lawrence & Schulze (1942) and McAllister & Rutherford 
(1983), Rutherford (1984) and Rutherford & McAllister (1983), as they are depicted by the results 
of the peA (Figs. 3 & 4), indicate that the latter classification is likely to be superior, at least in its 
general structure. The same is indicated by the ANOV As. Eta2 for the ANOV A based on taxa 
recognized by Lawrence & Schulze (1942) (59·76 and 10·04 for the first and second axes 
respectively) is lower than that for the taxa recognized by McAllister & Rutherford (1983), 
Rutherford (1984) and Rutherford & McAllister (1983) (72·29 and 30·25 respectively). 

The most parsimonious result of the cladistic analysis was that using H. rhombea as the outgroup 
and this is illustrated in Fig. 5. The first aspect to be commented on is the two groups of ivies 
recognized by McAllister & Rutherford (1983) based on trichome type. The taxa with large, white 
trichomes form a monophyletic group; those with small red trichomes a paraphyletic group, i.e. an 
unnatural one. 

With respect to relationships depicted by the cladogram, the first striking aspect is that H. 
canariensis of Lawrence & Schulz (1942) is not natural, its segregates occurring in different 
monophyletic lines, ranging from one of the most plesio-to the most apomorphic. The situation is 
different with H. helix and H. hibernica. These two taxa form a monophyletic group thus indicating 
that H. helix of Lawrence & Schulze (1942) is a natural taxon. Thus the trichome data presented 
here will not allow a definitive statement on the appropriateness of recognizing H. hibernica. 
However, the indication that H. helix and H. hibernica are monophyletic and that they are 
separated only on the second peA axis means that support for the recognition of the two species 
may well have to be found elsewhere. Also, H. canariensis and H. "Morocco" are not monophyletic 
indicating, like the results of peA, that these two taxa are not close. We realize that our sampling is 
not extensive and therefore our conclusions must be tentative. 

With respect to evolution of trichome attributes, generally speaking, with the exception of H. 
canariensis sensu McAllister & Rutherford (1983), Rutherford (1984) and Rutherford & McAllister 

TABLE 4. PCA OF TRICHOME CHARACTERS RECORDED FOR HEDERA TAXA 

Principal component 

Eigenvalue 
Percentage of total variance accounted for 

Trichome characters 

o 
I 
W 
OC 
IC 
B 
No. of arms 

3·8 
54·7 

-0·366 
0·436 
0·003 

-0·357 
0·456 
0·392 
0·432 

Eigenvectors 

2 

1·6 
23·2 

0·465 
0·255 
0·516 
0-468 
0·288 
0·369 
0·120 
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FIGURE 3. Ordination of PC A axis scores based on classification of Lawrence & Schulze (1942). Numbers identify 
taxa, their positions denote average values, horizontal and vertical lines indicate one standard deviation on the 
first (1) and second (ll) PCA axes respectively. 1, H. nepalensis; 2, H. rhombea; 3, H. colchica; 4, H. canariensis ; 
5, H. helix. 

(1983), the most plesiomorphic taxa are those of Asia, H. nepalensis and H. rhombea , with the taxa 
of Europe being the more apomorphic. 

The most rapid evolution of trichome features, as indicated by the number of character state 
changes, occurs in the taxa of North Africa and the islands offshore from there, with the exception 
of H. algeriensis. These data suggest an Asiatic origin followed by the evolution of taxa in the 
western Mediterranean and then by those in Europe. 
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FIGURE 4. Ordination of PCA axis scores based on classification of McAllister & Rutherford (1983), Rutherford 
(1984) and Rutherford & McAlIister (1983). Numbers identify taxa, their positions denote average values, 
horizontal and vertical lines indicate one standard deviation on the first (1) and second (ll) PCA axes 
respectively. 1, H. nepalensis; 2, H. rhombea; 3, H. colchica; 4, H. maderensis; 5, H. azorica; 6, H. canariensis; 
7, H. algeriensis; 8, H. " Morocco"; 9, H. helix; 10, H. hibernica. 
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FIGURE 5. Cladistic analysis of trichome characters of taxa of Hedera. Characters are designated 0, I, W, OC, 
IC, B (see Fig. 2) and N = number of arms. Character states represent ranked variables and are numbered. Taxa 
are abbreviated as follows : ne, H. nepalensis; rh, H. rhombea; co, H. colchica; md, H. maderensis; az, H. 
azorica; ca, H. canariensis; ai, H. algeriensis; mr, H. "Morocco"; he, H. helix; hi, H. hibernica. 
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