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Summary 

This paper describes an analysis of the plants of North America which 
have been used medicinally by Native North Americans. A method using 
regression residuals is developed for analyzing large quantities of data, div- 
ided into subgroups of varying sorts and sizes. The analysis shows that the 
medicinal species utilized by Native North Americans are distributed in a 
highly non-random fashion across subclasses and families as well as across 
groups defined in terms of growth habit and life pattern. This distribution 
makes sense in terms of both the defensive chemistry and the “complexity” 
of plants. 

In~~uction: Analyzing e~o~~~ data 

According to an authoritative source (Shetler and Skog, 19781 there are, in 
North America north of the Rio Grande, 16,270 species of vascular plants. 
According to another recent source, Me~~~~~ Plants of Native Americu 
(Moerman, 19861, 2147 of them were used medicinally by 123 Native North 
American (hereafter termed “Native American”) societies in 17,624 different 
ways. What is the relation of the smaller set to the larger? Those familiar 
with medical ethnobotany will note that this is an unusual question and an 
unusual approach. The more typical approach involves dealing with different 
species seriatim, assessing the ethnological and physiological character of 
particular taxa. The attempt is made here to do something different, namely, 
to analyze the dimensions of the totality of Native American medicinal 
plants; it is to analyze the medicinal flora of the continent as one thing, not 
2000 or 17,000 things. 

This study will consider a subset of the somewhat larger number of items 
in Medicinal Plants of Native America. A number of those species have been 
eliminated from consideration here for one of several reasons, including 
incomplete identification, lack of complete distributional data and the like. A 
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small number of complex agricultural species (such as cabbage), usually intro- 
duced, have also been eliminated, leaving a total of 2095 species used in 
15,843 different ways. 

Methodology 

There are two assumptions underlying most of the analyses undertaken 
here. 

The first assumption is that the data are not a sample of the uses of 
medicinal plants by Native Americans, but a census. This is a very strong 
assumption, yet one which seems reasonable. While it might be possible with 
intensive ethnographic fieldwork to gain new items (say, in central Canada 
or in Florida1 it is unlikely that such work would markedly increase the 
number of medicinal species recognized. The database referred to is in its 
second edition, much larger than the first (Moerman, 19771. The number of 
items in the current edition is 3.6 times that of the first edition (17,634 vs. 
48691. Yet, the number of species described increased by only a factor of 1.7 
(2147 vs. 12881 and the number of genera increased by only a factor of 1.4 
(760 vs. 5611. It seems very unlikely that even sustained fieldwork would 
markedly increase the number of medicinal taxa already known and com- 
piled. 

This has several consequences. First, statistical tests of significance are 
irrelevant since they are designed by and large to give one confidence that 
the sample drawn is a representative one, that if another sample were 
drawn it would have characteristics similar to the first. In this case, no other 
“sample” can be drawn; to repeat the ethnographic work would produce the 
same assortment of data. Second, there is no need to make “predictions” 
about the material, about how Native Americans might use medicinal plants, 
since that is already known. All of these notions make this sort of analysis 
seem a bit odd sometimes; the quid pro quo of this oddness is that analysis 
of a census allows much stronger inferences about human behavior than does 
the much more curtailed analysis of a sample (based on a poll of, say, 20 or 
400 persons). Handling huge numbers of datapoints (15,000 or 17,000) does 
introduce serious technical problems, however. Analyses like the ones pre- 
sented here are inconceivable without quite sophisticated computers and 
software. 

The second assumption is an even stronger and more circumstantial one, 
based on the assertion of a negative proposition, that the census of data 
reported here represents not only all the medicinal plants known to Native 
Americans, but also all the plants in the region with any potential medicinal 
use. That is, the data represent a census not only of ethnological data but 
also of botanical data. The primary reason for making this assertion is that 
no one ever finds a “new” medicinal plant, one lacking a history of use 
among Native Americans. It is true that, occasionally, new uses are found 
for previously known medicinal species. Two cases may be cited. 
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First, etoposide has recently been approved by the FDA as a treatment 
for small cell lung cancer and for refractory testicular tumors (Berkow, 19871. 
Etoposide is a semisynthetic derivative of the roots of the may apple, Podo- 
phyllum peltatum L. (Berberidaceael. While may apple was extensively used 
by Native Americans as a cathartic, a laxative, a tonic and the like, there is 
no significant reason to believe that they used it to treat cancer.* Indeed, 
Native Americans seem to have had very few treatments of any kind for 
cancer, probably because they only rarely suffered from the disease (e.g., for 
the Navajo see Csordas, 19891. 

Second is the case of Erythrina herbacea L. (Fabaceael. African American 
informants on St. Helena Island in South Carolina reported using what they 
called “big root” as a treatment for “high blood” and fever (Moerman, 19741. 
The present author initially reported this as an independent discovery of 
those informants. The genus Erythrina is widespread in tropical America 
and has received a good deal of study; its biological action is described as 
“curare-mimetic” depressing the action of smooth muscle tissue, thereby 
(among other things) causing a fall in blood pressure (Hargreaves et al., 
19741. Subsequently, however, Ayensu (19781 reported that Erythrina mild- 
braedii Harms, the Senegal coral tree, very similar in appearance to the 
plant used by those informants in South Carolina, was widely used medici- 
nally throughout West Africa. This is what the African American literature 
calls an African “survival”: the African-Americans probably had not discov- 
ered a “new” medicinal plant but had recognized an old one in a new setting. 
Subsequent research showed that Alabama and Creek Indian women had 
used Erythrina herbacea for “bowel pain” @wanton, 19281 and that the Choc- 
taw used a decoction of the leaves as a general tonic (Bushnell, 19091. Merrill 
(19771 argues that seeds of Erythrina fiubelliformis Kearney are sometimes 
substituted for mescalbeans in the American southwest as a ceremonial 
adjunct to the process of inducing visions. Hence, these species probably had 
some antiquity as a medicine in both the south and southwest, and, as 

*While it is occasionally stated that the Penobscot Indians of Maine used may apple to treat 
cancer (e.g., Hartwell 19821. the citations seem always traceable to the same source, Lucina 

Lombard’s “Medicinal Plants of Our Maine Indians” (Lombard 19521. This interesting paper 
seems most likely to be based on the remembrances of Lombard’s father, probably an eclectic 
physician trained in the 1899s. It is full of references to various plants used as nervines and pec- 
torals and used to treat malaria, ague, scrofula and gravel, all terms meaningful in turn-of-the- 

century American medicine, but rarely so in Native American medicine. Speck’s earlier and 

much more authoritative work makes no mention of Penobscot cancer cures (Speck, 1917). 
Hartwell also states that podophyllin resin “was used. . . by urologists and popularly in Louis- 
iana for many years for the treatment of venereal warts” (Hartwell 19821. His reference for this 
information is an article by Sullivan and King on the medical use of podophyllum: “For many 

years, according to Kittredge, the urologists in New Orleans have treated genital verrucae with 
topical applications of resin of podophyllum” (Sullivan and King, 19471. Their reference to Kit- 
tredge is a “Personal communication to the authors”. Neither of these sources seems sufficient 
to conclude that podophyllum was a popular remedy or an Indian remedy for cancer. 



4 

always seems to be the case, no one ever finds a “new” medicinal plant not 
already known to Native Americans, although sometimes new uses are found 
for known taxa. One crucial consequence of this assumption is that, insofar 
as it is true, the presence of a taxon in this category grants the plant a cer- 
tain botanical character: it is a “medicinal” plant, different from others. 

A. Regression analysis 

How can one actually analyze 15,843 things at the same time? It is not a 
simple problem. The basic question raised is comparative: “How do medicinal 
species compare to available species 7” Is there a structure underlying these 
thousands of choices? The null hypothesis states that there is not; that there 
is no real difference between available and chosen taxa, that the use of 
medicinal plants by Native Americans was random behavior. 

Recognizing that botanists sort plant species into families, it could be 
asked “Which families have the largest number of medicinal species?” The 
top 3 are Asteraceae with 345, Rosaceae with 115 and Fabaceae with 108. 
But these are very large families: Asteraceae has 2231 species listed in the 
Flora North America checklist, hereafter termed “FNA” (Shetler and Skog, 
19781, while Rosaceae has 577 and Fabaceae has 1225. This suggests that the 
proportion of species, not the number, should be considered. There are, how- 
ever, 7 small families in North America with only one, two or three species, 
all of which are used medicinally (among them Datiscaceae with one species, 
Saururaceae with two and Calycanthaceae with three). Ordered this way, 
families which stood out in the first ordering are now lost in the crowd: 
Rosaceae is in the 70th position, Asteraceae is 89th and Fabaceae is 115th. 
While a simple count of medicinal species overemphasizes large families, 
percentages or indices overemphasize small ones. 

There are other problems. Neither the Agavaceae nor the Zingiberaceae 
have any medicinal species in North America; the two would share the same 
ranking on each of these lists (by count and by percentage, both zero on each 
list). There are, however, 86 species in the former and only one in the latter; 
it seems somehow more significant that none of the 86 species of Agavaceae 
is used than that none of the one species of Zingiberaceae is. 

An approach which addresses most of these problems, analysing residuals 
from regression, was first attempted with a much smaller set of data (Moer- 
man, 19791. A least-squares regression analysis establishes an equation which 
states a relationship between two (or morel sets of data. In this case, a 
regression equation describes a relationship between the total number of 
species in each of the 232 families of plants (the independent variable) and 
the number of species used medicinally in each family (the dependent varia- 
ble). The total number of species per family is derived from the FNA check- 
list (Shetler and Skog, 19781 and for convenience is labeled FNASPE; the 
number of species used medicinally is derived from Medicinal Plants of 
Native America (hereafter MPNA; Moerman, 19861 and is labeled MPSPE. 



5 

Assuming that the relation is linear, such an equation will have the following 
form: 

Y =A+Bx 

where y is a dependent variable, 2 an independent variable, B a coefficient 
and A a constant.* In the current case, the equation is as follows: 

MPSPE = 1.21 + (0.1115 x FNASPE). 

According to this equation and under the null hypothesis, the number of 
medicinal species per family should be equal to the total number of species 
in that family multiplied by 0.1115, plus 1.21. Thus, the equation predicts 
that 250 of the 2231 species of Asteraceae would be used medicinally: 

MPSPE = 1.21 + (2231 x 0.11151 
= 1.21 + 248.76 
= 249.97 

However, there are actually 345 medicinal Asteraeeae. Subtracting the 
predicted value from the actual value gives us the residual value for this 
data point for the regression analysis: in this instance, the residual is 95. A 
residual value can be calculated for each family. Families with positive resi- 
duals are ones used more often than the regressim ~0~~ predict while 
those with negative residuals are used less often than predicted, insofar as 
these differences are large, the null hypothesis is rejected, and choices were 
not made at random. Analysis and interpretation of the residuals allows us 
to determine what if anything underlay the choices made. Table 1 shows the 
actual data and the predicted and residual values for all the families men- 
tioned so far; the complete data for all 232 families are shown in Appendix 
A. 

It is sufficient at this point to note that, in this ordering of the data, the 
“ties” noted earlier (between Calycanthaceae, Saururaceae and Datiscaceae 
and between Agavaceae and Zingiberaceaeldo not occur and the influence of 
large families has been substantially overcome (as shown by Fabaceae, last 
in the Table). 

B. Pint defenses and ~~olo~~ca~l~ active plant s~~sta~&es 

This approach will raise complex questions of why it is that plants pro- 

*The coefficient represents the slope of the line while the constant represents the intercept, 
where the equation crosses the y axis (when x is Ok The coefficient and constant are determined 
using the traditional method of least-squares regression. See Snedecor and Cochran (1967) for a 
complete and classic demonstration of the mathematics involved in the calculations. 
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TABLE 1 

SELECTED RESULTS OF REGRESSION ANALYSIS 

Family FNASPE MPSPEb Predicted Residual 

Asteraceae 2231 
Rosaceae 577 
Calycanthaceae 3 
Saururaceae 2 
Datiscaceae 1 
Zingiberaceae 1 
Agavaceae 86 
Fabaceae 1225 

345 250 95 
115 66 49 

3 1.6 1.4 
2 1.4 0.6 
1 1.3 - 0.3 
0 1.3 -1.3 
0 11 - 11 

108 138 -30 

‘FNASPE = Number of species in Flora North America. 
bMPSPE = Number of medicinal species in North America. 

duce substances that have medicinal value for human beings, and how those 
substances vary between taxa. In the simplest terms, plants seem to produce 
chemicals which are biologically active to enhance their own survival (Levin, 
1976; Spencer, 19883. They produce herbicides to inhibit the growth of com- 
peting plants. Salicylic acid (precursor of aspirin1 is a water soluble phyto- 
toxin which washes off the leaves of willows (and other plants1 to the ground 
below, inhibiting plant growth (Bell, 19811. Juglone, produced by black wal- 
nut trees, does the same thing. 

Plants also produce substances which deter browsing by insects and other 
herbivores (Rosenthal and Janzen, 19791. A classic case involves the relation- 
ship between grasses and grazing mammals: “Plants in these systems rely 
primarily on physical defenses (sharp awns, high silica content), growth form, 
and compensatory growth rather than chemicals for defense” (Lindroth, 
19881. IvIost relevant here are plants which produce toxic or repellent chemi- 
cals. Some familiar botanical insecticides are nicotine and the pyrethrins. In 
certain cases, herbivores have adapted to these defenses. A well known case 
is that of the monarch butterflies CDanowr plexippus L.); the larvae feed on 
otherwise toxic milkweeds c4scle+.s spp.1, ingesting and sequestering var- 
ious cardiac glycosides, thereby in turn deterring various birds from feeding 
on them (Brewer et al., 19881. Similarly, pines are generally protected 
against a variety of both insects and fungi by the pitch they exude from both 
xylem and leaves. Protection against insects is both physical (the sticky pitch 
drowns them) and chemical (the monoterpenes in pitch are toxic to many 
insects). However, several species of bark beetles CDendroctonus spp.1 can 
detoxify these substances and even utilize them as pheromones which “serve 
to recruit the large number of beetles needed to overcome the physical resis- 
tance of the tree” (Renwick, 1988, p. 3071. The human use of bioactiue botani- 
cal substances as medicines is ~~logo~s to these insect adaptations and that 
principle will infom the subsequent analysis. 



Results 

A. Subclusses of the North Americcm from 

The first application of the method of residual analysis was on a high 
order classification of the data, dividing the materials into 12 different 
groups called subclasses. As with families, data from the two sources indi- 
cated earlier were utilized in the following fashion: the data on the plants of 
North America are from FNA and the data on medicinal plants are from 
MPNA. 

a The subc~ses 
The initial analysis is at a high taxonomic level referred to as the subclass 

level, even though not all the levels are technically subclasses. Table 2 lists 
these units, in boldface, in the context of a larger classification based on the 
work of Cronquist (1968). Even though the taxon Pteridophyta is technically 
a “division” while Gymnospermae is a “subdivision” (Fernald, 1970), they, 
along the with the “proper” subclasses (Magnoliidae, Hamamelidae, etc.) 
(Cronquist, 1968) will all be referred to as “subclasses”. The table also lists 

TABLE 2 

SUBCLASSES IN FLORA NORTH AMERICA (FNA) AND MEDICINAL PLANTS OF 
NATZVh' AMERICA (MPNA) 

Plant groups FNA MPNA 

Families Genera Species Genera Species 

I. Pteridophyta 14 61 340 21 49 
II. Spermatophyta 
A. Gymuospermae 6 19 118 15 59 
B. Angiospermae 

1. Dicotyledoneae 
i. Magnoliidae 16 87 507 44 110 
ii. Hamamelidae 11 37 272 25 36 
iii. Caryophyllidae 14 163 1335 43 138 
iv. Djeniidae 44 284 1591 87 223 
v. Roeidae 54 509 3637 182 521 
vi. Asteridae 36 718 5088 226 122 

2. Mon~tyledoneae 
i. Alismatidae 9 29 104 4 6 
ii. Commelinidae 14 262 2431 37 72 
iii. Arecidae 3 28 47 6 El 
iv. Liliidae 11 158 800 45 107 

Total 232 2355 16270 735 2695 
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the number of families, genera and species in FNA and the number of medic- 
inally used genera and species (those in MPNA) for each of the subclasses. 

b. Regression analysis of subclasses 
Do the different subclasses provide medicinal species with the same fre- 

quency? Using the method described previously, a regression analysis was 
performed on these 12 subclasses. The regression equation showing the rela- 
tion between the number of species in each subclass (FNASPE) and the 
number of them used medicinally (MPSPE) is 

MPSPE = 1.25 + 0.128 x FNASPE 

The data as well as the predicted and residual values are shown in Table 
3. They are also displayed graphically in Fig. 1 where the points plotted are 
the actual values of the number of species and of medicinal species in each 
subclass, while the line drawn represents all the points predicted by the 
regression equation. The residual is represented by the vertical distance 
between the plotted point and the regression line. 

c. A~lys~s of the residuals 
The residuals in this analysis are highly variable, ranging from 70 to 

-240 (see Fig. 2). As percentages of predicted values, the residuals range 
from -77O/b to 261Oh; the mean of the absolute values of those percen- 
tages is 55%. How can these numbers be grouped so that some can be said 
to be “farther from the regression line” than others? The standard deviation 
of a set of values provides a measure of its “spread”; as these are census 

TABLE 3 

RESIDUAL ANALYSIS OF 12 SUBCLASSES 

Subclass FNASPE MPSPE Predicted Residual” 

Asteridae 5088 722 651.7 70.3 
Rosidae 3637 521 466.2 64.8 
Hamamelidae 272 80 36.0 44.0 
Magnoliidae 507 110 66.1 43.9 
Gymnospermae 118 59 16.3 42.7 
Dilleniidae 1591 223 204.6 18.4 
~eridophyta 340 49 44.7 4.3 
Liliidae 800 107 103.5 3.5 
Arecidae 47 8 7.3 0.7 
Alismatidae 104 6 14.5 - 8.5 
Caryophyllidae 1335 138 171.9 - 33.9 
Commelinidae 2431 72 312.0 - 240.0 

‘Standard deviation of 12 residuals is 77.9. 



Species in Flora North America (FNASPE) 
Fig. 1. Regression plot of twelve subclasses showing medicinal species versus total species. The 
points plotted are the actual values of the number of species and medicinal species in each 
sublcass. The residual value is represented by the vertical distance from the point to the regres- 
sion line. The three marked points (Ast, Ros, Corn) represent values with residuals greater than 
the standard deviation of the set. 
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Fig. 2. Regression residuals of twelve subclasses. 
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data the population standard deviation is used. The standard deviation of the 
collection of the 12 residuals is 77.9; only one value in the set, for Commelini- 
dae, is greater than that figure, demonstrating what also seems clear by 
inspection, that this value is distinctively different from the rest. The sub- 
stantive version of this statistical statement is that, given its size, the Com- 
melinidae produce far fewer medicinal species for Native Americans than do 
any of the other subclasses. 

d Second regression analysis 
To continue partitioning the values, the entire analysis is repeated after 

eliminating the value for Commelinidae from the set. The new regression 
equation is: 

MPSPE = 10.02 + 0.138 * FNASPE 

The associated predicted and residual values are shown in Table 4. The 
standard deviation of the 11 residuals is 25.3. Now there are 4 subclass resi- 
duals which exceed the standard deviation, three positively (Gymnospermae, 
Hamamelidae and Magnolidael and one negatively (Caryophyllidael. While 
these are not outliers in the way that Commelinidae was, they are clearly 
plant groups which provide either more than or less than their share of 
medicinal plants. 

e. The subclass Hamamelidae 
The subclass Hamamelidae is subjected to further analysis. This subclass 

has been selected for analysis because it ranks high on the scale of medicinal 
subclasses (third in Table 3, second in Table 41 and yet is of modest size. It 

TABLE 4 

RESIDUAL ANALYSIS OF 11 SUBCLASSES 

Subclass FNASPE MPSPE Predicted Residual’ 

Gymnospermae 118 59 
Hamamelidae 272 80 
Magnoliidae 507 110 
Asteridae 5088 722 
Rosidae 3637 521 
Dilleniidae 1591 223 
Pteridophyta 340 49 
Arecidae 47 8 
Liliidae 800 107 
Alismatidae 104 6 
Caryophyllidae 1335 138 

26.3 32.7 
47.6 32.4 
80.1 29.9 

713.3 8.7 
512.7 8.3 
229.9 - 6.9 

57.0 - 8.0 
16.5 - 8.5 

120.6 - 13.6 
24.4 - 18.4 

194.5 - 56.5 

“Standard deviation of 11 residuals is 25.3. 
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TABLE 5 

FAMILIES OF THE SUBCLASS HAMAMELIDAE, EXTRACTED FROM APPENDIX A 

Rank Family FNASPE MPSPE Predicted Residual 

10 Corylaceae 33 21 4.9 16.1 
15 Fagaceae I 140 26 16.8 9.2 
25 Juglandaceae 25 9 4.0 5.0 
32 Urticaceae 17 7 3.1 3.9 
56 Ulmaceae 18 5 3.2 1.8 
51 Moraceae 19 5 3.3 1.7 
58 Myrieaceae 8 3 2.1 0.9 
68 Platanaceae 4 2 1.7 0.3 
69 Hamamelidaceae 4 2 1.7 0.3 

116 Leitneriaceae 1 0 1.3 - 1.3 
157 Casuarinaceae 3 0 1.6 - 1.6 

Total 272 80 

contains 11 families with a total of 272 species in North America, of which 80 
are used medicinally. The subclass is named after the family Hamamelida- 
ceae which contains the genus Hamamelis, or witch hazel, a classic medical 
species. 

The subclass Hamamelidae is comprised of 11 families of varying sizes. 
Table 5 lists them in the order they appear in Appendix A, which is based 
on the overall regression of MPNA species on FNA species. 

The table shows that Corylaceae and Fagaceae are the most prominent 
sources of medicinal species from this already well represented subclass. 
Table 6 lists the genera of these two families. It is interesting to note that 
these are all trees; moreover, most of them are clear sources of resins or 
tannin, useful for a variety of medical purposes (Swain, 19791. 

TABLE 6 

GENERAOFCORYLACEAEANDFAGACEAE 

Family Genus Uses 

Corylaceae 

Fagaceae 

Alnus 
Be tulu 

Carpinus 
Co7ylw 
Ostrya 
castanea 
Faszls 
Lithocarps 
t&Mrcua 

Alder 118 
Birch 53 
Hornbeam 13 
Hazel 25 
Hop hornbeam 16 
Chestnut 20 
Beech 13 
Tanbark 2 
Oak 215 
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jI Indications and therapeutic categories 
The original database classifies the usage of medicinal species into a set of 

73 “indications” ranging from “abortifacient” to “witchcraft medicine” and 
includes others such as analgesic, cancer treatment, hemostat and the like 
(Moerman, 19861. In the current analysis, these 73 categories are collapsed 
into a set of 10 larger units called “therapeutic categories”. Table 7 summa- 
rizes these categories and Appendix B lists the frequency of each of the 73 
indications by category. Each category has a three-letter code for use in 
tables, etc. 

g. The usage of the Hamamelidae 
Different subclasses and families are used in different ways. Table 8 

shows the usage of the different therapeutic categories for each of the 11 
families in the subclass Hamamelidae. The families are ranked by their total 
number of uses, while the therapeutic categories are ordered in terms of 
their overall frequency as in Table 7. 

A glance at Table 8 demonstrates some of the difficulties inherent in an 
analysis like this. The subclass Hamamelidae was selected for this analysis 
because it is relatively small with only 11 families. The 73 indications were 
collapsed into 10 categories. Yet, Table 8 has 110 cells. How might more or 
less “interesting” cases of use be selected for closer analysis? All 110 cases 
could be considered in turn. But since there are 232 families represented in 
the data, by that strategy 2320 different combinations would ultimately have 
to be considered. This would be impractical and unreadable. Therefore, a 
way must be found to sort the cases in some fashion. 

The procedure is essentially the same as before. A series of regression 
analyses is carried out, this time by selecting the number of medicinal spe- 

TABLE 7 

FREQUENCY OF THE 10 THERAPEUTIC CATEGORIES IN THE DATABASE 

Type of treatment Frequency 

General (GENl 218 
Cardiological (CAR1 404 
Orthopedic (ORTl 756 
Oto-Rhino-Laryngological (OTOl 1014 
Pulmonary (PULl 1346 
Neurological (NEUl 1774 
Gynecological-Urinary (GYNl 1761 
Dermatological (DERl 2043 
Gastro-Intestinal (GIMl 2848 
Other (OTH) 3679 

Total 15843 
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TABLE 8 

USES OF HAMAMELIDAE BY FAMILY AND THERAPEUTIC CATEGORY 

Family Therapeutic category* 

GEN CAR ORT OTO PUL NEU GYN DER GIM OTH Total 

Fagaceae 1 6 11 21 21 18 22 31 48 42 221 
Corylaceae 6 11 7 10 15 14 27 23 60 31 204 
Juglandaceae 1 4 5 8 3 6 9 15 95 15 101 
Urticaceae 1 1 17 0 6 12 13 8 9 25 92 
Ulmaceae 0 1 1 12 15 3 18 9 2?1 6 88 
Moraceae 1 0 1 5 2 14 7 4 15 7 56 
Hamamelidaceae 1 2 5 3 5 5 6 7 8 10 52 
Myricaceae 1 1 2 1 3 8 4 9 5 5 39 
Platanaceae 1 1 1 1 5 1 5 4 9 7 35 
Casuarinaceae 0 0 0 0 0 0 0 0 0 0 0 
Leitneriaceae 0 0 0 0 0 0 0 0 0 0 0 

Total 13 27 50 61 75 81 111 110 212 148 888 

‘Values in italics are substantially above the predicted values. 

ties per family (MPSPE) as the independent variable and the number of uses 
for a particular category of treatment as the dependent variable. Table 9 
shows the analysis for gastrointestinal medicines (GIM) in the Hamamelidae. 
The regression equation is 

GIM = 3.55 + 2.16 x MPSPE 

The second row in the table shows that the family Corylaceae has 21 
medicinal species which are used in 60 different ways to treat gastro-intes- 
tinal problems of some sort. However, the regression predicted that there 
were only 48.9 such uses. This gives a residual of 11.1 more uses than was 
predicted if all usage were random and simply a consequence of frequency. 
The standard deviation of the residuals is 7.5; again this gives a convenient 
way to partition the set of values. Table 9 shows that Juglandaceae, Coryla- 
ceae and Ulmaceae produce more than the expected number of gastro-intes- 
tinal medicines while Fagaceae and Urticaceae produce fewer. Referring 
back to Table 8 note that the values in the GIM column for Corylaceae, Jug- 
landaceae and Ulmaceae are in italics. This is to indicate that the values of 
60, 35 and 23 are substantially above (e.g., more than one standard deviation 
above) the predicted values under the assumption of randomness. Sixteen 
such cases are marked in that table. Note further that four of the 16 cases 
are for the family Corylaceae, for general medicines (GEN), cardiological 
medicines (CAR), gynecological-urinary medicines (GYN) and gastro-intestinal 
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TABLE 9 

REGRESSION OF GASTROINTESTINAL MEDICINES ON MEDICINAL SPECIES BY 
FAMILY IN HAMAMELIDAE 

Family GIM 

MPSPE Actual Predicted ResiduaP 

Juglandaceae 9 35 23.0 12.0 
Corylaceae 21 60 489 11.1 
Ulmaceae 5 23 14.4 8.6 
Platanaceae 2 9 7.9 1.1 
Moraceae 5 15 14.4 0.6 
Hamamelidaceae 2 8 7.9 0.1 
Casuarinaceae 0 0 3.6 - 3.5 
Leitneriaceae 0 0 3.6 - 3.5 
Myricaceae 3 5 10.0 - 5.0 
Urticaceae 7 9 18.7 - 9.7 
Fagaceae 26 48 59.8 - 11.8 

‘Standard deviation of the residuals is 7.5. 

medicines (GIM). Corylaceae by this measure is an “interesting” family, 
worth closer examination. 

This analysis produces a total of 110 residual values. It is worth noting 
that the largest residual in the set applies to the family Urticaceae for 
orthopedic medicines (ORT). Seven medicinal species had 17 orthopedic uses 
even though the predicted number of such uses was 4.4; this gives a residual 
of 12.6. Urticaceae is clearly another interesting family to examine. 

h. Corylaceae 
According to FNA, there are 33 species of Corylaceae in North America 

divided among five genera CAlnus, Bet&, Carpinus, Corylus and Ostrya). 
Most of them are native trees although some are shrubs and a few are intro- 
duced. 

Referring back to Table 8, note that Corylaceae had substantial usage in 4 
therapeutic categories: general, cardiological, gynecological-urological and 
gastrointestinal medicines. Table 10 shows all the medicinal usage of these 
five genera by category; the four substantial usage categories are in bold 
face. 

Consider first the cardiological medicines. There are eleven uses for the 
Corylaceae in this category. Most of these;are classified in MPNA as “blood 
medicines”. Some examples include the Chippewa use of an infusion of bark 
of Alms incanu (L.1 Moench for “anemia” and the Cherokee use of the bark 
of A. serrdata (Ait. Willd. to “purify the blood”.* The Iroquois, Ojibwa and 
Montagnais are among other groups who make similar uses of these species. 

*See Moerman, 1986. for complete bibliographic information for these and all subsequent ethno- 
botanical references. 
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TABLE 10 

USESOFCORYLACEAEBYGENUSANDTHERAPEUTICCATEGORY 

Alma Be tula 

31 16 

COT@S Ostqa Carp&us 

8 3 2 
Other 
GydJrology 
Dermatology 
Neurology 
Pulmonary med 
Cardiology 
Orthopedics 
Oto-Rhino-Lar 
General mfxb 

15 
12 
12 

7 
6 
5 
4 
7 
2 

Total 118 53 25 16 13 

*The four substantial use categories are in boldface. 

Such uses (“purify the blood”, “build up the blood”, “make the blood warm”) 
are difficult to evaluate; the treatment categories are unfamiliar and hard to 
translate into a modern idiom. However, there may be a special wisdom in 
these uses which transcends such specifics. Several species of Corylaceae, 
especially of the genus Bet&, are known to contain significant amounts of 
“birch oil” of which a chief constituent is methyl salicylate, a precursor 
of aspirin which has similar effects (Claus et al., 1970). Recent 
research has shown that very small doses of aspirin reduce the incidence of 
heart attack in men over 40 (Steering Committee, 19881. It seems possible 
that methyl salicylate might have an effect on the platelets similar to that of 
its synthetic cousin. 

In this context, another set of uses of Corylaceae is worth noting. The 
dermatology therapeutic category includes 20 uses of Corylaceae as “derma- 
tological aids”. These uses, by groups from the Cree on Hudson’s Bay to the 
Porno and Swinomish, are mostly as external washes or poultices for cuts, 
sores, swellings, infections and the like. For example, the Ojibwa used a 
poultice of the boiled bark of COT&S americana Walt. to help close and heal 
cuts; the Sanpoil and Swinomish washed sores with a decoction of the bark 
of Alnw incanu (L.1 Moench. The value of these procedures may lie in the 
fact that the salicylates are active disinfectants; the antiseptic properties of 
salicylic acid are superior to phenol (Lewis and Elvin-Lewis, 19771. 

Problems, however, remain. The Potawatomi, Klallam, Quileute and Men- 
docino Indians all used Alnus species as antidiarrheals. On the other hand, 
the Iroquois, Cherokee, Bella Coola and Gitksan used Alnus species as laxa- 
tives or cathartics; these uses of the same or very closely related plants, by 
close neighbors, are quite opposite to one another. 
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Similarly, several groups (Chippewa, Cherokee, Iroquois, Gitksan, Mendo- 
cino Indians) used several species of Alnus as emetics while the Micmac and 
Penohscot used Alnus bark to treat “retching and cramps”, that is, as an 
antiemetic. 

Among 30 or 40 citations of usage for a particular species for one thing or 
another, it is not uncommon to find that there are a few apparently contra- 
dictory uses. Depending on how the case is phrased, however, these may not 
be contradictory at all: both dextroamphetamine and methylphenidate are 
central nervous system stimulants but both are widely used to calm hyperac- 
tive children. These opposite uses may be labeled “paradoxical” rather than 
contradictory (Goodman and Gilman, 19701. In other cases, different uses 
might be labeled “orthogonal”, as in the usage of the antihistamine diphenhy- 
dramine hydrochloride (Benadrylel in over-the-counter sleeping prepara- 
tions; when used as an antihistamine, the drowsiness induced is referred to 
as a “side effect” (Romanucci-Ross and Moerman, 19881. Again, other cases 
might be labeled “linguistic” or “categorical” differences, as in the use of 
aspirin for “colds” and “headaches”, which might seem to be quite different 
ailments. 

The uses of Alnus described here do not appear to be obvious cases of 
these more benign theoretical alternatives. Indeed, it is not clear that the 
plants would have any constituents to recommend them on the one hand as 
either emetics or antiemetics, or, on the other, as either cathartics or antidi- 
arrheals. Clearly the “interesting cases” elicited by this method are not all 
simple ones; much complex work still remains before we will understand all 
the dimensions of Native American medicine. 

i Urticaceae 
According to FNA, there are 17 species of Urticaceae in North America 

divided into 6 genera Uaportea, Pilea, Urtica, Boehmeriu, Hesperocnide, and 
Parietariu) of which the first three provide medicinal species. The uses of 
these three genera are listed in Table 11. The most widely used genus is 
Urtica, the nettles. The “other” category in this case is quite literal, compris- 
ing a series of highly variable uses ranging from tonics to witchcraft medi- 
cines with no obvious pattern. 

There is, however, an interesting pattern in the next two categories, 
orthopedics and neurology. The preponderance of these cases are ones where 
various species of nettles are used as counter-irritants or “liniments” for var- 
ious sorts of pain, usually of the muscles or joints, or, more specifically, for 
“rheumatism”. There are at least 16 such cases of which these are typical. 

l The Bella Coola used Urtica ZyaZZii S. Wats. to sting paralyzed limbs; 
likewise, they used the plant in the sweat bath for rheumatic pains. 

l The Chehalis and the Quileute used the stalk of Urtica dioica L. to 
whip rheumatic limbs; the latter also drank an infusion of the pounded 
roots for rheumatism. 
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TABLE 11 

USES OF SELECTED URTICACEAE BY GENUS AND THERAPEUTIC CATEGORY 

Urtica Laportea Pilea 

Other 20 
Orthopedics 17 

Neurology 11 
Gyn-Urology 8 
Gastrointestinal 7 
Dermatology 7 

Pulmonary med 5 
Cardiology 1 
General meds 1 
OtoRhino-Lar 0 

Total 77 

4 
0 

1 
5 
1 
0 

0 
0 
0 
0 

11 

1 
0 
0 
0 

1 
1 

1 
0 
0 
0 

4 

l The Shoshone applied a hot poultice of the leaves of Urtica grads 
Ait. to rheumatic joints. 

The dermatological uses of Urtica are different, possibly reflecting homeo- 
pathic theories as the genus is reportedly used to treat itching toes, heat 
rash, hives and sores. These dermatological and orthopedic uses of the Urti- 
caceae probably follow from the quality that this family (and several others, 
notably Euphorbiaceae, Loasaceae and Hydrophyllaceae) have of producing 
contact dermatitis (“urtication”) with stinging hairs. 

“On contact, the tip of the hair breaks off, and its contents are injected into the shin of the 
[browsing] animal. In some plant species, the contents include acetylcholine, histamine, and 5 
hydroxytryptamine. . . The effect of the sting in most instances is to cause a local flare on 
the shin surface and a local increase in shin temperature due to the dilation of arterioles” 
(Chapman and Blaney, 19791. 

Related reports indicate that the Kwakiutl rub the juice of Urtica dioica 
into the scalp to prevent hair from falling out; similarly, the Skokomish use a 
decoction of the roots as a hair wash (Turner and Bell, 1973). Urtica may 
have dermatological effects analogous to those of the hypotensive drug 
minoxidil which causes relaxation of smooth muscle leading to increased 
blood flow to the scalp which may be indicated in the effectiveness of this 
drug in stimulating hirsutism (De Villez, 1985; see also De Villez, 1988). 

Finally, a pattern appears among the gynecological and urinary medicines. 
Table 12 lists six uses by as many cultural groups of two species of Urtica- 
ceae, all to facilitate childbirth. These items were collected by several differ- 
ent authors over a period of a generation or more. Various species of Urtica 
have been shown to contain betaine as well as 5hydroxytryptamine, both of 
which can stimulate uterine tissue in vitro and in viva (Farnsworth et al., 
19’75). These species may have some influence on uterine contraction. 
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TABLE 12 

GYNECOLOGICAL USAGE OF URTICA~EAE* 

Laportea canodeneia 
Iroquois 

Urtica &&a 
Cowlite 
Kwakiutl 
Lummi 

Infusion of smashed roots taken to facilitate childbirth. 

Infusion of nettles taken by women about to deliver a child. 
Plant juice taken by pregnant women who are overdue. 
Infusion of nettles taken by women to relax the muscles during 

childbirth. 
Quinault 
Squaxin 

Tips of the plant chewed by women during labor. 
Infusion of crushed leaves taken by women having difficulties in labor. 

*For references, see Moerman (1986). 

As noted earlier, the subclass Commelinidae produces by far the fewest 
medicinal plants. A virtue of the method of residual analysis is that it allows 
easy identification of such ignored groups as well as heavily utilized ones. 
Table 13 lists the families of this subclass in the order they appear in Appen- 
dix A, which is based on the overall regression of MPNA species on FNA 
species; this is comparable to Table 5 showing the families of the Hamameli- 
dae suborder. Less than 3% of the species of this large group are used 

TABLE 13 

FAMILIES OF THE SUBCLASS COMMELINIDAE, EXTRACTED FROM APPENDIX A 

RANK FAMILY FNASPE MPSPE Predicted Residual 

70 Typhaceae 4 2 1.6 0.4 
106 Musaceae 1 0 1.3 -1.3 
136 Zingiberaceae 1 0 1.3 - 1.3 
139 Mayacaceae 2 0 1.4 -1.4 
154 Cannaceae 3 0 1.5 -1.5 
149 Marantaceae 3 0 1.5 -1.5 
155 Sparganiaceae 12 1 2.6 - 1.5 
16’7 Commeiinaceae 40 4 5.6 - 1.6 
185 Xyridaceae 17 1 3.0 - 2.0 
193 Eriocaulaceae 10 0 2.3 - 2.3 
196 Bromeliaceae 26 1 3.4 - 2.4 
228 Juncaceae 123 4 14.9 - 10.9 
231 Cyperaceae 718 22 81.2 - 59.2 
232 Poaceae 1471 37 165.9 - 128.9 

Total 2431 72 
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medicinally. The predominant family in the subclass is the Poaceae, the 
grass family. Only 2.5% of the species in this huge family - with nearly 
10% of the species of the continent - are used medicinally. Note however 
that Poaceae is the primary source of human foods - wheat, corn, oats, rye 
and barley are among the seed grains that feed most people and their 
domesticated animals. As has already been noted, the Poaceae generally do 
not depend on chemicals for defense against predation (Lindroth, 1988). As 
such, human beings have adopted them for foods, not drugs. 

Since the family is so large, it is not surprising to find exceptions to the 
general principle. Several species of the genus Andropogon, bluestem, are 
used as analgesics, diuretics, stimulants and the like and are administered 
internally by the Chippewa, Omaha, Comanche, Houma, Catawba and others. 
One species, Andropogon nardus L., produces the fragrant oil citronella 
which is to some degree toxic or noxious to insects indicating bioactivity 
(Claus et al., 1970); related species may produce similar substances. 

B. Variable usage among families 

There are other ways that these data can be manipulated to elicit inter- 
esting subgroups. This section shows another variation on the theme of 
regression and residual analysis to elicit such material. First, a series of ten 
regressions was calculated. In each case, the regression was of the number 
of uses of a particular family for a particular therapeutic category on the 
total number of uses of that family. For example, the regression of the num- 
ber of uses as gastrointestinal medicines (GIM-Uses) on total uses (Uses) 
gives this equation: 

GIM-Uses = 0.621 + 0.171 x Uses 

Table 14 shows the ten families with the largest residuals in that regression. 
Given the total number of uses of the Rosaceae, one would predict that 178 
would be for gastro-intestinal illnesses: but, in fact, 253 were so used, giving 
a residual of 75. 

As noted, this process was repeated for each of the 10 therapeutic catego- 
ries. Rosaceae, which ranks first in the regression of the gastrointestinal 
uses, ranks last in the regression of neurological medicines. It also ranks last 
in the orthopedic medicine and the general medicine categories. Thus, these 
rankings can vary quite dramatically for a given plant family. A simple way 
to measure this variation is to calculate the standard deviation of the 10 
rankings for each family. Table 15 shows all ten rankings for the 15 families 
with the greatest standard deviations. 

Lamiaceae, the mint family, ranks first in this table. Note that Lamiaceae 
ranks last - with a ranking of 232 - in four different categories (DER, 
GYN, OTO and OTH) and next to last in one more (ORT). At the other end of 
the scale, the same family ranks 13th in one (GEN), fourth in two (GIM and 
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TABLE 14 

REGRESSION ANALYSIS OF GASTROINTESTINAL USES ON TOTAL USES 

Rank Family Uses 

Total GIM Predicted Residual 

1 Rosaceae 1038 253 177.77 75.23 
2 Rhamnaceae 132 48 23.15 24.85 

3 Corylaceae 204 60 35.44 24.56 
4 Lamiaceae 645 135 110.70 24.30 
5 Caprifoliaceae 404 90 69.57 20.43 
6 Juglandaceae 101 35 17.86 17.14 

7 Polygonaceae 350 73 60.35 12.65 
8 Berberidaceae 121 33 21.27 11.73 
9 Gentianaceae 65 23 11.71 11.29 

10 Scrophulariaceae 324 67 55.92 11.08 

CAR) and first in two more (NEU and PUL) therapeutic categories. Again, 
using regression, these families can be sorted in interesting ways. The usage 
of Lamiaceae will be examined below. 

Another interesting aspect of this table is that, generally speaking, the 
patterns taken by the different families are all different from one another. 
The two families with the most similar patterns are Rosaceae and Caprifoli- 

TABLE 15 

FAMILIES AND THEIR RANKINGS IN 10 REGRESSIONS 

Rank Family Ranking by therapeutic category 

GIM NEU PUL DER GYN ORT OTO CAR GEN OTH S.D: 

1 Lamiaceae 4 1 1 232 232 231 232 4 13 232 113.64 
2 Apiaceae 228 229 7 222 229 3 24 228 4 1 109.87 

3 Rosaceae 1 232 197 29 7 232 6 5 232 231 108.28 
4 Caprifoliaceae 5 223 232 231 1 216 7 11 231 219 107.59 
5 Solanaceae 70 5 229 14 231 229 2 231 230 2 107.30 
6 Fabaceae 38 7 231 216 227 221 4 219 15 5 104.96 

7 Liliaceae 231 226 226 3 8 1 198 207 23 15 104.35 
8 Araceae 217 6 5 229 230 20 11 37 1 222 103.93 
9 Polygonaceae 7 225 228 10 196 13 223 3 229 216 103.89 

10 Scrophulariaceae 10 227 9 203 206 224 231 20 228 6 102.60 

11 Asteraceae 230 2 206 31 210 9 226 232 218 8 102.34 
12 Corylaceae 3 224 201 205 19 220 216 6 6 230 102.03 
13 Pinaceae 229 231 2 1 216 2 229 229 205 227 102.03 
14 Anacardiaceae 68 228 218 4 30 230 17 230 211 9 100.37 

15 Cupressaceae 232 177 3 230 10 7 224 36 5 31 99.73 

*Standard deviation. 
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aceae, ranked 3 and 4 in the table. In any category where one ranks high 
(low), so does the other, with one exception: Rosaceae ranks 29th in the DER 
category while Caprifoliaceae ranks 231 (see Table 161. Likewise, Pinaceae 
and Asteraceae are generally the same, except for differences in the catego- 
ries NEU, PUL and OTH. 

Conversely, the Lamiaceae and Liliaceae are nearly opposites. When one 
is high the other is low, or vice versa, except for the categories OTO (both 
are low) GEN (both are high). Another pair of opposites is Solanaceae and 
Cupressaceae; this case is less clear, however, since Solanaceae is intermedi- 
ate on GIM (ranked ‘70th1, not extreme. 

The Corylaceae, discussed earlier, shows up here in position 12; as earlier, 
the family ranks high in the areas GIM, GYN, CAR and GEN. In the next 
few sections several of these interesting families will be examined briefly. 

a Lamiaceae 
The family Lamiaceae ranks high by this analysis in several categories. 

The family ranks first in neurological aids and pulmonary aids. The “neurol- 
ogical aid” category, with 1774 items, is comprised in large part of pain rem- 
edies of various sorts, especially the indication “analgesic” with 938 items. 
The “pulmonary aid” category, with 1346 items, is substantially comprised of 
the “cold remedy” indication with 528 items. In the case of Lamiaceae, there 
appears to be an overlap of the two categories. A substantial proportion of 
the analgesic items for Lamiaceae are for relief of pain associated with 
“colds”. For example, the Chippewa use an infusion of the root of Agastache 
foeniculum (Purshl Kunze, elk mint, for cold and chest pain; the Gosiute use 
a decoction of Mentha arvensis L. for coughs and colds with headache. Both 
of these are classified as analgesic in the database. There are also many uses 
of these species for colds which may not include pain. The Dakota, for exam- 

TABLE 16 

REGRESSION RANKINGS OF ROSACEAE AND CAPRIFOLIACEAE BY THERAPEUTIC 
CATEGORY 

Caprifoliaceae Rosaceae 

GIM 5 1 

GYN 1 7 

OTO 7 6 

CAR 11 5 

DER 231 29 
PUL 232 197 

ORT 216 232 
OTH 219 231 
NEU 223 232 
GEN 231 232 
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ple, use Hedeoma hispida Pursh, an American pennyroyal, as a treatment for 
colds, while the Cherokee, Kawaiisu and Rappahannock use Mar&Gum vu& 
gare L., horehound, for the same purpose. 

The medicinal value of the Lamiaceae is probably due primarily to the 
volatile oils found in many species in the family. Among these are pepper- 
mint oil which is the source of menthol, spearmint oil which is an effective 
carminative and thyme oil which is the source of thymol. These substances, 
with a number of others like turpentine and camphor, are classed as mono- 
terpenes, widely distributed in the plant world. Monoterpenes and particu- 
larly the variability of monoterpene composition of the mints, has been 
shown to influence herbivory, acting to reduce browsing by slugs (Gould, 
1988) and insects (Renwick, 1988). 

Thymol has substantial decongestant, antifungal and antibacterial proper- 
ties and is an anthelmintic especially useful against hookworm (Claus et al., 
1970). Menthol stimulates the nerves which perceive cold, but depresses 
those for pain (0~01 and Pratt, 1973); for this reason the substance is an 
effective antipruritic agent. 

b. Apiaceae 
The family Apiaceae, or Umbelliferae, contains a number of familiar 

plants, among them carrots Ulaucus), fennel (Foe&z&m), coriander (Coriun- 
drum) and caraway (Carurn). Table 17 shows that Apiaceae ranks first in the 
rather nondescript therapeutic category “other”, a case which will be exam- 
ined below. The family also ranks third in the category of orthopedic medi- 
cines, comprised primarily of internal and external treatments for 
“rheumatism”, “arthritis”, broken bones, sore limbs, swellings and the like. 
The preponderance of the 35 uses are of Heracleum maximum Bartr. (11 
uses) and Lomatium spp. (9). 

The basis of these uses may be due to the widespread presence in species 
of Apiaceae of various coumarins (see Raichelson, 1986, for a review). Cou- 
marin and related chemicals act as allelopaths by inhibiting seed germina- 
tion; the chemicals also show a wide range of biological actions including 
carcinogenic, antibacterial, antispasmodic, analgesic and other activity (Rai- 
chelson, 1986). Several studies indicate that coumarins have various anti- 
inflammatory actions (Dunn et al., 1977; Saxena et al., !982), probably by 
direct inhibition of prostaglandin production (Lee et al., 1981). This is also 
the probable mechanism of the salycilates (Gilman et al., 1980); like coumarin, 
naturally occurring salycilic acid is a phytotoxin (Bell, 1981). 

As noted, Apiaceae ranks first in the rather nondescript therapeutic cate- 
gory “other”. The largest component of this category for Apiaceae is the 
much more descriptive indication “poison”. A number of these items are not 
really “medical” but more generally “pharmacognostic” expressing informa- 
tion or knowledge about plants not necessarily used medicinally; for 
instance, while the Shuswap, Kawaiisu and Kwakiutl all indicate that Cicuta 
dougkzsii Coult. et Rose, water hemlock, is known to be poisonous, there is 
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no indication that they used it for that purpose, just that it was avoided. 
Representing the ambiguity many societies grant to medicine and drugs is 
the testimony of the Ojibwa who note that the root of Pa.stinaca sativu L., 
wild parsnip, is very powerful in small amounts, but poisonous in large. 

The Iroquois, on the other hand, are reported to chew the roots of water 
hemlock KXcz&z ~~~~~ L.1 to commit suicide. They are said further to 
achieve the same goal by eating the roots of hairy Angelica (Angel& vene- 
nostz (Greenway) Fern.). These are the only references to suicide in the data- 
base. The authority on Iroquois suicide is William N. Fenton (1941, 19861. In 
his more recent paper, he confirms and amplifies his earlier analysis which 
indicated that the Iroquois seem to have two basic motivations and methods 
for suicide: “Type A: poisoning with C&X.&Z out of some love motive or jeal- 
ousy, commonly by women; and Type B: violent male suicides by hanging or 
stabbing out of shame over failure to fulfil some status obligation” (Fenton, 
1986, p. 4551. While there are “some crossovers as to method by sex and 
there are two cases of suicide pacts by lovers or spouses*’ he notes a remark- 
‘able consistency in the 45 cases he describes. 

There is no doubt that Cicuta is an appropriate plant for this unfortunate 
purpose. Water Hemlock, C. maculatu, is probably the most violently poison- 
ous higher plant of the North Temperate Zone. The toxic principle eicutoxin 
is a violent convulsant which acts directly on the central nervous system 
(Claus et al., 19701. Lewis and Elvin-Lewis (19’771 note that Cicuta is one of a 
handful of plants containing toxic resins which are “among the most violent 
poisons”; Cicuta can pose dangers for both livestock (“fresh root the size of a 
walnut is reputed to kill healthy cattle”) and children (the latter have been 
poisoned “making peashooters from the hollow stems”). 

c. Liliaceae 
The largest source of poisonous plants in the database, with 22 items, is 

not Apiaceae. but Liliaceae, the lily family. The two species most cited as 
poisonous are the false hellebores Werutrum spp.1 and death camas dzigod- 
enus spp.1. Most of these reports are of the “pharmacognostic” variety, but 
the Southern Carrier Indians are reported to use Veratrum vi&de Ait., false 
hellebore, as an emetic, while recognizing that too strong an infusion may be 
fatal. Another member of Liliaceae, Amiunthemum muscuetoxicum (Walt.1 A. 
Gray, is used by the Cherokee as a poison for crows, as well as for a sure 
but severe cure for “itch”. 

Species of Liliaceae contain a variety of alkaloids which are more or less 
poisonous (Dahlgren et al., 19851; botanists and phyt~hemists generally 
account for these substances as devices to prevent or minimize browsing. 
Common ornamentals like lily of the valley (Convallarial and daffodils, narcis- 
sus and jonquils vVo&,ssusl contain a variety of complex poisonous sub- 
stances. Certain species of autumn crocus (Concern spp.1 produce the toxic 
alkaloid colchieine, long an effective treatment for gout (Goodman and Gil- 
man, 19701. 
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& Rosaceae and Caprifoliaceae 
As noted, Rosaceae and Caprifoliaceae have nearly identical patterns of 

usage in the regression analysis, differing only in their popularity for treat- 
ments of dermatological conditions. They will be looked at together here (see 
also Moerman, 19891. 

Thorne and Dahlgren agree in the placement of these two families in their 
systems of classification; both have Rosaceae as a member of the order 
Rosales in the superorder Rosiflorae, and Caprifoliaceae as a member of the 
order Dipsacales in the superorder Corniflorae. They also agree on the close 
relationship between these two superorders by placing them in adjacent 
positions on their taxonomic maps of the angiosperms (Thorne, 1982; Dahl- 
gren et al., 19821. This similarity is less marked in the treatment of Lewis 
and Elvin-Lewis (19771. 

The two families have a phytochemical similarity in that they are among 
those which produce significant quantities of cyanogenic glycosides. These 
chemicals (23 have been identified) release cyanide gas when combined with 
certain enzymes: usually this occurs if the appropriate plant parts (leaves, 
seeds) are crushed (or chewed). A number of species of Rosaceae (Cotoneos- 
ter, Prunusl produce amygdalin while members of Sambucus Kaprifoliaceael 
have been shown to produce holocalin, sambunigrin and zierin. All of these 
taxa (and morel from both families produce prunasin (Jensen and Nielsen, 
1973; Conn, 19791. 

The two families rank high in the regression analyses in their usage as 
gastrointestinal (GIM), gynecological (GYN), oto-rhino-laryngological (OR01 
and cardiological (CAR) medicines as shown in Table 16. A few genera 
account for the preponderance of these uses. Three genera of Caprifoliaceae 
account for 74% of the uses in those categories while two genera of Rosa- 
ceae account for 47% of them; details are shown in Table 17. 

A substantial number of these uses are accounted for by a few indications 
of the GIM category. Many uses are as cathartics, emetics and laxatives. 
Sixty-six of 253 GIM uses of Rosaceae are of these types, while 53 of 90 GIM 
uses of Caprifoliaceae are. The use of Rosaceae is scattered among 16 gen- 
era; the preponderance of usage is of Rubus (15 uses), Purshia (111, Physocar- 
pus (9) and Prunus (7). In most cases, the preparations are in the form of 
decoctions of root, or bark; it is not clear what active principles may be 
involved. 

The usage of Caprifoliaceae as purgative is less scattered; the genus Sam- 
bucus accounts for 37 of 53. Sambucus is an interesting and complex genus 
which has been in use as a medicinal for thousands of years and all over the 
world (see, for example, Uphoff, 1968; Hartwell, 1982; Duke and Ayensu, 
1985). More recently, a lectin, Sambucus nigra agglutinin (SNA), has been 
isolated from the plant which has been shown to be of potential value in 
facilitating bone marrow transplantation (Mumcuoglu et al., 19861; an Asian 
species, Sambucus formosana Nakai, has been shown to contain several prin- 
ciples which have a protective effect against toxic hepatitis induced by car- 
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TABLE 17 

FREQUENCY OF USE OF IMPORTANT SPECIES OF TWO FAMILIES IN FOUR THERA- 
PEUTIC CATEGORIES 

GIM GYN OTO CAR Total 

Caprifoliaceae 
Sambucw 
Viburnum 
Loniceru 
All other 

56 1s S 5 81 

16 13 6 4 39 
6 18 5 1 30 

12 22 16 2 52 

Total 

Rosaceae 
Rubus 
Pm&z= 

All other 

90 68 32 12 20s 

69 29 19 10 127 
62 21 29 6 99 

132 72 32 14 266 

Total 253 122 71 30 476 

bon tetrachloride (Lin and Tome, 19881. One study isolated 19 compounds 
from the berries (Davidek et al., 19811 while another isolated 56 compounds 
from the flowers and leaves “including hydrocarbons, esters, carbonyls, alco- 
hols and oxygen- and nitrogen-containing heterocycles” (Velisek et al., 19811. 
Indeed, Sunzbucus is such a complex chemical stew, it is hard to infer just 
what might be operating in any particular situation. 

The therapeutic category GYN is a broad one, with a number of different 
types of uses. The urinary uses comprise four indications (diuretic, kidney 
aid, urinary aid and venereal aid). Most of the uses of ~apr~oliaceae and 
Rosaceae appear to be intended to facilitate urination and are, broadly, 
diuretic, although a few are for external application to sores or the like, 
while others are intended to treat those who “cannot retain urine”. There 
are few obvious patterns here. The use is broadly scattered among a large 
number of species. Indeed, the 45 uses of “venereal aids” in these two fami- 
lies are spread among 21 genera and 32 species! No species has more than 
four uses: Cercocarpus ledifolius Nutt. (Mountain mahogany, Rosaceael is 
used by the Kawaiisu, Paiute and Shoshone as a treatment for gonorrhea or 
syphilis interna~y or externally. 

The gynecological aid indication is similarly scattered: 84 uses are spread 
among 22 genera and 52 species. This is a highly variable indication includ- 
ing a broad range of intentions. Table 18 shows 10 “gynecological” uses of 6 
species of the genus Prunz&s (cherry). Since Prmus sp. has been shown to 
contain ~hydroxytryp~mine which can stimulate uterine tissue (F’arn- 
sworth, et al. 19751, there may be a viable mechanism underlying some of 
these uses. 
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TABLE 18 

GYNECOLOGICAL USES OF SIX SPECIES OF GENUS PRUNUS’ 

Southern Ojibwa 
Lummi 
Iroquois 

Delaware-Ontario 

Thompson Indians 

Kwakiutl 

Cherokee 

“Branchlets” are used in an unspecified manner during gestation. 
The bark is chewed to facilitate childbirth. 
An unspecified plant part is added to a compound decoction which is 

taken when a woman has a miscarriage. 
The stalks are used in a compound decoction which is taken to prevent 

hemorrhage after childbirth. 
The bark is used in a compound infusion which is taken for 

“diseases peculiar to women”. 
The bark is used in a deco&ion which is taken after childbirth as a 

strengthening tonic. 
A decoction of split roots is taken for blood discharge. 
Roots are applied to the nipples of mother to induce the infant to 

nurse. 
An infusion of bark is taken for childbirth. A warm infusion is given 

when labor pains begin. 

‘For references, see Moerman (19861. 

The oto-rhino-laryngological therapeutic category includes ear, mouth, 
throat, toothache and eye medicines of which the last has the largest group 
of uses in both families. A separate regression residual analysis of the eye- 
medicine treatments in the database confirms the significance of Caprifoli- 
aceae and Rosaceae in this area: Caprifoliaceae has the highest residual 
value, while Rosaceae, with the largest number of uses, is 6th on the resi- 
dual list. 

The MPNA database includes what seems to be a disproportionately large 
number of eye medicines and washes. With 346 uses, this is one of the most 
common indications. The list of uses of several species of the genus Pyrus 
shown in Table 19 is typical of this large group. Often, the data suggest that 
the specific intention was to reduce inflammation in the eye. This large 
number of medicines probably reflects the notion that much of Native Amer- 

TABLE 19 

USE OF PYRUS SP. FOR EYE IRRITATIONS’ 

Iroquois 

Bella Coola 

Gitksan 
Klallam 
Quinault 

A cold infusion of bark’is used as wash for snowblindness and black or 
sore eyes. 

A compound decoction of bark, inner bark, root or root bark is used as 
an eye wash for soreness. 

Juice, scraped from the peeled trunk, is used as an eye medicine. 
An infusion of bark is used as an eye wash. 
An infusion of bark is used as an eye wash. 

‘For references, see Moerman (19861. 
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ican life was spent in the vicinity of smoky fires which resulted in irritated 
eyes. In contemporary medical practice, treatment for such a condition 
would probably involve use of corticosteroids (Goodman and Gilman, 1970). 

The most commonly used Caprifoliaceae for this purpose were SymphorG 
corpos spp. Infusions of the leaves or berries were used to wash the eyes by 
Kwakiutl, Sanpoil, Dakota, Omaha, Ponea and others. The leaves of Sym- 
plror&rrpos have been shown to contain the sterol beta-sitosterol (Sendra 
and Janeczko, 19’731; sterols are a subclass of the larger group of steroids. 
The sitosterols have been shown to have anti-inflammatory properties simi- 
lar to hydrocortisone (Gupta et al,, 19801. They are also a constituent of the 
roots of ginseng Ipunox spp.1 (Claus et al., 19701 and a number of other 
plants. What function these chemicals play for the plants is not clear but 
they would probably make an acceptable substitute for synthetic corticoster- 
oids. 

e. Sohzuceae 

The Solanaceae is one of the most interesting plant families. It contains a 
number of species with extremely active and toxic alkaloids, yet also pro- 
duces a number of important foods; this combination is generally unusual 
(M~rman, 19891. Among the alkaloids are nicotine, atropine, scopolamine 
and hyoscamine; among the foods are potatoes, tomatoes and chili peppers. 
The alkaloids are toxic not only to mammals but also to microorganisms and 
insects (Levin, 19761. 

The family ranks high in the regression rankings in three categories in 
Table 15. It ranks second in both the ot~rhino-laryngolo~eal and “other” 
categories and fifth in the neurological category. The first case is accounted 
for largely by the fairly widespread use of three genera (Lycium, Nicothza 
and Sohnumf as toothache remedies. A representative example is the 
Navaho use of Lycium spp. as a poultice on an aching tooth; similar cases 
exist for Shoshone, Tewa, Cherokee, Rappahannock and others. An interest- 
ing similar situation occurs in a treatment for toothache currently available 
in drug stores - small-paper wrapped poultices contain benzocaine and Cap- 
sicum, the dried fruit of Cup&urn fmtescens L., another Solanaceous plant. 
The counterirritant effect is probably similar in both cases. 

More interesting are the cases in the “other” and “neurological” catego- 
ries. The “other” category is largely accounted for by the indication “ceremo- 
nial medicine’*, while the neurological category is made up largely of 
analgesics, narcotics and hallucinogens. These uses draw primarily on the 
psychoactive quality of a number of the Solanaceous alkaloids which act var- 
iously as hallucinogens, amnesiacs and narcotics. Native Americans are 
hardly alone in their use of these chemicals in this way. Several South 
American species, particularly Brunfelsia, are also hallucinogenic and a 
number of European species (Atropa, ~un~r~goru, ete.1 have had complex 
and interesting uses for millennia (see Harner, 1973, for a particularly inter- 
esting review). 
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C. Analysis by habit groups 

Ethnobiological systems of classification are not usually based on the tax- 
onomist’s categories of family, subclass and the like. The standard types of 
plants in most human languages are “grass”, “herb”, “shrub”, “vine” and 
“tree”, not “Rosaceae”, “Caprifoliaceae”, etc. (Berlin et al., 19731. We will 
now briefly examine the distribution of medicinal species based on habit, 
ignoring botanical classification. Table 20 shows the distribution of FNA and 
MPNA taxa by habit. The category “forb” refers to all the herbaceous plants 
except grasses, grass-like plants and the ferns. The “grass-like plants” are 
those which resemble grasses, but are not in the family Poaceae; most are 
from the families Cyperaceae and Juncaceae. The Grasses comprise all 
members of the family Poaceae. Habit is a character which, for some species, 
might vary with climate or habitat, notably trees and shrubs. But the classi- 
fication seems generally descriptive of the predominant habit of the taxa. 

The table shows the number of species in each habit group listed in both 
MPNA and FNA. The groups are listed in the order of size of residual; the 
regression equation is 

MPSPE = - 1.2 + 0.13 x FNASPE 

The most appropriate comparison for this table is with Table 3 which 
shows the residuals for 12 subclasses. Figure 3 displays the habit group resi- 
duals graphically and can be compared to Fig. 2. 

This analysis confirms the observations made earlier about the Commelini- 
dae in general and Poaceae in particular. In this case, taxonomy matches the 
more obvious qualities of habit. It is interesting that the grass-like plants, 
mostly sedges and rushes, likewise have a very modest usage. This may 

TABLE 20 

RESIDUAL ANALYSIS OF SEVEN HABIT GROUPS 

Habit group MPSPE FNASPE Predicted Residual’ 

Trees 
Shrubs 

Woody vines 
Ferns and allies 
Forbs 
Grasslike plants 

Grasses 

Total 2095 16268 

238 894 115.0 123.0 
363 4014 260.7 102.3 

24 132 16.0 8.0 

48 341 43.1 4.9 
1359 10478 1361.1 - 2.1 

26 842 108.3 - 82.3 

37 1477 190.8 - 153.8 

‘Standard deviation of residuals is 89.5. 
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Trees 

Shrubs 

Woody vines 

Ferns & allies 

Forbs 

Grass-like plants 

i 
-200 -150 -100 -50 0 50 100 1 

Residual Value 

Fig. 3. Regression residuals for seven habit groups. This set of categories is derived from the 
FNA database which identifies a number of aspects of plant habit, condensed here to seven 
basic groups. The category “Ferns and allies” comprises six separate small groups from FNA 
including Fern, Horsetail. Waterfern, Pepperwort, Clubmoss and Quillwort. The category 
“Shrub” includes the two FNA categories Shrub and Half-shrub. All FNA taxa which had miss- 
ing or erroneous data were corrected except for two which were excluded from the analysis 
which is based on 16,268 species. 

occur for botanical reasons; they, like grasses, may produce few bioactive 
chemicals. Or it may occur for ethnological reasons; people reasoning analogi- 
cally may have assumed that grass-like plants were, like the more common 
grasses, relatively chemical free. Both situations may be true. 

What is most striking is the disproportionate usage of trees and shrubs 
compared to forbs. The preponderance of trees noted earlier for the Hama- 
melidae (see Table 61 appears to be much more generally true. It is sug- 
gested that the underlying principle accounting for this distribution is the 
“complexity” of plants. A tree with wood, bark, cambium, branches, leaves, 
seeds, roots, etc., appears more complex than an herb like plantain or a sun- 
flower. The intermediate position of shrubs and vines seems quite reason- 
able here. All of those appear more complex in the sense of number of 
distinct parts than a grass. One may predict that more complex plants, with 
more parts to defend, would produce more defensive, biologically active 
chemicals which might be medicinally useful; this should be a testable propo- 
sition. Moreover, “trees” are by nature large, hence perceptible, while forbs 
and grasses might be large, but often are not. 

This interpretation is supported by the material displayed in Table 21. 
For most taxa in FNA, it is possible to determine a growth pattern; in par- 
ticular, one can separate annuals from the rest, most of which can be desig- 
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TABLE 21 

MEDICINAL USAGE OF FNA SPECIES BY LIFE FORM 

Medicinal Total Percent 
Medicinal 

All plants 
Annuals 
Others 

259 3484 7.4 
1336 12786 14.4 

Commelinidae 
Annuals 
Others 

a 372 2.15 
64 2059 3.1 

nated perennial or biennial. A comparison of the medicinal and non-medicinal 
plants in FNA shows that a substantially smaller share of annuals are 
selected for medicines (7.4%) compared to the remainder (14.4961. Also 
shown are the equivalent figures for the Commelinidae where the same pat- 
tern is evident; annual grasses and grass-like plants are used medicinally 
less often than longer-lived taxa. 

It seems reasonable to account for this difference in the same way as the 
differences relating to habit. It is in part redundant since “annual tree” is 
probably an oxymoron. Biennial or perennial plants are more complex than 
annual ones; ordinarily they can do all that annuals do and yet they can also 
survive for more than one year. They are for that reason more likely than 
annuals to produce bioactive chemicals to protect themselves against preda- 
tors or competitors. Also perennials must be adapted to long term fluctua- 
tions in the incidence of browsing, prepared for the most withering attack. 
Moreover, perennials are probably easier for people to study and experiment 
with than annuals. Perennials, by definition, grow year after year in the 
same place, hence they might be easier to find, examine and analyse. 

Of course, many annual forbs are used medicinally. But when one ranks 
individual species in order of their frequency of use in the MPNA database, 
one must go to the 41st position on that list before encountering the first 
annual forb and that is the very unusual species Nicotiana attenuuta Torr. 
Four spaces further down is the next such taxon, Datura meteloides DC. 
Therefore, while some annual forbs produce more bioactive chemicals than 
some perennials, typically, it seems that this will not be the case. 

Discussion and Conclusions 

These methods are useful in identifying plants used in particularly inter- 
esting ways and many species, genera and families have been so identified in 
this paper. This approach, however, also raises some problems. Earlier, in 
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the discussion of Alnus, several contradictory uses of that genus were noted. 
Other such problems also exist. 

Cardiac glycosides act as powerful heart toxins in vertebrates which can 
also cause severe vomiting, dizziness, blurred vision and diarrhea (Levin, 
19761. The best known source of such chemicals is the genus Digitalis. Car- 
diac glycosides occur in 12 families; one might hypothesize that these fami- 
lies would figure in Native American treatment of their problems with heart 
and blood. Yet there is not much evidence to indicate that they did so in any 
significant way. 

Table 22 lists the 12 families which produce cardiac glycosides (Seigler, 
19811. It also lists the number of genera and species in those families which 
produce medicines of the cardiology category, which comprises three indica- 
tions in the database: blood medicine (301 items), heart medicine (94 items) 
and hypotensive (9 items). The twelve families account for 19% of the genera 
and 22% of the species in Flora North America, and 20% of both the genera 
and species in the medicinal plants database. Yet only 12% (49 of 4041 of the 
cardiological treatments come from these families. Those 49 uses are 
accounted for by 40 different species and 33 different genera; there is very 
little agreement among the users on which species to select. By contrast, 
these same 12 families produce 18% of the emetics in the database (78 of 
4311 and 30% of the poisons (45 of 1501; they were not generally ignored. 

TABLE 22 

CARDIOLOGY MEDICINES IN FAMILIES WHICH PRODUCE CARDIAC GLYCOSIDES 

Family Genera Species Uses 

Scrophulariaceae 5 6 9 
Ranunculaceae 8 10 10 
Apocynaceae 1 2 3 
Sterculiaceae 0 0 0 
Celastraceae 1 1 1 
Tiliaceae 0 0 0 
Euphorbiaceae 2 2 2 
Liliaceae 6 8 11 
Brassicaceae 3 3 3 
Moraceae 0 0 0 
Fabaceae 6 7 9 
Asclepiadaceae 1 1 1 

Total 33 40 49 

‘Data from Seigler (1981). 



32 

In particular there are no instances in the database of uses of the genus 
Digitalis. Four species of that genus have been introduced into North Amer- 
ica and are reasonably widespread in the northeast, even “locally abundant” 
in some areas (Fernald, 19701. It was a common matter for Native Americans 
to use introduced taxa medicinally. Of the 2095 MPNA species, 202 (9.6%) 
are introduced; this is only a somewhat smaller percentage than the total of 
introduced plants in the North American flora (2088 of 16270, or 12.8%). Yet 
this most useful introduced genus, Digitalis, was not adopted. 

What this means is that one cannot imagine uncritically that all Native 
American usage of medicinal plants meets all possible criteria of “rationali- 
ty”. It surely does not mean that none of the usage is rational. What has 
been demonstrated here, however, is that there is a kind of order to the 
collective ethnobotanical wisdom of Native Americans: they emphasized the 
use of plants which it seems most likely to have produced biologically active 
secondary products. In an age of limited resources, this suggests that the 
search for newly useful botanical medicines should concentrate on taxa pre- 
viously identified as useful by indigenous peoples, rather than on random 
screening programs. 

Using the methods developed here, it would be a straightforward matter 
to compare the patterns of use in North America with those elsewhere. Such 
a comparison could lead to interesting information about the nature of the 
process by which human beings construct knowledge. 

But most important, this approach provides a theoretical context with 
which one may view and make sense of the mass of ethnobotanical data 
available in North America and elsewhere. It provides a set of techniques by 
which one may stratify the data in order to select for close analysis taxa 
which may be more interesting than ones selected at random. 

By mechanisms one can only speculate about, Native Americans have 
accumulated and transmitted an enormous store of accurate and valuable 
information about the continental flora. We are deeply indebted to them. 
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APPENDIX A 

REGRESSION ANALYSIS OF 232 NORTH AMERICAN FAMILIES 

Rank Family Subclass FNA MPNA Predicted Residual 
SPE SPE 

1 Asteraceae 
2 Rosaceae 
3 Lamiaceae 
4 Ranunculaceae 
5 Pinaceae 
6 Caprifoiiaceae 
7 Salicaceae 
8 Liliaceae 
9 Apiaceae 

10 Corylaceae 
11 Saxifragaceae 
12 Ericaceae 
13 Solanaceae 
14 Cupressaceae 
15 Fagaceae 
16 Cornaceae 
17 Polypodiaceae 
18 Pyrolaceae 
19 Berberidaceae 
20 Aceraceae 
21 Polygonaceae 
22 Asclepiadaceae 
23 Araliaceae 
24 Araceae 
25 Juglandaceae 
26 Rhamnaceae 
27 Anacardiaceae 
28 Cucurbitaceae 
29 Nyctaginaceae 
30 Equisetaceae 
31 Loranthaceae 
32 Urticaceae 
33 Plantaginaceae 
34 Violaceae 
35 Oleaceae 
36 Gentianaceae 
37 Ephedraceae 
38 Magnoiiaceae 
39 Iridaceae 
40 Celastraceae 
41 Aristolochiaceae 
42 Vaierianaceae 
43 Santaiaceae 
44 Clusiaceae 
45 Geraniaceae 

Asteridae 2231 345 249.9 95.1 
Rosidae 577 115 65.5 49.5 
Asteridae 320 64 36.9 27.1 
Magnohidae 294 60 34.0 26.0 
Gymnospermae 71 35 9.1 25.9 
Asteridae 77 35 9.8 25.2 
Dilleniidae 131 40 15.8 24.2 
Liliidae 393 67 45.0 22.0 
Rosidae 319 58 36.8 21.2 
Hamamelidae 33 21 4.9 16.1 
Rosidae 260 46 30.2 15.8 
Dilleniidae 180 36 21.3 14.7 
Asteridae 129 28 15.6 12.4 
Gymnospermae 27 15 4.2 10.8 
Hamamelidae 140 26 16.8 9.2 
Rosidae 17 12 3.1 8.9 
Pteridophyta 215 33 25.2 7.8 
Diileniidae 27 12 4.2 7.8 
Magnoliidae 29 12 4.5 7.5 
Rosidae 15 10 2.9 7.1 
Caryophyllidae 413 54 47.3 6.8 
Asteridae 97 18 12.0 6.0 
Rosidae 10 8 2.3 5.7 
Arecidae 16 8 3.0 5.0 
Hamamelidae 25 9 4.0 5.0 
Rosidae 80 15 10.1 4.9 
Rosidae 27 9 4.2 4.8 
Dilleniidae 47 11 6.5 4.5 
Caryophyhidae 103 17 12.7 4.3 
Pteridophyta 16 7 3.0 4.0 
Rosidae 16 7 3.0 4.0 
Hamamelidae 17 7 3.1 3.9 
Asteridae 28 8 4.3 3.7 
Dilleniidae 84 14 10.6 3.4 
Asteridae 50 10 6.8 3.2 
Asteridae 89 14 11.1 2.9 
Gymnospermae 9 5 2.2 2.8 
Magnoliidae 9 5 2.2 2.8 
Liliidae 81 13 10.2 2.8 
Rosidae 28 7 4.3 2.7 
Magnoliidae 20 6 3.4 2.6 
Asteridae 30 7 4.6 2.4 
Rosidae 5 4 1.8 2.2 
Dilleniidae 50 9 6.8 2.2 
Rosidae 51 9 6.9 2.1 
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APPENDIX A (Continued) 

Rank Family Subclass FNA MPNA Predicted Residual 
SPE SPE 

46 Oxalidaceae 
47 Vitaceae 
48 Lycopodiaceae 
49 Hippocastanaceae 
50 Ulmaceae 
51 Moraceae 
52 Rutaceae 
53 Osmundaceae 
54 Calycanthaceae 
55 Lauraceae 
56 Taxaceae 
57 Nymphaeaceae 
58 Myricaceae 
59 Elaeagnaceae 
60 Apocynaceae 
61 Aquifoliaceae 
62 Papaveraceae 
63 Orobanchaceae 
64 Verbenaceae 
65 Orchidaceae 
66 Zygophyllaceae 
67 Saururaceae 
68 Platanaceae 
69 Hamamelidaceae 
70 Typhaceae 
71 Martyniaceae 
72 Menispermaceae 
73 Thymelaeaceae 
74 Aiismataceae 
75 Chenopodiaceae 
76 Pontederiaeeae 
77 Loganiaceae 
78 Datiscaceae 
79 Phrymaceae 
80 Fouquieriaceae 
81 Symplocaceae 
82 Ebenaceae 
83 Buxaceae 
84 Paeoniaceae 
85 Balsaminaceae 
86 Staphyleaceae 
87 Clethraceae 
88 Polygaiaceae 
89 Meliaceae 
90 Polemoniaceae 
91 Diapensiaceae 
92 Nyssaceae 

Rosidae 25 6 4.0 2.0 
Rosidae 34 7 5.0 2.0 
Pteridophyta 17 5 3.1 1.9 
Rosidae 9 4 2.2 1.8 
Hamameiidae 18 5 3.2 1.8 
Hamameiidae 19 5 3.3 1.7 
Rosidae 37 7 5.3 1.7 
Pteridophyta 3 3 1.6 1.4 
Magnoliidae 3 3 1.6 1.4 
Magnoliidae 12 4 2.5 1.4 
Gymnospermae 5 3 1.8 1.2 
Magnoliidae 16 4 3.0 1.0 
Hamamelidae 8 3 2.1 0.9 
Rosidae 8 3 2.1 0.9 
Asteridae 35 6 5.1 0.9 
Rosidae 17 4 3.1 0.9 
Magnoliidae 89 12 11.1 0.9 
Asteridae 18 4 3.2 0.8 
Asteridae 90 12 11.2 0.8 
Liliidae 171 21 20.3 0.7 
Rosidae 19 4 3.3 0.7 
Magnoliidae 2 2 1.4 0.6 
Hamamelidae 4 2 1.7 0.3 
Hamamelidae 4 2 1.7 0.3 
Commelinidae 4 2 1.7 0.3 
Asteridae 5 2 1.8 0.2 
Magnoliidae 5 2 1.8 0.2 
Rosidae 5 2 1.8 0.2 
Alismatidae 24 4 3.9 0.1 
Caryophyllidae 151 18 18.0 0.0 
Lilidae 9 2 2.2 - 0.2 
Asteridae 9 2 2.2 - 0.2 
Dilleniidae 1 1 1.3 - 0.3 
Asteridae 1 1 1.3 - 0.3 
Dilleniidae 1 1 1.3 - 0.3 
Diileniidae 1 1 1.3 - 0.3 
Dilleniidae 2 1 1.4 - 0.4 
Rosidae 2 1 1.4 - 0.4 
Dilleniidae 2 1 1.4 - 0.4 
Rosidae 11 2 2.4 - 0.4 
Rosidae 2 1 1.4 - 0.4 
Dilleniidae 2 1 1.4 - 0.4 
Rosidae 47 6 6.5 - 0.5 
Rosidae 3 1 1.6 - 0.6 
Asteridae 237 27 27.6 - 0.6 
DiIieniidae 4 1 1.7 - 0.7 
Rosidae 4 1 1.7 - 0.7 
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APPENDIX A (ConKwed) 

Rank Family Subclass FNA MPNA Predicted Residual 
SPE SPE 

93 Haemodoraceae 
94 Tihaceae 
96 Dioscoreaceae 
96 Taxodiaceae 
97 Empetraceae 
98 Phytolaccaceae 
99 Lythraceae 

100 Linaceae 
101 Plumbaginaceae 
102 Sarraceniaceae 
103 Melastomataceae 
104 Cycadaceae 
105 Moringaceae 
106 Musaceae 
107 Adoxaceae 
108 Myoporaceae 
109 Dipsacaceae 
110 Droseraceae 
111 Elaeocarpaceae 
112 Parkeriaceae 
113 Pilulariaceae 
114 Schisandraceae 
115 Podostemaceae 
116 Leitneriaceae 
117 Trapaceae 
118 Proteaceae 
119 Punicaceae 
120 Garryaceae 
121 Rafflesiaceae 
122 Rhisophoraceae 
123 Goodeniaceae 
124 Salviniaceae 
126 Caricaceae 
126 Hippocrateaceae 
127 Achatocarpaceae 
128 Scheuchzeriaceae 
129 Bataceae 
130 Sphenocleaceae 
131 Stemonaceae 
132 Begoniaceae 
133 Theophrastaceae 
134 Tropaeolaceae 
136 Zingiberaceae 
136 Aponogetonaceae 
137 Bixaceae 
138 Calyceraceae 
139 Mayacaceae 

Liiiidae 4 1 1.7 
Dilleniidae 13 2 2.7 
Liliidae 5 1 1.8 
Gymnospermae 5 1 1.8 
Dilleniidae 6 1 1.9 
Caryophyllidae 6 1 1.9 
Rosidae 25 3 4.0 
Rosidae 35 4 5.1 
Caryophyllidae 9 1 2.2 
Diileniidae 9 1 2.2 
Rosidae 10 1 2.3 
Gymnospermae 1 0 1.3 
Diileniidae 1 0 1.3 
Commelinidae 1 0 1.3 
Asteridae 1 0 1.3 
Asteridae 1 0 1.3 
Asteridae 10 1 2.3 
Dilleniidae 10 1 2.3 
Dilleniidae 1 0 1.3 
Pteridophyta 1 0 1.3 
Pteridophyta 1 0 1.3 
Magnoliidae 1 0 1.3 
Rosidae 1 0 1.3 
Hamamelidae 1 0 1.3 
Rosidae 1 0 1.3 
Rosidae 1 0 1.3 
Rosidae 1 0 1.3 
Rosidae 10 1 2.3 
Rosidae 1 0 1.3 
Rosidae 1 0 1.3 
Asteridae 1 0 1.3 
Pteridophyta 1 0 1.3 
Dilleniidae 1 0 1.3 
Rosidae 1 0 1.3 
Caryophyllidae 1 0 1.3 
Alismatidae 1 0 1.3 
Caryophyllidae 1 0 1.3 
Asteridae 1 0 1.3 
Liliidae 1 0 1.3 
Diileniidae 1 0 1.3 
Dilleniidae 1 0 1.3 
Rosidae 1 0 1.3 
Commelinidae 1 0 1.3 
Alismatidae 1 0 1.3 
Dilleniidae 1 0 1.3 
Asteridae 1 0 1.3 
Commelinidae 2 0 1.4 

- 0.7 
- 0.7 
- 0.8 
- 0.8 
- 0.9 
- 0.9 
- 1.0 
- 1.1 
- 1.2 
- 1.2 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
-1.3 
- 1.3 
- 1.3 
- 1.3 
-1.3 
- 1.3 
- 1.3 
-1.3 
- 1.3 
-1.3 
- 1.3 
- 1.3 
- 1.3 
-1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.3 
- 1.4 
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APPENDIX A (Continued) 

Rank Family Subclass FNA MPNA Predicted Residual 
SPE SPE 

140 Butomaceae 
141 Lennoaceae 
142 Pedaliaceae 
143 Canellaceae 
144 CeratophyIiaceae 
145 Chrysobalanaceae 
146 Illiciaceae 
147 Limnanthaceae 
148 Flacourtiaceae 
149 Marantaceae 
150 Crossosomataceae 
151 Azollaceae 
152 Burseraceae 
153 Basellaceae 
154 Cannaceae 
155 Sparganiaceae 
156 Frankeniaceae 
157 Casuarinaceae 
158 Hippuridaceae 
159 Cochlospermaceae 
160 Oiacaceae 
161 Turneraceae 
162 Menyanthaceae 
163 Myrsinaceae 
164 Theaceae 
165 Zannichelliaceae 
166 Cyrillaceae 
167 Commelinaceae 
168 Tamaricaceae 
169 Resedaceae 
170 Molluginaceae 
171 Burmanniaceae 
172 Krameriaceae 
173 Combretaceae 
174 Juncaginaceae 
175 Bignoniaceae 
176 Schizaeaceae 
177 Piperaceae 
178 Marsileaceae 
179 Passifloraceae 
180 Haloragaceae 
181 Najadaceae 
182 Hymenophyllaceae 
183 Simaroubaceae 
184 Primulaceae 
185 Xyridaceae 
186 Buddlejaceae 

Alismatidae 2 
Asteridae 2 
Asteridae 2 
Magnoliidae 2 
Magnoliidae 2 
Rosidae 2 
Magnoliidae 2 
Rosidae 2 
Dilleniidae 2 
Commelinidae 3 
Dilleniidae 3 
Pteridophyta 3 
Rosidae 3 
Caryophyllidae 3 
Commelinidae 3 
Commelinidae 12 
Dilleniidae 3 
Hamamelidae 3 
Rosidae 3 
Dilleniidae 3 
Rosidae 3 
Dilleniidae 3 
Asteridae 4 
Dilleniidae 4 
Dilleniidae 4 
Alismatidae 4 
Dilleniidae 4 
Commelinidae 40 
Dilleniidae 5 
Dilleniidae 5 
Caryophyllidae 5 
Liliidae 5 
Rosidae 5 
Rosidae 5 
Alismatidae 5 
Asteridae 14 
Pteridophyta 5 
Magnoliidae 6 
Pteridophyta 6 
Dilleniidae 15 
Rosidae 15 
Alismatidae 7 
Pteridophyta 7 
Rosidae 7 
Dilleniidae 79 
Commelinidae 17 
Asteridae 8 

0 1.4 - 1.4 
0 1.4 - 1.4 
0 1.4 - 1.4 
0 1.4 -1.4 
0 1.4 -1.4 
0 1.4 -1.4 
0 1.4 -1.4 
0 1.4 - 1.4 
0 1.4 -1.4 
0 1.6 -1.6 
0 1.6 -1.6 
0 1.6 -1.6 
0 1.6 - 1.6 
0 1.6 -1.6 
0 1.6 -1.6 
1 2.5 - 1.6 
0 1.6 - 1.6 
0 1.6 - 1.6 
0 1.6 - 1.6 
0 1.6 -1.6 
0 1.6 - 1.6 
0 1.6 - 1.6 
0 1.7 - 1.7 
0 1.7 - 1.7 
0 1.7 -1.7 
0 1.7 - 1.7 
0 1.7 - 1.7 
4 5.7 - 1.7 
0 1.8 - 1.8 
0 1.8 - 1.8 
0 1.8 -1.8 
0 1.8 -1.8 
0 1.8 -1.8 
0 1.8 -1.8 
0 1.8 -1.8 
1 2.8 -1.8 
0 1.8 -1.8 
0 1.9 -1.9 
0 1.9 - 1.9 
1 2.9 -1.9 
1 2.9 - 1.9 
0 2.0 - 2.0 
0 2.0 - 2.0 
0 2.0 - 2.0 
8 10.0 - 2.0 
1 3.1 - 2.1 
0 2.1 - 2.1 



37 

APPENDIX A (Continued) 

Rank Family Subclass FNA MPNA Predicted Residual 
SPE SPE 

187 Styracaceae Dilieniidae 8 0 2.1 
188 Sterculiaceae Diiieniidae 17 1 3.1 
189 Hypoxidaceae Liliidae 8 0 2.1 
190 Ophioglossaceae Pteridophyta 18 1 3.2 
191 Sapindaceae Rosidae 18 1 3.2 
192 Elatinaceae Dilleniidae 9 0 2.2 
193 Eriocaulaceae Commelinidae 10 0 2.3 
194 Malpighiaceae Rosidae 10 0 2.3 
195 Rubiaceae Asteridae 145 15 17.4 
196 Bromeliaceae Commelinidae 20 1 3.4 
197 Campanulaceae Asteridae 110 11 13.5 
198 Caliitrichaceae Asteridae 12 0 2.5 
199 Capparidaceae Dilleniidae 30 2 4.6 
200 Cistaceae Diileniidae 31 2 4.7 
201 Hydrocharitaceae Alismatidae 14 0 2.8 
202 Lemnaceae Arecidae 14 0 2.8 
203 Annonaceae Magnoliidae 15 0 2.9 
204 Loasaceae Dilleniidae 51 4 6.9 
205 Sapotaceae Dilleniidae 16 0 3.0 
206 Aizoaceae Caryophyllidae 17 0 3.1 
207 Arecaceae Arecidae 17 0 3.1 
208 Isoetaceae Pteridophyta 17 0 3.1 
209 Amaryllidaceae Liliidae 37 2 5.3 
210 Lentibulariaceae Asteridae 21 0 3.5 
211 Crassulaceae Rosidae 85 7 10.7 
212 Portulacaceae Caryophyllidae 85 7 10.7 
213 Convolvulaceae Asteridae 125 11 15.2 
214 Myrtaceae Rosidae 27 0 4.2 
215 Zosteraceae Alismatidae 46 2 6.3 
216 Selaginellaceae Pteridophyta 30 0 4.6 
217 Amaranthaceae Caryophyllidae 74 4 9.5 
218 Onagraceae Rosidae 247 23 28.7 
219 Malvaceae Dilleniidae 213 19 24.9 
220 Brassicaceae Dilleniidae 510 52 58.1 
221 Cactaceae Caryophyllidae 180 14 21.3 
222 Euphorbiaceae Rosidae 264 23 30.6 
223 Acanthaceae Asteridae 65 0 8.5 
224 Scrophulariaceae Asteridae 632 63 71.7 
225 Hydrophyllaceae Asteridae 183 12 21.6 
226 Boraginaceae Asteridae 304 25 35.1 
227 Agavaceae Liliidae 86 0 10.8 
228 Juncaceae Commelinidae 123 4 14.9 
229 Caryophyllaceae Caryophyllidae 287 22 33.2 
230 Fabaceae Rosidae 1225 108 137.8 
231 Cyperaceae Commelinidae 718 22 81.2 
232 Poaceae Commelinidae 1477 37 165.8 

Total 16270 2095 

- 2.1 
- 2.1 
- 2.1 
- 2.2 
- 2.2 
- 2.2 
- 2.3 
- 2.3 
- 2.4 
- 2.4 
- 2.5 
- 2.5 
- 2.6 
- 2.7 
- 2.8 
- 2.8 
- 2.9 
- 2.9 
- 3.0 
- 3.1 
- 3.1 
- 3.1 
- 3.3 
- 3.5 
- 3.7 
- 3.7 
- 4.2 
- 4.2 
- 4.3 
- 4.6 
- 5.5 
- 5.7 
- 6.0 
- 6.1 
- 7.3 
- 7.6 
- 8.5 
- 8.7 
- 9.6 

- 10.1 
- 10.8 
- 10.9 
- 11.2 
- 29.8 
- 59.2 

- 128.8 
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APPENDIX B 

INDICATIONS AND THERAPEUTIC CATEGORIES 

Cardiology (CAR) Blood medicine 
Heart medicine 
Hypotensive 

301 
94 

9 

Dermatology (DER) Burn dressing 160 
Dermatological aid 1762 
Hemostat 121 

General (GEN) 

Gastro-Intestinal (GM 

Gynecological-urinary 
(GYN) 

Neurological (NEU) 

Orthopedic (ORT) 

Adjuvant 
Alterative 
Panacea 

Anthelmintic 139 
Antidiarrheal 414 

Antiemetic 83 
Antihemorrhagic 91 
Carminative 49 
Cathartic 249 
Diaphoretic 144 
Dietary aid 98 
Emetic 431 
Gast.-Intestinal aid 838 
Hemorrhoid remedy 56 
Laxative 165 
Liver aid 91 

Abortifacient 104 
Breast treatment 17 
Contraceptive 26 
Diuretic 128 

Gynecological aid 666 
Kidney aid 253 
Reproductive aid 15 
Urinary aid 209 
Venereal aid 343 

Analgesic 938 

Anesthetic 4 

Anticonvulsive 68 
Febrifuge 406 
Hallucinogen 12 
Narcotic 22 

Sedative 110 
Stimulant 214 

Antirheumatic - Ext. 
Antirheumatic - Int. 
Orthopedic aid 

58 

5 
155 

239 

166 
351 
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APPENDIX B (Continued) 

Other (OTHl Antidote 51 
Cancer treatment 29 
Ceremonial medicine 338 
Disinfectant 191 
Herbal steam 73 
Hunting medicine 55 
Insecticide 44 
Love medicine 87 
Mist disease remedy 326 
Other 485 
Pediatric aid 455 
Poison 156 
Psychological aid 70 
Snake bite remedy 142 
Strengthener 24 
Tonic 331 
Tuberculosis remedy 257 
Unspecified 196 
Veterinary aid 234 
Witchcraft medicine 141 

Oto-rhino-laryngological (OTOl Ear medicine 
Eye medicine 
Nose medicine 
Oral aid 
Throat aid 
Toothache remedy 

Pulmonary (PUL) Cold remedy 528 
Cough medicine 356 
Expectorant 32 
Pulmonary aid 257 
Respiratory aid 173 

70 
346 

17 
143 
254 
184 
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