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Abstract

Levels of genetic diversity were assessed in populations of three rare species of
Lomatium and three of their more widespread congeners. Lomatium rollinsii, L. ser-

pentinum, and L. laevigatum maintain significantly less intrapopulational isozymic
variation than do the more widespread L. dissectum, L. grayi, and L. triternatum. The
limited genetic diversity of these rare species may result from genetic bottlenecks

associated with their origins and/or genetic drift in small populations. The patterns

reported here support the general trend reported for many other comparisons of rare

and widespread congeneric plant species.

Assessment of the genetic diversity of rare plant species has be-
come an important component of management programs for sensi-

tive, threatened, and endangered species. However, despite several

recent studies of genetic variation in rare and widespread congeners
(reviewed in Karron 1987, 1991), no clear generalizations have
emerged on the levels and patterns of genetic diversity in rare plant
species (Karron 1991; Hamrick et al. 1991). For example, allozymic
polymorphism is absent in several rare species (e.g., Oenothera
hookeri. Levy and Levin 1975; Chrysosplenium iowense, Schwartz
1985; Pedicularis furbishiae. Waller et al., 1987; Howellia aquatilis,

Lesica et al. 1988; Bensoniella oregona, Soltis et al. 1992; Harper-
ocallis flava, Godt et al. 1997), but many other rare species maintain
levels of polymorphism similar to or higher than those of their more
widespread congeners (e.g.. Astragalus linifolius and A. osterhouti,

Karron et al. 1988; Layia discoidea, Gottlieb et al. 1985; Aletes
humulis, Linhart and Premoli 1993; Delphinium viridescens, Richter
et al. 1994, unpubl. data; several species of Polygonella, Lewis and
Crawford 1995; Achillea millefolium ssp. megacephala, Purdy and
Bayer 1996). Therefore, although most narrowly endemic plant spe-
cies have low to moderate levels of genetic (i.e., allozymic) poly-
morphism (e.g., Pleasants and Wendel 1989; Les et al 1991; Bayer
1992; Sherman-Broyles et al. 1992; Baskauf et al. 1994; Cosner and
Crawford 1994; Edwards and Wyatt 1994; Purdy et al. 1994; Purdy
and Bayer 1995a, b; Godt et al. 1996; Wolf and Sinclair 1997; re-

viewed in Hamrick and Godt 1989 and Karron 1991), not all rare

species are genetically depauperate. Furthermore, general trends in

the levels and distribution of genetic variation may provide rough
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guidelines for the development of conservation and management
strategies, but these guidelines may not be appropriate for all species

(see review by Hamrick et al. 1991). Additional genetic studies of
other rare species are therefore needed both to develop specific man-
agement programs and to improve our generalizations on the genetic

structure of rare plant species.

Lomatium (Apiaceae) comprises 70-80 species of herbaceous per-

ennials from western North America (Constance 1993). Of these,

nearly half would generally be considered narrow endemics. Fur-

thermore, many of these narrow endemics would be considered
"geographically restricted" rare species (sensu Rabinowitz 1981;
Rabinowitz et al. 1986; Karron 1991), occupying very limited rang-

es and comprising perhaps fewer than five known populations and
20,000 individuals. Because of the numerous rare species in Lo-
matium, and because species of Lomatium appear on the lists of
sensitive, threatened, and endangered plant species of several west-
em U.S. states, we assessed the levels and patterns of genetic di-

versity in three species with restricted distributions (L. rollinsii

Math. & Const., L. serpentinum (M. E. Jones) Math., and L. laevi-

gatum (Nutt.) Coult. & Rose) and compared these data with those

for samples of three of their more widespread congeners (L. triter-

natum (Pursh) Coult. & Rose, L. grayi Coult. & Rose, and L. dis-

sectum (Nutt.) Math. & Const.).

Lomatium rollinsii is restricted to fairly mesic areas in the mead-
ow-steppe communities (Daubenmire 1970) of southeastern Wash-
ington and adjacent Idaho. It occurs only in Asotin County, WA,
and Nez Perce County, ID. Lomatium serpentinum occurs on granite

outcrops along the Snake River and its tributaries in Asotin County,
WA, Nez Perce County, ID, and Wallowa County, OR. Given its

apparent habitat specificity, L. serpentinum would also be classified

as a "sparse" species (Rabinowitz, 1981). Lomatium laevigatum is

narrowly distributed along the Columbia River in Klickitat County,
WA, and Wasco County, OR. All populations occur within the Co-
lumbia River Canyon and fall within a 15-km strip along the river.

In contrast, L. grayi, L. dissectum, and L. triternatum have much
broader distributions. Lomatium dissectum is perhaps the most wide-
spread of all species of Lomatium, ranging from southern British

Columbia and Alberta to southern California and Arizona and from
near the Pacific Coast to Colorado. Three varieties have been rec-

ognized (Hitchcock and Cronquist 1973), but these intergrade con-

siderably and are not consistently followed. Lomatium grayi ranges

from northcentral Washington and northern Idaho south to north-

eastern Nevada and occasionally to southeastern Idaho, Wyoming,
and Colorado. It is particularly common on rocky outcrops and in

disturbed sites throughout southern and eastern Washington and in

northcentral Oregon. Lomatium triternatum ranges from southern
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Alberta and British Columbia to northern California, Utah, and Col-

orado and is particularly abundant in central and eastern Washing-
ton. Lomatium triternatum occurs in several habitats, including those

supporting the meadow-steppe, sagebrush steppe, and ponderosa
pine communities of the Inland Pacific Northwest (sensu Dauben-
mire and Daubenmire 1968; Daubenmire 1970). Morphological dif-

ferences among populations in plant architecture, leaflet width, and
fruit shape in particular have been recognized taxonomically at sub-

specific and varietal levels (Hitchcock and Cronquist 1973).

In this study, we examined levels of allozymic polymorphism in

two or more populations of each of the rare and widespread species

of Lomatium described above to see whether these rare species

maintain lower, equivalent, or higher levels of genetic diversity than

do their more widespread congeners. This information will be useful

for any future management programs for the restricted species and
will help to refine generalizations about the levels and patterns of
genetic diversity in rare plant species.

Materials and Methods

Plant samples. Two populations each were sampled from L. rol-

linsii, L. serpentinum, and L. dissectum, along with three populations

of L. grayi, four of L. laevigatum, and seven of L. triternatum.

Collection data and sample sizes are given in Table 1. Leaves were
collected from plants in the field, stored in plastic bags, transported

to the lab on ice, and stored at —80°C until electrophoresis was
conducted.

Electrophoresis. Electrophoretic protocols generally followed
Soltis et al. (1983). Leaf samples were removed from the ultracold

and were immediately prepared for electrophoresis by grinding in

the Tris-HCl grinding buffer (Soltis et al. 1983) with 12% PVP.
Fourteen enzymes were assayed, although not all enzymes were
strongly expressed or clearly resolved in all species: aldolase (ALD),
aspartate aminotransferase (AAT), fluorescent esterase (FE), fructose

1 ,6-diphosphatase (F1,6DP), glyceraldehyde 3-phosphate dehydro-
genase (G3PDH), isocitrate dehydrogenase (IDH), leucine amino-
peptidase (LAP), malate dehydrogenase (MDH), phosphoglucoisom-
erase (PGI), phosphoglucomutase (PGM), 6-phosphogluconate de-

hydrogenase (6PGD), shikimate dehydrogenase (SkDH), superoxide
dismutase (SOD), and triosephosphate isomerase (TPI). ALD, AAT,
FE, LAP, PGI, SOD, and TPI were resolved on a modification
(Haufler, 1985) of gel and electrode buffer system 8 (Soltis et al.

1983); IDH, MDH, PGM, 6PGD, and SkDHwere resolved on buffer
system 9 at pH 5.7; F1,6DP and G3PDHwere resolved on buffer
system 1. Staining for all enzymes followed Soltis et al. (1983),
except that LAP was stained following Rieseberg and Soltis (1987).
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Genetic inference and data analysis. Regions of staining activity

were numbered sequentially from the anodal portion of the gel, and
allozymes were designated alphabetically from the most anodal allo-

zyme in each staining region. Loci and alleles were inferred from
the observed banding patterns and from the known subunit structure

and subcellular compartmentalization of the enzymes (Gottlieb,

1982; Weeden and Wendel, 1989). For each population, we com-
puted the proportion of loci that were polymorphic (P), the mean
number of alleles per locus (A), and the mean (expected) hetero-

zygosity (//).

Results

Twenty-five electrophoretic loci were interpreted, although not all

loci could be scored for all populations: Ald-1, Aat-1, Fe-1, Fe-2,

Fl,6dp-1, Fl,6dp-2, G3pdh-1, G3pdh-2, Idh-1, Lap-1, Mdh-1, Mdh-
2, Mdh-3, Pgi-2, Pgm-1, Pgm-2, Pgm-3, 6pgd-l, 6pgd-2, Skdh-1,

Sod-1, Tpi-1, Tpi-2, Tpi-3, and Tpi-4. Pgi-1 could not be scored
reliably in any population.

Rare species. Populations of L. rollinsii, L. serpentinum, and L.

laevigatum maintain very low levels of allozymic polymorphism
(Tables 2, 3). When the duplicated TPI loci with segregating vari-

ation (Tpi-1/2 in L. rollinsii and L. serpentinum and Tpi-3/4 in L.

laevigatum) are excluded, the number of polymorphic loci is re-

duced even further. In L. rollinsii, only two of 13 loci were poly-

morphic in population 2222 (P = 0.154; Tables 2, 3), and only three

of 14 loci were polymorphic in population 2394 {P = 0.214). In L.

serpentinum, only Pgi-2 (of 18 loci) was polymorphic in population
2221 (P = 0.056), and none of the 16 loci scored for population
2219 was polymorphic (P = 0). Three of the four populations of L.

laevigatum (2189, 2191, and 2209) exhibited no allozymic poly-

morphism at any of the 19 loci examined whereas population 2192
had two polymorphic loci (P = 0.105). There were no fixed differ-

ences between populations in any of the three rare species, although
slight interpopulational differences in allele frequencies were de-

tected (Table 2).

Allelic diversity, as measured by A, and mean heterozygosity are

also low in the three rare species (Table 3). Populations of L. rol-

linsii maintain slightly greater diversity than do those of either L.

serpentinum or L. laevigatum. Values of A ranged from 1.14 to 1.31

(mean of 1.22) in L. rollinsii, from 1.0 to 1.06 (mean of 1.03) in L.

serpentinum, and from 1.0 to 1.10 (mean of 1.02) in L. laevigatum.
Expected heterozygosities ranged from 0.021 to 0.038 (mean of
0.030) in L. rollinsii, from 0 to 0.005 (mean of 0.002) in L. serpen-
tinum, and from 0 to 0.030 (mean of 0.008) in L. laevigatum.
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Table 3. Genetic Variability Measures for Populations of Rare and Wide-
spread Species of Lomatium.

Species/

Population P A H
Rare species

Li. follinsii

2222 0.154 1.31 0.021

2394 0.214 1.14 0.038

Mean 0.184 1.22 0.030

L. serpentinum

u.u l.U u.u

2221 0.056 1.06 0.005

Mean 0.028 1.03 0.002

L. laevigatum

u.u 1 nl.U u.u

2191 0.0 1.0 0.0

2192 0.105 1.10 0.030

2209 0.0 1.0 0.0

Mean 0.026 1.02 0.008

Widespread species

Li. dissectutn

2257 0.222 1.3o 0.096

231

1

0.357 1.57 0. 144
Mean 0.290 1.56 0. 120

L. grayi

2312 0.188 1.19 0.022
2414 0.133 1.33 0.081

Paradise 0.167 1.17 0.064
Mean 0.163 1.23 0.056

L. triternatum

2480 0.556 1.67 0.146
2485 0.375 1.75 0.102
2489 0.462 1.77 0.109
2492 0.556 1.89 0.151

2500 0.333 1.33 0.075
54 0.273 1.45 0.079
62 0.222 1.33 0.079

Mean 0.397 1.60 0.106

Widespread species. Higher levels of polymorphism are main-
tained in populations of the more widespread species. In L. dissec-

tum, population 2257 was scored for only nine loci, and two of these

{Lap and Mdh-1) were polymorphic {P = 0.222). Population 2311
was polymorphic at five of 14 loci (P = 0.357): Lap, Mdh-1, Pgm-1,
Pgm-2, and 6pgd-2. In L. grayi, 15 loci were scored in population
2414, and 16 were scored in population 2312. Lap and Pgi-2 were
polymorphic in each, and Skdh was polymorphic in 2312 (and un-
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scorable in 2414); P was 0.133 in population 2412 and 0.188 in

population 2312. The Paradise population was polymorphic at two
of 12 loci scored (P = 0.167): Fe-1 and Pgm-1. In L. triternatum,

P ranged from 0.273 to 0.462 (mean P = 0.356) in those three

populations where 10 or more loci were scored and from 0.222 to

0.556 (mean P = 0.427) in the four populations where fewer than
10 loci were scored (Table 3). Furthermore, in a study of genetic

diversity and population structure in 33 populations of L. trite rnatum
(Soltis et al., unpublished data), levels of polymorphism ranged from
0.20 to 0.54 in those populations where at least 10 loci were scored
and from 0.11 to 0.62 for those populations in which nine or fewer
loci were scored. Mean values of P in the larger study were 0.389
for the 15 populations with 10 or more scorable loci and 0.420 for

the 18 populations with nine or fewer scorable loci, with an overall

mean of 0.406.

These more widespread species also maintain higher values of A
and H than do the rare species (Table 3). Values of A ranged from
1.56 to 1.57 in L. dissectum, from 1.17 to 1.33 in L. grayi, and from
1.33 to 1.89 in L. triternatum. Mean values of A for L. dissectum,
L. grayi, and L. triternatum were 1.56, 1.23, and 1.60, respectively.

Values of H ranged from 0.096 to 0.144 in L. dissectum, from 0.022
to 0.081 in L. grayi, and from 0.075 to 0.151 in L. triternatum.

Mean expected heterozygosities for populations of L. dissectum, L.

grayi, and L. triternatum were 0.120, 0.056, and 0.106, respectively.

Discussion

Comparison of genetic diversity in rare and widespread conge-
ners. The three rare species of Lomatium examined in this study

have significantly lower levels of intrapopulational genetic diversity

than do three of their more widespread congeners. Mean levels of
polymorphism (P), allelic diversity (A), and expected heterozygosity

(H) are all lower in the rare species than in the widespread ones
even though only two populations of L. dissectum and three popu-
lations of L. grayi were examined. This pattern of reduced genetic

diversity in the rare species is maintained when other genetic mark-
ers are used. Populations of L. laevigatum have identical chloroplast

genomes (cpDNA) and DNA sequences from the internal tran-

scribed spacers (ITS) of nuclear ribosomal DNA, whereas L. grayi,

L. dissectum, and L. triternatum harbor both cpDNA and ITS vari-

ation (Soltis and Kuzoff, 1993; Soltis et al. unpublished data). This
pattern also conforms to that observed in many other rare and wide-
spread congeners (reviewed by Karron 1987, 1991), although pop-
ulations of some rare plant species, such as Layia discoidea (P =
0.905; Gottlieb et al. 1985) and a population of Polygonella robusta
(P = 0.121 \ Lewis and Crawford 1995), maintain very high levels
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of genetic variation. Isozymic variation was not detected in several

other rare plant species (e.g., Oenothera hookeri. Levy and Levin
1975; Chrysosplenium iowense, Schwartz 1985; HoweIlia aquatilis,

Lesica et al. 1988; Pedicularis furbishiae. Waller et al. 1987; Ben-
soniella oregona, Soltis et al. 1992; Lacondonia schismatica, Coello
et al. 1993), but most rare species examined to date maintain low
to moderate levels of genetic diversity as measured by isozymes
(e.g., species of Coreopsis, Cosner and Crawford 1994; Purdy et al.

1994; Purdy and Bayer 1995b; Hamrick and Godt 1989; Karron
1991).

Causes of reduced genetic diversity in rare species. As reviewed
elsewhere (e.g., Karron 1991; Fiedler and Ahouse 1992), many fac-

tors may act singly or in concert to reduce levels of genetic diversity

in rare species. For example, historical factors such as the age of

the species and past changes in its distribution may affect the levels

of genetic variation present both within and among populations of
the species. A species of recent origin may have a restricted distri-

bution and may maintain low levels of polymorphism because of a

recent genetic bottleneck associated with speciation. Alternatively,

a relictual species may have existed sufficiently long to accumulate
mutations (see Lewis and Crawford 1995), but genetic bottlenecks

may have reduced current levels of diversity. Furthermore, rare spe-

cies of any age are particularly susceptible to stochastic changes in

allele frequency (e.g., Wright 1931, 1938, 1956; Nei et al. 1975;
reviewed in Barrett and Kohn 1991, and Ell strand and El am 1993)
and to strong selection that may reduce levels of genetic diversity

across populations of a species (e.g.. Babble and Selander 1974) or

eliminate rare alleles that are exposed in homozygotes that arise

through increased inbreeding in small populations (e.g., Wright
1956). Furthermore, differences in life histories may contribute to

differences in genetic diversity between rare and widespread con-
geners.

Which, if any, of these factors may be responsible, collectively

or alone, for the reduced levels of intrapopulational allozymic di-

versity detected in rare species of Lomatium relative to their more
widespread congeners? No apparent life-history characteristics differ

between these rare and widespread Lomatium species, suggesting
that differences in genetic diversity may more likely result from
historical events and/or differences in population size. None of the

three rare species appears to be of recent origin. A phylogenetic
analysis of cpDNA restriction site variation in 30 species of Loma-
tium, representing all but one of the morphological groups in the

genus (sensu L. Constance, personal communication), indicates that

all three species are of more or less intermediate age (Soltis and
Novak, 1996). Thus, genetic bottlenecks resulting from the recent
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derivation of these rare species from more widespread and allelically

diverse progenitors (sensu Gottlieb 1973, 1974) cannot be respon-
sible for the limited genetic diversity detected in the narrow endem-
ics. However, genetic bottlenecks could have accompanied their or-

igins, but in the more distant past, and genetic drift in small popu-
lations is likely responsible for the maintenance of low levels of
variation in these species.

Conclusions

Levels of intrapopulational genetic variation, as measured by iso-

zymes, are significantly lower in rare species of Lomatium than in

their more widespread congeners. This finding is similar to those

reported for most other comparisons of intrapopulational genetic di-

versity in rare and widespread congeners. These additional data for

species of Lomatium therefore support and strengthen the general-

ization that narrowly endemic plant species maintain only low levels

of genetic variation. Furthermore, although only two (L. rollinsii and
L. serpentinum) or four (L. laevigatum) populations of each rare

species were sampled, only minor differences in allele frequencies

were detected among populations. However, these populations may
differ in attributes other than their isozyme profile (see Hamrick et

al. 1991) and may be well adapted to their local environments. Pos-
sible genetic divergence in morphological, reproductive, and phys-
iological traits, for example, should also be considered in the prep-

aration of conservation and management strategies for all three spe-

cies.
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