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 Journal of Ecology (1991), 79, 431-445

 THE DEMOGRAPHY OF NORTHERN

 POPULATIONS OF PANAX Q UINQ UEFOLIUM
 (AMERICAN GINSENG)

 DANIELLE CHARRON AND DANIEL GAGNON

 Groupe de recherche en e'cologie forestiere, De'partement des sciences biologiques,
 Universite' du Que'bec a Montre'al, C.P. 8888, Succursale A, Montre'al, Que'bec,

 Canada H3C 3P8

 SUMMARY

 (1) The population dynamics of four natural populations of Panax quinquefolium
 were observed in southern Quebec, where the species reaches its northern limit of
 distribution in North America. P. quinquefolium is a rare forest perennial herb
 threatened by harvesting and habitat destruction.

 (2) Prior to demographic analysis by transition matrix models, a choice was
 made between age or size, considering fecundity and survival variables, for the state
 classification. Size, expressed in terms of number of leaves, was the most reliable
 state variable.

 (3) All populations possessed similar size-structure and flowering patterns. There
 was a net dominance of individuals of reproductive stages over non-reproductive
 individuals and annual mortality was higher for the smaller plants (69-92%) than
 for the larger ones (< 10%). Differences were detected between the four populations
 with respect to reproductive and mortality rates.

 (4) Values of k (population growth rate) varied from 0-87 to 1419. Elasticity
 analyses revealed that changes affecting size classes 3 and 4 (largest plants) had the
 highest impact on the populations.

 (5) Simulations of the effects of harvesting plants showed that 0% (poor growing
 season) to 16% (good growing season) of the individuals of each size class of a
 population can be harvested without threatening population survival.

 INTRODUCTION

 Panax quinquefolium L. (American ginseng, Araliaceae) is considered rare throughout
 its range of distribution in North America (Bouchard et al. 1983; Argus & White
 1984). Two factors that are independent of the biology of the species have contributed
 to the progressive disappearance of ginseng in North America: (i) habitat destruction
 through the continued cutting of deciduous forests and (ii) supposed medicinal
 properties of its root, similar to those of the Asian Panax ginseng C.A. Meyer,
 which have resulted in widespread collection.

 The rarity of a species is an expression of the demography of its local populations.
 Projection matrix models (Bierzychudek 1982; Van Groenendael & Slim 1988;
 Caswell 1989) allow the future expansion or decline of a population to be quantified
 by the use of survival probabilities and the reproductive contribution of individuals.

 431
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 432 Demography of Panax quinquefolium

 Thus, they are useful for analysing the status of rare or endangered species, and aid
 in the development of strategies for their conservation (Manders 1987). These
 models do not incorporate assumptions as to the relationship between age and size
 of individuals within a population. This is important in plants where fitness is
 generally more strongly associated with size rather than age of an individual (Harper
 1977 p. 552; Werner & Caswell 1977; Fiedler 1987; Van Groenendael, De Kroon &
 Caswell 1988).

 The purpose of this paper is (i) to determine whether ginseng populations situated
 at the northern limit of the species' range are stable, declining or expanding and (ii)
 whether or not these populations can tolerate any harvesting. Answers to such
 questions may provide the knowledge necessary for the effective conservation of this
 species which is threatened in Canada.

 SPECIES AND STUDY SITES

 Panax quinquefolium is an herbaceous perennial endemic to North America, which
 can live at least 60 years (Charron 1989). A large specimen will usually have several
 thick taproots, often forked, distributed along a narrow rhizome, with the largest
 taproot situated at its end (Fig. 1). The rhizome is characterized by large scars that
 form as a result of the annual abscission of the aerial stem. One aerial stem is
 produced per rhizome per year. Occasionally, two stems are produced (Lewis &
 Zenger 1982). This aerial stem appears after the forest canopy has closed, and varies
 in height between 7cm and 40cm. The mature plant has a whorl of leaves at its
 summit; each leaf consists of a petiole and three to five palmately compound leaflets
 (Fig. 1). The seedlings have only one leaf. Size and number of leaves increase with
 age and the plant does not flower until it has grown large enough to produce two
 leaves (Schlessman 1985, 1987). After a pre-reproductive period of 3 years and more
 (Charron 1989), they develop a solitary umbel. The flowers are small, hermaphroditic
 and autogamous (Schlessman 1985), and each produces one to three seeds enclosed
 in a pericarp, which turns bright red when ripe. Fruits are mature in the autumn,
 when the seeds are dispersed. Seeds remain dormant in the soil for approximately
 20 months before germination (Lewis & Zenger 1982). Vegetative propagation is
 possible through rhizome fragmentation, although this has very rarely been observed
 (Lewis 1984).

 In Canada, P. quinquefolium occurs only in the provinces of Quebec and Ontario,
 and southern Quebec is the northern limit of its distribution. It generally grows in
 deciduous forests dominated by Acer saccharum Marsh., usually in microhabitats
 with rich soils (Fountain 1986), and it is particularly associated with morainal
 surficial materials. Canadian deciduous forests are located near the most heavily
 urbanized areas of southern Quebec and Ontario, and are subjected to strong
 development pressures. It is therefore becoming increasingly difficult to locate large
 ginseng populations. There are approximately only thirty known populations in
 Quebec. The four populations studied were located in the vicinity of Montreal,
 Quebec. Populations 1 and 2 were on the foothills of the Laurentian Mountains
 and populations 3 and 4 on a Monteregian Hill. More precise locations are not given
 for conservation reasons. The third population was subjected to obvious human
 disturbance because a heavily travelled trail bisected the population. Only population
 4 was located in a provincial conservation park and was therefore officially protected.

This content downloaded from 
������������71.225.122.191 on Fri, 27 May 2022 21:42:42 UTC������������� 

All use subject to https://about.jstor.org/terms



 D. CHARRON AND D. GAGNON 433

 FiG,. 1. (a) Mature three-leaved plant of Panax quinquefolium bearing fruit. The largest
 leaflet is approximately 7cm wide. (b) Partially uncovered underground structures of
 P. quinquefolium (seen from above). S=current annual aerial stem; B=bud of next
 annual aerial stem; R=rhizome with annual scars, extending 6cm between the two
 markers (approximate age=30 years); T=fleshy and branching taproots, extending
 downward into the soil. The small taproot in the middle of the rhizome is usual in large
 individuals. The largest taproot, to the right of the photograph, is forked near the junction
 with the rhizome.
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 434 Demography of Panax quinquefolium

 The populations studied were located in Acer saccharum-Carya cordiformis forest
 communities (Grandtner 1966; Gauthier & Gagnon 1990). In these forests, Acer
 saccharum is dominant, but numerous other hardwoods are also present, such as
 Quercus rubra L., Juglans cinerea L., Tilia americana L., Fagus grandifolia Ehrh.
 and Carya cordiformis (Wang.) K.Koch. Populations 2 and 3 were located in typical
 stands. However, forests where populations 1 and 4 were located were unusually
 abundant in Tsuga canadensis (L.) Carr. and Fagus grandifolia, respectively. The
 soil type in all four populations was an orthic melanic brunisol (Canadian Soil
 Survey Committee 1978), occurring in all cases on a morainal surficial material,
 relatively rich in nutrients (either through the nature of the bedrock or through
 nutrient enrichment by seepage), with a mesic moisture regime and moderately good
 drainage. Orthic melanic brunisols are characterized by thick, mull humus Ah
 horizons (11-16cm in this study) with a relatively high pH (5-5-6-2 in this study).

 METHODS

 Field methods

 Because of the small size of the populations studied, each plant (= 1 genet) was
 mapped and numbered with a metallic tag affixed in the soil at the base of the stem,
 and visited approximately twelve times each growing season for three years (1986,
 1987 and 1988) for populations 1 and 2, and for two years for populations 3 and 4
 (1986 and 1987). The following data were collected for each plant at the end of July
 (the time of maximum foliar development): height of the plant, number of leaves
 and leaflets, total length of all the leaves, area of the largest leaflet, number of
 flowers (at the end of June) and fruits (at the end of August). The numbers of seed-
 lings population-' were measured throughout the growing season, as they emerged
 or were found. The biomass of the rhizome and of the roots, possibly the best
 indicator of size, was not measured because of the destructive nature of this analysis.
 To establish the age of the plants, soil was carefully removed from around the
 relatively slender rhizomes (Fig. 1), without uncovering the thick taproot, in order
 to count annual stem abscission scars (Carpenter & Cottam 1982). Soil was replaced
 following counting.

 Data analyses

 The total number of leaves was chosen as the size variable, as in previous studies
 (Carpenter & Cottam 1982; Lewis & Zenger 1982). This size variable was easy
 to collect, even with the occurrence of severe herbivory, and was well correlated
 with the production of flowers and fruits in 1987 (Kendall's Tau: flowers T = 0 70,
 P < 0-0001; fruits T= 0-69, P <0-0001) (Charron 1989). Anderson et al. (1984)
 showed that the number of leaves is a good estimator of the biomass of the
 under-ground structures. An additional size class for newly emerged seedlings (first
 growing season) was included. The size classes used were 0 = seedling; 1 = one leaf;
 2 = two leaves; 3 = three leaves; 4 = four leaves. The rare individuals with five or six
 leaves (in any year, for any single population, a maximum of 1-3% of individuals
 had five leaves and 1.3% had six leaves) were included in size-class 4. In the two
 cases during the study when a rhizome produced two stems, each was treated as an
 individual for the purposes of the analyses.
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 D. CHARRON AND D. GAGNON 435

 To choose between age and size as the preferable state variable for demographic

 analyses, log-linear contingency-table analysis was used as suggested by Caswell (1986).

 The projection matrix model summarizes the transition probabilities from one size

 class to another. In addition, it contains information about the reproductive contri-

 bution of each size class (Huenneke & Marks 1987) within a defined time interval

 (one year in this study; July-July). The model is of the following form:

 nt+?1 = Ant,

 where nt is a column vector describing the size structure on the population at time t,
 and A is the matrix of the associated demographic parameters which determine the

 population dynamics (Hughes 1984). Using this model (Fig. 2), eight matrices were
 produced: one for each of the four populations for the first year studied (1986-87);

 one each for populations 1 and 2 for the second year (1987-88) and one each for the

 mean values of the two years (1986-88) for populations 1 and 2.

 It was not possible to determine seedling recruitment rates directly from natural

 populations for the calculation of the a,-0. Therefore, a uniform method of estimation
 was used: the quotient of the number of emerged seedlings and the number of

 seeds produced was determined for both 1986 and 1987, and the average was
 calculated. This was done for each of the four populations. Using seedlings that

 appeared before the seeds were produced to calculate the seedling emergence rate

 is unrealistic, but it is the best preliminary estimate available. Seeds remain dor-

 mant for about 20 months before germinating and emerging as seedlings (Lewis
 & Zenger 1982).

 The role of a seed bank is ignored in our estimates. Lewis (1988) inferred that
 Panax quinquefolium may form a seed bank, although the number of seeds is

 probably small and viability is of short duration. Our garden germination experiment
 failed to detect any dormancy exceeding 20 months in a sample of 180 seeds

 (Charron 1989). This experiment allowed us to confirm that the normal dormancy
 period is 20 months.

 Eigenvectors and eigenvalues were calculated for annual and mean matrices. The
 largest positive eigenvalue is the population growth rate (k). The right eigenvector

 (w) associated with the eigenvalue represents the stable size distribution, and the left

 Stage Stage
 distribution Initial stage

 Stage at t+ 1 seed 0 1 2 3 4 distribution

 seed ns- as-s+ss so sI s2 S3 S4 ns
 0 nor as-o ao0o al-o a2-0 a3-0 a4-0 no
 1 nip = ao- I a,-, a2-1 a3-1 a41l nl
 2 n2p as-2 ao02 al-2 a22 a3-2 a4-2 X n2
 3 n3' as-3 ao03 al-3 a2-3 a3-3 a4-3 n3
 4 n4p as-4 ao04 al-4 a2-4 a3-4 a4-4 n4

 n,+ l = A x n,

 FiG. 2. Transition matrix model including one seed class (s) and five size classes, used to
 characterize the demography of Panax quinquefolium populations in Acer saccharum- Carya
 cordiformis deciduous forest communities in southern Qu6bec. The matrix elements are:

 a,,=transition probabilities between size-class i in year t and size-class j in year t+ 1; s, = mean
 number of seeds produced by size-class i. The vector elements are the numbers of plants in
 each size class (n).
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 436 Demography of Panax quinquefolium

 eigenvector (v) represents the reproductive value distribution. The rate of growth
 for a mean matrix is equal to the square-root of the largest eigenvalue only when
 two successive matrices are used (Bierzychudek 1982). For a given site, the eigen-
 vectors calculated from different matrices were compared using the Kolmogorov
 Smirnov test for comparison of two sample distributions (assuming equal sample size
 of n = 1000 for both distributions) (Huenneke & Marks 1987).

 In order to evaluate the sensitivity of the growth rate (k) to small changes in the

 matrix elements a,,, the following analytical method (Caswell 1978, 1982) was used:

 S,, = 3Ala,, =V,W,/ (V,W) .

 Because different populations were compared, the eigenvectors can be scaled so

 that (w, v) = 1, hence the scalar product can be ignored. Then S11 = vlwj.
 However, the unit of scale used in survival probabilities and in fecundity in the

 transition matrix was not the same. Sensitivity is best measured on a proportional

 scale (De Kroon et al. 1986). Elasticity (ei1) quantifies the contribution of a,, to
 population growth rate (k) (De Kroon et al. 1986; Caswell 1989):

 e,, = (aijj1)(3X13alJ).

 In order to evaluate the impact of the harvest of the largest individuals, two
 methods were used to provide additional information to the elasticity analyses. The
 percentage of individuals which can be harvested according to the method of Enright
 & Ogden (1979) is equal to 100(k - 1/k) and was calculated for the four populations.
 This assumes that when k > 1, some percentage of the population can be harvested
 without adversely affecting population maintenance. However, this percentage is
 distributed among all size classes within the population. The influence of events such
 as harvesting of seeds (for sowing elsewhere) or large reproductive plants (plants
 usually sought by harvesters) was evaluated by changing a given matrix element, i.e.
 increasing mortality in the transition matrix, and observing the resulting change in
 the rate of growth (k). The probabilities of as-0 (seedling recruitment) and a3-3
 (most important reproductive class) were alternatively modified for the four popu-
 lations (using mean matrices for 1 and 2, annual matrices for 3 and 4). The effect
 obtained by modifying the seedling recruitment (asg0) is mathematically identical to
 the effect of modifying the seed production of the population.

 RESULTS

 The interactions of size and fate (SF) (fate = death, survival as vegetative plant, or
 flowering) and of age and fate (AF) obtained with the log-linear contingency-table
 analysis were both highly significant (P <0 0001; G2 = 228 32 (SF) and G2 = 119 74
 (AF)). However, the result of testing the size and fate interaction after age was
 included was highly significant (P <0-0001; G2= 119 83), whereas the age and fate
 interaction after size was included was not significant (P <0 08; G2 = 11.25). Thus,
 size retains all its importance when age is considered, whereas age looses most of
 its importance when size is considered. The size variable, expressed in terms of
 number of leaves, was therefore the most reliable state variable. These results were
 obtained from the pooled data of the four populations, but the same trends were
 seen in each of the populations analysed individually.
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 D. CHARRON AND D. GAGNON 437

 Demography

 The numbers of individuals in populations 1, 2, 3 and 4 were 60, 82, 75 and 128,
 respectively at the beginning of the study and 67, 111, 76 and 132, respectively at the
 end. All the populations possessed similar size structures (Fig. 3). There was a
 marked annual variation in seedling recruitment, and a net dominance of individuals
 of reproductive size (size classes 2, 3 and 4) over the non-reproductive individuals.
 The annual mortality varied from 69% to 92% for the seedlings (except for popu-
 lation 2 in 1986-87 where the only seedling died; mortality= 100%) to < 10% for
 the largest individuals (size classes 3 and 4) (Table 1). However, the structure of
 population 3 differed from the others by the very low proportion of small plants
 present. No seedlings were produced in 1986 in this population. Furthermore,
 population 3 had the highest mortality rates associated with the larger size classes,
 with 15% for size-class 2, 13% for size-class 3 and 72% for size-class 4.

 The flowering pattern was identical for the four populations (Fig. 3). A majority
 of the individuals of size-classes 3 and 4 produced flowers, as well as half of the size-

 Population I Population 3

 50 n=60 n=80 n=67 n=75 n=76

 40-

 30-

 20 -

 10

 0

 -S Population 2 Population 4
 I n=128 n=132
 z 50 n=82 n 112 n=1I1 1

 40

 0 1 2 34 0 1 2 34 01234 0 1 2 34 0 1 2 34
 1986 1987 1988 1986 1987

 Size class

 FiG. 3. Population structures of four populations of Panax quinquefolium for 1986-88 in
 Acer saccharum-Carya cordiformis deciduous forest communities in southern Quebec. Size
 classes are based on leaf number. Sterile plants (u), flowering plants (U), fruiting plants (-).
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 TABLE 1. Annual and mean matrices, and stable distribution vector (w) for four
 populations of Panax quinquefolium in Acer saccharum-Carya cordiformis
 deciduous forest communities in southern Quebec. Mortality during the time
 interval t to t + 1 is equal to 1 less the column sum of the transition probabilities.

 The matrices correspond to the model explained in Fig. 2.

 Stage Right Growth
 eigenvector rate

 Stage seed 0 1 2 3 4 (w) (A)

 Population 1

 1986-87

 seed 0 0 0 1-42t 12.27 0 0-86
 0 0-09* 0 0 0 0 0 0.07
 1 0 0-08 0-29 0 0 0 0.01 0-99
 2 0 0 0-57 0.47 0-07 0 0-02
 3 0 0 0 0.47 0-87 0 0-07
 4 0 0 0 0 0 0 0-00

 1987-88

 seed 0 0 0 1.27 14.21 37-00 0-83
 0 0-09 0 0 0 0 0 0-07
 1 0 0-23 0-20 0 0 0 0-02 1-05
 2 0 0-03 0-60 0-56 0 05 0 0-03
 3 0 0 0 0.33 0-82 0 0-04
 4 0 0 0 0-06 0.09 0 0-01

 1986-88

 seed 0 0 0 1-35 13.42 18-50 0-83
 0 0-09 0 0 0 0 0 0-07
 1 0 0-16 0-24 0 0 0 0-01 1-01
 2 0 0-01 0-59 0.51 0-06 0 0-02
 3 0 0 0 0.40 0-84 0 0-06
 4 0 0 0 0.03 0-05 0 0-003

 Population 2
 1986-87

 seed 0 0 0 0-27 3-90 40.00 0.81
 0 0.15* 0 0 0 0 0 0-10
 1 0 0-21t 0.55 0-05 0 0 0-04 1-18
 2 0 0 0-35 0-45 0 0 0-07
 3 0 0 0 0.41 0-78 0 0-02
 4 0 0 0 0-05 0-19 1-0 0-02

 1987-88

 seed 0 0 0 0-92 9.17 27-17 0-76
 0 0-15 0 0 0 0 0 0-10
 1 0 0-29 0-50 0.06 0 0 0-04 1-19
 2 0 0-03 0-42 0-41 0-06 0 0-03
 3 0 0 0-08 0.47 0-76 0-21 0-05
 4 0 0 0 0 0.15 0-71 0-02

 1986-88

 seed 0 0 0 0-59 6.53 33-58 0-80
 0 0-15 0 0 0 0 0 0-11
 1 0 0-14 0-53 0-05 0 0 0-03 1-06
 2 0 0-01 0-38 0-43 0-03 0 0-02
 3 0 0 0-04 0.44 0-77 0-11 0-03
 4 0 0 0 0-02 0-17 0-86 0-02

 Population 3
 1986-87

 seed 0 0 0 0 21-78 28.29 0-92
 0 0-01* 0 0 0 0 0 0-01
 1 0 0-21t 0-33 0 0-02 0 0-01 0-88
 2 0 0 0-33 0-71 0-04 0 0-02
 3 0 0 0 0.14 0-77 0-22 0-03
 4 0 0 0 0 0-04 0-06 0-002

 Population 4
 1986-87

 seed 0 0 0 0-29 11-06 25.50 0-84
 0 0-06* 0 0 0 0 0 0.05
 1 0 0-24 0-75 0 0-02 0 0-04 1.05
 2 0 0 0-15 0-73 0 0 0-02
 3 0 0 0-10 0.20 0-73 0-25 0-04
 4 0 0 0 0 0-14 0-75 0-02

 * Estimated seedling recruitment rate for this population;
 t average number of seeds produced individual- within the size-class;
 ? average a- 1 of all the annual matrices to replace the real value 0-0.This content downloaded from 
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 D. CHARRON AND D. GAGNON 439

 class 2 individuals. In 1986, however, very little flowering was observed overall in

 population 2. Except for two individuals (found in populations 3 in 1987 and 4 in

 1986), seedlings and size-class 1 plants (one-leaf) did not flower. Only population 1

 had a higher fruit production than the other populations throughout the three years

 of observation (Fig. 3). On average, size-class 3 of population 2 produced less fruit

 than the other populations (Table 1).

 Population growth rates and stable stage distribution

 Because of the method of estimation of the seedling recruitment parameters, each

 population had a different seedling recruitment rate, but the same rate was used for

 both years for each population. Similarly, for populations 2 and 3, in 1986-87, no

 transitions were observed between size-classes 0 and 1, which prevented analysis of

 the results. Therefore, the average a0o1 probability of all the annual matrices
 (0.2089) was used to replace this missing parameter. However, the mean matrix of

 population 2 was calculated with the true a0_- value for 1986-87 (0.0), giving a

 mean a01- value of 041429 for 1986-88.
 Transition probabilities of population 1 varied little annually (Table 1), and com-

 parisons with the Kolmogorov-Smirnov test between the two stable distribution
 vectors (eigenvector w) showed no significant difference (P > 0 05). The element of

 transition probability that varied most was a0_1. The growth rate of the population,
 quantified by the eigenvalue (A) of each matrix, was near 1 for the three matrices:

 the 1986-87 matrix was slightly below 1 and the 1987-88 and the mean matrices
 were slightly above 1 (Table 1). For population 2, the a01- probability was the most
 variable, fluctuating from 0 to 0-2857. There was no mortality observed in size-class
 4 individuals in 1986-87. The comparison between the different eigenvectors showed

 no significant difference. The eigenvalues (A) were slightly greater than 1 for the
 three matrices of population 2. Population 3 was undergoing a net decrease (A < 1).
 Like population 2, the a01- value for population 3 was zero. However, even when

 the mean ao01 value of 0 2089 was used, A = 0-8751 was obtained. Furthermore, the
 proportion of individuals in size-class 4 (individuals with important reproductive
 potential) was the lowest of all four populations. In spite of an absence of mortality
 in size-classes 1 and 4, population 4 did not have a growth rate that was much

 greater than 1 (Table 1).
 Percentage distance of initial stage distribution from stable-stage distribution

 (Caswell 1989) was low for populations 1 and 4 (7.9% and 14 8% for different years
 for population 1, and 15 5% for population 4). On the other hand, the population
 structures of populations 2 and 3 were less stable: 37-4% distance and 31-4%
 distance for population 2 and 27-9% for population 3.

 Reproductive values and elasticity matrices

 For populations 2 and 4, reproductive values (eigenvector v) were the highest for
 size-class 4 and decreased with decreasing size of the plant (Table 2). For populations
 1 and 3, reproductive values were highest for size-class 3. The highest value obtained

 for an elasticity matrix element was for a4-4 of the initial matrix for population 2 in
 1986-87, and for a3-3 in all other matrices. The values associated with the a2-2

 element in population 3 and with a,-, in population 4 were also high. Little
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 TABLE 2. Elasticity matrices and reproductive value vector (v) for annual and
 mean transition matrices for four populations of Panax quinquefolium in Acer
 saccharum-Carya cordiformis deciduous forest communities in southern Qu6bec.

 Stage Left
 eigenvector

 Stage seed 0 1 2 3 4 (v)

 Population 1
 1986-87

 seed 0 0 0 0 001 0.04 0 0-002
 0 005 0 0 0 0 0 002
 1 0 0-05 002 0 0 0 027
 2 0 0 0-05 0-08 0 04 0 0-34
 3 0 0 0 0.09 0.59 0 0 37
 4 0 0 0 0 0 0 0.00

 1987-88

 seed 0 0 0 0-005 0.07 0.02 0-004
 0 010 0 0 0 0 0 005
 1 0 008 002 0 0 0 0 19
 2 0 001 008 012 0.01 0 0-27
 3 0 0 0 0.10 0-35 0 0-35
 4 0 0 0 0 01 0.02 0 0-14

 1986-88

 seed 0 0 0 0-003 0.07 0-01 0-003
 0 007 0 0 0 0 0 004
 1 0 0-07 002 0 0 0 023
 2 0 0-01 0-07 0-10 0-03 0 0-30
 3 0 0 0 0.12 046 0.00 036
 4 0 0 0 0-001 0-004 0.00 0-06

 Population 2

 1986-87
 seed 0 0 0 0 001 0.01 0-06 0-002
 0 007 0 0 0 0 0 002
 1 0 0-07 0-06 0003 0 0 0 10
 2 0 0 007 005 0 0 0-17
 3 0 0 0 0 06 0.11 0 0-24
 4 0 0 0 001 005 036 047

 1987-88
 seed 0 0 0 0.003 0.05 0-05 0 01
 0 0 10 0 0 0 0 0 0-04
 1 0 009 007 0.01 0 0 014
 2 0 001 007 005 001 0 0-17
 3 0 0 0.02 0.08 0-22 0-02 0-26
 4 0 0 0 0 006 0 10 039

 1986-88
 seed 0 0 0 0 001 0.02 0-06 0-003
 O 007 0 0 0 0 0 002
 1 0 0-07 0-06 0004 0 0 0-13
 2 0 0 01 0-06 0-06 0-01 0 0-18
 3 0 0 0 01 0.06 0.20 0-02 0 25
 4 0 0 0 001 007 0-23 041

 Population 3
 1986-87
 seed 0 0 0 0 0-03 0.002 0-001
 0 0-03 0 0 0 0 0 0-04
 1 0 0-03 0-02 0 0 01 0 0-19
 2 0 0 004 027 002 0 031
 3 0 0 0 0.06 0-47 001 034
 4 0 0 0 0 0.01 0-001 0.12

 Population 4
 1986-87
 seed 0 0 0 0 001 0 03 0.03 0-002
 0 006 0 0 0 0 0 004
 1 0 0 06 0-16 0 0 004 0 0 16
 2 0 0 003 007 0 0 0-16
 3 0 0 0-03 0.03 0-23 0-04 0 25
 4 0 0 0 0 0-07 0 17 038
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 D. CHARRON AND D. GAGNON 441

 TABLE 3. Percentage of population individuals that can be harvested according to
 the method of Enright & Ogden (1979) in four different populations of Panax
 quinquefolium for 1986-1988 in Acer saccharum-Carya cordiformis deciduous

 forest communities in southern Qu6bec.

 Population
 Growing
 seasons 1 2 3 4

 1986-87 0.0 15 4 0.0 5-0
 1987-88 4-6 15-8 - -
 1986-88 0-9 60 - -

 variation was observed between years in elasticity and reproductive values for

 populations 1 and 2.

 Harvesting simulations

 The results obtained by the method of Enright & Ogden (1979) in calculating the

 percentage of individuals that can be harvested without threatening the population

 vary between 0% and 16% (Table 3). By this method, however, this percentage
 must be harvested equally among all the size classes. Of course, plants from the

 seedling and juvenile categories are unlikely to be harvested.

 The harvesting simulation results showed that relatively low as-0 transition prob-
 abilities (>0-2) are sufficient to maintain all four populations (A = 1) (Fig. 4a).

 Surprisingly, a probability of > 0-8 survival for a3-3 does not arrest the decrease
 of population 3. It is, however, sufficient to maintain population 1, and increase
 both populations 2 and 4 (Fig. 4b). These results confirm those obtained by the
 sensitivity analysis.

 DISCUSSION

 Low seedling recruitment and establishment rates, the presence of a relatively long
 pre-reproductive period (3 years and more), slow individual growth rate (under

 forest cover), greater longevity of established individuals, relatively stable population
 growth rate (A) near 1-0: all of these demographic characteristics indicate that Panax
 quinquefolium is a species of stable habitats. In fact, values of A close to 1, with little
 variability, have been obtained for other perennial forest herbs such as Chamaelirium
 luteum with A ranging from 0-99 to 1-06 (Meagher 1982), Arisaema serratum with A
 value of 0-99 (Kinoshita 1987), Arisaema triphyllum with A ranging from 0 85 to 1-32
 (Bierzychudek 1982) and Allium tricoccum Ait. with A ranging from 1-00 to 1-11 (A.
 Nault & D. Gagnon unpublished data). All of these species are associated with

 so-called stable forest environments. Kawano et al. (1987) using flow diagrams ob-

 tained a similar pattern of growth with Erythronium japonicum, a perennial plant
 of temperate woodland communities. Conversely, studies of herbs from non-forested
 habitats have produced extremely variable k values: 0-68-1-05 in Potentilla anserina

 (Eriksson 1988); 0-58-1-81 in Pedicularis furbishiae (Menges 1990); 0-28-2-61 in
 Dipsacus sylvestris (Werner & Caswell 1977); 0-77-1-65 in Eriophorum vaginatum
 (Fetcher & Shaver 1983); and 0-60-1-43 in Danthonia sericea (Moloney 1988). It
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 FIG. 4. The relationship between population growth rate (A) and (a) seedling recruitment
 rate (transition probabilities as-0) and (b) size-class 3 adults persisting (transition probabilities
 a33) for four populations of Panax quinquefollum in Acer saccharum-Carya cordiformis
 deciduous forest communities in southern Qu6bec: population 1 (El); population 2 (-);
 population 3 (A); population 4 (A). The first derivative of these curves is equal to the
 sensitivity of k.

 would appear that this variability is associated with open habitats and essentially
 ruderal species. Panax quinquefolium, which grows in Quebec only in mature forest
 communities dominated by deciduous trees, is definitely a species of stable habitats,
 with X values ranging from 0-87 to 1-19 (Tabe 1). Furthermore, Sverdlove (1981)
 presented a transition matrix for P. quinquefolium in Wisconsin (data of Carpenter
 (1980), with a X value of 1-2 (or 0-95 when the impact of harvesting was included).

 The purpose of using projection matrix models is not to predict real future

 population changes. Instead, it allows the characterization of the present life history
 of a species, and the possibility of examining eventual consequences should present
 conditions remain constant (Caswell 1986; Van Groenendael, de Kroon & Caswell
 1988). Thus population 3, with X = 0-88, is bound to disappear if the conditions that
 prevailed during the study persist. The presence of a nearby public footpath was
 deemed to be detrimental to the ginseng population. The verification of such an

 effect is now impossible because population 3, as well as population 1, has been
 eradicated by a housing development since 1988. Habitat destruction is proceeding
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 apace in southern Quebec and Ontario, and conservation measures must be under-
 taken if northern populations of Panax quinquefolium are to be preserved. This

 study demonstrates that only a small percentage of individuals can be harvested from

 some populations in certain years. Despite the fact that some populations may
 support reasonable and regulated harvesting, this does not imply that harvesting

 should be allowed. Experience has shown that most harvesters collect all the large
 plants that they find (Lewis 1984). Furthermore, regulation of harvesting (i.e. num-
 ber of plants allowable per population size) is nearly impossible to enforce. Also,

 poor environmental conditions in some years combined with harvesting, may drive
 many harvested populations to extinction.

 As with most other plants (Caswell 1986), Panax quinquefolium has size-dependent
 mortality and the most vulnerable stage of the life cycle appears to be the period of
 seedling establishment. The combined analysis of the population age structures
 (Charron 1989) shows some evident gaps which may have been caused by a low
 seedling recruitment rate in the past. This low seedling recruitment did not occur
 every year, however. These results differ from others obtained in Missouri by Lewis
 & Zenger (1982) which indicate that the mortality rate of seedlings contributed little
 to the overall mortality rate of the population. Once the crucial step of seedling
 establishment is achieved, a Panax quinquefolium individual has a high life expectancy
 (> 20 years) (Charron 1989). The importance of the establishment period of Panax

 quinquefolium seedlings in southern Quebec populations may be a reflection of the
 marginal nature of these populations, situated at the northernmost limit of the
 species' distribution range. Even though the seedling mortality rate is always high, it
 seems that the stability of a population is more sensitive to a decrease in the survival
 rate of large individuals than to a reduction in the production of seeds or in the
 establishment of seedlings. Thus, the elasticity analysis clearly shows that stages 3
 and 4, when present, constitute the most critical life-history stages, once establish-
 ment is assured. The individuals in size-class 3 contribute much more to X if they stay
 in the same size class in the next year rather than grow on to size-class 4, but the
 individuals of size-classes 1 and 2 contribute much to X if they grow on to a higher
 size class rather than remaining in the one. It therefore seems optimal to grow
 rapidly to attain size-class 3.

 The use of different matrices resulting from several years of growth may give a

 good representation of environmental variations (Bierzychudek 1982; Huenneke &
 Marks 1987), but only two successive transition matrices are inadequate to assess the
 effect of climate on population growth. Furthermore, some irregularities, such as the
 absence of mortality in size-class 4 for populations 2 (1986-87) and 4 (1986-87)
 could be corrected if a larger number of successive annual transition matrices were
 used. Because of this, modern studies of plant population dynamics encompass more
 and more years of observations (Kinoshita 1987; Eriksson 1988; Menges 1990).
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