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TABLE 2. Extinction risks and times to extinction of Sarracenia purpurea populations under
different scenarios of annual nitrogen (N) deposition.

Scenario

Autoregressive model, Eq. 2

Annual
change in

N (%)
Prob.ext.

at 100 yr†
Time to

ext. (yr)‡

OLS (linear) model, Eq. 3

Coefficient,
OLS§

Prob.ext.

at 100 yr†
Time to

ext. (yr)‡

Hawley Bog
Best case
No change
Small increase
Worst case

24.7
0.0
1.0
4.7

0.000
0.038
0.378
0.996

.10 000
650
290

70

20.004
0.000
0.001
0.004

0.000
0.000
0.000
0.000

.10 000
220
180
140

Molly Bog
Best case
No change
Small increase

22.2
0.0
1.0

0.158
0.510
0.694

.10 000
230
200

20.001
0.000
0.0005

0.000
0.000
0.000

250
180
160

Worst case 2.2 0.838 140 0.001 0.000 150

Notes: Model coefficients were derived for Hawley Bog from the Quabbin, Massachusetts
(USA) National Atmospheric Deposition Program (NADP 2000) N time series, and for Molly
Bog from the NADP Shelburne, Vermont, N time series. For Hawley Bog, the initial N de-
position rates in the model were 0.391 mg·L21·yr21, and, for Molly Bog, 0.477 mg·L21·yr21

(NADP measured levels in 1998).
† Probability of extinction is defined as the fraction of 1000 random population time series

that had gone extinct (total population size ,1.0) by 100 years.
‡ Time to extinction is the length of the time series required for 950 out of 1000 random

population time series to fall below the extinction threshold of 1.0 individuals.
§ OLS 5 ordinary least-squares model, Eq. 3.

FIG. 3. Predicted population trajectories for Sarracenia
purpurea population at Molly Bog (Vermont, USA) using
autoregressive (solid circles) and ordinary least-squares (open
circles) models for forecasting nitrogen deposition series. For
the autoregressive model (Eq. 2), the N time series is modeled
with the best-fit coefficients a 5 0.0, b 5 0.978. For the
ordinary least-squares model (Eq. 3), the best-fit coefficients
were a 5 0.477 and b 5 20.001.

spective analysis (Caswell 2000), it may be difficult to
recognize the potential risk of extinction for slow-
growing populations.

Our model does have some limitations. First, it does
not include any density dependence—transition prob-
abilities are not affected by current population size
(Grant and Benton 2000). However, S. purpurea den-
sities in ombrotrophic bogs of New England are typi-
cally low, and so far there is no evidence for simple
density dependence from field manipulations of Sar-
racenia (Ellison et al., in press). Our model also does
not include any spatial dynamics (Horvitz and Schem-
ske 1995). However, the demography of cohorts grow-
ing in different bog microhabitats did not differ sub-
stantially (N. J. Gotelli and A. M. Ellison, unpublished
data). Because the plant cohort was chosen from a
relatively high-density area in the center of the bog,
demographic estimates could be different for plants that
were randomly selected because there appears to be
little recruitment of juveniles near the edges of the bog.
However, plant densities in these outlying areas are
very low, so they may not contribute much to popu-
lation dynamics. Although our model does not incor-
porate explicit terms for covariance among demograph-
ic rates (Benton and Grant 1996), covariance structure
is present because of the correlated responses of each
transition element to different N regimes. Finally, we
have not incorporated interactions of S. purpurea with
other plant species that may be responding to changes
in nitrogen (Brewer 2001). In other field experiments,
we are examining interactions with inquilines and prey,
and their contributions to the plant’s N budget (A. M.
Ellison and N. J. Gotelli, unpublished data). However,

the net effects of inquiline activity may be small com-
pared to anthropogenic inputs of N (Chapin and Pastor
1995, Bledzki and Ellison 1998).

Although the NADP time series from 1984 through
1998 generated an optimistic prediction of decreased
deposition rates (see Krajick 2001), substantial increas-
es in N deposition are expected in the long term (Tilman
et al. 2001). The models presented here indicate the
time frame for population responses under such sce-






