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Figure 5. 1log dry weight of woody biomass of Rhamnus frangula stems plotted
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Table 1. Regressions of log-transformed size measures on shoot age. Two sets
of regression equations were calculated for each variable, one with all ages
canbined and ancther with separate regressions for shoots 1-11 years old, and
shoots 12-23 years old. The amount of the total variance explained (r?) when two
lines were fit to the data is also presented. This r? is calculated as: (SSpop
- SSpEs(Ages 1-11) ~ SSRES(Ages 12-23))/SSTor, Where SSpop = Total Sum of
Squares, and SSppg = Residual Sum of Squares for each age group.

Intercept Slope

Variable Ages (a) (b) r2 P
Log height (cm) all 1.001 0.093  0.703 *AH
1-11 0.733 0.156 0.751 Hkk
12-23 1.967 0.025 0.656 %

Explained variance with two lines = 0.828
Iog weight (g) all -1.485 0.236  0.814 ok
1-11 =1.907 0.335 0.776 *kk
12-23 0.563 0.100 0.758 *kk

Explained variance with two lines = 0.874
Iog diameter (mm) all -0.065 0.082 0.845 wkk
1-11 -0.178 0.108 0.778 *hk
12-23 0.648 0.037 0.706 *kk

Explained variance with two lines = 0.886

**, P < .01; %%, P < .001

established. Examination of the width of anmual rings in the R. frangula stems,
however, also indicated that the rate of accumilation of woody biomass decreased
at 11-12 years of age. On average, annual rings during the first 11 years of
growth were over twice as wide as annual rings produced later in the life of the
shoot.

What, then, might have caused this change in the rate of accumlation of
woody bicmass of the R. frangula in the string bog? Two related events occur in
the string bog population of R. franqula at this age. First, at 10-12 years of
age, shoots obtain a height of 2 to 2.5 m and at this height they reach the
canopy formed by the woody vegetation of the strings. Secondly, the growth form
of shoots changes at this height from an unbranched, or very sparsely branched,
stem to shoots which are highly branched near their top. When shoots reach the
canopy, their entire allocation of biomass must change dramatically. Woody
biomass changes from being allocated entirely to the main axis to being allocated
primarily to branches. The proportion of biomass allocated to leaves must
increase greatly as the shoots become more branched and the proportion of biomass
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allocated to fruits must also increase markedly. In fact, R. frangula may not
even begin to set fruit until it reaches the height of the canopy.

In light of these observations on the growth of R. frangula in the string
bog, it is interesting to reconsider the dynamics of the population since the
species first entered the Bog. Recall that maximum stem ages indicated that R.
franqula invaded the string bog around 1955 and that the population began to grow
logarithmically in 1968. Note that there was a period of about 13 years between
the introduction of R. frangula to the Bog and the beginning of logarithmic
population growth, and that fruit production by R. frangula in the string bog
begins in earnest at 11 to 12 years of age. Shoots established from 1955 to
about 1967 may have been primarily immigrants from outside of the string bog,
with reproduction within the population beginning about 1967.

From the fitted growth curves of log dry weight regressed on shoot age (Fig.
5) and the estimated density of shoots in the population from 1966 to 1988 (Fig.
2) we could estimate the density of accumilated woody biomass in the community
over the same period of time (Fig. 6). Density of woody dry weight of R.
franqula in the string bog in 1988 was 610 g/m®. Woody biomass accumlated
logarithmically since 1965, and had different rates of logarithmic accumilation
before and after 1976 because of the influence of the change in shoot growth rate
at 11 to 12 years. From 1966 to 1976, accumulated woody biomass more than
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Figure 6. Growth of the density of accumilated dry weight of woody biomass of
Bhamnus frangula in the string bog from 1966 to 1988. Scale on the left shows
woody biomass density and on the right shows log-transformed biomass densities.
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doubled each year (logarithmic growth rate = 2.2): from 1977 to 1988, accumulated
woody biomass multiplied by a factor of 1.3 each year.

Finally, we present the relationship between log basal diameter and log
height, log dry weight, and age. These relationships were of interest primarily
because if shoot size and age could be estimated (or predicted) by measurement of
the basal diameter of the shoot, it would provide a great time savings in studies
aimed at describing the age structure, or estimating the biomass density of a
population. The relationships between size and age of shoots and basal diameter
were remarkably close (Fig. 7, 8, and 9). Measurement of log basal diameter
accounted for 98% of the variation in log dry weight of woody tissue, 91% of log
height, and 92% of age. The accuracy with which these variables can be
estimated from simple measurements of basal diameter will greatly facilitate
future studies of R. frangula in the string bog. These relationships are, of
course, only applicable to R. frangula in the string bog; unique eguations would
have to be determined to provide size and age estimates from basal diameters of
R. frangula in each other plant commnity in the Bog.
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Figure 7. [ILog dry weight of woody biomass of Fhamnus franqula stems plotted
versus log basal diameter of stems. An equation is shown for a least squares
linear regression of log dry weight on log basal diameter.
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OONCIIISIONS AND PROSPECTUS

The string bog population of Bhammus frangula has been growing at a
logarithmic rate (doubling in less than 4 years) since 1968, while the species
has been present in the string bog at least since 1955. The above-ground woody
biomass of individual shoots is accumilated logarithmically with a distinct
decrease in rate of woody growth at about 11-12 years of age. This change in
growth rate is probably related to the shoots reaching the height of the canopy
and changing to a more branched growth form, and allocating a greater proportion
of their biomass to leaf and fruit production. It is noteworthy, given this
probable shift to greater reproductive effort at 12 years, that the string bog
population began to grow logarithmically approximately 13 years after the species
first invaded the string bog.

Above-ground woody biomass of R. frangula has also been accumilating in the
string bog logarithmically since 1968. Again there is a shift in the rate of
accumilation 11-12 years after 1965, related to the change in growth rate at that
time of the first established shoots in the population. Current woody biomass
density of R. franqula in the string bog is over 600 g/m?. If the current rate
of woody biomass accumilation (multiplied by 1.3/yr) continues in the string bog
for another 5 years, by the end of 1993 there will be over 2.2 kg of woody
biomass (dry weight) of R. frangula per square meter in the string bog. The
string bog will be essentially transformed from a cedar-tamarack string bog to a
Rhamnus string bog.

In addition to the extremely high density of accumilated woody biomass
predicted for the string bog by 1993, the shade cast by R. frangula is expected
to increase dramatically. While the current density of R. frangula stems in the
string bog is approximately 30 stems/m?, the current density of stems 12 years or
older is only about 2 stems/m?. Since the growth form of R. frangula would
indicate that they don't begin to cast much shade until they are 12 years old, we
expect shade intensity to increase as more shoots currently in the population
reach an age of 12 years. In five years the predicted density of stems over 12
years is 6.3 stems/m?; we would expect that by 1993 the shade cast by R. frangula
will be over 3 times more intense than its current level. The effect of R.
franqula on the plant conmunity will increase greatly as the density of its shade
increases.

Controlling or eradicating R. franqula in the Cedarburg Bog as a whole, or
in just the string bog would seem, at this point, to be an impossible task.
Potential control measures are very labor intensive. Zolidis (1988) has
suggested that increased water levels may adversely affect the growth of R.
franqula, but as a management tool this approach would be useful only in a very
small mumber of wetland habitats. 'Iherearetwooontxulmeﬂwdsmﬂmmaybé
effective for R. frangula. Cutting stems off near ground level and treating the
freshly cut stems with glyphosate herbicide would probably kill glessy buckthorn
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(Gourley, 1985). ‘'This method, which is effective for the control of a wide
variety of woody species, is effective only when used during the growing season
when access to the string bog is most difficult and the potential of herbicide
damage to other vegetation is greatest. Another method which remains untested,
but has the potential to kill at least larger shoots of R. franqula, is to
campletely girdle the stems near the base during the winter. Since girdling
removes phloem connection of roots to shoots but leaves the xylem connection of
shoots to their roots intact, shoots may continue to grow after girdling and
deplete the energy resources of their root systems to the point where they would
not re-sprout. The advantages of this method are that it could be used in the
winter when string bog access is more feasible and that it does not require
herbicide use. This method may, however, be even more labor intensive than
cutting and herbiciding. We have girdled some stems of R. frangula in the Bog as
a preliminary investigation of the effectiveness of this method.

While elimination of R. franqula from the Bog as a whole may be hopeless, it
is absolutely essential that the species be eradicated and then excluded from
some rather sizable plots in the string bog. Without this action, the unique
plant community of the string bog, the most unusual wetland plant community in
southern Wisconsin (Grittinger 1970, Germain 1975), will almost surely be leost
entirely. Exclusion plots should be large enough (at least 2 acres) to
incorporate and preserve the structural integrity of the string bog, and should
be replicated in different parts of the string bog to afford the opportunity to
document the impact of R. frangula on the plant community.

large size of exclusion plots would not only preserve the structure of the
string bog, but would slow the ceaseless recolonization of the plots by seeds
imported from outside the plots. Replication will allow the diversity of
structure in various parts of the string bog to be preserved and enable periocdic
comparisons of the vegetation within the exclusion plots with the vegetation in
paired plots where the R. frangula population was allowed to run its course. The
establishment of exclusion plots would also allow valuable experimentation to
determine the most effective methods for killing glossy buckthorn.

Exclusion plots should be established as soon as possible and probably
should be planned as a two-phase approach: 1) Reproductive size individuals
should be killed first, with similtaneous studies of effective control methods
and a quantitative description of the vegetation within the exclusion plots and
in paired "control" plots. 2) In subsequent years, smaller individuals and
individuals reaching reproductive size should be removed with the control methods
which have proven to be most effective; the vegetation should be periodically
resampled.

In addition to this intensive work which should be undertaken in the string
bog, we hope to extend our study of the population and individual growth rates of
R. frangula to other plant communities contained in the Cedarburg Bog. It may be
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that R. franqula reaches reproductive size, and perhaps undergoes a similar shift
in growth form at very different ages in the variocus commnities of the Bog. A

Bog-wide study of R. frangula will give us the information required to make
informed management decisions concerming the Bog as a whole.

The study of Rhammus frangula in the Cedarburg Bog which has been conducted
to date, has important implications for management of R. franqula in other
wetlands. The most obvious recommendation is that glossy buckthorn should be
removed from wetlands early, before the population enters a logarithmic growth
phase. Removal of R. franqula should begin in earnest before it reaches its
reproductive growth phase when logarithmic population growth begins and when the
change in growth form causes a likely increase in the intensity of shading by R.
frangula.
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