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Abstract

Clonal vegetation was transplanted in an attempt to increase plant species diversity at a wetland
restoration in northeast Kansas, USA. A total of 107 plugs of wetland sod were relocated to the
6.9 ha floodplain site from a local wetland in April 1994, using a 60 cm tractor-mounted tree spade.
Perennial and clonal species were selected based on their regional suitability for prairie wetlands
and their presence in adjacent wetlands. Four growing seasons after transplanting, the survival of the
plugs was over 90%. Of the 107 transplants, 27 plugs were Spartina pectinata L. (eastern cordgrass)
and 18 plugs were Eleocharis macrostachya Britt. (spikerush). The objective of our study was to
determine the extent of transplant spread, and effect of microtopography on this spread. The area
of each transplanted plug was determined in October 1994, 1995, 1996 and 1997. Mean area of
S. pectinata plugs was 0.51 m? in 1994 and increased annually to Teach 1.57m? in 1997. Mean
area of E. macrostachya was 2.19m? in 1994 and increased annually to reach 26.4m? in 1997.
Elevation and the resulting water depth affected transplaat spread of both species (P < 0.05),
with S. pectinata spreading most at shallow (maximum depth 0.11-0.20 m) water levels within
the site and E. macrostachya spreading most in medium (maximum depth 0.21-0.30 m) and deep
(maximum depth 0.31-0.40 m) water levels. Survival and spread of these transplants indicate that
the tree spade technique is useful for enhancing vegetation in restorations, especially for restoring
clonal species that may be difficult to establish via seeding. © 2001 Elsevier Science B.V. All rights
reserved. S
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1. Introduction

Wetland restoration literature generally encourages transplanting in conjunction with
seeding and natural revegetation (Odum, 1989; Kruczynski, 1990; Willard et al., 1990).
‘Transplanted materials may include adult individuals, seedlings, rhizomes and sod (Allen
et al., 1989). Planting of natural runners, rootstock, and small sod plugs (usually <30 cm)
has been successful in restoration of wetlands (Allen et al., 1989; Davis and Short, 1997)
and prairies (Christianson and Landers, 1969; Sperry, 1983; Clarke and Bragg, 1994). Sod
plugs and local transplants may also contain beneficial soil materials such as seed banks
and soil microbes (Bragg, 1988; Allen et al., 1989; Clarke and Bragg, 1994). Transplanting
1s especially appropriate for plants that are clonal or reproduce poorly by seed and when
salvage plant materials are available (e.g:when proposed wetland loss requires mitigation).

Our study focused on a new transplanting method in a restoration of prairie floodplain wet-
lands in northeast Kansas, USA. Tallgrass prairie wetlands are dominated by hydrophytic
clonal graminoids of the Spartina pectinata—Eleocharis macrostachya—Carex sp. herba-
ceous vegetation community type (Lauver et al., 1999). Other comnmon plant species include
sedges and rushes of the genera Eleocharis, Juncus, Carex, and Cyperus and Tripsacum
dactyloides L. (eastern gamma grass) (Weaver, 1957). Literature on this wetland plant com-
munity or its dominant species, is scant. For exampie, our review of the literature found
one study of the community (Weaver, 1957), no ecological studies of E. macrostachya, and
only two ecological studies of S. pectinata (Thompson, 1984; Johnson and Knapp, 1993),
although transplants of other species in the genus Spartina (especially S. alterniflora) are
widely documented for coastal marshes (Frenkel and Boss, 1988; Broome, 1995). §. pecti-
nata is a perennial grass with stout, sharp rhizomes, and is found in swales, ditches and

Fig. 1. A 60 cm tree spade, mounted on a tractor, was used to move plugs of sod from a native prairie wetland to
the Santa Fe wetland restoration site in northeast Kansas.
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wet prairies. E. macrostachya is a perennial graminoid with reddish rhizomes and filliform
culms, and is common in marshy areas and roadside ditiches. Both species are native to
northeast Kansas (Great Plains Flora Association, 1991).

Moving plant materials with a tree spade (a nursery implement designed to dig, lift and
transplant trees (Fig. 1)) is a technique that may be feasible for transplanting non-woody
vegetation in many wetland restoration projects. We studied two aspects of tree spade trans-
planting as a restoration technique: (1) the extent to which transplants survive and spread
over time, and (2) the effect of microtopography and resulting water depth on transplant
spread. |

2. Site description and methods
2.1. Study site

The Santa Fe wetland site was created to mitigate for the loss of wetlands proposed by the
construction of a federal highway, which would destroy 5.2 ha of the 232 ha Haskell-Baker
wetlands complex near Lawrence, Kansas (Federal Highway Adminstration, 1993). The
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Baker wetlands and the adjacent Santa Fe restoration site occur on hydric Wabash clay typic
haplodoll soils (Dickey et al., 1977} in the floodplain of the Wakarusa River.

The 6.9 ha Santa Fe site was constructed in March 1994 when a 0.6 m earth berm was
built around the perimeter of a relatively level cropped field. At this time, surface vegetation
was removed through tillage, and a commercial native grass seed mix and locally collected
native seed were broadcast into the site. 8. pectinata was not seeded at all and only 8.8 g of
E. macrostachya were seeded into the site.

2.2. Transplanting technique, monitoring, and analysis

Using a 60 cm diameter tree-spade, 107 plugs of wetland sod were moved to the Santa Fe
site between March 15 and 25, 1994. Plant materials were moved less than 2 ki from the
proposed highway route through Haskell-Baker wetlands to the Santa Fe restoration site.
Each sod plug was planted within 1h of the time it was moved from its original location.
Species selected for transplanting were obligate or facultative wetland perennials (Reed,
1988), many of which reproduce clonally.

Two species were transplanted in quantities great enough to allow detailed study. Twenty-
seven plugs of S. pectinata and 18 plugs of E. macrostachya were monitored in October
1994, 1995, 1996 and 1997 to determine their survival and growth. To determine basal area,
we measured the perimeter of each transplant and created scale drawings of the transplant
area. With a planimeter we measured the scale drawings, and then calculated the actual area
of each plug.
~ In April 1996, we surveyed the center of each plug (using a total laser station) to determine
elevations and spatial orientation within the site. Elevations of the transplanted plugs ranged
from 248.26 to 248.59 m above sea level. The lowest elevation within the entire site was
248.06 m above sea level. When the site is completely inundated water flows over the 0.6 m
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berm, thus the maximum water depth in the site 1s 0.6 m. Although, depth and duration
of innundation in the site vary annually and seasonally, water levels at maximum depth
are reported to illustrate the range of hydrologic variation. In 1996, nine plugs of S. pecti-
nata and six plugs of E. macrostachya were placed post-hoc into each of the three equal
water depth categories: shallow (maximum depth 0.11-0.20 m), medium (maximum depth
0.21-0.30m), and deep (maximum depth 0.31-0.40 m).

To compare changes in transplant areas over time we used Friedman’s block tests, since
each plug was sampled repeatedly in successive years. To determine differences in trans-
plant spread for the three eleyation categories, we used Wilcoxon’s signed rank tests and
Mann—Whiiney U-tests. We used non-parametric statistical tests because the data were
non-normal with unequal variances, even after we transformed the data. We calculated
statistics with SPSS software (SPSS, 1997).

3. Results

Over 90% of the plugs survived. Of the original 107 transplants, 97 had survived four years
following transplanting. We observed two dead plugs, of which one was S. pectinata and
the other was Carex Ayaiinoiepis Steud. We could pot iind the remaining eight iransplanied
plugs again, thus we regarded them as missing data and could not determine their survival
or mortality.

Mean area of both S. pectinata and £. macrostachya plugs increased with each consecutive
year from 1994 to 1997 (Fig. 2). Mean area of S. pectinata plugs was 0.51 m? in 1994 and
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Fig. 2. Tree spade transplants of S. pectinata and E. macrostachya increased each year during the sampling period,
with E. macrostachya spreading more rapidly than S. pectinata. Initial transplant area in April 1994 was 0.28 m?.
Transplant areas were measured in October of each year 19941997,
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Tabie 1

Clonal spread and exponential growth rates of transplanted plugs S. pectinata and E. macrostachya as expressed
by the exponential growth coefficient R (mr / mr 1» Where 7 = time), and an absolute change in area {m?), for each
growing season from 1994 to 1997%

Year S. pectinata E. macrostachya
R Change in area (m?) R Change in area (m>)
1994 1.82 0.23 7.78 1.92
1995 1.07 0.04 1.66 1.45
1996 1.82 0.45 3.08 7.57
1997 ., 458 057 235 15.18
Mean 1.49 0.35 2.36 8.07

2 For the 1994 growing season, October measurements were divided by initial transplant area (0.28 m?)

increased i 1n size each year to reach 1.57 m? in 1997. For E. macrostachya plugs, mean area
was 2.19m? in 1994 and increased more dramatically in size each year to reach 26. 4m?
in 1997. For both species, clonal growth rates fluctuated throughout the sampling period,
although area of clonal spread increased each year after the first year (Table 1).

Elevation contributed to variation in spread over time for both species. For S. pectinata,
transplant area in 1997 was greatest for shallow areas, and least for the deep areas (Fig. 3).
For E. macrostachya, transplant area in 1997 was greatest in the medium water depth areas,
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Fig. 3. Mean area of 8. pectinata and E. macrostachya transplants at three water depths after four growing seasons.
Nine plugs of §. pectinata and six plugs of E. macrostachya were placed post-hoc into each of the three water depth
categories. For each species, differences between all pairs of elevation categories were significant (P < 0.05)
using non-parametric Mann—Whitney U/-iests.
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and area in deep areas was greater than in shallow areas (Fig. 3). For both S. pectinata and E.
macrostachya differences in relative percent cover between all pairs of elevation categories
were significant (P < 0.05). Wilcoxon’s signed rank tests of overall differences among the
elevation categories were not significant for either S. pectinata or E. macrostachya, perhaps
due to high standard deviations in transplant area (Fig. 2), and reduced sample size (n = 9
for §. pectinata and n = 6 for E. macrostachya) in the post-hoc elevation categories.

4, Discussion

PE
¢ d

Using a tree spade to transplant plugs of sod is a useful and practical technique for
transplanting vegetation into wetlands. The technique seems especially appropriate for
species that spread quickly, such as E. macrostachya in the Santa Fe site. Although, S.
pectinata did not exhibit rapid clonal spread in the Santa Fe site, likely due to hydrologic
conditions, this technmique remains useful since the species has limited seed reproduction
(Mobberley, 1956) and may be difficult to establish in some restored wetlands.

For both species, clonal area increased with each successive year during the sampling
period (Fig. 3). This J-shaped curve of clonal growth suggests that the transplants dlsplayed
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to determine if logistic growth will occur. The rapid early-stage growth of the transplants is
consistent with clonal growth patterns of other plant species (Tsujimura, 1987; Clevering and
van Guilik, 1997; Brewer et al., 1998). Results on the clonal growth of other species suggest
that clonal species may continue to spread at fairly consistent rates for a long time. Spartina
patens Ait. (Muhl.), a coastal species, exhibited clonal growth for over 42 years without
diminished expansion rates (Frenkel and Boss, 1988). Other studies indicate that clones
may exhibit sustained growth for centuries (Oinoner, 1969) or millennia (Steinger et al.,
1996). While we cannot predict future clonal growth rates, our transplants of S. pectinata
and E. macrostachya may reach a more consistent growth rate and continue spreading for
decades, or longer.

Clonal spread of S. pectinata and E. macrostachya is affected by site microtopography
(Fig. 3), emphasizing the impact of water regime on wetland vegetation. The transplanted
plugs have an elevation range of only 0.29 m. This range corresponds to a 0.29 m range in
water depths and also affects hydroperiod since lower, deeper areas will remain inundated
for longer periods of time. For example, the lower and wetter areas of the Santa Fe site
are generally flooded throughout the growing season, while higher areas are dry in late
summer and fall. Our data suggest that even small changes in elevation impact survival and
spread of transplanted species within a restored wetland. Since microtopography affects
water depth and duration, thereby affecting the plant community, restoration planners must
consider the type of vegetation desired when designing a wetland and its hydrologic regime
(Kusler and Kentula, [990; Mitsch and Wilson, 1996). Species transplanted should be well
suited to the site since elevation and resulting water depth can affect establishment of
transplants and will vary by species (Wilson and Keddy, 1986; Coops et al., 1994; van der
Valk et al., 1994). For example, if a wet prairie is desired, water levels should be seasonal
and relatively shallow, reflecting the native environment to which such species are adapted.
E. macrostachya flourished in the -hydrologic conditions at the Santa Fe site during the
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sampling period, but its spread appears to have been reduced by shallow water levels in
the post-hoc experiment. In contrast, spread of S. pectinata may have been increased by
shallow water levels.

Although, the present vegetation composition of the restoration site is not indicative
of a S. pectinata—E. macrostachya—Carex sp. herbaceous vegetation community (Fraser
and Kindscher, unpublished data), our transplants have contributed to the presence of
E. macrostachya and S. pectinata in this wetland restoration. Considering the transplant fre-
quency and short time since site construction, it may be unrealistic to expect these species to
dominate the restoration, especially since restored wetlands often need more than a few years
to meet eﬁtpected guidelines for plant community composition (Mitsch and Wilson, 1996).

5. Conclusion

Tree spade transplanting is a promising restoration technique, as indicated by the high
survival and impressive spread over time of transplants in our project. Selecting species well
suited to the site’s hydrologic regime is a key component of success in this and any other
type of wetland transplanting project Ouwr technique is potentially appropriate for other
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vegetation can be salvaged from a native area slated for impact. Tree spade transplanting
is well suited to clonal and herbaceous plant species, and should be considered for species
that do not easily reproduce by seed.
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