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Feasibility of out-planting small populations of spreading globeflower Trollius laxugn a
forested fen in central New York, USA

Sara E. Scanga*
Utica College, 1600 Burrstone Road, Utica, NY 13502

SUMMARY

Where sufficient seeds of a rare plant species are available, out-planting small populations may be an
effective conservation practice, given certain rare species persist naturally as small populations,
sometimes within metapopulations. | investigated the feasibility of out-planting small populations of the
rare and declining fen plant spreading globeflower Trollius laxuswhich is easily grown in greenhouse
and garden settings. In 2004 greenhouse-raised seedlings were planted at 14 plots (n = 10 plants per
plot) located within a protected area where a well-studied metapopoulation of T. laxusalready
occurred. Suitable plots were identified using a GIS-based, macroscale habitat model; seven were under
canopy gaps and seven were under intact canopy. The populations were monitored one, two, three and
eight years after out-planting. Two plots that were lost less than one year after out-planting were not
included in subsequent monitoring and analysis. | compared survival between gap and non-gap
populations and quantified the vigour of the surviving plants over time. Overall, survival was very poor
(only 10 of the original 120 transplants survived to year eight), but surviving plants were vigorous,
showing increases in size and flower production. Plant survival to year three was significantly greater
under canopy gaps than intact canopy. These results suggest that out-planting T. laxusat new sites may
be difficult, that success will be greater under canopy gaps than intact canopy, and that out-planted
populations may need regular supplementation with new transplants in order to be viable over the
long-term.

BACKGROUND the US Federal Endangered Species Act (Mitchell & Sheviak

1987). Its stems(5-52 cm tall) emerge from aentral basal

Increasingly, restoration and translocation are used g?ea each stem supporting one palmateiyided leaf,creating
bolster declining populations of rare speci€Rare and g clumped form(Parfitt 1997) The 2.55 cm yellow, bowl-
declining plant specieare vulnerable to extinctiormaking it  shapeg bisexualflowers, which occur singly opeduncles that
problematic to acquirkarge numbers o$eeds for ouplanting  are extensions of the steniMlitchell & Dean 1982 Parfitt
projects At the same timesomerare species persist Bmall  1997) are believedto be weakly seitompatible.T. laxus
populations that may be distributed within a larger occurs in minerotrophic (calcareous) wetlands (Parfitt 1997),
metapopulation structure (e.Breckleton & Watkinson 2002, reaching its greatest population densities in-fuvasted rich
Alexander et al. 2012). The population dynamics of thesefens (Bliss 1985).In forested fensT. laxusis often patchily
species suggest that eplinting proximatesmall populations  djstributed (Paine 1865Bliss 1985).Quite easy to propagate
may be effectivén some cases and grow in home ral horticultural garden§Jones 2001)T.

When choosing plot$or outplanting it is convenient to |axuspopulations vary from small (up to several dozen plants)
use just a few macroscale (i.eegional or sitdevel) to |arge (thousands of plants) at natural locationthe wild.
characteristics, particularly those that aredigaavailable for At the protected area discussed in this stulyJaxusoften
use in a geogphic information system (GISYsing a GIS for  occurs in smalhaturalsubpopulationf 5i 30 plants(Scanga
plot selection improves efficiency because it reduces the neggh4). Some small populationsf T. laxushave shown long
for time-consuming field workn which messcale (i.e.plot-  term persistence and seem to be genetically related (Zielinkski
level) and microscale (i.eplantlevel) factors are measured. 1993), indicating that they may function asmetapopulation
However, many plants respond moesoscale andhicroscale (Jones 2001).
environmental conditions, so the use of macroscale The first objective of this study was to develop a replicable
characteristicsto choose sites for ogyflanting may be method for propagatingT. laxus seedligs. The second
ineffective. objective was to evaluate the utility of a macroscale GIS

Spreading gIoberoweTroIIius Iaxus(sometimes called. habitat model as a tool for Choosing p|ots for-plﬂnting_
laxus ssp. laxug is a springblooming perennialthat is BecauseT. laxuspopulation vigar seems to be linked to the
considered Critically imperiled (Slhe most critically atisk presence of moderate|y e gaps in forested fenS((angm
of the state rankings, which range from-S8 in three of the | eopold 2012, Scanga 2014), the optanting plots were
five northeasternUS states in which itoccurs (Natureserve located under twocomparative Conditionsy gap or intact
2014).T. laxuswas considered a candidate for listing undeganopy The final objective was to determine the feasibility of
out-plantingproximatesmall populations (n = 10 plants).
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ACTION then tranerred to a heated greenhougenbient light in this
greenhouse was augmented fro100 h to 20:00 h withtwo
Seed collection and propagation Approximately 600 seeds 1000 W metal halide bulb©nly about a third (31%) of the
were harvested from two spatially distinct subpopulations &éeds geninated into viable seedlingsSeedlings were
Nelson Swamp Unique Area (NSUA, Madison County, Newansplantedas they grew into individual §m pots(Figure
York, USA, 425 3 6 NU 4 7766WJuly 2003.NSUA is a 1b), and eventually individual 18m pots(Figure 1c), filled
forested rich fen with a mixed conifer canopy (Scanga &ith a mix of 2:2:1:1 Earthgro topsoil (The Scotts Company,
Leopold 2010, Scanga 2014)SUA was chosen for this study Marysville, Ohio), Sphagnunpeat, vermiculite and perlite, as
in part because it supports one of the largest remaihitaxus  Well as 1% by weight crushed limestone.
populations, so any negative demographic impafttsn
collecting seeds were likely to be minsed.In addition, the Plot selection Using ArcView 3.3 (Environmental Systems
approximately 5000 plants at NSUA are patchily distributed iResearch Institute 2002), a simple habitat suitability model for
over 20 spatially distinct subpopulations across the 850 Ra laxus was developedbased on the macroscale physical
forested wetland, leaving much apparently suitable habit@atures of the knowrT. laxus subpopulationsat NSUA
unoccuped byT. laxus (Figure 2). The model was limitedo openaccessGIS layers
Propagation methods were based on previously developsgluding soil survey (1:24,000, United States Department of
protocols (Parsons &ates 1984, Brumback 1989Beeds Agriculture Natural Resources Conservation Service 1998),
were immediately potted (n = 40 per &8 pot) in moistened bedrockgeology(1:250000, New York State Museum / NYS
PROMI X fi BXO ( Pr e nre,e QuakeHawn, t Geelagical Survey 1999a) and surficigéology (1:250,000,
Pennsylvania).The pts were misted with a 10% bleachNew York State Museumt NYS Geological Survey 1999b).
solution, covered with plastic and put in a greenhouse withotom these GIS layers, polygongre selectedh which aT.
climate control (in thersade, under a bench) for 90The pots laxus sulpopulation was known to occurBy performing
were subsequently lightly watered if necessary, thegquential intersections of these polygons, potentially suitable
transferred to a dark room at 4 °C for01d, at which point T. laxushabitatwas isolated Within this habitat, a random
some of the seeds had germinated (Figure Alpots were Ppoint generator extension was used to selectdomsed
locations for 14 plotsThe plotsranged from approximately
0.1i 2 km from the seed soursetpopulations.

Seedling outplanting: After growing the seedlings in the
greenhouse for approximately 90 d, they were stratified by size
based on the number of stems, and 10 seedlings were randomly
selected to be transpla&it to each of the4lplots at NSUA on

15 May 2004.In each ofthe 14 plotsthe average number of
stemsper plant ranged narrowly from 4.8 to 4ificating that

all plots had a similar population structure at the start of the
experimentSeedlings weredrdened off outside before taking
them to the field.

In the field, the l4randompoints were located using a
handheld global positioning system unit, and seedlings were
planted in either theearestanopy gap or theeareshon-gap
at each point{Figures2 and3). | alternated between the gap
and norgap positions so that there were 7 gap ot 7 non
gap plots in totalWhenever possible, plants were placed at the
base of hummocks because a previous study indicated that
plants were most vigorous atighmicrotopogaphic position
(Leimanis 1994)Plants ineach plot werenarked (Figure3)
and monitored in September 2004, as well as June 2005 (year
one), June 2006 (artwo), and June 2007 (ye#hred. Of the
14 original plots, 2 were destroyed befotee tJune 2005
monitoring period (ongap plotby beavetinduced flooding of
a nearby stream; onaon-gap plotby herbivory). Therefore,
only the remaining 12 plots were followed from 260307.At
each monitoring period, plant survival and stem and flower
production were recorded, and each plot was thoroughly
examined for new seedlings.

Plant markers were removed in 2007 to meet the
restrictions at NSUA, but all plots could still be relocated in
June 2012 (yeagigh) and the number of plants remaining in
each plot recordedwWhether survival in the gaps was greater
than expected by chance was evaluated using a Pearson's Chi

squared test with Yates' continuity correction in R 2.15.2 (R

Figure_ 1. Seedlings ofTrollius laxus in th? g_reenhouse. ore Team 2012). Because the canopy conditions had changed
Seedlings are shown a) just after seed germination; b) after

e
; . several pla by June 2012 due to new tree falls, only the
first transplant into 5 cm pots; and c) after fimal transplant 5, P y y
into 13 cm pots.

052007 monitoring data were useddtatistical analysis.
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. Known T. laxus subpopulations (as of 2004)

@ 12transplant plots

@ 2 additional plots (destroyed by flood/animals)

Unique Areaand locations of naturally occurrifig laxussubpopulations as well as the -ql&nting plots used in this study.

CONSEQUENCES Most of the plantg75% under canopy gaps; 52% under
intact canopy) were still alivene year after ouplanting in

Overall, survival of transplantswas poor (Figure 4). 2005. This observation indicates that the transplanting
Although 76 seedlings survived at least one yealy @9 of procedure itself was nat major cause of plant deathstead,
the original 120 ouplanted seedlings survived thrgears (to most plants seemed to gradually di¢ @fer time, suggesting
2007) These survivors occurred indd the 12 plot{n = 6 gap that certain aspects of the mesoscale or microscale
plots; n = 2 norgapplots). Even fewer survivors (n = Iflants  environment were @ppropriate.Plotlevel (mesoscale) ligh
in 6 different ploty were found in th012 survey.

Plant survival to yeathreewas significantly greater under
canopy gaps than nayaps (n = 25 plants in canopy gaps; n =
4 plants in norgaps;6® = 18.2, p < 0.001)t is noteworthy that
all gapplots had at least one surviving plant by yémee and
that 50f the 6gap plots had at least one survivor by yeight

The 29 plants that survived tgear three (2007) were
healthy. They maintainedtheir year one increase in size
(number of stems) and produced flow@fsgure 5) and fruits
(data not shown)However, onlytwo new seedling recruits
were found over the course of the study in all plaiggesting
that seed germination, seedling establishmenbr both
germination and establishment were very.low

DISCUSSION

AlthoughT. laxusgrows easily in gardens and greenhouses,
and occurs in small populations in the wild, its survival in the
outplanted small populations was very low, even at a fen
where a very vigorous patchy population with many srall
laxussubpopulations already ests.The GISbased macroscale
environmental conditions at all 12 plots should have been
appropriate fofT. laxus so these results suggest that it is not_

sufficient to use macroscale variables alone when choosifigure 3. Outplanting T. laxusseedlings at Nelson Swamp
sites for outplanting. Unique Area: a) marked seedling after -planting; § 10

marked seedlings in a plot.
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Figure 4. Survival of 120T. laxusseedlings irsix canopy gaps Figure 5. The number of stems and flews produced by 29
and six nontgaps from 20042007, and in a 2012 followp plants that survived to 2007, recorded between 2004 and 2007.
visit to the site.
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