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Hi, thank you so much for the opportunity to be here. I’m Lesley Starke with the NC Department of Agriculture and Consumer Services’ Plant Conservation Program. 



NC PCP’s 
mission

…is to conserve the native 
plant species of North 
Carolina in their natural 
habitats, now and for 
future generations.
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Our mission at NC PCP is to conserve the native plant species of North Carolina in their natural habitats, now and for future generations.Okay- so that’s a pretty big job—there are a lot of plants and this is a reasonably big state—how do we do that?



Listing species
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First of all, our program writes and enforces the state list of protected plant species. When I say protected species, I’m talking about the 419 Endangered, Threatened, Special Concern Vulnerable, and Special Concern Historical species legally protected in the state under the Plant Protection and Conservation Act. This list includes the 27 federally protected species which occur in NC. Our program enforces rules and regulations pertaining to these listed species, but we also engage in their active conservation through our preserve system. 



PCP Preserves
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So, what is a PCP Preserve? Many of you here today may already be familiar with these public lands; some of you have even helped with invasive species management at one or more of them! PCP Preserves are state dedicated nature preserves which affords them legal protection in perpetuity. These lands are owned and managed by the NC Department of Agriculture and Consumer Services’ Plant Conservation Program for the protection of target protected plant species—those listed species I mentioned a moment ago. Currently there are 26 PCP Preserves covering over 14,500 acres-- and as you can see in this map, they are spread across the state. As you can imagine, this gives us a lot of opportunities to encounter a wide variety of invasive species given our geographic coverage.  PCP is prioritizing the best remaining populations of our imperiled native plant species when we seek out new protection opportunities. In many cases, these amazing places are also the best remaining intact habitats and when we’re really lucky, they are relatively free of invasive plant species.However, this is not always the case and we have several sites where invasive plants are one of our most pressing management concerns.



NC Plant 
Conservation 

Goals
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In establishing protection for the listed species, we borrowed an old idea… a minimum conservation goal was established for each species: to protect at least two populations, aiming for the two best, or most viable populations. This minimum redundancy gave us at least that much insurance against total loss in the state. So this helps us achieve that mission I mentioned at the beginning—to protect our native flora in their natural habitats… but is buying land enough?? In most cases, the answer is a clear no, it’s not enough. In fact, most of the protected plant species are on the list not because they are just very rare, but rather because their numbers are declining and there are active or pending threats which would see these species extirpated in NC if not abated. In fact, in reviewing species for the protected plant list, a careful analysis of the top three threats is curated. The severity, scope, and immediacy of these threats is considered and weighed, along with the trend (stable, increasing, or decreasing) to help identify those species which are in need of legal protection under this framework. Once we’ve done this for all of the species… we’re able to tally up what the worst threats are. 



1. Development (n=157)

2. Fire Suppression (n=126)

3. Incompatible Forestry (n=89)

4. Hydrological Alterations (n=72)

5. Invasive Species (n=71) 

* NC PCP Species Assessment Data

Threats to Imperiled plants*
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It probably comes as no surprise to you that development (or habitat loss) is the number one threat to NC’s plant species. I mean, habitat loss is the number one threat to species globally… so no real surprise there. The numbers following each of these threats shows the number of the 419 listed species for which this threat was identified as one of the top three issues.But, how many of you are surprised to see fire suppression as the second most common threat to imperiled plants?The important take away here is that these threats are difficult to mitigate with regulations alone. Habitat protection is needed and active management is often a critical component. By purchasing and dedicating these properties, our Preserves immediately mitigate two of the five worst threats: development and incompatible forestry.We work tirelessly to reintroduce fire, a very natural component to many natural communities in the southeast (not just NC), where it is appropriate and with a focus on benefiting the rare plants and their habitats. Hydrological alterations are often not a property by property problem, but we consider these threats carefully and do all that we can to avoid future issues and to mitigate existing or broader scale issues as much as possible. On the ground this looks like preserve design that considers the catchment area for a stream-side plant species so that not only are the stream banks protected but the critical uplands are as well. This leaves us with invasive species where we spend the most effort, especially ongoing and repeated effort. Fire is also an ongoing effort, but normally at a return interval of a few years… how much would we accomplish if we only addressed invasive plant species once every 2-5 years??So—how do we tackle invasive plant management at PCP Preserves?



What do we know?

• How much/many? How big is the 
infestation? 

• Is it new??
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We follow a few key concepts—first we want to know what we’re dealing with.I can’t overstate the importance of taking the time to size-up the situation before reacting. Even if it’s a big-picture view, it’s really good to (a) take stock of how big an infestation is and (b) approximately how many individuals/patches you’ll be addressing before starting any kind of control effort. Perhaps you’ve come across one obvious patch, but it’s actually just the tip of the iceberg and all you’ll do is release it if you start and can’t finish…We also like to focus on how established an infestation is: Is this new?? PCP gives highest priority to new infestations, to “nip them in the bud” so to speak, before they have had a chance to more fully establish—if we’re lucky, it’s also before these new plants have had a chance to reproduce. Exceptions include those special situations where one more invasive species joins a “crap tangle” of several other invasive species which you’ll likely treat more or less together…



What do we know?

• Where is it?
• In proximity to rare or sensitive species?
• Is it isolated or a spill-over from adjacent 

land?
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As we’re doing the reconnaissance I just described, one of the most important things we’re looking at is the proximity of the invasive species to sensitive or rare species. HOW we treat a species will depend the most on how close it is to sensitive native species. Is the invasive plant fully mixed in with sensitive species? Is only a portion of the infestation impacting your target species? Or is it perhaps in the wet bottomlands while your sensitive species of interest is in the higher drier uplands?? Also, what is the re-invasion potential? You may be taking a guess at this, but there are some instances where you’ll have more information: Is what you’re seeing just an expansion of a larger problem on an adjacent lot? Or are you dealing with a species spreading along a stream which crosses your property, providing a near endless source of new plants?The answer to these questions help us navigate the “choose your own adventure” part of the decision making process as we develop our treatment plan, especially in setting limits to the most aggressive treatment methods and deciding how to prioritize among competing issues based on the reinvasion potential. 



What do we know?

• What do we know about this species?
• How does it reproduce? What life 

stage of the plant should we be 
targeting for control?

• How does our other management 
impact the spread of this species?

• How does it impact natural processes 
(fire)?
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Now that we know how big our problem is and how much it’s impacting our rare species, we get to the nitty gritty details of HOW we’ll go about treating the invasive plants. Knowing the biology of the invasive species is critical in setting the timing of our plan. For example, are we dealing with an annual? If so, our primary objective is to avoid allowing the plants to set seeds, but we may not be as concerned about the biomass of the plants. Perhaps we’re dealing with a long-lived perennial that doesn’t reproduce sexually in NC in which case we should be focusing on reducing biomass, but carefully working to limit rhizomatous spread. Lastly—does it come up before the rare species?? Does this give you more options for treatment methods?As we know, most invasive species are colonizers and are benefited by disturbance events. Understanding the dispersal mechanisms of the invasive species can help us balance our needs for habitat management while avoiding unnecessary encouragement of problem species. 



Effectiveness vs. Caution—a summary

• Buffer around rare or sensitive species and use 
conservative methods. 

• Possibly use more aggressive methods in less 
sensitive areas.

• Carefully consider how herbicides, fire, or 
other treatment method works and how that 
may cause unintended consequences. 

• Develop a realistic plan that accounts for at 
least three years of consistent, higher intensity, 
effort.
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Now that we know a little more about the problem, what should the playbook look like?We follow these basic concepts. -Buffer around rare or sensitive species and use conservative methods. You must monitor your results! This is always important, but it’s especially important around rare and sensitive species to be sure your well laid plans are working.-Possibly use more aggressive methods in less sensitive areas. This is essentially what I mean by effectiveness vs. caution. You can also think of this as using the best tool for the job.-Carefully consider how herbicides, fire, or other treatment method work and how they may cause unintended consequences. For instance, are you trying to burn an area for rare species, but unintentionally spreading an invasive plant?-Develop a realistic plan that accounts for at least three years of consistent, higher intensity, effort. Monitor your results!! We use a mixture of monitoring methods which are customized at each site to fit the situation. Our favorite methods include photo documentation from fixed points and GPSed or hand-drawn maps to show the area of occupancy.



Reed canary grass 
(Phalaris arundinacea) 
control in a wetland
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Now let me share with you an example of controlling an invasive plant species at one of our preserves… Reed canary grass. 
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This site is in Henderson County, near the NC/SC line. This aerial image was taken in 1951. As you can see, the 15-ac preserve, shown in red, was once a piece of a larger intact forest which is part of a swamp forest-bog complex, one of our so-called mountain bog communities in NC. This area has several springs and seeps which contribute substantial water to this site keeping it fairly well flooded much of the year. This area has records of several noteworthy plant species including four federally listed species, an additional state-listed species, and a few more rare species tracked by the NC Natural Heritage Program! All of that on fewer than 20 acres. 



Baugh et al. 2011. Restoration of a Southern Appalachian Mountain Bog: Phase 1. Reed Canary Grass Removal. Ecological Restoration 29 (1&2): 13-14.

Baugh and Evans. 2011. Restoration of a Southern Appalachian Mountain Bog Phase II: Hydrology. Natural Areas Journal 31: 501-504
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I’m not sure when it happened but within the next few decades, much of the forested area shown in the last image had been cut in at least two phases. The now open meadow was converted into a 4-acre monoculture of Phalaris arundinacea (reed canary grass). In a second blow to the site, the eastern section of forest was also heavily logged allowing several invasive species to establish and smother the eastern and southern property boundaries. I’m not sure how much of this previously forested wetland once had the rare species I mentioned above, but by the 1990s, only two of the federally listed species were left and they were relegated to just a small interior area of the remaining forest. To be fair, we’re not sure what else was never documented but lost before field botanists were able to inventory the diversity I’ve already described.You can see a ditch that was cut along the residual forest edge and several other hydrological alterations were done as well. Our long-term goals at this preserve are to restore the hydrology to the best of our control, eradicate the Phalaris and other invasive species, and restore the swamp forest as habitat for the imperiled species.For obvious reasons, I’m mainly going to talk to you about the removing invasive plants part of this project…From 2010-2012 we used glyphosate to treat the Phalaris field. At that time we accomplished significant top-kill of the perennial, strongly rhizomatous grass. In 2012 we documented that the continuous monoculture had reduced to the extent that spot treatments were conducted rather than comprehensive treatments of the entire field. However after missing one or seasons’ treatments, we were essentially back to square-1. As you can imagine, we were devastated, but not done. In 2016, we collaborated with Dr Bridget Lassiter, Weed Specialist in our same division of NCDA&CS to make a new plan for how to treat this problem invasive. She helped us develop a plan using Imazamox (Clearcast) mixed with Glyphosate to hopefully accomplish more effective treatment of the pernicious rhizomes. June 2017: We began treatments with 2 ATV tank sprayers we treated the field with tank mix of 1% Imazamox (Clearcast) and 1% Glyphosate (RoundUp Custom) and 0.25% Non-Ionic Surfactant NIS (Surfac 820). We hand pulled Phalaris near sensitive rare species (Sagittaria fasciculata and Lilium canadense ssp editorum) and used only Glyphosate around desirable tree species to avoid killing these with Imazamox. We know that Phalaris is not shade tolerant and so suppressing it anyway possible is a good thing. July 2017: We conducted much the same treatment; however we were delighted to see that areas we treated in June did not need to be retreated—none of those plants had resprouted and in fact this was true for the rest of the same growing season, allowing us to focus on missed areas and complete better coverage of the site through multiple visits.October 2017:Spoke with some colleagues at NCDOT who were starting a pilot program to use a drone to apply herbicide and they asked if PCP had any sites that they could document flight hours and gain some practice? They were doing an application to the invasive grass Phragmites at the coast so they were looking for something similar—a similar plant in a similarly inundated context where access can be limited. This site was perfect in that it is an open field with little canopy and the herbicide application didn’t need to be very selective within the monoculture. Over the winter, they obtained the required FAA/Dept Agriculture licenses and certifications and they received their final FAA approval in May of 2018. 



June 2018
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So in June 2018 we planned the first drone flight herbicide application at a PCP Preserve and one of the first flights of its kind in NC, we were very lucky to be involved at the ground level of this exciting emerging technology! And as I’ve described this project to you—you can imagine how grateful we were for the extra help! We started off the week with the same chemical mix as before, again, using ATV tank sprayers with our tank mix to treat the majority of the field areas and backpack sprayers with just glyphosate to get areas missed under trees last year, we also treated a “pond area” and field edges where we knew the drone couldn’t reach. 



June 2018
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Then, finally, the last day we used the drone on flooded open areas we couldn’t reach by ATV. A smaller Phantom drone flew above the bigger herbicide drone to keep a birds eye view of it. The Phantom took a series of pictures that will be stitched together and run through a program called Plant Health which calculates the percentage of chlorophyll which will show us in an aerial view of the reduction in biomass over time. We returned in mid August to see results of the treatment, take more aerial images for Plant Health and then spot treat areas missed. We were again very encouraged to see a huge decline in the species. 








Phalaris arundinacea

June 2017 June 2018 August 2018
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This is a before and after of the same area from June of 2017 and June and August of last year, you can see a huge difference in biomass! The best part which is difficult to see in these photos is a great number of native species which were popping up having been released from the removal of the Phalaris. We’ve been watching and keeping an eye out for other problem species that may take advantage of this disturbance we’re causing, but so far haven’t seen any new invasives to worry us. 



August 2018

June 2018
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Another before and after of the ponded area that was overtaken by the invasive grass.



Next Steps

• Continue with treatment plan, carefully monitoring any signs of 
spread into new areas to ensure they are treated as well.

• Also continue with treatment plan of the other invasives I mentioned 
but didn’t described in detail and carefully monitor that these do not 
spread into disturbed areas.

• Work to reforest the open field to facilitate this restoration goal.
• Collaborate with experts regarding possible hydrology fixes.



Balancing the good 
and bad…
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In quite a few of our preserves with invasive plants, at least a portion of the infestation is directly impacting rare or imperiled species of interest. As I said before, these areas should generally be buffered from any herbicide treatments and other methods be employed to play it safe. In a lot of cases, for us, this means hand-pulling, if possible. This can be very tedious, time-consuming work and depending on how easily identified either the good guy or the bad guy is, it may also require fairly well-trained help. This again is where knowing how the invasive species grows is of tremendous help both for planning the timing of your efforts, and for carefully training anyone else helping you, say volunteers. For instance, do you know if leaving root fragments is of particular concern? Does the species readily reproduce from seed? If so, obviously work with it before it sets seed! Also, like I mentioned before—does the invasive plant come up before the imperiled plant? Can you use a more aggressive and possibly more effective treatment during this time period than you might once they’re both up?



Disturbance…

So… what do we do about disturbance, especially when CAUSED by our 
well-meaning restoration efforts?

Practices to consider:
• Working from the outside inward toward the core
• Carefully conducting decontamination of equipment and clothing
• Planting native species to facilitate recolonization by desirable spp.
• Consider if there are mgt. practices that need to be postponed until 

invasives are better in check---fire and Microstegium??



Non-plant invasive species too…
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Although this is the joint meeting of the invasive plant organizations of NC and SC, I’m sure this audience is familiar with the devastation to Eastern hemlocks caused by the Hemlock wooly adelgid, a non-native invasive insect causing significant die off of this important component to our forest communities. You’re probably also familiar with the most prevalent pesticide treatment method which is either injected through the bark, or used to drench the soil at the roots of these trees. In essence, these pesticides are neonicotinoids and work by moving throughout the treated tree making all parts of the tree essentially poisonous to anything, primarily insects, which feed directly on the trees. These treatments work for long periods, up to several years, and have produced positive results in prolonging the life of infected hemlocks.However, when flowering plants are treated with neonicotinoids, it can cause significant pollinator disruption by causing the pollen of treated plants to also become toxic. PCP has one preserve with a very rare flowering plant called Northern Oconee Bells (Shortia galacifolia var. brevistyla) and it grows along streambanks which often have Eastern hemlock present. As you can see in the photo on the right, these plants regularly grow right up to these hemlocks and can create wide carpets covering the floodplain of these small streams. �After confirming that the hemlocks at this preserve are being impacted by hemlock wooly agelgid, our staff sought other alternatives to treating the trees with neonicotinoids and are instead working with the NCDA&CS beneficial insect lab to rear and release an approved biocontrol agent, in this case a predatory beetle to give us a treatment option that spared our imperiled plant species from undue harm in the name of fixing another issue at the same site.



Laurel wilt at PCP Preserves: 
Pondberry (Lindera) & 
Pondspice(Litsea)

• Red bay ambrosia beetles are 
spreading Laurel Wilt Disease by 
infecting members of the Laurel 
family across the Southeast.

• Pondberry and pondspice are 
both susceptible, as are swamp 
bay and sassafrass.

• USFWS Section 6 Reverted Funds 
Grant

• Develop an early detection scheme
• Remove non-imperiled host plants
• Field test use of fungicide on listed species
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Another example of invasive species causing significant damage, this time across the southeast, altering PCP’s management strategies, and giving us a great opportunity to partner with other experts, this time with the NC Forest Health branch of the Dept of Ag’s Forest Service. Red bay ambrosia beetles are spreading Laurel Wilt Disease, a fungal pathogen, by infecting members of the Laurel family. Once infection occurs, the fungus spreads quickly throughout the tree's vascular system, preventing the movement of water within the plant. Choked of water, plants wilt and die within a few weeks or months of becoming infected.All members of the Laurel family are susceptible, this includes pondberry, a federally listed species with only a few occurrences in NC, and pondspice a state-listed species, as well as common species like swamp bay and sassafras. So, what is our plan to protect these rare species? We proposed todevelop an early detection scheme for the presence of the disease we have also committed to reduce common laurel species cover adjacent to pondberry occurrences through manual removaland to test and utilize effective chemical treatments to prevent laurel wilt on pondberry and pondspice



Lily leaf spot at Tater Hill
• Disease confirmed at all of 9 study sites.
• P. inconspicua conidia (the fungal spores of the 
Lily Leaf Spot Disease) were confirmed for all three 
tested species: L. grayi, L. philadelphicum, and L. 
superbum.
• Although many plants flower, there is a reduced, 
often very reduced, seed set due to early 
senescence.
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I don’t want to be accused of going too far off-script with yet another non-plant invasive example, but this example taught us an important lesson related to monitoring and data collection for assessing population health and viability. PCP is one of several partners working to protect Gray’s lily across its range. This species is home in high elevation areas, primarily in seepy slopes and sometimes on grassy balds. Several years ago it was noted that many of the plants were showing signs of fungal disease leading to premature senescence but only recently was it discovered that the fungus causing this condition is not native to the US and that every population of this species is infected with the fungal pathogen. What we have come to realize is that yes all of the populations have this disease, but most monitoring for this species (and many other flowering plants) occurs during peak flowering; however, this disease seems to finally topkill plants after peak flowering, but before seeds can be set. 



Lily leaf spot at Tater Hill

• In 2017 we counted >1,000 flowering L. grayi at 
Tater Hill, but very few produce seeds. 
• PCP is coordinating with NC Botanical Garden to 
safeguard seeds for long-term storage. 
• LLSD confirmed in herbarium specimens going 
back decades.
• Fungicide trials being developed. 
• Research needed on management options—how 
to best produce best conditions?
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As you can imagine, this means that even well intentioned monitoring to determine not only the size ofth e population, but rather the size of the REPRODUCTIVE proportion of the population were not telling us what we really needed to know---which is how big the EFFECTIVE population is, that proportion of the population which actually successfully reproduces.This cautionary tale should be filed in your minds as you consider how you’ll be conducting crucial reconnaissance for INVASIVE plants, as well as for rare or sensitive species in the same vicinity, as well as how you’ll plan to monitor results of your control measures and the impact those treatments may or may not have on non-target species.



Questions?
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