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Abstract 

Satellite and aerial photography have been recognized as practical tools for mapping vegetation. 
However, there have been few attempts to utilize Uncrewed Aerial Vehicles (UAVs) to identify and 
quantify specific invasive shrubs in grasslands, especially prairies. The present study evaluated 
whether invasive Honeysuckle (Lonicera spp.) and Autumn Olive (Elaeagnus umbellata) shrubs can be 
distinguished from native shrubs due to their extended leaf phenologies using orthomaps created 
from UAV-acquired RGB images in Ramsdell Park, Lenawee County, Michigan. Images were 
captured using a DJI Phantom 4 Pro drone and processed into orthomaps using Agisoft Metashape 
Professional. The accuracy of orthomap-based shrub identification was determined in a blinded 
survey using 40 georeferenced ground-determined shrubs and yielded an accuracy of 92.5%. Our 
results show that autumn olives can be reliably distinguished in late autumn maps, whereas 
honeysuckles are better identified in early spring maps. Maps based on UAV-acquired RGB images 
are a fast and cost-effective tool for determining the identity, degree, and age structure of shrub 
invasions in grasslands, thereby helping to avoid habitat damage associated with on-site surveys. 

Keywords: prairie; invasive species; Lonicera; Elaeagnus; NNIS; UAV; phenology; aerial 
photography; grassland; park management 
 

1. Introduction 

Invasive species are causing shifts and disruptions in ecosystems worldwide [1], which reduces 
biodiversity [2,3] and diminishes ecosystem services [4–6]. Nonnative invasive shrubs (NNIS) were 
introduced into many ecosystems deliberately, such as to serve as a food source for wildlife, or 
accidentally escaped from urban gardens. Due to their success in nonnative habitats, they continue 
to invade more land, causing numerous direct and indirect damages. Direct damages include the 
competitive exclusion of ecologically related native species, which threatens them with extirpation 
or the extinction of endemic species [2,7,8]. Indirect damages include detrimental effects on soil fungi 
[9], altering and impairing decomposition [10,11], threatening species that depend on the excluded 
native shrubs [12–15] and potentially leading to their extinction, and facilitating the establishment of 
detrimental species, such as disease vectors [16,17]. 

In the Middle East of North America, grassland habitats that are not regularly mowed or burned, 
such as the few remaining remnant prairies and restored prairies are increasingly invaded and 
overgrown by NNIS, including several species of honeysuckle of the genus Lonicera, such as the 
Tartarian Honeysuckle (Lonicera tatarica L.) and the Showy or Bell’s Honeysuckle (Lonicera x bella 
Zabel), and Elaeagnus species such as the Autumn Olive (E. umbellata Thunb.) and Cherry Silverberry 
(E. multiflora Thunb.), which all originating in NE Eurasia. Prairies are important ecosystems with 
high biodiversity [18–20], providing essential ecosystem services that include sheltering pollinators 
and small animals [21–24], carbon sequestration [25,26], and sustaining the health of the surrounding 
ecosystem [27,28].  
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Remote sensing of plant communities using UAVs is becoming increasingly indispensable due 
to its cost-effective nature, decreasing technology prices, and the ability to save time for the necessary 
fieldwork in areas where access may be limited [29–32]. 

The purpose of this research was to evaluate whether orthomaps based on RGB images acquired 
by UAVs provide a reliable means to distinguish between native and invasive shrubs and quantify 
the extent of invasive shrub invasion in grasslands. 

2. Materials and Methods 

2.1. Study Site and Target Species 

The study area, Ramsdell Park, is a 0.73 km2 publicly accessible municipal park run and 
maintained by Lenawee County. It is located approximately 20 km west of Adrian, Michigan, USA 
(41.9083° N, 84.2596° W) at an average elevation of 295 meters (Figure 1a, b). The climate falls under 
the Dfb category of the Köppen Climate Classification [33], characterized by humid continental 
conditions with mild summers and a wet year-round pattern (Table 1). 

Table 1. U.S. Climate Normals for 2006-2020 for the station closest to the study site (Adrian Lenawee County 
AP, MI, station ID USW00004847 [34]. 

Season Max Temp (°C) Min Temp (°C) Avg Temp (°C) Precip (mm) 

Annual 15.1 4.5 9.8 812.04 
Winter 1.2 -6.7 -2.7 142.75 
Spring 14.7 3.4 9.1 218.19 

Summer 27.7 15.7 21.7 258.83 
Autumn 16.6 5.6 11.1 192.28 

The landscape mosaic of Ramsdell Park comprises old field vegetation, prairies, deciduous 
forests, and shallow ponds (Figure 1c). Before becoming a park in 1991, the area was farmed and was 
donated to the County by the owner, David R. Ramsdell, to be converted into a nature reserve and 
developed into a park. His will reads in parts: “I give my farm of 180 acres to the Lenawee County 
Parks Commission to be used as a park with nature and hiking trails and areas to observe birds and 
wildlife. I make this gift so that future generations can enjoy this land, the out-of-doors, birds, and 
nature as I have for so many years.” Park development was promoted by a major grant from the 
Michigan Natural Resources Trust Fund and included collecting seeds from native plants in the 
region and sowing them into previously tilled fields that had developed into old field vegetation. 
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Figure 1. A Google Earth Pro map of Ramsdell Nature Park, delineated by red lines, displays a landscape mosaic 
comprising shrubland, grassland, deciduous forest, and several shallow ponds. Note the North arrow and scale 
bar in the lower right corner. The imagery date is 2/22/2024. 

To improve the biodiversity of the park, the County began removing several invasive shrub 
species that had started to overgrow the restored prairies and act as understory shrubs in the forested 
areas of the study area, especially the Tartarian Honeysuckle (Lonicera tatarica L.), Showy or Bell’s 
Honeysuckle (Lonicera x bella Zabel), Autumn Olive (Elaeagnus umbellata Thunb.) and Cherry 
Silverberry (Elaeagnus multiflora Thunb.). Some of these species were successfully located and 
targeted by UAVs before [35–38]. 

2.2. UAV Imaging 

The UAV used in the research was the DJI Phantom 4 Pro drone (SZ DJI Technology Co., Ltd., 
Shenzhen, China), equipped with an RGB camera featuring a 1-inch CMOS sensor, which captured 
20-megapixel natural color stills. All drone flights were conducted between 11 a.m. and 4 p.m. on 
sunny days with a wind speed of < 25 km/h. 

We set the drone on a flight path over selected grassland parcels using the free mobile app 
Pix4Dcapture (version 1.59.0, Pix4D SA, Prilly, Switzerland). After experimenting with different 
above-ground levels (AGL) of 100, 200, and 400 feet, we settled on 200 feet for generating orthomosaic 
maps, a traveling speed of 5 meters per second, and front/side image overlays of 80% and 70%, 
respectively. These settings were recommended by Gene Huntington of the Ecosystem Services 
Consulting firm Steward Green, https://stewardgreen.com. FAA clearance and transparency of flight 
in a public location were ensured by obtaining an Integrated Airman Certification, and flight 
planning was enacted to verify that no restricted flight zones existed within the flight parameters of 
the park. Due to the extended spring and fall phenologies of invasive shrubs [39–42], we conducted 
our aerial surveys in late fall 2023 (November 13) and early spring 2024 (April 15). 

From the drone images, DEM models and orthomosaic maps were stitched together and 
calculated using Agisoft Metashape Professional (version 2.2.1, Agisoft LLC, St. Petersburg, Russia). 
For further analysis, models and maps were imported as KMZ files into Google Earth Pro (version 
7.3.6.1021, Google LLC, Mountain View, CA, U.S.) or as GeoTIFF files into QGIS (version 3.4.8-
Bratislava). 
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Figure 2. Difference in the appearance of orthomaps between September 14, 2023 (top center) and October 26, 
2023 (top left and bottom center) at Ramsdell Park. The area depicted in Figures 3 and 4 for late November and 
early April is indicated by a red rectangle. Orthomaps overlayed in Google Earth Pro. 

2.3. Data Collection and Analysis 

As canopy trees obscure the detection of invasive shrubs in the understory during aerial surveys, 
this study focused on detecting invasive shrubs in the more visible grassland and shrubland parcels 
of the park. Areas suspected of having an infestation by invasive shrubs indicated by Google Earth 
satellite imagery and our initial aerial surveys were checked on-site and verified through 
photography and identification using the iPhone app PlantNet (Pl@ntNet, by the French research 
consortia CIRAD, INRAE, INRIA, and IRD), as well as literature covering the local flora [43,44]. Site 
visits were also conducted to identify the highest-quality prairie and savannah areas of the park for 
inclusion in the study, based on their native floral biodiversity. 

The presence of invasive Elaeagnus multiflora and umbellata shrubs was inferred from the 
presence of shrubs with a blue-green tint (#088F8F) in late fall orthomaps, when no foliage remained 
on other shrubs or trees (Figure 3) [42]. In contrast, the presence of invasive honeysuckles was 
inferred from the presence of shrubs with a light green tint (#90EE90) in early spring, when no foliage 
had yet developed on native shrubs or trees (Figure 4) [42]. The accuracy and reliability of this 
determination were verified in a blinded choice test. One of the authors (TB) prepared 40 GPS 
waypoints of shrubs he photographed on site, consisting of 20 invasive shrubs (8 honeysuckles and 
12 autumn olives) and 20 non-invasive shrubs (mainly Gray Dogwood, Cornus racemosa Lam.). These 
waypoints were based on on-site localizations of isolated shrubs with a handheld Garmin eTrax 10 
GPS receiver (Garmin Ltd., Olathe, Kansas), which provided an accuracy of 5-10 meters. Due to this 
limitation, only shrubs growing isolated from other shrubs were selected. TB send these waypoints 
to the other author (TW) to identify the georeferenced shrubs on the orthomaps as either invasive or 
non-invasive shrubs. TB then categorized TW’s choices as correct or incorrect. The observed 
frequencies of correct answers were then tested against the expectation of a uniform distribution 
using a Chi-Square test. Unfortunately, this procedure was not possible for the spring mapping, as 
the County removed most of the invasive shrubs using a brush mower before pictures of the shrubs 
at the mapped locations could be taken. 
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3. Results 

Compared to drone surveys in September and October 2023 (Figure 2), the orthomaps of the 
grassland and shrub areas in late November 2023 (Figure 3) and early April 2024 (Figure 4) showed 
that only a few shrubs had maintained/developed foliage, which appeared in different shades of 
green. This allowed us to map out the locations of suspected invasive shrubs and estimate the degree 
of infestation in the shrub- and grassland-dominated parcels of the park [31]. 

 

Figure 3. Late fall orthomosaic map of a small area of grassland in Ramsdell Park invaded by nonnative (with 
foliage) and native shrubs (without foliage). The blue-green tinted foliage indicates Elaeagnus species (blue 
circles), whereas the light green tinted foliage indicates invasive Lonicera species (green circles). The black circles 
indicate native shrubs that have lost their foliage. The north compass direction and scale bar are located in the 
lower right corner. The imagery date is 11/13/2023. 

The accuracy in distinguishing between invasive and native shrubs using orthomaps in late fall 
was high (92.5%), with X2 (1, N = 40) = 28.9, p < 0.0001; Table 2). 

Table 2. Shrub identification results using a trained researcher in spotting invasive shrubs using orthomaps from 
drone surveys. 

Category Observed Expected 
Correct ID 37 20 
Incorrect ID 3 20 

Using the fall orthomaps of the entire park and based on the extent of late fall foliage and foliage 
color, we estimated the invasive shrub coverage of the seven most valuable central and northeastern 
grassland parcels to be approximately 14,569 m², or 9.4% of the included grassland area of 155,630 
m². This corresponds to class V in [45]. The plots varied significantly in their percentage of invasive 
shrubs, with the highest coverage at 19.8% (class IV, [14]) and the lowest at 0.8% (class VII, [45]). The 
grassland sections in the middle of the park exhibited the highest coverage of invasive shrubs, 
whereas the far northeastern sections showed significantly lower frequencies (Figure 1A). Most 
invasive shrubs exhibited a patchy distribution, occurring in clusters rather than being evenly 
distributed across the grassland (Figure 2). 
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Figure 4. Early spring orthomosaic map of a small area of grassland in Ramsdell Park invaded by nonnative 
(with foliage) and native shrubs (without foliage). The blue-green tinted foliage indicates Elaeagnus species (blue 
circles), whereas the light green tinted foliage indicates invasive Lonicera species (green circles). The black circles 
indicate native shrubs that have not yet developed leaves. The north compass direction and scale bar are located 
in the lower right corner. The imagery date is 04/15/2024. 

4. Discussion 

Our results support the hypothesis that invasive shrubs can be reliably detected and 
distinguished (92.5% accuracy) from the surrounding vegetation using RGB orthomaps. The few 
invasive species misidentified as native shrubs had very few leaves left, diminishing the differences 
in hue and saturation with the surrounding vegetation. Drone-based identification is, therefore, a 
cost-effective and rapid method of assessment, avoiding damage to the fragile prairie grasslands that 
would be inevitable with on-site surveys. However, while the detection of invasive shrubs in late fall 
was highly satisfactory (Figure 3 and Table 2), it was much less convincing in early spring (Figure 4). 
This finding aligns with the results of [9], who found that most invasive shrubs in the U.S. are 
extending into the late autumn niche, while exhibiting less consistent niche extensions into early 
spring. Due to their bluish-green leaf color, it was even possible to distinguish the Elaeagnus species, 
E. umbellata and E. multiflora, from other late-flushing shrubs [37]. 

However, some invasive shrub species do extend into the early spring niche, especially certain 
Asian honeysuckles, such as Lonicera x bella and L. tatarica [42], which both occur at the study site, 
and should therefore be easily identifiable in early spring orthomaps. While our results show some 
early flushing shrubs in mid-April with the correct shade of green, this is much less visible than in 
the fall, especially against the background of the dormant grassland vegetation (Figure 4). 

We used our late fall orthomaps to determine the degree of invasion by NNIS on the Ramsdell 
grasslands to be between 0.8% and 19.8% (class VII-IV, [14]) or low to medium [46]. We assume that 
these values are rather underestimates than overestimates, as our fall orthomaps were based on a 
drone survey in mid-November, when many NNIS, especially Lonicera species, had already shed 
their leaves, like their native counterparts [42]. These numbers are, therefore, alarming and warrant 
urgent management measures. Luckily, the County Parks Department has already started removing 
NNIS using shrub mowers, controlled burning, and pesticide application.    

To improve our method, we plan to repeat our surveys next spring using multispectral 
orthomaps, which are expected to provide significantly better contrast [36,47–50]. We also plan to 
utilize an RTK GNSS receiver to achieve real-time centimeter-scale positioning, enabling us to more 
accurately compare the state of individual shrubs in late fall and early spring (Figures 3 and 4). This 
should enable us to clearly identify invasive shrubs as Lonicera or Elaeagnus species. We are 
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furthermore planning to train a YOLO deep learning model to automatically detect invasive shrubs 
using our orthomaps [51,52], differentiate between the two major genera at Ramsdell, and distinguish 
their age classes, which require different management practices such as controlled burning, herbicide 
treatment, and shrub mowers [53–57]. 
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